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A b s t r a c t 

Wit h th e recent  abiht y t o construc t  faul t  toleran t  compute r 
model s usin g connectionis t  approaches ,  researcher s ar e n o w abl e 
t o investigat e th e effect s o f  damag e t o thes e models .  Thi s ha s grea t 
appea l  fo r  cognitiv e scienc e a s i t  provide s a  furthe r  wa y t o verif y 
or  falsif y acomputermodel .  Existin g studie s emplo y a  concep t  o f 
networ k "lesioning "  tha t  fail s  t o hav e explanator y adequac y fo r 
neurobiology .  Whil e usin g anatomicall y plausibl e architecture s 
fo r  cognitiv e models ,  the y nonetheles s us e biologicall y implau -
sibl e method s fo r  simulatin g neurologica l  damag e t o thes e net -
works .  Thi s pape r  examine s th e differen t  object s o f  computa -
tiona l  network s an d thei r  analogica l  neurobiologica l  counter -
parts ,  an d suggest s a  taxonom y o f  cormectionis t  networ k lesio n 
methods .  Finally ,  a n existin g visua l  syste m mode l  i s use d a s a 
testbe d t o stud y th e differentia l  effect s o f  foca l  an d diffus e lesions . 
Tli e exj)erimcnt s wit h foca l  damag e versu s diffus e damag e sug -
ges t  tha t  whil e th e effect s o f  foca l  brai n injur y m a y b e du e t o th e 
particula r  computation s performe d i n som e brai n area ,  th e effect s 
of  diffus e brai n injur y o r  degeneratio n m a y caus e cognitiv e 
defic i  t s becaus e o f  th e inheren t  natur e o f  th e brai n a s a  distribute d 
computationa l  device ,  an d no t  throug h differentia l  loca l  effects . 

Part I: Introduction 

O ne featur e o f  connectionis t  network s tha t  make s the m 

particularl y interestin g fo r  cognitiv e modellin g i s  thei r 

computationa l  relationshi p t o th e h u m a n brain .  Thi s rela -

tionship ,  expresse d t o a  greate r  or  lesse r  degre e i n differen t 

type s of  networ k architecture s an d domain s o f  modellin g 

(i.e ,  cognitiv e and/o r  neurobiological) ,  contribute s a  ne w 

clas s o f  constraint s t o th e validatio n of  suc h model s (Sejnow -

sk i  an d Churchland ,  1988) .  O n e valuabl e ne w constrain t  i s 

tha t  of  lesionability .  Instea d of  evaluatingamodelsolel y o n 

it s performanc e wit h respec t  t o th e norma l  processin g 

behavio r  o f  th e objec t  bein g modelle d (e.g. ,  input/outpu t 

behavior ,  intermediat e representations) ,  a  mode l  m a y n o w 

be subjec t  t o computationa l  disruptio n an d b e expecte d t o 

produc e behavior s tha t  ar e analogou s t o know n abnorma l 

processin g behavior s a s well . 

Th e analog y betwee n th e computationa l  structure s o f  a 
cognitiv e mode l  an d th e neurobiologica l  structure s o f  na -
tur e ca n b e o f  variabl e strength ,  du e i n par t  t o (a )  th e natur e 
of  th e computationa l  architecture s themselves ;  an d (b )  th e 
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specificatio n o f  th e analogica l  relationship s b y th e m o d -
eller .  Thi s hold s equall y fo r  th e lesion s inflicte d o n com -

putationa l  network s i n th e n a m e o f  neurologica l  or  cogni -
tiv e impairment .  I n thi s paper ,  w e explor e th e way s i n 
whic h a  connectionis t  networ k ca n b e lesioned ,  an d dis -
cus s thei r  plausibilit y  i n term s o f  bot h basi c neurobiolog y 

an d clinica l  neurology . 

Neurological Lesions 

Acquire d damag e t o th e h u m a n brai n lead s t o dysfunc -

tiona l  jjerformanc e i n a  variet y o f  modalities ,  dependin g 

on bot h th e qualit y o f  th e damag e an d it s quantity .  Th e 

damaged are a o f  th e brai n i s  considere d th e "lesion " 

