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Systematicit y an d Specializatio n i n Semantics : 

A Computationa l  Accoun t  o f  Opti c Aphasi a 

Sean McGuir e (sean@roughy.psy.cmu.edu ) 
Departmen t  o f  Psycholog y 

Carnegi e Mello n Universit y 
500 0 Forbe s Avenu e 

Pittsburgh ,  P A 15213-389 0 

D a v i d C .  Plau t  ( p l a u t @ c m u . e d u ) 
Cente r  fo r  th e Neura l  Basi s o f  Cognitio n 

Mello n Institut e 11 5 
440 0 Forbe s Avenu e 

Pittsburgh ,  P A 15213-268 3 

Abstrac t 
Opti c aphasi c patient s ar e selectivel y impaire d a t  namin g visu -
all y presente d object s bu t  demonstrat e relativ e intac t  compre -
hensio n o f  thos e object s (e.g. ,  b y gesturin g o r  categorization ) 
and ar e abl e t o nam e the m whe n presente d i n othe r  modalitie s 
(e.g. ,  vi a tactil e input) .  Thi s an d othe r  modality-specifi c  nam -
in g deficit s hav e bee n take n a s evidenc e tha t  semantic s i s or -
ganize d int o distinc t  modality-specifi c  subsystems .  W e adop t 
an alternativ e vie w i n whic h semantic s i s a  se t  o f  learned ,  in -
terna l  representation s withi n a  paralle l  distribute d processin g 
syste m tha t  map s betwee n multipl e inpu t  an d outpu t  modal -
ities .  W e accoun t  fo r  th e critica l  aspect s o f  opti c aphasi a i n 
term s o f  th e effect s o f  damag e t o suc h a  system ,  despit e it s 
lac k o f  modality-specifi c  specialization .  W e sho w tha t  th e ro -
bustnes s o f  a  tas k i n suc h a  syste m depend s criticall y o n it s 
systematicity ,  an d tha t  modality-specifi c  namin g deficit s ca n 
aris e becaus e namin g i s a n unsystemati c task . 

Introduction 

Th e lexica l  semanti c syste m ca n b e though t  o f  a s a  se t  o f  rep -
resentation s whic h mediate s betwee n multipl e inpu t  an d out -
put  modalities .  Perhap s th e mos t  immediatel y intuitiv e mode l 
of  semantic s i s wha t  ha s bee n terme d th e unitar y seman -
tic s mode l  (e.g. ,  Caramazza ,  HiUis ,  Rapp ,  &  Romani ,  1990 ; 
Hillis ,  Rapp ,  Romani ,  &  Caramazza ,  1990) .  A  generi c ver -
sio n o f  thi s mode l  i s show n i n Figur e la .  I n suc h a  model , 
semantic s take s inpu t  fro m an y o f  severa l  differen t  modali -
ties ,  an d generate s outpu t  i n on e o r  mor e othe r  modalities . 

Shallic e (1987 )  claime d tha t  certai n aspect s o f  neuropsy -
chologica l  dat a pos e a  seriou s challeng e t o unitar y seman -
tic s approaches .  O n e proble m come s fro m modality-specifi c 
namin g deficits ,  suc h a s opti c aphasia .  Opti c aphasi a i s a  rel -
ativel y rar e neuropsychologica l  disorder ,  typicall y cause d b y 
damage t o th e lef t  media l  occipita l  lob e (i.e. ,  visua l  corte x 
an d th e underlyin g whit e matter) ,  i n whic h patient s exhibi t 
a selectiv e impairmen t  i n namin g visuall y presente d object s 
(se e lorio ,  Falanga ,  Fragassi ,  &  Grossi ,  1992 ;  Endo ,  M a k -
ishita ,  &  Sugishita ,  1996 ,  fo r  review s o f  cases) .  Fo r  example , 
patien t  J B (Riddoc h &  Humphreys ,  1987 )  wa s substantiall y 
impaire d a t  namin g visuall y presente d objects ,  providin g cor -
rec t  answer s o n onl y 4 6 % o f  tes t  trials .  However ,  h e wa s 
7 5 % correc t  o n mimin g th e use s o f  visuall y presente d objects , 
suggestin g tha t  hi s namin g defici t  coul d no t  b e explaine d i n 
term s o f  a  mor e fundamenta l  visua l  recognitio n impairment . 
Furthermore ,  h e wa s 7 5 % correc t  o n namin g object s fro m tac -
til e presentation ,  ruhn g ou t  a n explanatio n i n ter m o f  a  mor e 
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Figur e 1 :  Tw o genera l  formulation s o f  th e organizatio n o f  lexica l 
semantics . 

general anomia. JB's performance is typical of optic apha-
sics ;  h e show s impaire d namin g fro m vision ,  wit h relativel y 
preserve d gesturin g fro m visua l  inpu t  an d namin g from  othe r 
modalities . 

Notic e tha t  ther e i s n o locatio n o f  damag e i n a  box-and -
arro w versio n o f  th e unitar y semantic s mode l  tha t  wil l  giv e 
rise  t o thi s patter n o f  performance .  D a m a g e betwee n vi -
sio n an d semantic s woul d resul t  i n visua l  agnosia ,  wherei n 
a visuall y presente d objec t  woul d no t  b e recognize d an d s o 
it s us e coul d no t  b e gestured .  D a m a g e betwee n semantic s 
and phonolog y woul d lea d t o a  modality-independen t  nam -
in g deficit .  Finally ,  damag e t o semantic s itsel f  woul d degrad e 
performanc e o n task s i n al l  modalities . 

