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C a n d o u b l e dissociatio n u n c o v e r  th e modu la r i t y o f  cognitiv e 
p rocesses ? 

Giorgi o Gani s 
Departmen t  o f  Cognitiv e Scienc e 
Universit y o f  Californi a a t  Sa n Dieg o 
950 0 Gilma n Dr . 
92093-0515 ,  L a JoUa.CA . 

Abstract 
Neuropsychologica l  evidenc e ha s prove d influentia l  bot h 

i n testin g pre-existin g cognitiv e theorie s an d i n developin g 
ne w accounts .  I t  ha s bee n argue d tha t  dissociations ,  and ,  i n 
particular ,  doubl e dissociatio n ar e particularl y valuabl e i n 
developin g ne w theoretica l  accounts ,  sinc e the y ma y revea l 
th e gros s structur e o r  "modularity "  o f  cognitiv e processes .  I n 
thi s paper ,  w e sho w tha t  eve n full y distribute d system s -i.e . 
system s wit h n o modularit y ca n giv e ris e t o doubl e 
dissociations .  W e giv e th e exampl e o f  a  recurren t  neura l 
networ k whic h draw s loop s an d spiral s whic h show s a  doubl e 
dissociatio n betwee n th e tw o task s whe n lesioned .  Thi s 
resul t  suggest s tha t  th e observatio n o f  a  doubl e dissociatio n 
implie s littl e abou t  th e modularit y o f  th e underlyin g system . 
I n th e fina l  sectio n w e argu e tha t  a  dua l  tas k techniqu e ca n 
giv e additiona l  hint s abou t  th e structur e o f  th e underlyin g 
syste m becaus e th e clas s o f  distribute d system s w e describ e 
ar e no t  able ,  i n general ,  t o perfor m tw o task s a t  th e sam e 
time .  Finally ,  w e argu e tha t  neurobiolog y ha s t o b e take n 
int o accoun t  i n orde r  t o interpre t  purel y behaviora l  data . 

Introduction 

For  severa l  centurie s neurologica l  patient s ha s bee n use d 
t o infor m an d constrai n psychologica l  account s o f  norma l 
function .  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 ne w theorie s ca n 
be developed .  Th e valu e o f  neuropsychologica l  evidenc e i n 
theor y testin g i s a t  leas t  relativel y uncontroversia l  an d ha s 
bee n carefull y analyze d (Caramazza ,  1986) .  M u c h o f  th e 
curren t  upsurg e o f  interes t  i n neuropsycholog y withi n 
cognitiv e psycholog y an d cognitiv e scienc e has ,  however , 
stemmed fro m th e hop e tha t  studyin g impaire d functio n ca n 
pla y a  rol e i n th e constructio n o f  theorie s o f  norma l 
function .  Fo r  example ,  a  centta l  them e o f  Shallice' s recen t 
an d importan t  boo k (Shallice ,  1988 )  i s  tha t  cognitiv e 
neuropsycholog y ca n hav e a n importan t  an d proactiv e inpu t 
int o buildin g theorie s o f  th e processe s involve d acros s th e 
rang e o f  cognitiv e domains ,  fro m language ,  memor y an d 
thinkin g t o perceptio n an d action .  W e shar e th e hop e tha t 
evidenc e fro m impaire d functio n ma y b e a n importan t  an d 
m u ch neede d sourc e o f  constrain t  o n cognitiv e theory ,  bu t 
suspec t  tha t  inference s fro m neuropsychologica l  dat a shoul d 
be use d t o guid e th e developmen t  o f  ne w theorie s onl y wit h 
considerabl e trepidatio n Othe r  author s (Henderso n 1981 ; 
Crowde r  1982) ,  expres s o f  simila r  sentiments ,  thoug h fo r 
differen t  reasons) .  I n th e contex t  o f  theor y testing , 
Caramazz a (Caramazz a 1986 )  ha s argue d tha t  dissociation s 
and association s ar e equall y important .  I n th e contex t  o f 
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theory construction, Shallice (Shallice 1988) has argued that 

