
I N F O R M A T I O N  T O  U S L R S

This r e p ro d u c t i o n  w;is made f r on t  a copy  o f  a d o c u m e n t  sent to us f o r  m i c r o f i lm i n g .  
Whi le t l ie most  advanced techno logy  has heen used to  p ho to g ra p h  and rep roduce 
t ins d o c u m e n t ,  the q u a l i t y  o f  the r e p ro d u c t i o n  is heav i ly  dependen t  upo n  the 
o u a l i t y  o f  the mater ia l  s ubm i t te d .

The f o l l o w in g  e x p la n a t io n  o f  techn iques is p ro v id ed  to  help c la r i fy  mark ings  or  
no ta t ions  wh ich  may appear  011 this r e p ro d u c t i o n .

I . I he sign or " t a r g e t "  f o r  pages a ppa ren t l y  lack ing  f r o m  the d o c u m e n t  
pho to g rap he d  is "M is s in g  Paget.;)” . I f  it was possible to  ob ta in  the missing 
pagets) o r  sec t ion ,  they  are spl iced i n t o  the f i l m  a long w i th  adjacent  pages. Th i s  
may have necessi tated c u t t i n g  t h ro ug h  an image and d u p l i c a t i n g  adjacent  pages 
to assure co mp le te  c o n t i n u i t y .

1. When an image 011 the f i lm  is ob l i te ra te d  w i t h  a r o u n d  b lack  m a r k ,  it is an 
in d i c a t i o n  o f  e i t her  b lu r red c o py  because o f  m o v e m e n t  d u r in g  exposure ,  
dup l ica te  c o p y ,  o r  c o p y r ig h t e d  mater ia ls  that  shou ld  not  have been f i lm e d ,  f o r  
b lu r red pages, a good image o f  the page can be f o u n d  in the adjacent  f rame. I f  
co py r ig h te d  mater ia ls were de leted,  a target no te  w i l l  appear  l i s t ing  the pages in 
the ad jacent  f rame.

3. When a map, d ra w in g  o r  char t ,  etc. ,  is part  o f  the mate r ia l  being p ho to g ra p h e d ,  
a deU ni te  m e th o d  o f  " s e c t i o n in g ”  the mater ia l  has been fo l lo w e d .  It  is 
c u s to m ary  to  begin f i l m i n g  at the upp e r  lef t  hand co rn er  o f  a large sheet and to  
c o n t i n u e  f r om  lef t  to  r ight  in equal  sect ions w i t h  smal l  over laps. It' necessary, 
sec t ion ing is c o n t i n u e d  again beg inn ing b e lo w  the f i rs t  r o w  and c o n t i n u i n g  on 
unt i l  comp le te .

4 Tor  i l lu s t ra t io ns  that  cannot  be sa t i s fac tor i l y  rep ro duced  by xerograph i c  
means, p ho to g ra p h ic  p r i n t s  can be purchased at a dd i t io n a l  cost and inserted 
i n t o  y o u r  xerograph ic  copy .  These p r i n t s  are avai lable upon  request f r o m  the 
D isser tat ions ( u s tom er  Serv ices Depar tm en t ,

5. Some pages in any d o c u m e n t  may have ind i s t i nc t  p r i n t .  In all cases the best 
avai lable copy l ias been f i lm ed .
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i i 1

Abstract

C h a ra c te r iz a t io n  of  Aphasic D is rup t ion  of Syntax:
The Perception of Grammatical R e la t ions  in R e la t i v e  Clauses

by Robert A. Vo l in

Advisers:  Professor Louis J. Gerstman (Chairman)
Professor  Edgar B. Z u r i f
Professor Helen S. Cairns

I t  has been claimed th a t  a cen tra l  s y n ta c t ic  processor  

u n d e r l ie s  a l l  m oda l i t ies  of language performance. This c la im  

has been supported by evidence of p a r a l l e l  s y n ta c t ic  d e f i c i t s  in 

the product ion and comprehension of language by agrammatic apha­

s ias .  These p a r a l l e l s  have been demonstrated across groups of 

sub jec ts ,  but r a r e l y  w i th in  groups. The present  study applied  

two d i s s i m i l a r  comprehension tasks to  agrammatics (and to  f lu e n t  

aphasics as con tro ls )  i n  order to t e s t  the p a r a l l e l  d e f i c i t

c la im.  One of these tasks was a paraphrase judgment paradigm

using w r i t t e n  input;  and the  o ther  was an aud i to ry  comprehension

paradigm. I t  was found th a t  each aphasic group produced - d e f i c i t

p a t te rn s  tha t  were task- independent  ( i . e . ,  were p a r a l l e l  across 

ta s k s ) .  The d e f i c i t  p a t te r n s  produced by the two groups d i f ­

fe re d .  Fur ther  ana lys is  ind ica ted  th a t  the agrammatics, lacking  

the  use of s y n ta c t ic  cues to  grammatical r e l a t i o n s  in  r e l a t i v e  

sentences, r e s o r t  to a sentence processing s t r a te g y  based an the  

p ro x im i ty  of sem ant ica l ly  compatible nouns and verbs, and on ca­

nonica l  word order .  While the agrammatic d e f i c i t  was shown to 

br task- independent ,  the use of a s t ra te g y  or s t r a t e g ie s  was 

task-dependent in  some sub jec ts .
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In t rod uct ion

Language -function has t r a d i t i o n a l l y  been b isec ted  in to  the  

f a c u l t i e s  of speaking and l i s t e n i n g .  These were be l ieved  to  be 

d i s c r e t e l y  represented in  the b ra in :  speech was assumed to  be

e s s e n t i a l l y  a motor func t ion  mediated in the l e f t  f r o n t a l  cortex  

while  comprehension was be l ieved  to  be a sensory aud i to ry  per­

ceptual  process mediated in the l e f t  temporal and p a r i e t a l  

lobes. (See, e . g . ,  L ichthe im,  1885.)  The p a t te rn  of  language 

d is s o lu t io n  fo l low ing  bra in  damage has provided the major sup­

port  for  t h i s  view, which has changed l i t t l e ,  except f o r  the  

e lab o ra t io n  of d e t a i l ,  to  the present  day (see Seschwind, 1970).  

Developments in modern l i n g u i s t i c s  have motivated a competing 

view, one t h a t  assumes th a t  language i s  f u n c t i o n a l l y  organized  

in the bra in  in  a modular fashion,  along l in e s  t h a t  roughly cor­

respond to  l e v e ls  of l i n g u i s t i c  re p re s e n ta t io n ,  and th a t  t h is  

organ iza t ion  i s  not modality-bound in the t r a d i t i o n a l  expres­

s iv e - r e c e p t i v e  sense (Chomsky, 1980).  One consequence of t h i s  

view is  a research s t ra te g y  t h a t  seeks to i d e n t i f y  and def ine  

aphasic grammatical d is ru p t io n s  th a t  are  more or less  in s e n s i ­

t i v e  to m odal i ty ;  d is ru p t io n s  i n d i c a t i v e  of a cen tra l  syn tac t ic  

def i  ci  t .

The t r a d i t i o n a l  view of Broca’ s aphasia held th a t  agram­

matism, one of i t s  main f e a tu r e s ,  was an expressive disorder  

r e f e r a b l e  to  d isrupted motor funct ions  subserving speech. Lan­

guage comprehension was thought to  be e s s e n t ia l l y  i n t a c t .  (See, 

e . g . ,  Lenneberg, 1973 fo r  an expos i t ion  of t h is  v iew .)  While



there  were r e p o r ts  of impaired sentence comprehension in these  

p a t ie n t s ,  d e f i c i t s  of t h i s  sor t  were t y p i c a l l y  ascr ibed to  d i f ­

f i c u l t i e s  inherent  in  the length  and/or  conceptual complexity af 

the  m a te r ia l  (Schue l l ,  Jenkins and Jimenez-Pabon, 1964) .  More 

r e c e n t l y ,  however, i t  has become apparent th a t  agrammatic apha­

sics s u f fe r  a comprehension d e f i c i t  t h a t  p a r a l l e l s  t h e i r  pro­

duction d e f i c i t  inso fa r  as comparable elements and s t ruc tures  

have been im p l ica ted .  Just as agrammatics tend to omit c losed-  

class elements such as func tors  or bound i n f l e c t i o n a l  morphemes 

in product ion,  they f a i l  to make use of these forms in  compre­

hension. Elements such as a r t i c l e s ,  pronouns and r e f l e x i v e s  

have been shown to  be involved (Berndt and Caramazza, 1980; and 

see d iscussion w i t h i n ) .  Moreover,  the  order ing of open-class  

elements in  a sentence c a r r i e s  s y n ta c t ic  in fo rm at ion ,  which also  

appears to  be u n a v a i la b le  to some agrammatics ( S a f f r a n ,  Schwartz 

and Marin,  1980; Schwartz, S a f f ran  and Marin,  1980; but see 

Heeschen, 1980 and Caplan, 1983) .  These f in d in g s ,  which w i l l  be 

reviewed below, support the view t h a t  the language processing  

system includes a d is s o c ia b le  s y n ta c t ic  component and tha t  

agrammatism invo lves  the s e l e c t i v e  impairment of aspects of t h is  

system. A c o r o l l a r y  c la im is  th a t  the agrammatic d is r u p t io n  is  

"dom ain -spec i f ic" :  t h a t  i t  overarches ( i . e . ,  i s  shared by) mo­

d a l i t i e s  of input  and product ion,  and is  independent from other  

c o g n i t iv e  sequelae of b ra in  damage.

This study sought to  t e s t  same of the em pir ica l  questions  

e n t a i le d  by these cla ims by asking agrammatic sub jec ts  to pe r ­



form two experimental tasks which d i f f e r  in  m o d a l i t i e s  of input  

and response. Both tasks employ id e n t ic a l  l i n g u i s t i c  m a te r ia ls .  

I n te r ta s k  comparisons were c a r r i e d  out in order to  t e s t  the pre­

d ic t io n  th a t  a c e n t r a l ,  under ly ing s y n ta c t ic  d e f i c i t  engenders 

p a r a l l e l  r e s u l t s  across m o d a l i t ie s  and types of performance d i f ­

f i c u l t y .  Fur ther  ana lys is  sought to  determine which, i f  any, 

h e u r i s t i c  s t r a t e g ie s  are brought to bear on language compre­

hension when s y n tac t ic  processes are d is rup ted .  The performance  

of agrammatic and nonagrammatic aphasics was compared to d e te r ­

mine whether t h e i r  response p a t te rn s  are syndrome-specif ic  or 

are a general r e s u l t  o f  l e f t  hemisphere les ions .
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N e u r o l in g u is t ic  s tud ies  of agrammatism

Brora 's  aphasia

The syndrome o-f Broca’ s aphasia g e n e r a l ly  r e s u l t s  from ex­

tens ive  les ions  a f f e c t i n g  the f r o n t o p a r ie t a l  cortex and insu la ,  

in the d i s t r i b u t i o n  of the super ior  branch of the l e f t  middle 

cerebral  a r t e r y  (Mohr, 1976) .  Right  hem ip leg ia ,  u s u a l ly  a f ­

f e c t in g  the arm more severe ly  than the leg ,  buccofac ia l  aprax ia  

and ideomotor aprax ia ,  which is  manifested in the unaf fec ted  up­

per e x t rem i ty ,  are  common concomitants of Broca’ s aphasia (De 

Renzi ,  Pieczuro and V ignolo,  1966);  Geschwind, 1965) .

The spontaneous speech of these p a t i e n t s  is  h a l t i n g ,  l a ­

bored, and u su a l ly  d i s t o r t e d .  Speech prosody is  t y p i c a l l y  

sharp ly  reduced, w ith  ut te rances  l im i t e d  to  one or few wards. 

In marked con tras t  to  t h e i r  speech output ,  Braca’ s aphasics may 

be able  to carry  a tune, once they are  helped to i n i t i a t e  the  

melody (Brown, 1972) .  Agrammatism is  r e f l e c t e d  in  the  spontan­

eous speech of these p a t i e n t s  by a decrease in  occurrence of 

grammatical morphemes and s i m p l i f i c a t i o n  in form (Hawes and 

Geschwind, 1962),  and by an increased proport ion  of nouns and 

a d je c t i v e s ,  r e l a t i v e  to  funct ion  words (Jones and Wepman, 1965).  

R epet i t io n  gen era l ly  fo l lo w s  the c h a r a c t e r is t i c s  of spontaneous 

speech. The a r t i c u l a t o r y  d isturbance i s  extremely  v a r i a b l e  at 

the phonemic l e v e l ,  and has th e r e fo r e  been cha ra c te r ized  as 

"verbal a p ra x ia " ,  a d isturbance of motor speech programming 

(see, e . g . ,  Dar ley ,  Aronson and Brown, 1975).  M art in  (1974) has



s t rong ly  objected to  the use o-f the  term ‘‘aprax ia"  to  d e l in e a te  

a phenomenon th a t  i s  s p e c i f i a b l e  on l i n g u i s t i c  (phonemic) 

grounds. However, the former view has been supported by recent  

stud ies  of vo ice onset t ime c h a r a c t e r i s t i c s  ( I t o h ,  Sasanuma, 

Tatsumi, Murakami, Fukusako and Suzuki, 1982) and the a r t i c u ­

l a t o r y  dynamics of v e la r  movement ( I t o h ,  Sasanuma, Hirose,  

Yoshioka and Ushij ima,  1980) .  This  research im p l ica tes  a d e f i ­

c i t  in  t im ing control  of the  movements of the a r t i c u l a t o r s  r a ­

ther  than a d e f i c i t  at phonemic s p e c i f i c a t io n .

The au d i to ry  comprehension of Broca’ s aphasics has t r a d i ­

t i o n a l l y  been reported  to  be spared, r e l a t i v e  to t h e i r  speech 

d is ru p t io n ,  but these p a t i e n t s  have shown d e f i c i t s  in the com­

prehension of min imal ly  redundant,  moderately complex sentences 

(De Renzi and Vignolo,  1962; Poeck, Kerschenste iner  and H a r t j e ,  

1972).  Elroca’ s aphasics have demonstrable d e f i c i t s  in aud i to ry  

verbal short - te rm  memory a f f e c t i n g  t h e i r  r e t e n t io n  of (a) i tems 

in  a l i s t  and (b) of the sequent ia l  order ing of i tems in a l i s t  

(A lb e r t ,  1976).  Moreover, they d isp lay  a marked comprehension 

d e f i c i t  for  sentences in which meaning depends on s y n ta c t ic  fac ­

to rs  ( Z u r i f  and Caramazza, 1976; and see review,  w i t h i n ) .

Reading in Braca's aphasia fo l low s the p a t te r n  of aud ito ry  

comprehension. These p a t i e n t s ,  t r a d i t i o n a l l y  thought to r e t a in  

r e l a t i v e l y  good —  a l b e i t  slow —  reading comprehension, have 

been shown to  have reading impairment (Benson, 1977).  They d i s ­

play most d i f f i c u l t y  with m ater ia l  in which meaning hinges on 

s y n t a c t i c a l 1y cued r e la t io n s h ip s  and i s  not c l e a r l y  r e f l e c t e d  by
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semantic content (Samuels and Benson, 1979).  The w r i t i n g  of 

Groca’ s aphasics p a r a l l e l s  speech production,  M iss pe l l ings  and 

d i s t o r t i o n s  are common. Output i s  l i m i t e d  and e f f o r t f u l . When 

words are produced, they are almost always e x c lu s iv e ly  "content"  

words (Gaodglass and Kaplan, 1972) .

The syndrome complex of Broca’ s aphasia invo lves  loss of 

motor f u n c t io n ,  d isturbances of p r a x is ,  memory and language.  

The past two decades have witnessed an increased awareness of 

the manifold f e a tu r e s  of language impairment in t h i s  syndrome. 

One of these f e a tu r e s ,  agrammatic sentence comprehension, is  the  

subject  of the  fo l low ing  s ec t io n .

Agrammatic sentence comprehension

Numerous recent  s tu d ies  have e x te n s iv e ly  in v e s t ig a te d  

agrammatics’ comprehension of sentences. The e a r l i e s t  approach 

to  be motivated by modern l i n g u i s t i c  theory was t h a t  of Jakobson 

(1964) ,  who d iv ided  aphasic impairments i n t o  " s i m i l a r i t y  d is o r ­

ders" and ' c o n t i g u i t y  d is o r d e r s . "  Within t h i s  broad framework,  

agrammatism would be c h a ra c te r iz ed  as a c o n t i g u i t y  d isorder ;  one 

in vo lv in g  the r e l a t i o n s  between semantic e n t i t i e s .  More r e ­

c e n t ly ,  research has focused on agrammatics* a b i l i t y  to  respond 

to  m ater ia l  in which co r rec t  performance depends an comprehen­

sion of s p e c i f i c  grammatical morphemes or s t r u c t u r a l  cues. The 

th r u s t  of the recent  work has been to  show a d is s o c ia t io n ,  not 

between m oda l i t ies  of input  or output ,  but between s y n ta c t ic  and
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semantic dimensions o-f language procesing.

Z u r i f ,  Caramazza and Myerson (19721 in v e s t ig a te d  aphasics'  

contro l  of -free grammatical morphemes w ith  a m e ta l in g u is t ic  

w ord -c lus te r ing  task .  Subjects grouped the two words t h a t  they  

f e l t  "went best together"  in  each of many w o rd - t r ia d s  taken from 

the t e s t  sentences. There were no temporal c o n s t r a in ts  on per­

formance, as the s t imulus  sentences were kept in view while  sub­

je c t s  formulated t h e i r  responses. Control s u b je c ts ’ groupings  

resembled t r a d i t i o n a l  h i e r a r c h i c a l  phrase s t r u c t u r e  t r e e s .  The 

Broca’ s aphasics tended to  c lu s t e r  major category words (N, V, 

Ad j) ;  the “content"  words. Noun-verb p a i r in g s  were most f r e ­

quent,  but n ou n-a d jec t ive  p a i r s  were a lso produced. For exam­

p le ,  in  the sentence "The g i r l  was t a l l e r " ,  the most f requent  

c lu s t e r  was " g i r l  -  t a l l e r " .  In forming these c l u s t e r s ,  the  

Broca's aphasics v i o l a t e d  s t r u c t u r a l  r u le s  such as those per­

t a in in g  to  the r o l e  of fu n c t io n  words in the construc t ion  of 

noun phrases and the d i s t r i b u t i o n a l  c h a r a c t e r i s t i c s  of copula 

forms. Function words were not simply d isregarded,  however: 

they were grouped toge ther  or were coupled with words of inap­

p r o p r ia t e  form c lass  ( e . g . ,  det + V ) ,  The noun phrases t h a t  

were farmed by agrammatics involved func tors  t h a t  were seman­

t i c a l l y  r i c h e r  than a r t i c l e s ,  as in the sentence “Where are my 

shoes?" This f in d in g  suggested th a t  agrammatic aphasics might 

be d i f f e r e n t i a l l y  s e n s i t i v e  to  c lo sed -c lass  elements as a func­

t io n  of t h e i r  semantic in fo rm at ion  load w i th in  the context  of a 

given sentence.
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In order to  pursue t h i s  question -further the  t r i a d i c  c lus ­

t e r in g  task was again employed ( Z u r i f ,  Green, Caramazza and 

Gaodenough, 1976) .  In t h is  study, the s o -c a l le d  "semantic 

Height" of c losed -c lass  words in  some of the sentences was man­

ipu la te d  as an independent v a r ia b le .  D i f f e r e n t i a l  s e n s i t i v i t y  

to a r t i c l e s ,  pronouns and p repo s i t ions  as s t r u c t u r a l  markers was 

examined. Three small groups were tes ted :  these were Broca's

aphasics with r e l a t i v e l y  good comprehension, "mixed a n te r io r "  

aphasics w i th  agrammatic speech and obvious comprehension d e f i ­

c i t s ,  and n e u rD lo g ic a l1y i n t a c t  c o n t ro ls .  The r e s u l t s  showed 

th a t  n e i th e r  aphasic group was s e n s i t iv e  to  a r t i c l e s .  The added 

pragmatic importance of the a r t i c l e  as a disambiguating marker 

had no e f f e c t  ( c f .  Heilman and Schales,  1976).

In marked c o n tras t  to  t h e i r  performance w ith  a r t i c l e s ,  

agrammatics approached the normal p a t te r n  in the c l u s t e r in g  of 

prepo s i t ions  with nouns. But when the same p r e p o s i t io n  served 

as an i n f i n i t i v e  marker,  the agrammatic group f a i l e d  to  c lu s te r  

i t .  This again demonstrates the s e n s i t i v i t y  of Broca’ s aphasics  

to semantic f a c t o r s  th a t  a f f e c t  the r o l e  of a fu n c to r  in d e te r ­

mining the meaning of a sentence (and see discussion of the spe­

c i a l  s ta tus  of p rep o s i t io n s  a t  the fu n c t io n a l  and p os i t ion a l  

l e v e ls  of the language production model proposed by G a r r e t t ,  

1982).

Within c e r t a i n  contexts  the use of the ap p ro p r ia te  d e f i n i t e  

or i n d e f i n i t e  a r t i c l e  bears important i n t e r p r e t i v e  consequences. 

Heilman and Scholes (1976) demonstrated tha t  Broca’ s aphasics
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are unable to  use t h is  cue to  d is c r im in a te  two sentences in  

which surface s t r u c t u r e  d i f f e r e d  only by the p o s i t io n  of the a r ­

t i c l e .  Subjects  were requ ired  to choose the p i c t u r e  c o r re ­

sponding to  a sentence such as (1) or (2 ):

(1) He showed her the baby p ic t u r e s .

(2) He showed her baby the p ic tu r e s .

Broca’ s aphasics performed a t  chance leve l  on t h i s  task ,  and 

were unable to  d is t in g u is h  these sentences from the t r u l y  am­

biguous vers ion ,  (31.

(3) He showed her baby p ic tu r e s .

In another study of aphasics '  comprehension of a r t i c l e s ,  

Goodenough, Z u r i f  and Weintraub (1977) found th a t  Broca’ s apha­

s ics  are "unable to  use a r t i c l e s  to  assign ap p ro p r ia te  r e f e r ­

ence." Presenting a v isua l  array  of th re e  f ig u r e s ,  e . g . ,  a 

white c i r c l e ,  a black c i r c l e  and a black square, they asked 

t h e i r  subjects  to  i n d ic a t e  the f i g u r e  r e f e r r e d  to  by prerecorded  

verbal i n s t r u c t io n s .  These i n s t ru c t io n s  ind ica ted  a s ing le  

choice ( " the  white  one", "the square one") ,  or they inappro­

p r i a t e l y  used the d e f i n i t e  a r t i c l e  when two choices were possi­

b le  ("the round one", "the black one") .  Broca’ s aphasics did 

not demonstrate s e n s i t i v i t y  to the func t ion  of  the a r t i c l e :  

t h e i r  response l a te n c ie s  were equ iva len t  fo r  appropr ia te  and i n ­

app ro pr ia te  t r i a l s ,  and t h e i r  choices did not r e f l e c t  the sense 

that  unique s p e c i f i c a t io n  was requ ired  by the appearance of the  

d e f i n i t e  a r t i c l e .  These s tud ies  suggest tha t  agrammatics, who 

tend to  omit a r t i c l e s  in  speech production,  f a i l  to  f u l l y  u t i ­
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l i z e  a r t i c l e s  in comprehension.

Caramazza and Z u r i f  (1976) reasoned t h a t  i f  Broca’ s apha­

s i c s '  comprehension i s  agrammatic,  they should have d i f f i c u l t y  

understanding sentences in  which grammatical r e l a t i o n s h ip s  are  

not cued s e m a n t ic a l ly .  They employed an au d i to ry  comprehension 

paradigm in which sub jec ts  were asked to point  to the p ic tu r e  

best descr ibed by a t e s t  sentence.  Sentences were center-em­

bedded and were (a) sem a n t ica l ly  non re vers ib le ,  (b) r e v e r s ib l e  

or (c) imp laus ib le  but w e l l - fo rm ed .  D is t r a c to r s  among the p ic ­

tures  were designed to  d i s t in g u is h  semantic e r r o r s  from syntac­

t i c  e r r o r s .  When d is t r a c t o r s  cued only semantic changes ( e .g . .  

wrong color  or wrong v e r b ) ,  Broca’ s aphasics were f a i r l y  accu­

r a t e ,  but when the d i s t r a c t o r  marked a s y n ta c t ic  change, t h e i r  

performance d e t e r i o r a t e d .  When forced to  choose between p i c ­

tures  p o r t ra y in g  the correc t  grammatical r e la t io n s h ip s  and sub- 

j e c t - o b j e c t  r e v e rs a ls ,  agrammatics chose c o r r e c t l y  (about 907.) 

when semantic c o n s t r a in ts  were present ,  as in  ( 4 ) .  In the ab­

sence of semantic cues, as in  ( 5 ) ,  accuracy dropped to the level  

of chance.

