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Computationa l  D e m a n d an d Resource s i n Aphasia * 

(lary Libbcn 

University of Calgary 

This paper presents evidence from a brain-damaged patient's production of English multimorphemic 

words .  I t  i s  argue d tha t  th e pattern s o f  impairmen t  displaye d b y thi s patien t  ar c bes t  explaine d a s a n 

interactio n betwee n th e computationa l  demand s o f  Englis h morpholog y an d th e limitatio n o f  workin g 

memory resource s resultin g fro m damag e t o th e brain . 

The patient' s particula r  disabilit y  involve d a  sensitivit y  t o afrixatio n processe s i n Englis h wor d formation . 

He coul d no t  repea t  phrase s containin g unusua l  morphologica l  sequence s suc h a s thos e foun d i n th e 

expressio n "n o if s and s o r  buts" .  H e wa s als o unabl e t o repea t  word s whic h containe d bot h a  non-neutra l 

prefi x (e.g. ,  "un-" )  an d a  non-neutra l  suffi x  (e.g. ,  "-ity") .  Althoug h th e patient' s morphologica l  defici t 

coul d b e relate d t o specifi c  type s o f  affixation ,  hi s perfomianc e wa s dependen t  o n th e overal l  complexit y o f 

th e wor d formatio n process .  I t  wa s therefor e reasone d tha t  a n explanatio n frame d i n term s o f  th e 

representation  o f  linguisti c construct s i n th e brai n coul d no t  adequatel y captur e th e natur e o f  th e patient' s 

impairment .  Th e alternativ e processin g explanatio n account s fo r  th e dat a an d point s t o a  researc h progra m 

i n whic h languag e patholog y research  woul d b e brough t  int o close r  proximit y t o th e researc h o n languag e 

productio n i n normals . 

A major goal of the linguistic study of language disorders is to understand the functional 

architectur e o f  languag e competence .  Thi s pape r  present s evidenc e fro m th e stud y o f  a  brain -

d a m a g e d patien t  ' s  productio n o f  Englis h mult imorphemi c words .  I t  i s  suggeste d tha t  th e 

pattern s o f  impairmen t  observe d i n thi s patien t  hav e significan t  implication s fo r  linguisti c an d 

psycholinguisti c model s o f  languag e competence . 

Sinc e th e developmen t  o f  th e doctrin e o f  Phrenolog y i n th e lat e eighteent h centur y b y Joh n 

Gall ,  i n whic h a  fractionatio n o f  th e brai n wa s propose d t o accommodat e a  theoretically-motivate d 

fractionatio n o f  mind ,  ther e ha s bee n a  countermovemen t  suc h a s tha t  spearheade d b y Flouren s i n 

th e earl y nineteent h century ,  i n whic h i t  wa s contende d tha t  th e relevan t  propert y o f  th e brai n i s 

tha t  i t  function s a s a  whole .  T h e debate ,  o f  course ,  i s stil l  wit h us . 

T h e las t  coupl e o f  decade s hav e witnesse d a  grea t  renaissanc e o f  variou s relative s o f  Facult y 

Psychology .  Thus ,  agains t  th e backgroun d o f  generativ e grammar ,  modularit y o f  mind ,  h u m a n 

intelligences ,  an d numerou s version s o f  th e left-brain ,  right-brai n dichotomy ,  i t  i s  no t  surprisin g 

tha t  putativ e syndrome s suc h a s agrammat is m receiv e m u c h attentio n i n bot h th e aphasiologica l 

an d linguisiti c  literature . 

T h e ter m agrammat is m ha s bee n use d t o describ e a  defici t  associate d wit h Broca' s aphasi a 

whic h i s characterize d b y halting ,  laboure d speec h an d th e relativ e absenc e o f  functio n word s an d 

inflectiona l  affixe s i n speec h production .  Thi s impairmen t  i s ofte n see n i n th e presenc e o f  intac t 

comprehension . 

T h e stud y o f  agrammat is m ha s attracte d th e interes t  o f  a  n u m b e r  o f  linguist s w h o hav e 

propose d characterization s o f  th e defici t  i n term s o f  linguisti c theory .  Kea n (1977 ,  1980 ,  1982 ) 

ha s propose d a n accoun t  o f  agrammat is m whic h claim s tha t  th e natur e o f  th e defici t  ca n b e 

capture d b y th e formalis m o f  generativ e phonolog y (Chomsk y an d I  lall e 1968) .  Th e approache s 

take n b y Grodzinsk y (1983 )  an d Rizz i  (1985 )  hav e suggeste d tha t  th e defici t  ca n b e characterize d 

i n term s o f  Chomsky ' s (1981 )  theor y o f  syntax . 

