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Modell in g Paraphasia s i n N o r m a l  a n d Aphasi c Speec h 
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Departmen t  o f  Psycholog y 

Universit y  o f  Warwic k 
Coventr y CV 4 7A L 

Englan d 
EMAIL:  psrds@csv.warwick.ac.u k 

Abstrac t 

We model word substitution errors made by normal and 
phasi c speaker s wit h a n interactiv e activatio n mode l  o f 
lexicalization .  Thi s comprise s a  three-laye r  architectur e 
of  semantic ,  lexical ,  an d phonologica l  units .  W e tes t 
fou r  hypothese s abou t  th e origi n o f  aphasi c wor d 
substitutions :  tha t  the y resul t  fro m pathologica l  decay , 
los s o f  within-leve l  inhibitor y connections ,  increase d 
initia l  rando m noise ,  o r  reduce d flow  o f  activatio n fro m 
th e semanti c t o th e lexica l  level .  W e conclud e tha t  a 
versio n o f  th e flnal  hypothesi s bes t  explain s th e aphasi c 
data ,  bu t  wit h rando m fluctuation s i n connectio n 
strengt h rathe r  tha n a  unifor m decremen t  Thi s mode l 
account s fo r  aspect s o f  recover y i n aphasia ,  an d 
frequenc y an d imageabilit y  effect s i n paraphasias . 
Pathologica l  lexica l  acces s i s relate d t o transien t  lexica l 
acces s difficultie s i n norma l  speaker s t o provid e a n 
accoun t  o f  norma l  wor d substitutio n errors .  W e argu e 
tha t  simila r  constraint s operat e i n eac h case .  Thi s 
model  predict s imageabilit y an d frequenc y effect s 
whic h ar e verifie d b y analysi s o f  ou r  norma l  speec h 
erro r  data . 

In t roduct io n 

Paraphasias are the erroneous substitution of one word 
fo r  anothe r  i n speech .  The y occu r  a s error s i n norma l 
speec h (e.g .  " w a r m "  - > cold) ,  an d a s wor d substitution s 
whic h aris e i n th e acquire d speec h defici t  o f  jargo n 
aphasi a (se e Butterworth .  1985) .  Th e speec h o f  thes e 
patient s i s  copiou s bu t  characterize d b y gros s wor d 
findin g difficulties .  W e outlin e h o w aphasi c 
paraphasia s migh t  b e explicabl e withi n th e contex t  o f  a 
model  o f  norma l  speec h production .  W e "lesion "  a 
connectionis t  mode l  o f  lexicalizatio n s o tha t  i t  produce s 
paraphasia s simila r  t o thos e o f  aphasi c speakers . 
Finally ,  w e argu e tha t  simila r  mechanism s ar e involve d 
i n th e productio n o f  error s i n norma l  speech . 

Th e mode l  o f  lexica l  acces s upo n whic h ou r 

Thi s researc h wa s supporte d b y a  gran t  from  th e U K 
Tri-Counci l  Initiativ e o n Cognitiv e Science/HCI ,  No . 
S PG 9018232 . 

simulatio n i s base d i s clos e t o tha t  o f  Harle y (1990 )  an d 
Stemberge r  (198S) ,  an d use s a n interactiv e activatio n 
architectur e (McClellan d &  Rumelhart .  1981) ,  I t 
account s fo r  muc h tha t  i s know n abou t  norma l  speec h 
production .  I t  share s som e feature s wit h tha t  o f  E>el l 
(1986) ,  bu t  differ s importantl y i n tha t  w e us e a  differen t 
typ e o f  semanti c representation .  Thi s enable s u s t o 
explor e semanti c wor d substitution s i n a  mor e plausibl e 
way.  O u r  mode l  als o ha s intra-leve l  inhibitor y 
connection s tha t  hav e th e computationa l  consequenc e o f 
increasin g th e effect s o f  within-leve l  competition ,  an d 
inter-leve l  inhibitor y connection s tha t  spee d u p 
processin g b y mor e quickl y suppressin g inappropriat e 
competitors .  Thes e ar e motivate d b y finding s o f 
inhibitor y primin g i n lexica l  acces s i n a  namin g tas k 
(Wheeldon ,  1989) ,  an d phonologica l  blockin g i n th e bp -
of-the-tongu e stat e (Jones ,  1989) . 