(4) The apple t h a t  the boy is  ea t ing  i s  red.

(5) The boy th a t  the g i r l  i s  chasing i s  t a l l .

Agrammatics were a lso s e n s i t i v e  to semantic p l a u s i b i l i t y :  w e l l -

-formed sentences such as (6) were c o n s is te n t ly  m is in te rpre ted  

in favor  of the more p la u s ib le  s u b je c t -o b je c t  r e v e r s a l .

(6) The man t h a t  the norse i s  r i d i n g  i s  f a t .

Caramazza and Z u r i f  (1976) argued that  these r e s u l t s  in d ic a te
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th a t  agrammatics’ comprehension p a r a l l e l s  t h e i r  production in  

tha t  "they are unable to  use s y n t a c t i c - 1 ik e  a lg o r i th m ic  proces­

ses" whi le  r e t a i n i n g  h e u r i s t i c  procedures of semantic i n t e r ­

p r e t a t io n  based on semantic p l a u s i b i l i t y  and the p r o b a b i l i t y  

th a t  noun-verb sequences can be i n te r p r e te d  as a c to r - a c t io n  r e ­

la t i o n s .  The a v a i l a b le  data ,  they continued,  suggest tha t  

agrammatism re - f lec ts  damage to  "a general language procesi ng 

mechanism th a t  subserves the s y n ta c t ic  component o-f both com­

prehension and product ion" .  Not ice ,  however, th a t  agrammatic 

performance in  t h is  study, as in  those c i te d  above, nay be con­

strued as f a i l u r e  to u t i l i z e  in format ion c a r r ie d  by funct ion  

words in the comprehension of sentences.

Recent ly ,  Blumstein, Goodglass, S ta t le n d er  and Biber  (1983)  

completed a study which included an in v e s t ig a t io n  of Broca’ s 

aphasics’ comprehension of p ro n o n in a l i z a t io n  and r e f l e m v i z -  

a t io n .  These sub jec ts  were found to  perform p e r f e c t l y  on a pro­

noun t e s t ,  which examined t h e i r  a b i l i t y  to  assign re ference  on 

the basis  of the semantic in form at ion  contained in the forms 

him* her*, them* me* and you. The ir  accuracy dropped to about 

687., however, on a r e f l e x i v e  t e s t  which contrasted  simple sen­

tences such as "She washed her" versus "She washed h e r s e l f . "  

Morphological cues appear to  be less e f f e c t i v e  f a r  agrammatics 

than are l e x i c a l  cues. This,  again ,  suggests th a t  agrammatics 

f a i l  to u t i l i z e  in comprehension those elements tha t  they tend 

to omit in speech product ion.

In a recent  study, F r i e d e r i c i ,  Schonle and G ar re t t  l19B2)
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in sentences. Production was tes ted  with a f i l l  -  in -  the  

blank procedure in which sub jec ts  were shown a s e r ie s  o-f p ic ­

tures  ( e . g . ,  of a cat l y in g  under a c h a i r ) .  Along with each 

p ic t u r e ,  sub jec ts  were shown a sentence descr ib ing  the p ic tu re ,  

but with the p re p o s i t io n  missing. Subjects  were required  to  

v e r b a l i z e  the missing p rep o s i t io n .  Two comprehension tasks were 

also employed. Both o-f these employed a m u l t ip le -c h o ic e  tor  mat. 

In the f i r s t ,  c o r re c t  performance depended upon recog n i t ion  of 

the p repo s i t ion  i t s e l f ;  in  the second, accuracy depended upon 

recog n i t ion  of the p repo s i t ion  w i t h in  a sentence corresponding  

to the st imulus p ic t u r e .  There was no d i f f e r e n c e  in  the accu­

racy of agrammatics’ product ion of prepos it ions  and t h e i r  per­

formance in the sentence recog n i t ion  comprehension task;  and 

performance on both these tasks was poorer than on the le x ic a l  

percept ion task .  F r i e d e r i c i ,  e t .  a l . concluded th a t  these r e ­

s u l t s  suggest th a t  agrammatics r e t a i n  t h e i r  " l e x i c a l y  based i n ­

f e r e n t i a l  capac i ty"  (which i s  l i k e l y  why t h e i r  comprehension ap­

pears to  be super ior  to  t h e i r  production a b i l i t i e s ) ,  but not the  

normal capac i ty  to  use c losed -c lass  items to  guide phrasal i n ­

t e g r a t io n .

Despite a general c l i n i c a l  c la im th a t  the reading compre­

hension of Broca’ s aphasics is  less impaired than t h e i r  auditory  

comprehension (see, e . g . ,  feoodglass and Kaplan, 1972),  research  

employing the v isua l  modal i ty  has produced r e s u l t s  tha t  are 

roughly p a r a l l e l  w ith  the r e s u l t s  of those using the aud itory



input m odal i ty .  Moreover, a small number o-f s tu d ie s  have d i ­

r e c t l y  compared the performance of Broca’ s aphasics across input  

m o d a l i t i e s ,  and in d ic a t e  t h a t  t h i s  f a c t o r  has no q u a l i t a t i v e  e f ­

fe c t  on performance. For example, Gardner, Denes and Zur i f  

(1975) administered a m e t a l i n g u is t i c  task tha t  compared sub­

j e c t s ’ performance on m ater ia l  presented in  aud i to ry  and v isual  

m o d a l i t i e s .  P a i rs  of sentences were presented,  and subjects  

were requ ired  to  determine which one of the p a i r  was co r re c t .  

The sentences were equated f o r  a l l  parameters except  the syn­

t a c t i c  or semantic v a r i a b l e  under t e s t .  A n te r io r  and pos te r io r  

aphasics were compared. Both groups not iced semantic e rrors  

( inv o lv ing  l e x i c a  s e le c t io n  r e s t r i c t i o n s  or r e a l -w o r ld  know­

ledge) more r e a d i l y  than s y n ta c t ic  e r r o r s .  Far both groups, the  

node of st imulus p rese n ta t ion  had no e f f e c t .  Samuels and Benson 

(1979) also contrasted input  m oda l i t ies  in a study of sentence 

comprehension. Subjects  were requ i red  to make t r u e - f a l s e  d e c i ­

sions or  to complete sentences th a t  were designed to pose syn­

t a c t i c  or semantic d i f f i c u l t y .  The Broca’ s aphasics performed 

more poorly  an s y n ta c t i c a l  1y loaded sentences in both v isual  and 

a u d i to ry  m o d a l i t i e s .

In summary, the foregoing research has demonstrated that  

the agrammatic d is ru p t io n  of sentence comprehension appro:: i -  

mately p a r a l l e l s  the agrammatic product ion d e f i c i t ,  and appears 

to be q u a l i t a t i v e l y  i n s e n s i t i v e  to sensary input modal i ty .  

Agrammatics seem to r e l y  on l e x ic a l /s e m a n t ic  in form at ion;  cues 

to s y n ta c t ic  s t r u c t u r e ,  such as those th a t  are c a r r ie d  by func­
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t io n  wards, are  r e l a t i v e l y  u n a va i lab le  to then. These f ind ings  

a f t e r  considerable  support fo r  the not ion,  cons is ten t  w ith  the  

modular i ty  hypothesis (Chomsky, 1980),  th a t  the language pro-  

cesing system includes a d is s o c ia b le  s y n ta c t ic  component and 

tha t  agrammatism involves  a s e l e c t i v e  d is ru p t io n  a f f e c t i n g  th is  

component.

The locus of the agrammatic d e f i c i t

Two t h e o r e t i c a l  v a r ia n t s  have emerged regarding the locus 

□f the agrammatic language breakdown. I t  has been proposed that  

agrammatism i s  symptomatic of  a general breakdown in syn tac t ic  

processing (Berndt and Caramazza, 1980; Caramazza and Z u r i f ,  

1976).  Most of the work c i t e d  in  the previous sect ion  has been 

taken fo r  support for  t h i s  parsing d e f i c i t  hypothesis .  One as­

pect of the parsing d e f i c i t  hypothesis  focuses on a d e f i c i t  in 

the processing of the vocabulary elements t h a t  are  presumed to  

signal  s y n ta c t ic  opera t ions (Kean, 1980; Bradley,  G a r r e t t  and 

Z u r i i  (19B0).  Another v a r ia n t  locates  the agrammatic d e f i c i t ,  

not in the i n i t i a l  assignment of s t r u c tu r e ,  but in  the mapping 

of the parsed input  onto a sem ant ica l ly  i n t e r p r e t a b l e  r e p r e ­

sen ta t ion  (S a f f ra n ,  Schwartz and H a rm ,  1980; Lmebarger ,  

Schwartz and S a f f ra n ,  in p ress ) .  These two v a r ia n ts  w i l l  be 

discussed in  tu rn .

Functor theory!  The vocabulary elements e x p lo i te d  by 

the s y n ta c t ic  processor can be cha ra c te r ized  as fu n c to rs  or as 

minor grammatical ca tego r ies ,  and may be s p e c i f ie d  fo rm a l ly  at  

the phonological  leve l  (Kean, 1900),  Regardless of the formal
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c h a r a c t e r i z a t io n s  employed, the lex icon  is  mare or less d i v i s ­

i b le  i n to  two com puta t iona l ly  d i s t i n c t  ca te g o r ie s ,  the open-  

class and c lo s e d -c la s s  vocabular ies  (see G a r r e t t ,  19B2 for  d is ­

cussion) .  The two classes d i f f e r  in t h e i r  " i n t e r p r e t i v e  

burden." Open-class items are “primary agents of re fe re n c e ."  

Closed-c lass items are e s s e n t i a l l y  "veh ic les  of phrasal con­

s t ru c t io n "  and are l a r g e l y  n o n r e f e r e n t i a l .

The importance of t h is  d i s t i n c t i o n  l i e s  in  i t s  im p l ic a t io n s  

for  the c h a r a c t e r i z a t io n  of a computational system th a t  employs

the two classes d i f f e r e n t i a l l y .  C lose^-c lass  items support syn­

t a c t i c  a n a ly s is ,  as i s  obvious from t h e i r  e f f e c t  in  Lewis 

C a r r o l l ' s  "Jabberwocky.“ As Bradley,  G a r re t t  and Z u r i f  (198u) 

point  ou t ,  c lo sed -c lass  elements apparent ly  have a r o l e  in the  

establ ishment of major  category membership of the nonsense words 

in t h is  work, thus enabl ing  the  reader t o  perform a s e n te n t ia l  

ana lys is  of the nonsense s t r in g s .  I t  i s  a lso  well  known that  

c losed -c lass  elements f a c i l i t a t e  lea rn ing  and r e c a l l  of anoma­

lous sentences I M i l l e r  and Is a ra ,  1963).  Bradley and G a r re t t  

(1979; c i te d  by Bradley,  e t .  a l . ,  19B01 suggested a model in 

which d i f f e r e n t  word r e t r i e v a l  mechanisms, s e l e c t i v e l y  s e n s i t i v e  

to  open- and c lo sed -c lass  elements, subserve s t r u c t u r a l  and r e f ­

e r e n t i a l  computational fu nc t io ns ,  r e s p e c t iv e ly .

Bradley and G a r r e t t ,  studying normal sub jec ts ,  contrasted  

the e f f e c t s  of the two form classes in  two l e x i c a l  dec is ion

tasks.  The f i r s t  task involved the p re s e n ta t io n  of l e t t e r  

s t r in g s  to  sub jec ts  who had to decide whether st imulus items
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were or were not acceptable wards. The dependent v a r i a b l e  was 

response la te n cy  fo r  accurate dec is ions.  This task is  h igh ly  

s e n s i t i v e  to frequency of occurrence (F o rs te r ,  1979; Schuberth 

and Eimas, 1977).  The second task ,  a l e x i c a l  in te r f e r e n c e  par­

adigm developed by T a f t  and Fors te r  (1976),  was a l e x i c a l  de­

c is io n  task in  which the s t im u l i  of i n t e r e s t  were nonword com­

pound forms. Some of these incorporated open-c lass words in  the  

i n i t i a l  p o s i t io n  ( e . g . ,  " c la s s ip e n " ) ,  some incorporated closed-  

c lass  words ( " l e s s i p e n " ) , and "baseline nonwords" contained no 

lega l  words ( " f e s s i p e n " ) . Ta f t  and F o rs te r ,  studying normal  

sub jec ts ,  repor ted  th a t  open-c lass nonwords took longer to  r e ­

je c t  than did  base l ine  nonwords. Presumably, recog n i t ion  of the  

v a l i d  l e x i c a l  s ta tus  of the i n i t i a l  open-c lass segment re ta rds  

the  dec is ion to  r e j e c t .

Bradley and G ar re t t  (1979) found tha t  the f i r s t  l e x i c a l  de­

c is io n  task produced the t y p ic a l  e f f e c t ,  but only fo r  open-class  

words. There was no frequency e f f e c t  to r  c losed -c lass  items.  

This ind ica ted  th a t  open-c lass words and c lo sed -c lass  words may 

be accessed d i f f e r e n t i a l l y ;  the open c lass  according to  f r e ­

quency of occurrence and the closed class in some other way. 

The r e s u l t s  of the l e x i c a l  i n te r f e r e n c e  experiment a lso  h igh­

l ig h te d  the d i s t i n c t i o n  between the two classes.  When the i n i ­

t i a l  segment was an open-class item, the t y p ic a l  in te r fe r e n c e  

e f f e c t  was obta ined .  But when the i n i t i a l  s t r in g  was a c losed-  

c lass  item, r e j e c t i o n  l a te n c ie s  did not d i f f e r  s i g n i f i c a n t l y  

from bas e l in e  nonword r e j e c t i o n  l a te n c ie s .  Thus, in normal sub­
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j e c t s ,  the c lo sed -c lass  vocabulary seems to be accessed in a way 

tha t  e l im in a te s  the i n te r f e r e n c e  e f f e c t  engendered by recogni ­

t io n  of the l e x i c a l  s ta tu s  of the i n i t i a l  segment.

Bradley,  G a r re t t  and Z u r i f  (1980) repeated the l e x i c a l  de­

c is io n  tasks with a group of Broca’ s aphasics and a group of 

n e u r o lo g ic a l l y  i n t a c t  h o s p i t a l i z e d  c o n t ro ls .  In both e x p e r i ­

ments, the normals behaved as d id  the previous sub jec ts ,  d is ­

p lay ing  sharp d i s t i n c t i o n s  between open- and c losed -c lass  e l e ­

ments. This c o n tras t  was not ev ident  in  the  responses of the  

Broca’ s aphasics.  While the normal sub jec ts  displayed sen s i ­

t i v i t y  to word frequency f o r  open-c lass items only,  the aphasics  

displayed frequency e f f e c t s  fo r  both c lasses .  On the l e x i c a l  

in te r f e r e n c e  task ,  normals r e je c te d  c losed -c lass  nonwords as r a ­

p id ly  as bas e l in e  nonwords, but the Broca’ s aphasics re je c te d  

c losed -c lass  words as s lowly  as they did open-c lass words. For 

the aphasics, both open -  and c losed -c lass  items behaved l i k e

open-class vocabular ies .

The f a c t  th a t  Broca’ s aphasics were ab le  to process both

classes of vocabulary i tems suggested to  Bradley,  e t . a l . that

"the normal o rg an iza t io n  of the word system ’ doubly re p res en ts ’ 

the closed c la s s . "  On t h i s  view, c losed -c lass  elements may be 

represented both <a> with the f u l l  open-class lex icon  th a t  may 

be supposed to  support l e x i c a l  semantic procedures; and (b) in a 

specia l  "b in" ,  from which rap id  access of these elements without  

f u l l  semantic i n t e r p r e t a t i o n  supports o n - l i n e  s y n ta c t i c  proces­

sing.  Rapid access of c losed -c lass  elements i s  a necessary as­
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sumption in  t h i s  scheme; c lo s e d -c la s s  access must be more rap id  

than open-class access, in  o r d e r  t o  " i n h i b i t  the consequences of  

the open-class r o u t in e , "  Bradley and her col leagues cautioned 

tha t  these r e s u l t s  do not prove th a t  agrammatism i s  accounted 

for  by the f a i l u r e  of a c lo sed -c lass  r e t r i e v a l  mechanism; but,  

on the other hand, they o f fe re d  t h i s  as a “p la u s ib le  candidate"  

hypothesis.  They added t h a t  th ree  f l u e n t  aphasics have also  

been tes ted  on these tasks and th a t  two of them produced the  

normal d i s t i n c t i o n  between the form classes ( tne  performance of 

the t h i r d  was u n in t e r p r e t a b l e ) .  Z u r i f  (1900) reported t h a t  a 

fo u r th  f lu e n t  aphasic had produced the normal d i s t i n c t i o n .  This 

i n d ic a te s  th a t  the p a t te rn  of the agrammatics’ performance is  

syndrome -  s p e c i f i c ,  and i s  not a t t r i b u t a b l e  to general e f f e c t s  

□f b ra in  damage.

In a r e p l i c a t i o n  of the Bradley ,  e t .  a l . experiment,  

Gordon and Caramazza (19B2) found a non l inear  frequency e f f e c t  

fo r  bgth word classes in  normal sub jec ts .  Higher frequency  

words produced a f l a t ,  rap id  response curve, which i s  to  say 

th a t  they did not show a frequency e f f e c t .  Lower frequency 

words, on the other  hand, produced a response-time curve tha t  

var ied  in v e r s e ly  w ith  frequency.  S im i la r  f in d in g s  were reported  

by Segui, Mehler,  F rauenfe lder  and Morton (1982 ) ,  who studied  

normal French speakers.

Although these r e p o r ts  appear to undermine cla ims based on 

the frequency data ,  other observations cont inue to  suggest a 

computational d is s o c ia t io n  between form classes.  F i r s t ,  the
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l e x i c a l  i n t e r f e r e n c e  r e s u l t s  s t i l l  stand. What i s  mare, a r e ­

cent l e t t e r  c a n c e l la t io n  experiment r e in fo r c e s  those r e s u l t s .  

When nornal sub jec ts  are requ ired  to cross out s p e c i f i e d  l e t t e r s  

in prose passages, they cancel l e t t e r s  appearing in  open-class  

words more r e l i a b l y  than they do l e t t e r s  appearing in closed  

class words (Healy,  1976).  Rosenberg, Z u r i f ,  G ar re t t  and 

Bradley (1982) have found that  agrammatics show c a n c e l la t io n  

r a te s  tha t  are  eq u iva len t  across c lasses.  I f  the normal r e s u l t s  

are taken to in d ic a te  a d i s t i n c t i o n  between open- and c losed-  

class l e x i c a l  access ro u t in es  such th a t  c lo sed -c lass  items are  

s u b je c t i v e ly  more or less " i n v i s i b l e , "  then the  agrammatics'  

performance suggests a d is ru p t io n  of the c lo sed -c lass  access 

rou te .  By t h i s  reasoning,  the  agrammatics a re  r e l a t i v e l y  be t te r  

at cancel ing  l e t t e r s  in c lo sed -c lass  e n t r i e s  because they pro­

cess them not as r a p id ly  accessed s y n ta c t ic  markers,  but as 

open-class vocabulary i tems. Another form of evidence fo r  com­

p u ta t io na l  d is s o c ia t io n  of open- and c lo sed -c lass  elements has 

been o f fe re d  by Bradley and G a r re t t  (1983) ,  who have demon­

s t r a te d  fu n c t io n a l  hemispheric asymmetry invo lv in g  these c l a s ­

ses. They studied reco g n i t io n  of t a c h is t o s c o p ic a l l y  presented  

open- and c losed -c lass  words in normal sub jec ts .  They found 

tha t  recog n i t ion  accuracies fo r  the two classes d i f f e r  only when 

s t im u l i  were presented to  the r i g h t  v isua l  f i e l d  ( l e f t  hemi­

sphere).  C losed-c lass  items presented to  the r i g h t  v isua l  f i e l d  

were less a v a i l a b l e  to r e p o r t  (more " i n v i s i b l e " )  than are open- 

class items presented to the same f i e l d .  Mo such d i s t i n c t i o n
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mas observed fo r  s t im u l i  presented to the l e f t  v isua l  f i e l d .  

The normal  l e f t  hemisphere, i n  o ther  words, seems to  mainta in  a 

d i s t i n c t i o n  between the form classes which the r ig h t  hemisphere 

does not recognize .  These s tud ies  in d ic a t e  t h a t  the open- and 

c losed -c lass  vocabular ies  are com putat ional ly  d i s t i n c t ,  and that  

a f a i l u r e  to process the l a t t e r  in the normal fashion f ig u re s  

im por tan t ly  in  the agrammatic d e f i c i t .

fin a l t e r n a t i v e  view: About the t ime t h a t  Bradley,  e t .

a l . published t h e i r  f in d in g s ,  Schwartz,  S a f f ran  and Marin (1900) 

argued against  a “phonological"  account of agrammatism which was 

put forward by Kean in a s e r ie s  of papers (see, e . g . ,  Kean, 

1979).  They argued t h a t  Kean’ s account would p r e d ic t  th a t  

agrammatics should be ab le  to  decode "construct ions in which 

grammatical morphemes serve no ess en t ia l  r o l e , "  on the basis  of 

in format ion encoded in the canonical  order ing of major l e x i c a l  

i tems.  F a i l u r e  to  do so, they continued, would be in e x p l ic a b le  

in  terms of an i n a b i l i t y  to  u t i l i z e  in form at ion  encoded in  minor 

grammatical ca tego r ies .  They argued th a t  i f  agrammatics f a i l e d  

to  decode say, simple a c t i v e  d e c la r a t i v e  sentences on the basis  

of canonical word order ,  then the scope of agrammatism must ex­

tend beyond the f a i l u r e  to u t i l i z e  c losed -c lass  items f o r  the  

computation of s y n ta c t ic  re p re s e n ta t io n .  Schwartz,  e t .  a l .  

tes ted  agrammatics'  a b i l i t y  t o  employ the  syntax of word order  

to  decode the grammatical r e l a t i o n s  in sentences. They found 

th a t  not one of t h e i r  f i v e  agrammatic sub jec ts  r e l i a b l y  decoded 

sem ant ica l ly  r e v e r s ib l e  sentences on a l l  th ree  of the e x p e n -
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dental  tasks.  The agrammatics did not appear to  use word order  

s t r a t e g ie s  in sentence comprehension and, in  t a c t ,  such s t r a t e ­

g ies  as they may have employed va r ied  from task to  task .  These 

f i v e  sub jec ts  f a i l e d  to  demonstrate a cons is ten t  word order  

s t ra te g y  c o l l e c t i v e l y  or i n d i v i d u a l l y .

