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Abstract 

A computer model is presented which performs four dif-
feren t  type s o f  task s sometime s impaire d b y fronta l 
damage:  th e Wisconsi n Car d Sortin g Test ,  th e Stroo p 
task ,  a  moto r  sequencin g tas k an d a  contex t  memor y 
task .  Pattern s o f  performanc e typica l  o f  fi-ontal-dam-
aged patient s ar e show n t o resul t  i n eac h tas k fro m th e 
same typ e o f  damag e t o th e model ,  namel y th e weaken -
in g o f  association s amon g element s i n workin g m e m-
ory .  Th e simulatio n show s ho w a  singl e underlyin g 
typ e o f  damag e coul d resul t  i n impairment s o n a  variet y 
of  seemingl y distinc t  tasks .  Furthermore ,  th e hypothe -
size d damag e affect s th e processin g component s tha t 
carr y ou t  th e tas k rathe r  tha n a  distinc t  centra l  executiv e 
responsibl e fo r  coordinatin g thes e components . 

I n t roduc t i o n 

Patients with damage to the frontal cortex have diffi-
cult y wit h a  wid e rang e o f  tasks ,  fro m th e executio n o f 
simpl e manua l  sequence s (Luria ,  1965 ;  Kimura ,  1977 ) 
t o sortin g stimul i  int o abstrac t  categorie s (Milner , 
1963) .  On e o f  th e challenge s o f  explainin g fronta l 
functio n i s t o accoun t  fo r  th e diversit y o f  abilitie s tha t 
can b e impaire d b y fronta l  damage .  I n th e presen t  pape r 
we attemp t  t o captur e a  commonalit y amon g th e fail -
ure s o f  frontal-damage d patient s i n a  variet y o f  tasks . 
We presen t  simulation s o f  fou r  differen t  tasl K a t  whic h 
frontal-damage d patients ,  particularl y thos e wit h dorso -
latera l  fronta l  damage ,  hav e ofte n bee n foun d t o sho w 
deficit s (Stus s &  Benson ,  1983) .  The y ar e th e Stroo p 
Task ,  th e Wisconsi n Car d Sortin g Test ,  moto r  sequenc -
in g tasks ,  an d memor y fo r  context . 
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Stroo p Task .  I n th e Stroo p task ,  subject s ar e 
shown colo r  name s printe d i n differen t  colore d ink s an d 
aske d eithe r  t o rea d th e wor d o r  t o nam e th e colo r  i n 
whic h th e wor d i s printed .  Norma l  subject s sho w inter -
ferenc e whe n aske d t o nam e th e color s o f  stimul i  i n 
whic h th e colo r  an d wor d conflic t  (e.g. ,  th e wor d "blue " 
i n re d ink) .  A  simila r  patter n o f  interferenc e exist s 
when namin g th e word ,  althoug h th e difference s ar e 
much smaller .  I n general ,  frontal-damage d patient s 
hav e been  foun d t o b e impaire d a t  thi s task ,  showin g 
disproportionat e interferenc e whe n namin g color s 
(Pertet .  1974 ;  Dunba r  &  Bub ,  i n preparation) . 

Wisconsin Card Sorting Test. In the Wisconsin 
Car d Sortin g Tes t  ( W C S T ) ,  patient s ar e aske d t o sor t  a 
number  o f  card s tha t  var y accordin g t o th e shap e o f  th e 
object s represented ,  th e colo r  o f  thos e objects ,  an d th e 
number  o f  objects .  Th e pile s int o whic h th e card s 
must  b e sorte d var y accordin g t o thes e sam e attributes , 
so tha t  ther e i s exactl y on e pil e fo r  eac h possibl e color , 
shape ,  an d number .  Initially ,  on e o f  thes e attribute s i s 
selecte d a s th e sortin g category ,  an d th e subjec t  wil l  b e 
give n positiv e feedbac k onl y i f  the y sor t  th e car d ac -
cordin g t o tha t  attribute .  Wheneve r  th e subjec t  sort s 
te n consecutiv e card s cortecdy ,  th e categor y changes . 

Milne r  (1963 )  foun d that ,  a s compare d t o patient s 
wit h lesion s elsewher e i n th e brain ,  frontal-damaged  pa -
tient s mad e a n unusuall y hig h numbe r  o f  perseverativ e 
ertors ,  continuin g t o sor t  accordin g t o th e previou s cat -
egor y afte r  th e categor y ha d shifted . 

Motor Sequencing. Frontal-damaged patients 
hav e als o been  widel y documente d a s havin g difficult y 
wit h sequencin g tasks ,  especiall y th e sequencin g o f  m o -
to r  actions .  Kol b an d Milne r  (1981 )  foun d tha t  amon g 
patient s wit h a  variet y o f  lesio n sites ,  lef t  an d right 
frontal-damaged  patient s wer e th e mos t  impaire d a t  imi -
tatin g sequence s o f  facia l  movements ,  an d wer e als o 
impaire d a t  imitatin g ar m movemen t  sequences . 
Similarly ,  Kimur a (1982 )  foun d tha t  lef t  frontal-dam -
aged patients ,  i n compariso n t o othe r  patien t  groups , 
wer e th e mos t  impaire d o n al l  form s o f  ora l  move -
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ments ,  bu t  especiall y sequence s o l  ora l  movements ,  an d 
tha t  thes e sam e patient s wer e als o th e mos t  impaire d o n 
manual  sequences .  A s well .  Jaso n (1985 )  examine d th e 
performanc e o f  a  variet y o f  patien t  group s o n a  manua l 
sequenc e task ,  an d foun d lef t  frontal-d^unage d patient s t o 
be th e mos t  impaired . 