' This paper developed from a report presented at the Alberta Conference on Language in 

N o v e m b er  1986 .  Pleas e addres s correspondenc e to :  Gar y Libben ,  Departmen t  o f  Linguistics , 

T h e Universit y o f  Calgary ,  25(X )  Universit y Driv e N .W. ,  Calgary ,  Alberta ,  Canad a T 2 N 1 N 4 
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Agrammatis m ha s als o attracte d th e attentio n o f  investigator s wh o hav e see n th e associatio n 
betwee n th e linguisti c defici t  terme d Broca' s aphasi a an d lesion s o f  th e posterio r  thir d o f  th e lef t 
thir d fronta l  convolutio n (know n a s Broca' s area )  a s pointin g t o a  significan t  relationshi p betwee n 
brai n structur e an d languag e structur e (Ojeman n an d Whitake r  1978 ;  Whitake r  an d Ojeman n 
1977) . 

The existenc e o f  suc h a  relationshi p encourage s a  researc h progra m i n whic h unit s o f 
linguisti c theor y coul d b e employe d i n th e characterizatio n o f  th e function s o f  discret e cortica l 
areas . 

I n thi s paper ,  a n alternativ e vie w o f  th e relationshi p betwee n linguisti c theor y an d languag e 
impairmen t  resultin g fro m damag e t o th e brai n i s presented .  I t  i s  argue d tha t  i t  ma y no t  b e 
necessar y t o postulat e a  modula r  language-dedicate d brai n mechanis m t o accoun t  fo r  th e 
relationshi p betwee n pattern s o f  aphasi a an d linguisti c theory .  Th e observe d pattern s m a y wel l 
reflec t  a n interactio n betwee n genera l  processin g factor s an d th e forma l  propertie s o f  language . 
Thi s vie w i s presente d o n th e basi s o f  evidenc e obtaine d fro m a  patien t  observe d i n earl y 1985 . 

Case 118501: L. J. 
Histor y 

L.  J. ,  a  6 4 year-ol d right-handed  male ,  suffere d a  strok e du e t o a n aneuris m o f  th e right 
middl e cerebra l  artery .  Th e patien t  wa s a  nativ e speake r  o f  Englis h wit h som e comman d o f 
conversationa l  French .  Immediatel y followin g th e stroke ,  h e wa s completel y unabl e t o speak , 
althoug h comprehensio n seeme d intact .  Hi s expressiv e abilitie s improve d greatl y withi n 2 4 hour s 
of  hospitalization ,  an d h e wa s diagnose d a s dysarthri c rathe r  tha n dysphasi c b y th e attendin g 
neurologists .  I t  shoul d b e note d tha t  thi s diagnosi s wa s largel y base d o n th e fac t  tha t  th e cerebra l 
infarctio n wa s locate d i n th e are a o f  th e righ t  pre-centra l  gyrus .  Ha d th e infarctio n bee n left -
hemispheri c i n a  right-hande d patient ,  the n a  diagnosi s o f  aphasi a woul d hav e bee n mor e likely . 

As i t  turne d out ,  th e patient' s genera l  languag e abilit y  ha d recovere d withi n te n day s o f  th e 
stroke ,  s o tha t  i t  wa s comparabl e t o it s genera l  pre-morbi d state .  Thi s genera l  recovery ,  however , 
i s  t o b e contraste d wit h a  perplexin g an d persisten t  difficult y tha t  th e patien t  ha d wit h tw o 
particula r  set s o f  words . 

Pluralized Function Words 
The firs t  se t  o f  word s migh t  b e terme d -  fo r  wan t  o f  a  bette r  descripto r  -  pluralize d functio n 

words .  The y resul t  fro m th e affixatio n o f  plura l  marker s t o word s suc h a s "the "  ,  "and" ,  "if , 
etc .  Suc h form s ar e practicall y non-existen t  i n sample s o f  Englis h speech .  Wher e the y ar e found , 
thei r  us e i s restricte d t o metalinguisti c reference ,  a s i n (1 ) 
(1 )  " A c o m m o n erro r  i s  t o typ e tw o r/je' 5 i n a  row. " 
The form s ar e als o foun d i n a  highl y restricte d se t  o f  idiomati c expressions ,  a s i n (2) . 
(2 )  "N o if s and s o r  buts " 