In a companion a r t i c l e ,  S a f f ra n ,  Schwartz and Marin (1980)  

showed t h a t  these same agrammatics produced a p p ro p r ia te  word 

orders in product ion only when the s e n te n t ia l  sub ject  and object  

d i f f e r e d  in  “potency" or "sa l ie ncy"  (by which c r i t e r i o n  the more 

s a l i e n t  element was the more p la u s ib le  a c to r ,  as in the a n i ­

mate/inanimate c o n t r a s t ) .  S a f f r a n ,  e t .  a l .  concluded that  

agrammatic comprehension and product ion r e f l e c t s  an absence of 

"the capac i ty  to  deal with language s t r u c tu r e s  t h a t  encode r e ­

l a t i o n a l  meanings." They suggest tha t

"the agrammatic s e le c ts  s a l i e n t  elements of a 
c o g n i t iv e  re p re s e n ta t io n  and maps them in to  a sur­
face  s t r u c t u r e  of the N-V-N form, order ing the NPs 
on the basis  of c o g n i t iv e  fa c t o r s  l i k e  animacy or 
potency. The order of NPs c a r r i e s  no semantic 
s ig n i f i c a n c e .  S i m i l a r l y ,  on the r e c e p t iv e  s ide ,  
the lack of mediating l i n g u i s t i c  s t r u c tu r e s  r e ­
s u l t s  in the f a i l u r e  to e x t r a c t  from word order  
the  d i r e c t i o n a l i t y  of the underly ing r e l a t i o n . "

The ir  view departs  from a parsing d e f i c i t  hypothesis in  

th a t  i t  makes the c la im tha t  the agrammatic d e f i c i t  i s  r e f e r a b l e  

to a le v e l  of processing at which lo g ic a l  r e l a t i o n s  are r e p r e ­

sented, a leve l  t h a t  i s  conceived to be deeper than th a t  at 

which s y n ta c t ic  computation takes p lace.  L inebarger ,  Schwartz 

and S a f f ran  ( in  press) have o f fe re d  new data  compatible with  

th is  view. Observing th a t  the v a r ia n ts  of parsing d e f i c i t  th e ­
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a na lys is  of sentences, they present  evidence t h a t  agrammatics 

are  able to  carry  out g ram m at ic a l i ty  judgments s u c c e s s fu l ly  on a 

v a r i e t y  of s y n ta c t ic  s t r u c tu r e s .  They o f f e r  two hypotheses to 

account fo r  t h e i r  f in d in g s .  The f i r s t  argument is  t h a t  since  

t h e i r  sub jec ts  cannot have y ie lded  t h i s  r e s u l t  w ithout  having 

performed s y n ta c t ic  analyses on the st imulus sentences, the l o ­

cus of the agrammatic d e f i c i t  must l i e  not in the computation of 

s y n ta c t ic  re p re s e n ta t io n  but in  i t s  e x p l o i t a t i o n  fo r  the r e p re ­

sen ta t ion  of meaning. A l t e r n a t i v e l y ,  they suggest t h a t ,  at  

Least in the  aphasic p o p u la t io n ,  s y n tac t ic  and semantic pro­

cessing may compete to r  computational resources, “so t h a t  sub­

je c t s  achieve t h e i r  optimal performance in  one domain only  by 

s a c r i f i c i n g  accuracy in  the o t h e r . "

Caplan ( in  press) o f f e r s  counterarguments, c la im ing  th a t  

the L inebarger ,  e t .  a l . r e s u l t s  are ,  in  h is  view, consis ten t  

w ith  a functor  theory.  Noting th a t  s y n ta c t ic  in form at ion  may be 

bound up w ith  the meaning of a given l e x i c a l  en t ry  as well  as in 

phrasal s t r u c t u r e ,  h is  argument, very b r i e f l y ,  i s  th a t  the  

agrammatic language processor appears to  be r e s t r i c t e d  to  the  

sy n ta c t ic  in fo rm at ion  coded in  the argument s t r u c tu r e s  of  i n d i ­

v idual  words. For example, the agrammatic might demonstrate 

s e n s i t i v i t y  to  the fa c t  th a t  a p a r t i c u l a r  verb takes a comple­

ment, and conversely ,  be i n s e n s i t i v e  to phrasal  s t r u c t u r e .  On 

t h i s  view, the agrammatic d e f i c i t  involves in form at ion  s t r u c ­

tures  th a t  im p l ica te  the funct ion  word vocabulary:  Caplan
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only to  the construc t ion  of s y n ta c t i c  s t r u c tu r e s ,  e . g . ,  of phra­

sal  nodes, but  a lso to  the

semantic i n t e r p r e t a t i o n  of s u p r a - l e x ic a l  s y n ta c t ic  
s t ru c tu re s .  I t  provides aspects of semantic read­
ings,  such as d e f i n i t e  and i n d e f i n i t e  re fe rence  of 
noun phrases, aspect and tense in verb phrases,  
scope of q u a n t i f i c a t i o n ,  e tc .  Both t r a d i t i o n a l  
and c u r re n t  t rea tm ents  of  these aspects of seman­
t i c  s t r u c tu r e  do not a t t r i b u t e  them to  l e x i c a l  ca­
t e g o r ie s  but r a t h e r  to  phrasal  ca teg o r ies  and the  
i n t e r a c t i o n  of phrasal c a teg o r ies  with  each other  
and with l a rg e r  s y n ta c t ic  u n i ts  such as clauses.
Just as the funct ion  word vocabulary plays a c r i ­
t i c a l  r o le  in determin ing these aspects of syn­
t a c t i c  s t r u c t u r e ,  i t  a lso  plays an important r o l e  
in  e s ta b l is h in g  these aspects of semantic s t r u c ­
tu res .  The mapping from semantic to sy n ta c t ic  
s t r u c t u r e s ,  which Linebarger  e t .  a l . suggest as 
one possib le  locus of the d isturbance in  agram­
matism, may, accord in g ly ,  not be independent of 
the  semantic r o l e  of the func t ion  word vocabulary,  
but ,  r a t h e r ,  i n t i m a t e ly  connected to  i t .

Caplan proposes t h a t  " i t  is  the i n t e r a c t i o n  of the s yn tac t ic  

and semantic in form at ion  j o i n t l y  dependent upon the func t io n  

word vocabulary which i s  not a v a i l a b l e  fo r  processing."

To summarize: The locus of the agrammatic d is ru p t io n  has

been v a r io u s ly  placed. The breakdown of a parser  has been 

proposed by Caramazza and Z u r i f ,  1976 and by Berndt and 

Caramazza, 19B0. M od i f ica t ion s  of parsing d e f i c i t  theory im­

p l i c a t i n g  c lo s e d -c la s s  vocabulary elements have been advanced. 

Bradley, G a r re t t  and Z u r i f  <1980) suggested th a t  agrammatism 

i s  accounted fo r  by the f a i l u r e  of a specia l  c lo s e d -c la s s  l e x ­

ic a l  access r o u t in e  which subserves o n - l in e  s yn tac t ic  pro­

cessing. Caplan ( in  press) has argued th a t  the d e f i c i t  occurs
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at  the po in t  of in te r s e c t io n  between s y n ta c t ic  and semantic 

re p res en ta t io n s  which are " j o i n t l y  dependent an the funct ion  

word vocabulary ."  The p o s i t io n  taken by S a f f ra n ,  Schwartz and 

Marin (1960) departed from a general parsing d e t i c i t  theory  

in  suggesting t h a t  the locus of  the agrammatic d e t i c i t  i s  at a 

le v e l  ot processing a t  which themat ic r e l a t i o n s  are  encoded. 

That p o s i t io n  was e lab o ra ted  by L inebarger ,  Schwartz and 

Saf f ran  ( in  p re s s ) ,  who have claimed th a t  agrammatics do, in  

f a c t ,  construc t  s y n ta c t ic  re p re s e n ta t io n s :  they propose tha t  

agrammatism r e f l e c t s  e i t h e r  ( 1 ) ,  a d e f i c i t  in the mapping of  

s y  t a c t i c  re p re s e n ta t io n  onto semantic r e p r e s e n ta t io n ,  or (2)  

a t ra d e o f f  between s y n ta c t ic  and semantic processing in a r e -  

s o u rc e - l im i te d  computat ional system. The issue of the locus  

of the agrammatic d e f i c i t  i s  f a r  from reso lved .  In any event,  

the  approaches we have reviewed are  cons is ten t  with the modu­

l a r i t y  hypothesis (Chomsky, I 9 6 0 ) ,  with which t h i s  review  

began.

The issue of d o m a in -s p e c i f ic i t v

Much o f  the research discussed above has employed com­

prehension tasks t h a t  r e q u i r e  sub jec ts  to  r e l a t e  l i n g u i s t i c  —  

u s u a l ly  au d i to ry  —  s t im u l i  to  the objects  or p ic tu r e s  to 

which they r e f e r .  Other research has used m e ta l in g u is t ic  

tasks in  which r e f e r e n t i a l  cons idera t ions  are less  e x p l i c i t .  

Examples of these are t r i a d i c  comparison, anagram and gram­

m a t i c a l l y  judgment tasks ( e . g . ,  Z u r i f ,  e t .  a l . ,  1972; von
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Stocker t  and Bader, 1976; and L inebarger ,  e t .  a l , , m  p ress ) .  

The r e s u l t s  of these s tud ies  have been remarkably con s is ten t :  

apparent p a r a l l e l s  e x i s t  between agrammatics’ production and 

t h e i r  performance on severa l  m o d a l i t ie s  of r e c e p t iv e  language 

tasks. These p a r a l l e l s ,  which in v o lv e  comparable elements and 

s t r u c tu r e s ,  have led t o  the assumption t h a t  agrammatism i n ­

volves the d is ru p t io n  o f  s y n ta c t ic  processing (or i t s  a v a i l a ­

b i l i t y )  a t  a l e v e l  t h a t  u n d e r l ie s  and accounts fo r  the ob­

served behavior  and i s  d i s t i n c t  from domain-neutral  c o g n i t iv e  

a b i l i t i e s  such as i n f e r e n t i a l  funct ions  ( e . g . ,  Berndt and 

Caramazza, 1980; Caramazza and Z u r i f ,  1976; Z u r i f .  Caramazza 

and Myerson, 1972).

This assumption e n t a i l s  the c la im th a t  s y n ta c t ic  func­

t io n s  are shared by performance systems and should be q u a l i ­

t a t i v e l y  una f fec ted  by modal i ty  of perception or expression.  

The c la im  fo r  c ross -m oda l i ty  p a r a l l e l s  has been w ide ly  sup­

ported by i n f e r e n t i a l  s t a t i s t i c s  developed from group stud ies ,  

but,  with some except ions t o  be descr ibed below, has r a r e l y  

been tes ted  by sub jec t ing  a group of agrammatics to  two or 

more tasks tha t  d i f f e r  in  performance m o d a l i t ie s .  Indeed, i f  

i n t r a i n d i v i d u a l  comparisons f a i l  to  show q u a l i t a t i v e  p a r a le ls  

across m o d a l i t i e s ,  one would be unable to  make strong claims  

fo r  the ex is tence of a domain-spec if ic  s y n ta c t ic  processor.

As mentioned, a few s tud ies  have tes ted  agrammatic sub­

j e c t s  across performance m o d a l i t ie s .  S a f f ra n ,  Schwartz and 

Marin reported on four agrammatic aphasics who were apparent ly
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in the absence of disambiguat ing semantic in form at ion  

(Sa f f ran ,  Schwartz and Mar in,  19QO; Schwartz,  S a f f ran  and 

Marin, 1980) .  Caramazza, Berndt ,  B a s i l !  and K o l l e r  <1981) de­

scr ibed two Broca’ s aphasics whose agrammatic responses on a 

number of production and comprehension tasks could be c l e a r l y  

d i f f e r e n t i a t e d  from the responses of a Wernicke’ s and a con­

duction aphasic.  F r i e d e r i c i ,  Schonle and G a r re t t  (1982) p re ­

sented a group of Broca’ s aphasics who demonstrated d e f e c t i v e  

production of  p repo s i t ions  in  a sentence completion task and 

who were unable to acc u ra te ly  recognize  sentences in  which 

prepo s i t ions  play important s y n ta c t ic  r o le s .  These d i r e c t  

comparisons c o n s t i t u te  support fo r  the not ion th a t  agrammatism 

may be a t t r i b u t e d  to  an overarching s y n ta c t ic  d e f i c i t  (whate­

ver i t s  locus or lo c i  may b e ) ,  but each i s  l im i te d  in  scope.  

Further  e la b o ra t io n  is  c l e a r l y  needed. This study extends  

the p a r a l l e l  d e f i c i t  c la im by comparing performance across two 

rece p t ive  a c t i v i t i e s  which impose r a th e r  d i f f e r e n t  performance 

demands. These w i l l  be d e t a i l e d  in  a l a t e r  s ec t io n .

H e u r is t ic  sentence processing s t r a t e g ie s

This study addresses a second issue as w e l l .  I t  has been 

suggested th a t  agrammatics, lack ing the b e n e f i t  of normal syn­

t a c t i c  processing may be i n a p p r o p r ia t e ly  dependent upon a se­

quencing s t ra te g y  t h a t ,  fo r  example, maps a noun-verb-noun  

sequence onto a g e n t -a c t io n -o b je c t  r o le s .  The evidence on t h is
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point  i s  c o n t r a d i c t o r y . As noted, Schwartz,  e t .  a l . (1900)

reported th a t  t h e i r  sub jects  f a i l e d  to  employ a consis tent  

word order s t r a te g y .  Others , however, have reported  the use 

of temporal order by agrammatics ( e . g , ,  Caplan, in  press; von 

Stockert  and Bader, 1976) .  Heeschen (1902) r e - p a r te d  tha t  

German agrammatics show s e n s i t i v i t y  to  word order ,  even in 

sentences th a t  are i n t e r p r e t a b le  on the basis  of p l a u s i b i l i t y  

alone. Scholes (1982) discusses a h yp o th e t ica l  “v e r b - r ig h t "  

(SOV) s t r a te g y .  He considers the p o s s i b i l i t y  th a t  “misor-  

der ings of (at  l e a s t  major) co n s t i tu e n ts  of sentences may r e ­

f l e c t  a tendency in agrammatic aphasics to  operate  in terms of  

more n a t u r a l ,  less marked, sequencing s t r a t e g i e s . "  By te s t in g  

sub jec ts '  performance on several  forms of two-clause r e l a t i v e  

sentences, t h i s  study examines the tendency of agrammatic 

aphasics to employ sequencing s t r a te g ie s  (or ,  more p r e c is e ly ,  

to demonstrate cons is ten t  response p a t t e r n s ) .  These sentence 

forms are well  su i ted  to t h is  study, fo r  i t  i s  poss ib le  to a l ­

t e r  the grammatical r e l a t i o n s  these s t r u c tu re s  express by 

means of simple s h i f t s  in word order .  There i s ,  moreover, a 

considerable body of l i t e r a t u r e ,  concerned with the compre­

hension of r e l a t i v e  c lauses,  with which to  compare to  agram­

matic p a t te rns  of response. I t  i s  to  t h i s  l i t e r a t u r e  th a t  we 

now turn .
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The comprehension of r e l a t i v e  clauses

The sentence s t ru c tu re s  to  be considered here take  the  

Terms l i s t e d  below. The sentences are  labe led  according to  

the  c o n t r a s t i v e  r o le s  of t h e i r  r e l a t i v i z e d  noun phrases. In 

the S S - r e l a t i v e ,  the  r e l a t i v i z e d  NP is  the subject  of the main 

clause and i s  the subjegt of the r e l a t i v e  clause as w e l l .  In 

the  O S - r e la t i v e ,  the r e l a t i v i z e d  NP i s  the  object  o-f the main 

clause but is  the sub ject  of the r e l a t i v e  c lause (Sheldon,  

1974).  The p o s i t io n  of the  empty NP in each r e l a t i v e  clause  

is  in d ic a ted  here by the symbol

(7) S S - r e l a t i v e :
The cow th a t  bumped the horse kicked the goat.

(8) S O - r e la t i v e :
The horse th a t  the cow bumped A kicked the goat.

19) O S - r e la t i v e :
The goat bumped the cow t h a t  *  kicked the horse.

(10)  0 0 - r e l a t i v e :
The horse kicked the cow th a t  the goat bumped

A b r i e f  word about n o ta t io n :  each sentence used in  t h is

study conta ins two NPs and two verbs. When sentences are con­

sidered s t r u c t u r a l l y  in the  remainder in  t h i s  paper,  NPs w i l l  

be l a b e l l e d  N1 or N2 in order of t h e i r  appearance in the sur­

face s t r i n g .  S i m i l a r l y ,  the verbs w i l l  be l a b e l l e d  VI and V2 

( in  the experimental  sentences, to be described in  another  

s ec t ion ,  V2 is  always the verb + p a r t i c l e  " f e l l  dDwn"). Thus, 

f o r  example, the no ta t ion  N l -V l  (SO) in d ic a te s  the f i r s t  noun 

and f i r s t  verb in S O - re la t i v e  sentences.

A r e l a t i v e  clause modifying the subject of a sentence has
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the e f f e c t  of i n t e r r u p t i n g  the l i n e a r  f low of the  sentence.  

M i l l e r  (1962) and others demonstrated th a t  such center-em­

bedded clauses a re  harder f o r  ad u l ts  to process than are  

r ig h t -b ra n c h in g  r e l a t i v e  clauses.  I t  was argued th a t  t h i s  is  

the r e s u l t  of the increased processing load engendered by the  

need to remember elements of the mam clause w h i le  processing  

the r e l a t i v e  c lause .

Slobin  (1971) considered a body of evidence showing th a t  

center-embedded con struc t ions  are more d i f f i c u l t  to  process 

than r ig h t -b ra n c h in g  sentences for  c h i ld re n  as wel l  as fo r  

a d u l ts .  He suggested tha t  sentences conta in ing  in te r r u p te d  or 

rearranged elements are more d i f f i c u l t  than those in which 

co n s t i tu e n ts  fo l lo w  a S-V-Q o rd er .  According to S lob in ,  cen­

ter-embedded sentences were instances of in t e r r u p t i o n  by the  

r e l a t i v e  c lause.

Sheldon (1974) named S l o b in 's  suggestion the " in t e r r u p ­

t io n  hypothes is ."  Sheldon argued th a t  i t  p r e d ic ts  th a t  SS and 

SO r e l a t i v e  sentences would be harder fo r  c h i ld r e n  to process 

than r ig h t -b r a n c h in g  (OS and 00) r e l a t i v e s .  She found, to  the  

contra ry ,  th a t  c h i ld ren  th ree  to  f i v e  years old had the most 

d i f f i c u l t y  enact ing SO and OS sentences, and did  best with SS 

and DO sentences. Sheldon not iced t h a t  in these sentences the  

grammatical func t ion  of the r e l a t i v i z e d  NP of the main clause  

matches t h a t  of the empty NP of the r e l a t i v e  c lause .  Accor­

d ing ly  she proposed the " p a r a l l e l  funct ion  hypothesis" to ex­

p la in  her data.  The p a r a l l e l  fu n c t io n  hypothesis claims that



ch i ld re n  w i l l  i n t e r p r e t  the grammtical funct ion  of the r e l a ­

t i v i z e d  NP to  be the sane as th a t  of i t s  antecedent ,  and t h a t  

sentences in which c o re fe re n t  NPs have the same grammtical  

funct ion  w i l l  be processed more r e a d i l y  than those whose co-  

r e f e r e n t  NPs have d i f f e r e n t  grammtical func t io ns .

Sheldon (1977) subsequently extended her study to adu l ts ,  

who y ie ld e d  a d i f f e r e n t  p a t te r n .  College students did not  

show a p a r a l l e l  func t ion  e f f e c t .  Instead,  S l o b i n 's  p r e d ic ­

t io n s  concerning word order rearrangement (as in  05 r e l a t i v e s ,  

in which the ob jec t  NP is  r e l a t i v i z e d )  and i n t e r r u p t i o n  (as in 

SS and SO r e l a t i v e s )  were supported. Sheldon accounted fo r  

these f in d in g s  by proposing an "adjacency s t ra te g y " :

In parsing a noncompound sentence, s t a r t i n g  from 
the l e f t ,  group together  as c o n s t i tu en ts  of the  
same construc t ion  two NPs. . .and an adjacent  non- 
i n i t i a l  verb th a t  has not a l ready  been assigned to  
a c lause .  I n t e r p r e t  the f i r s t  NP as the subject  
of the verb, and the second NP as the ob jec t  of 
the verb (Sheldon, 1977, p. 312 ) .

The adjacency hypothesis  p re d ic ts  th a t  adu l ts  w i l l  make fewest

e r r o r s  on OS sentences, and most on SO. 00 and SS e r ro rs

would f a l l  in  an in te rm ed ia te  range. These are the r e s u l t s

reported  by Sheldon (1977) .  To e x p la in  the  f u l l  range of her

f in d in g s  with both c h i ld re n  and a d u l ts ,  Sheldon claimed th a t

s t r a t e g ie s  vary w ith  age and sentence form. While the not ion

tha t  s t r a t e g ie s  may vary as a funct ion  of age i s  eminently

p la u s i b l e ,  the  argument th a t  s t r a t e g ie s  may vary w ith  sentence

type seems to  be ad hoc.

Lahey (1974) in ves t ig a ted  c h i l d r e n 's  comprehension of SS,



SO and GO sentences. The sentences were presented under sev­

e ra l  cond i t ions ,  in which the presence or absence of s y n ta c t ic  

markers and/or normal prosody were manipulated as experimental  

v a r ia b le s .  Lahey found th a t  the SO form was, o v e r a l l ,  the  

most d i f f i c u l t .  She took t h i s  data to be support fo r  the par ­

a l l e l  funct ion  hypothesis.  Lahey found, in  a d d i t io n ,  tha t  

most of her sub jec ts  took the f i r s t -m e n t io n e d  NP in a sentence  

to be the agent of both of the act ions encoded by tha t  sen­

tence. Note th a t  t h i s  " f i r s t - m e n t i o n "  s t ra te g y  and the par­

a l l e l  func t io n  hypothesis  make i d e n t ic a l  p r e d ic t io n s  fo r  SS 

and SO sentences, but not fo r  OS sentences.

Smith (1974; c i t e d  in  de V i l l i e r s ,  e t .  a l . ,  1979) sug­

gested th a t  c h i l d r e n ’ s processing of r e l a t i v e  construc t ions  

might be accounted fo r  by the simultaneous a p p l i c a t io n  of two 

s t r a t e g ie s .  An SVQ s t r a te g y  ( a f t e r  Bever, 1970) i n t e r p r e t s  an 

NVN sequence such t h a t  the f i r s t  noun i s  subject  and the sec­

ond noun is  the a b je c t  of the verb. The second s t r a te g y ,  the  

“minimum distance p r i n c i p l e " ,  d i c t a t e s  th a t  in  a r e l a t i v e  sen­

tence an NP immediately preceding a s y n t a c t i c a l l y  marked r e l ­

a t i v e  c lause w i l l  be in te r p r e te d  as sub jec t  of t h a t  clause.  

I f  these s t r a t e g ie s  are a p p l ie d ,  then OS sentences should be 

e a s ie s t ,  since both s t r a t e g ie s  p r e d ic t  c o r re c t  i n t e r p r e t a t i o n .  

SO r e l a t i v e s  should be most d i f f i c u l t ,  since both s t r a te g ie s  

p r e d ic t  f a i l u r e .  Smith (1974) obtained the p red ic ted  order of 

d i f f i c u l t y ,  using an e l i c i t e d  im i t a t i o n  task .

De V i l l i e r s ,  Flusberg ,  Hakuta and Cohen (1979) examined



severa l  c o n f l i c t i n g  hypotheses by t e s t in g  c h i ld re n  with an en­

actment procedure. Sentences were scored fo r  the number of 

c o r r e c t l y  marked grammatical r e l a t i o n s  ( fo l lo w in g  the method 

of Lahey, 1974).  The r e s u l t a n t  order of accuracy was OS = SS 

> 00 > SO ( the d i r e c t i o n a l i t y  t h i s  n o ta t io n  i s  opposite  tha t

of many of the papers c i t e d  here ,  which tended to re p o r t  r e ­

s u l ts  in  terms of e r r o r s  produced).  De V i l l e r s ,  e t .  a l .  con­

cluded th a t  t h e i r  data are cons is ten t  w ith  an NVN surface  

s t ru c tu re  processing s t r a te g y .

Tavakol ian (1978) found th a t  the predominant e r ro r  type  

produced by c h i ld re n  matches the an a lys is  requ i red  to  i n t e r ­

pret  the r o l e  of the missing NP in conjoined sentences. In 

r e l a t i v e  sentences of the types used in t h i s  study (see the  

Methods s e c t io n ) ,  t h is  leads to the same p r e d ic t io n s  as the  

" f i r s t -m e n t io n "  s t r a te g y .  The p red ic ted  order of response 

accuracy i s  SS > SQ = OS.

Many of the f in d in g s  and i n t e r p r e t a t i o n s  reviewed above 

are c o n t r a d ic t o r y .  Some of the d i f f e r e n c e s  may be mare ap­

parent than r e a l .  For example, there  i s  su b s ta n t ia l  v a r i e t y  

in  methodology and in  the ages of the c h i l d  sub jec ts .  There 

is  another,  possib ly  confounding f a c t o r ,  worth not ing:  i t  has

been reported  th a t  c h i l d r e n ' s  performance i s  r a d i c a l l y  im­

proved when the number of nouns (or NPs) in  r e l a t i v e  sentences  

i s  reduced from th ree  to two (Goodluck and Tavakol ian ,  1982) .  

Since most of the work on c h i l d r e n ’ s comprehension of r e l a t i v e  

sentences revo lves  around t h e i r  responses to  three-NP con­
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s t r u c t io n s ,  the conclusions der ived from t h i s  work may be 

questioned.  While i t  i s  t r u e  th a t  these conclusions my be 

compromised, t h is  review has been presented in  order to  i n ­

troduce var ious hypotheses th a t  have been advanced to  account 

for  c h i l d r e n ’ s comprehension of r e l a t i v e  sentences. These 

w i l l  serve, in  the present work, as the basis  for  an attempt  

to c h a ra c te r iz e  comprehension s t r a te g ie s  used by aphasics.

The comprehension of r e l a t i v e  sentences by ad u l ts  has not 

been studied as e x te n s iv e ly  as i t  has been in  c h i ld r e n .  Tnis 

is  n a tu ra l  enough, since adu l ts  r a r e l y  f a i l  to  comprehend 

them. In v e s t ig a to rs  such as Cook (1975) and Lark in  and Burns 

(1977 ) ,  employing multiply-embedded construc t ions ,  e l i c i t e d  

responses t h a t  led them to  c la im t h a t  mnemonic l i m i t a t i o n s  ac­

count fo r  in c o r r e c t  performance. Such conclusions are  no 

doubt v a l i d  fo r  m u l t ip ly  embedded sentences, but they are  of 

doubtful  u t i l i t y  in  con s id era t ion  of the c lausa l  processing of 

singly-embedded c o n s truc t ions .  In passing, n o t ic e  tha t  p re ­

d ic t io n s  based on mnemonic l i m i t a t i o n s  are w i th in  the scope of 

the in t e r r u p t i o n  hypothesis.