Memory for Context. While not uniformly am-
nesic ,  frontid-damage d patient s ofte n sho w deficit s a t 
particula r  memor y tasks .  Schacte r  (1987 )  ha s applie d 
th e ter m "spatiotempora l  context "  t o th e typ e o f  m e m-
or y task s a t  whic h ftontal-damaged  patient s hav e bee n 
show n t o sho w disproportiona l  impairment .  Parkin , 
Len g an d Stanhop e (1988 )  repor t  th e result s o f  a  de -
taile d cas e stud y o f  a  frontal-damage d patient .  A m o n g 
thei r  findings,  the y repor t  sourc e amnesia ,  tha t  is ,  im -
paire d memor y fo r  th e origina l  contex t  o f  learning ,  an d 
impaire d m e m o r y fo r  tempora l  sequence .  Janowsky . 
Shimamur a an d Squir e (1989 )  investigate d memor y fo r 
recentl y learne d fact s an d memor y fo r  th e sourc e o f  th e 
fact s i n a  grou p o f  firontal-damaged  patients .  Althoug h 
th e patient s wer e norma l  i n thei r  abilit y  t o recal l  th e 
facts ,  compare d wit h age-matche d contro l  subjects ,  the y 
frequentl y attribute d th e fact s t o incorrec t  sources . 

Thes e fou r  type s o f  tas k appear ,  o n th e surfac e a t 
least ,  t o b e quit e differen t  fro m on e another .  Previou s 
attempt s t o explai n thes e an d othe r  frontal  impairment s 
hav e calle d int o pla y a  variet y o f  mechanisms ,  includ -
in g erro r  utilizatio n (Kono w &  Pribram ,  1970) ,  execu -
tiv e o r  supervisor y processe s (Shallice .  1982 ;  Norma n 
& Shallice ,  1986) ,  plannin g (Duncan ,  1986) ,  tempora l 
integratio n o f  behavio r  (Milner ,  1982) ,  an d inhibitor y 
processe s (Diamond ,  1989) .  Her e w e propos e a  singl e 
underlyin g impairmen t  tha t  ca n accoun t  fo r  th e failure s 
of  firontal-damaged  patient s i n al l  fou r  o f  thes e tasks . 

A p r o d u c t i o n s y s t e m m o d e l  o f  th e ef -

fect s o f  fronta l  lob e d a m a g e 

In our view, the effect of frontal lobe damage on behav-
io r  i s  t o weake n th e association s a m o n g workin g 
m e m o ry representation s tha t  includ e representation s o f 
goals ,  stimul i  i n th e environment ,  an d store d declara -
tiv e knowledge .  Thus ,  w e hypothesiz e tha t  th e repre -
sentatio n o f  th e goal s themselve s i s unaffected ,  consis -
ten t  wit h th e oft-cite d observatio n tha t  frontal-damage d 
patient s ca n repor t  th e correc t  goa l  eve n whil e perform -
in g a n inappropriat e actio n (e.g .  K o n o w &  Pribram , 
1970) .  W e als o hypothesiz e tha t  th e stimulu s envi -
ronmen t  i s perceive d normally ,  an d th e ful l  rang e o f 
possibl e action s i s available ,  als o consisten t  wit h clini -
cal  observation .  Finally ,  declarativ e knowledg e i s 
available ,  consisten t  wit h th e result s o f  m e m o r y re -
searc h o n firontal-damaged  patients .  W e hypothesiz e a 
functiona l  attenuatio n o f  associatio n strength s amon g 
thes e differen t  workin g memor y representations .  I n ef -
fect ,  th e differin g degree s o f  mutua l  relevanc e amon g 

goals ,  stimul i  an d store d knowledg e becom e les s dis -
criminabl e afte r  fronta l  lob e damage . 

We hav e chose n t o implemen t  ou r  mode l  usin g a 
simplifie d subse t  o f  th e A C T - R framewor k (Anderson , 
1983 ;  1989 ;  i n preparation) .  I t  shoul d b e note d tha t  th e 
;irchitectur e o f  thi s syste m wa s designe d t o accoun t  fo r 
nonna l  cognitio n i n a  variet y o f  tasks ,  drawin g upo n 
empirica l  findings  o n norma l  huma n learnin g an d mem-
or y (Anderson ,  1983 )  an d upo n a  "rationa l  analysis "  o f 
humju i  cognitio n (Anderson ,  1989) .  Thus ,  t o th e ex -
ten t  tha t  th e presen t  mode l  ca n accoun t  fo r  th e behavio r 
of  frontal-damage d patients ,  i t  doe s s o withou t  an y a d 
hoc feanire s designe d specificall y  fior  tha t  purpose . 