Unit s i n ou r  mode l  ar e organize d int o semantic , 
lexical ,  an d phonologica l  levels .  Ther e i s convergin g 
evidenc e i n th e literatur e fo r  tw o stage s i n speec h 
production ,  wit h semanti c representation s firs t  mappe d 
int o abstrac t  lexica l  form s (ou r  lexica l  level) ,  followe d 
by th e retrieva l  o f  phonologica l  form s (e.g .  Level t  e t  al. , 
1991a) .  Motivate d b y speec h erro r  dat a suc h a s 
phonologica l  facilitatio n an d lexica l  bia s (Harley ,  1984 ; 
Stemberger ,  1985) ,  ou r  mode l  postulate s interactio n 
betwee n thes e stages .  Ther e i s currentl y debat e abou t 
th e exten t  t o whic h thes e stage s ar e modula r  (Level t  e t 
aJ. .  1991b) .  However ,  interactiv e model s ca n b e show n 
t o b e consisten t  wit h namin g dat a whic h a t  firs t  sigh t 
suppor t  th e modula r  hypothesi s (Del l  &  O'Seaghdha , 
1991) . 

Each uni t  i n th e mode l  i s connecte d t o ever y uni t  i n 
th e followin g layer .  Appropriat e between-leve l 
connection s (suc h a s th e lexica l  uni t  d o g t o th e 
phonologica l  uni t  /d/ )  ar e excitatory ,  wherea s 
inappropriat e connection s (suc h a s d o g t o /k/ )  ar e 
inhibitory .  Unit s withi n th e lexica l  an d phonologica l 
level s ar e completel y inter-connecte d b y inhibitor y 
connections .  Ther e ar e feedbac k connection s betwee n 
th e phonologica l  an d lexica l  levels .  A s usua l  th e ne t 
inpu t  net u t o a  uni t  u  i s th e su m o f  th e product s o f  al l 

input s a j  fro m ;  unit s wit h th e weight s o f  th e 

appropriat e connection s wju ,  Lojwju .  I n eac h cycl e th e 

chang e i n activatio n o f  uni t  u  i s give n b y th e equations : 
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Aau =  ( m a x -  au)net u -  decay(a u -  rest) 

if netu>0; otherwise, 

Aau = (au - min)netu - (Jecay(au - rest) 

Max and min arc the maximum and minimum levels of 
activation ,  an d res t  a  resting  leve l  o f  activatio n 
dependen t  fo r  lexica l  unit s upo n th e frequenc y o f  thos e 
word s an d clos e t o zer o fo r  othe r  units .  Separat e 
parameter s contro l  th e deca y o f  activatio n a t  eac h level . 
Th e degre e t o whic h th e resting  level s o f  lexica l  unit s 
var y aroun d a  m e a n o f  zer o i s determine d b y th e valu e 
of  a  paimicltTfreqgai n whereby : 

rest = fteqgain * (loge(item frequency) -

mean loge(ite m frequency)) 

Units also possess a variable amount of normally 
distribute d rando m nois e a t  th e beginnin g o f  eac h 
processin g epoch .  T h e standar d deviatio n o f  thi s 
distributio n i s determine d b y a  parameter .  Ou r 
simulate d lexico n contain s 7 0 lexica l  units ,  whic h 
receiv e inpu t  from  2 6 semanti c featur e unit s an d sen d 
outpu t  t o 2 1 phonologica l  unit s fo r  eac h o f  fiv e position s 
i n a  seria l  orde r  phonologica l  outpu t  frame .  Fo r 
simplicity ,  eac h inpu t  featur e i s a  simpl e on-of f  binar y 
unit ,  a  semanti c representation  simila r  t o tha t  o f  Hinto n 
and Shallic e (1991) . 