F e ie r  (1977) found support for  the p a r a l l e l  func t ion  hy­

pothesis  (SS *  QQ > OS > SO) among normal e l d e r l y  sub jec ts .  

She noted, however, that  p a r a l l e l  func t ion  does not p r e d ic t  OS 

> SO. To account fo r  t h i s  f in d in g  she proposed a “temporal  

s t ra tegy"  which assumes th a t  the sequence N1-V1-N2 i s  the SVO 

sequence of the f i r s t  enactment.  Since the SO form is  the  

only one th a t  v i o l a t e s  t h i s  assumption, the theory p re d ic ts
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g rea tes t  d i f f i c u l t y  f a r  SQ r e l a t i v e s .  In e f f e c t ,  F e i e r ' s  work 

supports th a t  p a r t  of S lo b in ’ s arguments p e r ta in in g  to  the  

rearrangement of c o n s t i tu e n ts .  Within the content  of the r e l ­

a t i v e  sentences under c o n s id e ra t io n ,  the temporal s t r a te g y  is  

cons is ten t  with the minimum d is tance  p r i n c i p l e .

Brain-damaged adu l ts  appear to  be unable to  assign gram­

matica l  r e l a t i o n s  in r e l a t i v e  sentences without  pragmatic  

and/or semantic cues (Caramazza and Z u r i f ,  197b). B lumstem,  

Boodglass, S ta t le nder  and Biber (19B3) have suggested tha t  

aphasics use an h e u r i s t i c  s t ra te g y  which r e l a t e s  an anaphor to  

the nearest  preceding antecedent .  Thus, in r e l a t i v e  senten­

ces, t h i s  "minimal d is tance  s t ra te g y "  (HDS) assumes that  the  

antecedent of the empty NP in the r e l a t i v e  c lause is  the near­

est  preceding NP. Blumstein,  e t .  a l .  observed th a t  t h e i r  sub­

je c t s  were l i k e l y  to  erroneously assign re fe rence  in  sentences  

which v io la te d  the HDS.

Caplan ( in  press) has proposed th a t  agrammatics have ac­

cess to s y n ta c t ic /s e m a n t ic  in form at ion  c a r r i e d  by in d iv id u a l  

l e x i c a l  e n t i t i e s ,  but not by s u p r a - l e x ic a l  nodes. This " l e x ­

ic a l  node" hypothesis  p r e d ic ts  th a t  agrammatics w i l l  process  

r e l a t i v e  construc t ions  ( indeed, any sentence forms) as though 

they are s t r in g s  of major l e x i c a l  i tems and w i l l  i n t e r p r e t  

them according to  t h e i r  le x ic a l ly -e n c o d e d  argument s t ru c tu re s .  

I f  i t  i s  assumed (as does Caplan, fo r  example) th a t  temporal  

order f ig u r e s  in the assignment of nouns to  verb argument 

s t r u c t u r e s ,  then sentences in  which the major l e x i c a l  i tems



are ordered as in (11)

(11) N1-V1-N2-V2,

( e . g . ,  The man bumped the woman th a t  t e l l  down) w i l l  be i n ­

t e r p r e te d  as N1-V1-N2, and N2-V2 ( the man bumped the woman, 

and the woman f e l l  down). This form, (11 ) ,  corresponds to CO, 

SS and OS sentences having two NPs. The i n t e r p r e t a t i o n  given  

here i s ,  of course, co r rec t  only f o r  OS sentences. This i n ­

t e r p r e t a t i o n  of the l e x i c a l  node hypothesis a lso  p r e d ic ts  a 

somewhat more e r r a t i c  performance on SO r e l a t i v e s ,  since the  

order ing of the l e x i c a l  i tems in t h a t  form does not conform to 

the  argument s t ru c tu re s  of the verbs.  Not ice  t h a t  t h i s  p re ­

d i c t io n  conforms with  th a t  of the minimal d is tance  s t r a te g y .

In summary, i t  has not been possib le  to  unambiguously 

c h a ra c te r iz e  the h e u r i s t i c  processing s t r a t e g ie s  presumably 

app l ied  to  r e l a t i v e  sentences by young c h i ld re n  and/or l a n -  

guage- impaired ad u l ts .  Reviewing t h i s  l i t e r a t u r e ,  one i s  con­

f ron ted  with c o n f l i c t i n g  data and cla ims. There are  many sa­

l i e n t  v a r i a b l e s ,  such as sub ject  s e l e c t io n ,  number of NPs in 

s t i m u l i ,  data a n a ly s is ,  and the l i k e  t h a t  tend to  make com­

parisons d i f f i c u l t .  Four major candidate s t r a t e g ie s  emerge 

from t h is  review,  each p re d ic t in g  a somewhat d i f f e r e n t  set of 

responses to  r e l a t i v e  sentences. These are the minimal d i s ­

tance (MD5), adjacency (ADJ), p a r a l l e l  fu n c t io n  (PF5) and 

f i r s t  noun phrase (FNP) s t r a t e g i e s .  Each w i l l  be b r i e f l y  de­

scr ibed,  and the behaviors p red ic ted  fo r  each w i l l  be o u t ­

l in e d .  These p r e d ic t io n s ,  pro jected  for each of two e x p e r t -
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(Rental tasks,  are represented in  Tables 7 and 8.

Minimal d is tance  s t r a t e g y . This s t r a te g y ,  as i t  is  

construed in the present  Hark, c lo se ly  resembles the "minimum 

d is tance  p r i n c i p le "  described by Smith (1974) .  I t  i s  presumed 

to r e s u l t  from the simultaneous opera t ion  of two h e u r i s t i c  

p r i n c i p l e s .  The - f i rs t  of these i s  the canonical order s t r a ­

tegy (Bever,  1970) ,  which assumes th a t  in an NON sequence, the  

f i r s t  noun i s  agent and the second noun i s  the p a t i e n t .  The 

second h e u r i s t i c  is  a departure  from Smith ’ s fo rm u la t ion ,  and 

does not r e q u i r e  recog n i t ion  of s y n ta c t ic  markers as such f a r  

i t s  o p e ra t io n .  According to t h i s  second h e u r i s t i c ,  themat ic  

r e l a t i o n s  w i l l  be assigned among the most proximate seman­

t i c a l l y  p la u s ib le  i tems.  Thematic r e l a t i o n s  hold ing between 

the f i r s t  noun and f i n a l  verb in  two-c lasue r e l a t i v e  sentences  

w i l l  not be acc u ra te ly  perce ived by a user of t h i s  p r i n c i p l e .

Several of the s t r a t e g ie s  reviewed here are  compatible  

with the minimal d is tance  s t r a te g y .  I t  incorpora tes  the i n ­

t e r r u p t io n  hypothesis  (S lob in ,  1971) and, d es p i te  the fa c t  

th a t  i t  does not re q u i re  recog n i t ion  of a func t io n  word mark­

ing a r e l a t i v e  clause, makes p r e d ic t io n s  id e n t ic a l  to  those of  

Smith (1974 ) .  S i m i l a r l y ,  t h i s  minimal d is tance  s t ra te g y  makes 

the  same p re d ic t io n s  as does the  l ike-named h e u r i s t i c  proposed 

by Blumstein, e t .  a l .  (1983) .  This s t ra te g y  i s  also c o n s is t ­

ent w ith  the l e x i c a l  node hypothesis as w e l l ,  except  in SQ- 

r e l a t i v e s ,  where the l a t t e r  p re d ic ts  ambiguity with regard to  

themat ic r e l a t i o n s  around the verb in the NNV sequence.
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The minimal d is tance  s t ra te g y  p re d ic ts  th a t  a b je c t -s u b ­

je c t  r e l a t i v e s ,  e . g . ,

The man greeted the woman t h a t  f e l l  down 

should be most r e a d i l y  understood, s ince  n e i th e r  canonical  o r ­

der nor prox im ity  c o n s t r a in ts  are  v i o l a t e d .  S u b je c t -su b jec t  

r e l a t i v e s ,  e . g . ,

The woman th a t  watched the  man f e l l  down 

should e l i c i t  e r r o r s .  The minimal d is tance  s t ra te g y  p r e d ic ts  

an i n t e r p r e t a t i o n  of t h i s  sur face  s t r i n g  such th a t  the f i r s t  

noun is  the agent and the second noun the p a t i e n t  of the  f i r s t  

verb, wh i le  the second noun is  agent of the second verb. Sub- 

j e c t - o b j e c t  r e l a t i v e s ,  e . g . ,

The man th a t  the  woman bumped f e l l  down 

should a lso e l i c i t  e r r o r s .  The v i o l a t i o n  of canonical  order

is  expected to  d is ru p t  percept ion of r e l a t i o n s h ip s  around the  

f i r s t  verb,  and the c o r r e c t  noun l -v e rb  2 ag e n t -ac t io n  r e l a ­

t ion sh ip  v i o l a t e s  the p rox im ity  p r i n c i p l e .  Since both p r i n ­

c ip le s  are v i o la te d  by s u b je c t - o b je c t  r e l a t i v e s ,  t h is  form 

should engender the g rea tes t  number of e r r o r s  among users of 

t h i s  s t r a te g y .

The adjacency s t r a t e g y . . This s t ra te g y  was

o r i g i n a l l y  proposed by Sheldon (1977 ) .  I t s  d e f i n i t i o n  i s  

repeated here:

In parsing a noncompound sentence, s t a r t i n g  from 
the  l e f t ,  group together  as c o n s t i tu e n ts  of the  
same construc t ion  two NPs. . .and an adjacent  non­
i n i t i a l  verb t h a t  has not a l ready  been assigned to  
a c lause .  I n t e r p r e t  the f i r s t  NP as the subject
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of the verb, and the second NP as the o b jec t  of
the verb (Sheldon, 1977, p. 312).

This s t ra te g y  assumes th a t  any combination of two nouns and a 

t r a n s i t i v e  verb w i l l  be in te r p r e te d  such th a t  the tem pora l ly  

f i r s t  noun i s  the agent and the second noun the p a a t i e n t .  As 

def ined by Sheldon, the adjacency hypothesis is  r e s t r i c t e d  to  

noncompound sentences, and i t  makes no p r e d ic t io n  regard ing  

themat ic r e l a t i o n s  invo lv in g  the second verb in sentences of 

the types used in t h i s  study. I t  w i l l  be assumed, then, tha t  

prox im ity  app l ies  in  these cases. This assumption al lows a 

d i s t i n c t i o n  between the adjacency s t ra te g y  and a f i r s t  noun

phrase s t r a te g y ,  to  be described below. This fo rm u la t ion

leads to c o r re c t  i n t e r p r e t a t i o n  of a b je c t - s u b je c t  r e l a t i v e s ,  

and p r e d ic ts  equ iva len t  e r r o r  proport ions fo r  s u b je c t -s u b je c t  

and s u b je c t -o b je c t  sentences. Since the l e x i c a l  node hypo­

th es is  (Caplan, in  press) seems to  be neu tra l  w ith  regard to  

the assignment of themat ic r o le s  in  NNV sequences, i t  i s  com­

p a t i b l e  with both minimal d is tance and adjacency hypotheses.

The p a r a l l e l  funct ion  s t r a te g y .  As def ined  by 

Sheldon (1974) ,  t h is  s t ra te g y  i s  one in  which r e l a t i v e  sen­

tences w i l l  be i n te rp re te d  such th a t  the grammatical funct ion  

of the r e l a t i v i z e d  NP w i l l  be perce ived to  be the same as th a t  

of i t s  antecedent .  Thus, among s u b je c t -s u b je c t ,  s u b je c t -o b -  

j e c t  and o b je c t -s u b je c t  r e l a t i v e s ,  s u b je c t -s u b je c t  r e l a t i v e s  

should e l i c i t  fewest e r r o r s .  In p r o je c t in g  responses for  t h is  

s t ra te g y  i t  was again assumed th a t  i t  depends on surface
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s t r u c tu r e  processing.  On t h i s  assumption, the - f i r s t  agent-  

act ion  r e l a t i o n s h ip  to be encountered in  a l e t t - t o - r i g h t  scan 

o-f the surface s t r in g  would determine the i n t e r p r e t a t i o n  of 

the second agent-ac t ion  r e l a t i o n s h i p .  This i n t e r p r e t a t i o n  is  

c orrec t  in  s u b je c t -s u b je c t  r e l a t i v e s ,  but not o b je c t -s u b je c t  

r e l a t i v e s .  The 1 n t e r p r e t a t i o n  of s u b je c t -o b je c t  forms was 

pro jec ted  as fo l lo w s :  noun 2 is  agent of both verb 1 and verb

2. This i s ,  of course, i n c o r r e c t .

The f i r s t  noun ohrase s t r a te g y .  This s t ra te g y  simply  

assumes th a t  the f i r s t  noun encountered in  the surface s t r in g  

i s  the agent of a l l  subsequent ac t io n s .  By d e f a u l t ,  other  

nouns are assumned to  take p a t i e n t  r o le s .  This s t ra te g y  p re ­

d ic ts  c o r re c t  responses to  one form of r e l a t i v e  sentence,  the  

s u b je c t -s u b je c t  r e l a t i v e .  In s u b je c t -o b je c t  sentences, the  

agent of the f i r s t  verb w i l l  be m is m te rp re te d ;  and in  ob-  

j e c t - t s u b j e c t  sentences, the e r ro r  w i l l  invo lve  the second 

verb.

The pred ic ted  responses f o r  these four  s t r a t e g ie s  w i l l  be 

compared with the responses of two groups of aphasic p a t ie n ts  

to determine which, i f  any, s t ra te g y  is  employed by each 

group. The research hypotheses and methods f o l lo w  in the next 

sec t lon .
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S t r a te g ie s  r e c o n s id a r e d : a caveat

The word "s t ra tegy"  im p l ies  the use of a p lan ,  a method 

to achieve a des ired  r e s u l t .  In the c u r re n t  co n te x t ,  however, 

the term is  used to  descr ibe and/or  e xp la in  p a t te rn s  of r e ­

sponse r e f l e c t i n g  sub je c ts '  comprehension of sentences. To

say th a t  a sub ject  or group of sub jec ts  employs a s t r a te g y ,  

then, is  to  say t h a t  t h e i r  responses demonstrate r e g u l a r i t i e s  

tha t  r e f l e c t  t h e i r  a b i l i t y  to impose order on l i n g u i s t i c  i n ­

put .  This a b i l i t y  may r e f l e c t  dom ain-spec if ic  c o n s t ra in ts  on 

the  construc t ion  of l i n g u i s t i c  re p re s e n ta t io n s  and/or dornain- 

-general  c o n s t r a in t s ,  e . g . ,  on the a b i l i t y  to form or u t i l i z e  

induct ions over exper ience,  such as r e g u l a r i t i e s  of word o r ­

der .  In subsequent d iscussion ,  the term "s t ra te g y"  w i l l  bear

the meaning which has been expressed here.
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fhe research hypotheses 

A large  body of evidence has been accumulated to  support  

the b e l i e f  th a t  agrammatism is  a t t r i b u t a b l e  to  a c e n t r a l ,  do­

m a in -s p ec i f ic  s y n ta c t ic  d e f i c i t .  Few stud ies  have reported  

cross-modal 1 ty  s tud ies  performed on a s in g le  group of sub­

je c ts ;  and those th a t  have done so have supported the cen tra l  

d e f i c i t  hypothesis  (Caramazza, e t .  a l . ,  1981; F n e d e r i c i ,  e t .  

a l . ,  1982; S a f f ra n ,  e t .  a l . ,  I960; Schwart2 , e t .  a l . ,  1980;

but see L inebarger ,  Schwartz and S a f f ra n ,  in p re s s ) .  I t  was 

a n t ic ip a te d  th a t  the agrammatic sub jec ts  of t h i s  study would 

also y ie ld  r e s u l t s  c on s is ten t  with the c e n t r a l  d e f i c i t  hypo- 

thes is .

The fo l low ing  research hypotheses were advanced:

H I .  I f  agrammatism is  in  f a c t  d o m a in -spec i f ic ,  then the  

character  of t h i s  d e f i c i t  should be una l te red  by v a r i a t i o n  in 

task demands. The a b i l i t y  of agrammatic Broca’ s aphasics to 

c o r r e c t l y  represent  agen t -ac t ion  r e la t i o n s h ip s  in  r e l a t i v e  

sentences was tes ted  in two q u i te  d i s s i m i l a r  comprehension 

tasks ( to  be described in  the fo l lo w in g  s e c t io n ) .  I t  was hy­

pothesized th a t  t h e i r  p a t te rn s  of e r r o r  across sentence types  

r e f l e c t i n g  t h e i r  s y n ta c t ic  processing d e f i c i t s  - -  would be 

q u a l i t a t i v e l y  equ iva len t  across tasks.

H2. I f  the agrammatic d e f i c i t  i s  to  be considered syn-  

drom e-spec i f ic ,  and not the general r e s u l t  of damage to the  

dominant hemisphere, then the response p a t te rn s  generated by 

Broca’ s aphasics should d i f f e r  q u a l i t a t i v e l y  from those of
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f l u e n t  aphasics.  I t  was a n t ic ip a te d  t h a t  such a d i s t i n c t i o n  

would be observed.

H3. I t  was f u r th e r  hypothesized t h a t  agrammatics, p re ­

sumably incapable  of normal grammatical a n a ly s is ,  employ a 

p r in c ip le d  and p r e d ic ta b le  h e u r i s t i c  sentence processing s t r a ­

tegy. I t  was pred ic ted  t h a t  the r e s u l t s  of t h i s  study would 

provide evidence for  the use of one such s t r a te g y .
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METHOD 

Sub iec ts

The sub jects  Mho p a r t i c ip a t e d  in t h is  study were e igh t  

Broca’ s aphasics,  six f lu e n t  aphasics and nine n e u ro lo g ic a l ly  

i n t a c t  c o n t r o ls .  A l l  sub jec ts  were p a t i e n t s  in the hew York, 

Brooklyn or East Orange Veterans A d m in is t ra t ion  Medical Centers.  

Each of the aphasics has a documented h is to r y  of s in g le  l e f t  f o ­

cal  EVA, with no suspicion of b i l a t e r a l  involvement .  Each was 

r igh t -handed ,  premorbidly .  The methods employed in the d e t e r ­

mination of les ion  s i t e  var ied  from p a t i e n t  to  p a t i e n t ,  and con­

s is ted  of combinations of a l l  or some of the fo l lo w in g :  c l i n i ­

cal neuro log ica l  signs ( e . g . ,  hemiplegia ,  hemisensory d e f i c i t ,  

r e f l e x e s ! ,  CT scans, and b ra in  scans. Most of the co n t ro ls  were 

ou tp a t ie n t  v i s i t o r s  to  the o to laryngology c l i n i c  of the New York 

VA Medical Center,  and had no h i s t o r y  or suspic ion of neuro­

l o g ic a l  disease.  Background in fo rm at ion  p e r ta in in g  to  the apha- 

5 1 c sub jects  is  summarized in Table 1.

Broca’ s aphasics

The e ig h t  Broca’ s aphasics ranged in  age from 47 to 67 

years, with a mean age of 54 .13  years.  In each case the s i t e  of 

les ion  was w i th in  the d i s t r i b u t i o n  of the super ior  branch of the  

l e f t  middle cerebra l  a r t e r y  (Mohr, 1976).  The number at years  

of education completed ranged from 8 to  14, with a mean of 11 .6 .  

The dura t ion  of aphasic impairment ranged from 9 months to 12.5
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years,  with a mean of 4 .56  years.  P res e le c t io n  c r i t e r i a  i n ­

cluded: (a) Boston Diagnost ic  Aphasia Examination (Goodglass

and Kaplan, 1972) p r o f i l e s  consis ten t  with the d iagnosis  at 

Broca's aphasia,  (b) z -scores  of - . 5  or b e t t e r  on the aud i to ry  

comprehension subtests  of the BDAE, (c) raw scores of 4 or bet ­

t e r  on the reading sentences and paragraphs subtest  of the BDAE, 

and (dt n on f luen t ,  agrammatic speech output .  The s e v e r i t y  of

aphasic impairment was not a p re s e le c t io n  c r i t e r i o n ,  but i t  was 

found t h a t  sub jects  with BDAE s e v e r i t y  r a t in g s  as low as 2 were 

able to p a r t i c i p a t e  a p p r o p r ia t e l y , wh i le  a p a t i e n t  at  leve l  1

was unable to respond r e l i a b l y .  No very m i ld ly  impaired ( leve l  

5) Broca's aphasics were tes ted .  S e v e r i ty  l e v e ls  ranged from 2 

to 4. Auditory comprehension z -scores  ranged from - . 1  to  .3 ,  

with a mean of .464 .  Raw scores on the reading sentences and 

paragraphs subtest  ranged from 5 to  8,  with a mean of 6 .2 5 .  Ar­

t i c u l a t o r y  a g i l i t y  z -scores  (BDAE) ranged from - 2 .1  to  - . 6 ,  with 

a mean of - 1 . 3 6  . The length of the longest un in terrupted  

phrase u t te re d  in  a speech sample ranged from 1 to 7, with a 

mean of 3 .3 8 .  Ratings of a v a i l a b i l i t y  of grammatical forms in 

spontaneous speech (BDAE) ranged from 1 (none a v a i l a b le )  to 5 

(simple d e c la r a t i v e s  and occasional instances of more complex 

forms e . g . ,  construc t ions  invo lv ing  modal verbs ) ,  with a mean 

r a t i n g  of 2 .94 .

The v a l i d i t y  of the use of contemporary c l a s s i f i c a t i o n

schemes fo r  making g e n e r a l i z a t io n s  about the s t r u c tu r e  of lan ­

guage has r e c e n t ly  come under ser ious s c ru t in y  ( e . g . ,  Caramaiza
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and M a r t in ,  in  press; Schwartz,  1982).  Schwartz (19B2) has ao-  

served tha t  d es p i te  the well-known c l i n i c a l  u t i l i t y  at tendant  

upon i d e n t i f  i c a t io n  of an aphasic with one or another of the ma­

jo r  c l i n i c a l  syndromes, " i t  has become p a i n f u l l y  c le a r  th a t  d i ­

v id ing  p a t i e n t s  along the l in e s  of the c la s s ic a l  aphasia syn­

dromes does not make taxonomical1y r e le v a n t  those g e n e r a l i ­

za t io n s  about language o rg a n iz a t io n  th a t  many o-f us s t r i v e  to 

cap tu re ."  She po in ts  out t h a t  the major aphasic syndromes are  

"po ly typ ic"  s t r u c t u r e s ,  def ined by c lu s t e r s  of shared charac­

t e r i s t i c s ,  of which no s in g le  one is  necessary f o r  i d e n t i f i ­

ca t io n  with a p a r t i c u l a r  syndrome. Thus, i f  the major c l i n i c a l  

e n t i t y  Broca's aphasia is  viewed as a p o ly ty p ic  s t r u c t u r e ,  one 

may not g e n e r a l i z e  a set  of experimental  f in d in g s  to  a l l  broca 's  

aphasics.  Dne should expect ,  to the c o n t ra ry ,  to f in d  broca 's  

aphasics who do not demonstrate t h i s  f in d in g  and, f u r t h e r ,  to 

f in d  i t  in  aphasics who would not be so c l a s s i f i e d  on inde­

pendent grounds. The recent  experimental l i t e r a t u r e  has o f ­

fe red  several  cases in p o in t .  Reports of two p a t i e n t s  "pre­

senting with agrammatic speech and what seems to  be normal com­

prehension" are  c i t e d  by Grodzinsky, Swinney and Z u r i f  ( in  

p re s s ) .  Caplan, h a t th e i  and G ig ley  (1981) ,  using an enactment 

paradigm, tes ted  11 c l i n i c a l l y  diagnosed Broca’ s aphasics’ com­

prehension of gerundive con s truc t ions .  Four of these subjects  

demonstrated the use of normal grammatical s t ru c tu re s  in t h e i r  

i n t e r p r e t a t i o n  of t r i a l  sentences, s ix  c l e a r l y  f a i l e d  to  do so, 

and one produced a random response p a t te r n .  This r e s u l t  o f fe r s
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em pir ica l  reason to quest ion the t h e o r e t i c a l  u t i l i t y  at syn­

drome-based groupings: here ,  a group of sub jec ts  who shared

membership in a taxonomic category  were separated out in  the  

c e n t r i fu g e  of experimental  study.

H e re to fo re ,  the terms 'B ro ca 's  aphasia ’ and ’ agrammatism’ 

have been used more or less in te rc hange ab ly . With these recent  

examples in mind, i t  was of some i n t e r e s t  to  ask whether the  

Broca’ s aphasics p a r t i c i p a t i n g  in  t h i s  study, who were selected  

on the bas is  of c r i t e r i a  which are  common in  c l i n i c a l  and ex­

perimental  usage, would separate  i n to  d i s c e r n ib le  subgroups.  

S u b je c ts ’ response pa t te rn s  and other  re le v a n t  data were ex­

amined fo r  evidence of sub d iv is ion .