A C T - R i s a  productio n system ,  incorporatin g a s 
it s procedura l  knowledg e a  se t  o f  IF -THE N rules . 
Thes e rule s specif y action s an d th e condition s unde r 
whic h the y shoul d b e performed .  I n addition ,  i t  in -
clude s a  workin g m e m o r y representatio n i n whic h 
declarativ e knowledg e i s represented .  Th e behavio r  o f 
thi s syste m depend s o n whic h production s ar e selecte d 
fior  execution ,  accordin g t o tw o mechanisms :  matchin g 
and conflic t  resolution .  Matchin g refer s t o th e proces s 
by whic h i t  i s  determine d whethe r  o r  no t  eac h produc -
tio n s  condition s hold .  Thi s i s accompUshe d b y com -
parin g th e condition s o f  th e rul e t o th e content s o f 
workin g memory .  If i  mor e tha n on e productio n 
matche s th e content s o f  workin g memory ,  a s i s ofte n 
th e case ,  the n th e proces s o f  conflic t  resolutio n i s use d 
t o selec t  a  singl e production ,  a s onl y on e ca n b e exe -
cute d a t  on e time .  I n th e mode l  describe d below ,  con -
flict  resolutio n i s accomplishe d b y comparin g activa -
tio n levels ,  wit h th e mos t  activ e productio n bein g exe -
cuted .  Ther e ar e fou r  differen t  source s tha t  contribut e t o 
eac h production' s activation : 

Baselin e activatio n i s th e invarian t  activatio n as -
sociate d wit h a  particula r  production .  Th e highe r  th e 
prio r  probabilit y  tha t  th e particula r  productio n wil l  b e 
applicable ,  th e highe r  it s baselin e activatio n level . 
Production s wit h highe r  probabilitie s o f  bein g applica -
ble ,  an d therefor e highe r  baselin e activation ,  ar e mor e 
Ukel y overal l  t o fire. 

Primin g activatio n i s additiona l  activatio n tha t  a 
particula r  productio n receive s whe n i t  i s  executed . 
Primin g activatio n fall s off i  ove r  th e nex t  severa l  cycle s 
of  th e simulation ,  an d reflect s th e likelihoo d tha t  a  pro -
ductio n tha t  ha s jus t  bee n execute d wil l  b e applicabl e 
agai n i n th e ver y nea r  future . 

Nois e activatio n i s als o presen t  i n th e system . 
Dat a activatio n i s th e activatio n adde d t o a  produc -

tio n fro m th e workin g memor y element s ( W M E s )  wit h 
whic h th e productio n matches .  Th e contributio n o f 
dat a activatio n i s th e su m o f  th e activation s o f  thos e 
W M E s.  A  W M E ' s activatio n i s calculate d fro m it s 
previou s activation ,  fro m th e previou s activation s o f 
thos e W M Es wit h whic h i t  i s  connected ,  an d fro m th e 
strength s o f  thos e connections .  However ,  i n th e pre -
sen t  model ,  th e previou s activatio n o f  eac h W M E i s 
hel d constant .  Thus ,  th e activatio n o f  a  particula r 
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W ME depend s onl y o n th e strength s o f  it s  connection s 
wit h othe r  W M E s.  Furthermore ,  sinc e eac h productio n 
refer s onl y t o a  subse t  o f  th e entir e workin g memor y 
representation ,  onl y connection s betwee n pair s o f 
W M Es bot h matche d b y tha t  productio n wil l  conlrihul c 
t o it s  activation . 

Conside r  a  productio n tha t  matche s bot h a  goa l 
W ME (e.g. .  nam e th e in k colo r  o f  a  stimulus )  an d 
some stimulu s attribut e W M E (e.g. ,  th e in k colo r  i s 
red) .  I f  th e goa l  i s  strongl y associate d wit h tha t  stimu -
lu s attribut e (a s i n thi s case ,  mos t  likely )  the n th e pro -
ductio n wil l  receiv e a  larg e amoun t  o f  activatio n fro m 
it s dat a an d wil l  b e mor e likel y t o fire.  I f  th e goa l  i s 
onl y weakl y associate d wit h th e stimulu s (i f  th e at -
tribut e W M E i n th e abov e exampl e wer e th e lexica l 
identit y instea d o f  th e in k color )  the n th e productio n 
wil l  receiv e les s activatio n fro m it s dat a an d wil l  b e 
les s likel y t o fire.  I n thi s way ,  th e mode l  i s mor e 
likel y t o execut e a  productio n fo r  whic h mutuall y rele -
vant  goa l  an d stimulu s attribute s ar e present . 

S i m u l a t i o n s o f  t h e f o u r  tasks . 

In this section we present a simulation of the four 
tasks ,  an d examin e th e effec t  o f  weakenin g associatio n 
strength s amon g W M Es o n th e performanc e o f  th e 
simulations .  W e first  describ e th e undamage d model s 
and the n th e result s o f  damagin g th e norma l  system . 
Not e tha t  th e sam e parameter s (noise ,  primin g activa -
tion ,  an d deca y rate )  wer e use d i n al l  fou r  simulations . 