The model' s architectur e i s show n i n Figur e 1 . 
Figur e 2  illustrate s th e norma l  tim e cours e o f 
lexicalizatio n o f  th e wor d c o w ,  th e targe t  i n al l 
subsequen t  examples .  I t  show s th e activatio n leve l  o f 
unit s plotte d agains t  processin g cycl e (time )  whe n th e 
semanti c feature s correspondin g t o th e semanti c 
representatio n o f  c o w ar e activated .  Fo r  illustrativ e 
purposes ,  th e activation s o f  a  semanticall y an d 
phonologicall y competin g lexica l  neighbou r  (calf )  an d 
of  a n unrelate d contro l  wor d (dart )  ar e als o shown ,  a s 
ar e th e activatio n value s o f  th e target' s initia l  phonem e 
(/k/ )  an d a  non-targe t  phonem e (/d/) .  Suc h simulation s 
produc e a n accurat e accoun t  o f  norma l  lexicalization . 
The mode l  ca n als o accoun t  fo r  findings  suc h a s dat a o n 
th e tim e cours e o f  lexicalizatio n i n pictur e namin g an d 
facilitatio n i n speec h erro r  data . 

L e s i o n i n g th e n e t w o r k 

We wish to show that under certain conditions 
paraphasia s ar e produce d b y th e mode l  whe n i t  i s 
nevertheles s give n th e targe t  semanti c inpu t  Althoug h 
i t  i s ou r  goa l  t o produc e al l  type s o f  error ,  a t  presen t  w e 
ar e concentratin g upo n failure s o f  lexica l  access .  Thi s i s 
a vita l  firs t  ste p toward s explainin g a  furthe r 
phenomeno n o f  jargo n aphasia ,  th e productio n o f 
neologism s (non-words) .  I f  ther e i s a  clea r  competito r 
t o th e lexica l  target ,  a  wor d substitutio n i s likel y t o 

occur .  I f  ther e i s eithe r  n o competito r  o r  a  numbe r  o f 
equall y activate d competitors ,  the n th e condition s fo r 
th e generatio n o f  neologism s hav e bee n met .  Finally , 
we conten d tha t  pathologica l  paraphasia s ar e ver y 
simila r  i n ke y respect s t o norma l  paraphasias . 

EXT««NAL SEMANTIC 
INPUT 

SEMANTIC UNIT S 

o 
LEXICAL VNTTS 

;k k 

PHONOLOGICAL 
UNITS f 

PHONEMES ACTIVATED 
FOR EACH SEUaL ORDER 

POSITION 
Fig .  1 .  Genera l  architectur e o f  ou r  lexicalizatio n 
model ,  wit h excitator y connection s show n b y a n 
arrow ,  inhibitor y connection s b y a  fille d circle . 

cow 

DART 

10 2 0 3 0 
Tim*  i n cycl» « 

Fig .  2 .  T h e tim e cours e o f  a  simulatio n o f  th e 
norma l  lexicalizatio n o f  th e wor d "cow" . 

T o produc e substitution s w e mus t  s o m e h o w disrup t 
th e flo w o f  activatio n fro m th e inpu t  semanti c unit s t o 
th e outpu t  phonologica l  units .  W e m i m i c lesionin g b y 
manipulatin g th e parameter s o f  ou r  m o d e l .  Thes e 
includ e bot h connectio n strengths ,  an d th e contro l 
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parameier s o f  th e networ k (e.g .  th e rat e o f  deca y o f 
activation ,  th e amoun t  o f  rando m noise ,  th e effec t  o f 
lexica l  frequency ,  an d th e tim e externa l  semanti c inpu t 
i s receive d b y th e semanti c units) .  Rathe r  tha n tryin g al l 
possibilities ,  w e specificall y tes t  prediction s derive d 
fro m th e aphasi a literatur e o n th e origi n o f  paraphasias . 

