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Abstrac t 
Dat a fro m Neuropsycholog y hav e bee n widel y use d i n orde r 

bot h t o les t  pre-existin g cognitiv e theorie s an d t o develo p 
ne w accounts .  Indeed ,  severa l  theorist s hav e use d 
dissociations ,  an d i n particula r  doubl e dissociations ,  bot h i n 
theor y testin g an d i n developin g ne w theoretica l  account s 

Doubl e dissociation s ar e indee d believe d t o b e a  ke y too l  i n 
revealin g th e gros s structur e o r  "modularity "  o f  cognitiv e 
processes .  I n thi s paper ,  i n th e ligh t  o f  a  cas e stud y i n whic h 
a simpl e electrica l  syste m i s  systematicall y lesioned ,  w e 
argu e tha t  doubl e dissociatio n i n a n arbitrar y modula r  syste m 
nee d not ,  an d typicall y wil l  not ,  revea l  tha t  modularity . 
Thes e result s sugges t  tha t  th e observatio n o f  a  doubl e 
dissociatio n implie s littl e abou t  th e structur e o f  th e 
underlyin g system .  W e finis h arguin g tha t  th e weaknes s o f 
th e method s describe d involve s tha t  neurobiologica l  dat a 
hav e t o b e seriousl y take n int o accoun t  i n orde r  t o uncove r 
th e rea l  structur e o f  th e cognitiv e system . 

Introduction 

Evidenc e fro m brai n damage d patient s ha s bee n widel y 
use d i n orde r  t o infor m an d constrai n theorie s o f  norma l 
functioning .  Suc h evidenc e ha s serve d bot h t o tes t  existin g 
psychologica l  theorie s an d t o sugges t  h o w n e w theorie s 
ca n b e developed . 

Th e majo r  ai m o f  cognitiv e neuropsycholog y i s t o 
construc t  theorie s o f  norma l  functio n b y studyin g impaire d 
functio n (Caramazz a 1986 ;  Shallic e 1988) .  Th e mai n 
assumptio n her e i s tha t  pattern s o f  impaire d performanc e 
ar e no t  rando m bu t  ar e constraine d b y th e actua l  structur e 
of  th e cognitiv e syste m itself .  Thi s i s  a  typica l  invers e 
proble m which ,  b y definition ,  allow s mor e tha n a  singl e 
solution .  T h e strateg y followe d b y cognitiv e 
neuropsychologist s i n orde r  t o solv e thi s proble m ha s 
bee n t o loo k fo r  particula r  pattern s o f  impaire d 
performance. ,  lik e association s an d dissociation s 
(Caramazz a 1986 ;  Shallic e 1988) .  Doubl e dissociations ,  i n 
particular ,  ar e considere d t o b e extremel y valuable ,  sinc e 
the y m a y revea l  th e gros s structure ,  o r  'modularity' ,  o f  th e 
cognitiv e syste m 

I n a  previou s pape r  (Gani s &  Chate r  1991) ,  w e argue d 
tha t  inferenc e fro m doubl e dissociatio n t o a  particula r 
modula r  structur e o f  th e underlyin g syste m i s  uncertai n 
becaus e doubl e dissociation s m a y b e observe d i n a  full y 
disU-ibute d syste m -tha t  is ,  a  syste m whic h doe s no t 
decompos e int o isolabl e subsystems . 

I n thi s paper ,  w e sho w tha t  eve n i n a  modula r  system , 
doubl e dissociatio n data ,  a s conventionall y interpreted , 
m ay b e entirel y misleadin g abou t  tha t  modularity . 

S i n g l e a n d d o u b l e d issoc iat ion s 

Th e rang e o f  characterization s o f  th e metho d o f  doubl e 
dissociatio n (Shallic e 1988 )  make s expositio n o f  th e metho d 
difficult .  W e shal l  assum e wha t  w e tak e t o b e a  typica l 
m o d em "functional "  formulation . 