(Damasi o an d Damasio ,  1989 )  an d neurologist s focu s o n 

usin g variou s intellectua l  an d radiographi c technique s t o 

characteriz e th e location ,  size ,  an d caus e o f  a  particula r 

lesion .  I n th e cas e o f  visua l  or  linguisti c disorders ,  neurop -

sychologist s emplo y specialize d examinatio n technique s 

t o mak e thes e induction s (Boile r  an d Grafman ,  1990) . 
Whil e i t  ha s alway s bee n questione d t o wha t  exten t 

differen t  function s localiz e t o differen t  part s o f  th e brain , 
th e currentl y prevailin g vie w i s  tha t  ther e i s i n fac t  a 
tremendou s localizatio n o f  functio n (Galaburda ,  e t  al. , 
1978) .  Suc h a  vie w i s necessar y fo r  th e inductiv e reason -
in g step s describe d abov e t o b e meaningful .  Althoug h 
localizatio n o f  functio n definitel y exist s t o som e exten t 
(e.g. ,  primar y moto r  area) ,  ther e i s ampl e reaso n t o as k tw o 
things :  (1 )  W h a t  function s ar e th e one s tha t  localize ? (2 ) 
Over  h o w larg e a n are a d o function s localize ,  give n th e 
probabl e distribute d representation s o f  th e neura l  imple -
mentadon s o f  thes e functions ? A  corollar y t o questio n (2 ) 
i s h o w minutel y ca n w e attemp t  t o localiz e particula r 
functions ? 

M a ny cause s exis t  fo r  brai n lesions .  Example s includ e 
strokes ,  tumors ,  intoxications ,  an d degenerativ e diseases . 
A usefu l  wa y t o classif y the m i s t o divid e the m int o tw o 
mai n categories :  Foca l  lesion s represen t  damag e t o wel l 
circumscribe d region s o f  brai n substance ;  whil e th e exten t 
of  suc h lesion s canno t  alway s b e perfectl y demarcated , 
and frequentl y change s ove r  time ,  ther e i s nonetheles s a 
focu s o f  impaire d nervou s syste m funcdoning .  Stroke s 
constitut e th e mos t  prevalen t  caus e o f  foca l  brai n lesions . 
Diffus e lesion s involv e damag e t o a  larg e numbe r  o f 
discret e neura l  element s ove r  a  widesprea d are a o f  th e 
brain ,  involvin g on e o r  mor e particula r  classe s o f  neuron s 
or  neurona l  elements .  Alzheimer' s Diseas e i s th e mos t 
prevalen t  caus e of  diffus e brai n lesions . 
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Stud y 

(a ) 

(b ) 

(c ) 
(d ) 

Functio n 

Dyslexi a 

Spatia l  neglec t 

Schizophreni a 

Aphasi a 

D a m a ge 

Foca l 

Foca l 

Diffus e 

Foca l 

Natur e o f  Mode l  Disruption(s ) 

(1 )  Proportio n o f  weight s se t  t o zer o 

(2 )  Rando m numbe r  adde d t o al l  weight s 

(3 )  Remova l  o f  som e hidde n unit s 

Unspecifie d "damage "  t o "connections " 

Decreas e gai n i n particula r  subnetwor k 

Unspecifie d "noise "  t o "connections " 

Tabl e 1 :  Existin g Compute r  Mode l  Lesionin g Experiment s 

Computationa l  M o d e l  Lesion s 

Wit h therecentabilit y  toconstructfaulttolcrantcompuie r 

model s usin g connectionis t  approaches ,  researcher s ar e 

n o w abl e t o investigat e th e effect s o f  damag e t o thes e 

models .  Severa l  investigator s hav e take n thi s approac h t o 

th e stud y o f  cognition ,  an d hav e lesione d particula r  cogni -

tiv e models ,  an d the n attempte d t o compar e th e resultin g 

model  performanc e wit h tha t  o f  peopl e w h o hav e suffere d 

brai n lesions .  Thi s metho d ha s grea t  appea l  fo r  cognitiv e 

scienc e a s i t  provide s a  furthe r  wa y t o suppor t  o r  falsif y a 

compute r  model . 

Thi s metho d ha s bee n attempte d i n severa l  areas ,  in -
cludin g (a )  acquire d dyslexi a (alexia )  (Hinio n an d Shal -
lice ,  1989) ;  (b )  "neglec t  dyslexia "  (spatia l  neglec t  i n 
reading )  (Mozeran d Behrmann ,  1989) ;  (c )  schizophreni a 
(Cohe n an d Servan-Schreiber ,  1989) ;  an d (d )  aphasi a 
(dysphasia )  (Miikkulainen ,  1990) .  I n eac h case ,  a n inter -
estin g cognitiv e mode l  wa s disrupte d t o produc e on e o r 
mor e behavior s tha t  resembl e huma n informatio n process -
in g unde r  som e conditio n o f  neurologica l  damage .  Tabl e 
1 show s fo r  eac h mode l  whethe r  th e huma n conditio n 
reflect s diffus e o r  foca l  damag e an d h o w th e mode l  wa s 
disrupte d t o simulat e tha t  condition . 