Increase in the Rate of Decay. Martin and Saffran 
(1991 )  describ e a  dee p dysphasi c patien t  N C whos e 
speec h outpu t  include s a  larg e numbe r  o f  paraphasia s 
an d neologisms .  N C als o ha s a  severel y restricte d 
phonologica l  short-ter m memory .  The y argu e tha t  hi s 
symp tom s aris e from a  pathologica l  increas e i n th e 
deca y rat e o f  th e targe t  lexica l  nodes .  Thi s increase s th e 
probabilit y  tha t  phonologicall y o r  semanticall y relate d 
lexica l  word s wil l  replac e th e targe t  I f  thi s hypothesi s 
i s correc t  the n increasin g th e paramete r  controllin g th e 
rat e o f  deca y o f  th e lexica l  unit s i n ou r  simulatio n 
shoul d increas e th e probabilit y  o f  paraphasia s occurring . 
I n particular ,  th e activatio n leve l  o f  th e targe t  shoul d 
decreas e a s th e rat e o f  lexica l  deca y increases ,  whil e 
thos e o f  it s competitor s shoul d increase .  Th e result s o f 
thes e simulation s ar e show n i n Figur e 3 .  Althoug h 
increasin g lexica l  deca y cause s th e activatio n o f  th e 
targe t  t o fall ,  i t  i s  stil l  considerabl y highe r  tha n thos e o f 
it s clos e competitors ,  an d remain s wel l  abov e it s restin g 
level ,  eve n a t  exceptionall y hig h level s o f  deca y (0.99) . 
Furthermore ,  wit h increasin g decay ,  th e activatio n level s 
of  th e competitor s leve l  of f  a t  a  lo w value . 

/ " 

V 
\cr w 

\ , 

CALF 

. 
DAHT 

• " ^ • 

• 

-^ , 

'• 1 
,  -  • 
, 

00 0 1 0 2 0 3 0 4 OS 0«0 7 OS 0 0 1 0 
Time in cyctes 

Fig .  3 .  T h e effec t  o f  increasin g th e rat e o f  deca y 
of  lexica l  unit s upo n th e activatio n leve l  o f  th e 
targe t  lexica l  uni t  c o w afte r  1 5 processin g cycles . 

T h e effec t  o f  combinin g pathologica l  deca y wit h 
curtailin g th e tim e semanti c unit s receiv e externa l 
activatio n tha t  ca n i n tur n b e passe d o n t o lexica l  unit s i s 
show n i n Figur e 4 .  Her e th e tim e externa l  inpu t  i s give n 
t o th e semanti c unit s i s reduce d t o onl y 3  cycles .  W e d o 
not  thin k thi s i s a  plausibl e accoun t  o f  th e generatio n o f 
paraphasia s an d neologism s fo r  tw o reasons .  First ,  i t 
require s tw o simultaneou s deficits .  Second ,  thoug h th e 

activatio n leve l  o f  th e targe t  uni t  i s reduce d t o nea r  zero , 
so ar e thos e o f  it s  competitors .  W e propos e therefor e 
tha t  a  pathologica l  increas e i n lexica l  deca y i s unlikel y 
t o produc e paraphasias . 

The Loss of Intra-level Inhibitory Connections. 
Harle y (1990 )  propose d tha t  th e paragrammatism s ofte n 
associate d wit h neologisti c jargo n resul t  fro m excessiv e 
blendin g o f  syntacti c fragment s a s a  consequenc e o f  th e 
los s o f  within-leve l  inhibitor y connections .  Ca n a 
simila r  mechanis m als o accoun t  fo r  th e presenc e o f 
wor d substitutions ? I f  so .  the n decreasin g th e valu e o f 
th e paramete r  tha t  control s th e degre e o f  intra-lexica l 
inhibition ,  gammall ,  shoul d decreas e th e activatio n o f 
th e targe t  uni t  an d increas e thos e o f  it s  competitors . 
Figur e S  show s th e effec t  upo n th e targe t  activatio n 
valu e fo r  differen t  level s o f  gammall . 

1 0 

0 8 • 

o 
a 
> 0 4 

0 2 

0 0 

-0 2 

OCW 

DAFIT 

10 2 0 3 0 
Time in cycles 

Fig .  4 .  Th e effec t  o f  combinin g a  pathologica l 
increas e i n th e rat e o f  lexica l  deca y (t o 0.9S )  wit h 
reducin g th e amoun t  o f  tim e semanti c unit s 
receiv e a n externa l  input . 

