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Can Synchronizatio n Deficit s Explai n Aphasi c Comprehensio n Errors ? 

Helen M. Gigley 

Departmen t  o f  Compute r  Scienc e 
Universit y o f  Ne w Hampshir e 

Durham,  N H 0382 4 

Henk J. Haarmann[l] 

ABSTRACT 

The contex t  dependen t  natur e o f  languag e processin g require s th e synchronizatio n o f  severa l  sub -

processe s ove r  time .  On e clai m whic h follow s i s tha t  de-synchronizatio n i s likel y t o distur b languag e pro -

cessing . 

Aphasi a i s a  languag e disorde r  whic h arise s followin g certai n type s o f  brai n lesion .  Man y theorie s o f 

aphasi a ar e competenc e base d theorie s an d d o no t  addres s aspect s o f  performanc e whic h ca n b e affecte d 

under  condition s o f  processin g degradation .  Th e discussio n i n thi s pajje r  wil l  focu s o n de-synchronizatio n 

as a  possibl e explanatio n fo r  aphasi c languag e comprehensio n problems . 

H O P E,  a  compute r  mode l  fo r  singl e sentenc e comprehension ,  provide s a  too l  t o systematicall y stud y 

th e effect s o f  variou s hypothesize d de-synchronizatio n problem s o n differen t  languag e processin g level s an d 

on overal l  comprehensio n performance .  H O P E include s a  neural-lik e architectur e tha t  incorporate s a 

grammar  whic h function s i n a  predict/feedbac k manner .  I t  illustrate s on e wa y i n whic h serial-orde r  inpu t 

can ma p int o synchronous ,  paralle l  subprocesse s tha t  ca n effectivel y produc e norma l  sentenc e comprehen -

sio n performance . 

Usin g H O P E,  th e stud y o f  explici t  de-synchronizatio n effect s o n a  cove r  se t  o f  stimul i  sentence s sug -

gest s erro r  pattern s t o b e sough t  i n neurolinguisti c evidence .  Withi n a  subse t  o f  a  cove r  se t  o f  stimuli , 

simulatio n result s fro m a  slowe d propagatio n lesio n experimen t  wil l  demonstrat e ho w timin g problem s ca n 

resul t  i n observe d aphasi c comprehensio n performance . 

1. INTRODUCTION 

The context dependent nature of language processing requires synchronization of several subprocesses 

over  time .  On e clai m whic h follow s i s tha t  de-synchronizatio n a s a n exampl e o f  a  processin g degradatio n i s 

likel y t o caus e problem s wit h languag e processing . 

Followin g brai n lesion ,  usuall y o n th e lef t  side ,  ther e i s ofte n a  disturbanc e o f  languag e facilit y  calle d 

aphasia .  Wh i l e i t  i s  k n o w n tha t  brai n proces s subserve s language ,  unti l  recently ,  theorie s o f  aphasi a hav e 

bee n chiefl y define d withi n competenc e theorie s o f  languag e instea d o f  processin g ones .  (Fo r  s o m e excep -

tion s see .  V o n M o n a k o w ,  1914 :  Kolk ,  V a n Grunsven ,  an d Keyse r  1985 ;  Kol k an d V a n Grunsven ,  1985. ) 

Neurolinguisti c studie s o f  aphasia ,  focusin g o n linguisti c competenc e theories ,  analyz e observe d 

languag e difficultie s i n aphasi a a s th e resul t  o f  knowledg e dissolutio n and/o r  rul e degradation .  I n contrast , 

a processin g base d theory ,  th e focu s o f  thi s paper ,  attend s t o competenc e issue s a s studie d i n behaviora l 

research ,  bu t  als o employ s constraint s develope d withi n architectura l  consideration s o f  th e processin g 

mechanis m underlyin g th e behavior . 

Ther e ar e severa l  possibl e reason s fo r  th e genera l  emphasi s o n competenc e theor y motivate d studie s 

i n neurolinguistic s a s oppose d t o processin g degradatio n motivate d ones . 

(1 )  I t  i s  difficul t  t o kee p trac k o f  th e on-lin e effec t  tha t  a  particula r  de-synchronizatio n proble m ha s o n dif -

feren t  level s o f  processin g b y Jus t  usin g pape r  an d pencil .  T o giv e a n exampl e o f  a  particula r  de -

synchronizatio n problem :  H o w doe s a n hypothesize d slowin g o f  propagatio n o f  activit y afte r  phoneti c 

recognitio n affec t  th e processin g o n differen t  levels ,  suc h a s th e syntacti c an d th e semanti c level ? 

|1 1 DfpaitiiKMi l  o l  Psychology .  Uniwrsil y  o f  Nijiiu'gen .  MonU'ssorilaa n 3 .  652 5 H E Nijnic'gen .  Thi '  Netheilancl s 

Tht initial ilfvelopineni of the iU|X>rn;il lescaicli was Mipporicil Ihoiii;!! an Allii-il P. Sloan Foiinilalion Grant entilk'd ""A Trainiiij: Pro-
ciaii i  i n Cognitiv e Science "  a t  th e Universit y  ol '  Massachusett s a t  Amherst .  Continuini :  ilcvelopnien i  i s  supporte d throiijl h a  Bioineilica l 
Researc h Suppor t  Gran t  a t  th e Universil v  o f  Ne w Hampshir e atu i  thioug h a  gra m Iro m th e Netherland s America n Fulbrigh t  Committe e 
and Iron i  IB M Netherland s NV . 
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(2 )  Huma n performanc e studie s ca n onl y induc e synchronizatio n problem s b y manipulatin g th e inpu t  t o 

th e languag e system .  Interna l  manipulations ,  suc h a s th e slowin g o f  activit y propagation ,  a s previ -

ousl y mentioned ,  ar e impossible .  Bu t  suc h slowin g migh t  explai n par t  o f  th e difference s i n th e result s 

foun d i n comprehensio n studie s o f  aphasi a whic h manipulat e th e rat e o f  sentenc e input .  (Brookshire , 

1971 ;  Blumstein ,  Katz ,  Goodglass ,  Shrie r  an d Dworetski ,  1985 ;  Laskey ,  Weidner ,  an d Johnson ,  1976 ; 

Lile s an d Brookshire ,  1975) . 

H O P E,  a  mode l  o f  singl e sentenc e comprehension ,  wa s explicitl y  designe d t o provid e a  conceptua l 

too l  tha t  enable s on-lin e stud y o f  th e effect s o f  variou s hypothesize d de-synchronizatio n problem s (Gigley , 

1982 ;  1983 ;  1985b ;  1986) .  Pre\iou s model s o f  pathologica l  languag e comprehensio n (Baron ,  1975 ; 

Lavorel ,  1982 ,  Marcus ,  1982 )  implemente d t o varyin g degrees ,  ar e rul e base d an d d o no t  includ e facilit y  t o 

manipulat e th e synchronizatio n o f  informatio n flov ^  i n th e manne r  include d i n H O P E. 