A patien t  wit h a  lesio n exhibit s a  singl e dissociatio n 
betwee n task s I  an d I I  whe n performanc e o n tas k I  i s  ver y 
poor ,  wherea s performanc e o n tas k I I  i s eithe r  clos e t o o r  a t  a 
norma l  level ,  o r  a t  leas t  ver y m u c h bette r  tha n performanc e 
i n tas k 1  (Shallic e 1988) .  I t  wa s onc e though t  tha t  suc h 
dissociation s allowe d on e t o infe r  tha t  th e se t  o f  isolabl e 
processe s underlyin g th e tw o task s mus t  b e different . 
However ,  i t  ha s bee n argue d tha t  thi s inferenc e i s no t 
licensed ,  sinc e tas k I  m a y mak e greate r  demand s o n a  singl e 
damaged subsystem(s )  tha n doe s tas k II .  A  subsyste m 
workin g at ,  say ,  5 0 % capacit y migh t  b e adequat e fo r  tas k II , 
but  no t  sufficien t  fo r  tas k I .  Thi s i s ofte n referre d t o a s th e 
proble m o f  resourc e artefact s (Shallic e 1988) .  A n analog y 
wit h locomotio n m a y b e helpful .  Ther e i s a  frequentl y 
observe d dissociatio n betwee n runnin g an d walkin g -man y 
peopl e w h o ca n wal k normall y ca n ru n hardl y a t  all .  Thi s i s 
not  becaus e runnin g an d walkin g us e differen t  bodil y 
structures ,  bu t  simpl y tha t  runnin g place s greate r  resourc e 
demands upo n thos e structures .  Henc e peopl e wit h limite d 
ai r  intake ,  stamin a an d s o o n ar e abl e t o wal k muc h bette r 
tha n the y ca n run .  I n respons e t o suc h difficulties ,  i t  ha s 
bee n propose d tha t  doubl e rathe r  tha n singl e dissociation s ar e 
require d t o infe r  tha t  tw o task s dra w o n differen t  subsystems . 
Task s I  an d I I  doubl y dissociat e i f  ther e ar e patient s A  an d B , 
suc h tha t  A  i s  mor e impaire d tha n B  i n tas k I  and , 
conversely ,  B  i s  mor e impaire d tha n A  i n tas k II .  Fo r 
example ,  a  doubl e dissociatio n betwee n runnin g an d 
throwin g i s  foun d betwee n patient s wit h broke n limbs . 
Thos e wit h broke n leg s hav e impaire d running ,  bu t  throwin g 
i s preserved ,  an d thos e wit h broke n (dominant )  ar m hav e 
selectivel y impaire d throwing .  Th e doubl e dissociatio n 
inferenc e i s tha t  ther e mus t  b e separat e system s underlyin g 
throwin g an d running .  Prim a facie ,  thes e correspon d t o th e 
site s o f  th e damage ,  th e arm s an d legs . 

I f  doubl e dissociatio n i s t o constitut e a n advanc e o n 
singl e dissociatio n a s a  metho d fo r  uncoverin g isolabl e 
subsystems ,  the n i t  shoul d no t  b e obtaine d betwee n runnin g 
and walking ,  whic h ar e subserve d b y th e sam e processin g 
systems .  Indeed ,  whil e ther e ar e patient s who a ca n wal k bu t 
not  run ,  ther e ar e presumabl y n o patient s w h o ca n ru n bu t 
not  walk .  Thus ,  unlik e singl e dissociation ,  doubl e 
dissociatio n canno t  b e generate d wit h a  resourc e artifac t 
explanation .  I f  tas k I  make s greate r  demand s o n a  singl e 
processing  subsyste m tha n tas k II ,  the n tas k I I  m a y b e 
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selectivel y preserve d (generatin g a  singl e dissociation) ,  bu t 
th e revers e canno t  occur .  Fo r  i f  th e subsyste m i s 
sufficientl y impaire d t o damag e tas k II ,  the n tas k 1 ,  whic h 
relie s o n i t  eve n mor e heavily ,  wil l  b e eve n mor e severel y 

impaired . 
The metho d o f  doubl e dissociatio n ha s pleasingl y 

distinguishe d betwee n th e tw o examples ,  on e i n whic h th e 
tw o task s ar e subserve d b y differen t  processes ,  subsystem s o r 
module s an d on e i n whic h the y ar e subserve d b y th e sam e 
system .  However ,  w e shal l  argu e tha t  thi s apparentl y clear -
cut  outcom e ma y b e th e exceptio n rathe r  tha t  th e rule . 