DART 
-02 0 0 0 0  0 2 - 0 0 4 0  0 6 - 0 0 8 - 0 1 0 - 0 1 2 

gammaJI 

Fig .  5 .  Th e effec t  o f  decreasin g th e amoun t  o f 
intra-lexica l  inhibitio n upo n th e activatio n leve l 
of  th e targe t  uni t  c o w afte r  1 5 cycles . 
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DAHT 

10 2 0 3 0 
Time in cydee 

40 

Fig .  6 .  Th e tim e cours e o f  activatio n fo r  a 
number  o f  competin g unit s wit h hig h initia l 
rando m noise . 

Althoug h decreasin g th e strengt h o f  thes e 
connection s doe s increas e th e activatio n level s o f  th e 
competitors ,  i t  als o slightl y increase s th e activatio n o f 
th e target .  Eve n afte r  2 5 cycle s th e targe t  uni t  i s stil l  th e 
most  activated ,  althoug h semanti c competitor s als o hav e 
hig h level s o f  activation .  Suc h a  mechanis m the n i s 
unlikel y t o b e abl e t o accoun t  fo r  th e jargo n data . 

Increased Initial Random Noise. Another possibility 
i s tha t  increasin g th e amoun t  o f  initia l  rando m nois e wil l 
increas e th e probabilit y  o f  paraphasia s occurring . 
Simulation s wer e ru n wit h exceptionall y hig h level s o f 
initia l  lexica l  noise .  Figur e 6  show s th e effec t  o f 
increasin g th e lexica l  nois e leve l  a  hundre d fold .  Th e 
targe t  uni t  quickl y recover s an d the n progresse s 
normally .  W e ca n rul e ou t  hig h initia l  rando m nois e a s 
a causa l  facto r  i n jargo n paraphasias . 

Weak Lexical Activation. Our final hypothesis is 
base d o n Mille r  an d Elli s  (1987) .  The y argu e tha t  th e 
impairment s foun d i n thei r  patien t  R D ca n b e explaine d 
by difficult y i n activatin g lexica l  unit s i n th e speec h 
outpu t  lexicon .  The y propos e tha t  th e flo w o f  activatio n 
fro m th e semanti c leve l  t o th e lexica l  leve l  i n neologisti c 
jargo n aphasic s i s reduce d t o a  trickle .  A s unit s a t  th e 
lexica l  leve l  hav e receive d insufficien t  activation ,  the y 
canno t  i n tur n properl y activat e th e targe t  phonemes . 
Othe r  phonemes ,  whic h hav e hig h activatio n level s du e 
t o rando m noise ,  ar e usuall y accesse d i n preference . 

I f  thi s hypothesi s i s correc t  the n i t  shoul d b e possibl e 
t o generat e substitution s b y reducin g th e valu e o f  th e 
paramete r  tha t  govern s th e rat e o f  sprea d o f  activatio n 
betwee n th e semanti c an d lexica l  levels ,  alphasl .  Th e 
result s ar e show n i n Figur e 7 .  Manipulatin g alphas l 
does no t  behav e exactl y a s predicte d b y th e wea k lexica l 
activatio n hypothesis .  Althoug h a  decreas e i n alphas l 
doe s decreas e th e activatio n o f  th e target ,  ove r  par t  o f 
th e rang e th e activatio n level s o f  th e semanticall y 

competin g item s decreas e eve n mor e r^idl y unti l  ver y 
lo w level s o f  alphas l  ar e reached .  Henc e th e wea k 
lexica l  activatio n hypothesi s make s a n additiona l 
prediction :  i f  lowe r  level s o f  alphas l  ar e reflecte d i n 
increasingl y sever e symptoms ,  mor e sever e case s o f 
jargo n aphasi a shoul d sho w a  lowe r  leve l  o f  semanti c 
paraphasia s relativ e t o othe r  type s o f  wor d substitutions . 
We kno w o f  littl e dat a tha t  addres s thi s issue ,  althoug h 
Kertes z an d Benso n (1970 )  provid e evidenc e from  th e 
evolutio n o f  aphasi a tha t  support s thi s prediction .  The y 
sho w tha t  durin g recovery ,  ther e i s a  genera l  progressio n 
from  neologisti c jargo n t o semanti c jargon  an d the n t o 
circumlocutor y anomi c speech . 