Usin g generall y observed ,  independentl y affecte d competenc e knowledg e a s th e basi s o f  representa -

tions ,  H O P E wa s designe d t o b e abl e t o stud y ho w processin g change s coul d affec t  over t  behavior .  I t  wa s 

not  designe d t o specificall y model ,  "aphasi a typ e x "  fro m th e literature .  I n direc t  contras t  t o th e rol e com -

putationa l  model s assum e i n researc h i n general, ,  th e natur e o f  th e approac h i n H O P E i s t o stud y process -

in g degradations ,  formin g hypothesize d patien t  performanc e profile s an d t o g o t o th e literatur e o r  t o desig n 

specifi c  studie s t o determin e th e bes t  fit  t o th e behaviora l  data . 

The bes t  fit  o f  simulatio n result s tha t  ha s bee n foun d t o dat e appear s i n th e dat a o f  studie s o f  agram -

mati c patients .  Kea n (1985 )  describes ,  Agrammails m i s typicall y define d a s a  disorde r  o f  sentenc e productio n 

involvin y th e h'Icc .  liv e omissio n o f  Jhnciio n word s an d som e grammulica l  endin}; s o n words .  A n extensiv e dis -

cussio n o f  th e clinica l  pictur e ca n b e foun d i n Kea n (1985 )  an d issue s o f  knowledg e los s theorie s relate d t o 

it  i n Kol k an d Va n Grunsve n (1985) .  Variou s difficultie s whic h completel y defin e an y classificatio n ar e 

discusse d b y Capla n (1985. ) 

HOPE'S uniqu e rol e a s a  mode l  o f  languag e processin g tha t  include s issue s relate d t o neurolinguisti c 

and neural-lik e processe s wil l  b e discussed .  T o illustrat e th e specifi c  feature s o f  H O P Es desig n whic h 

addres s th e processin g motivate d lesions ,  w e uil l  describ e ho\ *  H O P Es lesionabilit y  i s  dependen t  o n it s 

neural-lik e architectur e an d o n th e time-coordinatin g functio n o f  it s  grammar .  The n w e wil l  procee d b y 

describin g variou s possibl e way s t o distur b th e svnchronizatio n o f  H O P Es sub-processes .  Whil e H O PE 

als o include s way s t o lesio n it s competenc e factors ,  suc h a s grammatica l  knowledge ,  o r  interpretatio n abil -

ity ,  thes e wil l  no t  b e discusse d i n thi s paper . 

. \  brie f  descriptio n o f  a  simulatio n ru n o f  H O P E wil l  b e use d t o demonstrat e ho w de-synchronizatio n 

can produc e result s whic h ca n b e attribute d t o competence-base d analyses .  Whil e othe r  de-synchronizatio n 

simulation s ca n b e show n t o produc e distinct h differen t  result s (Gigley .  1982 ;  1983 :  1986 )  thei r  scop e can -

not  b e describe d i n detai l  here .  Furthermore ,  withi n th e simulations ,  w e wil l  discus s th e nee d fo r  a  cove r 

set  o f  sentenc e stimul i  an d wil l  discus s th e implication s o f  i t  o n th e desig n o f  suitabl e tes t  stimul i  durin g 

validation . 

FinalK .  base d o n a n hypothesize d patien t  profile ,  th e rol e o f  suc h modellin g i n providin g a  mechan -

is m fo r  explorin g processin g motivate d theorie s o f  languag e performanc e wil l  b e shown .  Th e final  clai m i s 

tha t  throug h th e evolutio n o f  suc h modellin g anempt s a  bette r  understandin g o f  th e neura l  mechanism s sub -

servin g languag e wil l  b e gained . 

2. THE LEVELS OF REPRESENTATION IN HOPE 

The basic unit of computation is based on a lexical item. An example of an open class item is given in 

Figur e (Close d clas s item s hav e a  les s comple x distribute d form. )  Eac h lexica l  ite m include s a  phoneti c 

representation ,  al l  meanin g representation s associate d wit h it ,  a n interpretatio n representatio n calle d prag -

mati c tha t  reflect s th e correc t  meanin g fo r  th e sententia l  context ,  an d morphologica l  informatio n appropriat e 

t o th e phoneti c form . 

Furthe r  competenc e knowledg e include s a  meanin g fo r  eac h syntacti c categor y typ e tha t  define s a 

down-lin e predicte d categor y typ e an d a n associate d semanti c categor y typ e tha t  occur s followin g correc t 

interpretatio n an d composition .  Interpretatio n o f  a  syntacti c t\p e i s 'computed "  withi n a n interpretatio n 

functio n tha t  i s define d fo r  eac h syntacti c type . 

The lexica l  ite m i s represente d i n a  connecte d hypergrap h formalis m (Berge ,  1970. )  Space s o r  hyper -

graph s ar e show n a s enclose d area s i n Figur e 1 .  Th e neural-lik e computation s ove r  thes e unit s i s describe d 
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Figur e 1 :  Exampl e open-clas s wor d representation . 

Open-clas s wor d representation s ar e distribute d acros s spaces ,  P H O N E T I C ,  P H O N - C A T - M E A N, 

and morphologicall y relate d V E R B an d C N spaces .  Th e orde r  o f  activatio n o f  thi s informatio n 

acros s tim e durin g processin g i s tune d t o produc e norma l  performanc e results . 

below . 

Briefly ,  sentence s ar e inpu t  a s phoneti c wor d string s on e wor d a t  a  time .  The n al l  meaning s fo r  eac h 

homophon e ar e activate d simultaneousl y (Seidenberg ,  Tanenhaus .  Leima n an d Bienkowski ,  1982 ;  Swinney , 

1979 )  throug h spreadin g actixation .  Thes e meaning s interac t  wit h subsequen t  inpu t  producin g th e final  stat e 

of  simulate d sentenc e comprehension .  Thi s i s represente d a s th e bindin g determination s fo r  agen t  an d 

objec t  relationship s o n th e interprete d ver b for m o f  th e sentenc e an d i s activate d a s a  subgrap h i n a  prag -
mati c space . 