dissociations ,  and ,  i n particular ,  doubl e dissociatio n ar e 
particularl y valuable ,  sinc e the y m a y revea l  th e gros s 
structur e o r  "modularity "  o f  cognitiv e processes .  I n thi s 
paper ,  w e argu e 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 cognitiv e 
syste m i s problemati c becaus e doubl e dissociation s ca n b e 
observe d i n a  full y distribute d syste m -  tha t  is ,  a  syste m 
whic h doe s no t  decompos e int o isolabl e subsystems . 

Eve n i f  doubl e dissociation s pe r  s e ar e not ,  a s w e argue ,  a 
sur e guid e t o th e existenc e o f  separabl e underlyin g 
subsystems ,  i t  m a y b e tha t  fo r  example ,  a  dissociatio n 
betwee n "phonological "  an d "lexical "  readin g strategie s d o 
indicat e th e existenc e o f  distinc t  phonologica l  an d lexica l 
routes .  Th e plausibilit y o f  th e dua l  rout e versu s a  singl e 
rout e mode l  ca n onl y b e decide d i n th e ligh t  o f  th e relativ e 
merit s o f  specifi c  model s attemptin g t o accoun t  fo r  th e rang e 
of  dat a fro m impaire d an d norma l  functio n (fo r  example , 
Patterson ,  Seidenber g &  McClellandl989 ;  Colthear t  1990) . 

one piec e o f  dat a fo r  whic h readin g model s mus t  accoun t 
wil l  b e th e dissociatio n o f  phonologica l  an d lexica l  reading . 
Our  contentio n i s no t  tha t  doubl e dissociation s d o no t 
amount  t o interestin g dat a fo r  theor y developmen t  an d 
evaluatio n -  rathe r  w e argu e tha t  the y hav e n o specia l  statu s 
as a  mean s o f  directl y uncoverin g th e modularit y o f  th e 
cognitiv e system . 

Single and double dissociations 

The rang e o f  characterization s o f  th e metho d o f  doubl e 
dissociatio n (Teube r  1955 ;  Kinsbourn e 1971 ;  Shallic e 
1988 )  make s expositio n o f  th e metho d difficult .  W e shal l 
assume wha t  w e tak e t o b e a  typica l  moder n "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 muc h bette r  tha n performanc e 
i n tas k I  (Marin ,  Saffra n &  Schwar z 1976 ;  Beauvoi s & 
Derouesn e 1979 ;  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 
not  licensed ,  sinc e tas k I  m a y mak e greate r  demand s o n a 
singl e damage d 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 ,  bu t  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 ;  Dun n &  Kirsne r  1988) .  I n respons e t o suc h 
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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 l:isk s dra w 
on differen t  processes ,  subsystem s o r  modules .  Task s 1  an d 
II  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 .  Th e poin t  i s  that ,  unlik e singl e 
dissociation ,  doubl e dissociatio n canno t  b e generate d wit h a 
resourc e artefac t  explanation .  I f  tas k I  make s greate r 

demands o n a  singl e processin g subsyste m tha n tas k II ,  the n 
tas k I I  ma y b e 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 I ,  whic h relie s o n i t  eve n mor e heavily ,  wil l  b e eve n 
more severel y impaired . 

Origina l  formulation s o f  th e inferenc e fro m doubl e 
dissociatio n (Teube r  1955 ;  Kinsbourn e 1971 )  assume d 
distinc t  an d consisten t  lesio n site s fo r  patient s wit h eac h 
kin d o f  selectiv e impairment .  Thi s anatomica l  assumptio n 
has bee n droppe d i n mor e recen t  "functional "  formulation s 
(Mari n Saffra n &  Schwar z 1976 ;  Shallic e 1979 ;  Shallic e 
1988) .  W e argu e tha t  thi s les s stringen t  criterion ,  althoug h 
widel y use d (Caramazz a 1990) ,  ma y sugges t  a n entirel y 
misleadin g pictur e o f  th e modularit y o f  th e underlyin g 
system . 

