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W h y D o u b l e D issoc ia t ion s D o n ' t  M e a n M u c h 

Patrick Juola (Patrick.juola@psy.ox.AC.UK)' 
K i m Plunket t  (kim.plunkett@psy.ox.ac.uk ) 

Departmen t  o f  Experimenta l  Psycholog y 
Universit y  o f  Oxfor d 

Oxford ,  0X 1 3U D UNITE D K INGDOM 

Abstrac t 

The conventional interpretation of double dissociations 
i s tha t  the y ar e almos t  irrefutabl e evidenc e o f  distinc -
tion s i n bot h functio n an d typ e o f  menta l  processes ,  o r 
of  separatio n o f  cognitio n int o modules .  W e presen t  a 
connectionis t  mode l  tha t  demonstrate s apparen t  dou -
bl e dissociation s withi n a  single-route ,  single-mechanis m 
networ k an d argu e tha t  thes e apparen t  dissociation s ar e 
simpl y th e expecte d tail s o f  a  standcir d bel l  curv e de -
scribin g networ k performance .  W e conclud e tha t  withi n 
a connectionis t  model ,  th e appearanc e o f  doubl e disso -
ciation s ma y no t  be  evidenc e fo r  functiona l  o r  mecha -
nisti c separation ,  an d tha t  simila r  caveat s appl y t o th e 
interpretatio n o f  doubl e dissociation s i n huma n cogni -
tiv e behaviour . 

I n t r o d u c t i o n 

Dissociations ,  an d specificall y doubl e dissociations ,  ar e 
widel y considere d t o b e on e o f  th e mor e powerfu l  tool s 
i n a  cognitiv e neuropsychologist' s  arsenal .  Thi s phe -
nomenon occur s whe n "[cognitiv e psychologists ]  ca n fin d 
one patien t  w h o ca n perfor m tas k A  bu t  no t  tas k B  an d a 
secon d patien t  w h o ca n perfor m tas k B  bu t  no t  tas k A. " 
(McLeod ,  Plunkett ,  &  Rolls ,  1998 ,  p.254 )  Th e philosoph -
ica l  positio n i s  simple ,  bu t  far-ranging .  B y examinin g 
behaviour ,  an d specificall y ho w behaviou r  break s down , 
th e goa l  i s  t o fractionat e th e component s o f  cognitio n 
int o thei r  logica l  an d behavioura l  constituents .  I f  tw o 
style s o f  processin g ar e logicall y an d behaviourall y  sep -
arabl e (fo r  example ,  th e recognitio n o f  peopl e b y thei r 
face s an d th e person-independen t  recognitio n o f  facia l 
expressions) ,  on e i s  tempte d t o conclud e tha t  th e tw o 
processe s ar e independen t  an d don' t  rel y o n on e an -
other .  Furthermore ,  i f  th e tw o processe s appea r  t o d o 
radicall y differen t  things ,  o r  t o d o thing s i n radicall y 
differen t  ways ,  on e ca n argu e fo r  a  complet e processin g 
difference .  Thi s ca n furthe r  b e argue d t o b e no t  jus t 
a differenc e betwee n separat e system s doin g th e sam e 
sor t  o f  processing ,  bu t  betwee n separat e system s doin g 
completel y differen t  kind s o f  processing ,  a s th e need s o f 
th e separat e constituent s deman d — fo r  example ,  th e 
basi c feature s relevan t  t o facia l  recognitio n ar e differen t 
fro m th e basi c feature s fo r  expressio n recognition ,  an d 
so there' s reaso n t o thin k tha t  th e tw o processe s operat e 
i n completel y differen t  ways . 

'Curren t  address :  Departmen t  o f  Mathematic s an d Com-
pute r  Science ,  Duquesn e University ,  Pittsburgh ,  P A 1528 2 
(JUOLA@MATHCS.DUQ.EDU) 

Inflectiona l  morpholog y i n Englis h ha s bee n a  fruitfu l 
are a fo r  thi s sor t  o f  stud y an d analysis .  I t  i s  relativel y 
eas y t o fractionate ,  fo r  example ,  th e proces s o f  inflec -
tio n int o tw o separat e processe s o f  regula r  an d irregu -
la r  inflection .  Eve n withi n a  singl e syntacti c category , 
th e inflectio n o f  regula r  form s (e.g .  hous e - ^  houses ) 
seems intuitivel y differen t  fro m th e inflectio n o f  irregu -
la r  form s (mous e - ^  mice) .  Regula r  inflection s appea r  t o 
generaliz e easil y t o nove l  o r  nonwor d forms ,  t o unusua l 
productions ,  an d eve n t o wor d form s tha t  ar e usuall y 
irregula r  bu t  ar e use d i n unusua l  o r  atypica l  ways .  I n 
contrast ,  irregular s see m t o generaliz e significantl y les s 
when the y generaliz e a t  al l  (fe w peopl e ar e tempte d t o 
produc e *hic e a s th e plura l  o f  house) . 