The evidenc e relatin g t o th e patient' s performanc e o n suc h item s emerge d durin g a  routin e 
examinatio n i n whic h th e patien t  wa s aske d t o repea t  th e phras e i n (2) .  L.J .  wa s unabl e t o repea t 
th e phras e an d showe d n o recognitio n o f  i t  a s a n idiomati c expression .  Thi s appeare d no t  t o b e a n 
unsystemati c performanc e error .  Ove r  a  two-wee k period ,  th e patien t  wa s aske d t o repea t  thi s 
phras e roughl y 5 0 times .  Non e o f  hi s repetition s wer e correct .  Moreover ,  i t  appeare d that ,  o n 
each trial ,  h e wa s hearin g th e phras e fo r  th e firs t  time .  A n inspectio n o f  hi s erroneou s repetition s 
suggest s tha t  hi s error s reflec t  a n attemp t  t o arrang e and/o r  alte r  th e componen t  word s s o tha t 
some meanin g coul d b e attache d t o th e phrase .  A  representativ e sampl e o f  suc h attempt s ar e give n 
i n Tabl e 1 . 
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Tabl e 1 
Ora l  Repetitio n o f  a n Idiomati c Expressio n 

TARGET: No ifs ands or buts 

REPETITIONS: No ifs and buts 
But  n o if s an d but s 
No if s an d n o but s 
Ends an d but s 

The inability of L.J. to repeat correctly was revealed not to be limited to either the idiomatic 
phras e "n o if s and s o r  buts "  o r  t o th e tas k o f  repetition .  I n fact ,  h e wa s unabl e t o correctl y repea t 
any strin g o f  pluralize d functio n words .  Sample s o f  hi s repetitio n performanc e fo r  rando m 
function-wor d string s ar e give n i n Tabl e 2 . 

Table 2 
Oral  Repetitio n o f  Function-wor d String s 

TARGET: The's of s and's 

REPETITIONS: Ends 
Of  th e en d 

And th e offic e [Of's ] 
Ends an d but s 

L.J.' s  inabilit y  t o repea t  pluralization s wa s restricte d t o thos e case s i n whic h th e pluralizatio n 
woul d b e normall y blocke d b y th e constraint s o f  Englis h morphology .  I n contras t  t o hi s functio n 
wor d performance ,  h e showe d n o difficult y repeatin g series '  o f  concret e noun s suc h a s "dogs , 
houses ,  chairs ,  cards "  . 

As fa r  a s th e task-specificit y o f  th e impairmen t  i s concerned ,  th e patien t  showe d al l  sign s o f 
what  i s  popularl y terme d a  'centra l  impairment' .  H e manifeste d a n inabilit y  t o proces s pluralize d 
functio n word s i n an y modality .  H e coul d no t  writ e the m t o dictation ;  h e wa s unabl e t o rea d the m 
aloud ,  an d h e showe d a  6 5 % erro r  rat e whe n require d t o cop y individua l  pluralize d functio n 
word s fro m on e shee t  o f  pape r  t o another . 

I t  shoul d b e pointe d ou t  tha t  L.J.' s  impairmen t  wa s accompanie d b y virtuall y unimpaire d 
languag e productio n an d comprehension .  I n term s o f  communicativ e competence ,  hi s linguisti c 
abilit y  wa s wel l  withi n th e norma l  range.  H e did ,  however ,  displa y a n articulator y disabilit y 
whic h turne d out ,  upo n close r  inspection ,  t o b e limite d t o a  narrowly-define d clas s o f 
multimorphemi c words . 

Non-neutral Affixation 
I n th e stud y o f  Englis h morpholog y an d phonology,  a  distinctio n ha s bee n draw n betwee n 

tw o type s o f  affixation .  Th e firs t  typ e ma y resul t  i n soun d change s a t  th e poin t  o f  contac t  betwee n 
th e ste m an d th e affi x  and/o r  a  re-assignmen t  o f  stres s interna l  t o th e stem .  Th e phenomeno n ha s 
bee n terme d 'weak '  o r  'non-neutral '  affixatio n (Kiparsky ,  1982 )  an d ca n b e see n i n th e 
attachmen t  o f  th e suffi x [-ity ]  t o a  wor d suc h a s [legal] .  I n th e resultin g for m [legality] ,  stres s 
has bee n move d fro m th e firs t  syllabl e o f  th e wor d t o th e secon d syllabl e .  Th e characteristic s o f 
non-neutra l  affixatio n ca n als o b e see n i n th e attachmen t  o f  th e prefi x  [in- ]  t o word s suc h a s 
[legal] .  I n thi s case ,  phoneti c characteristic s o f  th e las t  segmen t  o f  th e prefi x assimilat e t o th e 
phoneti c characteristic s o f  th e firs t  segmen t  o f  th e stem .  Th e resulting  for m i s [illegal] . 