Not e tha t  thes e studie s emplo y a  concep t  o f  networ k 
"lesioning "  tha t  fail s t o hav e explanator y adequac y 
(Chomsky ,  1965 )  i n th e neurobiologica l  sense .  Wherea s 
thes e researcher s g o t o grea t  troubl e t o buil d anatomicall y 
plausibl e architecture s fo r  cognitiv e models ,  the y none -
theles s us e biologicall y implausibl e method s fo r  simulat -
in g neurologica l  damag e t o thes e networks .  Fo r  example , 
whil e aphasi a i s typicall y th e resul t  o f  foca l  neurologica l 
damage (e.g. ,  a  stroke) ,  Miikkulaine n (1990 )  add s "noise" 
t o th e connection s o f  hi s network ,  whic h i s a  diffus e 

strategy .  Spatia l  neglec t  als o arise s mos t  typicall y fro m 
foca l  brai n damage ,  ye t  Moze r  an d Behrman n (1989 ) 
nonspccincall y "damage "  som e connections .  I n applyin g 
thei r  notio n o f  "gain "  i n a  diffus e manne r  t o a  subnetwor k 
of  thei r  model ,  Cohe n an d Servan-Schreibe r  (1989 )  d o i n 
fac t  mee t  th e explanator y criteri a suggeste d here ,  a s the y 
ar e usin g diffus e lesion s t o accoun t  fo r  impaire d problem -
solvin g behavio r  i n patient s wit h diffusel y damage d brain s 
(i.e. ,  schizophrenia) . 

The stud y o f  Hinto n an d Shallic e (1989 )  investigate s th e 
effect s o f  thre e differen t  method s o f  networ k lesioning . 
The y applie d eac h metho d t o th e differen t  layer s o f  thei r 
model  t o observ e th e effects ,  an d explore d empiricall y th e 
relationship s betwee n th e readin g behavior s o f  differentl y 
impaire d network s an d dyslexi c patients .  Whil e acquire d 
dyslexi a typicall y result s fro m foca l  brai n insults ,  th e stud y 
explore d diffus e mode l  lesion s (i.e. ,  resettin g a  proportio n 
of  weights ,  addin g a  rando m numbe r  t o al l  weights )  i n 
additio n t o a  metho d o f  foca l  lesionin g (i.e. ,  removin g 

some hidde n units ,  whic h i s onl y foca l  i f  thes e unit s ar e 
physicall y adjacen t  t o eac h other) . 

Part II: A Taxonomy of Lesions 

Connectionis t  model s o f  cognitiv e processin g typicall y 

incorporat e architecture s tha t  limi t  specificall y  th e type s o f 

lesion s on e migh t  conside r  fo r  computationa l  experiment s 

of  dysfunctiona l  cognitiv e performance .  Tabl e 2  list s som e 

neurobiologica l  concept s an d thei r  analogue s i n connec -

tionis t  models .  I t  doc s no t  matte r  tha t  a  singl e uni t  i n a 

paralle l  distribute d (PDP )  cognitiv e mode l  doe s no t  repre -

sen t  a  singl e neuro n i n th e brai n (Sejnowski ,  e t  al. ,  1988) . 

Biologica l  nervou s system s hav e motivate d massivel y 

paralle l  approache s (Feldman ,  1989 )  an d i n thi s paper ,  th e 

C NS Concep t 

Neuro n 

Synapti c strengt h 

A x o n firing  rat e 

Synaps e 

Inhibitio n 

Excitatio n 

Depolarizatio n 

Threshol d 

Model  Analogu e 

Uni t 

Connectio n weigh t 

Uni t  potentia l 

Uni t  inpu t 

Negativ e weigh t 

Positiv e weigh t 

Potentia l  functio n 

Bia s 

Natur e 

Abstractio n 

Valu e 

Valu e 

Valu e 

Valu e 

Valu e 

Functio n 

Valu e 

Descriptio n 

Associate d value s an d function s 

Real  numbe r 

Real  numbe r 

Weighte d uni t  potentia l 

Negativ e rea l  numbe r 

Positiv e rea l  numbe r 

Adjuste d su m o t  input s 

Real  numbe r 

Tabl e 2 :  Compute r  Mode l  Correlate s o f  Neurobiologica l  Concept s 
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analog y betwee n neurobiologica l  an d computationa l  net -

work s wil l  b e analyze d i n term s o f  lesion s tha t  ca n b e 

produced . 