F luent  aohasics

The six f l u e n t  aphasics ranged in age from 33 to 71, with a 

mean of 54. In each case, a p o s te r io r  s i t e  of le s io n ,  e i th e r  

p a r i e t a l  or t e m p o r o - p a r le ta l , was es tab l ish ed .  Duration of 

aphasia var ied  from 1.5 months to ten years,  w i th  the mean jus t  

short of th ree  years. The educat ional  backgrounds of these pa­

t i e n t s  var ied  w ide ly ,  from completion of the ?th grade to  the  

at ta inment of a Masters of Business A d m in is t ra t ion .  The mean 

years of schooling for  t h i s  group was 12.67.  The p rese lec t io n  

c r i t e r i a  f o r  t h i s  group were (a) BDAE p r o f i l e s  consis tent  with  

the f l u e n t  aphasias (Wernicke’ s or anomic),  and (b> the a b i l i t y  

to read and understand a t  l e a s t  four of the items of the BDAE 

reading sentences and paragraphs subtest .  S e v e r i ty  of im p a i r ­
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ment was not a p re s e le c t io n  c r i t e r i o n ,  but i t  was -found th a t  a 

f lu e n t  aphasic w ith  a BDAE s e v e r i t y  r a t in g  below 3 (able to  d i s ­

cuss nost everyday problems without  much ass istance)  was unable  

to grasp the exper imental task requirements.  The s e v e r i t y  

l e v e ls  of the p a r t i c i p a t i n g  -fluent aphasics ranged from 3 to  5. 

These l e v e l s  r e f l e c t  r e l a t i v e l y  mi lder  impairment in f lu e n t  pa­

t i e n t s  when compared with  the Broca's  aphasics. This d i s p a r i t y  

was necess i ta ted  by the i n a b i l i t y  of more severe ly  impaired f l u ­

ent aphasics to  complete the p r e t r i a l  t r a i n i n g  (see below fo r  

d e t a i l s ) .  I t  i s  be l ieved  tha t  group d i f f e r e n c e s  in  au d i to ry  and 

reading comprehension scores r e f l e c t  t h i s  d i f f e r e n c e  in o v e ra l l  

s e v e r i t y .  Auditory  comprehension z-scores ranged from 0 to 1 .0 ,  

with a mean score of 0 . 4 1 .  Raw scores on the reading subtest  

var ied  from 5 to  10, with the mean of 7 .67 ,  A r t i c u l a t o r y  a g i l ­

i t y  z -scores ranged from 0 to 1 .0 ,  with a mean of  0 .6 6 .  Phrase 

length var ied  from 5 to  11 words (mean = 8 . 3 3 ) .  There was no 

obvious l i m i t a t i o n  of the a v a i l a b i l i t y  of grammatical forms.

Control sub jec ts

The nine contro l  subjects  were oto lanryngology or derma­

to logy p a ; t i e n t 5  of the New York Veterans Adm in is t ra t ion  Medical  

Center.  They were f r e e  of any i n d ic a t io n  of neuro log ica l  d i s ­

ease. They ranged in  age from 47 to 71 years, with a mean of 

57 .11 .  Their  educat ional  l e v e l s  var ied from completion of 9th  

grade to four years of c o l le g e .  The average number of grades 

completed was 12. These subjects  were tes ted  only to  v e r i f y  the
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claim th a t  neurol ogical  ly  i n t a c t  persons would per-form mare or 

less f l a w l e s s l y  on the exper imental tasks .  This was indeed the  

case: only three  e r r o r s  were recorded among the 1,440 responses

generated by these sub jec ts .  There w i l l  be no f u r t h e r  d iscus­

sion of  the normal c o n t r o ls .

Sentence m a te r ia l s  

Two-clause r e l a t i v e  sentences are well  su i ted  f o r  t h i s  s tu ­

dy, f o r  the grammatical r e l a t i o n s  these s t r u c tu r e s  express are

a l te r e d  by simple s h i f t s  in  the  order ing  of major and/or minor 

l e x i c a l  i tems.  The s tu c tu re  and l a b e l l i n g  of the types of sen­

tences employed in t h is  study were discussed above. Examples of 

the exper imental  sentences fo l lo w .

(12) SS r e l a t i v e :
The man th a t  bumped the woman f e l l  down.

(13) SO r e l a t i v e :
The woman th a t  the man bumped f e l l  down.

(14) OS r e l a t i v e :
The man bumped the woman th a t  f e l l  down.

A conjoined sentence of the same length and conta in ing  the same

set of major l e x i c a l  elements served as a con tro l  s t ru c tu re :

(15) CO (con jo ined):
The woman bumped the man and f e l l  down.

Since these forms end with  an i n t r a n s i t i v e  verb,  sentences of 

the 0 0 - r e l a t i v e  form, e . g . ,

(16) The man bumped the woman t h a t  the g i r l  watched.

cannot be used here. This r e s t r i c t i o n  i s  motivated by the r e ­

s u l ts  of a p i l o t  in v e s t ig a t io n  which revealed th a t  sub jec ts  who
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were unable to perform r e l i a b l y  with 3-NP sentences, such as

(16 ) ,  performed c o n s is te n t ly  with 2-NP forms. This  f in d in g  r e ­

i t e r a t e s  t h a t  of Goodluck and Tavakolian (1982 ) ,  who reported  

tha t  c h i ld ren  respond more r e a d i l y  to  2-NP sentences than to  3-  

NP con struc t ions .

The t e s t  sentences were generated from a closed l i s t  of two 

noun phrases, four t r a n s i t i v e  verbs and one compound i n t r a n s i ­

t i v e  verb.  A closed set of s t im u l i  was used to avoid semantic 

v a r i a b i l i t y  as a confounding f a c t o r ,  The noun phrases are:

the man 
the woman

and the verbs ares

pushed 
bumped 
watched 
greeted  
f e l l  down.

F iv e  exemplars of each sentence type were construc ted ,  with  

the number and p o s i t io n  of NPs and verbs balanced across type.  

The order of sentence presen ta t ion  was pseudorandomized: a com­

puter -genera ted  random l i s t  order was modified to  ensure t h a t  no 

sentence type or t r a n s i t i v e  verb appeared tw ice  in succession.  

The experimental  sentences are  l i s t e d ,  in order of p rese n ta t io n ,  

in Appendix A.

The t r a n s i t i v e  verbs were o r i g i n a l l y  chosen to  te s t  the hy­

pothes is  t h a t  verbs denoting proximal contact  a re  in  some way 

more r e a d i l y  incorporated i n to  meaning s t ru c tu re s  than are  verbs 

denoting p h y s ic a l ly  more a b s trac t  ac t ions .  The e n t e r p r is e  was
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suggested by the mark of P a s to u n au x ,  Brownell and Z u r i f  (1982) ,  

and by the choice o-f verbs employed in  the work of S a f f ran  and 

col leagues (S a f f ra n ,  Schwartz and l la r in ,  1980; Scwartz,  Sa f f ran  

and Har in ,  1960) .  I t  was intended t o  t e s t  the hypothesis  by 

noting which verb (s )  engendered the g rea te r  number of a c t io n -  

e r ro rs  on the enactment task ,  to  be descr ibed in the fo l low ing  

s ec t ion .  As i t  happens, very few act ion  e r ro rs  were recorded;  

thus no an a lys is  was poss ib le .

Procedures

Test ing cond it ions

Each subject  was i n d i v i d u a l l y  tes ted  in  a s in g le  session,  

which began with p r e l im in a r y  t e s t in g  on port ions  of the BDAE 

(described above),  fo l lowed in  most cases w ith  the tap ing of a 

spontaneous speech sample. In the i n t e r e s t  of b r e v i t y ,  speech 

samples were not taken fo r  p a t i e n t s  having taped samples on f i l e  

at  the New York VA Speech Pathology C l i n i c .  In a d d i t io n ,  sub­

je c t s  underwent t e s ts  of verbal  (and in some cases, nonverbal)  

short term memory. P a t ie n ts  who s a t i s f i e d  the p r e s e le c t io n  c r i ­

t e r i a  were then t r a in e d  in one of the exper imental tasks and, 

having s a t i s f i e d  the t r a i n i n g  c r i t e r i a  (see below) were then 

subjected to  the task .  This was fo l lowed by t r a i n i n g  and t e s t ­

ing in  the second task .  The d e t a i l s  of t r a in i n g  w i l l  be p re ­

sented fo r  each task s e p a ra te ly .  The order of ad m in is t ra t io n  of 

these tasks was counterbalanced across groups.
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Short term memory t e s t s

D i g i t  span t e s t in g ,  both forward and backward, was included  

in the t e s t  b a t t e r y .  Testing proceeded at  p r o g re s s iv e ly  d i f ­

f i c u l t  l e v e l s ,  and two f a i l u r e s  a t  a given l e v e l  ended the te s t  

sequence. The score was the highest  number of su c c e s s fu l ly  r e ­

peated d i g i t s .  A number board was provided fo r  sequent ia l  

p a in t in g ,  thus sub jec ts  were ab le  to s e le c t  a verbal  or gestura l  

response modal i ty .  About midway through t e s t i n g ,  i t  was sug­

gested t h a t  a measure of non-verbal  memory be inc luded.  Conse­

quent ly ,  the  Knox Cube Test (Arthur Revis ion ,  1947) ,  was added 

to the b a t t e r y  in  t ime to provide supplementary data f a r  four  

Broca's aphasics and four f lu e n t  aphasics.

Expert mental tasks

1. Auditory  comprehension — enactment task.

This task has been used success fu l ly  with  aphasic subjects  

by Caplan, h a t th e i  and Gigley (1981) .  I t  has also been employed 

ex te n s iv e ly  in  the study of c h i l d r e n 's  a c q u is i t io n  of grammar. 

At the s t a r t  of each of the twenty t r i a l s  on t h i s  task ,  a sub­

je c t  i s  confronted w i th  two f re es tand ing  hand puppets —  one the  

l ikeness  of a man, the other  of a woman —  placed on the ta b le  

and fac ing  him. I t  has been suggested tha t  sentences with r e ­

s t r i c t i v e  clauses presuppose more than one i n s t a n t i a t i o n  per 

noun phrase, and t h a t  v i o l a t i o n  of t h i s  " f e l i c i t y  condit ion"  

might present  problems in  the i n t e r p r e t a t i o n  of responses to  

such sentences (Hamburger and Cra in ,  m  p ress ) .  P i l o t  te s t in g
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ind ica ted  th a t  the popula t ion  Q-f t h i s  study is una f fec ted  by 

t h is  f a c t o r ,  and consequently,  only two d o l l s  were presented.

A f ter  each sentence was read aloud by the exper men t e r  a t  a Mod­

e r a te  r a t e  and with normal i n f l e c t i o n ,  the sub ject  was requ ired  

to act  i t  out with the hand puppets. When performed in  se ­

quence, these enactments were r e a d i l y  accomplished by hemiplegic  

p a t i e n t s .  A s in g le  r e p e t i t i o n  was provided an request  or when 

responses were incomplete.

Subjects were t r a in e d  to  understand t h a t  each sentence de­

p i c t s  two ac t ions :  one f i g u r e  performs one of four  ac t ions  in

r e l a t i o n  to  the other f i g u r e ,  and then one of them f a l l s  down. 

The in s t r u c t io n s  used to in troduce  t h is  task were as fo l lo w s :

Here are two d o l l s :  a man and a woman. I ' l l  read
a sentence to  you and then your job i s  to  show me
what the sentence means, by doing the act ions with  
the  d o l l s .  Let me show you what 1 mean. H e re 's  a 
sentence:

The man pushed the woman.
{Experimenter demonstrates man pushing woman).
How about some more? <E. Demonstrates greeted!,  
bumeed* watchgg).
Now you show mg:

The man pushed the woman 
The woman greeted the man 
The man watched the woman 
The woman bumped the man 
The man f e l l  down.

Okay! Now l e t ' s  do one th a t  has two ac t ions .
The woman pushed the man and f e l l  down.
The man pushed the woman and f e l l  down.

Good. Now, the sentences I w i l l  read t o  you w i l l
have twg ac t ions .  Remember, you have to  show both
ac t io n s .  Ready? L e t ' s  begin.

In p r a c t i c e  t r i a l s ,  each subject  was requ ired  tD demonstrate

the a b i l i t y  to  c o r r e c t l y  act  out each of the f i v e  ac t ions  and

to keep t ra ck  of a l l  a c t o r - r e c i p i e n t  r e l a t i o n s h ip s .  During
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the course of subject  s e l e c t i o n ,  e l l  p a t i e n t s  learned t h is  

task r e a d i l y .

2. Sentence-fragment paraphrase judgment task .

At the s t a r t  of each t r i a l ,  the  subject  viewed a sentence 

p r in te d  in  la rge  type  (IBM Orator )  as the exper imenter read i t  

aloud at  a moderate r a t e  and w ith  normal  i n f l e c t i o n ,  the card 

remained in  the s u b je c t ’ s view as s ix  2-element sentence f r a g ­

ments were presented in tu rn .  Each element consis ted  of e i ­

ther  an NP or a verb from the sentence in view. For example,  

in the SS r e l a t i v e  sentence

(17) The man th a t  pushed the woman f e l l  down, 

the fragments were:

THE MAN PUSHED ( N l -V l )
THE MAN THE WOMAN (N1-N2)
THE MAN FELL DOWN (N1-V2)
PUSHED THE WOMAN (V1-N2)
PUSHED FELL DOWN (V1-V2)
THE WOMAN FELL DOWN (N2-V2)

From sentence to sentence,  the order in  which these fragments 

were presented was randomized by a computer program th a t  gen­

erated  the scoresheets .  A sample scoresheet i s  included as 

Appendix A. As each fragment is  presented,  the s u b je c t 's  task  

was to decide whether the fragment d id  or did not paraphrase,  

or convey a p a r t  of the in form at ion  expressed by the complete 

sentence. An a f f i r m a t i v e  or negat ive  answer in any modal ity  

was acceptable .  Note th a t  the order of elements always con­

formed to  t h e i r  appearance in the parent  sentence. This was
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done in  order to discourage sub jects  from consider ing f r a g ­

ments without  regard to  the sentences -from which they were de­

r iv e d .  Thus, in the example g iven,  only N l - V l ,  N1-V2 and N2- 

V2 dec is ions  were analyzed; the other choices were t re a te d  as 

T o i ls .

T ra in ing  t r i a l s  began with  simple a c t i v e  d e c la r a t i v e  sen­

tences used to  demonstrate the ta s k ,  and then employed seman­

t i c a l l y  nonrevers ib le  conjoined and passive sentences, com­

parab le  in length to the exper imental m a t e r ia l .  Subjects  were 

t ra in e d  to  recognize the v a l i d i t y  of "d is ta n t *1 noun-verb r e ­

la t io n s h ip s  (N1-V2) in conjoined and passive sentences. They 

were a lso  t ra in e d  to  recognize  th a t  l e f t - t o - r i g h t  concatena­

t io n  of elements i s  not always a p p ro p r ia te .  That i s ,  they 

were shown th a t  the N l - V l  p a i r in g  should be r e je c t e d  in the  

context  of passive sentences, and were warned t h a t  t h i s  is  

also t ru e  fo r  some of the exper imental sentences. The t r a i n ­

ing in s t r u c t io n s  fo r  t h i s  task  were as falLows:

Vau w i l l  read some sentences. The sentences t e l l  
about something th a t  happened. Here ’ s an example:

The man washed the d ish§sr 
1 can take the words out of the sentence t o  make 
small phrases. Each one t e l l s  a l i t t l e  p a r t  of 
what happened (E shows fragments)

THE MAN WASHED 
MASHED THE DISHES 

I can make one more l i t t l e  p a r t ,  but i t  doesn’ t  
t e l l  much about what happened:

THE MAN THE DISHES 
Now I ’ l l  show you the sentence again and t h i s  
t im e ,  I ’ l l  show you the phrases and i t ’ l l  be your 
job to  t e l l  me i f  they t e l l  a l i t t l e  p a r t  of what 
heppens in the sentence. (E. presents same sen­
tence and fragments, r e in fo r c in g  c o r r e c t  r e ­
sponses. The procedure i s  repeated fo r  one or two
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more simple d e c la r a t i v e  sentences. Then, Larger,  
sem a nt ica l ly  non re ve rs ib le  sentences are t ra in e d .

Now you w i l l  read some longer sentences. Each 
sentence t e l l s  about two th ings  th a t  happen.
Here 's  an example:

I  he boy threw the rock and sat down;.
What are the two th ings t h a t  happened? Jhe boy 
threw a rock and the boy sat  down. Look how 1 can 
take  words out of the sentence to  make small 
phrases. Each one t e l l s  one th ing  th a t  happened:
(E. shows fragments)

THE BOY SAT DOWN 
THE BOY THREW 
THREW THE ROCK 

I can make more phrases, but they do iVt  t e l l  what 
happened:

THE BOY THE ROCK 
THREW SAT DOWN 
THE ROCK SAT DOWN 

Now L e t 's  t r y  i t .  I ' l l  show you the whole sen­
tence and then I ' l l  show you some phrases. Your
job i s  to t e l l  me i f  the l i t t l e  phrase t e l l s  a 
par t  of what happens in  the whole sentence. (Ex­
perimenter  presents  the phrases shown above, in 
random o rder .  E r rors  are  correc ted and e x p la in ­
ed . )  Now l e t ' s  do another one (same procedure w i th  
another sem a n t ica l ly  nonrevers ib le  conjoined sen­
tence.

Sometimes the ' l i t t l e '  words of a sentence make
a big d i f f e r e n c e .  Take t h is  sentence: Jhe box
was c a r r i e d  by the man who burged^ Who c a r r ie d  
the box? (E. confirm co r rec t  answer).  Yes: we
know t h a t  because of the words was and by. So 
even i f  the man comes a f t e r  th§ box in t h i s  
sentence, we s t i l l  know i t  was the man who did  the  
c a r ry in g .  L e t ’ s t r y  the phrases (repeat  as above, 
with  c o r r e c t i o n s ) .

Subjects were accepted fo r  the study when they demonstrated

a b i l i t y  to  complete three  accurate s e r ie s  fo r  each type of

t r a i n i n g  sentence. A t o t a l  of th ree  p o t e n t ia l  p a t i e n t s ,  two

f lu e n t  and one n o n f lu e n t ,  were unable to complete t r a i n i n g  f o r

t h is  task .  One of the f lu e n ts  could not be t ra in e d  fo r  be-
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treatment at  the h o s p i t a l ,  h is  i l l n e s s ,  e t c . ,  and he could not 

be focussed an the experimental  m a t e r ia l .  The o ther  f lu e n t  

aphasic Mho Mas re je c te d  Mas unable to  comprehend the demands 

of the paraphrase task .  This p a t i e n t  had rece ived  a BDAE se­

v e r i t y  r a t in g  of 2 (able  to  communicate with  su b s ta n t ia l  as­

s is tance from the  l i s t e n e r ) ,  wh i le  the f lu e n ts  who were able  

to p a r t i c i p a t e  in t h i s  study had s e v e r i t y  r a t in g s  of th ree  or 

b e t t e r .  The scares for  both men in  other  p re s e le c t io n  meas­

ures were comparable with  those of p a r t i c i p a t i n g  sub jec ts .  

The lone nonf luent  aphasic who was unable to  complete t r a in i n g  

had been thought to  have adequate comprehension d es p i te  a se­

vere paucity  of speech, which was l im i te d  to few s ingle-word  

ut te rances .  His au d i to ry  comprehension 2 -score  was - . 3 ,  which 

was w i th in  the p rese lec t io n  g u id e l in e s  but lower than th a t  of 

any of the p a r t i c i p a t i n g  sub jec ts .
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Re s u l ts

Tabula t ion  of  raw data

The s u b je c ts ’ in d iv id u a l  responses are represented in 

Tables 2 to 6.  Tables 2 and 3 show the s u b jec ts '  a f f i r m a t i v e  

responses to sentence fragments on the paraphrase task .  For 

each sentence ty p e ,  the two c o r r e c t  choices are marked by as ­

t e r i s k s .  Proportion scores are given fo r  each fragment type.  

These r e f l e c t  a f f i r m a t i v e  responses d iv ided  by number of oc­

curences. Thus, on the paraphrase task (see Table 21, Broca’ s 

aphasics accepted the N l - V l  fragment 38 t imes in 40 occur­

rences w i th in  CO sentences, g iv ing  a proport ion  score of .95 .  

As mentioned in the previous s ec t io n ,  the o rder ing  of l e x i c a l  

i tems in  sentence fragments always conformed t o  the word order  

of the sentences from which they were d e r ived .  This con­

s t r a i n t ,  which was imposed in order to  discourage random gues­

sing,  precluded te s t in g  of N2-Vi fragments an CO, SS and OS 

sentences. Tables 4 and 5 represent  the raw data from the en­

actment task .  For each sentence type ,  the cor rec t  enactments 

are in d ic a ted  by a s t e r is k s .  Below these,  in d iv id u a l  s u b je c ts ’ 

choices and group accuracy proport ions  are l i s t e d .

Seauence of data ana lys is  

Hypothesis I c a l l s  for  an ana lys is  of accuracy of r e ­

sponse as a funct ion  of sentence type,  compared across tasks.
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A s t ra ig h t fo rw a rd  c ross - task  comparison was not poss ib le ,  how­

ever,  since the data f o r  the two exper imental  tasks are not  

eq u iva len t  in form. The paraphrase task y ie l d s  independent  

scores fo r  each of th ree  or four  N-V fragments per sentence 

type,  while  the enactment task y ie ld s  only two scores per sen­

tence type.  Accordingly,  hypothesis  1 was tes ted  in two sep­

arated analyses. F i r s t ,  a “whole-sentence" an a lys is  col lapsed  

a l l  responses to r  a given sentence w i th in  a task in to  a s in g le  

score  (co r rec t  or i n c o r r e c t ) . A co r rec t  whole-sentence score  

was obtained when a l l  the raw scores to r  th a t  sentence were 

c o r r e c t .  By t h i s  method the scores were rendered comparable 

across tasks,  thus enabling the f i r s t  a n a ly s is .  Since data is  

i n e v i t a b l y  lo s t  in t h i s  s o r t  of a n a ly s is ,  a score -weight ing  

procedure was employed to enable the inc lu s io n  of each sepa­

r a t e  response in  the second a n a ly s is .  This weighting proced­

ure i s  described below, and is  fo l lowed by an ana lys is  of 

weighted accuracy scores.

A con s id era t ion  of hypothesis 3 fa l lo w s  the analyses of 

d e f i c i t  p a t te rn s .  Hypothesis 3 suggests t h a t  agrammatics 

might d is p la y  a tendency to  employ a p a r t i c u l a r  h e u r i s t ic  sen­

tence processing s t r a te g y .  Persuant to  t h i s  quest ion ,  the r e ­

sponses of an " idea l  user" of each of the four s t r a t e g ie s  d i s ­

cussed above were p ro je c te d .  Then, sub jec ts '  responses were 

compared with these p r e d ic t io n s  to d e r iv e  p ropo r t io n a l  weight­

ed s t ra tegy  scores.  These data were analyzed to t e s t  hypo­

thes is  3. F i n a l l y ,  hypothesis  2 c a l l s  fo r  in te rgroup compar-
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lyses.

Analysis of "whole-sentence cor rec t"  responses

The whole-sentence c o r re c t  data are  given in  Table 6 .  A 

groups by tasks by sentence type repeated measures an a ly s is  of 

var iance was app l ied  to  these da ta .  Both groups produced more 

f u l l y  c o r re c t  responses on the  enactment task (F [1 ,121  =

23.86 [ p < . 0 0 l l ) .  There was a s i g n i f i c a n t  e f f e c t  of sentence

type as well  (F [3 ,361  *  B.03 [ p < . 0 0 1 D .  Post-hoc te s t in g  

(Tukey A, .05) showed t h a t  t h i s  resu l ted  from s i g n i f i c a n t l y  

b e t te r  performance on 05 sentences than on SO and CO senten­

ces. In a d d i t io n ,  there  was a s i g n i f i c a n t  groups by sentence  

type i n t e r a c t i o n  (F [3 ,361  *  4 .5 8  [ p < . 0 1 D .  This in d ic a te s  

tha t  the Broca's and f l u e n t  aphasics did not respond to the  

four sentence types in the same way. In order to  examine t h i s  

i n t e r a c t i o n  more c l o s e ly ,  separate  tw o - fa c to r  repeated meas­

ures analyses of var iance  were c a r r i e d  out fo r  each group.