Double dissociations in distributed 

s y s t e m s 

Shallic e (Shallic e 1988 )  observe s tha t  "t o mak e th e 
inferenc e [fro m observe d doubl e dissociatio n t o separat e 
underlyin g subsystems ]  valid ,  on e woul d nee d t o ad d th e 
assumptio n tha t  [double ]  dissociation s d o no t  aris e fro m 
damage t o non-modula r  systems "  (Shallice ,  1988:248) . 
Prim a facie ,  thi s clai m run s counte r  t o evidenc e fo r  doubl e 
dissociatio n i n lesione d distribute d neura l  network s (Woo d 
1978 ;  W o o d 1980 ;  W o o d 1982 ;  Gordo n 1982 ;  thes e studie s 
ar e base d o n th e "brai n stat e i n a  box "  mode l  o f  Anderson , 
Silverstein ,  Rit z &  Jone s 1977) . 

W o od specifie s tw o pattern s fo r  th e networ k t o learn , 
whic h diffe r  i n activatio n a t  jus t  tw o o f  th e units .  Selectiv e 
ablatio n o f  eac h uni t  produce s selectiv e damag e t o th e 
memory fo r  eac h pattern .  Thu s th e memor y fo r  th e tw o 
pattern s doubl y dissociates ,  eve n thoug h th e memor y fo r 
eac h patter n i s  distribute d throug h entir e se t  o f  networ k 
weights .  Suc h example s rel y o n a  clos e relationshi p betwee n 
th e structur e o f  th e tas k an d particula r  units .  Shallic e argue s 
tha t  thi s ma y reduc e thei r  relevanc e t o discussio n o f  effect s 
of  damag e o n rea l  neura l  network s whic h "...wil l  b e 
compose d o f  million s o f  neurons.. .  [o f  which ]  n o individua l 
neuro n i s  likel y t o hav e muc h importanc e i n determinin g 
what  outpu t  occurs "  (Shallic e 1988:255) .  H e thu s add s tw o 
condition s tha t  a  lesio n i n a  distribute d syste m woul d hav e 
t o mee t  t o b e threatenin g t o th e doubl e dissociatio n 
inference :  "First ,  befor e th e lesio n i s made ,  th e influenc e o f 
any particula r  neuro n o n wha t  outpu t  i s produce d shoul d b e 
small .  Second ,  th e neuron s affecte d b y th e lesio n shoul d 
not  b e selecte d b y som e comple x algorith m tha t  i s 
determine d b y th e dissociatio n t o b e explaine d an d tha t  i s no t 

typica l  o f  thos e tha t  aris e naturally .  I t  seem s mos t  unlikel y 
tha t  i f  thes e condition s ar e satisfied ,  a  ...doubl e dissociatio n 
coul d b e demonstrate d i n a  properl y distribute d memor y 

system. "  (Shallic e 1988:256) . 

Whil e thi s clai m i s  couche d i n term s o f  memory ,  th e 
domai n i n whic h Wood' s networ k showe d a  doubl e 
dissociation ,  i t  i s clearl y intende d t o appl y mor e generally . 
We no w describ e a  full y distribute d syste m whic h perform s 
tw o task s -  drawin g loop s o r  spirals ,  an d whic h i s intende d 
t o satisf y Shallice' s tw o conditions .  W e shal l  introduc e th e 
networ k i n thre e stages .  Firstly ,  w e describ e th e non-linea r 
equatio n whic h th e networ k implements .  Secondly ,  w e giv e 
a simpl e "local "  networ k implementatio n o f  th e equation . 
Finally ,  a  totall y distribute d versio n o f  thi s networ k i s 
described ,  an d th e effec t  o f  damag e t o thi s networ k discussed . 