For  eac h biologica l  entit y show n i n th e Table ,  a  variet y 
of  neurologica l  disruption s naturall y occu r  i n huma n ill -
ness .  Furthermore ,  i n vitr o an d i n viv o studie s o f  th e 
neuroanatomy ,  neurophysiology ,  an d neuropharmacolog y 
of  thes e entitie s hav e le d t o som e valuabl e information . 

Structure s t o Lesio n 

Processin g Unit s 

Connectio n Weight s 

Activatio n Function s 

Tabl e 3 :  Object s t o Lesio n 

In focal neurological disease, whole collections of neu-
rons ,  supportin g structures ,  an d connection s ar e los t  i n on e 
brai n area .  B y contrast ,  i n diffus e disease ,  on e particula r 
aspec t  o f  (on e typ) e o O neurona l  functionin g migh t  b e los t 
throughou t  th e entir e brain . 

Lesion Objects 

Lesion s t o networ k model s ca n occu r  eithe r  focall y o r 

diffusel y t o th e thre e genera l  structure s liste d i n Tabl e 3 . 

Each networ k objec t  ha s a  neurobiologica l  correlate ,  an d 

differen t  lesion s t o thes e object s hav e neurologica l  ana -

logues . 
The specifi c  subpopuiatio n fo r  foca l  lesion s depend s o n 

th e architectur e o f  th e particula r  networ k representation s 
i n th e model .  O n e metho d o f  classificatio n i s b y locatio n i n 
th e overal l  network .  Tabl e 4  show s tha t  th e concep t  o f 
locatio n ha s severa l  possibl e interpretations ,  al l  o f  whic h 
ar e interestin g an d relevant . 

Location s 

Functiona l  Locatio n i n Cognitiv e Syste m 

Functiona l  Locatio n i n Computationa l  Processin g 

Spatia l  Locatio n 

Tabl e 4 :  Objec t  Selectio n b y Locatio n 

The input and output layers of a network are locations 
fro m th e vantag e poin t  o f  computationa l  function .  Th e 
subpar t  o f  th e inpu t  laye r  tha t  represent s th e phonologica l 
inpu t  lexico n fo r  a  mode l  o f  lexica l  acces s i s a  locatio n i n 
th e cognitiv e domain .  Th e botto m lef t  quadran t  o f  a  tw o 
dimensiona l  drawin g o f  a  networ k i s a  topographicall y 

Value s 

Range o f  Absolut e Value s 

Range o f  Signe d Value s 

Al l  Value s o f  a  Particula r  Sig n 

Tabl e 5 :  Objec t  Selectio n b y Valu e 

specified location. Note that this latter specification, which 
sound s mor e arbitrar y an d unlheoretical ,  m a y i n fac t  b e th e 

most  accurat e wa y o f  (focally )  lesionin g a  cognitiv e 
(neuroscientific )  model .  Thi s i s a  consequenc e o f  th e 
vascula r  organizatio n o f  th e brain ,  whic h lead s t o brai n 
lesion s tha t  follo w a  spatia l  pattern ,  rathe r  tha n a  functiona l 
one . 

Dynami c aspect s o f  computationa l  network s includ e th e 
value s associate d wit h th e fixed  structure s ove r  time .  Tabl e 
5 list s severa l  specifi c  categorie s o f  value s tha t  ca n b e use d 
as selectio n criteri a fo r  choosin g structure s t o lesion .  Not e 
tha t  bot h range s o f  value s an d thei r  sign s alon e ar e useful . 

Networ k Lesion s 

Ablatio n (Deletion ) 

Attenuatio n 

Augmentatio n 

Resettin g 

Additio n o f  Nois e 

Tabl e 6 :  Lesio n Method s 

The neurobiological plausibility of the different selec-
tion s b y valu e depend s t o som e exten t  o n th e specifi c 
intende d analog y betwee n th e lesione d structure s an d th e 
brai n o r  cognitiv e system .  However ,  th e existenc e o f 
anatomica l  difference s betwee n (certain )  inhibitor y an d 
excitator y synapse s i n th e brai n (Shepher d an d Koch , 
1990 )  suggest s tha t  a  strateg y base d o n signe d value s (o r 
sign s alone )  m a y hav e validit y fo r  differen t  classe s o f 
structures . 

Lesion Methods 

A networ k mode l  ca n b e computationall y lesione d b y a 

number  o f  differen t  operations .  Tabl e 6  list s a  fe w possi -

biUties ,  involvin g (a )  remova l  o f  a n object ;  (b )  increasin g 

or  decreasin g it s valu e b y a  fixed  percentag e o r  b y addin g 

rando m noise ;  an d (c )  settin g th e valu e o f  a n objec t  t o som e 

previou s value . 