Can double dissociations suggest the 

w r o n g m o d u l a r i t y ? 

I n a  previou s pape r  (Gani s &  Chate r  1991 )  w e hav e 
observe d tha t  th e doubl e dissociatio n inferenc e m a y b e 
misleading ,  sinc e a t  leas t  som e doubl e dissociation s ar e 
consisten t  wit h a  non-modula r  underlyin g architecture .  W e 
no w argu e tha t  th e inferenc e ca n b e misleadin g fo r 
modula r  system s to o th e modularit y postulate d b y th e 
inferenc e fro m doubl e dissociatio n ma y hav e n o relatio n t o 
th e actua l  modularit y o f  th e damage d system .  I n particular , 
we sho w tha t  eve n unde r  th e weake r  definitio n o f 
modularit y e.g .  functiona l  modularit y (Shallice ,  1988 ) 
th e doubl e dissociatio n metho d ca n b e seriousl y 
misleading . 

Let  u s conside r  a  non-psychologica l  example .  Conside r 
a dissociatio n betwee n javeli n throwin g an d rop e 
climbing ,  du e t o blister s o n th e hands .  Certai n blister s 
(perhap s cause d b y overzealou s javeli n throwin g o n th e 
previou s day )  wil l  mak e throwin g impossible ,  whil e 
leavin g rop e climbin g mor e o r  les s unimpaired .  O n th e 
othe r  hand ,  blister s i n slightl y differen t  location s (perhap s 
cause d b y excessiv e recen t  rop e climbing )  wil l  mak e 
climbin g impossibl e wil l  leavin g throwin g relativel y 
intact .  Th e doubl e dissociatio n inferenc e i s tha t  ther e 
must  b e separat e processe s o r  module s underlyin g rop e 
climbin g an d javeli n throwing .  However ,  bot h involv e 
th e sam e hand-ar m syste m (an d indee d bot h involv e th e 
cooperativ e actio n o f  th e whol e o f  th e body) .  I t  ma y b e 
relativel y eas y t o avoi d bein g mislead ,  i f  th e sourc e o f 
damage i s visibl e an d it s effect s relativel y eas y t o discern , 
as i n th e cas e o f  blister s an d broke n limbs .  I t  m a y b e ver y 
m u ch harde r  w h e n th e d a m a g e ,  an d th e functiona l  impac t 
tha t  th e d a m a g e has ,  i s  onl y indirectl y detectable .  O f 
course ,  thi s i s n o m o r e tha n a  suggestiv e analogy . 

T o bette r  asses s whethe r  th e analog y i s  instructiv e o r 
misleading ,  le t  u s conside r  th e specifi c  examp l e o f  a 
simpl e mechan is m whic h perform s tw o tasks .  Tas k I  i s t o 
repea t  on-lin e eac h m e m b e r  o f  a  sequenc e o f  "a" s an d "b" s 
whic h ar e give n a s input .  Tas k I I  i s t o rehears e whicheve r 
i s presente d a t  a  specifi c  time ,  an d t o ignor e subsequen t 
input .  I n it s norma l  state ,  th e syste m unde r  stud y i s  abl e 
t o switc h betwee n task s I  an d I I  a t  wil l  b y varyin g th e 
valu e o f  a  parameter .  Afte r  subjectin g th e syste m t o a  ful l 
rang e o f  possibl e lesions ,  th e followin g patter n o f 
performanc e w a s obtaine d (Tabl e I) : 

Task I  (R*p*tltlon ) 

normal (mpairad 

normal 
behaviou r 

9 

5 

16 

normal 
Task I I 

(R.haarsal ) 
impaired 

Tabl e I 

The table shows a clear double dissociation between 
task s I  an d II .  5  lesion s resulte d i n th e selectiv e los s o f 
th e abilit y t o perfor m Tas k I ,  an d 9  lesion s resulte d i n th e 
selectiv e los s o f  th e abilit y t o perfor m Tas k II .  1 6 lesion s 
resul t  i n th e los s o f  performanc e o n bot h tasks .  A s a  firs t 
attemp t  t o explai n thi s data ,  th e inferenc e fro m doubl e 
dissociatio n suggest s tha t  w e ca n posi t  t w o distinc t 
modu les ,  on e responsibl e fo r  repetitio n an d o n e fo r 
rehearsal .  W e might ,  fo r  example ,  follo w th e logi c whic h 
lea d Marshal l  &  N e w c o m b e (1973 )  t o postulat e a  "two -
route "  mode l  o f  th e readin g process ,  givin g a  diagra m suc h 
as (Figur e 1) . 