The equation 

The equatio n tha t  w e chos e i s a  simpl e iterativ e differenc e 
equation ,  a  varian t  o f  th e logisti c differenc e equation , 
x(n+l )  =  lambda.x(n).(l-x(n)) ,  use d i n classica l  populatio n 
genetic s (e.g. ,  Maynard-Smit h 1968 )  whic h wa s 
unexpectedl y foun d t o produc e chaoti c behavio r  (Ma y 
1976) .  Ou r  equatio n i s th e delaye d logisti c map : 
x(n-Hl )  =  lambda.x(n).(l-x(n-l) )  ,  which ,  whe n x(n+l )  i s 
plotte d agains t  x(n )  fo r  eac h n  produce s eithe r  spiral s i f 
lambd a i s les s tha n 2  an d loop s i f  lambd a i s greate r  tha n 2 
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Figur e 1 .  Loo p an d spira l  draw n b y th e networ k (lambd a 

equa l  t o 1.92 5 an d 2.07 5 respectively) . 

This critical value, at which the topology of the output is, 
i n dynamica l  system s terminology ,  "structurall y unstable" , 
i s  kno w a s th e Niemar k bifurcation .  Thi s equatio n i s a 
standar d exampl e i n non-linea r  dynamic s (fo r  example , 
Thompson &  Stewar t  1986) .  Th e paramete r  lambda ,  whic h 
determine s whethe r  a  loo p o r  a  spira l  i s  drawn ,  an d th e 
particula r  for m o f  each ,  i s wha t  w e shal l  ter m th e "global " 
feedbac k paramete r  o f  ou r  distribute d network ,  an d 
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perturbatio n o f  thi s paramete r  du e t o damag e ca n lea d t o th e 
selectiv e los s o f  eithe r  spira l  o r  loo p drawing . 

A local network implementation 

A natura l  implementatio n o f  thi s equatio n i n a  simpl e 
neura l  networ k i s show n i n Figur e 2 . 

Outpu t 

Figur e 2 .  Loca l  implementatio n o f  th e delaye d logisti c 
function . 

To draw a spiral a lambda of less than 2, say 1.95, is 
necessary .  A  lambd a o f  2.0 5 migh t  b e use d t o dra w a  loop . 

T h e structur e o f  th e networ k mirror s th e fac t  tha t  th e 
equatio n embod ie s bot h non-linearit y an d feedback .  Al l 
unit s ar e linear ,  excep t  fo r  th e singl e multiplicativ e uni t 
(Hinto n 1981) ,  whic h take s th e produc t  o f  th e valu e o f  th e 
input ,  an d th e t w o previou s value s x(n-l )  an d x(n) .  T h e 
delay-line s fee d th e activatio n o f  th e x(n )  uni t  t o th e x(n-l ) 
uni t  a t  th e nex t  tim e step ,  an d th e activatio n o f  th e x(n+l ) 
bac k t o th e x(n )  unit .  Al l  othe r  line s propagat e immediatel y 
(wit h dela y 0 ) .  T h e dela y line s serv e t o "fee d back "  th e 
outpu t  o f  th e unit s a t  a  give n time-ste p a s input s a t  th e nex t 
time-step .  T h e combinatio n o f  non-Unearit y an d feedbac k i s 
require d fo r  a  syste m t o exhibi t  a  rang e o f  dynamicall y 
interestin g behaviors ,  includin g chaoti c behavior .  I t  i s no t 
importan t  her e tha t  w e ar e usin g a  discret e iterativ e m a p , 
rathe r  tha n a  syste m wh ic h continuousl y evolve s i n tim e 
accordin g t o a  se t  o f  differentia l  equations .  T h e advantag e o f 

iterativ e m a p s ,  exploite d bot h i n th e stud y o f  non-linea r 
dynamic s an d i n ou r  illustrativ e example ,  i s  simplicity . 