Units 

Insofa r  a s th e computationa l  unit s ar e analogou s t o neuron s 

i n th e brain ,  the y represen t  a  wel l  founde d candidat e 

populatio n fo r  lesionin g experiments .  Sinc e a  typica l 

computationa l  uni t  represent s a  collectio n o f  value s an d 

functions ,  th e designatio n o f  a  lesio n mus t  b e mor e spe -

cific ,  e.g. ,  uni t  outpu t  value ,  a s show n i n Tabl e 7 . 
A straightforwar d disruptio n o f  th e functionin g o f  a n 

individua l  uni t  i s  t o delet e i t  fro m th e network .  Thi s i s 
achieve d b y removin g al l  o f  it s  connections ,  suc h tha t  n o 
furthe r  networ k processin g include s computation s origi -
natin g there .  Les s drasti c manipulation s includ e increasin g 
or  decreasin g it s outpu t  b y a  certai n percentag e o r  a  fixed 
amount  o r  addin g nois e (rando m value s withi n som e range ) 
t o th e output . 

Uni t  deletio n ha s a  neurobiologica l  correlat e i n destruc -
tiv e brai n damag e (e.g. ,  stroke) .  Th e biologica l  correlat e o f 
uni t  potentia l  i s  th e axona l  firing  rate .  Augmentatio n an d 
attenuatio n o f  thi s valu e ar e analogou s t o increase s an d 
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decrease s i n firing  rate ,  whic h coul d b e ih c resul t  o f 
change s i n (a )  neurotransmitte r  (o r  neuromodulator )  con -
centration ;  (b )  excitator y inputs ;  (c )  inhibitor y inputs ;  o r 
(d )  axona l  conduction .  Certai n condition s lea d t o change s 
i n neurotransmitte r  concentration s i n particula r  brai n ar -
eas ,  e.g. ,  dopamin e concentratio n i n th e striatu m i n 
Parkinson' s disease .  A n analog y t o rando m nois e i n affect -
in g axona l  firing  rat e migh t  b e brai n intoxication s o f 
variou s kinds ,  eithe r  b y externa l  toxin s (e.g. ,  drugs )  o r 
interna l  one s (e.g. ,  metaboli c derangements) . 

Uni t  Lesio n Site s 

Potentia l  (Outpu t  Value ) 

Inpu t  Value s 

Activatio n Function s 

Tabl e 7 :  Aspect s o f  Unit s 

The biological correlate of a unit input value is the 
synapse .  Sinc e th e synapse s o f  a  neuro n ar e spatiall y 
distribute d alon g a  variet y o f  dendrites ,  i t  make s mor e 
sens e t o tal k abou t  subpopulation s o f  unit s tha n eithe r 
individua l  synapse s o r  al l  synapses .  Relevan t  subpopula -
tion s includ e th e synapse s o n a  particula r  dendrit e o r  one s 
tha t  utiliz e a  particula r  neurotransmitter .  Attenuatio n o r 
augmentatio n o f  th e analogou s value s i n th e mode l  corre -
spond s t o th e under -  o r  over-sensitivit y o f  particula r  syn -
apti c transmissio n (e.g. ,  post-synapti c recepto r  density) , 
and coul d b e cause d b y loca l  neurotransmitte r  changes . 
Toxin s coul d produc e effect s analogou s t o th e additio n o f 
noise . 

Activation Functions 

Activatio n function s tak e uni t  input s an d produc e a n out -

put .  Th e neurobiologica l  correlat e o f  th e activatio n func -

tio n i s membran e depolarization ,  an d man y differen t  fac -

tor s bea r  o n th e abilit y  o f  th e neurona l  membran e t o 

depolarize .  Whil e th e absolut e numbe r  o f  activ e synapse s 

play s a  role ,  perhap s mor e importan t  ar e thei r  spatia l 

distributio n an d chemica l  characteristics .  Thi s wa s note d 

above ,  an d lesion s t o subpopulation s o f  uni t  input s consti -

tut e reasonabl e analogie s t o neurologica l  damag e t o neuro -

transmitte r  system s o r  dendriti c  locales . 