Daughert y an d Seidenber g (1992 )  hav e demonstrate d 
tha t  irregula r  form s ar e m u c h mor e sensitiv e t o frequenc y 
effect s i n readin g alou d tha n ar e regula r  forms .  Prasad a 
an d Pinke r  (1993 )  hav e show n difference s i n similarit y 
effect s betwee n regula r  an d irregula r  form s i n term s o f 
generalizatio n performanc e levels .  T h e crownin g piec e 
of  evidenc e fo r  som e sor t  o f  separation ,  o r  agains t  an y 
theor y o f  a  unifie d mechanism ,  shoul d b e th e produc -
tio n o f  cas e studie s showin g a  doubl e dissociatio n — fo r 
example ,  studie s o f  William s syndrom e patient s (Bel -
lugi ,  Hoeck ,  Lillo-Martin ,  &  Sabo ,  1988 )  see m t o sho w 
tha t  regula r  form s ar e relativel y preserve d (i n compari -
so n wit h performanc e o n irregula r  forms) ,  whil e studie s 
of  SL I  patient s (Gopni k &  Crago ,  1994 )  sho w tha t  ir -
regula r  form s ar e relativel y preserved .  Finally ,  Marslen -
Wilso n an d Tyle r  (1997 )  presen t  a  cas e o f  tw o aphasic s 
wit h differen t  lexica l  decisio n performance s o n regula r 
an d irregula r  words ,  an d claim ,  specifically ,  tha t  "thi s i s 
evidenc e fo r  functiona l  an d neurologica l  distinction s i n 
th e type s o f  menta l  computatio n tha t  suppor t  thes e dif -
feren t  aspect s o f  linguisti c an d cognitiv e performance. " 
Thi s i s th e classi c for m an d conclusio n o f  a  doubl e dis -
sociation . 

Thi s argument ,  w e claim ,  i s incorrect .  Plan t  an d Shal -
hc e (1994 )  hav e produce d a  connectionis t  networ k tha t 
doe s sho w functiona l  separatio n betwee n variou s set s o f 
units ,  an d thu s damag e t o on e particula r  se t  o f  unit s 
(o r  interconnectin g weights )  produce s predictabl y differ -
ent  erro r  pattern s tha n damag e t o othe r  sets .  Simila r 
effect s coul d b e expecte d t o b e foun d in ,  fo r  instance , 
th e (Mareschal ,  Plunkett ,  &  Harris ,  1995 )  mode l  o f  ob -
jec t  permanenc e o r  th e (Miikkulainen ,  1993 )  mode l  o f 
stor y understanding .  I n general ,  an y o f  th e generalize d 
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pipe-fittin g comple x connectionis t  model s sho w a s muc h 
functioiici l  separatio n betwee n thei r  unit s an d connec -
tion s a s th e box-and-arro w diagrajn s tha t  underl y the m 

and ar e ofte n use d t o explai n thei r  functioning .  Despit e 
thi s degre e o f  functiona l  separation ,  however ,  thi s sor t  o f 

structur e doe s no t  provid e evidenc e fo r  "distinction s i n 
th e type s o f  .. .  computation, "  a s th e typ e o f  processin g 
i s th e sam e fo r  al l  unit s withi n thi s typ e o f  network . 

We presen t  her e a  mode l  cm d associate d connection -
is t  sinmlatio n tha t  ma y explai n som e form s o f  double -
dissociatio n a s simpl e varianc e fro m a  stochcisti c nor m 
withi n a  single-system ,  single-mechanism ,  associator .  I n 

thi s model ,  th e effect s o f  damag e ar e unpredictable ,  an d 
further ,  thes e effect s ma y differentiall y  affec t  differen t 
word s o r  wor d categories .  Ou r  experiment s show ,  fo r  ex -
ample ,  tha t  a  singl e networ k ca n b e damage d randoml y 
i n suc h a  wa y a s t o hav e ver y goo d performanc e o n a  par -
ticula r  clas s o f  words ,  o r  ver y ba d performance ,  despit e 
th e leve l  o f  damag e bein g th e sam e i n eithe r  case .  W e 
argu e tha t  th e mer e observanc e o f  a  doubl e dissociation , 
particularl y a s a  rar e o r  pathologica l  case ,  i s no t  suf -
ficien t  evidenc e t o conclud e a  separatio n o f  processing , 
especiall y i n case s wher e th e damag e itsel f  ca n onl y b e 
observe d crudel y an d th e functio n los t  i s  highl y complex . 