Shallic e (1987 ,  als o se e Beauvois ,  1982 )  solve d thi s prob -
le m b y dividin g semantic s int o multiple ,  modality-specifi c 
subsystem s (se e Figur e lb) .  O n thi s view ,  opti c aphasi a re -
sult s fro m a  disconnectio n o f  visua l  an d verba l  semantics . 
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Thus ,  acces s t o th e verba l  semanti c representation s neede d 

fo r  namin g i s prevente d onl y fo r  visua l  input ,  an d al l  othe r 
task s ar e unimpaired . 

Whil e i t  migh t  see m tha t  thi s mode l  provide s a n adequat e 
accoun t  o f  th e data ,  ther e ar e majo r  problem s wit h it .  Firs t 
and foremost ,  i t  seem s distinctl y unparsimonious .  Th e nee d 
t o develo p severa l  relativel y independen t  module s i n whic h 
t o stor e semanti c informatio n significantl y increase s th e dif -
ficulty  o f  learnin g abou t  objects .  Instea d o f  formin g a  single , 
amodal  representatio n fo r  a  particula r  object ,  th e brai n woul d 
hav e t o lear n a  numbe r  o f  differen t  representations .  Th e pro -
cesse s fo r  maintainin g consistenc y o f  thes e representations , 
and othe r  implementationa l  factors ,  ar e unclear . 

Moreover ,  whil e th e multiple-semantic s mode l  provide s a 
convenien t  explanatio n fo r  th e majo r  aspect s o f  opti c aphasia , 
i t  doe s a  poo r  jo b a t  accountin g fo r  othe r  relevan t  factors .  I n 
particular ,  performanc e o n mimin g an d o n non-visua l  namin g 
ar e typicall y als o impaired ,  althoug h no t  t o th e sam e exten t  a s 
namin g fro m vision .  I t  i s difficul t  t o se e h o w a  singl e lesio n t o 
th e multiple-semantic s mode l  woul d resul t  i n mino r  impair -
ment  o f  mimin g an d tactil e naming ,  an d substantia l  impair -
ment  o f  visua l  naming .  I n fact ,  thi s woul d see m t o requir e 
thre e separat e lesions .  Furthermore ,  opti c aphasics '  abilit y  t o 
discriminat e betwee n visuall y simila r  object s i n a  semanti c 
categorizatio n tas k m a y als o b e mildl y impaire d (Riddoc h & 
Humphreys ,  1987) ,  suggestin g difficult y i n accessin g seman -
tic s fro m vision . 

I n ligh t  o f  thes e problems ,  Caramazz a an d colleague s 
(Caramazz a e t  al. ,  1990 ;  Hilli s  &  Caramazza ,  1995 ;  Hilli s 
et  al. ,  1990 )  argu e tha t  th e multiple-semantic s mode l  doe s no t 
provid e a n adequat e explanatio n o f  th e actua l  patien t  data . 
Moreover ,  the y argu e tha t  th e unitary-semantic s approac h 
can ,  i n fact ,  accoun t  fo r  opti c aphasi a i f  certai n predictiv e 
propertie s o f  th e environmen t  ar e take n int o account .  The y 
postulat e tha t  visua l  propertie s ten d t o b e highl y predictiv e 
of  functiona l  properties .  Thi s i s simila r  t o Gibson' s (1979 ) 
notio n o f  affordances—th e fac t  tha t  a  cu p ha s a  handl e an d a 
concav e shap e i s highl y (althoug h no t  perfectly )  predictiv e o f 
it s  function ;  i t  afford s holdin g liquid ,  an d th e particula r  physi -
cal  manipulation s involve d i n drinking .  However ,  thes e sam e 
visua l  feature s provid e n o systemati c informatio n abou t  th e 
object' s name .  Thus ,  ther e ar e m a n y object s whic h w e coul d 
cal l  "cup "  bu t  onl y a  fe w whic h affor d drinking . 

The predictivenes s o f  a  relationshi p ca n b e recas t  i n term s 
of  th e systematicit y o f  a  mapping .  A  mappin g i s systemati c 
t o th e exten t  tha t  i t  preserve s similarity ;  tha t  is ,  simila r  in -
put s m a p t o simila r  outputs .  Thus ,  a n identit y mappin g i s 
completel y systemati c i n tha t  i t  preserve s similarit y exactly , 
wherea s a  rando m mappin g i s completel y unsystemati c i n 
tha t  inpu t  similarit y i s entirel y unrelate d t o outpu t  similar -
ity .  Anothe r  wa y t o characteriz e systematicit y i s i n term s o f 
ho w man y inpu t  feature s ar e neede d t o predic t  eac h outpu t 
feature .  I n a n identit y mapping ,  eac h outpu t  featur e i s per -
fectl y predicte d b y a  singl e (corresponding )  inpu t  feature ;  i n 
a rando m mapping ,  eac h outpu t  featur e ca n b e predicte d onl y 

by knowin g th e entir e input .  A  highl y predictiv e relation -
ship ,  suc h a s tha t  betwee n visio n an d action ,  correspond s t o a 
highl y systemati c mapping ,  wherea s a  relationshi p wit h littl e 
predictiv e value ,  suc h a s tha t  betwee n visio n an d naming ,  ca n 
be approximate d b y a  rando m mapping . 

I f  visua l  informatio n i s systematicall y relate d t o ac -
tion/function ,  the n i t  m a y b e possibl e t o determin e functiona l 
propertie s (and ,  hence ,  gestur e accurately )  fro m partiall y  de -
grade d information .  O n th e othe r  hand ,  suc h informatio n 
m ay b e inadequat e fo r  supportin g accurat e namin g give n tha t 
smal l  difference s i n inpu t  mus t  produc e completel y differen t 
outputs .  Thus ,  partia l  damag e t o th e mappin g betwee n vi -
sio n an d semantic s i n a  unitary-semantic s mode l  migh t  b e 
expecte d t o giv e ris e t o th e overal l  patter n o f  performanc e 
i n opti c aphasi a (als o se e Riddoc h &  Humphreys ,  1987) . 