Inpu t 
strea m 

Dsciiio n 
syste m 

Tas k t o l> a 
perfomia d 

Repetitio n 

Rehearsa l 

Outpu t 

Figur e 1  A  boxe s mode l  inferre d fro m th e pattern s o f 
impaire d performanc e i n Tabl e 1 . 

Selective damage to either the repetition or rehearsal 
module s woul d lea d t o th e doubl e dissociatio n betwee n 
performanc e i n task s I  an d II .  D a m a g e t o th e decisio n 
system ,  whic h select s on e o f  th e othe r  tw o module s a s 
appropriate ,  migh t  b e th e mos t  likel y explanatio n fo r  th e 
los s o f  bot h capabilities .  Thi s mode l  m a y b e assesse d 
mor e closel y b y lookin g i n mor e detai l  a t  th e kin d o f 
pathologie s found . 

[1 ]  Tas k I  lost ;  Tas k I I  intac t  (5 )  N o repetitio n (5) : 
Tas k I I  intact ;  Tas k I  lock s t o b  afte r  th e firs t  b  i n th e 
inpu t  stream . 

[2 ]  Tas k I I  lost ;  Tas k I  intac t  (9 )  N o rehearsa l  (4) : 
Tas k I  intact ;  continuou s strea m o f  "a" s (4 )  o r  "b' s (5 )  i n 
Tas k II . 

[3 ]  Bot h Tas k I  an d Tas k I I  los t  (16 ) 
[3a ]  Fixatio n (11) :  syste m ma y produc e eithe r  onl y "a" s 

(10 )  o r  onl y "b" s  (1) ,  fo r  bot h tasks . 
[3b ]  Fixatio n an d oscillatio n (1) .  Continuou s strea m 

of  "a" s i n Tas k I .  Continuou s strea m o f 
"...abababababa... "  i n Tas k II . 

[3c ]  Mirrorin g an d oscillatio n (1) .  I n tas k 1 ,  th e outpu t 
i s a  "mirro r  image "  o f  th e input .  Fo r  example ,  "aabab " 
b e c o m e s "bbaba" .  Cont inuou s strea m o f 
"...abababababa... "  i n Tas k II . 

Let  u s conside r  eac h o f  [l]-[3] .  i n turn ,  wit h respec t  t o 
our  hypothetica l  model . 
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Th e basi c patter n o f  [1 ]  i s explaine d b y selectiv e 
damage t o th e repetitio n module .  Tha t  th e damage d modul e 
produce s onl y a  continuou s strea m o f  outpu t  i n Tas k I 
(b's )  m a y als o sugges t  variou s hypothese s abou t  th e 
possibl e interna l  organizatio n o f  th e module .  I f  "a" s an d 
"b" s ar e produce d b y differen t  component s o f  th e module , 
the n selectiv e impairmen t  o f  either ,  o r  a  los s o f  th e abilit y 
t o switc h betwee n them ,  o r  som e proble m concernin g th e 
level s o f  thei r  mutua l  inhibitio n migh t  b e responsibl e fo r 
thi s pathology .  Th e fac t  tha t  stream s o f  "a "  ar e no t  foun d 
m ay perhap s b e a  consequenc e o f  som e asymmetr y i n thi s 
mechanism . 

[2 ]  i s  take n t o b e a  consequenc e o f  selectiv e damag e t o 
th e rehearsa l  module .  Again ,  tha t  th e damage d modul e 
produce s onl y a  continuou s strea m o f  outpu t  suggest s tha t 
ther e m a y b e separat e component s o r  submodule s whic h 
produc e "a" s an d "b"s .  A s before ,  selectiv e damag e t o 
eithe r  component ,  a  los s o f  th e abilit y  t o switc h betwee n 
them ,  o r  som e proble m concernin g th e level s o f  thei r 
mutua l  inhibitio n migh t  b e responsibl e fo r  fixatio n o n a 
singl e output .  Thi s suggest s that ,  i n ke y respects ,  th e 
rehearsa l  an d repetitio n module s m a y hav e a  simila r 
structure . 