At  a  ver y lo w leve l  o f  alphas l  (0.(XX)1 )  th e activatio n 
leve l  o f  th e c o w lexica l  uni t  ha s reache d 0.66 2 b y onl y 
th e hundredt h processin g cycle ,  an d i s clearl y 
distinguishe d fro m othe r  lexica l  candidates .  Thi s 
suggest s tha t  i f  jargo n aphasic s ha d sufficien t  time ,  the y 
woul d eventuall y retriev e th e correc t  targe t  Qearl y thi s 
i s no t  th e case ,  a s lexicalizatio n attempt s d o no t  improv e 
ove r  tim e an d d o no t  converg e upo n th e targe t  (Mille r  & 
Ellis ,  1987) .  I t  i s  necessar y t o m a k e th e furthe r 
assumptio n tha t  th e semanti c unit s ar e unabl e t o sen d 
activatio n t o th e lexica l  unit s fo r  mor e tha n a  fixe d time . 
(Not e tha t  thi s tim e i s no t  pathologicall y low ,  a s i n 
Figur e 4. )  Thi s i s consisten t  wit h dat a o n th e tim e 
cours e o f  lexicalizatio n i n pictur e namin g (Level t  e t  al. . 
1991a) .  Eve n then ,  i f  semanti c unit s sen d activatio n t o 
lexica l  unit s fo r  onl y 1 0 processin g cycles ,  c o w stil l 
reache s a n activatio n leve l  o f  0.2 S afte r  10 0 processin g 
cycles ,  an d th e associate d /k /  phonem e reache s a  leve l  o f 
0.55 . 

DART 
n n  n n n n n -0 2 

0 0 7 0  0 6 0  0 5 0  0 4 0  0 3 0  0 2 0  0 1 0  0 0 
alphas l 

Fig. 7. The effect of reducing the strengths of the 
excitator y connection s betwee n th e semanti c an d 
lexica l  levels ,  alphasl . 

Thi s hypothesi s furthe r  predict s a n interactio n wit h 
frequenc y suc h tha t  reducin g alphas l  ha s mor e effec t 
upo n lo w frequency  items .  Mor e frequen t  word s shoul d 
be mor e robus t  becaus e the y hav e a  high a restin g level . 
The y shoul d henc e b e relativel y wel l  preserve d a t  lo w 
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level s o f  semantic-lexica l  facilitatio n compare d wit h 
l o w frequenc y items .  W i t h aphasics ,  a  majo r 
determinan t  o f  succes s f w a  patien t  attemptin g t o 
produc e a  w o r d i s it s  frequenc y (Ellis ,  Mille r  &  Sin , 
1983) .  W e compu t e th e rati o o f  th e activatio n leve l  o f  a 
lexica l  uni t  a t  a  hig h leve l  o f  semantic-lexica l 
facilitatio n {alphas l  =  0.03 )  t o it s activatio n leve l  a t  a 
lo w leve l  o f  facilitatio n (alphas l  =  0.005 )  afte r  1 5 
processin g cycles .  W e cal l  thi s rati o th e sensitivit y rati o 
fo r  a  particula r  ite m a s i t  reflect s a  lexica l  unit' s 
sensitivit y t o differen t  level s o f  alphasl .  Hig h frequenc y 
item s shoul d hav e lowe r  sensitivit y ratio s tha n lo w 
frequenc y items .  T h e sensitivit y rati o w a s compute d 
acros s a  rang e o f  lexica l  frequencies .  Figur e 8  show s 
th e resul t  o f  thes e simulations .  Althoug h othe r  factor s 
ar e clearl y operating ,  frequenc y doe s behav e a s 
predicte d b y th e w e a k lexica l  activatio n hypothesis . 
Inspectio n suggest s tha t  th e ma i n origi n o f  th e residual s 
i n a  regressio n o f  frequenc y ont o sensitivit y rati o i s th e 
n u m b er  o f  th e semanti c unit s tha t  ar e "on "  fo r  an y 
particula r  lexica l  item .  Tha t  is ,  th e effec t  o f  lowerin g 
th e strengt h o f  th e semantic-lexica l  connection s i s 
moderate d no t  onl y b y frequency ,  bu t  als o b y th e 
richnes s o f  th e underlyin g semanti c representatio n fo r 
eac h item .  W e tak e thi s t o b e reflecte d i n th e 
imageabilit y o f  words ,  i n th e s a m e w a y a s Plau t  an d 
Shallic e (1991) .  Furthe r  simulation s tease d ou t  th e 
differin g contribution s o f  lexica l  frequenc y an d 
imageability .  T w o type s o f  simulation s wer e ru n wit h 
artificia l  lexica l  items .  I n th e first ,  th e effec t  o f  varyin g 
th e frequenc y o f  th e targe t  lexica l  unit s w a s investigate d 
whil e th e semanti c representatio n w a s hel d constant .  I n 
th e second ,  th e n u m b e r  o f  " o n "  semanti c unit s i n th e 
inpu t  w a s varie d whil e th e frequenc y w a s hel d constan t 
I n bot h case s nea r  linea r  relationship s ar e foun d betwee n 
th e sensitivit y rati o an d pur e frequenc y an d pur e 
imageability .  Th i s furthe r  predict s tha t  hig h 
imageabilit y  w o r d s shoul d als o b e preferentiall y 
preserve d i n jargo n aphasi a independen t  o f  frequency . 
Again ,  w e k n o w o f  n o dat a tha t  directl y addres s thi s 
issue ,  thoug h dee p dyslexic s perfor m bette r  o n m o r e 
imageabl e word s (Collheart ,  1980) . 