Thi s ide a ca n b e teste d b y implementin g a  syste m whic h 
perform s task s simila r  t o thos e performe d b y th e semanti c 
system ,  an d the n examinin g th e performanc e o f  tha t  syste m 
when i t  i s  damaged .  W e chos e t o implemen t  suc h a  syste m 
usin g a  paralle l  distribute d processin g (PDP )  framework ,  fo r 
a numbe r  o f  reasons .  Primar y a m o n g the m i s th e fac t  tha t 
th e typ e o f  computation s performe d b y a  P D P system ,  al -
thoug h no t  perfectl y faithfu l  t o thos e performe d b y neurons , 
nonetheles s shar e certai n fundamenta l  propertie s wit h them . 
As a  result ,  i t  i s  natura l  t o damag e a  P D P syste m t o vary -
in g degrees .  Moreover ,  suc h system s hav e bee n show n t o b e 
sensitiv e t o relativ e degree s o f  systematicit y withi n a  singl e 
task ,  bot h i n term s o f  rat e o f  acquisitio n an d i n term s o f  th e 
effect s o f  damag e (Plaut ,  McClelland ,  Seidenberg ,  &  Patter -
son ,  1996 ;  Seidenber g &  McClelland ,  1989) .  I n thi s paper , 
we explor e whethe r  opti c aphasi a ca n b e accounte d fo r  b y th e 
effect s o f  damag e t o a  P D P networ k i n whic h multipl e input -
outpu t  mapping s o f  varyin g systematicit y ar e mediate d b y th e 
same interna l  (semantic )  representations . 

Simulation 1: Basic Effects 

As a  first  ste p t o illustrat e th e basi c effect s o f  systematicit y 
i n P D P systems ,  w e traine d a  simpl e three-laye r  feedforwar d 
networ k o n eithe r  a  systemati c tas k o r  a n unsystemati c task , 
and compare d it s performanc e o n thes e task s ove r  th e cours e 
of  learnin g an d followin g damage . 

Method 

Th e networ k ha d 2 0 inpu t  units ,  4 0 hidde n units ,  an d 2 0 out -
put  units .  Eac h hidde n uni t  receive d a  connectio n fro m eac h 
inpu t  uni t  an d sen t  on e t o eac h outpu t  unit .  Weight s o n thes e 
connection s wer e initialize d t o rando m value s uniforml y dis -
tribute d betwee n -0. 5 an d 0. 5 an d wer e unconstraine d durin g 
learning .  I n addition ,  hidde n an d outpu t  unit s ha d bia s con -
nection s whos e weight s wer e initialize d betwee n -0. 5 an d 0 
and wer e constraine d t o remai n nonpositiv e durin g learning . 
Al l  unit s use d th e standar d logisti c activatio n functio n wit h 
activation s rangin g fro m 0  t o 1 . 

Th e inpu t  t o th e networ k consiste d o f  10 0 rando m pattern s 
ove r  th e inpu t  units ,  suc h tha t  eac h uni t  ha d a  probabilit y  o f 
0. 5 o f  bein g activ e i n eac h pattern .  Fo r  th e systemati c task , 
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Figur e 2 :  Correc t  performanc e o n th e systemati c an d unsystemati c 
task s a s a  functio n o f  th e percen t  o f  input-to-hidde n connection s re -
moved i n Simulatio n 1 . 

th e networ k wa s traine d t o regenerat e th e identica l  patter n 
ove r  th e outpu t  unit s (i.e. ,  a n identit y  mapping) .  Fo r  th e un -
systemati c task ,  a  ne w se t  o f  10 0 rando m pattern s wer e gener -
ate d an d paire d randoml y wit h th e inpu t  pattern s (i.e. ,  a n arbi -
trar y mapping) .  Not e tha t  thes e mapping s wer e no t  intende d 
t o correspon d i n an y direc t  wa y t o th e actua l  mapping s in -
volve d i n visua l  namin g an d gesturing ,  bu t  simpl y t o captur e 
th e basi c distinctio n betwee n a  systemati c versu s unsystem -
ati c task . 

Th e networ k wa s traine d wit h back-propagatio n (Rumel -
hart ,  Hinton ,  &  Williams ,  1986 )  usin g th e cross-entrop y erro r 
functio n (Hinton ,  1989) ,  a  learnin g rat e o f  0. 1 an d n o weigh t 
deca y o r  m o m e n t u m .  I f  a n outpu t  uni t  wa s withi n 0. 1 o f  it s 
target ,  the n i t  wa s counte d a s correc t  an d n o erro r  wa s gener -
ate d fo r  tha t  unit .  Trainin g wa s halte d when ,  fo r  eac h inpu t 
presented ,  al l  outpu t  unit s wer e withi n 0. 1 o f  thei r  targets . 

Afte r  training ,  eac h versio n o f  th e networ k wa s lesione d 
by randoml y selectin g an d removin g a  proportio n o f  input-to -
hidde n connection s (rangin g fro m 1  % t o 3 0 % ) .  A t  eac h leve l 
of  severity ,  1 0 repetition s wer e run ,  wherei n a  ne w randoml y 
chose n se t  o f  connection s wa s remove d an d th e model' s per -
formanc e o n al l  2 0 pattern s wa s determine d (where ,  i n thi s 
context ,  a n outpu t  wa s considere d correc t  i f  al l  o f  th e outpu t 
unit s ha d activation s o n th e correc t  side s o f  0.5) . 