[3 ]  Los s o f  th e abilit y  t o perfor m bot h task s m a y b e 
du e eithe r  t o damag e t o bot h th e repetitio n modul e an d th e 
rehearsa l  modules ,  o r  t o th e decisio n box .  [3a ]  A 
continuou s fixatio n o n th e sam e lette r  fo r  bot h tasks ,  a 
ver y c o m m o n patholog y observe d wit h nin e distinc t 
lesions ,  migh t  resul t  fro m damag e t o th e decisio n bo x 
disconnectin g th e module s fro m curren t  input ,  an d an y 
instruction s t o chang e betwee n tasks .  Th e curren t  outpu t 
canno t  b e disable ,  an d m a y henc e b e repeate d indefinitely . 
Ther e ar e jus t  tw o lesion s wit h puzzlin g behavio r  fo r  thi s 
account .  [3b ]  an d [3c ]  produc e continuou s oscillation s 
betwee n "a "  an d "b" ,  o n tas k II .  [3c ]  als o "mirrors "  rathe r 
tha n repeat s it s inpu t  o n tas k I .  I t  m a y b e hope d tha t  a 
fulle r  understandin g o f  th e fine  detail s o f  eac h modul e an d 
it s componen t  part s migh t  revea l  th e origin s o f  suc h 
pathologies ,  bu t  tha t  th e basi c structur e o f  th e 
hypothetica l  mode l  i s no t  impugned . 

So,  i n th e ligh t  o f  thi s reasonin g w e hav e derive d a 

model  wit h th e followin g gros s structur e (fi g 2) : 

Rapetftio n 

Inpu t 
strea m 

J Outpu t  ' a 

>I Output'b' 
Switc h 

Decisio n 
syste m 

A stor e a 

Swrtcf i 
Stor e b 

Outpu t 

tas k t o t> G 
pGrforme d 

Rehearsa l 
Figur e 2 .  Detaile d m o d e l  derive d fro m th e th e pattern s 
o f  impaire d performanc e i n Tabl e I . 

A possibl e alternativ e i s  s h o w n i n figur e 3  an d ther e 
are .  o f  course ,  m a n y others . 

Inpu t 
•tr«tt m 

S»nd •ign d 
throug h 
appropriat e 
c*̂ anna l 

Rapatttio n 
rojt a 

,  Rehearsa l 
L rout e 

Paif t  signa l 
onl y 1s t  trrt e 

•  • ^ J inpu t  ^̂ '  Outpu t 
/ a . 

outpu t 

Figur e 3 .  Anothe r  possi b e model . 

I f  th e tas k i s repetition ,  th e inpu t  strea m i s directe d 
eithe r  directl y t o th e outpu t  module .  T o perfor m rehearsal , 
inpu t  i s directe d t o th e th e "block "  module ,  whic h passe s 
onl y it s first  inpu t  an d block s al l  futur e inputs .  Th e 
outpu t  modul e produce s a n "a "  i f  it s mos t  recen t  inpu t  wa s 
an "a" ,  an d a  "b "  i f  it s  mos t  recen t  wa s a  "b" .  So ,  i f  th e 
syste m i s i n repetitio n mode ,  th e outpu t  modul e receive s a 
continuou s strea m o f  inpu t  an d simpl y reproduce s tha t 
stream .  W h e n th e syste m i s i n rehearsa l  mode ,  onl y a 
singl e inpu t  i s received ,  fro m th e bloc k module ,  an d th e 
outpu t  modul e repeat s tha t  inpu t  endlessly .  Th e particula r 
model s tha t  w e hav e suggeste d ar e o f  illustrativ e 
significanc e only .  I n each ,  th e basi c findin g o f  doubl e 
dissociatio n an d certai n othe r  aspect s o f  th e dat a ma y b e 
accommodated ,  wit h suitabl e auxiliar y assumptions . 
Certai n aspect s o f  th e dat a ar e lef t  unexplaine d b y al l  (fo r 
example ,  oscillation s i n output ,  an d th e productio n o f  th e 
"mirror "  o f  th e inpu t  stream) .  Wha t  i s significan t  abou t 
th e model s tha t  w e hav e discussed ,  an d variant s lik e them , 
als o derive d t o explai n th e doubl e dissociatio n i s tha t 
the y bea r  n o relatio n t o th e modularit y o f  th e mechanis m 
whic h generate d th e data :  a  'pseud o D '  flip-flop.  Figur e 4 
shows th e circui t  diagra m o f  suc h a  pseud o D '  flip-flop, 
th e basi c componen t  o f  m e m o r y register s i n digita l 
computers ,  whic h i s abl e t o hol d a  singl e bi t  o f 
information . 