At  thi s point ,  on e shoul d not e tha t  eac h o f  unit s i n th e representation s a s illuustrate d i n Figur e 1 

receiv e activit y i n a  neural-lik e manner .  The y ar e no t  al l  actixate d simultaneously ,  bu t  ove r  tim e a s par t  o f 

th e proces s o f  syntacticall y motivate d meanin g disambiguation .  Furthermore ,  eac h uni t  ma y li e i n mor e 

tha n on e spac e i n th e giaph .  Space s currentl y denote,  phonetic .  n i e a n i n g ( P H O N - C A T - M E A N ) ,  g rammar , 

and pragmati c interpretation s o f  th e units .  Th e hypergrap h representatio n capture s th e redundanc y sup -

porte d i n neurophysiolog y o f  multipl e meaning /  multipl e effec t  a s eac h uni t  whe n activ e ca n affec t  differen t 

connecte d informatio n i n differen t  way s dependin g o n th e space s i n whic h i t  lies .  Th e detail s o f  thi s ar e 

relevan t  t o processin g bu t  no t  critica l  t o th e focu s o f  thi s paper .  (  Fo r  mor e detai l  se e Gigley ,  1982 ;  t o 

appear ;  an d Gigle y an d Boulicaut .  1985. ) 

3. HOPE'S NEURAL-LIKE ARCHITECTURE 

This section will describe HOPEs neural-like architecture as far as is necessary to acquaint the 

reade r  wit h th e genera l  notio n o f  usin g a  gramma r  a s a  coordinato r  o f  activatio n amon g level s o f  representa -

tion .  Fo r  a  complet e understandin g th e intereste d reade r  i s referre d t o Gigle y (1982 ;  1983 ) 

H O P Es architectur e i s neural-like .  I t  i s  connectionis t  i n th e sens e tha t  al l  knowledg e i s represente d 

as a  distribute d connecte d networ k o f  unit s tha t  ar e activate d ove r  time .  Eac h uni t  i s  intende d t o correlat e 

wit h a  paner n o f  activatio n ove r  mor e abstrac t  neural-lik e unit s (Hinton ,  1981 :  Hinton .  McClelland ,  an d 
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Riimelhart ,  1986 ;  Smolensky ,  1986. )  A  uni t  i s  no t  a  grandmothe r  cell .  A t  a n A I  level ,  eac h lexica l  ite m i s 

a collectio n o f  unit s tha t  togethe r  ar e th e "lexica l  item .  '(Se e Figur e 1. ) 

H O P ES basi c informatio n uni t  i s  define d a s a  threshol d uni t  wit h m e m o r y whos e activit y valu e i s 

bein g manipulate d b y severa l  automaticall y applie d processes : 

(I )  Decay :  Al l  activ e unit s tha t  d o no t  receiv e additiona l  inpu t  hav e thei r  activit y valu e exponentiall y 

reduced . 

(2 )  Chang e o f  Stat e computations :  A  uni t  ca n b e i n fou r  differen t  state s an d change s stat e automaticall y 

afte r  i t  reache s threshol d an d fires . 

a)  Short-term-memor v state .  T h e initia l  stat e o f  activatio n fo r  a  uni t  tha t  ha s no t  reache d thres -

hold . 

b )  Firin g state .  T h e stat e whe n th e uni t  ha s reache d o r  surpasse d threshol d an d fires . 

c )  Refractor y state .  W h e n a  uni t  ha s jus t  fired ,  i t  i s  se t  t o a  stat e i n whic h i t  canno t  affec t  th e 

computation . 

d)  Post-refractor y state .  Th e stat e th e uni t  i s  i n afte r  havin g bee n i n th e refractor y state . 

Currently ,  th e uni t  i s  subjec t  t o a  differen t  deca y rat e tha n befor e firing . 

(3 )  Firing-information-propagation .  Firin g stat e propagate s activit y t o othe r  units .  Th e propagate d infor -

matio n i s eithe r  excitator y o r  inhibitory .  Excitator y informatio n serve s tw o differen t  function s throug h 

feedbac k o r  feedforwar d (meanin g spread )  (Collin s an d Loftus ,  1975 ;  Hinton ,  1981 ;  Quillian , 

1968/1980) . 

Activit y inpu t  t o unit s occur s ove r  tim e acros s lexica l  ite m representations .  Unit s ar e passiv e 

receixer s o f  input ;  ther e i s n o self-modulation .  Th e unit s tha t  compris e eac h lexica l  ite m se t  ar e activate d i n 

a fixed-orde r  ove r  tim e usin g a  spreadin g activatio n paradigm .  Th e nex t  sectio n wil l  illustrat e thi s spreadin g 

activation .  I n Contrast ,  eac h tim e a  uni t  fires,  i t  dynamicall y compute s wher e it s informatio n i s sent .  Th e 

effec t  o f  th e activit y o n th e unit s whic h receiv e inhibitor y o r  excitator y inpu t  m a y diffe r  fro m contex t  t o con -

text . 

An assumptio n share d wit h th e connectionis t  approac h i s tha t  unit s d o no t  hav e th e abilit y  t o loo k 

aroun d t o se e i f  certai n precondition s necessar y fo r  thei r  actio n ar e fulfille d (Feldma n an d Ballard ,  1982 ; 

Gigle y an d Lavorel .  1985 ;  McClellan d an d Rumelhart ,  1986. )  Suc h precondition s viewe d withi n a n A I 

sense ,  ca n b e though t  o f  a s pattern s t o b e matche d suc h a s " D E T followe d b y a  CN." " 

H O PE doe s no t  comput e rul e interpretation s o f  th e occurrenc e o f  a  rul e patter n a s suggeste d i n com -

petenc e theories .  A n y result s i n H O P E instea d depen d o n activitie s arrivin g a t  th e appropriat e informatio n 

withi n certai n lime-bounds .  Propagatio n result s ar e no t  al l  o r  no n i n effec t  bu t  mus t  hav e concurrenc y wit h 

othe r  relate d activit y propagatio n fro m othe r  input s down-lin e t o attai n a  resul t  simila r  t o rul e application . 

Evidenc e tha t  a  rul e o r  patter n ha s occurre d arise s i n th e time-sequenc e trac e o f  activit y propagation s durin g 

a simulation .  A  rul e a s state d above ,  become s a  predictio n o f  th e anticipate d down-lin e informatio n i n a 

subsequen t  tim e interval . 

Becaus e o f  th e prediction s an d feedbac k whe n the y ar e confirmed ,  ther e i s n o forma l  syntacti c struc -

tur e buil t  durin g th e processing .  A s eac h uni t  fires  i t  affect s subsequen t  represente d aspect s o f  th e lexica l 

ite m i n multipl e ways .  Thes e generat e a  compositiona l  interpretatio n fo r  th e inpu t  strin g ( a predicat e for -

malism )  whic h capture s th e dynami c binding s o f  agen t  an d objec t  fo r  th e simpl e S-V- 0 sentence s ove r 

whic h H O P E i s currentl y bein g run . 

Thi s i s i n direc t  contras t  t o othe r  connectionist-typ e model s dealin g wit h an y o f  th e norma l  processin g 

issue s m H O P E .  Thes e model s includ e syntacti c preprocessin g o r  filtering  (Cottrell .  1985 :  Walt z an d Pol -

lack ,  1985 ;  McClellan d an d Kawamoto ,  1986. )  H O P E claim s thi s i s no t  necessar y an d furthermore ,  tha t 

syntacti c an d semanti c processin g mus t  occu r  i n a  full y  integrate d on-lin e fashion .  Simultaneou s on-lin e 

syntacti c disambiguatio n an d semanti c interpretatio n i s coordinate d throug h th e categoria l  g ramma r  formal -

ism ,  describe d later . 