A distributed network implementation 

I n th e loca l  implementation ,  th e los s o f  an y uni t  o r  lin k 
wou l d lea d t o catastrophi c failure .  Ther e are ,  o f  course ,  m a n y 
w a y s i n wh ic h thi s functio n coul d b e distribute d acros s a 
large r  n u m b e r  o f  unit s -  w e choos e on e o f  th e simplest .  Fo r 
eac h loca l  element ,  a  correspondin g distribute d networ k wil l 
hav e th e followin g propertie s (Chate r  &  Gani s 1 9 9 1 ) : 
i )  Eac h singl e uni t  o f  th e loca l  networ k i s  replace d b y a 

grou p o f  unit s i n th e distribute d network .  T h e m e a n 
activatio n valu e o f  al l  th e unit s i n a  grou p correspondin g t o 
th e activatio n o f  th e singl e uni t  i n th e loca l  implementation . 

ii )  Eac h singl e lin k betwee n a  pai r  o f  unit s i s  replace d 
famil y o f  links ,  suc h tha t  ther e i s a  connectio n betwee n eac h 
uni t  i n th e "source "  grou p t o eac h uni t  i n th e "target "  group . 
Thus ,  eac h uni t  i n th e targe t  grou p i s no t  fe d a  substantia l 
inpu t  fro m a  singl e uni t  i n th e inpu t  group ,  bu t  rathe r 
receive s a  smal l  a m o u n t  o f  inpu t  fro m ever y uni t  i n th e 
sourc e grou p (fig3) . 

y\ OU.PU. /\ 

«(n-1 ) 
oo 

dela y -  1 
o<JlIlooS 2 D O ^ I O o 

dela y .  1 

ooo 
«(n*1 ) 

o o o o o o 

Figur e 3 .  Distribute d implementatio n o f  th e delaye d 
logisti c function . 

An average (Chater & Ganis 1991) of the values of these 
link s correspond s t o th e valu e o n th e correspondin g singl e 
lin k o f  th e loca l  implementatio n (ther e i s th e additiona l 
constrain t  tha t  th e value s o f  th e link s fro m eac h uni t  ar e th e 
same,  t o kee p analysi s tractable) . 

Thus ,  th e distribute d implementatio n (figur e 2 )  simpl y 
reduplicate s hardwar e s o tha t  th e rol e o f  eac h uni t  i s replace d 
b y a  se t  o f  units .  T h e value s o f  x(n-l) ,  x(n )  an d x(n+l )  ar e 
represente d b y th e averag e o f  th e activatio n level s o f  eac h 
grou p o f  unit ,  an d th e larg e arrow s denot e totall y connecte d 
set s o f  link s betwee n group s o f  unit s wit h th e ensembl e 
average s ( 1 o r  -1 )  a s shown . 

By design ,  th e distribute d networ k behave s i n th e sam e 
w ay a s th e correspondin g loca l  networ k th e ensembl e 
averag e value s o f  group s o f  unit s an d link s correspon d t o th e 
value s o f  singl e unit s an d link s i n th e loca l  implementation . 
I f  w e conside r  th e variou s w a y s i n whic h th e networ k m a y 
b e impaire d b y ablatio n o f  a  subse t  o f  a  singl e grou p o f 
link s o r  se t  o f  units ,  the n th e damage d networ k wil l  agai n b e 
equivalen t  t o a  loca l  network .  Suppos e tha t  s o m e proportio n 
of  a  se t  o f  link s wit h ensembl e averag e 1  ar e ablated .  I f  th e 
link s d a m a g e d ar e mostl y positive ,  the n th e th e ensembl e 
averag e o f  th e se t  wil l  b e reduce d -  th e equivalen t  loca l 
networ k wil l  hav e a  singl e lin k wit h a  valu e of ,  say ,  0.8 . 
On th e othe r  hand ,  i f  i t  happen s tha t  th e link s ablate d ar e 
mostl y negativ e the n th e ensembl e averag e o f  th e se t  (an d 
henc e th e valu e o n th e correspondin g lin k i n th e loca l 
implementation )  m a y b e increase d sa y t o 1.2 .  T h e w a y i n 
wh i c h positiv e (excitatory )  an d negativ e (inhibitory ) 
connection s ar e anatomicall y organise d (whether ,  fo r 
example ,  the y ar e separate d o r  together) ,  an d dependin g o n 
th e typica l  siz e o f  th e lin k value s (e.g. ,  whethe r  th e input s 
t o a  typica l  uni t  are ,  say ,  0.2 ,  -0.2 ,  0.4 ,  -0.1 ,  0.4 ,  -0.2 ,  0.3 , 