Inpu t 

unH (  \ 
S 

E > 

1 I > = S ) ^ .  Outpu t 

Figur e 4 .  D iag ra m o f  a  'pseud o D '  flip-flop. 

The input and output streams of 'a"s and "b"s is, in 
thi s context ,  usuall y though t  o f  a s stream s o f  "0" s an d 
"T's .  W h e n th e contro l  signa l  i s  o n (th e devic e i s i n 
"repetition "  m o d e )  th e inpu t  i s passe d unchange d t o th e 
output .  W h e n th e contro l  signa l  i s  of f  (th e devic e i s i n 
"rehearsal "  m o d e ) ,  th e inpu t  i s cu t  off ,  an d th e outpu t  i s 
froze n t o it s  previou s value .  T h e circuit  ca n b e 
interprete d eithe r  i n a  functiona l  o r  i n a n anatomica l  w a y 
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(i.e. ,  eac h uni t  migh t  no t  correspon d t o an y particula r 
piec e o f  hardware ;  alternatively ,  i t  coul d correspon d t o a 
silico n o r  neura l  gate) . 

Thi s syste m i s  highl y modu la r  an d ha s 7  componen t 
unit s o r  gates ,  connecte d b y a  n u m b e r  o f  links .  Value s 
fo r  link s an d unit s m a y b e idealize d a s havin g onl y tw o 
discret e values ,  0  an d 1 .  T h e t w o A N D gate s o n th e lef t 
han d sid e o f  th e diagram ,  outpu t  a  1  jus t  w h e n bot h thei r 
input s ar e 1  an d a  0  otherwise .  T h e t w o O R gate s o n th e 
righ t  outpu t  a  1  i s a t  leas t  on e o f  thei r  input s i s a  1 ,  an d 
0 otherwise .  Ther e ar e als o thre e N O T gate s (denote d b y 
smal l  unfille d circles )  wh ic h tak e a  singl e input ,  mapp in g 
0 ont o 1  an d 1  ont o 0 . 

P r im a facie ,  th e number ,  functio n an d interconnectio n 
of  th e componen t s o f  th e actua l  syste m bea r  littl e 
resemblanc e t o th e mode l s propose d above ,  i n a n attemp t 
t o accoun t  fo r  th e dat a o n pathologica l  function . 
Crucially ,  ther e appea r  t o b e n o separat e subsystem s 
whic h subserv e th e tw o task s o f  rehearsa l  an d repetition , 
an d th e doubl e dissociatio n inferenc e th e syste m i s 
compose d o f  fou r  componen ts ,  rathe r  tha n th e t w o o r 
thre e postulate d above ,  an d eac h i s a  simpl e logi c gat e 
rathe r  tha n havin g m o r e elaborat e function s suc h a s 
gatin g th e inpu t  o r  printin g ou t  th e las t  ite m received . 

I t  m i g h t  b e though t  tha t  th e circui t  d iag ra m 
representatio n i s  simpl y to o detaile d t o revea l  a  clea r 
modularity .  Perhap s ther e i s  s o m e subsyste m o f  unit s 
and connection s particula r  t o eac h task . 

Consideratio n o f  h o w th e flip-flo p operate s doe s indee d 
suggest ,  fo r  examp le ,  tha t  th e righ t  han d sid e o f  th e 
diagra m th e O R unit s 3  an d 4  i s  concerne d wit h 
rehearsa l  (sinc e i t  embod ie s a  loo p i n wh ic h activatio n 
value s ca n b e stored) ,  an d th e lef t  han d sid e th e A N D 
unit s 1  an d 2  i s  concerne d wit h passin g on ,  o r  gatin g 
out ,  th e incomin g input ,  dependin g o n whethe r  th e tas k i s 
repetitio n o r  rehearsa l  (inpu t  i s  onl y passe d o n i f  th e 
contro l  signa l  i s  1) .  Thi s give s u s Figur e 5 ,  wh ich , 
hearteningly ,  i s  no t  s o ver y differen t  fro m Figur e 3 . 