Tabl e 8  list s fou r  aspect s o f  activatio n function s tha t  ar e 
subjec t  t o lesioning .  Eac h o f  thes e aspect s correspond s t o 
a stag e i n th e applicatio n o f  th e function ,  an d affect s th e 
ultimat e behavio r  o f  th e unit .  Th e uni t  first  compute s th e 
(weighted )  su m o f  al l  inputs ,  correspondin g roughl y t o th e 
combine d membran e electrica l  effect s o f 
th e chemistr y o f  th e synapses .  Thi s num -
ber  i s the n manipulate d arithmeticall y t o 
produc e anothe r  value ,  whic h correspond s 
t o th e tota l  membran e depolarization .  I n 

connectionis t  networks ,  th e s u m m e d val -
ues ar e combine d b y a  "squashin g func -
tion "  (Rumelhar t  an d McClelland ,  1986) , 

and th e precis e sigmoida l  curv e obtaine d depend s o n a 
valu e calle d th e "gain" ,  th e adjustmen t  o f  whic h i s th e 
subjec t  o f  th e interestin g lesionin g experiment s o f  Cohe n 
and Servan-Shreibc r  (1989 )  discusse d earlier .  Lastly ,  ac -
tio n potentia l  propagatio n depend s o n thi s final  valu e 
exceedin g a  threshold ,  whic h ca n als o b e varied .  Th e 

Activatio n Functio n Lesio n Site s 

Uni t  Inpu t  S u m 

Adjustmen t  o f  Inpu t  S u m 

Gai n 

Threshol d (Bias ) 

Tabl e 8 :  Activatio n Function s 

presence of different physiological properties of neurons 
and response s t o neuromodulator s (Shepherd ,  1990) ,  e.g. , 
peptides ,  provid e ampl e neurobiologica l  correlatio n o f 
thes e mathematica l  manipulations . 

Weights 

Th e connectio n strength s o r  weight s o f  a n artificia l  neura l 

networ k correspon d t o synapti c strength s o f  connections . 

Negativ e weight s ar e analogou s t o inhibitor y synapses , 

positiv e weight s t o excitator y synapses .  Weigh t  lesion s 

thu s correspon d t o disruption s i n th e rol e o f  particula r 

synapse s i n effectin g th e actio n potential . 

Part III: Experimental Results 

We hav e recentl y bee n investigatin g networ k lesion s i n a 

genera l  manne r  b y incorporatin g lesionin g int o a  connec -

tionis t  simulato r  (calle d D Y S N E T)  an d usin g i t  t o stud y 

variou s model s i n cognitiv e neuroscience .  Lesio n specifi -

catio n i n D Y S N E T involve s selectio n o f  on e featur e fro m 

eac h colum n o f  Tabl e 9 ,  an d the n declaratio n o f  th e 

appropriat e parameter(s) .  Particularl y usefu l  selectio n 

criteri a includ e specifi c  networ k partition s (subnetworks) , 

whic h m a y b e lesione d independently ,  an d valu e ranges , 

eithe r  absolut e (e.g. ,  al l  weight s wit h absolut e valu e les s 

tha n 2.0) ,  signe d (e.g. ,  al l  value s betwee n -1. 0 an d 1.5) ,  o r 

sign s themselve s (e.g. ,  al l  inhibitor y weights) . 

Motivation 

O ne computationa l  experimen t  wa s motivate d b y a n inter -

estin g differenc e i n visua l  syste m performanc e unde r  dif -

feren t  condition s o f  damage .  Foca l  damag e t o th e parieto -

occipita l  junctio n ca n lea d t o a  syndrom e o f  visuospatia l 

Objec t  Typ e 

Weigh t 

Uni t 

Functiona l  Locatio n 

Laye r 

Partitio n 

Range 

Absolut e Valu e 

Signe d Valu e 

Sig n 

Lesio n Typ e 

Deletio n 

Attenuatio n 

Reset 

Nois e 

Tabl e 9 :  Parameter s Characterizin g Computationa l  Lesion s 

88 



disruptio n know n a s Balinl' s  Syndrom e (Balinl ,  1909) . 

Patient s wit h thi s syndrom e ar e unabl e visuall y t o guid e 

thei r  hand s t o apanicula r  locatio n i n spac e i n orde r  t o gras p 

an objec t  The y ar e abl e t o tel l  wha t  objec t  wa s show n t o 

them ,  bu t  see m t o hav e difficult y i n usin g visuospalia l 

knowledge .  Foca l  damag e t o th e posterio r  tempora l  lobe s 

ca n lea d t o objectrecognitio n problems ,  withou t  visuospa -

tia l  difficulties . 