Results and Discussion 

Task systematicity had a dramatic effect both on rate of ac-
quisitio n an d o n robustnes s t o damage .  Th e systemati c tas k 
was mastere d afte r  onl y 5 0 epoch s o f  training .  B y contrast , 
th e unsystemati c tas k wa s a t  floor  unti l  10 0 epochs .  I t  reache d 
5 0 % correc t  a t  epoc h 27 7 an d onl y achieve d perfec t  perfor -
mance a t  epoc h 392 . 

Similarly ,  performanc e o n th e systemati c tas k wa s fa r  mor e 
robus t  t o damag e (se e Figur e 2) .  Remova l  o f  onl y 1 % o f 
input-to-hidde n connection s lef t  th e systemati c tas k unaf -
fecte d bu t  reduce d correc t  performanc e o n th e unsystemati c 
tas k t o 7 8 % .  Wit h a  1 0 % lesion ,  performanc e o n th e sys -

Semantic s (50 0 Units ) 

I X £ L 
[  Visio n (2 0 Units )  )  (  Touc h (2 0 Units )  ] 

Figure 3: The architecture of the network trained to map between 
multipl e inpu t  an d outpu t  modalitie s i n Simulatio n 2 . 

temati c tas k remaine d a t  8 7 % correc t  whil e th e unsystemati c 
tas k wa s nea r  floor  a t  3 .7 % correct .  Eve n wit h 207 o o f  input -
to-hidde n connection s removed ,  correc t  performanc e o n th e 
systemati c tas k wa s bette r  tha n 5 0 % . 

I n summary ,  althoug h thi s first  simulatio n i s highl y sim -
plifie d i t  serve s t o illustrat e th e powerfu l  effec t  tha t  tas k sys -
tematicit y ha s o n th e performanc e o f  P D P networks ,  bot h i n 
learnin g an d followin g damage . 

Simulation 2: Multiple Modalities 

Simulatio n 1  wa s simplifie d bot h i n th e extrem e for m o f  sys -
tematicit y i t  employe d an d i n th e fac t  tha t  th e systemati c an d 
unsystemati c mapping s wer e learne d separately .  I n th e sec -
on d simulation ,  w e traine d a  networ k t o m a p fro m multipl e 
inpu t  modalitie s (visio n an d touch )  t o multipl e outpu t  modal -
itie s (actio n an d phonology) ,  employin g a  mor e realisti c for -
mulatio n o f  systematicit y fo r  th e vision-to-actio n mapping . 

Method 

The network ,  depicte d i n Figur e 3 ,  consiste d o f  five  group s 
of  units :  tw o inpu t  group s o f  2 0 unit s each ,  name d "Vision " 
and "Touch" ;  on e hidde n laye r  o f  50 0 units ,  name d "Seman -
tics";  an d tw o outpu t  group s o f  2 0 unit s each ,  name d "Action " 
and "Phonology. "  Th e larg e numbe r  o f  unit s i n Semantic s 
i s usefu l  fo r  helpin g th e mode l  lear n multipl e arbitrar y map -
ping s i n a  reasonabl e amoun t  o f  time.  (Qualitativel y simila r 
result s obtai n witi i  fewe r  hidde n units ,  e.g. ,  100.) .  Seman -
tics  receive d connection s fro m bot h o f  th e inpu t  groups ,  an d 
bot h o f  th e outpu t  group s receive d connection s fro m Seman -
tics.  Weight s an d biase s wer e initialize d an d constraine d a s 
i n Simulatio n 1 , 

The trainin g environmen t  consiste d o f  10 0 objects ,  divide d 
int o 1 0 categorie s o f  1 0 object s each .  Eac h objec t  consiste d 
of  pattern s fo r  Vision ,  Touch ,  Action ,  an d Phonology . 

Visio n inpu t  pattern s wer e mad e t o cluste r  int o categorie s 
usin g th e followin g procedure .  W e first  generate d 1 0 rando m 
prototyp e patterns ,  suc h tha t  eac h o f  2 0 feature s ha d a  proba -
bilit y  o f  0. 5 o f  bein g presen t  an d al l  prototype s differe d fro m 
eac h othe r  b y a t  leas t  5  features .  Fo r  eac h prototype ,  w e the n 
generate d 1 0 exemplar s b y choosin g tw o feature s o f  th e pro -
totyp e an d reversin g them .  W e constraine d al l  exemplar s t o 
diffe r  fro m eac h othe r  b y a t  leas t  tw o features .  Eac h exempla r 
was use d a s a  Visio n inpu t  pattern . 

Actio n outpu t  pattern s wer e generate d i n th e sam e wa y a s 
wer e Visio n inputs ,  althoug h differen t  prototype s wer e used . 
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Actio n representation s 
(organize d i n categories ) 

Visua l  representation s 
(organize d i n categories ) 

Figur e 4 :  A  depictio n o f  th e relationshi p betwee n visua l  input s an d 
actio n outputs .  Correspondin g pattern s ar e represente d a s point s 
wit h a  lin e connectin g them . 
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Figur e 5 :  Th e proportio n o f  Actio n versu s Phonolog y output s cor -
rec t  give n Visua l  input ,  a s a  functio n o f  trainin g epoch . 

Exemplar s generate d fro m a  singl e prototyp e ca n b e consid -
ere d t o for m a  category .  I n orde r  t o creat e a  systemati c map -
ping ,  w e assigne d Visio n input s t o Actio n output s suc h that , 
i f  tw o object s ha d inpu t  pattern s fro m th e sam e Visio n cat -
egory ,  the n the y woul d hav e outpu t  pattern s fro m th e sam e 
Actio n category .  Thus ,  membershi p i n a  visua l  categor y wa s 
predictiv e o f  membershi p i n a n actio n category ,  bu t  individ -
ual  visua l  feature s wer e no t  perfectl y predictiv e o f  individua l 
actio n feature s (se e Figur e 4) . 