Althoug h thi s give s a  m o r e satisfyin g distributio n o f 
lexica l  activation s tha n th e othe r  accounts ,  i t  stil l  fail s t o 
satisf y th e criterio n that ,  o n s o m e occasions ,  th e 
activatio n o f  competitor s shoul d b e abov e tha t  o f  th e 
target .  T o achiev e this ,  i t  i s  necessar y t o introduc e s o m e 
rando m variatio n int o th e weakenin g o f  th e semantic-to -
lexica l  connections .  H e n c e th e excitator y semantic-to -
lexica l  connection s wer e randoml y lesioned .  Thi s w a s 
achieve d b y addin g a n a m o u n t  o f  normall y distribute d 
r a n d o m nois e t o eac h connection .  T h e severit y o f 
lesionin g i s  m i m i c k e d b y increasin g th e standar d 
deviatio n o f  th e nois e distribution .  Lexica l  unit s the n 
behav e a s desire d (Figur e 9 ) .  R a n d o m lesionin g o f 
a lphas l  affect s th e targe t  lexica l  uni t  suc h tha t  th e 
greate r  th e severit y o f  th e lesioning ,  th e lowe r  th e 
probabilit y o f  th e targe t  uni t  bein g highl y activated . 
Further ,  th e greate r  th e lesioning ,  th e highe r  th e 
probabilit y o f  othe r  lexica l  unit s bein g highl y activated . 

Of  course ,  becaus e thi s manipulatio n o f  alphas l  i s 
random ,  actua l  result s var y fro m tria l  t o trial ,  an d thi s 
variatio n increase s a s th e amoun t  o f  lesionin g increases . 
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Fig. 8. The sensitivity ratio plotted against loge 

(lexica l  ite m frequency) . 
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Fig .  9 .  T h e effect s o f  randoml y lesionin g 
semantic-to-lexica l  connection s u p o n lexica l 
units .  Moderat e d a m a g e (standar d deviatio n 
=0.05 )  ha s bee n applied . 