Patient s wit h diffus e neurologica l  damag e fro m 
Alzheimer' s Diseas e hav e problem s wit h bot h objec t  rec -
ognitio n an d spatia l  orientation .  However ,  problem s wit h 
objec t  recognitio n bot h preced e th e developmen t  o f 
visuospatia l  dysfunctio n an d ar e mor e seriou s tha n th e 
spatia l  problem s (Mendez ,  e t  al. ,  1990) . 

Two Pathways 

I n orde r  t o mode l  thi s difference ,  a  numbe r  o f  lesio n 

experiment s wer e conducte d usin g th e visua l  syste m mode l 

of  Rueck l  an d hi s colleague s (Rueckl ,  e t  al. ,  1989) .  Thei r 

networ k classifie s two-dimensiona l  visua l  image s int o tw o 

categories ,  (1 )  wha t  objec t  wa s shown ,  an d (2 )  wher e i n th e 

visua l  imag e th e objec t  appeared .  Th e empirica l  studie s o f 

Mishki n an d hi s colleague s (1983 )  o n macaqu e visua l 

processin g constraine d th e architectur e o f  th e connection -

is t  mode l  an d le d t o computationa l  hypotheses .  W h e n 

require d t o perfor m th e dua l  tas k o f  visua l  objec t  recogni -

tio n an d spatia l  localization ,  th e macaqu e use s tw o separat e 

visua l  system s t o perfor m th e tw o tasks ,  a  tempora l  "what " 

syste m an d a  parieta l  "where "  syste m (Desimone ,  e t  al. , 

1985 ;  Mishkin .  e t  al. .  1983) .  Rueckl ,  Cave ,  an d Kossly n 

(1989 )  showe d tha t  a  computationa l  neura l  networ k learne d 

th e tw o task s muc h faste r  i f  th e networ k wer e subdivide d 

int o tw o paralle l  networks ,  on e t o perfor m th e objec t 

recognitio n an d th e othe r  t o perfor m th e spatia l  localiza -

tion . 

Hypotheses 

The conclusio n o f  thes e researcher s i s tha t  th e learnin g o f 

an objec t  recognitio n an d spatia l  localizatio n tas k i s easie r 

wit h separat e "what "  an d "where "  network s tha n wit h a 

singl e integrate d network .  Th e curren t  investigatio n o f 

lesionin g aim s t o buil d upo n thi s research ,  an d t o les t 

furthe r  it s neurobiologica l  plausibilit y b y comparin g it s 

functionin g whe n lesione d t o severa l  genera l  feature s o f 

impaire d huma n functioning . 

As noted ,  Balint' s  Syndrom e (Balint ,  1909 )  involve s 
significan t  problem s i n visuospatia l  analysi s (Newcomb e 
and Ratcliff ,  1989) .  Brai n lesion s tha t  caus e suc h problem s 
ar e i n th e junctio n o f  th e occipita l  an d parieia l  lobes ,  an d 
ar e typicall y th e resul t  o f  foca l  damag e suc h a s stroke . 
Patient s wit h Alzheime r  Disease(AD )  ca n als o ge t  Balint' s 
syndrom e fro m thei r  diffus e degenerativ e disease ,  bu t 
earl y deficit s i n A D involv e objec t  recognitio n an d no t 
visuospatia l  tasks .  I n fact ,  th e appearanc e o f  Balint' s 
syndrom e i n A D i s accompanie d b y ver y impaire d objec t 

Lesio n Me tho d 

N U M B ER O F 
EXPERIMENTS 

Weight 
Selectio n 

Metho d 

Uni t 

Selectio n 

Me tho d 

Gai n 

Tabl e 10 : 

Al l 
Unselecte d 
Laye r 

Partitio n 
Valu e 

Sig n 

Al l 
Unselecte d 

Laye r 

Partitio n 

Al l 

V 
« 
3 
e i t 
< 

5 
2 
I 
0 
0 
2 

19 

4 
9 

6 

2 

_aj 
Q 

7 
2 
I 
0 
2 
2 

6 
1 

3 

2 

0 

M 
o 
Z 

5 
1 
2 
0 
0 
0 

1 

0 

1 

0 

0 

^ 
< 

o 
H 

17 
5 
4 
2 
2 
4 

26 

5 
13 

8 

2 

Lesio n Experiment s Conducte d 

recognitio n i n al l  case s (Mendez ,  e t  al. ,  1990) . 
Thi s information ,  combine d wit h th e modellin g result s 

describe d above ,  ha s le d t o tw o hypothese s regardin g 
lesion s t o th e Rueck l  network : 

Foca l  Lesio n Hypothesis :  Foca l  lesion s t o a n objec t 
recognitio n an d spatia l  localizatio n tas k ca n disproportion -
atel y affecteithe r  spatia l  localizatio n o r  objectrecognition , 
dependin g o n th e sit e o f  damage . 