Stroop task. The Stroop task simulation consists of 
tw o productions ,  name-colo r  an d name-word ,  corre -
spondin g t o th e tw o potentia l  response s t o eac h stimu -
lus .  Th e attribut e t o b e name d fo r  a  give n se t  o f  trial s 
i s  se t  b y strengthenin g th e connectio n betwee n th e ap -
propriat e attribut e W M E (e.g .  colornam e whe n th e 
goal  i s  t o nam e th e color )  an d a  W M E whic h maintain s 
informatio n abou t  th e tas k (suc h a s th e curren t  stimu -
lus) .  Eac h productio n onl y matche s agains t  th e appro -
priat e attribut e W M E,  s o tha t  th e name-colo r  produc -
tio n wil l  onl y receiv e activatio n fro m th e attribut e 
W ME colorname .  Th e production s als o receiv e activa -
tio n from  th e connectio n betwee n thei r  attribute s an d 
th e dat a the y match .  S o th e wor d namin g productio n 
receive s activatio n from  th e stron g connection s betwee n 
th e wor d attribut e W M E an d wor d data ,  whil e th e colo r 
namin g tas k receive s activatio n fro m th e weake r  bu t 
stil l  stron g connection s betwee n tha t  attribut e an d th e 
colo r  data .  Also ,  th e baselin e activatio n o f  th e name -
wor d productio n i s stronge r  tha n tha t  o f  name-color , 
consisten t  wit h th e mor e frequent  us e o f  wor d namin g 
i n everyda y lif e (se e MacLeod ,  1991) . 

At  th e presentatio n o f  a  stimulus ,  bot h production s 
ar e place d i n th e conflic t  set ,  sinc e al l  stimul i  i n thi s 
simulatio n hav e bot h colo r  n a m e an d wor d n a m e at -
tributes .  However ,  th e correc t  tas k W M E wil l  receiv e 

mor e activatio n fro m th e strengthene d connectio n t o th e 
relevan t  attribute .  A n d th e discriminabilit y  wil l  b e 
greate r  whe n th e tas k i s wor d naming ,  sinc e it s produc -
tio n ha s a  greate r  baselin e activation . 

Wisconsin Card Sorting Test. The WCST sim-
ulatio n consist s o f  si x productions :  thre e fo r  sortin g 
and tiiree  fo r  utilizin g feedback .  Eac h o f  th e thre e sort -
in g production s sort s b y a  particula r  attribut e -  color , 
shape ,  o r  number .  Thus ,  wheneve r  th e productio n sort -
by-numbe r  fires,  th e curren t  car d i s sorte d accordin g t o 
it s  numbe r  attribute . 

Th e thre e feedbac k production s mode l  h o w a  sub -
jec t  shoul d ideall y utiliz e feedback ,  b y consfrainin g 
whic h categorie s wil l  b e source s o f  activation .  Afte r 
positiv e feedback ,  th e curren t  categor y i s m a d e th e onl y 
categor y eligibl e t o b e a  sourc e o f  activation .  Afte r 
negativ e feedback ,  th e incorrec t  categor y i s m a d e n o 
longe r  a  sourc e o f  activation .  A n d i f  thi s result s i n a n 
empt y set ,  th e othe r  tw o possibl e categorie s ar e the n 
m a de eligibl e again .  Th e mode l  alway s implicitl y 
know s whic h sortin g categorie s ar e potentiall y  correct , 
becaus e onl y thos e categorie s ar e potentia l  source s o f 
activation .  Thi s i s analogou s t o h o w ,  i n th e Stroo p 
task ,  onl y th e correc t  attribut e (colo r  o r  wor d name )  i s a 
stron g sourc e o f  activatio n fo r  it s  correspondin g produc -
tion .  However ,  th e W C S T use s th e eligibilit y  se t  t o 
chang e thes e biase s betwee n trials . 

Sinc e th e feedbac k mechanis m jus t  affect s th e eli -
gibl e source s o f  activation ,  no t  whethe r  o r  no t  particu -
la r  W M Es ar e i n workin g memory ,  thi s informatio n 
doe s no t  directl y constrai n whic h production s ca n 
match .  Instead ,  i t  biase s whic h categorie s wil l  b e con -
sidered ,  b y providin g a  sourc e o f  activatio n fo r  onl y 
thos e sortin g production s whos e categorie s ar e stil l  eli -
gible .  Fo r  example ,  th e productio n sort-by-colo r 
woul d receiv e activatio n from  th e connectio n betwee n 
th e colorsor t  W M E an d th e lis t  o f  possibl e categories . 
Sinc e colorsor t  i s  mos t  strongl y associate d wit h th e 
colo r  category ,  thi s productio n woul d b e stronges t 
when colo r  wa s stil l  a n eligibl e category . 