Simulation 

Network definition 

The networ k tha t  w e chos e t o damag e i s a  standar d con -
nectionis t  simulation ,  constructe d a s a  multi-laye r  per -
ceptro n networ k usin g backpropagatio n o f  erro r  (Rumel -
hart ,  Hinton ,  &  Williams ,  1986) .  Th e simulatio n wa s 
buil t  usin g th e PlaNe t  simulato r  (Miyata ,  1991 )  usin g 
130 unit s fo r  th e inpu t  layer ,  16 0 unit s fo r  th e outpu t 
layer ,  cm d 20 0 unit s a s th e hidde n layer . 

Fiv e rando m set s o f  startin g weight s wer e traine d ove r 
a graduall y expandin g corpu s o f  trainin g dat a eventu -
all y encompassin g 228 0 nou n type s an d 94 6 ver b type s 
of  varyin g frequencie s representin g thei r  toke n frequen -
cie s a s foun d i n th e Brow n corpu s (Kucer a &c Francis , 
1967) .  Th e trainin g dat a fo r  th e simulation s wer e take n 
firo m th e C E L E X corpu s (Baayan ,  Piepenbrock ,  &  Rijn , 
1993) ;  w e extracte d fro m thi s databas e al l  word s whic h 
wer e monosyllabic ,  whic h containe d n o "foreign "  sound s 
i n thei r  pronunciatio n (accordin g t o th e Mob y Pronun -
ciato r  databas e (Ward ,  1997)) ,  an d fo r  whic h w e ha d ev -
idenc e tha t  the y coul d b e use d a s noun s o r  verbs .  Thi s 
yielde d a  tota l  corpu s o f  262 6 stems ,  whic h encompasse d 
3226 tota l  inflecte d type s (228 0 noun s an d 94 6 verbs) .  O f 
thes e types ,  2 6 wer e irregula r  noun s an d 12 2 wer e irreg -
ula r  verbs .  Fo r  thes e words ,  w e too k th e correspondin g 
toke n frequencie s (o f  th e stems )  fro m th e Brow n corpu s 
(Kucer a &  Francis ,  1967 )  a s a  roug h measur e o f  toke n 
frequencie s i n runnin g speech .  Th e toke n frequencie s o f 
word s wer e individuall y tabulate d a s noun s an d verbs , 
the n th e functio n Xog l̂freq ^  +  1 )  applie d t o thes e fre -
quencie s t o flatten  the m int o somethin g mor e presentabl e 
t o th e network .  Th e final  varianc e wa s betwee n 1  an d 2 1 
tokens/inflecte d type ,  meanin g tha t  th e mos t  frequen t 
word s appeare d jus t  ove r  twent y time s a s ofte n a s th e 
least .  Thes e toke n frequencie s wer e als o heavil y domi -

nate d b y nouns .  O f  th e 1712 9 token s i n th e trainin g se t 
13045 wer e nou n token s (20 4 o f  the m irregular )  an d 408 4 
wer e ver b token s (99 7 o f  the m irregular) . 

The trainin g corpu s wa s prepare d b y convertin g th e 
Moby symboli c pronunciatio n (Ward ,  1997 )  int o a  larg e 
binar y vecto r  usin g a  modificatio n o f  th e PGPfon e al -
phabe t  representatio n (Juol a &  Zimmermann ,  1996) . 
Each phonem e wa s represente d ci s a  cluste r  o f  1 6 binar y 
phoneti c feature s includin g aspect s suc h a s place ,  man -
ner ,  an d heigh t  o f  articulation .  Eac h wor d wa s divide d 
int o onset-nucleus-cod a constituent s an d right-justifie d 
withi n a  C C C V V C CC templat e (e.g .  th e wor d "cat " 
(/kAt/ )  woul d b e represente d b y th e trainin g patter n 
# # k # A # # t ,  wher e '# '  represent s a n absen t  sound) . 
To thi s 128-bi t  pattern ,  tw o additiona l  bit s wer e ap -
pende d representin g th e syntacti c for m t o b e inflecte d 
into ,  eithe r  th e pas t  tens e (o f  a  verb )  o r  th e plurj j  (o f 
a noun) .  Th e desire d output s wer e a  simila r  encod -
in g o f  th e phonolog y o f  th e inflecte d form ,  includin g a n 
optiona l  epentheti c vowe l  an d final  consonant .  A n in -
crementa l  trainin g regim e wa s applied ,  wher e trainin g 
starte d ou t  wit h a  smal l  numbe r  (2 0 types )  o f  hig h fre -
quenc y words .  Th e trainin g se t  wa s the n graduall y ex -
pande d (5 % typ e expansio n pe r  epoch )  t o includ e word s 
of  decreasin g frequenc y unti l  th e entir e corpu s i s ab -
sorbed .  Thi s trainin g schedul e i s intende d t o captur e 
th e distinctio n betwee n inpu t  t o an d uptak e b y th e chil d 
(Plunket t  &  Marchman ,  1993) . 