Dijfus e Lesio n Hypothesis :  Diffus e lesion s t o a n objec t 
recognitio n an d spatia l  localizatio n tas k initiall y  affec t 
objec t  recognition ,  bu t  wit h sufficien t  damage ,  ca n disrup t 
spatia l  localizatio n a s well . 

Multipl e compute r  mode l  lesionin g experiment s wer e 
conducte d t o tes t  thes e hypotheses . 

Lesioning the Rueckl Model 

For  thi s project ,  th e (non-recurrent )  fee d forwar d connec -

lionis t  networ k describe d i n (Rueckl ,  e t  al. ,  1989 )  wa s 

rcimplemente d usin g th e D Y S N E T simulator .  Specifi c 

choice s regardin g potentia l  functions ,  learnin g parame -

ters ,  erro r  measure ,  an d weigh t  updatin g functio n m a y 

diffe r  fro m thos e i n th e origina l  mode l  (availabl e o n 

request) .  Th e "what "  an d "where "  component s o f  th e 

networ k wer e implemente d a s distinc t  partition s o f  th e 

networ k tha t  shar e c o m m o n inpu t  nodes . 

M a ny differen t  lesion s wer e introduce d int o th e model , 
and a  simpl e analysi s o f  th e resultin g behavio r  wa s re -
corded .  Thi s include d (a )  th e numbe r  o f  spatia l  locatio n 
error s (fals e positiv e an d fals e negative) ;  (b )  th e numbe r  o f 
objec t  identificatio n errors ;  (c )  th e su m square d erroro f  th e 
"where "  subnetwork ;  (d )  th e su m square d erro r  o f  th e 
"what "  subnetwork ;  an d (e )  th e su m square d erro r  o f  th e 
entir e network . 

Th e differen t  lesion s performe d o n th e networ k ar e 
summarize d i n Tabl e 10 .  Thi s Tabl e list s th e numbe r  o f 
specifi c  exjjeriment s conducte d usin g eac h selectio n metho d 
(e.g. ,  selecuo n b y locatio n o r  value )  an d specifi c  networ k 
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16 J 
Where"  Subnetwor k 

What"  Subnetwor k 

DIFFUSE "Where "  "What " 

Locatio n o f  Networ k Lesio n 

Figur e 1 :  Lesion s t o Visua l  Syste m Mode l 

lesioning type (e.g., attenuation of value). 
The poole d result s o f  th e experiment s wit h foca l  damag e 

("objec t  selectio n b y partition "  i n Tabl e 10 )  sho w tha t  foca l 
damage t o th e "parietal "  (o r  "where" )  par t  o f  th e networ k 
produce s computationa l  problem s wit h th e spatia l  orienta -
tio n tas k an d tha t  foca l  damag e t o th e "temporal "  (o r 
"what" )  par t  o f  th e networ k produce s problem s wit h th e 
objec t  recognitio n par t  o f  th e network .  I n th e diffus e 
lesionin g experiments ,  th e poole d dat a sho w tha t  whil e 
error s occurre d i n bot h th e objec t  recognitio n an d spatia l 
discriminatio n subtasks ,  th e objec t  recognitio n tas k wa s 
disproportionatel y affected .  Th e result s fro m al l  experi -
ment s ar e show n graphicall y  i n Figur e 1 .  Th e su m square d 
erro r  o f  eac h subnetwor k acros s al l  foca l  an d diffus e 
experiment s wa s average d an d thi s valu e i s show n i n th e 
graph ,  alon g wit h th e standar d error . 

Discussion 

The connectionis t  mode l  stud y suggest s tha t  th e neuro -
psychologica l  deficit s o f  Alzheimer' s Diseas e an d othe r 
centra l  nervou s syste m disruption s cause d b y d i  ffus e (rathe r 
tha n focal )  damag e ma y hav e a  computationa l  basis .  I n 
othe r  words ,  th e particula r  patter n o f  cognitiv e disruptio n 
may no t  b e du e t o a  specia l  predilectio n o f  th e diseas e 
proces s fo r  on e o r  anothe r  par t  ofth e brain .  Rather ,  diffus e 
brai n injur y o r  degeneratio n ma y caus e thes e cognitiv e 
deficit s becaus e o f  th e inheren t  natur e o f  th e brai n a s a 

distributedcomputationa l  device ,  wit h pattemso f  connec -
tivit y tha t  implemen t  specifi c  processin g tasks . 
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