Althoug h thes e representation s ar e b y n o mean s faithfu l  t o 
actua l  visua l  an d functiona l  representations ,  the y d o captur e 
some basi c aspect s o f  thei r  structur e an d relationship .  Peopl e 
categoriz e object s a t  leas t  partiall y  o n th e basi s o f  visua l  fea -
ture s (Rosch ,  Mervis ,  Gray ,  Johnson ,  &  Boyes-Braem ,  1976) , 
and ther e i s evidenc e tha t  ou r  representation s o f  action s hav e 
a categorica l  structur e (Klatzky ,  Pellegrino ,  McCloskey ,  & 
Lederman ,  1993) .  Thus ,  th e us e o f  a n environmen t  wit h vi -
sual  an d functiona l  categorie s provide s a  sufficien t  settin g i n 
whic h t o tes t  th e implication s o f  relativ e tas k systematicity . 

Touc h inpu t  pattern s an d Phonolog y outpu t  pattern s wer e 
generate d b y settin g eac h featur e o f  eac h patter n t o 1  wit h 
a probabilit y  o f  0.5 ,  wit h th e additiona l  constrain t  tha t  n o 
tw o Touc h pattern s o r  Phonolog y pattern s coul d b e identi -
cal .  Thi s desig n result s i n a  systemati c relationshi p betwee n 
Visio n an d Action ,  an d a  rando m relationshi p betwee n Vi -
sio n an d Phonolog y an d betwee n Touc h an d bot h o f  th e out -
put  modalities .  Not e that ,  i n additio n t o bein g unstructured , 
th e Touc h modalit y ha d a n entirel y unsystemati c relationshi p 
wit h bot h Actio n an d Vision .  O f  course ,  i n actuality ,  th e do -
mai n o f  touc h ha s a  hig h degre e o f  structur e tha t  i s closel y 
relate d t o th e structur e amon g visua l  an d functiona l  represen -
tations .  However ,  w e chos e no t  t o implemen t  thi s structur e 
nor  th e relevan t  relationship s becaus e w e wer e primaril y in -
tereste d i n th e effect s o f  th e systemati c relationshi p o f  visio n 
and action .  I n fact ,  b y makin g al l  o f  th e othe r  relationship s 
random ,  w e ensure d tha t  th e networ k ca n tak e advantag e onl y 
of  thos e regularitie s i n th e mappin g fro m Visio n t o Action . 

The mode l  wa s traine d usin g th e sam e learnin g procedure , 

parameters ,  an d stoppin g criteri a a s i n Simulatio n 1 . 

Results 

Acquisition .  Figur e 5  shows ,  a s a  functio n o f  trainin g 
epoch ,  th e proportio n o f  correc t  output s i n eac h modalit y fo r 
Visua l  inputs .  A n outpu t  patter n wa s considere d correc t  i n 
thi s contex t  i f  al l  o f  th e outpu t  unit s wer e withi n 0. 1 o f  thei r 
targets .  A s expected ,  th e mode l  learne d th e Vision-to-Actio n 
mappin g mor e quickl y tha n th e Vision-to-Phonolog y map -
ping ,  F(l,99)= l  12.0 ,  p<.001 ,  du e t o it s greate r  systematicity . 

Effect s o f  D a m a g e :  Visua l  N a m i n g versu s Gesturing . 
The traine d networ k wa s lesione d b y removin g randoml y se -
lecte d connection s fro m th e Visio n laye r  t o th e Semantic s 
layer .  Level s o f  lesio n severit y range d fro m 1 % t o 3 0 % o f 
connection s removed .  A t  eac h level ,  te n repetition s wer e run , 
wherei n a  ne w randoml y chose n se t  o f  connection s wa s re -
moved.  Th e model' s performanc e o n al l  mapping s wa s the n 
determined .  A n outpu t  i n a  particula r  modalit y wa s consid -
ere d correct ,  fo r  thi s task ,  i f  al l  o f  th e outpu t  unit s wer e o n 
th e correc t  sid e o f  0.5 .  Averag e performanc e a t  eac h leve l  o f 
severit y  i s show n i n Figur e 6 . 

The model' s abiUt y t o m a p fro m Visio n t o bot h Actio n an d 
Phonolog y wa s impaire d b y th e lesions ,  and ,  a s expected ,  per -
formanc e decrease d a s lesio n severit y increased .  However ,  a t 
lo w an d intermediat e severities ,  th e mode l  performe d m u c h 
bette r  a t  visua l  gesturin g tha n a t  visua l  naming .  Overall , 
th e advantag e fo r  th e Vision-to-Actio n mappin g wa s signif -
icant ,  F(l,99)=963.2 ,  p<.001 ,  a s wa s th e interactio n o f  out -
put  modalit y an d lesio n severity ,  F(13,1287)=64.76 ,  p<.001 . 
Not e tha t  th e model' s performanc e o n mappin g fro m Touc h 
t o eithe r  o f  th e outpu t  modalitie s remaine d unimpaired .  Sinc e 
th e mode l  wa s feedforward ,  i t  i s  unsurprisin g tha t  th e remova l 
of  connection s fro m Visio n t o Semantic s ha d n o effec t  o n th e 
model' s performanc e o n Touc h mappings . 