Implication s fo r  N o r m a l  S p e e c h Produc t io n 

If normal and pathological paraphasias form a 
continuum ,  differin g onl y i n th e amoun t  o f  rando m 
nois e tha t  i s adde d t o th e between-leve l  connections , 
the n the y shoul d shar e m a n y characteristics .  I n 
particular ,  w e ca n mak e tw o prediction s abou t  frequenc y 
and imageability .  Thos e word s tha t  ar e mos t  robus t 
unde r  nois y condition s ar e goin g t o b e th e mor e frequen t 
and imageabl e word s i n th e language .  Henc e th e word s 
upo n whic h error s occu r  shoul d b e o f  lowe r  frequenc y 
tha n average ,  becaus e thes e ar e jus t  thos e item s tha t  ar e 
particularl y susceptibl e t o disruption .  W e als o predic t 
tha t  whe n norma l  speaker s mak e a  spontaneou s wor d 
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substitution ,  th e targe t  wor d shoul d b e replace d b y on e 
more frequen t  an d imageable .  I t  i s possibl e t o tes t  thes e 
prediction s agains t  ou r  corpu s o f  546 8 naturall y 
occurrin g speec h errors .  W e looke d a t  complete d 
conten t  wor d substitution s wher e ther e wa s eithe r  a 
semanti c o r  phonologica l  relationship  betwee n th e targe t 
and erro r  words .  Bot h semanti c (t[798 ]  »  4.01 .  p  < 
O.OOi .  al l  results  two-tailed )  an d phonologica l  (t[448 ]  = 
3.62 ,  p  <  0.001. )  target s wer e significantl y lowe r  i n 
frequenc y tha n contro l  word s i n th e corpus .  Semanti c 
wor d substitution s resulte d i n mor e imageabl e word s 
replacin g th e targe t  (t[20l ]  =  2.42 ,  p  <  0.02) .  althoug h 
ther e wa s n o effec t  fo r  pur e phonologica l  case s (t[25 ]  = 
0.57 ,  p  >  0.5) .  Thi s fina l  resul t  perhap s say s n o mor e 
tha n tha t  semanti c an d phonologica l  wor d substitution s 
aris e a t  differen t  loci ,  an d tha t  th e latte r  ar e les s affecte d 
by semanti c constraints .  I t  i s a  reminder  tha t  ou r  mode l 
onl y adequatel y addresse s semanti c substitutions . 
Finally ,  i t  ha s bee n argue d tha t  jargo n paraphasia s an d 
norma l  tip-of-the-tongu e state s shar e man y propertie s 
(Mille r  &  Ellis ,  1987) .  Ou r  curren t  simulation s sugges t 
tha t  the y aris e fro m weakene d lexical-to-phonologica l 
connections . 

Conc lus ion s 

The model described here has two important limitations. 
First ,  ther e ar e n o phonotacti c constraints :  an y strin g o f 
phonemes i s permissible .  A  related  proble m i s tha t  th e 
slot-and-fille r  mechanis m use d t o implemen t  th e seria l 
orderin g o f  phoneme s i s primitiv e an d inconsisten t  wit h 
th e connectionist ,  non-explicitl y  rule-base d foundation s 
of  th e model .  However ,  a s Mille r  an d Elli s  (1987 )  poin t 
out ,  becaus e phonem e substitution s ar e rando m an d 
within-wor d phonem e exchange s occu r  n o mor e tha n 
woul d b e expecte d b y chance ,  fo r  R D a t  leas t  i t  i s  no t 
necessar y t o postulat e a n additiona l  phonem e orderin g 
mechanis m deficit .  Anothe r  limitatio n o f  ou r  wor k s o 
fa r  i s  tha t  i t  i s limite d t o monosyllabic ,  morphologicall y 
simpl e conten t  words .  Nevertheless ,  lesionin g thi s 
model  b y addin g nois e t o th e semantic-to-lexica l 
connection s ca n accoun t  fo r  a  numbe r  o f  importan t 
characteristic s o f  jargo n aphasi c speech . 

We woul d lik e t o conclud e b y pointin g ou t  tha t 
connectionis t  explanation s o f  thi s typ e ar e no t 
inconsisten t  wit h earlie r  hypothese s concernin g th e 
origin s o f  jargon ,  bu t  explai n wha t  i s happenin g a t  a 
lowe r  leve l  o f  explanation .  Earlie r  model s poin t  t o a 
failur e o f  lexica l  access ;  w e hypothesiz e ho w tha t  failur e 
occurs . 
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