716 



0. 2 ( = 1 )  o r  1 ,  -5 .  6 ,  2 ,  3 .  -3 ,  4 ,  - 7 (=1) )  wil l  hav e a 
dramati c impac t  o n th e distributio n o f  change s i n ensembl e 
averag e tha t  a  lesio n i s likel y t o cause .  W e shal l  conside r  a 
ful l  rang e o f  lesion s a t  eac h o f  th e link s A ,  B ,  C ,  D .  E  &  F 
and ablation s o f  unit s i n eac h se t  o f  th e units .  Notic e tha t 
th e ablatio n o f  a  uni t  i s  equivalen t  t o th e remova l  o f  th e 
connection s whic h fee d ou t  o f  tha t  unit .  Thu s uni t  ablatio n 
i s simpl y a  specia l  cas e o f  th e ablatio n o f  connection s A-F , 
excep t  fo r  th e ablatio n o f  th e x(n )  group ,  whic h feed s int o 
bot h x(n-l )  an d th e multiplicativ e unit s thu s th e ablatio n 
of  thes e unit s  i s equivalen t  t o th e ablatio n o f  subset s o f  tw o 
set s o f  link s -  C  &  E .  Suppos e tha t  th e valu e o f  a  lin k i s 
reduced/increase d b y a  facto r  o f  m u (mu l  an d mu 2 i n th e C 
& E  case) .  The n th e equation s governin g th e impaire d 
syste m i s n o longe r  x(n+l )  =  lambda.x(n).(l-x(n-l) )  but : 

A,  B ,  C ,  D ,  F :  x(n+l )  =  [lambda*x(n)*(l-x(n-l)]*m u 
E:  x(n+l )  =  lambd a *  x(n )  *  (1-mu )  *  x(n-l ) 
C &  E :  x(n+l )  =  [lambda*x(n)*(l-mu2*x(n-l)]*m u 

Thus th e genera l  for m o f  th e equation s afte r  damag e is : 
x(n+l )  =  [alph a *  lambda ]  *  x(n )  *  (1-bet a *  x(n-l ) 
The bet a term ,  whic h differ s fro m 1  onl y i n tw o cases , 

serve s onl y t o slightl y distor t  th e spiral s o r  loop s drawn , 
rathe r  tha n changin g thei r  underlyin g structure .  I n 
particular ,  i t  doe s no t  distur b th e valu e o f  th e Niemar k 
bifurcatiom .  So ,  i f  th e feedbac k paramete r  lambd a i s les s 
tha n 2 ,  a  spira l  wil l  b e drawn ;  i f  lambd a i s greate r  tha n 2 ,  a 
loo p wil l  b e produced .  Hence ,  damag e t o th e distribute d 
networ k ha s th e sam e effec t  a s settin g lambd a t o lambd a * 
mu,  i n th e correspondin g loca l  network .  N o w i t  i s  clea r 
how a  doubl e dissociatio n ma y arise . 