Effect s o f  D a m a g e :  Semanti c Categorization .  O n e 
sourc e o f  evidenc e i n suppor t  o f  th e clai m tha t  opti c apha -
si c patient s hav e a n impairmen t  i n accessin g semantic s from 
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Figur e 6 :  Correc t  performanc e o n tactil e naming ,  visua l  gestur -
ing ,  an d visua l  namin g a s a  functio n o f  th e percen t  o f  Vision-to -
Semantic s connection s removed . 

visio n rathe r  tha n a n impairmen t  i n semantic s pe r  s e come s 
fro m Riddoc h an d Humphrey s (1987) ,  w h o demonstrate d 
tha t  thei r  patient ,  JB ,  ha d difficult y performin g categoriza -
tio n task s w h e n fine-grained  visua l  discriminatio n wa s re -
quired .  Riddoc h an d Humphrey s argue d that ,  becaus e th e 
semanti c representatio n i s forme d fro m inaccurat e and/o r  in -
complet e information ,  i t  i s  generall y sufficien t  t o driv e task s 
whic h d o no t  requir e a  hig h leve l  o f  detail ,  bu t  inadequat e fo r 
harde r  tasks .  Accordingly ,  w e examin e th e exten t  t o whic h 
our  mode l  exhibit s simila r  behavior . 

We implemente d a  forced-choic e tas k b y presentin g th e 
model  wit h thre e object s an d determinin g whic h tw o i t  con -
sidere d mos t  similar .  Similarit y wa s judge d b y computin g th e 
normalize d do t  produc t  o f  th e model' s Semanti c representa -
tion s generate d b y Visua l  presentatio n o f  tw o objects .  Th e 
large r  th e normalize d do t  product ,  th e mor e simila r  th e ob -
ject s wer e considere d t o be . 

We examine d th e model' s performanc e o n tw o forced -
choic e tasks .  I n th e between-categorie s task ,  i t  wa s presente d 
wit h tw o object s fro m th e sam e categor y an d a  thir d objec t 
fro m a  differen t  category .  I n th e within-categor y task ,  i t  wa s 
presente d wit h thre e object s fro m th e sam e category .  W h e n 
testin g a  damage d model ,  w e define d th e correc t  respons e fo r 
eac h compariso n t o b e th e respons e generate d b y th e undam -
age d model .  Fo r  bot h tasks ,  w e presente d th e mode l  wit h al l 
of  th e triple s o f  object s relevan t  t o tha t  task .  Thi s resulte d i n 
40,50 0 triple s fo r  th e between-categorie s tas k (1 0 categorie s 
X (̂ ^ )  pair s i n eac h categor y x  9 0 object s fro m outsid e th e 
category )  an d 360 0 triple s fo r  th e within-categorie s tas k (1 0 
categorie s x  {̂ ^ )  triple s i n eac h category) . 

We acquire d performanc e dat a fo r  th e mode l  a t  twelv e lev -
el s o f  damage ,  te n rangin g fro m on e t o te n percen t  o f  con -
nection s fro m Visio n t o Semantic s lesioned ,  on e a t  fifteen 
percen t  lesioned ,  an d on e a t  twent y percen t  lesioned .  Onl y 
on e repetitio n wa s performe d a t  eac h level ,  largel y becaus e 
of  th e computationa l  difficult y o f  performin g do t  product s o n 
thousand s o f  50 0 elemen t  vectors . 

t )  0. 8 

t  0. 7 
o 

U 0. 6 
2 0. 5 
t ; 
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2 0. 3 

^ 0 . 2 
0. 1 
0. 0 
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Figur e 7 :  Correc t  performanc e a t  choosin g whic h o f  thre e object s i s 
leas t  semanticall y relate d t o th e othe r  tw o whe n tha t  objec t  i s  i n a 
differen t  categor y ("Between-Category" )  versu s whe n al l  thre e ob -
ject s ar e fro m th e sam e categor y ("Within-Category") ,  a s a  functio n 
of  th e percen t  o f  Vision-to-Semantic s connection s removed . 

Figur e 7  show s th e model' s performanc e o n eac h tas k fo r 
eac h leve l  o f  severity .  A t  al l  levels ,  th e model' s performanc e 
on th e between-categorie s tas k wa s nearl y perfect .  A t  2 0 % 
of  connection s lesioned ,  th e mode l  stil l  ha d a  correc t  perfor -
mance rat e o f  nearl y 99.5% .  B y contrast ,  th e model' s per -
formanc e o n th e within-categorie s tas k wa s ver y poo r  eve n 
fo r  extremel y mil d lesions .  A t  a  mer e 1  % o f  connection s le -
sioned ,  th e model' s correc t  performanc e wa s onl y abou t  5 8 % . 
Thi s droppe d t o slightl y les s tha n 1 0 % correc t  a t  2 0 % o f  con -
nection s lesioned . 

Our  model ,  therefore ,  display s th e expecte d behavior :  i t 
perform s m u c h mor e poorl y o n a  tas k tha t  require s fine-
graine d visua l  discriminations .  However ,  JB' s erro r  rat e o n 
suc h a  tas k wa s onl y abou t  8 % ,  wherea s ou r  model' s erro r 
rat e start s a t  abov e 4 0 % .  Thi s extremel y hig h erro r  rat e i s 
an effec t  o f  th e structur e o f  ou r  Visua l  domain .  Member s o f 
a Visio n categor y d o no t  diffe r  enoug h t o giv e th e mode l  a 
goo d chanc e a t  performin g th e within-categorie s task .  Wit h a 
mor e realisticall y structure d environment ,  on e woul d expec t 
th e within-categor y erro r  rate s t o decreas e substantially . 