Inpu t 
strea m 

Inhibitio n Giv e las t 
inpu t  a s 
outpu t 

-  Outpu t 

If  rehearsa l  the n 
1 lirs t  tinn e only ,  the n 0 
It  repetition : always 1 

Gatin g 
modul e 

Figur e 5  A  possibl e higher '  leve l  descriptio n o f  th e 
flip-flop  i n Fi g 3 . 

However, Figure 5 is precisely the kind of diagram 
tha t  appear s t o b e incompatibl e wit h doubl e dissociatio n 
evidenc e (stil l  les s ca n i t  explai n th e detaile d pattern s o f 
pathologie s observe d oscillations ,  mirrorin g th e inpu t 
stfeam ,  an d s o on )  .  D a m a g e t o modu l e A ,  cuttin g of f  o r 
distortin g th e inpu t  stream ,  seem s likel y t o impai r  bot h 
repetitio n an d rehearsa l  (sinc e th e singl e inpu t  wh ic h mus t 
be store d m a y no t  b e passe d successfully) .  D a m a g e t o 

m o d u l e B ,  whic h i s als o implicate d i n bot h tasks ,  shoul d 
impairin g th e abilit y t o printin g o f  th e m o s t  recen t 
input ,  whethe r  i n repetitio n o r  rehearsal .  I n short ,  t o th e 
exten t  tha t  ther e i s a  highe r  leve l  modula r  structure ,  eac h 
par t  o f  tha t  structur e i s  involve d i n bot h tasks ,  pac e th e 
doubl e dissociatio n evidence .  S o ,  no t  onl y ca n th e doubl e 
dissociatio n inferenc e lea d t o th e postulatio n o f  hig h leve l 
description s unrelate d t o th e rea l  c o m p o n e n t s o f  th e 
system ,  bu t  i t  m a y specificall y preclud e th e hig h leve l 
description s whic h ar e closes t  t o th e truth . 

Conclusion 

We hav e show n i n thi s pape r  tha t  doubl e dissociation s 
ca n sugges t  th e wron g modularit y eve n i f  th e underlyin g 
syste m i s modular . 

I t  i s  wort h discussin g w h y th e doubl e dissociatio n 
metho d doe s no t  wor k wit h ou r  simplifie d examples .  Th e 
doubl e dissociatio n metho d i s base d o n th e assumptio n 
tha t  th e cognitiv e syste m i s compose d o f  a  se t  o f 
module s th e effectivenes s o f  operatio n o f  whic h ca n b e 
measure d b y a  singl e rea l  variabl e -th e resource .  Th e 
'neurologica l  diseas e deplete s th e amoun t  o f  eac h 
particula r  resourc e b y a n unknow n value ,  whic h varie s 
wit h th e patient) '  (Shallic e 1988) .  Th e performanc e o n a 
give n task ,  sa y delaye d repetition ,  i s  the n assume d t o b e 
a functio n o f  thes e real -  value d numbers ,  on e fo r  eac h 
module .  Eve n wit h a  simpl e exampl e lik e th e flip-flo p 
one ,  thi s approac h ha s sever e problems .  Take ,  fo r 
example ,  a n A N D gate .  Ther e ar e differen t  way s i n whic h 
i t  ca n b e damage d (Chate r  &  Gani s 1991) .  Eac h kin d o f 
damage ca n produc e a  particula r  'deficit '  i n th e A N D . 
Theoretically ,  th e A N D ca n becom e on e o f  th e 1 6 
possibl e two-argument s binar y gate s (th e extrem e case s 
bein g a  gat e whic h give s a s outpu t  alway s 1  o r  alway s 
0) .  Th e impac t  o f  thes e differen t  damage s o n th e 
performanc e o f  th e flip-flo p i n th e tw o task s i s 
dramaticall y differen t  eve n whe n th e severit y o f  th e 
damage (i n term s o f  percentag e o f  spare d input-output s 
mappings )  i s kep t  constant .  Thi s i s w h y a  resource / 
performanc e analysi s canno t  accoun t  fo r  th e behavio r  o f 
th e flip-flop .  Mor e realisti c system s see m t o b e eve n 
mor e sensitiv e t o th e detail s o f  th e damag e (Getting , 
1989) .  W e thin k tha t  th e example s s o fa r  discusse d ar e 
jus t  instance s o f  th e difficultie s whic h top-dow n 
functiona l  investigation s o f  th e cognitiv e syste m hav e 
ru n into .  I n fact ,  th e clai m tha t  a  pur e functiona l 
approac h ha s t o wor k i n paralle l  wit h neurobiologica l 
investigatio n i s ofte n m a d e (se e fo r  exampl e 
Caramazza(1990)) .  Unfortunately ,  thes e claim s ar e no t 
followe d b y concret e effort s i n tryin g t o bas e 
neuropsychologica l  theorie s o n neurobiologica l  data .  A 
possibl e reaso n i s that ,  a s i n our  examples ,  th e wron g 
modularit y ha s bee n inferred ,  renderin g simpl y 
impossibl e an y lin k wit h neurobiologica l  dat a (se e als o 
Seidenber g (1988 )  an d Seren o (1991)) . 