Computation s ar e m a d e ove r  th e entir e grap h representatio n o f  th e curren t  stat e o f  th e solutio n (al l 

activ e node s o f  information )  i n a  time-synchronized ,  lock-ste p fashion .  A  proces s interva l  i s  define d a s on e 

applicatio n o f  al l  processe s t o al l  informatio n units .  Ther e i s a  separat e interva l  drive n proces s tha t  deter -

mine s th e time-cours e o f  th e introductio n o f  th e phoneticall y encode d word s o f  a  sentence .  Afte r  eac h pro -

ces s time-interval ,  on e ca n stud y th e stat e o f  th e entir e grap h (th e proces s trace. ) 

T h e processe s ar e governe d b y a  se t  o f  modifiabl e parameter s tha t  determin e rat e o f  decay ,  amoun t  o f 

inhibitio n an d excitation ,  heigh t  o f  th e firing  threshold ,  tim e laps e o f  activit y propagation ,  an d th e initia l 
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activi n level s o f  th e short-term-memory ,  refractor y an d post-refractor y states .  Furihermore ,  a  word-time -

interva l  paramete r  determine s whe n a  ne w wor d i s  introduced .  Th e processe s ar e synchronize d o r  exter -

nall y tune d b y th e mode l  use r  t o defin e th e nornui l  proces s model .  Th e modifiabl e parameter s mus t  b e 

set  i n suc h a  wa y tha t  fo r  a  complet e cove r  se t  o f  sentences ,  eac h wil l  b e correctl y interpreted .  A  complet e 

cove r  se t  o f  sentence s i s th e minima l  se t  o f  sentence s whic h captur e on e exampl e o f  eac h correc t  syntacti c 

sentenc e th e mode l  i s  define d t o proces s an d includ e al l  combination s o f  syntacti c form-clas s combination s 

fo r  eac h positio n o f  th e input .  Th e paramete r  value s ar e se t  relativ e t o eac h other . 

Once tuned ,  n o computation s suc h a s waitin g fo r  signals ,  ar e necessar y fo r  synchronization .  Furth -

ermore ,  relativ e change s i n th e paramete r  value s fro m thei r  synchronize d sening s defm e processin g lesio n 

conditions .  Not e tha t  usuall y onl y on e modificatio n o f  a  paramete r  i s  mad e pe r  simulatio n experimen t 

althoug h multipl e "lesions "  ar e possibl e i n th e model .  O f  critica l  impor t  i s  th e synchronizatio n rol e o f  th e 

grammar  discusse d next . 

4. THE COORDINATING ROLE OF HOPE'S GRAMMAR 

The function of HOPEs grammar is to coordinate the on-line interactions of the compositional mean-
in g representation s o f  a  sentenc e wit h th e incomin g word s (Gigley ,  1982 .  1983 ,  1985a) .  Thi s i s  achieve d b y 

usin g th e activit y state s o f  th e gramma r  t o contro l  feedforwar d an d feedbac k relation s whic h ar e encode d a s 

par t  o f  th e meanin g o f  syntacti c categories .  Furthermore ,  th e gramma r  currentl y serve s a s a  filte r  o f  th e 

amount  o f  activit y propagate d i n thes e relations .  Th e goa l  o f  thi s sectio n i s t o introduc e thi s genera l  notio n 

of  a  predict-feedbac k cycl e b y mean s o f  a  specifi c  example .  Late r  o n w e wil l  se e ho w de-synchronizatio n 

can caus e comprehensio n problem s b y disruptin g thi s predict-feedbac k cycl e an d th e event s tha t  happe n a s a 

consequenc e o f  it . 

To giv e a n example ,  th e meanin g o f  th e lexica l  category ,  determiner ,  i s  encode d as :  D E T :  = 

T E R M / C N.  Thi s i s  calle d a  derive d specificatio n an d i s t o b e rea d a s follows :  A  determine r  (DET ) 

P R E D I C TS a  c o m m o n nou n (CN )  an d F O R MS a  T E R M afte r  successfu l  compositiona l  interpretatio n wit h 

th e C N meaning .  Th e interpretatio n compulatio n i s par t  o f  th e categor y meanin g a s previousl y described . 

The definitio n i s draw n fro m categoria l  gramma r  (Ajdukiewicz ,  1935 .  Lewis ,  1972)) .  whic h make s th e 

assumptio n tha t  correc t  meanin g compositio n ca n b e assume d simultaneousl y wit h syntacti c well -

formedness .  I n categoria l  grammar ,  fo r  example ,  a  D E T followe d b y a  C N i s semanticall y equivalen t  t o a 

T E R M,  whic h ca n als o b e a  syntacti c type .  Thus ,  th e categorie s o f  bot h phrase s T H E S A W ( D E T C N )  an d 

P A UL ( T E R M )  ar e syntacticall y an d semanticall y T E R M s whic h denot e specifi c  instances . 

As a n example .  Figur e 2  show s th e tim e cours e o f  th e semanti c compositio n o f  th e phras e / T H - U H 

S-AO/  ( T H E S A W)  relativ e t o th e incomin g phoneticall y encode d word s usin g th e determine r  meanin g 

D ET : = T E R M / C N .  Th e numbere d E" s i n Figur e 2  refe r  t o event s tha t  wil l  no w b e described .  Fo r  clar -
ity ,  deca y an d stat e computation s (excep t  firing )  wil l  no t  b e discussed . 

I n th e firs t  time-interval :  / T H - U H /  fires  representin g P H O N E T I C recognitio n (E-1) .  Thi s ha s tw o 
effects : 

S P A CE 

P R A G M A T IC 

GRAMMAR 

PHON-CAT-MEAN 

PHONETIC 

time l 

£- 2 

E -  1 

time s 

E- 3 

time s 

B -B .E - d 

E- 4 

E-

timc 4 

E- 1 

E -  1 0 

-S,E-Q,E -  \ 1 

time s 

E -  1 2 

Figur e 2 :  Exampl e o f  processin g ove r  time . 

Numbere d event s (E-n )  whic h occu r  durin g a  simulatio n ar e describe d i n th e text .  T im e interval s 

ar e labelled ,  time N 
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(1 )  Spreadin g activatio n t o P H O N - C A T - M E A\  (lexica l  meaning)  occur s i n th e sam e time-interval .  Thi s 

acti\ate s th e category-meanin g entrie s o f  th e recognize d phoneti c word .  /TH-UH /  ha s onl y on e 

meanin g entry :  T H - U H < -  D E T -  T H E .  D E T i s it s categor y an d T H E i s a  spellin g representatio n 

fo r  it s  meanin g i n P H O N - C A T - M E AN (E-2; . 