Discussion 

The simulatio n demonstrate s tha t  th e category-base d system -
aticit y o f  th e Vision-to-Actio n mappin g provide s a n advan -
tag e fo r  bot h learnin g an d performanc e unde r  damage .  A s 
a result ,  whe n damaged ,  th e mode l  exhibit s th e centra l  char -
acteristic s o f  opti c aphasia :  a n impairmen t  i n visua l  namin g 
wit h relativel y spare d performanc e o n visua l  gesturin g an d o n 
namin g fro m othe r  modalitie s (e.g. ,  touch) .  Th e mode l  als o 
account s fo r  preserve d between-categor y discriminatio n wit h 
impaire d within-categor y discrimination . 

Th e mode l  eve n provide s a  fairl y  goo d quantitativ e matc h 
t o dat a fro m som e specifi c  opti c aphasi c patients .  J B (Rid -
doc h &  Humphreys ,  1987 )  wa s 7 5 % correc t  a t  mimin g th e 
us e o f  visuall y presente d object s bu t  onl y 4 6 % correc t  a t  nam -
in g them .  Th e grap h indicate s tha t  th e mode l  matche s thi s 
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fairl y  closel y whe n 6 % o f  Vision-to-Semantic s connection s 
ar e lesione d ( 7 7 % an d 4 2 % correct ,  respectively) .  Jule s F . 
(Lhermitt e &  Beauvois ,  1973 )  wa s 7 2 % an d 7 7 % correc t  an d 
visua l  namin g o f  picture s an d words ,  respectively ,  an d wa s 
flawless  a t  visua l  gesturing .  Th e mode l  approximate s thi s 
wit h a  4 % lesion :  visua l  namin g i s 7 6 % correc t  an d visua l 
gesturin g i s 9 3 % correct . 

Ther e are ,  however ,  som e patient s fo r  w h o m th e mode l 
does no t  provid e a  goo d quantitativ e match .  Coslet t  an d Saf -
fran' s (1989 )  patient ,  fo r  example ,  wa s 5 0 % correc t  a t  visua l 
gesturin g bu t  faile d t o produc e a  singl e correc t  namin g re -
spons e t o th e sam e objects .  Wit h a  1 0 % lesion ,  th e mode l  i s 
4 8 % correc t  a t  visua l  gesturin g bu t  remain s 1 5 % correc t  a t 
visua l  naming ;  wit h a  2 0 % lesion ,  visua l  namin g i s reduce d 
t o 3 % correc t  bu t  visua l  gesturin g reache s onl y 1 6 % correct . 

Als o not e that ,  becaus e i t  ha s a  feedforwar d architecture , 
th e mode l  doe s no t  accoun t  fo r  case s i n whic h tactil e nam -
in g i s les s tha n perfect .  Jule s R ,  fo r  instance ,  wa s onl y 9 1 % 
correc t  o n namin g fro m touch .  I n a  recurren t  versio n o f  th e 
curren t  model ,  interaction s acros s damage d Vision-Semantic s 
connection s migh t  lea d t o som e namin g error s fo r  stimul i  pre -
sente d t o th e undamage d modality .  I t  m a y als o b e th e cas e 
tha t  som e opti c aphasi c patient s hav e additiona l  mil d damag e 
t o th e semanti c syste m itself ;  suc h damag e woul d b e expecte d 
t o lea d t o a  mil d defici t  i n namin g fro m othe r  modalitie s an d 
t o exacerbat e th e visua l  namin g deficits . 

Despit e it s limitations ,  th e simulatio n doe s provid e suppor t 
fo r  th e centra l  clai m o f  th e curren t  work ,  tha t  opti c aphasi a 
and othe r  modality-specifi c  namin g deficit s ar e no t  incom -
patibl e wit h a  unitary-semantic s accoun t  i f  on e take s int o ac -
coun t  th e robustnes s o f  task s o f  differin g systematicity . 

Conclusions 

Semanti c knowledg e fo r  object s i s standardl y though t  t o b e 
represente d withi n a  single ,  amoda l  system .  O n e challeng e 
t o thi s poin t  o f  vie w i s tha t  modality-specifi c  namin g deficit s 
suc h a s opti c aphasi a ar e no t  easil y explaine d o n suc h a n ac -
count .  I n thi s pape r  w e hav e show n tha t  a  P D F implemen -
tatio n o f  a  unitar y semanti c syste m can ,  i n fact ,  accoun t  fo r 
centra l  characteristic s o f  opti c aphasi a unde r  th e assumptio n 
tha t  input-outpu t  relationship s var y i n thei r  systematicity . 

I t  shoul d b e acknowledged ,  though ,  tha t  th e mode l  doe s no t 
accoun t  fo r  al l  o f  th e data ,  includin g th e quantitativ e magni -
tud e o f  th e differenc e betwee n visua l  namin g versu s gesturin g 
performanc e i n som e patient s (e.g. ,  Coslet t  &  Saffran ,  1989) . 
Thi s discrepanc y m a y simpl y reflec t  limitation s i n th e scal e 
of  th e simulatio n an d i n th e sophisticatio n o f  th e representa -
tions .  However ,  i f  anything ,  thes e simplification s m a y hav e 
amplifie d th e effec t  i n th e model .  Thus ,  th e curren t  result s 
shoul d b e take n a s indicatin g tha t  systematicit y i s a n impor -
tan t  contributin g facto r  i n understandin g thes e deficits ,  bu t 
may no t  provid e a  complet e account .  W e leav e i t  fo r  futur e 
researc h t o determin e whethe r  i t  i s possibl e t o provid e a  full y 
adequat e accoun t  o f  opti c aphasi a an d relate d disorder s with -
out  a t  leas t  som e grade d degre e o f  modality-specifi c  special -
izatio n withi n th e semanti c syste m (als o se e Shallice ,  1993) . 