"Whole-sentence c o r r e c t *  a n a ly s is !  Broca's aphasics

A task by sentence type repeated measures ANOVA was ap­

p l ie d  to the Broca's aphasics'  data .  A s i g n i f i c a n t  main e f ­

fec t  of tasks ind ica ted  th a t  enactment task scores were, on 

the whole,  higher than paraphrase task scores (F [ 1 , 7 ]  = 15.9  

[p<011) .  There was a s i g n i f i c a n t  main e f f e c t  of sentence type  

(F [3 ,211 = 8 .12  C p < .0 5 1 ) .  A post-hoc te s t  (Scheffe ,  .01)
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showed th a t  an both tasks ,  the responses of these p a t ie n ts  to 

O S -re la t iv e s  were s i g n i f i c a n t l y  more accurate  than were r e ­

sponses to the th ree  other sentence types.  This p a t te rn  con­

forms to  the minimal d is tance  and adjacency s t r a t e g ie s .  S ig­

n i f i c a n t  d i f f e r e n c e s  between S5, SO and CQ sentence types did  

not emerge in t h i s  "whole-sentence" a n a ly s is .  The task by 

sentence i n t e r a c t i o n  was n o n s ig n i f ic a n t  (F 13,211 = 1 .6 6 ) .

This in d ic a te s  th a t  the performance of the Broca's aphasics  

was indeed p a r a l l e l  across tasks.

"Whole-sentence co r rec t"  a n a l y s i s ;  Fluent  achasics

A s im i la r  tw o - fa c to r  repeated measures an a lys is  of v a r i ­

ance of the f l u e n t s '  data showed t h a t  t h e i r  enactment task  

scores were higher  than paraphrase task scores (F 11,51 -  9 .14  

t p < .0 5 1 ) .  A main e f f e c t  of sentence type (F 13 ,15]  = 4 .14

lp< .05J)  was due to  c o n s is te n t ly  poorer accuracy for  SU than 

fo r  other  sentence types (Tukey A, . 0 5 ) .  This response p a t ­

te rn  i s  cons is ten t  with a l l  but one of the p ro jec ted  s t ra te g y  

p a t te rn s :  the adjacency s t ra te g y  p re d ic ts  accurate responses

to  SO sentences. Again, the tasks by sentence type i n t e r a c ­

t ion  was n o n s ig n i f ic a n t ,  in d ic a t in g  th a t  performance was 

roughly p a r a l l e l  across tasks fo r  t h i s  group as i t  was fo r  

Broca's aphasics.

The major f in d in g s  of the foregoing ana lys is  are:  ( 1 ) ,

each group responded to  the four sentence types in p a t te rns  

that  are p a r a l l e l  across tasks;  <2), Broca’ s and f lu e n t  apha-
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sics  produced d i f f e r e n t  p a t te r n s  of  response to  these s t im u l i ;  

(3 ) ,  Broca's aphasics performed most a c c u ra te ly  in  response to  

o b je c t -s u b je c t  (OS) r e l a t i v e s ,  making no s i g n i f i c a n t  d i s t i n c ­

t io n s  between SS, SO and CO sentence forms; and (4) f lu e n t  

aphasics performed le a s t  acc u ra te ly  in  response to  s u b je c t -  

object  (SO) r e l a t i v e s ,  making no c le a r  d i s t i n c t i o n  between S5, 

OS and CD sentence types.

This an a ly s is  is  based on a t a l l y  of f u l l y  co r rec t  sen­

tences: s ince  each s in g le  c o r re c t  sentence represents  two

scorable enactment responses or th ree  to  four  scorable  para­

phrase responses, i t  i s  l i k e l y  th a t  a more f i n e l y  d e t a i le d  

ana lys is  — one which takes each response i n t o  account 

would be more in fo rm a t iv e .  This re q u i re s  t rans form at ion  of 

the data.  The fo l lo w in g  sect ion  d e t a i l s  t h i s  t ransform at ion  

procedure.

Transformat ion of the data: weighted s c o r e s . '

The enactment task r e q u i re s  two farced choice dec is ions  

per sentence. This paradigm y ie ld s  simple c o r r e c t / i n c o r r e c t  

proport ion  da ta .  The paraphrase judgment task r e q u i re s  yes/no  

decis ions,  y ie ld in g  tour  poss ib le  response ca teg o r ies  per 

t r i a l :  co r rec t  a f f i r m a t i v e s  ( h i t s ) ,  misses, correc t  r e j e c ­

t ion s  and in c o r re c t  a f f i r m a t i v e s  ( f a l s e  a l a r m s ) .  While these  

data may be converted i n to  unbiased proport ions by means of 

signal  de tec t ion  ana lys is  (Po l lack  and Hsieh, 1969) ,  not a l l
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of the paraphrase task data could be t re a te d  in  t h i s  manner. 

In order to  discourage sub jec ts  from responding without  r e ­

ference to  the t e s t  sentences,, the order ing of words in  t r i a l  

fragments never c o n f l i c t e d  w ith  the word order of t h e i r  parent  

sentences. Thus, in  SS, CO and OS sentences, the p o s s i b i l i t y  

of a c t o r - a c t io n  r e la t i o n s h ip s  between noun 2 and verb 1 was 

not t e s te d .  This perm it ted  only c o r r e c t / i n c o r r e c t  responses 

to N l - V l  fragments in  these sentences, which are unsu i tab le  

fo r  s igna l  de tec t io n  a n a ly s is .  In order to  permit  meaningful  

and v a l i d  comparisons, the data from both tasks were t r a n s ­

formed to weighted scores.

For the purposes of t h i s  a n a ly s is ,  c o r r e c t  responses are  

t re a te d  s t a t i s t i c a l l y  as though they are the  outcome of  one of  

f i v e  s t r a t e g ie s  which might be applied to  sentence compre­

hension by aphasics.  (Note t h a t  t h i s  i s  not meant to imply 

tha t  the w r i t e r  views a l l  s y n ta c t ic  processing as s t r a t e g i c . )  

The responses of an " idea l  user*’ of each of the four  s t r a t e ­

gies discussed e a r l i e r  in t h i s  work were p ro je c te d ,  along with  

co rrec t  responses, fo r  each task .  These p ro je c t io n s  are r e ­

presented in Tables 7 and 6. Examination of these ta b le s  r e ­

vea ls  th a t  f o r  most of the themat ic r e l a t i o n s  expressed in  the  

t e s t  sentences, more than one s t ra te g y  may lead to  a given r e ­

sponse. To reduce the e f f e c t  of these redundancies, each r e ­

sponse was weighted according to  the number of s t r a te g ie s  to  

which i t  conformed. To i l l u s t r a t e :  consider Table 7,  which

shows p r e d ic t io n s  and response weights tor  the paraphrase



task .  Observe th a t  a l l  f i v e  s t r a t e g ie s  p r e d ic t  a f f i r m a t i v e  

responses to  Nl-Vl (CO) fragments ( i . e . ,  noun 1-verb 1 f r a g ­

ments in  CQ sentences) .  D iv id in g  one such response by the  

number of s t r a te g ie s  i t  f i t s  y i e l d s  a score of 1 /5 .  This v a l ­

ue i s  then added to  cumulat ive t o t a l s  fo r  each of  the f i v e  

s t r a t e g ie s .  Continuing the example, consider the N1-V2(CQ) 

f ragment.  Table 7 shows th a t  a f f i r m a t i v e  responses are p re ­

d ic ted  by th ree  s t r a t e g ie s ,  whi le  negat ive  responses are p re ­

d ic ted  by two. An a f f i r m a t i v e  answer i s  thus given a va lue of 

1/3 ,  and t h i s  value is  summed to  the t o t a l s  of the th ree  s t r a ­

te g ie s  p r e d ic t in g  the response. A negat ive  answer, p red ic ted  

by two s t r a t e g ie s ,  is  given a va lue of 1 /2 ,  and t h i s  va lue i s  

summed to  the t o t a l s  of those s t r a t e g i e s .  This procedure was 

appl ied  to  the enactment process, as w e l l .  Refer ,  now, to Ta­

b le  9 ,  which d isp lays  p r e d ic t io n s  and response weightings fo r  

the enactment task .  This task requ ired  two enactments per 

sentence: one fo r  each verb. Thus there  were two independent

scores per sentence. Let us again consider a concrete ex­

ample. A l l  f i v e  s t r a t e g ie s  p r e d ic t  t h a t  the actor  associated  

with verb 1 in  CO sentences w i l l  be noun 1. When t h i s  r e l a ­

t io n s h ip  is  enacted, the response i s  apportioned among a l l  the  

s t r a te g ie s  i t  f i t s  and thus the va lue 1/5 i s  summed to  t h e i r  

t o t a l s .  I f  the N2-V1 actoi— act ion  r e la t io n s h ip  is  enacted,  

then nothing i s  added to the t o t a l s ,  fo r  none of the s t r a t e ­

g ies  p r e d ic t  t h is  response. With regard to  verb 2 enactments:  

i f  a subject  in d ic a te s  th a t  N1 i s  the actor  then scores of 1 /3
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are added to the t o t a l s  fo r  the th ree  s t r a t e g ie s  (c o r re c t ,  

p a r a l l e l  funct ion  and f i r s t - N R )  p r e d ic t in g  the response; but 

i f  he designates N2 as the a c t o r ,  then scares of 1/2 are  added 

to the minimal d is tance  and adjacency s t r a t e g i e s .  In t h is  

manner, each response rece ived  an unweighted va lue  of 1, which 

was then apportioned among the s t r a t e g ie s  to  which i t  con­

formed.

The t o t a l  weighted scores assigned to  each s t r a te g y  were 

div ided by the t h e o r e t i c a l l y  maximum scares f o r  each, to  de­

r i v e  " s t ra te g y  proport ion  scores11. F ive  such scores (one for  

each s t r a te g y )  were developed fo r  each subject  on each task .  

These scores are l i s t e d  in Table 9. The proport ions were then 

subjected to  a rcs ine  t rans form at ions  in  order to  make the data  

s u i t a b le  for  a n a ly s is  of var iance  (Winer,  1971) .

Analys is  of weighted accuracy scores

This p a r t  of the ana lys is  p e r t a in s  to weighted correc t  

proport ion  scares only .  A groups by tasks  by sentence type  

repeated measures an a lys is  of  var iance  was performed. There 

was a s i g n i f i c a n t  main a f f e c t  of groups (F 11,121 = 5.1

lp< . 0 5 1 ) ,  showing t h a t  the f lu e n t  sub jec ts  responded more ac­

c u r a t e ly ,  o v e r a l l ,  than d id  the Broca's a p h as ics . ,  A s i g n i f ­

ican t  main e f f e c t  of tasks (F 11,121 -  13.83 Lp<.0051) i n d i ­

cated th a t  g re a te r  accuracy was achieved Dy the combined 

groups on the enactment task .  A main e f f e c t  Df sentence type  

(F 13,361 = 7.51 Cp<.0011) revea led  th a t  the four experimental



sentence types were not t re a te d  a l i k e .  O v e r a l l ,  the  r i g h t -  

branching O S - r e la t i v e  sentences e l i c i t e d  the most co r rec t  r e ­

sponses and S O - re la t iv e s  engendered the most e r r o r s .  £ s i g ­

n i f i c a n t  groups by sentence type i n t e r a c t i o n  (F [3 ,363  = 5 .12  

[ p < , 0 U I  demonstrated t h a t  Broca’ s and f lu e n t s  aphasics pro­

duced d i f f e r e n t  p a t te rn s  of response to  the sentence types.  

This supports the hypothesis t h a t  the response p a t te rn s  gen­

erated by Broca's aphasics are  syndrome-specif ic  and not a 

general r e s u l t  of b ra in  damage. In order to examine t h i s  i n ­

te r a c t io n  more c lo s e ly ,  separate  tw o - fa c to r  repeated measures 

ANQVAS were c a r r i e d  out an each group’ s data.

Broca’ s aphasics ’ weighted accuracy scores

Figure l a  d isp lays  the response p a t te rn s  of Broca's apha­

sics f o r  the d i f f e r e n t  sentence types.  Analys is  of var iance  

reve a ls  a s i g n i f i c a n t  e f f e c t  of tasks (F [ 1 , 7 ]  *  6 .94

[p< . 051>. Enactment scorers are higher  than paraphrase scores.  

A s i g n i f i c a n t  main e f f e c t  of sentence type (F C3.21J = 9 .67

[p ' . O O l ] )  is  due to  the  fa c t  t h a t  O S - re la t i v e  sentences e l i c i t  

more co r rec t  responses than do the other  sentence forms 

(Scheffe ,  . 0 1 ) .  Note t h a t  t h i s  e f f e c t  is  h ig h ly  s i g n i f i c a n t  

despite  cons iderab le  in d iv id u a l  v a r i a t io n  {see Tables 2 and 4; 

e s p e c ia l ly  sub jec ts  65 and B 6 ) . The question of in d iv id u a l  

v a r i a t i o n  i s  discussed a t  some length ,  below. The task by 

sentence type i n t e r a c t i o n  i s  n o n s ig n i f ic a n t  <F [ 3 ,2 1 ]  = 2 .8B ) .  

This in d ic a te s  th a t  t h i s  group of  Broca's aphasics d isp lay
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q u a l i t a t i v e l y  p a r a l l e l  e r r o r  pa t te rn s  across tasks.  1-f e r ro r  

p a t te rn s  r e f l e c t  sentence processing d e f i c i t s ,  then t h i s  r e ­

s u l t  supports the supposi t ion  th a t  a s y n ta c t ic  d e f i c i t  exerts  

a s im i la r  e f f e c t  upon performance on both tasks .

F luent  aphasics; weighted accuracy scores

The data fo r  t h i s  group a re  d isplayed g r a p h ic a l l y  in

Figure lb .  A s i g n i f i c a n t  main e f f e c t  of tasks (F C l , 53 = 7.67

Cp<.05])  in d ic a te s  th a t  enactment task responses were gener­

a l l y  mare accurate  than were paraphrase task responses. The 

main e f f e c t  of sentence type was n o n s ig n i f ic a n t  (F 13 ,15 ]  =

3 . 0 7 ) ,  as was the task by sentence type i n t e r a c t i o n  (F 13,151  

= 0 . 5 6 ) .

Weighted accuracy scores; b r i e f  summary

F i r s t ,  the  f l u e n t  aphasics of t h i s  study are  g e n e ra l ly  

more accurate than the Broca’ s aphasics.  Although t h i s  would 

appear to  c o n t ra d ic t  the  general impression th a t  comprehension 

is more i n t a c t  among an te r io i— lesioned p a t i e n t s ,  i t  must be 

remembered th a t  the f l u e n t  aphasics who p a r t i c ip a t e d  in t h i s  

study were g e n e ra l ly  less  sev ere ly  impaired than were the  

Broca's aphasics (please r e f e r  to Table 1 and tD the d iscus­

sion in  the Methods s e c t io n ) .  Second, enactment task scores

were higher than paraphrase task scores in  each a n a ly s is .  I t  

is unclear  whether t h i s  r e s u l t s  from some r e a l  d i f f e r e n c e  in 

task demands or from some a r t i f a c t  of the  design. This f i n d ­
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ing w i l l  be discussed f u r t h e r ,  below. T h i rd ,  the f a c t  th a t  

f lu e n t  aphasics’ accuracy scores were equ iva len t  across sen­

tence types in d ic a te s  t h a t  t h e i r  e r r o r s  did  not r e f l e c t  par­

t i c u l a r  d i f f i c u l t i e s  w ith  the v a r i a t io n s  of s y n ta c t i c  s t r u c ­

tu re  th a t  d is t ingu ish ed  the sentence types.  I t  would appear, 

r a t h e r ,  tha t  t h e i r  e r r o r s  may r e f l e c t  l e x i c a l  confusions among 

vocabulary i tems w i th in  the same form c lass ,  d i s t r i b u t e d  more 

or less randomly among a l l  sentence types.  F i n a l l y ,  the  

Broca's aphasics ’ e r r o r  p a t te r n s  are nonrandom, and are con­

sequent ly taken to  r e f l e c t  d e f i c i t s  in  the processing of the  

s t r u c t u r a l  elements t h a t  d is t in g u is h  the sentence forms. The 

fa c t  th a t  these nonrandom p a t te r n s  are q u a l i t a t i v e l y  p a r a l l e l  

across tasks suggests the presence, as hypothesized,  of an 

i £ t i v i ty ^ in d e g e n d e n t  under ly ing s y n ta c t ic  d e f i c i t  in t h is  

group of Braca’ s aphasics.

Given t h i s  conclusion,  i t  i s  app ro pr ia te  to  t e s t  the hy­

pothesis  th a t  agrammatic aphasics,  as a group, employ a pre­

d i c t a b l e  sentence processing h e u r i s t i c  s t r a te g y .  In the f o l ­

lowing s ec t ion ,  an an a lys is  of the f u l l  set  of weighted s t r a ­

tegy scores w i l l  be presented.
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Analys is  of weighted s t ra te gy  scores

The -five response pa t te rns*  Tor which p re d ic t io n s  were 

pro jected  and tes ted  are:

1. c o r re c t  grammatical ana lys is  (CQRR1

2. minimal d is tance  s t ra te g y  (MDS)

3. adjacency s t r a te g y  (ADJ)

4. p a r a l l e l  func t io n  s t ra te g y  (PFS)

5. f i r s t  noun phrase s t ra te g y  (FNP).

The f i r s t  p a t te rn  (CQRR> simply r e f l e c t s  instances in  which 

responses are c o r r e c t ,  and does not represent  an h e u r i s t i c

s t ra te g y  ger se. The l a t t e r  four  are described and summarized

in the review of the comprehension of r e l a t i v e  sentences,  

above. Ind iv id u a l  average weighted s t ra te g y  scores are l i s t e d  

in Table 9.

A t h r e e - f a c t o r  repeated measures an a lys is  of var iance r e ­

vealed a s i g n i f i c a n t  main e f f e c t  of tasks (F £1,121 = 29 .98

[ p < .0 0 1 ] ) ,  with groups and s t r a t e g ie s  pooled. There was a

s i g n i f i c a n t  i n t e r a c t i o n  of tasks by s t r a t e g ie s  <F C4,481 =

6.36 tp < .0 0 1 1 ) .  There was, moreover, a s i g n i f i c a n t  groups by

s t ra te g y  i n t e r a c t i o n  (F C4,48J *  7 .93  [ p < .0 0 1 J I ,  which again  

supports the not ion of syn d ro m e -s p e c i f ic i ty .  The d i f f e r e n c e s  

between groups were examined in grea te r  d e t a i l  by means at  

separate tw o - fa c to r  repeated measures ANOVAs, which are de­

t a i l e d  below.
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Broca's aphasics: an a lys is  of weiohted s t ra te g y  scores

The data analyzed in t h i s  sec t ion  are  represented graph­

i c a l l y  in  F igure 2a. The ANQVA y ie lded  a main e f f e c t  of tasks  

(F [ 1 , 7 ]  = 20 .16  [ p < . 0 0 5 D .  Again, enactment scores were

higher  than paraphrase scores. A s i g n i f i c a n t  mam e f f e c t  of 

s t ra te g y  (F [ 4 ,2 8 ]  = 5 .06  [p<.001]>  was found to r e s u l t  from 

the d i s t i n c t i o n  between high minimal d is tance  s t ra te g y  scores 

and r e l a t i v e l y  low p a r a l l e l  func t io n  and f i r s t - N P  scores 

ITukey A, . 0 5 ) .  A s i g n i f i c a n t  task by s t ra te g y  i n t e r a c t i o n  

was found <F [ 4 ,2 6 ]  = 7.6B [ p t . O O l ] ) .  On the  paraphrase judg­

ment task ,  minimal d is tance scores were s i g n i f i c a n t l y  higher  

than a l l  o thers  (Scheffe ,  . 0 1 ) ,  wh i le  the re  were no d i f f e r ­

ences between s t r a te g ie s  on the enactment task tTukey ft, . 0 5 ) .

A sentence by s t ra te g y  ana lys is  y ie lded  s i m i l a r  r e s u l t s .  

In the paraphrase task ,  the  main e f f e c t s  of s t r a te g y  was 

h igh ly  s i g n i f i c a n t  (F [ 4 ,2 8 ]  = 11.65 [ p < . 0 0 1 D ,  as was the  

s t ra te g y  by sentence i n t e r a c t i o n  (F [12 ,841 = 9 .37  Cp<.0OlJ).  

Post-hoc t e s t s  tTukey A .05)  show th a t  for  each sentence type,  

minimal d istance scores were higher  than those of s t r a te g ie s  

making d i f f e r e n t  p r e d ic t io n s .  In the enactment task ,  in con­

t r a s t ,  there  were no s i g n i f i c a n t  d i f f e r e n c e s  between s t r a t e -  

gi es.

The im p l ic a t io n  of these f in d in g s  seems to  be th a t  while  

these sub jects  d is p la y  the same s yn tac t ic  d e f i c i t  across tasks  

( r e c a l l  t h a t  t h e i r  task by sentence scores were p a r a l l e l ) ,  

t h e i r  use of s t ra te g y  is  task-dependent .
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Fluent  aohasics: a n a ly s is  of weighted s t ra te g y  scores

The weighted s t r a te g y  scores of the f lu e n t  aphasics are  

represented in  F igure  2b. ft tasks by s t ra te g y  repeated meas­

ures ANDVA revea led  t h a t  the main e f f e c t  of tasks was nonsig­

n i f i c a n t  (F [1 ,5 1  = 4 . 1 3 ) .  The main e f f e c t  of s t r a t e g ie s  was 

s i g n i f i c a n t  <F [4 ,203  = 8 .83  Cp<.0013),  Post-hoc t e s t in g

shows t h a t  t h i s  e f f e c t  i s  due to the fa c t  t h a t ,  w i th  tasks  

pooled, minimal d is tance  and adjacency scores are lower than 

co rrec t  scores (Scheffe ,  . 0 1 ) .  Note t h a t  even at  less s t r i n ­

gent l e v e ls  of t e s t in g ,  f i r s t - N P  and p a r a l l e l  fu n c t io n  scores  

are  not d i s t in g u is h a b le  from co r rec t  scores (Tukey A. . 0 5 ) .  

The task' by s t ra te g y  i n t e r a c t i o n  was n o n s ig n i f ic a n t  (F [4 ,203  

= 0 . 5 4 ) .

Analysis of weiohted s t ra te g y  scores; b r i e f  summary

The foregoing may be summarized as fo l lo w s .  Just as with  

the processing d e f i c i t s  themselves, Broca’ s aphasics and f l u ­

ent aphasics c l e a r l y  d i f f e r  with respect  to  s t r a t e g ie s  applied  

to sentence processing.  Second, i t  is  noteworthy th a t  a l l  the  

analyses show th a t  enactment task scores are higher  than par ­

aphrase task scores.  Although post-hoc t e s t s  f a i l  to  reveal  

s i g n i f i c a n t  d i f f e r e n c e s ,  examination of F igures 2a and 2b 

shows tha t  f i r s t - N P  and, to  a lesser  degree, co r re c t  responses 

are higher in  enactment than in  paraphrase tasks .  Perhaps the  

ephemeral nature  of the aud i to ry  s t im u l i  favored the use of
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the f i r s t - N P  s t ra te g y  in  the enactment task .  Since the cor­

re c t  response p a t te rn  is  more redundant w ith  f i r s t - N P  than 

with minimal d is tance  and adjacency p a t te rn s ,  the e le v a t io n  of 

correc t  scores may be only a secondary e f f e c t .  This exp la ­

na t ion  i s  c l e a r l y  s p e c u la t iv e ,  but as i t  seems t o  be the only

one a v a i l a b l e  a t  t h is  t ime,  i t  i s  t e n t a t i v e l y  accepted.

Th ird ,  Broca's aphasics s t ro n g ly  favored the minimal distance  

s t ra te g y  over a l l  others;  whi le  f lu e n t  aphasics q u i te  r e l i a b l y  

r e je c t e d  t h is  s t r a te g y .  The m a jo r i ty  of responses produced by 

f lu e n t  sub jec ts  were c o r r e c t ,  but the number of co rrec t  r e ­

sponses was not s i g n i f i c a n t l y  d i f f e r e n t  from the f i r s t - N P  

and/or p a r a l l e l  funct ion  s t ra te g y  scores. Not ice  th a t  the

minimal d is tance  s t ra te g y  t h e m a t ic a l ly  r e l a t e s  adjacent  noun­

verb p a i r s ,  while  the f i r s t - N P  and p a r a l l e l  funct ion  s t r a t e ­

g ies  r e l a t e  nonadjacent p a i r s .  Fourth:  although Broca's apha­

sics demonstrated q u a l i t a t i v e l y  p a r a l l e l  d e f i c i t s  in sentence  

processing across tasks ,  they did not show u n i fo rm i ty  of s t r a ­

tegy preference across tasks.  The use of s t r a t e g ie s  i s ,  ap­

p a r e n t ly ,  a c t iv i t y -d e p e n d e n t .

In d iv id u a l  v a r i a b i l i t y :

In view of recent  discussions of v a r i a b i l i t y  w i th in  major 

taxonomic e n t i t i e s  ( e . g . ,  Caramazza and M ar t in ,  in press;  

Schwartz,  1902) the in d iv id u a l  s t ra te g y  scores of the Broca's  

aphasics were examined. These are represented in  F igure  Z. 