(2 )  Th e predictiv e meanin g o f  th e categor y aspec t  o f  th e recognize d phoneti c word s meaning ,  i f  i t  ha s 

one ,  wil l  b e activate d i n th e G R A M M AR spac e th e nex t  time-interval .  Thi s i s a n exampl e o f  fixed -

tim e spreadin g activation .  I n thi s exampl e th e predicti\ e meanin g o f  D E T i n th e grammar ,  C N ,  wil l 

be acti\ate d a t  time-interva l  2  (E-3) . 

I n th e thir d time-interval .  /S-AO /  fires  a t  th e P H O N E T I C level(E-4) .  Again ,  i n th e sam e time -

interva l  spreadin g acti\aiio n activate s th e category-meanin g representation s o f  /'S-AO/ :  S-A O < -  VTP -

S A W;  <  -  VI P S A W an d <  -  C N S A W,  wher e V T P stand s fo r  a  transitiv e ver b phras e an d VI P fo r  a n 

intransitiv e ver b phras e (E-5) .  Th e category-meanin g < -  C N S A W tha t  i s associate d wit h /S-AO/ , 

receives ,  lik e al l  othe r  CN-meanin g pairs ,  additiona l  activity ,  becaus e i t  i s  predicte d i n th e grammar .  Thi s 

cause s i t  t o fire  (E-6) .  Firin g ha s thre e effect s tha t  wil l  b e visibl e i n th e fourt h time-interval . 

(1 )  Th e secon d aspec t  o f  eac h categor y meaning ,  th e categor y specifi c  interpretatio n function ,  i s ap -

plied .  Th e interpretatio n functio n fo r  C N wil l  interpre t  th e lexico-graphicall y encode d meanin g 

" S A W"  whic h i s associate d wit h th e firing  C N a s a  generi c N O U N o n th e P R A G M A T IC leve l 

(E- 7 i n time4. ) 

(2 )  Th e acti\it y  o f  categorie s an d meaning s competin g wit h <- -  C N S A W wil l  b e inhibite d (E-8) . 

(3 )  Becaus e C N i s a  predicte d categor y an d acti\ e i n th e G R A M M A R,  al l  lexica l  entrie s whos e asso -

ciate d categor y predic t  a  C N (her e onl y D E T )  wil l  receiv e additiona l  activatio n b y feedbac k (E-9 ) 

and th e activit y o f  th e predicte d categor y C N wil l  b e dampene d i n th e gramma r  (E-IO) .  Not e tha t 

th e C N itsel f  doe s no t  predic t  anothe r  categor y i n th e simulatio n define d model . 

Also ,  i n th e fourt h time-interval ,  th e category-meanin g pai r  associate d wit h /TH-UH /  < -  D E T 

T HE fires  (E- l  I )  afte r  havin g receive d additiona l  activatio n du e t o feedback .  Becaus e i t  doe s no t  hav e com -

petin g meaning s o r  categories ,  n o inhibitio n occurs .  It s onl y effec t  wil l  b e th e applicatio n o f  th e interpreta -

tio n functio n associate d wit h th e categor y DET .  whic h check s t o se e i f  ther e i s onl y on e C N availabl e fo r 

compositio n o n th e P R A G M A T IC le\e l  an d attache s i t  t o a  T E R M indicatin g tha t  i t  ha s bee n interprete d a s 

a specifi c  instanc e (E-l 2 i n time5. ) 

H O PE allow s a  use r  t o defin e hi s ow n specifi c  mode l  withi n th e constraint s o f  H O P E computations , 

hi s lexicon ,  category-meanin g set ,  grammatica l  interactions ,  an d associate d interpretatio n computation s fo r 

each category .  I n th e 198 2 mode l  th e followin g gramma r  wa s define d ove r  a  lexico n o f  item s havin g dif -

feren t  degree s o f  svntacti c form-clas s anibiguitv :  1 )  D E T : = T E R M / C N;  2 )  VI P :  = 

SENTENCE ENDCONTOUR:  3 )  VT P : = VIPTERM. ' 
The derive d specification s fo r  D E T an d V T P (transitiv e verb )  hav e bee n adopte d fro m a  categoria l 

grammar  o f  English ,  wherea s th e E N D C O N T O U R,  a  symbo l  fo r  th e en d o f  sentenc e intonatio n contour ,  i n 

V IP s derive d specificatio n (intransitiv e verb) ,  trigger s th e completio n o f  a  sentenc e an d th e stoppin g o f  pro -

cessing .  Amon g othe r  things ,  firing  o f  V T P result s i n th e interpretatio n o f  th e objec t  cas e relatio n o f  th e 

ver b (dir-obj )  an d firing  o f  VI P i n th e interpretatio n o f  th e agen t  cas e relatio n o f  th e verb .  I t  i s a t  thi s time , 

afte r  firing,  durin g interpretation ,  tha t  th e morphologica l  an d tens e constraint s betwee n th e ver b an d th e 

lexica l  item s ar e activated .  Th e compositio n o f  a  V T P wit h a  T E R M phras e i s semanticall y equivalen t  t o a 

VI P categor y a s ca n b e conclude d fro m th e derive d specification . 

Becaus e o f  th e time-sequenc e activatio n o f  paralle l  prediction s an d thei r  affec t  o n down-lin e input ,  th e 

semanti c compositio n o f  a  phras e wil l  onl y succee d i f  th e individua l  unit s involve d i n it s compositio n receiv e 

a sufficien t  amoun t  o f  activit y (inhibitor y o r  excitatory )  a t  th e righ t  moment  i n time .  Her e moment  o f  tim e 

reall y i s a  tim e bounde d windo w o f  on e o r  mor e compute d time-intervals . 

Some o f  th e modifiabl e se t  o f  parameter s determin e th e relevan t  time-cours e employe d fo r  an y give n 

specifi c  mode l  defined .  Othe r  parameter s affec t  th e degre e o f  interactio n du e t o firing  an d decay . 

5. DE-SVNCHRONIZATION OF THE PREDICT FEEDBACK CYCLE 

Any deviation from normal fine-tuning can be viewed as de-synchronization. Studying the effect of 

de-synchronizatio n acros s th e complet e cove r  se t  o f  sentence s provide s th e basi s fo r  definin g hypothesize d 
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aphasi c patien t  profiles .  Thes e ca n b e use d t o bette r  defin e an d understan d aspect s o f  performanc e prob -

lem s i n aphasia . 

Example s o f  de-synchronizatio n effect s are : 

(I )  Increasin g th e deca y rat e o f  al l  unit s ma y resul t  i n a n activit y leve l  tha t  i s  insufficien t  fo r  threshol d fir-

ing .  Th e resul t  o f  non-firin g ma y b e incomplet e o r  erroneou s interpretation . 

(2 )  Increasin g th e rat e o f  ne w wor d introduction ,  ca n caus e incorrec t  down-lin e syntacti c disambiguation . 