A c k n o w l e d g e m e n t s 

Thi s researc h wa s supporte d b y a n N I M H FIRS T awar d (MH55628 ) 
t o th e secon d author .  Simulation s wer e performe d usin g th e P D P + + 
simulalor ,  develope d a t  Camegi e Mello n Universit y b y Rand y 
O'Reilly ,  Cha d Dawson ,  an d Ja y McClelland ;  instruction s fo r  ac -
cessin g thi s softwar e ar e availabl e throug h th e Worl d Wid e W e b a t 
http://www.cnbc.cmu.edu/PDP++ .  W e than k Marlen e Behrmann , 
Jay McClelland ,  th e Camegi e Mello n P D P researc h group ,  an d thre e 
anonymou s reviewer s fo r  helpfu l  comment s and/o r  discussions . 

References 

Beauvois ,  M.-F .  (1982) .  Opti c aphasia :  A  proces s o f  interactio n 
betwee n visio n an d language .  Proceeding s o f  th e Roya l  Societ y 
of  London ,  Serie s B ,  298 ,  35-47 . 

Caramazza ,  A. ,  Hillis ,  A .  E. ,  Rapp ,  B .  C ,  &  Romani ,  C .  (1990) .  Th e 
multipl e semantic s hypothesis :  Multipl e confusions ? Cognitiv e 
Neuropsychology ,  7 ,  161-189 . 

CosleH ,  H .  B. ,  &  Saffran ,  E .  M .  (1989) .  Preserve d objec t  recognitio n 
and readin g comprehensio n i n opti c aphasia .  Brain ,  112 ,  1091 -
1110 . 

Endo,  K. ,  Makishita ,  H. ,  &  Sugishita ,  M .  (1996) .  Modalit y specifi c 
namin g an d gestur e disturbances :  A  cas e wit h opti c aphasia ,  bi -
latera l  tactil e aphasia ,  opti c apraxi a an d tactil e apraxia .  Cortex , 
32,  3-28 . 

Gibson ,  J .  J .  (1979) .  Th e ecologica l  approac h t o visua l  perception . 
Boston :  Houghton-Mifflin . 

Hillis ,  A .  E. ,  &  Caramazza ,  A .  (1995) .  Cognitiv e an d neura l  mech -
anism s underlyin g visua l  an d semanti c processing :  Implication s 
fro m "opti c aphasia" .  Journa l  o f  Cognitiv e Neuroscience ,  7 ,  457 -
478 . 

Hillis ,  A .  E. ,  Rapp ,  B. ,  Romani ,  C ,  &  Caramazza ,  A .  (1990) .  Se -
lectiv e impairment s o f  semantic s i n lexica l  processing .  Cognitiv e 
Neuropsychology ,  7 ,  191-243 . 

Hinton ,  G .  E .  (1989) .  Connectionis t  learnin g procedures .  Artificia l 
Intelligence ,  40 ,  185-234 . 

lorio ,  L. ,  Falanga ,  A. ,  Fragassi ,  N .  A. ,  &  Grossi ,  D .  (1992) .  Visua l 
associativ e agnosi a an d opti c aphasia :  A  singl e cas e stud y an d 
revie w o f  th e syndromes .  Cortex ,  28 ,  23-37 . 

Klatzky ,  R .  L. ,  Pellegrino ,  J. ,  McCloskey ,  B .  P ,  &  Lederman ,  S .  J . 
(1993) .  Cognitiv e representation s o f  functiona l  interaction s wit h 
objects .  Memor y an d Cognition ,  21 ,  294-303 . 

Lhermitte ,  F ,  &  Beauvois ,  M.-F .  (1973) .  A  visual-speec h discon -
nexio n syndrome :  Repor t  o f  a  cas e wit h opti c aphasia ,  agnosi c 
alexi a an d colou r  agnosia .  Brain ,  96 ,  695-714 . 

Plaut ,  D .  C ,  McClelland ,  J .  L. ,  Seidenberg ,  M .  S. ,  &  Patterson ,  K . 
(1996) .  Understandin g norma l  an d impaire d wor d reading :  Com-
putationa l  principle s i n quasi-regula r  domains .  Psychologica l  Re -
view ,  103 ,  5(>-\\5 . 

Riddoch ,  M .  J. ,  &  Humphreys ,  G .  W.  (1987) .  Visua l  objec t  process -
in g i n opti c aphasia :  A  cas e o f  semanti c acces s agnosia .  Cogni -
tiv e Neuropsychology ,  4 ,  131-185 . 

Rosch ,  E. ,  Mervis ,  C .  B. ,  Gray ,  W. ,  Johnson ,  D. ,  &  Boyes-Braem ,  P . 
(1976) .  Basi c object s i n natura l  categories .  Cognitiv e Psychol -
ogy ,  8 ,  382-^39 . 

Rumelhart ,  D .  E. ,  Hinton ,  G .  E. ,  &  Williams ,  R .  J .  (1986) .  Learnin g 
representation s b y back-propagatin g errors .  Nature ,  323 ,  533 -
536. 

Seidenberg ,  M .  S. ,  &  McClelland ,  J .  L .  (1989) .  A  distributed ,  devel -
opmenta l  mode l  o f  wor d recognitio n an d naming .  Psychologica l 
Review ,  96 ,  523-568 . 

Shallice ,  T .  (1987) .  Impairment s o f  semanti c processing :  Multipl e 
dissociations .  I n M .  Coltheart ,  G .  Sartori ,  &  R .  Jo b (Eds.) ,  Th e 
cognitiv e neuropsycholog y o f  languag e (pp .  111-128) .  Hillsdale , 
NJ:  Erlbaum . 

Shallice ,  T .  (1993) .  Multipl e semantics :  Whos e confusions ? Cog -
nitiv e Neuropsychology ,  10 ,  251-261 . 

507 

http://www.cnbc.cmu.edu/PDP++

	cogsci_1997_502-507