Suppos e spiral s ar e draw n wit h lambd a 1.95 ,  an d loop s 
wit h lambd a 2.05 .  Damag e t o th e networ k whic h ablate s 
more excitator y tha n inhibitor y connection s wil l  reduc e th e 
amount  o f  feedback ,  an d mea n tha t  alph a i s les s tha n 1  -  sa y 

0.95 .  I n thi s case ,  a  lambd a o f  2.0 5 woul d correspon d t o 
lambda*0.95 ,  tha t  i s 1.9 5 :  th e networ k wil l  n o longe r  b e 
abl e t o dra w loops . 

Notic e tha t  ou r  exampl e conform s wit h Shallice' s 
strictures .  Firstly ,  th e influenc e o f  eac h neuro n o n tas k 
performanc e i s small .  Wherea s i n Wood' s examples , 
particula r  neuron s wer e especiall y significan t  fo r 
rememberin g certai n patterns ,  i n thi s exampl e eac h neuro n 
has th e sam e influenc e ever y othe r  neuron ,  i n bot h loo p an d 
spira l  drawing .  Damage produce s a  dissociatio n b y changin g 
globa l  syste m parameter s rathe r  selectivel y impairin g 
particularl y importan t  individua l  units .  Secondly ,  th e kind s 
of  damag e tha t  w e hav e suggeste d d o no t  involv e an y 
comple x procedur e fo r  selectin g whic h part s o f  th e ne t 
shoul d b e ablated .  An y kin d o f  damag e whic h alter s th e 
amount  o f  feedbac k i n th e system ,  whethe r  a s a  resul t  o f  a 
chemica l  changes ,  los s o f  som e externa l  non-specifi c  inpu t 
or  som e othe r  pathology ,  i s liabl e t o generat e a  dissociatio n 
of  loo p an d spira l  drawing . 

Conclusion 

We hav e show n i n thi s pape r  tha t  full y  distribute d 
system s ca n generat e doubl e dissociations .  Th e fac t  tha t  on e 
distribute d syste m ca n produc e a  doubl e dissociatio n doe s no t 

necessaril y  mea n tha t  a  larg e an d neurall y plausibl e clas s o f 
distribute d system s ca n d o so ,  an d onl y i n th e latte r  cas e wil l 
th e inferenc e fro m doubl e dissociatio n t o modularit y b e 
impugne d i n practice .  Certainl y neura l  system s d o fal l  int o 
th e clas s o f  non-linea r  dynamica l  system s wit h feedback ,  an d 
wil l  exhibi t  fa r  mor e interestin g an d elaborat e dynamic s tha n 
tha t  generate d b y th e logisti c function .  I n particular ,  the y 
may hav e a  fa r  mor e elaborat e rang e o f  distinc t  structura l 
configuration s rathe r  tha n jus t  two ,  an d th e operativ e 
configuratio n i s likel y t o b e determine d b y a  comple x se t  o f 
globa l  parameter s rathe r  tha n th e valu e o f  a  singl e parameter , 
as here .  Further ,  whic h o f  thes e structura l  configuration s i s 
operativ e ma y wel l  importantl y affec t  th e tas k performed , 
and th e relevan t  paramete r  value s ma y b e altere d b y a  rang e 
of  neurologicall y plausibl e form s o f  damag e -  chemica l 
imbalances ,  localize d lesions ,  los s o f  non-specifi c  inpu t 
fro m othe r  centers ,  an d s o on .  Ther e i s stron g evidenc e tha t 
rea l  neura l  network s ca n b e multifunctional ;  thi s mean s tha t 
a singl e anatomicall y define d neura l  networ k ca n generat e 
more tha n on e behavio r  ,  dependin g o n th e valu e o f  on e o r 
more globa l  parameters .  'Modulatio n o f  th e network , 
synaptic ,  an d cellula r  buildin g block s ca n serv e t o adap t  th e 
outpu t  patter n t o ongoin g need s o r  ma y dramaticall y 
reorganiz e a  networ k int o a n entirel y ne w mod e mediatin g a 
differen t  behavior '  (Gettin g 1989) .  Therefore ,  ther e 
seems t o b e plent y o f  scop e fo r  doubl e 
dissociation s i n rea l  distribute d neura l  systems .  I t  ma y b e 
countere d that ,  wherea s i t  i s eas y t o se e ho w loo p drawin g 
and spira l  drawin g ma y b e product s o f  th e sam e system , 
wit h differen t  globa l  paramete r  values ,  i t  i s  les s eas y t o 
conceiv e o f  ho w differen t  globa l  paramete r  value s migh t 
transfor m a  syste m from ,  say ,  phonologica l  reading ,  t o 
lexica l  reading .  O n th e othe r  hand ,  i t  i s  onl y eas y t o se e 
ho w differen t  paramete r  value s o f  th e sam e underlyin g 