Initially ,  th e se t  contain s al l  thre e categories ,  s o a s 
t o b e unbiased .  A t  present ,  th e W C ST production s d o 
not  wai t  fo r  a  numbe r  o f  correc t  trial s befor e proceed -
ing ,  bu t  simpl y shif t  afte r  a  fixed  interval . 

W h en a  car d i s presented ,  al l  thre e sortin g produc -
tion s ar e i n th e conflic t  set .  Th e production s whos e 
categorie s ar e stil l  eligibl e receiv e activatio n from  th e 
connectio n betwee n thei r  categorie s an d th e correspond -
in g tas k nodes .  Afte r  a  sort ,  on e o f  th e thre e feedbac k 
production s wil l  match .  Ther e i s on e productio n t o 
handl e positiv e feedback ,  an d tw o fo r  negativ e feedbac k 
(whe n th e eligibilit y  se t  i s  large r  tha n 1  o r  equa l  t o 1) . 
Afte r  feedback ,  th e mode l  attempt s t o sor t  th e nex t  card . 

Motor sequencing task. The simulation of the 
moto r  sequencin g tas k i s th e simplest .  Th e mode l  i s 
presente d wit h a  repeatin g sequenc e o f  stimuli ,  eac h o f 
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whic h require s a  distinc t  response.  Th e stimul i  ca n b e 
though t  o f  a s devices ,  an d th e responses  a s differen t 
moto r  actions ,  simila r  t o th e tas k use d b y Kimur a 
(1977) .  A  differen t  productio n fo r  eac h potentia l  re -
spons e matche s agains t  bot h th e actio n t o b e performe d 
and th e devic e t o b e acte d upo n i n workin g memory . 
Sinc e matche s wit h congruen t  action s i\n d device s wil l 
benefi t  fro m stron g connections ,  the y wil l  receive  mor e 
activatio n fro m data .  Ther e ar e five  possibl e device s 
and five  correspondin g actions .  Th e sequenc e o f  actio n 
i n th e simulatio n i s als o straightforward :  th e first  stim -
ulu s i s presented ,  an d al l  five  moto r  production s ar e i n 
th e conflic t  set .  Th e correc t  on e receives  mor e dat a ac -
tivatio n an d i s mos t  likel y t o fire.  The n th e secon d 
stimulu s i s presented . 

Memory. Memory for context can be modeled using 
a singl e production ,  name-context ,  t o nam e th e contex t 
of  a  presente d item .  Sinc e th e sam e productio n i s use d 
t o nam e eithe r  th e correc t  o r  incorrec t  context ,  i n thi s 
simulatio n name-contex t  compete s onl y wit h itself . 
Differen t  instantiation s o f  th e production ,  correspond -
in g t o th e differen t  contexts ,  ar e al l  i n th e conflic t  se t 
simultaneously .  However ,  sinc e thes e instantiation s 
refer  t o differen t  subset s o f  workin g memory ,  the y re -
ceiv e potentiall y  differen t  level s o f  activation ,  an d ca n 
therefor e b e discriminated . 

Contex t  memor y i s simulate d usin g a  differen t 
W ME fo r  eac h contex t  i n whic h informatio n i s pre -
sented .  Eac h contex t  W ME i s i n tur n associate d wit h a 
set  o f  W M Es whic h represent  th e feature s o f  th e envi -
ronment .  Th e uniqu e subse t  o f  feature s wit h whic h a 
contex t  W ME i s associate d define s tha t  context . 
Contex t  memor y ca n the n b e see n a s th e abilit y  t o 
name th e appropriat e subse t  o f  feature s throug h a  labe l 
fo r  thos e features .  Whil e thi s i s a  oversimplificatio n o f 
th e notio n o f  context ,  i t  preserve s th e critica l  require -
ment  tha t  th e mode l  mus t  produc e som e elemen t  uniqu e 
t o th e origina l  situatio n i n whic h a  tes t  ite m wa s pre -
sented ,  namel y a  labe l  fo r  tha t  particula r  conjunctio n o f 
features .  Sinc e th e acquisitio n proces s i s no t  simulate d 
here ,  onl y th e testin g phase ,  thi s require s jus t  a  singl e 
productio n -  on e t o nam e th e contex t  o f  th e presente d 
item .  Eac h ite m i s strongl y associate d wit h th e fea -
ture s o f  th e contex t  i n whic h i t  originall y appeared ,  an d 
weakl y wit h th e othe r  features .  Th e productio n name -
contex t  matche s al l  possibl e availabl e contexts ,  bu t 
each instantiatio n receive s dat a activatio n fi-om  th e con -
nection s betwee n a  particula r  context' s feature s an d th e 
prob e item .  Thus ,  th e productio n wil l  b e mor e likel y 
t o fire  wit h th e correc t  context ,  sinc e tha t  instantiatio n 
maximize s th e amoun t  o f  dat a activatio n i t  wil l  receive. 