I t  may r e a d i l y  be seen from these graphs th a t  these p a t ie n ts
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are not a completely homogeneous group. Of the e ig h t  sub­

j e c t s ,  six produced marked minimal d is tance  p a t te rn s  on the  

paraphrase task.. Among these s i x ,  there  appear to  be d i f f e r ­

ences r e f l e c t e d  m  enactment task scores. Three sub jec ts  <B2, 

B4, B8> produced p a t te rn s  t h a t  more or less  p a r a l l e l  t h e i r

paraphrase task scores, whi le  another three  <B1, B3, B7) show 

q u i te  a d i f f e r e n t  —  e s s e n t i a l l y  random —  enactment p a t te r n .  

The data fo r  the two subgroups are  disp layed g r a p h ic a l l y  in 

Figure 4. H e re a f te r ,  sub jec ts  Bl,  B3 and 67 w i l l  be r e fe r r e d  

to as Subgroup 1 and sub jec ts  B2, B4 and BB w i l l  be designated  

Subgroup 2. The remaining two sub jec ts ,  B5 and BB, although  

c l i n i c a l l y  i d e n t i f i e d  as Broca's aphasics, y i e l d  p a t te rn s  that  

correspond b e t t e r  with the f l u e n t  group (see F igure  5) than 

with the Broca’ s group. Their  response p a t te rn s  are not 

r e a d i l y  i n t e r p r e t a b l e ,  and are assumed to  r e f l e c t  randomized 

responses.

Separate ANOVAS were performed on the data for  subgroups 

1 and 2.  For subgroup 1, a h ig h ly  s i g n i f i c a n t  task by s t r a ­

tegy i n t e r a c t i o n  was found (F [4 ,81  = 9 .2 9  lp< .0051>.  On the  

paraphrase task,  minimal d is tance  scores,  which could not be 

d is t ingu ish ed  from adjacency scores, were s i g n i f i c a n t l y  higher  

than were c o r r e c t ,  p a r a l l e l  funct ion  and f i r s t - N P  scores.  

There were no d i f f e r e n c e s  between s t r a t e g ie s  on the enactment 

task (Tukey A, . 0 5 ) .

The tw o - fa c to r  repeated measures ANDVA fo r  suogroup 2 

yie lded  an e f f e c t  at tasks (F [1 ,21  = 19.38 Cp<.u5J),  showing
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th a t  the t o t a l  enactment score was higher than the t o t a l  par­

aphrase scare.  There was a h ig h ly  s i g n i f i c a n t  main e f f e c t  of 

s t ra te g y  with tasks pooled (F [ 4 ,8 3  » 53.03 [p < .0 0 1 1 ) .  fit the  

.05  leve l  of s ig n i f i c a n c e ,  the Tukey A t e s t  in d ic a te d  a sep­

a r a t io n  of s t r a t e g ie s ,  in the order :  minimal d is tance  ; a d ja ­

cency > co r rec t  and p a r a l l e l  func t ion  > f i r s t - N P .  A s i g n i f ­

ican t  task by s t ra te g y  i n t e r a c t i o n  was also revea led  (F [4 ,81  

9 7 .76  [p < .0 1 ]> .  For the paraphrase task ,  minimal d istance

scores were g re a te r  than the others  (Schef ie  [ . 0 5 1 ) .  On the  

enactment task ,  minimal d is tance and adjacency scores were 

g rea te r  than the o thers  (Tukey A, . 0 5 ) .  I f  minimal d istance  

and adjacency are  considered to be equ iva len t  s t r a t e g ie s  (see 

Discussion s e c t io n ) ,  then the r e s u l t s  fo r  subgroup 2 are par­

a l l e l  across tasks .

I t  i s  poss ib le  th a t  sub jec ts  who d i f f e r  along the ob­

served dimensions a lso d i f f e r  m  ways th a t  were not apparent  

when they were f i r s t  assigned group membership. Consequently,  

these p a t i e n t s ’ product ion and other  a n c i l l a r y  data were e x ­

amined fo r  such d i f f e r e n c e s .  B iographical  and a n c i l l a r y  data  

are d isp layed in Table 1. Looking across the t a b l e ,  the re  are  

no apparent d is c r im in a t in g  fe a tu re s  in  the th ree  Broca’ s sub­

groups on the fo l lo w in g  measures: d i g i t s  forward,  Knox cube

scores, aphasia s e v e n t y  r a t i n g ,  a r t i c u l a t i o n  r a t in g ,  phrase 

length ,  educat ion leve l  and les ion  s i t e .  There is  an apparent  

d i f f e r e n c e  in  age, such th a t  a l l  sub jec ts  but two are  under 54 

years o ld ,  whi le  the two who are over 60 are in subgroup 2.
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Observe, however, th a t  the t h i r d  member of subgroup 2 happens 

to be the youngest of the Broca's aphasics.  More su b s ta n t ia l  

d i f fe re n c e s  a r i s e  between subgroups 1 and 2 on the fo l lo w in g :  

Boston Diagnost ic  Aphasia Examination (BDAE) aud i to ry  compre­

hension and reading scores, and months post onset (subjects  B5 

and B6 range ra th e r  w ide ly  on these measures, and are und is -  

t in g u ish ab le  from e i th e r  of the other  two subgroups).

Subgroup 1 achieved higher  BDAE au d i to ry  comprehension 

scares than did subgroup 2. There was no over lap  on t h is  

measure. On the Reading Sentences subtest of the BDAE, sub­

je c ts  B3 and B7 responded c o r r e c t l y  to  8 of lu sentences,  

while  B2 and B8 read only 5. There was overlap on t h i s  meas­

ure,  as B1 and B4 t i e d  a t  6 sentences. The most s t r i k i n g  d i f ­

ference between subgroups was in  the durat ion  of aphasic im­

pairment: subgroup 1 had been aphasic fo r  an average of £>7

months a t  the t ime of t e s t in g ,  whi le  subgroup 2 were a mean 27 

months post onset.  Again, there  was no o ver lap .  Examination  

of the data to r  B5 and B6 in d ic a te s  tha t  the dura t ion  of apha­

s ic  impairment cannot alone account f a r  the group d i f fe re n c e s :  

B5 had been aphasic tor  150 months, whi le  B6 had h is  GOA only  

9 months p r i o r  to t e s t in g .

One can only speculate  why those Broca's aphasics having 

the b e t t e r  aud i to ry  comprehension and g rea te r  dura t ion  of im­

pairment (hence, the longer adjustment per iod)  show grea te r  

v a r i a b i l i t y  on the enactment task .  Perhaps these p a t i e n t s  un­

derstand, because of t h e i r  somewhat less severe comprehension
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justment,  or both,  th a t  the themat ic r e l a t i o n s  expressed in 

sentences are not U n i t e d  to  ad jacent  l e x i c a l  i tems ( r e c a l l  

th a t  minimal d is tance  l i m i t s  the rep res en ta t io n  of thematic  

r e l a t i o n s  in t h i s  way).  Since understanding t h a t  one may be 

wrong is  not equ iva len t  to  knowing what is  c o r r e c t ,  we may ex­

pect to  observe more response v a r i a b i l i t y  in these p a t i e n t s ,  

whose experience may have taught  them the r e l a t i v e  m er i ts  of 

guessing. One may specula te  f u r t h e r ,  tha t  t h i s  v a r i a b i l i t y  is 

more l i k e l y  to  be found when input i s  ephemeral,  as in normal 

conversat ion and in  the enactment task .  When given the op­

p o r tu n i ty  to  consider and reconsider t h e i r  answers, these sub­

je c t s  may be expected to  show the t ru e  s t a t e  of t h e i r  a b i l i t y  

to decode themat ic r e l a t i o n s .

Pn t h i s  l a s t  assumption, then, subgroups 1 and 2 r e a l l y  

have the same upper bound on t h e i r  grammatical cap a c i ty ,  and 

d i f f e r  on ly  in  the ways m  which they make use of i t .  by t h i s  

reasoning,  the e ig h t  broca’ s aphasics s p l i t  in to  two d iv is io n s  

only: the six of subgroups 1 and 2 and the two subjec ts  (B5

and B6) who generated random s t ra te g y  p a t te rn s .

ft between-aroups d is s o c ia t io n

The data in d ic a te  t h a t ,  in  the comprehension of r e l a t i v e  

sentences, d i f f e r e n c e s  between agrammatic and f lu e n t  aphasics  

may be captured by a c h a r a c t e r i z a t io n  of t h e i r  response biases  

v i s - a - v i s  loca l  versus phrase-spanning encodings of thematic
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r e l a t i o n s .  The r e l a t i o n s h ip s  recognized by agrammatics are  

lo c a l :  i t  seems t h a t  they accept a p la u s ib le  N-V r e l a t i o n s h ip

as soon as t h e i r  reading of the surface s t r in g  a l lows i t .  

They s t ro n g ly  tend to  r e j e c t  d is t a n t  r e l a t i o n s h ip s .  Consider 

now the paraphrase task performance of the six Broca’ s apha­

sics who produced cons is ten t  minimal d is tance  p a t te rn s .  They 

re je c te d  d is t a n t  (N1-V2) r e l  a t ionsh i  ps —  75*/. of which were 

correc t  —  at  a r a t e  of 887., w h i le  at the same time they r e ­

jec ted  only 77. of the  loca l  N2-V2 r e l  a t i  onshi ps (757. of which 

were i n c o r r e c t ) .  Both these r e j e c t i o n  r a te s  are h ig h ly  s i g ­

n i f i c a n t  (p<.0001, binomial t e s t ) .  No such d is s o c ia t io n  was 

found among the f lu e n t s .  They tended to accept noun -  verb 

fragments regard less  of t h e i r  p o s i t io n  in the sentence.  In ­

deed, they may have accepted these fragments without  any r e ­

gard at  a l l  f o r  the t a r g e t  sentences (although t h e i r  behavior  

during t e s t in g  in d ic a te d  that  they did  at tend to  the senten­

ces ) .  These p a t i e n t s  accepted N1-V2 and N2-V2 fragments a t  

equ iva len t  ra te s :  727. and 757., r e s p e c t iv e ly  (both h ig h ly  s i g ­

n i f i c a n t :  p<.0001,  binomial t e s t ) .
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Conclusions and General Discussion

The issue of d o m a in - s o e c i f ic i t v

One of the major arguments supporting the cen t ra l  s y n ta c t ic  

d e f i c i t  hypothesis has been the modali ty-independence D f the  

agrammatic d e f i c i t  (Gardner,  Denes and Z u n f ,  1975; Samuels and 

Benson, 1979; and see Berndt and Caramazza, 1980 fo r  a r e v ie w ) .  

This study sought to  extend the modal i ty -m dependence  argument 

to a c t iv i t y - in d e p e n d e n c e .  A c ro ss - task  comparison of the p e r ­

formance of the Broca’ s aphasics studied here i n d ic a te s  th a t  

such extension i s  warranted.

The agrammatic d e f i c i t  has been v a r io u s ly  c h a ra c te r iz e d .  

I t  i s  t y p i c a l l y  def ined o p e r a t i o n a l l y  in  terms of the elements  

and s t r u c tu r e s  t h a t  are implemented in a c c u ra te ly  or omitted  

a l to g e th e r  by agrammatic s u b jec ts .  The present  study used t h is  

opera t iona l  approach to  e s t a b l i s h  a p a t te r n  of agrammtic r e ­

sponses to three  se m a n t ic a l ly  r e v e r s i b l e  complex sentences con­

t a in in g  r e l a t i v e  c lauses and a conjoined sentence of equal 

length .  I t  was found th a t  Broca’ s aphasics comprehended two 

fo res  of center-embedded sentence and the conjoined sentence 

forms r e l a t i v e l y  p o o r ly ,  w h i le  the accuracy of t h e i r  responses 

to r ig h t -b ra n c h in g  sentences was high.  Two separate analyses  

were employed. The f i r s t ,  a "whole-sentence" a n a ly s is ,  used the  

complete sentence as a u n i t :  a l l  responses p e r ta in in g  to a

given sentence had to be c o r re c t  to  achieve a s in g le  co r re c t  

score. The weighted scores an a lys is  used each separate  response
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as a u n i t  and i s ,  accord in g ly ,  be l ieved  to be the nore s e n s i t i v e  

measure. In both analyses,  the i n t e r a c t i o n  of task with sen­

tence type was n o n s ig n i f ic a n t .  This in d ic a te s  th a t  the d e f i c i t  

p a t te rn  produced by t h i s  group of Broca’ s aphasics was q u a l i ­

t a t i v e l y  eq u iva len t  across two comprehension tasks with  very 

d i f f e r e n t  performance demands. These f in d in g s  may be added to  

those recent  s tu d ie s  which have reported cross -m oda l i ty  para­

l l e l s  not only w i th in  c l i n i c a l l y  def ined groups, but w i th in  i n ­

d iv idua l  sub jec ts  ( e . g . ,  Caramazza, Berndt, B a s i l i  and K o l le r  

,1981; F n e d e r i c i ,  Schonle and B a r r e t t ,  1982).  Here again is  

evidence for  the ex is tence  of a cen t ra l  s y n ta c t i c  d e f i c i t  which 

is d o m ain -spec i f ic .  The evidence fo r  such a d e f i c i t  —  and by 

in fe rence ,  f o r  a c e n t r a l ,  dom ain-spec if ic  s y n ta c t ic  processor in 

the normal language user —  continues to  accumulate.

S vndrom e-spec i f ic i tv

There i s  no quest ion t h a t  an te r io i— les ioned aphasics d i s ­

play c h a r a c t e r is t i c s  t h a t  are r e a d i l y  d i f f e r e n t i a t e d  from those 

of p os te r io r -1 es ioned  aphasics,  but i t  i s  a lso  t ru e  th a t  focal  

les ions  in  the l e f t  hemisphere can produce e f f e c t s  th a t  are  not 

syndrome-speci f ic .  Indeed, s y n ta c t ic  d e f i c i t s  have been rep o r ­

ted in both a n t e r io r  and p o s te r io r  p a t i e n t s .  For example, 

Gardner, Denes and Z u r i f  (1975) found th a t  both a n t e r i o r  and 

p o s te r io r -1 es io n ed  aphasics recognized semantic anomaly more 

r e a d i l y  than s y n ta c t ic  anomaly.

When the accuracy scores of the aphasic groups of t h i s
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study were compared, t h e i r  p a t te rns  of e r r o r  were r e l i a b l y  

d i f f e r e n t :  in both the "whole-sentence" and weighted scores a -

nalyses,  s i g n i f i c a n t  groups by sentence type in t e r a c t i o n s  were 

obta ined.  The Broca’ s aphasics responded mast c o r r e c t l y  to 

o b je c t -s u b je c t  r e l a t i v e s ,  and performed at roughly chance l e v e ls  

on the other  three  forms. In the whole-sentence a n a ly s is ,  the  

f lu e n t  aphasics performed at  chance leve l  on s u b je c t - o b je c t  r e l ­

a t i v e s ,  and at  a s l i g h t l y  b e t t e r  leve l  on the other three  forms; 

but the re  were no d i s t i n c t i o n s  between sentence types for  t h is  

group in  the weighted scores a n a ly s is .  In subsequent sec t ions ,  

th e r e fo r e ,  i t  may be c o n f id e n t ly  assumed th a t  the agrammatic de­

f i c i t  under discussion i s  syndrome-specif ic .

S t ra tegy  preference

Given t h a t  the Broca's aphasics of t h i s  study demonstrate a 

s y n ta c t ic  d e f i c i t  th a t  i s  a c t i v i t y - in d e p e n d e n t  and syndrome- 

s p e c i f i c ,  one may l e g i t i m a t e l y  wonder whether t h e i r  approaches 

to sentence processing,  or s t r a t e g i e s ,  are  as cons is ten t  as 

t h e i r  d e f i c i t s .  Do they c o n s is te n t ly  employ one or another  

s t ra te gy?  Are such s t r a t e g ie s  as they may employ a c t i v i t y -  

independent, or does t h e i r  use i n t e r a c t  with task  demands?

The data show t h a t  six of the e igh t  Broca’ s aphasics  

s t ro n g ly  favor  the minimal d istance s t ra te g y  on the paraphrase  

task ,  w h i le  two show no p a r t i c u l a r  s t ra te g y  p re ference  on tha t  

task .  Df these s ix ,  th ree  produce roughly equ iva len t  preference  

fo r  minimal d is tance and adjacency pa t te rns  on the enactment
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task ,  w h i le  th re e  others  show no pre ference  on t h i s  task .  The 

two who y i e l d  random (no preference)  p a t te rn s  on the paraphrase 

task a lso y i e l d  random p a t te rn s  on the enactment task .  Indeed,  

s u b s ta n t ia l  i n te r t a s k  v a r i a t io n  i s  observed.

Consider the two experimental  tasks .  The sentence fragment 

paraphrase judgment task req u i res  t h a t  a sub ject  consider sepa­

r a t e l y  the possib le  meaning r e l a t i o n s h ip s  in a s t imulus  senten­

ce. On a given t r i a l ,  the sub ject  has be fo re  him the f u l l  s t im­

ulus sentence and a fragment con s is t ing  of a noun phrase and a 

verb. He i s  asked to decide whether th a t  fragment expresses a 

par t  of the  meaning expressed by the complete sentence, and he 

is  given to  understand th a t  he has as much t ime as he needs to 

make h is  best judgment. Not ice  t h a t  i t  i s  on t h i s  task t h a t  we 

f in d  consistency among six of the e igh t  sub jec ts .  Now consider  

the enactment task .  Here, the subject  l i s t e n s  to  an ephemeral 

s t r in g  of words concerning two puppets placed before him. He is  

requ ired  to  demonstrate w ith  the puppets h is  understanding of 

the themat ic r e l a t i o n s  expressed in  the sentence. The choices 

are l i m i t e d ,  but e qu a l ly  p l a u s i b l e .  What is  he to  do when he is  

unsure? The input s t r i n g ,  being aco us t ic ,  i s  gone. He cannot 

reconsider  the st im ulus ,  as in  the paraphrase task .  Instead of 

h is  considered judgment, he can o f f e r  only h is  best guess. The 

s u b je c t ’ s response may fo l lo w  the grammatical i n t u i t i o n s  he d i s ­

plays on the paraphrase task ,  but i t  he lacks conf idence in 

these i n t u i t i o n s ,  h is  response may be completely random, or may 

r e f l e c t  some guessing s t ra te g y  based on h is  post-onset  e x p e n -
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ence. Perhaps i t  was the l a t t e r  th a t  produced the aberrant  pa t ­

te rns  observed f o r  subjects  B5 and B6. The a v a i l a D le  data are  

i n s u f f i c i e n t  to prov ide  an answer. C l e a r l y ,  the re  nay be many 

f a c t o r s  c o n t r ib u t in g  to  v a r i a b i l i t y  in o n - l i n e  comprehension 

tasks.  One f a c t o r  th a t  nay have f ig u re d  in the present f in d in g s  

is considered in the next paragraph.

I t  was noted e a r l i e r  th a t  the th re e  h igh ly  cons is ten t  pa­

t i e n t s  comprising subgroup 2 produced s l i g h t l y  d i f f e r e n t  s t r a ­

tegy p a t te rn s  on the two tasks:  t h e i r  paraphrase task responses

strong ly  r e f l e c t e d  a minimal d is tance  s t ra te g y  p a t t e r n ,  whi le  

t h e i r  enactment task responses were ambiguous between minimal 

distance and adjacency p a t te rn s .  By the l i n e  of reasoning tha t  

fo l lo w s ,  the two p a t te rn s  may be viewed as e q u iv a le n t .

According to  Caplan ( in  p ress ) ,  agrammatics are  hypothe­

t i c a l l y  able  to  process the themat ic in form at ion  coded in  the  

argument s t r u c tu r e s  of in d iv id u a l  l e x i c a l  e n t r i e s .  This means 

t h a t ,  among other  th in g s ,  they are ab le  to assign nouns to verb 

arguments. Consider the sentences used in  t h i s  study. Each of 

them contained one t r a n s i t i v e  and one i n t r a n s i t i v e  verb.  In 

three  of the  four sentence forms, the t r a n s i t i v e  verb was sur ­

rounded by nouns of equ iva len t  animacy. In  t h i s  co n d i t io n ,  

agrammatic s u b je c ts ’ paraphrase responses conformed to an SVO 

p a t t e r n .  I t  i s  assumed here,  as many have done, t h a t  order of 

appearance func t io ns  as a cue to the assignment of meaning r e ­

l a t i o n s  when semantic or pragmatic disambiguat ion i s  absent.  

Some evidence to t h is  e f f e c t  has been reported  (Blumstein,
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S ta t le n d e r ,  Goodglass and B iber, 1979; Pasto uriau x , Brownell and 

Z u r i f ,  19G2; Caplan, N a tthe i and G ig ley ,  1961). The data of 

t h is  study a lso  support t h is  assumption. In th e  50 r e l a t i v e  

form, however, two animate nouns precede the t r a n s i t i v e  verb ,  

thus n e u t r a l iz in g  the e f f e c t  of o rd e r .  In t h i s  case, t h e i r  as­

signment to the verb arguments might be randomized. Recall th a t  

the minimal d istance s t ra te g y  p re d ic ts  th a t  the noun immediately  

preceding the  verb would be perce ived as i t s  su b jec t,  w h ile  ad­

jacency p re d ic ts  the f i r s t  noun would be s u b je c t .  The data are  

equ ivocal. Thus, when the canonical NVN ordering  is  v io la te d ,  

the assignment of them atic  r e la t io n s  around verbs is  d is ru p ted ,  

or randomized. To the ex ten t th a t  t h is  may have occurred, re s ­

ponses w i l l  have been d iv ided  evenly between adjacency and m in i­

mal d is tan ce  s tra te g y  p a t te rn s .  N o tice ,  however, th a t  th e re  was 

no minimal d is tance /ad jacency  am biguity on the paraphrase ta s k ,  

fo r  which the  decay of acoustic  in fo rm atio n  was not a f a c to r .  

This suggests th a t  the  r e l a t i v e l y  high adjacency scores produced 

by some of the su b jec ts  of t h is  study a c tu a l ly  represent re s ­

ponses which would have been co n s is ten t w ith  th e  minimal d is ­

tance s t ra te g y ,  but fo r  p e r tu rb a t io n  of the sort  p red ic ted  by 

the in te r r u p t io n  hypothesis of S lobin  (1971 ).  The use of heur­

i s t i c  sentence processing s t r a te g ie s ,  then, is  not a c t i v i t y -  

independent. Again, th e re  may be any number of fa c to rs  con­

t r ib u t in g  to  v a r i a b i l i t y  in  o n - l in e  comprehension tasks in which 

input is  evanescent. In c o n tra s t ,  the consistency of agrammat- 

i c s ’ responses to  m e ta l in g u is t ic  paradigms such as the para­
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phrase judgment task appears to  ta k e  on added s ig n i f ic a n c e .

W ith in  t h is  -framework, the  hypothesis th a t  agrammatics d is ­

p lay  a co n s is ten t response p a tte rn  in the comprehension of r e l ­

a t iv e  sentences is  t e n t a t i v e l y  confirmed. The f in d in g s  of th is  

study suggest th a t  the comprehension of sentences by agrammatic 

aphasics is  constra ined in  such a way th a t  only the  most lo c a l ,  

l e x i c a l l y  coded meaning r e la t io n s h ip s  are  ap p re c ia ted . The arg­

ument s t ru c tu re  of a given verb is  ap p aren tly  f i l l e d  w ith  the  

nearest sem a n tica l ly  a p p ro p r ia te  noun or nouns; and them atic r e ­

la t io n s h ip s  s ig n a l le d  by phrasal or c lausa l s t ru c tu re  are poorly  

recognized, i f  at a l l .  W ith in  t h is  lo c a l c o n s tr a in t ,  the ca ­

nonical word order p a t te rn  (SVD) appears to  fu n c t io n  as a de­

f a u l t  cue to the  assignment of them atic  ro le s  around verbs.

Broca's  aphasia, agrammatism and taxonomy

The Broca’ s aphasics who p a r t ic ip a te d  in t h is  study o f fe r  

q u a l i f i e d  support fo r  the arguments advanced by Caramazza and 

M artin  ( in  press) and by Schwartz (1 9 6 2 ),  who m aintained tha t  

the  standard aphasia c la s s i f i c a t io n s  f a i l  to  capture  fe a tu re s  of 

aphasic behavior th a t  may be re le v a n t  to  the o rg a n iza t io n  of 

language. Schwartz asserted  th a t  the major aphasia syndromes 

are best viewed as "p o ly ty p ic "  s t ru c tu re s ,  c lu s te rs  of fe a tu re s  

which share the c h a r a c t e r is t ic  th a t  none of them is  e s s e n t ia l  to  

the la rg e r  c l a s s i f i c a t i o n .  The Broca’ s aphasics who were studied  

in t h is  work were se lec ted  on the bas is  of t r a d i t i o n a l  c l in ic a l  

c r i t e r i a ,  yet a degree of v a r i a b i l i t y  was encountered. C le a r ly ,
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two of the  e ig h t s o -c a l le d  Broca’ s aphasics generated s tra te g y  

score p a tte rn s  th a t  were in d is t in g u is h a b le  from those of a group 

of f lu e n t  aphasics. As to  the rem aining s ix ,  they produced con­

s is te n t  s t ra te g y  score p a t te rn s  on the paraphrase judgment task ,  

but again d isp layed  s ig n i f i c a n t  v a r i a b i l i t y  in  t h e i r  responses 

to the  enactment task . As mentioned e a r l i e r ,  t h is  s o r t  of v a r ­

i a b i l i t y  is  not unique (although re p o rts  to  t h is  e f f e c t  are

r a r e ) .  Caplan, M atthei and G ig ley  (1961) reported  a very s im i­

la r  f in d in g .  Had these sub jec ts  been tes ted  only on the en­

actment ta s k ,  in fo rm ation  about t h e i r  l i n g u is t i c  s ta tu s  would 

have been missed.