Non-neutra l  affixatio n ca n b e contrasted ,  i n English ,  wit h neutra l  affixatio n i n whic h a 
stron g boundar y i s sai d t o exis t  betwee n th e affi x  an d th e stem .  Example s o f  neutra l  suffixatio n 
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ar e [-ment ]  attachmen t  (e.g .  gover n ~ > government) ,  an d [-ness ]  attachmen t  (e.g .  happ y ~ > 
happiness) .  Th e neutra l  prefixatio n associate d wit h th e attachmen t  o f  [un- ]  t o adjective s show s 
no assimilatio n (e.g .  unlikely) . 

L.J.' s  linguisti c impairmen t  seeme d t o includ e a  sensitivit y t o th e distinctio n betwee n neutra l 
and non-neutra l  affixation .  Thi s sensitivit y wa s relate d t o cumulativ e effect s o f  non-neutra l 
affixatio n processes .  Specifically ,  h e wa s unabl e t o repeat ,  read ,  o r  writ e an y wor d whic h 
containe d bot h a  non-neutra l  prefi x an d a  non-neutra l  suffix .  H e coul d not ,  fo r  example ,  correctl y 
repea t  word s suc h a s "inseparable" ,  "illegal" ,  o r  "irregularity" ,  a s i s displaye d i n Tabl e 3 . 

Table 3 
Non-neutra l  Prefixe s an d Suffixe s 

TARQET REPETITION 
(a )  inseparabl e insepudibl e 
(b )  irrefutabl e inrefutabl e 
(c )  iiregularit y regulalarit y 
(d )  illegalit y legalit y 
(e )  incomparabl e incompArabl e 
(f )  iireparabl e irrepAIrabl e 

The patient's productions were impaued only in those cases in which both a non-neutral 
suffi x  an d a  non-neutra l  prefi x wer e presen t  i n th e targe t  word .  H e ha d n o difficult y wit h form s 
suc h a s "penetrate "  o r  "penetrable" .  H e coul d not ,  however ,  repea t  "impenetrable" .  Similarly , 
althoug h h e coul d no t  repea t  th e wor d "illegality" ,  h e ha d n o difficult y wit h th e word s "legal" , 
"illegal" ,  o r  "legaUty" . 

As ca n b e see n i n Tabl e 3 ,  th e patien t  als o showe d a  failur e t o assimilat e th e [in- J prefi x t o 
th e stem ,  producin g form s suc h a s "inrefutable" .  Thi s "unassimilation "  occurre d i n roughl y 
15 % o f  th e erroneou s repetition s acros s form s suc h a s "illegality" ,  "irrefutable" ,  an d 
"irreversible" . 

I n thos e fe w case s i n whic h L.J.' s  repetition s wer e partiall y  successful ,  ther e wa s a 
tendency ,  a s show n i n (e )  an d (f )  o f  Tabl e 3 ,  t o improperl y assig n stres s t o th e multimorphemi c 
word .  Thi s wa s als o commo n i n hi s repetition s o f  simpl e non-neutra l  suffixation .  W h e n aske d t o 
repea t  th e wor d "reputable" ,  wher e stres s i s o n th e firs t  syllable ,  hi s pronunciatio n wa s typicall y 
"reputable "  wit h stres s o n th e secon d syllable .  Thus ,  h e seeme d t o b e treatin g non-neutra l  affixe s 
as thoug h the y wer e neutral . 

Agai n i t  shoul d b e note d tha t  L.J.' s  impairmen t  wit h respec t  t o thes e word s wa s eviden t 
acros s task s an d acros s modalities .  I n fact ,  th e repetitio n glosse s i n (a) ,  (b )  an d (c )  o f  Tabl e 3 
correspon d exacd y t o hi s spellin g o f  thes e word s i n a  dictatio n task . 

L.J.' s  performanc e i n repetitio n an d dictatio n showe d a  negativ e correlatio n betwee n wor d 
lengt h an d accuracy .  Thi s effect ,  however ,  seeme d onl y t o b e eviden t  i n case s o f  non-neutra l 
affixation .  H e ha d n o difficult y i n th e ora l  o r  writte n repetitio n o f  othe r  multisyllabi c word s suc h 
as "minimization" ,  "encouragement "  etc . 