To mode l  th e task ,  a  stimulu s i s presente d alon g 
wit h a  se t  o f  five  possibl e contexts .  Thu s five  instanti -
ation s o f  name-contex t  ar e place d i n th e conflic t  set , 
one fo r  eac h context .  Eac h instantiatio n matche s 
agains t  th e stimulu s an d agains t  th e feature s o f  it s  con -
text .  Th e instantiatio n i n whic h th e stimulu s i s mos t 

closel y associate d wit h th e feanjre s o f  th e contex t  i s  th e 
one mos t  likel y t o fire. 

Recognitio n memor y i s modele d her e a s a  specia l 
cas e o f  contex t  memory ,  i n whic h th e subjec t  mus t  de -
cid e whethe r  o r  no t  th e stimulu s wa s originall y encode d 
i n th e experimenta l  context .  I n th e presen t  simulation , 
thi s require s a n additiona l  production ,  fail-to-recognize , 
whic h produce s th e defaul t  behavio r  o f  failin g t o recog-
niz e a n item .  Etc&ws t  fail-to-recogniz e i s a  default ,  i t 
wil l  alway s matc h o n th e basi s o f  it s  ow n baselin e ac -
tivation .  Tha t  baselin e activatio n therefor e represent s a 
threshol d fo r  recognizin g a n item .  When a n instantia -
tio n o f  name-contex t  exceed s thi s threshold ,  th e ite m 
i s i n effec t  recognized .  Otherwise ,  fail-to-recogniz e 
wil l  fir e a s a  default .  Not e Xht A fail-to-recogniz e woul d 
probabl y neve r  fire  i n th e cas e o f  contex t  judgements , 
sinc e i t  i s  extremel y unlikel y tha t  multipl e contexts , 
woul d al l  fai l  t o reac h threshol d o n th e sam e trial .  I n 
thi s way ,  on e migh t  sa y tha t  contex t  memor y judge -
ment s ar e betwee n tw o o r  mor e rea l  contexts ,  whil e 
recognitio n memor y judgement s ar e i n effec t  betwee n 
th e correc t  contex t  an d a  defaul t  contex t 

The simulatio n wa s ru n o n al l  fou r  tasks ,  usin g 
fixed  sequence s o f  stimuli .  Eac h simulatio n wa s first 
ru n normally ,  the n damaged .  Th e simulatio n wa s dam -
aged b y weakenin g al l  o f  th e connection s betwee n 
workin g memor y element s b y eithe r  5 0 % o r  1 

Result s 

Errors under each condition were tabulated as either 
non-perseverativ e o r  perseverative ,  excep t  i n th e mem-
or y task ,  fo r  whic h ther e wa s onl y on e production ,  an d 
thu s n o possibilit y  fo r  perseveratio n i n th e presen t 
model .  I f  th e incorrectl y  fired  productio n ha d bee n fired 
on th e immediatel y precedin g tria l  (whethe r  o r  no t  cor -
rectl y then )  i t  wa s counte d a  perseveration .  Althoug h i t 
i s  possibl e tha t  ther e woul d b e perseveratio n du e t o dat a 
priming ,  thi s sourc e o f  activatio n wa s no t  include d i n 
thi s simulation .  Als o not e tha t  th e gradua l  deca y o f 
primin g activatio n ma y caus e perseveration s ove r  inter -
venin g steps ,  althoug h thes e ar e her e counte d a s non -
perseverativ e errors . 

The result s o f  th e task s ar e presente d i n Tabl e 1 . 

StroopColo r 

StroopWor d 

WCST 

Motor 

Contex t 

Recognitio n 

Normal 

NfP 
9 
0 
0 
0 
2 
0 

P 
1 
0 
4 
0 

50% 
NP 
21 
2 
24 
23 
81 
1 

P 
56 
0 
58 
54 

80 % 1 

>fP 
38 
13 
81 
164 
379 
22 

P 
245 
67 
282 
367 

Tabl e 1 :  Tota l  non-perseverativ e (NP )  an d perseverativ e 

(P )  error s o n eac h tas k (100 0 trial s fo r  eac h tas k fo r 

each damag e level) . 
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Withou t  damage ,  th e mode l  perform s al l  o f  th e task s a t 
a hig h level .  Althoug h th e nois e make s error s possible . 
th e hig h discriminabilit y  o f  th e production s i n th e con -
flic t  se t  make s error s extremel y unlikely .  Wit h 5 0 % 
damage,  mor e error s ar e mad e o n al l  tasks ,  iin d then :  i s 
a clea r  bia s toward s perseverativ e errors .  Fin.dly .  wit h 
8 0 % damage ,  ther e i s a  greate r  proportio n o f  errors ,  an d 
a greate r  proportio n o f  thos e error s ar e perseverative . 