I f  a  wor d o r  phras e associate d wit h a  predicte d categor y come s i n befor e th e predic t  categor y i s activ e 

i n G R A M M AR i t  wil l  no t  fire. 

A mor e explici t  encodin g o f  th e secon d lesion ,  achieve d b y slowin g th e effectiv e propagatio n o f 

spreadin g activatio n t o grammatica l  meaning(s )  (Haarmann ,  1987) ,  wil l  b e use d her e t o illustrat e h o w tim -

in g issue s ca n b e a  facto r  o f  aphasi c performance .  The n th e observe d simulate d performanc e wil l  b e com -

pare d t o severa l  studie s o f  agrammati c aphasi c performanc e t o sho w wher e ther e i s suppor t  fo r  th e 

hypothese s an d t o poin t  ou t  wher e additiona l  studie s mus t  b e done . 

Th e effect s o f  differen t  de-synchronizatio n lesion s ca n b e distinguishe d b y runnin g simulation s usin g 

an entir e cove r  se t  o f  sentence s unde r  particula r  "lesion "  conditions .  Fo r  example ,  fo r  th e correc t  (S-V-O ) 

syntacti c sentenc e for m of :  D E T C N V T P D E T C N ,  on e mus t  includ e sentence s wit h lexica l  item s havin g 

form-clas s combination s tha t  matc h exactly ,  i e tha t  ar e unambiguousl y o f  th e correc t  for m class ,  an d also : 

IJt: ! 

DF: T 

DKT 

CN 
VIP 

CN 
VIP 
VTP 

CN 
VIP 
VTP 

CN 
VTP 

CN 
VTP 

CN 
VIP 
VTP 

Dl- T C N 
VI P 

DET CN 
VI P 

DET C N 
VI P 

...etc . 

Tab l e 1  s h o w s th e syntacti c f o r m o f  severa l  o f  a  cove r  se t  o f  sentence s w  hic h ar e currentl y define d i n 

H O P E.  A t  leas t  tw o example s fo r  eac h for m ar e given .  Th e first  on e contain s unambiguou s lexica l  items . 

The secon d an d subsequen t  sentence s (4 c an d 4d )  contai n differen t  degree s o f  lexica l  form-clas s ambigui -

ties . 

For  eac h "lesion "  simulation ,  on e ca n defin e a  patien t  profil e tha t  summarize s th e performanc e pat -

ter n o n th e whol e cove r  se t  o f  sentences .  Eve n thoug h onl y a  ver y limite d domai n o f  linguisti c construc -

tion s i s covere d (simpl e declaratives ,  S- V an d S-V- O sentenc e types )  th e patien t  profile s appea r  t o b e suit -

abl y fine-grained  t o allo w distinction s betwee n \ariou s iesion "  condition s (Gigley ,  1982 ;  1983 :  1985b : 

1986. )  Th e patien t  profile s o f  th e increase d deca y an d th e slowe d propagatio n "lesions "  ar e describe d i n 

Gigle y (1985c ;  198b) .  Her e w e wan t  t o dra w th e attentio n t o a n interestin g differenc e w e foun d betwee n th e 

effec t  o f  slowe d propagatio n o n a  cove r  se t  o f  sentence s wit h an d withou t  syntacti c ambiguitie s unde r  th e 

"lesion" "  conditio n o f  slowe d propagatio n only . 

6. AMBIGUITY AND SLOWED PROPAGATION 

During simulation runs where the length of time to propagate activitv' from a syntactic category to its 

meanin g i s increased ,  wit h cove r  set s o f  sentence s wit h an d withou t  syntacti c lexica l  ambiguities ,  w e hav e 

foun d difference s tha t  sugges t  ho w syntacti c lexica l  ambiguit y ca n affec t  languag e understanding .  Instea d o f 

describin g th e difference s fo r  th e whol e cove r  se t  o f  sentences ,  thi s sectio n wil l  contras t  th e final  processin g 

state s fo r  th e se t  o f  sentence s o f  Tabl e I  i n th e "slowe d propagatio n lesion "  state .  Th e final  state s o f 

interpretatio n fo r  eac h ar e summarize d i n Table s 2  an d ? .  Tabl e 2  contain s th e result s o f  th e unambiguou s 

sentence s whil e Tabl e 3  show s th e result s o f  th e ambiguou s ones .  Al l  syntacti c for m clas s set s ar e derive d 

fro m definition s i n Webste r  (1981) . 

Becaus e o f  th e level s o f  representatio n an d th e remainin g activit y o f  activ e unit s i n them ,  H O P E pro -

vide s a n hypothesize d patien t  profil e acros s eac h level .  Here ,  th e discussio n wil l  focu s o n onl y th e P R A G-

M A T I C o r  interpretatio n leve l  results .  B e cautione d tha t  a n hypothesize d patien t  profil e require s a  complet e 

cove r  se t  o f  sentence s fo r  analysi s an d w e ar e onl y dealin g wit h a  subse t  here .  A  ful l  cove r  se t  i s  necessar y 

t o mathematicall y defin e al l  possibl e outcome s base d o n syntacti c interaction s an d not e specifi c  pattern s tha i 
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(I ) lER M VTP IKR M 

(2) 

O) 

(4 ) 

a.  Pau l 
b Pau l 

DET 

a.  Th e 
b.  Th e 

TERM 

a.  Pau l 
b.  Pau l 

DET 

a.  Th e 
b.  Th e 
c.  Th e 
d.  Th e 

slappe d 
saw 

CN 

gir l 
gir l 

VTP 

slappe d 
sa w 

CN 

gir l 
gir l 
gir l 
gir l 

John . 
John . 

VTP 

slappe d 
sa w 

DET 

th e 
th e 

VTP 

slappe d 
sa w 
sa w 
sa w 

TERM 

John . 
Paul . 

CN 

girl . 
girl . 

DET 

th e 
Ih c 
(h e 
ih e 

CN 

boy . 
Ix>y . 
seal . 
buildin g 

T a b l e 1 :  E x a m p l e s f r o m a  syntacti c cove r  se t  o f  sentences . 

N o t e :  (a )  sentence s ar e u n a m b i g u o u s i n eac h lexica l  item ;  (b )  sentence s contai n lexica l  a m b i g u i -

ties .  Sen tence s (4c )  a n d (4d )  contai n m o r e c o m p l e x c o m b i n a t i o n s o f  lexica l  ambiguit ie s tha n thei r 

syntacti c counterpart s i n sentence s (4a )  a n d ( 4 b ) . 