Appendix 

T h e site s o f  th e lesion s ar e s h o w n i n figur e 6 . 
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Figur e 6 .  Site s o f  th e 'lesions' . 

A summary of the pathologies obtained with the various 
lesion s i s s h o w n i n tabl e I I 

PaUern o f  pcrformaDc e Leiio n reiponsibl e 

SelecQv e los s o f  tas k I 
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I n tas k I ,  outpu i  lock s l o 
I  afte r  fiisi T i n inpu i 

I n tas k n .  outpu i  ha s 
afiw d valu e 
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Bxatio n an d oscillatio n : 
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oaciilsno n i n th e othe r Mirro r  an d oacillaiion : 
m tas k I  th e outpu t  i i  th e 
negaiic n o f  th e input . 
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Fixano n o n T  :  b  1. 1 3. 1 4.1 1 

I J 

=ixauo n o n "O "  :  c  e  g  h  1. 0 2. 1 
2.ii3.03.ii4. 1 

Fixatio n m ' V :  4. 0 

l.i i  2.i i  n 2 n 3 

n4 

Tabl e n 

We have attempted to pay enough regard to the details 
of  electrica l  circuitry .  T h e lesion s correspond ,  a t  leas t 
roughly ,  t o th e kind s o f  d a m a g e tha t  ca n occu r  i n a  rea l 
circuit .  H o w e v e r ,  sinc e illustrativ e valu e rathe r  tha n 
electroni c realis m i s o f  ou r  goal ,  certai n simplification s 
hav e bee n introduced .  T h e behavio r  o f  th e circui t  i s 
considere d wit h eac h o f  th e wire s cu t  i n turn .  W e m a k e 
th e simplifyin g assumpt io n tha t  cuttin g a  wir e 
correspond s t o a  zer o inpu t  int o th e componen t  int o whic h 
i t  feed s D a m a g e t o bot h A N D an d O R gate s give s ris e t o 
th e s a m e fou r  distinc t  pathologie s (althoug h fo r  rathe r 
differen t  reasons) .  Outpu t  m a y b e fixe d t o 0  o r  1  o r  m a y 
simpl y pas s on e o f  th e input s i  o r  ii .  Suc h damage ,  fo r 
uni t  X ,  i s  denote d X.O ,  X. l ,  X. i  an d X.i i  respectivel y 
For  simphcity ,  onl y on e for m o f  d a m a g e t o N O T gate s i s 
considere d a  short-circui t  fro m inpu t  t o outpu t  wire .  T h e 

d a m a g e d N O T gat e thu s passe s th e inpu t  unchanged . 
Ablatio n o f  th e unit ,  s o tha t  it s  outpu t  i s  fixe d a t  0 
produce s n o n e w pattern s o f  behavio r  o f  th e circui t  an d i s 
so no t  considered .  Tabl e I I  summarize s th e input/outpu t 
function s o f  th e damage d gates . 
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Tabl e II . 

The details of the various kinds of damage are described 
elsewher e (Chate r  &  Gani s 1991) . 
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