I n th e Stroo p task ,  th e damage d mode l  show s inter -
ferenc e fro m th e unattende d attribute .  Moreover ,  a s i n 
frontal-damage d patients ,  ther e i s mor e interferenc e i n 
th e colo r  namin g conditio n tha n i n th e wor d readin g 
condition .  Wha t  i s responsibl e fo r  thi s patter n o f  re -
sults ? I n th e undamage d model ,  th e discriminabilit y  o f 
th e word-namin g an d color-namin g production s i s high , 
due t o th e stron g connection s betwee n th e appropriat e 
attribut e W M E an d th e W M E whic h maintain s infor -
matio n abou t  th e task .  W h e n th e connection s ar e weak -
ened ,  however ,  th e activation s o f  th e tw o production s 
become mor e similar ,  an d nois e activatio n i s therefor e 
more likel y t o caus e th e wron g productio n t o b e se -
lected .  Th e fac t  tha t  colo r  namin g i s mor e vulnerabl e t o 
intrusion s b y wor d namin g tha n vic e vers a i s explaine d 
by th e highe r  baselin e activatio n o f  wor d naming , 
whic h result s from  it s mor e frequent  use . 

I n th e W C S T,  th e damage d mode l  simulate s pa -
tien t  behavio r  i n perseveratin g sortin g categorie s even 
afte r  negativ e feedback .  A s before ,  th e reaso n fo r  thi s 
can b e understoo d b y firs t  considerin g th e functionin g 
of  th e norma l  system .  Normally ,  feedbac k affect s th e 
selectio n o f  a  sortin g categor y b y determinin g whic h 
categorie s remai n i n th e eligibl e set .  Thi s se t  biase s 
th e mode l  toward s eligibl e categorie s throug h connec -
tion s wit h th e possibl e sortin g W M E s.  Whil e th e 
damaged mode l  stil l  use s feedbac k t o constrai n th e eli -
gibl e categories ,  th e weakene d connection s reduc e th e 
magnitud e o f  thi s bias .  Thi s reduce s th e discriminabil -
it y  o f  th e differen t  sortin g production s t o th e leve l 
wher e nois e activatio n ca n sometime s caus e a n inap -
propriat e productio n t o b e th e mos t  active .  Th e perse -
verativ e characte r  o f  man y o f  th e error s result s from 
primin g activatio n causin g recentl y selecte d production s 
t o b e especiall y active . 

I n th e moto r  sequencin g task ,  damag e cause s th e 
model  t o associat e incorrec t  action s wit h devices . 
Unlik e th e previou s tw o tasks ,  i n thi s tas k frontal-dam-
aged patient s sho w nonperseverativ e a s wel l  a s perse -
verativ e errors .  Bot h type s o f  error s ar e als o mad e b y 
th e damage d model .  W h y doe s th e damage d mode l  be -
hav e i n thi s way ? Whil e normall y th e correc t  actio n 
can b e discriminate d o n th e basi s o f  it s greate r  associa -
tio n wit h th e curren t  device ,  thi s connectio n i s weak -
ened b y damage .  Nois e activatio n wil l  caus e incorrec t 
production s t o b e selected ,  ou t  o f  sequence ,  an d primin g 
activatio n wil l  bia s thes e error s toward s perseveration . 

I n th e memor y tasks ,  damag e lead s t o impaire d per -
formanc e a t  contex t  memory ,  bu t  no t  a t  recognitio n 
memory.  A s modele d here ,  discriminatio n o f  th e correc t 

contex t  depend s o n th e connection s betwee n th e ite m t o 
be recognize d an d th e feature s o f  tha t  context .  W h e n 
thes e connection s ar e weakened ,  th e presenc e o f  nois e 
makes i t  mor e likel y tha t  a  simila r  bu t  les s impropriat e 
contex t  wil l  receiv e greate r  activation .  Recognitio n 
memory i s th e onl y case ,  amon g th e fou r  task s simu -
lated ,  whic h doe s no t  requir e th e discriminatio n o f  a 
particula r  respons e amon g clos e competitors ,  an d thu s 
i s no t  especiall y harme d b y th e damag e manipulation . 
Interestingly ,  th e mode l  predict s tha t  frontal-damage d 
patient s wil l  b e muc h bette r  a t  recognitio n tha n a t  con -
tex t  memory ,  bu t  no t  necessaril y  normal .  Again ,  ther e 
i s no t  sufficien t  publishe d dat a t o addres s thi s defmi -
tively.  I n on e stud y (Parkin ,  Leng ,  &  Stanhope ,  1988 ) 
bot h norma l  an d patien t  group s appeare d t o b e nea r  ceil -
ing ,  whil e i n anothe r  stud y (Janowsk y e t  al. ,  1989) , 
ther e wa s a  non-significan t  tren d i n thi s direction . 

D i s c u s s i o n 

We believe that there are two general aspects of the ef-
fect s o f  frontal  damag e tha t  hav e mad e th e underlyin g 
natur e o f  frontal  lob e functio n s o elusive .  First ,  frontal 
damage ca n affec t  performanc e o n a  wid e variet y o f 
task s tha t  d o no t  seem ,  o n th e surface ,  t o hav e anythin g 
i n common .  Second ,  whe n frontal  damag e impair s tas k 
performance ,  i t  doe s s o withou t  impairin g patients ' 
knowledg e o f  th e tas k goals ,  thei r  perceptio n o f  th e rel -
evan t  stimuli ,  thei r  abilit y  t o execut e th e individua l  ac -
tions ,  o r  thei r  memor y fo r  previousl y learne d facts . 
Thes e tw o factor s hav e give n rise  t o th e ide a o f  th e 
frontal  corte x a s a  singl e "centra l  executive, "  whic h i s 
calle d int o pla y regardles s o f  th e cognitiv e domain . 
Thi s centra l  executiv e i s require d whe n th e activitie s o f 
multipl e component s o f  th e cognitiv e architectur e mus t 
be coordinated ,  bu t  woul d no t  necessaril y  b e require d fo r 
performin g simple r  tasks .  Th e mode l  describe d here , 
however ,  provide s a  unifie d accoun t  o f  fou r  deficit s 
sometime s arisin g from  frontal  lob e damage ,  an d doe s 
so withou t  postulatin g damag e t o a  centra l  executive , 
but  rathe r  t o th e processin g component s tha t  ar e use d t o 
perfor m th e task . 