ICORRECTLY INTERPRETED CONSTITUENTS A N D BINDING S 
jAGENT lOBjnC T |VER B |CONSrnUI-NT | 

SENTENCE I 

(la ) 
(2a ) 
Oil ) 
(4a ) 

(PAUL 
|*abseii i 
|*absen i 
|*abscn i 

I 
IJOH N 
JPAUL 
i*absen i 
|TH E BO Y 

I 
ISLAPPED 
ISLAPPED 
|*.-)bsen i 
ISLAPPED 

ITERM-PAUL 

correc i 

Tabl e 2 :  S u m m a r y fina l  state s o f  interpretatio n fo r  unamb iguou s sentences . 

I n th e table ,  *absen t  indicate s ther e wa s n o interprete d boun d referen t  fo r  th e give n rol e a s intend -

ed fro m th e input .  Sentenc e .̂ a show s tha t  whil e th e prope r  n a m e referen t  i s understood ,  ther e i s 

n o ver b understoo d an d henc e n o binding s occur . 

produce them. 
T h e patien t  profil e base d o n th e informatio n i n Table s 2  an d 3  wil l  necessaril y  omi t  aspect s o f  th e pro -

fil e definitio n du e t o it s incompleteness .  T o giv e a n ide a o f  suc h a  profil e i n thi s limite d context ,  on e ca n 

stat e tha t  comprehensio n abilit y  i s  inconsisten t  acros s a n S -V- O analysi s o f  sentenc e structure .  Base d o n 

th e simulation ,  on e expect s s o m e sentence s t o b e interprete d correctly ,  bu t  no t  all .  Evidenc e tha t  thi s 

occur s i n agrammati c aphasic s ha s bee n reporte d i n Schwartz .  Saffran ,  an d Mar i n ,  (1980 )  an d relate d 

affect s i n agrammati c productio n hav e bee n reporte d fo r  Duic h patients ,  i n Kol k an d V a n Grunsve n (1985) . 

A m o r e fine-grained  obser\atio n i s tha t  sentence s whic h hav e agent s an d object s tha t  ar e bot h prope r 

n a m es ca n b e correctl y understoo d an d boun d i n s o m e syntacti c contexts ,  bu t  no t  al l  (Gigley ,  1985b :  1986) . 

C o m p a r e sentence s (la )  an d (lb )  wher e th e ver b syntactic-form-clas s ambiguit y differs . 

T h e simulatio n als o suggest s tha t  certai n erro r  type s wil l  occu r  withi n certai n syntacticall y ambiguou s 

contexts .  Fo r  on e erro r  type ,  wher e a  nou n mean in g fo r  a n intende d ver b occur s a s th e final  interpretation , 

recentl y presente d evidenc e ha s bee n reporte d fo r  Frenc h i n th e performanc e o f  a  Frenc h aphasi c (Hanne -

quin ,  Deloche .  Branchereau ,  an d Nespoulous ,  1986. )  Suc h findings  hav e no t  bee n clinicall y studie d fo r 
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ICORRIXIL V INTLRPRKTK D C O N S H T U E N IS A N D BINDING S 
lAOI.N T lOBJEC T IVER B |CONSTITUEN T 

SUN n iNC C 1 

(lb )  IJOH N 
(2b )  |*absen l 

1 
Ob)  |*abscn i 
(4b )  |*ab5cn i 

1 
(4c )  |*absen i 

1 
(4d )  |non-n)orpho -

1 logica l 
lagreemen t 

1 
1 
|*absen t 
IPAUL 
|TH E SA W 
|*absen i 
|*absen i 
1 
|*absen i 
1 
|*absen i 
1 
1 

1 
1 
ISAW-VI P 
1 
ISAW-VTP 
|*absen l 
|*abser i 
1 
|*absen i 
1 

1 1 
1 1 1 1 
ITERM-PAUL 1  rexersal ? 
1 1 
1 1 
ITERM-PAUL 1 
JTERM-THE | 
1 SA W 1 
1 TERM-THE | 
1 SA W 1 

IBUILDING-VI P 1 
1 
1 

ITERM-THE | 
1 SA W 1 

Tabl e 3 :  S u m m a r y fina l  state s o f  interpretatio n fo r  lexicall y ambiguou s sentences . 

Lexica l  ambiguit y affect s th e abilit y  o f  th e hypothesize d patien t  t o understand ,  Often ,  onl y a  nou n 

wil l  b e understood .  Often ,  i t  i s  no t  a  nou n whic h wa s intende d b y th e "speaker. "  Sentence ,  (4d) , 

shows tw o misinterpretations ,  on e wit h respec t  t o a  nou n referen t  an d th e other ,  a  misinterpreta -

tio n o f  a n intende d nou n a s a  verb .  O f  additiona l  interes t  i s  th e fac t  tha t  thes e meaning s ar e 

semanticall y related . 

English to date. It is through the enumeration of these contexts and corresponding error hypotheses and the 

abilit y  t o manipulat e an d stud y the m tha t  H O P E contribute s a  ne w dimensio n i n th e stud y o f  natura l 

languag e processing . 

I n addition ,  withi n thi s simpl e lesio n context ,  on e sentence ,  (lb) ,  demonstrate s a n incomplet e 

interpretatio n whic h include s reversa l  o f  agen t  bindin g fro m th e orde r  presente d i n th e sentence .  Thes e las t 

tw o aspect s o f  performanc e hav e bee n note d i n clinica l  evaluation s withou t  an y supporte d explanation .  W e 

suggest ,  base d o n th e simulatio n results ,  tha i  timin g difficultie s no t  directl y observabl e no r  manipulabie , 

can provid e a n explanatio n o f  th e agrammati c patien t  performanc e problems .  Fo r  severa l  misinterprete d 

sentences ,  o n analysi s o f  th e over-tim e trac e o f  th e simulation s (no t  provide d du e t o spac e constraints ) 

shows th e caus e o f  th e misinterpretatio n t o b e tha t  th e predic t  categor y i n G R A M M A R,  C N .  i s activate d to o 

lat e fo r  th e C N .  (Se e sentence s 4b,c,d. )  Slowe d propagatio n ca n thu s lea d t o th e non-interpretatio n o f  cer -

tai n sentenc e element s a s wel l  a s misinterpretatio n o f  th e intende d syntacti c sens e o f  others .  Thes e 

"lesion "  result s sugges t  tha t  neurolinguists .  aphasiologist s an d clinician s shoul d b e carefu l  i n considerin g 

syntacti c lexica l  ambiguitie s whic h migh t  caus e non-obviou s difficultie s i n processing .  I t  als o demonstrate s 

th e impor t  o f  th e selectiona l  constraint s o r  th e se t  o f  possibl e answer s fo r  th e tas k an d th e recorde d observa -

tions . 

7. HOPE'S LNIOLE PLACE IN ARTIFICIAL APHASIA 

This section v^ill discuss several characteristics that give HOPE a unique place in developing a pro-

cessin g motivate d theor y o f  norma l  natura l  languag e comprehensio n an d comprehensio n i n aphasia : 

dynami c lesionabilit x  an d time-drive n parallelism . 