Implication s 
The linguisti c defici t  manifeste d b y thi s particula r  patien t  i s  bot h puzzlin g an d 

challenging .  Th e followin g explanatio n seema d t o bes t  accoun t  fo r  th e obtaine d data . 
1.  Th e production s o f  L.J .  sugges t  that ,  a t  leas t  i n hi s case ,  certai n morphologicall y comple x 
item s wer e generate d onlin e i n th e productio n proces s fo r  eac h repetition ,  readin g an d writin g 
trial . 
2.  Ther e i s a  psychologica l  cos t  associate d wit h [in- ]  attachmen t  (an d th e require d assimilation) , 
3.  Ther e i s similarl y a  cos t  associate d wit h th e attachmen t  o f  non-neutra l  suffixe s whic h appear s 
t o b e relate d t o th e accompanyin g stres s adjustments . 
4.  Ther e i s a  cos t  associate d wit h th e "unblocking "  o f  blocke d affixation .  Thi s account s fo r  th e 
patient' s difficult y wit h "n o if s and s o r  buts" . 
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5.  Th e cost s appea r  t o b e additive .  Th e notio n o f  additivit y i s require d t o accoun t  fo r  LJ.' s 
abilit y  t o produc e "legal" ,  "legality" ,  "illegal" ,  bu t  no t  "illegality" . 

Explanations of the sort given above point to a relationship between the computational 
resource s require d t o attac h non-neutra l  affixes ,  an d th e limitatio n o f  thos e resource s cause d b y 
th e infarctio n i n th e non-dominan t  hemisphere .  Pu t  anothe r  way ,  i n thi s patient ,  onlin e 
morpholog y require s unavailabl e workin g memor y fo r  it s execution .  A  characterizatio n o f  th e 
defici t  i n term s o f  th e interactio n o f  workin g memor y a s a  subjec t  variabl e an d affixatio n a s a 
linguisti c variable ,  give s rise  t o th e hypothesi s tha t  th e limitation s impose d b y workin g memor y 
woul d b e manifes t  i n othe r  tasks . 

As i t  turne d out ,  th e patien t  performe d quit e poorl y i n immediat e recal l  tasks ,  considerin g 
hi s overal l  functiona l  ability .  H e coul d recal l  n o mor e tha n 3  single-digi t  numbers ,  an d n o mor e 
tha n 2  three-digi t  numbers . 

He coul d recal l  a  max imu m o f  4  concret e nouns ,  3  functio n words ,  an d a  max imu m o f  2 
nonsens e words . 

Ther e seemed ,  therefore ,  t o b e a  considerabl e amoun t  o f  convergin g evidenc e tha t  a n 
explanatio n state d i n term s o f  workin g memor y resource s an d th e computationa l  demand s o f 
Englis h morpholog y woul d tur n ou t  t o b e revealin g o f  propertie s o f  Englis h morpholog y an d 
functiona l  propertie s o f  computatio n i n th e brain . 

I t  i s  noteworth y tha t  th e patien t  di d no t  sho w a  dominan t  hemispher e lesio n o r  majo r 
languag e impairmen t  On e woul d expec t  tha t  furthe r  investigatio n o f  suc h cases ,  i n additio n t o th e 
mor e dramati c case s o f  aphasia ,  woul d brin g languag e patholog y researc h int o close r  proximit y 
t o th e norma l  speec h erro r  researc h an d model s o f  speec h productio n o f  th e typ e suggeste d b y 
Garret t  (1982 ,  1984) . 

Finally ,  i t  shoul d b e emphasize d tha t  th e approac h t o linguisti c deficit s i n aphasi a whic h i s 
presente d i n thi s pape r  differ s radicall y fro m on e whic h view s neurolinguistic s a s th e searc h fo r 
th e cerebra l  receptacle s o f  theoretically-motivate d constructs .  Th e patient' s patter n o f  impairmen t 
maps i n a  non-trivia l  manne r  ont o linguistically-motivate d characteristic s o f  Englis h morphology . 
However ,  i t  i s argue d her e tha t  th e natur e o f  L.J.' s  impairmen t  canno t  b e capture d b y reference s 
t o "th e representatio n o f  morpholog y i n th e brain" .  Rather ,  th e impairmen t  mus t  b e capture d i n 
term s o f  a  processin g accoun t  whic h reflect s th e interactio n betwee n linguisti c propertie s o f 
Englis h morpholog y an d computationa l  propertie s o f  th e brain . 
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