In view of the v a r i a b i l i t y  observed w ith in  the  group of 

Broca’ s aphasics who p a r t ic ip a te d  in  t h is  s tudy, i t  is  appro­

p r ia t e  to  echo th e  warnings ra is e d  by Caramazza and M a rt in  ( in

press) and Schwart2 (1982) concerning syndrome-based group r e ­

search. Those concerned w ith  the nature  of agrammatism w i l l  

need to  con tro l ta s k - r e la te d  v a r ia b le s  q u i te  narrow ly , s e le c t in g  

sub jec ts  on the bas is  of t h e i r  agrammatic performance on some 

w e ll -d e f in e d  measure.

The e f fe c t  of task demands upon o n - l in e  s y n ta c t ic  proces­

sing i s  poorly  understood. I t  might be usefu l to  c a rry  out an 

extended study of a number of p a t ie n ts  who demonstrate c o n s is t ­

ent performance on one or mare m e ta l in g u is t ic  tasks . Once base­

l in e  performances are e s ta b l is h e d ,  then the  e f fe c ts  of a s e r ie s  

of c a r e fu l ly  d i f f e r e n t i a t e d  o n - l in e  tasks might be measured and 

c o rre la te d  w ith  b io g rap h ica l  and n o n l in g u is t ic  performance data.
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There are  obvious obs tac les  co n fro n tin g  the  researcher who a t ­

tempts to  impose o n - l in e  ( e . g . ,  re a c t io n  tim e) tasks on apha­

s ic s ,  but recen t successful a p p l ic a t io n s  ( e . g . ,  those of 

Bradley , e t .  a l . ,  1980) are  encouraging. Such an endeavor

should serve to r e f in e  taxonomic d is t in c t io n s  , and may prove to  

be t h e o r e t ic a l l y  p ro d u c tive .  I t  might be p a s s ib le  to r e p l ic a te  

some of the experim ents, c a r r ie d  out on normal su b jec ts ,  tha t  

have been designed to  i s o la t e  s y n ta c t ic  processes from other  

language processes. For example, v a r ia t io n s  of F o r s te r ’ s (1979) 

" s a m e -d if fe re n t  matching ta s k ,"  te s t in g  the independence -he 

e f fe c ts  of s y n ta c t ic  form and semantic p l a u s i b i l i t y ,  might be 

f e a s ib le .  A p has io log is ts  have, i f  we are to  b e l ie v e  Caramazza 

and M artin  ( in  p re s s ) ,  come c lose  to exhausting the  th e o r e t ic a l  

u t i l i t y  o f the cu rre n t  aphasia c la s s i f i c a t io n s :  i t  i s  at such 

times th a t  " f is h in g  exp ed itions"  of t h is  s o r t  have been most 

u s e fu l .

C l in ic a l  im p lic a t io n s

I t  i s ,  more than ever, c le a r  th a t  the t r a d i t i o n a l  formula  

f a r  communicating w ith  aphasics —  keep i t  short and simple  

is  a p p ro p r ia te .  I f  the data of t h is  study are r e l i a b l e ,  an 

agrammatic aphasic should be e n t i r e ly  capable o f understanding  

simple N-V-N statem ents. To the l i m i t  of h is /h e r  a b i l i t y  to  

concatenate concepts, the agrammatic should be able to  a s s i ­

m ila te  a s t r in g  of such statem ents. Indeed, th is  is  consis ten t
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w ith  the -findings o-f Goodglass, e t .  a l . ,  (19791 who reported  

th a t  Broca’ s aphasics understood sentences l i k e  ( IB ) b e t te r  than 

they understood s h o rte r ,  but mare s y n ta c t ic a l  1 y complex s t ru c ­

tu re s  such as (1 9 ! .

<101 The man was greeted by h is  w ife  and he was smoking a

p ip e .

<191 The man greeted  by h is  w ife  was smoking a p ipe.

The most important c l i n i c a l  im p lic a t io n s  o-f t h is  study r e ­

vo lve  around the need to  c l a r i f y  the parameters of aphasic  

symptomatology. I t  is  c le a r ly  unwise to assume, fo r  example, 

th a t  a p a t ie n t  who presents w ith  h a l t in g ,  labored speech and 

gross ly  adequate comprehension i s  incapable of s y n ta c t ic  a n a l ­

ys is  and might b e n e f i t  from th e ra p e u tic  e f f o r t s  to  r e -e s ta b l is h  

s y n ta c t ic  s k i l l s .  The data suggest t h a t ,  even though such a pa­

t i e n t  might perform poorly  on s y n ta c t ic a l ly  loaded tasks , h is  

problem may not be agrammatism ger se. On the o ther hand, pa­

t i e n t s  who appear to  be g e n e ra l ly  in c o n s is te n t  in sentence com­

prehension may prove to  be masking or compensating in some way 

fo r  an agrammatic d e f i c i t .  W hile standard c l i n i c a l  instruments  

such as the  Porch Index of Communicative A b i l i t y  (Porch, 1967) 

and the  Boston D iagnostic  Aphasia Examination (Goodglass and 

Kaplan, 1972) are  usefu l inasmuch as they are  r e l i a b l e  in d ic a ­

to rs  of change and le v e l  of s e v e r i t y ,  they prov ide  inadequate  

d e s c r ip t io n s ,  a t  best, of aphasic d e f i c i t s .  H o p e fu lly ,  i t  w i l l  

be p o ss ib le  to  develop more e f f e c t i v e  r e h a b i l i t a t io n  techniques  

as a r e s u l t  of sharper c h a ra c te r iz a t io n  of aphasic impairment.
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APPENDIX ft: PARAPHRASE TASK SCQRE5HEET

CD 2 THE HOMAN BREETED THE MAN AND FELL DOWN

THE WOMAN THE MAN .................
GREETED THE MAN .................
THE MAN FELL DOWN .................
THE WOMAN GREETED .................
GREETED FELL DOWN .................
THE WOMAN FELL DOWN .................

SS 2 THE WOMAN THAT BUMPED THE MAN FELL DOWN

THE MAN FELL DOWN .................
THE WOMAN FELL DOWN .................
THE WOMAN THE MAN .................
BUMPED THE MAN .................
THE WOMAN BUMPED .................
BUMPED FELL DOWN .................

OS 3 THE WOMAN WATCHED THE MAN THAT FELL DOWN

THE WOMAN FELL DOWN .................
WATCHED THE MAN .................
THE WOMAN THE MAN .................
WATCHED FELL DOWN .................
THE MAN FELL DOWN .................
THE WOMAN WATCHED .................

CO 3 THE MAN PUSHED THE WOMAN AND FELL DOWN

PUSHED FELL DOWN .................
THE MAN THE WOMAN .................
THE MAN FELL DOWN .................
PUSHED THE WOMAN .................
THE WOMAN FELL DOWN .................
THE MAN PUSHED.............. .................

SO 5 THE MAN THAT THE WOMAN WATCHED FELL DOWN

WATCHED FELL DOWN 
THE MAN THE WOMAN 
THE MAN WATCHED 
THE WOMAN WATCHED 
THE MAN FELL DOWN 
THE WOMAN FELL DOWN



THE WOMAN THAT GREETED THE MAN FELL DOWN

GREETED THE MAN 
THE WOMAN FELL DOWN 
THE WOMAN THE MAN 
GREETED FELL DOWN 
THE MAN FELL DOWN 
THE WOMAN GREETED

THE WOMAN PUSHED THE MAN THAT FELL DOWN

THE WOMAN THE MAN .................
PUSHED FELL DOWN .................
THE WOMAN PUSHED .................
THE MAN FELL DOWN .................
THE WOMAN FELL DOWN .................
PUSHED THE MAN .................

THE WOMAN THAT THE MAN GREETED FELL DOWN

GREETED FELL DOWN .................
THE WOMAN FELL DOWN .................
THE MAN GREETED .................
THE MAN FELL DOWN .................
THE WOMAN THE MAN .................
THE WOMAN GREETED .................

THE MAN BUMPED THE WOMAN AND FELL DOWN

THE MAN FELL DOWN .................
THE MAN THE WOMAN .................
THE MAN BUMPED.............. .................
BUMPED THE WOMAN .................
THE WOMAN FELL DOWN .................
BUMPED FELL DOWN .................

THE MAN THAT THE WOMAN PUSHED FELL DOWN

THE WOMAN FELL DOWN .................
PUSHED FELL DOWN ................
THE WOMAN PUSHED .................
THE MAN THE WOMAN .................
THE MAN FELL DOWN .................
THE MAN PUSHED.............. .................
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11 S S  1 THE MAN THAT GREETED THE WOMAN FELL DOWN

THE MAN THE WOMAN .................
THE MAN GREETED .................
GREETED FELL DOWN .................
THE WOMAN FELL DOWN .................
GREETED THE WOMAN .................
THE MAN FELL DOWN .................

OS 4 THE MAN BUMPED THE WOMAN THAT KELL DOWN
BUMPED FELL DOWN .................
THE MAN THE WOMAN .................
THE MAN FELL DOWN .................
BUMPED THE WOMAN .................
THE MAN BUMPED .................
THE WOMAN FELL DOWN .................

CO 4 THE WOMAN WATCHED THE MAN AND FELL DOWN

THE WOMAN FELL DOWN .................
THE MAN FELL DOWN .................
WATCHED THE MAN .................
THE WOMAN WATCHED .................
THE WOMAN THE MAN .................
WATCHED FELL DOWN .................

14 OS 2 THE MAN GREETED THE WOMAN THAT FELL DOWN

GREETED THE WOMAN .................
THE MAN THE WOMAN .................
THE MAN GREETED .................
GREETED FELL DOWN .................
THE MAN FELL DOWN .................
THE WOMAN FELL DOWN .................

SS 4 THE WOMAN THAT PUSHED THE MAN FELL DOWN

THE WOMAN THE MAN .................
THE WOMAN FELL DOWN .................
THE WOMAN PUSHED ............
PUSHED FELL DOWN .................
PUSHED THE MAN .................
THE MAN FELL DOWN .................



THE WOMAN THAT THE MAN WATCHED FELL DOWN

THE MAN FELL DOWN 
THE MAN WATCHED 
THE WOMAN WATCHED 
WATCHED FELL DOWN 
THE WOMAN THE MAN 
THE WOMAN FELL DOWN

THE WOMAN BUMPED THE MAN AND FELL DOWN

THE MAN FELL DOWN .................
THE WOMAN BUMPED .................
THE WOMAN FELL DOWN .................
THE WOMAN THE MAN .................
BUMPED THE MAN .................
BUMPED FELL DOWN .................

THE MAN PUSHED THE WOMAN THAT FELL DOWN

THE MAN FELL DOWN .................
PUSHED FELL DOWN .................
THE MAN THE WOMAN .................
THE WOMAN FELL DOWN .................
PUSHED THE WOMAN .................
THE MAN PUSHED .................

THE MAN THAT WATCHED THE WOMAN FELL DOWN

THE MAN THE WOMAN .................
THE MAN WATCHED .................
THE WOMAN FELL DOWN .................
THE MAN FELL DOWN .................
WATCHED FELL DOWN .................
WATCHED THE WDMAN .................

THE MAN THAT THE WOMAN BUMPED FELL DOWN

BUMPED FELL DOWN .................
THE MAN BUMPED.............. .................
THE MAN FELL DOWN .................
THE WOMAN FELL DOWN .................
THE MAN THE WOMAN .................
THE WOMAN BUMPED .................



TABLE 1

PRODUCTION AND MISCELLANEOUS DATA 

BROCA'S APHASICS
B1 B2 B3 B4 B5 B6 B7 B8

Age 52 47 48 67 52 54 50 63
Educ (yrs) 1 0 1 2 14 13 1 2 B 1 2 1 2

Lesion s i t e FP F FP FP FP FP F F
Months P. 0. 75 36 45 36 150 9 81 9
D ig i ts  Fwd 5 B 3 4 4 5 5 5
D ig i ts  Bkwd 3 0 0 3 3 3 4 0

Knox Cubes 14 1 0 13 13
BDAE SCORES

S e ver ity 2 2 2 2 2 3 4 3
Aud. Comp.<z> .75 1 0 .63 .25 .80 .25 .60 .33
Read. Sent. 6 5 B 6 7 5 B 5
A r t ie .  Rating 1 4 4 4 2 2 3 1.5
Phrase Length 3 3 1 5 3 3 1 0 2

Grammat. Form 2 1.5 1 1.5 1 3 4 1.5

FI
FLUENT 

F2 F3
APHASICS 

F4 F5 F6

Age 60 44 61 33 55 71
Educ (yrs) 11 IB 9 14 1 2 1 2

Lesion s i t e TP TP FP TP P TP
Months P.O. 4 1 2 0 6 36 45 1.5
D ig i ts  Fwd 4 4 4 0 0 5
D ig i ts  Bkwd 3 3 3 0 0 3
Knox Cubes 1 0 B 11 8

BDAE SCORES
Severi ty 3 4 3 5 4 4
Aud. Camp. .33 0 . 0 0 . 0 1 . 0 .75 .40
Read. Sent. 6 6 6 1 0 9 5
A r t ie .  Rating 6 .5 6 . 0 5 .0 6 .5 7 .0 5 .0
Phrase Length 5 8 8 B 1 0 1 1

Grammat. Form 7 7 7 7 7 7

CONTROL SUBJECTS
Cl C2 C? C4 C5 C6 C7 ca C9

Age 64 71 47 47 54 63 59 55 54
Educ (yrs) 11 1 0 1 2 11 1 2 9 13 14 16
D ig i ts  Fwd B 7 7 7 7 6 B 6 6

D ig i ts  Bkwd. 5 4 4 4 5 4 7 3 4
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TABLE 2
INDIVIDUAL PftAPHRHRASE RESPONSES; BRQCA'S APHASICS

(" yes" responses on ly )

SENTENCE TYPE SUBJ. N l-V l N2-V1 N1-V2 N2-V2

CO c o rre c t * *« 1 * 1

B1 5 - 1 5
B2 S - 1 5

I? §
— 4 ?

B5 5 - 4 2

B6 4 - 3 3
B7 5 - 1 4
BS 5 - I 4

proportion  accepted .95 .30 .73

SS c o rre c t I t * t l *
B1 5 - 0 5
B2 5 - 1 5
B3 3 - 0 5
B4 3 - 0 4
BS 5 - 3 3
B6 4 - 5 1

B7 5 - 1 S
BB 5 - 0 5

propo rtion  accepted . 8 8 .25 . 83

SO co rre c t *4 * t i t
B1 4 1 0 4
B2 0 5 0 5
B3 3 5 2 4
B4 1 4 u 4
B5 0 5 I 5
B6 s 2 3 2

B7 1 5 3 4
BB 1 5 0 5

proportion  accepted .38 .80 .23 . B3

OS co rre c t * * * «*»
Bl 5 - 0 5
B2 5 - 0 5
83 5 - 0 5
B4 5 - 1 4
BS 5 - 2 3
B6 4 - 3 4
E)7 5 - I 5
BB 5 - 1 5

propo rtion  accepted .98 . 2 0 .90
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TABLE 3

INDIVIDUAL PARAPHRASE RESPONSES; FLUENT APHAS1CS 
("y es '1 responses only I

SENTENCE TYPE SUBJ. N l - V l  N2-V1 N 1 - V 2 ___ N2-V2

CO c o rre c t M l t i l
FI 5 - 3 2

F2 4 - 2 3
F3 4 - 5 ?

F4 3 - 4 0

F5 5 - 5 5
F6 3 - 4 3

proportion  accepted .93 .77 .53

SS c o rre c t I I I MS
FI 4 - 5 3
F2 5 - 4 3
F3 5 - 5 2

F4 5 - 5 1
F5 5 - 5 5
F6 4 - 4 1

propo rtion  accepted .93 .93 .50

SO c o rre c t M l t i t
FI 4 4 5 3
F2 1 5 0 5
F3 2 3 s 3
F4 1 4 3 2

F5 5 5 5 4
F6 2 5 3 2

proportion  accepted .60 .87 .70 . 63

OS co rre c t «** t t t
FI 4 - 4 4
F2 5 - 1 4
F3 4 - 5 1
F4 5 - 0 5
F5 5 - 5 5
F6 S - 0 4

proportion  accepted .93 .50 .77
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TABLE 4

I NDIVIDUAL ENACTMENT RESPONSES; BROCA’ S AFHAS1CS

SENTENCE IRANSIIIVE VERB 
TYPE SUBJ. N1-V1-N2 N2-V1-N1

INTRANSi
n T-V2

VgRB
N2-v;

CO c o rre c t 111 I I I
B1 5 0 2 3
B2 5 0 0 5
B3 4 1 2 3
B4 4 1 0 5
BS 5 0 3 2

B6 4 1 3 2
B7 5 0 5 0

BB 4 1 0 5
propo rtion  c o r re c t .90 .38

SS co rre c t II* t*«
B1 5 0 3 2
B2 5 0 1 4
B3 5 0 4. 3
B4 5 0 0 5
B5 5 0 3
BA 4 1 5 0

B7 5 0 4 1
B8 5 0 1 4

proportion  co rre c t

a) 
i 

O'- 
i

.45

SO c o rre c t I I I S i t
B1 4 1 2 3
82 0 5 1 4
B3 3 2 4 I
B4 hJ 2 3 2

BS 3 2 3 2
B6

r*,4 3 4 1
B7 0 5 0 5
BB l 4 3 2

pro p o rt io n  c o rre c t «

1 
O

' ©
i

.50

OS co rre c t t « i I I I
B1 5 0 3 2
B2 5 0 0 5
B3 4 1 0 5
B4 4 1 1 4
B5 S 0 5 0

B 6 4 1 1 4
B7 5 0 0 5
BB S 0 0 5

proportion  c o rre c t .93 .75
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SENTENCE

TABLE 5

I NDIVIDUAL ENACTMENT RESPONSES: 

TRANSITIVE VERB
SUBJ

ELUENT APHASICS

INTRANSt  VERB 
NL-V2

CO c o rre c t # ** 14*
F I 4 1 5 0

F2 5 0 4 1

F3 3 2 3 2

F4 5 0 4 1

F5 5 0 4 I
F6 5 0 5 0

p ro p o rt io n  c o r re c t .90 .83

SS c o rre c t t i t I I I
F I 5 0 5 0

F2 5 0 T
-v* 2

F3 4 1 2 3
F4 5 0 5 0

F5 2 3 4 I
F6 5 0 5 0

pro p o rt io n  c o rre c t .87 .BO

SO c o rre c t l i t l i t
FI 3 2 2 3
F2 5 0 5 0
F3 0 5 3 2
F4 1 4 4 1
F5 4 1 2 3
F6 0 5 4 I

p ro p o rt io n  c o r re c t .57 .67

OS co rre c t M* * * *
FI 4 1 3 2

F2 5 0 2 3
F3 4 1 2 3
F4 5 0 i) 5
F5 4 1 0 5
F6 5 0 0 5

propo rtion  c o rre c t .90 .77
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TABLE 6

"WHQLE-5ENTENCE CORRECT" ANALYSIS:
SENTENCES FOR WHICH ALL RESPONSES WERE ACCURATE

Broca’ s aohasics: Paraohrase task
§ 1 B2 B3 B4 §5 B6 B7 B§ Total

CO 0 “o 0 * 0 3 I 1 0 5
S3 0 0 0 0 2 3 1 0 6

50 0 0 0 0 0 U 0 0 0

OS 5 5 4 3 Z 1 4 4 28
Total 5 5 4 3 7 5 6 4

Broca’ s aohasics: Enact ment task
B1 B2 B3 I I I I IZ BB Ig t a l

CO 2 0 2 0 3 1 5 0 13
SS 3 1 2 0 n 4 4 1 17
SO 1 0 1 2 2 3 0 3 12
OS 2 5 4 4 0 4 5 4 28
Total 8 6 9 6 7 1 2 14 a

F luent aohasics: Paraohrase task
Ei E2 F3 F4 E§ F6 Tota l

CQ 2 ~2 2 4 u 2 1 2

SS 1 2 3 4 0 3 13
SO 0 0 0 3 0 1 4
OS 0 3 0 5 0 4 1 2

Total 3 7 5 16 0 1 0

Fluent aohasicsi Enactment task
El E2 E3 F4 E l F6 I S i S l

CQ 4 2 2 4~ 3~ 5 2 0

SS 5 2 2 5 2 5 2 1

SO 2 0 3 4 1 4 14
OS 1 2 Z 5 3 5 18
Tota l 1 2 6 9 i i 9 19
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TABLE 7 

PARAPHRASE TASK;
STRATEGY PREDICTIONS AND RESPONSE WEIGHTING

Sent. 
type

Fragment CQRR. hDS ADJ PFS FNP WEIGHT 
Y N

N l-V l Y Y Y Y Y 1/5  0
CQ N1-V2 Y N N Y Y 1/3 1/2

N2-V2 N Y Y N N 1 /2  1/3

N l -V l V V Y Y Y 1/5 0

SS N1-V2 Y N N Y Y 1/3 1 / 2

N2-V2 N Y Y N N 1 / 2 1/3

N l -V l N N Y N Y 1 / 2 1/3
SQ N2-V1 Y Y N Y N 1/3 1 / 2

N1-V2 Y N Y N Y 1/3 1 / 2

N2-V2 N Y N Y N 1 / 2 1/3

N l -V l Y Y Y Y Y 1/5 0

OS N1-V2 N N N Y Y 1 / 2 1/3
N2-V2 Y Y Y N N 1/3 1 / 2

Y: In d ic a te s  "yes'* response 
N: In d ic a te s  "no" response



TABLE 8

ENACTMENT TASK;

STRATEGY PREDICTIONS AND RESPONSE WEIGHTINb

Sent. Fragment CQRR. MDS ADJ PFS FNP WEIGHT 
type_________________________________________________________ Lti

CO N1-V1-N2 + + + + + 1/5
N2-V1-N1 - - - - -  o

N1-V2 + -  -  + + 1/3
N2-V2 -  + + -  -  1/2

SS N1-V1-N2 + + + + + 1/5
N2-V1-N1 - - - - -  o

N I-V2 + -  _ + + 1 / 3

N2-V2 -  + + -  -  1 /2

SO N1-V1-N2 -  -  + -  + 1 / 2

N2-V1-NI + + -  + -  1 / 3

N1-V2 + -  -  -  + 1 /2
N2-V2 -  + + + -  1/3

OS N1-V1-N2 + + + + + 1 /5
N2-V1-N1 - - - - -  o

N1-V2 + + 1 /2
N2-V2 + «■ + -  -  1 /3

+ : In d ic a te s  enactment of in d ic a ted  r e la t io n s h ip
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TABLE 9 

ME1BHTED STRATEGY SCORES
PARAPHRASE1 IASK e n a q im e n i IQSk

§UBJ CQRR m ADJ PFB FNP £QBB MDS ADJ PFS FNP
81 .39 .65 .82 .37 .33 .52 .5 5 770 ;§9 770
B2 .54 .94 .60 .54 . 17 .59 .94 .76 ,52 . 2 B
B3 .48 .85 .72 .37 .23 . 6 8 .64 . 6 6 .41 .54
B4 .45 .87 .63 .50 .24 .50 .79 .80 .36 .44
BS .64 . 6 8 .3B .73 .41 .56 .53 .55 .70 .73
B6 .58 .43 .53 .53 .64 .77 .47 .44 .57 .62
B7 .56 .63 . 6 6 .46 .28 .74 .63 .53 .74 .47
B8 .46 .97 .67 .50 . 17 .63 .64 .73 .42 .37

FI .64 .44 .51 .55 .62 . 6 6 .36 .34 .73 .64
F2 .60 .75 .44 . 6 6 .33 .70 .40 .55 .56 .85
F3 .62 .36 .40 . 6 8 .71 . 6 8 .63 .47 .61 .47
F4 . 6 6 .49 .42 .59 .52 .90 .53 .4 3 .63 .61
F5 .59 .54 .57 .54 .58 .62 .52 .60 .46 .54
F6 .77 .55 .48 .55 .48 .93 .49 .40 . 6 6 .64
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