7.1. Dynamic Lesionability 

Dynamic lesionability refers to the ability in HOPE to manipulate the dynamics of the process without 

rewritin g o r  redesignin g th e system .  I t  make s lesionabilit y  a  facto r  whic h i s separabl e fro m store d 

knowledg e issues .  Th e poin t  i s  tha t  on e doe s no t  nee d t o assum e tha t  a  lesio n cause s a  los s o f  som e sor t  o f 

knowledg e o r  rule .  I t  i s  no t  necessar \  tha t  lesion s affec t  competenc e define d i n th e linguisti c sense . 
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T h e result s o f  th e de-synchronizatio n lesion s tha t  wer e induce d b y changin g th e fine-tunin g o f 

H O P Es contro l  proces s parameter s see m t o offe r  a  conceptua l  justificatio n o f  th e importanc e tha t  neurop -

SNthologist s attac h t o tempora l  constraint s i n brai n processin g (Vo n M o n a k o w ,  1914 ;  Goldstein ,  1948 ; 

Lenneberg .  1967 ;  Luria ,  1970 ;  an d Ojemann .  I98.V )  Jackso n (1965/1884 )  wa s amon g on e o f  th e firs t  neu -

rologist s t o poin t  ou t  tha t  brai n lesion s d o no t  necessaril y  lea d t o a  los s o f  knowledge .  Almos t  a  centur y late r 

W o od (1978/82 )  an d Gigle y (1982,1983 )  provide d compute r  simulation s o f  thi s idea ,  althoug h i n differen t 

clinica l  contexts .  Recently ,  withi n adaptatio n theor y th e importanc e o f  tempora l  constraint s ha s bee n dis -

cusse d b y Kol k an d va n Grunsve n (1985) . 

7.2. Time-driven Parallelism 

A number of arguments have been put forward that emphasize the need and existence of parallel pro-

cessin g i n intelligen t  system s (se e fo r  instance :  Fahlman ,  1982 :  Feldma n an d Ballard ,  1982 ;  Marslen -

Wilso n an d Tyler ,  1980 ;  McClellan d an d Rumelhart ,  1981 ;  Scholes ,  1978 ;  Walt z an d Pollack ,  1985) .  Bu t 

afte r  choosin g paralle l  processin g on e stil l  need s t o decid e ho w t o conceptualiz e it .  Th e inclusio n o f  lesiona -

bilit y  directi v affect s th e conceptualizatio n o f  H O P E ' S parallelism . 

H O P E ' S conceptualizatio n o f  parallelis m i s depicte d i n Figur e 3 .  Th e Figur e show s a  simplifie d 

abstractio n fro m H O P E s rea l  architecture ,  whic h wa s define d earlier .  Space s ca n b e though t  o f  a s per -

spective s tha t  pro\id e a  contex t  fo r  th e interpretatio n o f  th e knowledg e the y contain .  The y d o no t  impl v a 

rigi d hierarch y o f  processin g levels ,  bu t  represen t  differen t  siewpoint s o n representation s activate d ove r 

time . 

We hav e previousl y discusse d th e lock-ste p paralle l  applicatio n o f  th e basi c computation s o f  th e H O P E 

architectur e whic h "cut' "  throug h spaces .  (Se e Figur e 3) .  Simultaneously .  H O P E s time-drive n parallel -

is m include s a  thir d dimension . 

O ne ca n stud y th e event s whic h occu r  v̂ ithi n a  space  ove r  tim e fo r  al l  space s simultaneously .  Th e 

event s whic h occu r  withi n a  spac e ove r  tim e tak e th e appearanc e o f  separat e independen t  processe s withi n 

on e typ e o f  kno w ledge . 

Contrar y t o som e othe r  paralle l  approache s t o natura l  languag e processin g (Cottrell ,  1983 ;  1985 ; 

McClellan d an d Kawamoto ,  1986 :  Scholes .  1978 :  Walt z an d Pollack ,  1985) ,  H O P E doe s no t  implemen t  th e 

processe s withi n a n individua l  space  ove r  tim e a s separat e independen t  processes .  H O P E assume s n o leve l 

specifi c  processes .  Instead ,  th e processe s ar e uni t  specifi c  an d homogeneou s acros s al l  level s o f  representa -

tion .  Leve l  specifi c  processe s ar e no t  directl y programme d bu t  depen d o n th e time-coordinatio n o f  th e 

result s o f  al l  processe s applie d ove r  th e entir e grap h o f  information ,  an d ca n b e observe d withi n on e spac e 

representatio n ove r  time . 

Thi s sectio n ha s describe d dynami c lesionabilit y  an d it s rol e i n processin g model s o f  natura l  languag e 

comprehension .  I t  ha s als o illustrate d th e H O P E conceptualizatio n o f  parallelism .  I t  show s tha t  ther e ma y 

be man \  level s o f  parallelis m i n paralle l  processin g model s o f  cognitio n an d tha t  som e apparen t  paralle l 

effect s ma v b e th e resul t  o f  computation s whic h ar e non-specifi c  t o thos e effects . 

8. CONCLUSION 

By virtue of its neural-like parallel architecture, \\hich employs internal synchronization and time-

drive n parallelism .  H O P E provide s a  too l  t o systematicall y stud v th e effect s o f  variou s de-synchronizatio n 

problem s o n processin g ove r  time .  De-synchronizatio n problem s occu r  a s a  consequenc e o f  a  disturbanc e 

of  th e time-coordinatin g rol e o f  H O P E s grammar .  B y changin g th e value s o f  th e proces s parameter s 

severa l  lesion s ca n b e define d althoug h onl v on e i s discusse d i n detai l  here .  Lesion s tha t  impl y th e violatio n 

of  tempora l  constraint s i n languag e processin g appea r  t o affec t  sentence s differentl y dependin g o n whethe r 

th e sentence s contai n syntacti c lexica l  ambiguitie s o r  no t  an d t o v\ha t  degre e th e ambiguitie s exist . 

T h e proble m o f  comprehensio n ma > b e characterize d i n term s o f  Kar l  Lashley' s proble m o f  seria l 

orde r  o f  behavio r  (1967) :  F ro m a  serial K encode d inpu t  tha t  i s  comin g i n on-line ,  a  simultaneou s meanin g 

representatio n ha s t o b e constructed .  L'sin g H O P E ,  a s a  mode l  o f  hov \  thi s construction" '  ma y b e viewed , 

thi s pape r  demonstrate s th e vita l  rol e tha t  synchronizatio n play s i n suc h a  process .  Furthermore ,  i t  demon -

strate s tha t  synchronizatio n problems .  especial K problem s v\it h tempora l  constraints ,  ca n affec t  thi s con -

structio n an d thu s b e a  caus e o f  comprehensio n performanc e problem s o f  aphasics . 
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Figur e 3 :  Overvie w o f  parallelis m i n H O P E. 

To each unit in each space, each process is applied at the same time. Not all control processes of 
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