Thi s explanatio n als o highlight s wha t  i s c o m m o n 
among th e task s faile d b y frontal-damage d patients .  I n 
al l  o f  th e task s modele d here ,  severa l  source s o f  infor -
matio n compet e t o guid e behavior .  O n e o f  thes e 
source s i n particular ,  connection s amon g interna l  repre -
sentations ,  i s  critica l  fo r  differentiatin g amon g severa l 
clos e competitors .  W h e n thes e connection s ar e weak -
ened ,  othe r  source s o f  activatio n (e.g. ,  primin g an d 
noise )  becom e mor e importan t  i n determinin g behavior . 
Whil e th e damage d mode l  migh t  b e describe d accuratel y 
as unabl e t o mak e us e o f  error s (a s i n th e W C S T ) ,  im -
pulsiv e (failin g t o inhibi t  inappropriat e responses ,  a s i n 
th e Stroo p Task) ,  perseverativ e (a s i n th e moto r  task) , 
or  impaire d i n th e us e o f  spatiotempora l  contex t  (a s i n 
th e memor y tasks) ,  a  singl e functiona l  defici t  ca n ac -
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coun t  fo r  al l  o f  thes e deficits . 
Th e presen t  mode l  migh t  see m t o impl y that ,  i n 

conflic t  wit h c o m m o n clinica l  observation ,  al l  frontal-
damaged patient s shoul d fai l  al l  o f  th e task s describe d 
here .  However ,  ther e coul d b e distinc t  area s i n frontal 
corte x sharin g th e sam e abstrac t  function ,  namel y th e 
maintenanc e o f  workin g m e m o r y associations ,  bu t  dif -
ferin g a s t o th e type s o f  workin g memor y element s rep -
resented .  O n e woul d therefor e no t  expec t  th e sam e pa -
tien t  t o sho w impairmen t  o n exactl y thes e fou r  o r  an y 
particula r  se t  o f  tasks .  Thi s typ e o f  organization ,  o f  a 
larg e cortica l  are a operatin g accordin g t o c o m m o n infor -
matio n processin g mechanism s bu t  subdivide d int o dis -
tinc t  an d dissociabl e module s accordin g t o th e conten t 
of  th e informatio n represented ,  ca n als o b e see n i n th e 
visua l  cortex .  Numerou s area s i n th e extrastriat e visua l 
corte x shar e c o m m o n functiona l  mechanism s (e.g. , 
retinotopy .  th e integratio n o f  infonnatio n from  earlie r 
visua l  areas ,  an d center-surroun d organization) ,  bu t  dif -
fe r  i n th e typ e o f  visua l  informatio n represente d i n 
thes e m£q) s (Cowey ,  1982) . 

Ar e ther e an y task s a t  whic h th e mode l  predict s 
frontal-damage d patient s woul d b e unimpaired ? I n fact , 
whil e th e underlyin g defici t  tha t  w e hav e hypothesize d 
i s quit e general ,  i t  i s restricte d t o task s tha t  ta x th e con -
flic t  resolutio n process ,  tha t  is ,  th e abilit y  t o selec t 
a m o ng a  grou p o f  potentiall y  relevan t  actions .  Thus , 
we woul d predic t  norma l  performanc e o n task s i n 
which :  th e potentiall y  relevan t  action s o r  response s ar e 
narrowe d d o w n b y a  "structured "  o r  highl y constraine d 
tas k o r  stimulu s environmen t  (i n th e model ,  fe w pro -
duction s matchin g th e activ e workin g m e m o r y ele -
ments) ;  th e appropriat e response s ar e highl y routinize d 
(i n th e model ,  hig h baselin e activatio n i n th e appropri -
at e production) ;  o r  ther e ar e pronounce d difference s i n 
th e relevanc e o f  th e availabl e response s (i n th e model , 
pronounce d difference s i n th e associatio n strength s 
a m o ng workin g m e m o r y element s matche d b y appro -
priat e an d inappropriat e p-oductions) .  Thi s accord s wel l 
wit h th e c o m m o n clinica l  observatio n tha t  frontal-dam-
age d patient s m a y d o wel l  o n relativel y structure d task s 
or  ver y familia r  tasks ,  somewha t  independen t  o f  diffi -
culty ,  despit e failin g dramaticall y o n th e type s o f  task s 
modele d here . 
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