syste m ca n produc e loop s an d spiral s i n retrospect ,  an d tha t 
our  understandin g o f  th e propertie s o f  comple x non-linea r 
dynamica l  system s i s to o sligh t  t o pu t  muc h weigh t  o n 
intuition .  I t  ma y b e tha t  confidenc e i n th e inferenc e fro m 
observe d dissociatio n t o underlyin g modula r  organizatio n i s 
base d a s muc h o n ou r  curren t  lac k o f  understandin g o f 
distribute d systems ,  a s o n thei r  underlyin g properties . 

The questio n o f  ho w w e ca n reduc e th e uncertaint y o f 
inference s fro m doubl e dissociation s obviousl y arises .  W e 
sugges t  tw o answers ,  on e tie d t o ou r  particula r  example ,  th e 
othe r  mor e general . 

Wit h regar d t o ou r  specifi c  example ,  w e sugges t  tha t  dat a 
fro m dua l  tas k technique s migh t  b e usefu l  i n interpretin g 
doubl e dissociations .  Indeed ,  th e clas s o f  multifunctiona l 
network s w e hav e describe d i s no t  abl e t o perfor m tw o task s 
at  th e sam e tim e (namely ,  drawin g loop s an d spirals) . 
Therefore ,  i f  ther e i s a  doubl e dissociatio n betwee n tw o 
tasks ,  an d th e subject s ar e abl e t o perfor m bot h task s a t  th e 
same time ,  i t  seem s unlikel y tha t  th e underlyin g syste m b e 
a multifunctiona l  networ k lik e th e on e w e pu t  forward .  I n 
practice ,  result s fro m dua l  tas k experiment s ma y b e difficul t 
t o interpret ;  fo r  example ,  i t  i s  obviou s tha t  i t  i s impossibl e 
t o dra w spiral s an d loop s wit h th e sam e han d a t  th e sam e 
fime;  this ,  however ,  doe s no t  impl y anythin g abou t  th e 
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existenc e o f  on e o r  mor e cognitiv e isolabl e subsystem s fo r 
drawin g spiral s an d loops . 

Wit h regar d t o th e genera l  proble m o f  interpretin g doubl e 
dissociations ,  w e thin k tha t  th e onl y possibl e wa y t o reduc e 
uncertaint y i s t o tak e int o accoun t  evolutionar y constraint s 
and advantage s (Weiskrant z 1990 )  an d dat a fro m 
neuroscienc e (Weiskrant z 1990 ;  Seren o 1990) .  Indeed ,  w e 
thin k tha t  th e purel y 'functiona l  approach' ,  stil l  dominan t  i n 

cognitiv e neuropsychology ,  ha s le d t o '... a kin d o f  cand y 
flos s neuropsychology ,  brightl y labelled ,  complexl y 
reticulated ,  ful l  o f  growt h bu t  shiftin g i n substance ' 
(Weiskrant z 1990) ,  th e reaso n fo r  thi s bein g th e systemati c 

overlookin g o f  neurobiologica l  data' . 
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