Each o f  th e five  startin g point s yielde d a  uniqu e weigh t 
configuratio n afte r  11 5 trainin g increment s an d wa s use d 
as th e basi s fo r  th e lesionin g experiments .  Incremen t  11 5 
i s th e earlies t  poin t  a t  whic h th e networ k ha d bee n ex -
pose d t o th e entir e trainin g corpu s and ,  a s migh t  b e ex -
pected ,  i s th e poin t  wit h th e wors t  overjd l  performanc e 
on th e trainin g corpus .  Becaus e o f  th e hig h erro r  rat e 
unde r  "normal "  circumstances ,  i t  i s  reasonabl e t o as -
sume tha t  i t  woul d b e th e mos t  sensitiv e t o damag e an d 
therefor e a n appropriat e tim e t o lesio n i n searc h o f  inter -
estin g erro r  patterns .  Th e exac t  detail s o f  th e acquisitio n 
and los s profile s ar e reporte d elsewher e i n thi s volume , 
but  ca n b e briefl y summarize d b y th e result s tha t  noun s 
are ,  i n general ,  superio r  t o verb s an d regular s superio r 
t o irregulars ,  i n keepin g wit h thei r  relativ e frequencie s 
withi n th e corpus .  W e focu s her e no t  o n th e averag e 
leve l  o f  loss ,  bu t  instea d o n th e variatio n i n loss . 

Analysis 

Each (lesioned) subject was presented with the training 
corpu s an d th e output s interprete d b y takin g th e closes t 
phoneme strin g t o th e outpu t  units '  activatio n pattern . 
Thi s patter n wa s simpl y evaluate d a s "correct "  o r  "in -
correct, "  an d th e numbe r  o f  correc t  type s o f  eac h cate -
gor y (e.g .  regula r  nouns ,  irregula r  nouns ,  regula r  verbs , 
and irregula r  verbs )  wa s taJce n a s a  measur e o f  networ k 
performance . 

We first  not e tha t  th e leve l  o f  performanc e i s "ran -
dom, "  i n a t  leas t  th e limite d sens e o f  no t  entirel y pre -
dictable .  Becaus e o f  thi s unpredictability ,  w e therefor e 
can "expect "  unexpecte d behaviour ,  bot h unexpectedl y 
good an d unexpectedl y bad . 
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Figur e 1 :  Histogra m o f  regula r  ver b performanc e (per -

centag e o f  "normal" ) 

To confir m this ,  w e performe d 106 5 separat e lesions , 
ai l  a t  th e 9 7 % leve l  (i n othe r  words ,  leavin g a  rando m 
9 7 % o f  th e connection s intact )  o f  on e o f  th e network s 
develope d i n th e prio r  experiment .  I n a  medica l  con -
text ,  thi s migh t  represen t  a n exploratio n o f  th e rang e o f 
damage tha t  coul d b e expecte d afte r  a  particula r  patien t 
receive d a n injur y o f  som e particula r  severity . 

Some degre e o f  normalizatio n i s necessary ,  a s th e 
trainin g se t  itsel f  onl y include d 2 6 irregula r  nou n type s 
but  225 4 regula r  nou n type s — an d th e undamage d net -
work s correctl y inflecte d a  highe r  percentag e o f  regula r 
noun token s tha n irregula r  ones .  (Th e network ,  fo r  ex -
ample ,  achieve d 9 9 % o n regula r  nouns ,  9 7 % o n regula r 
verbs ,  bu t  onl y 9 0 % o n irregula r  verb s an d onl y 7 7 % 
[2 0 ou t  o f  26 ]  o n irregula r  nouns .  Thi s i s typica l  fo r  al l 
network s w e studied. )  W e therefor e normalize d perfor -
mance b y calculatin g i t  a s a  percentag e o f  "baseline "  per -
formanc e o f  th e undamage d networ k use d a s a  bas e fo r 
each subject .  Becaus e i n man y cases ,  especiall y  fo r  irreg -
ula r  noun s an d verbs ,  th e baselin e performanc e include d 
errors ,  i t  occasionall y happene d tha t  th e performanc e o f 
an individua l  subjec t  o n a n individua l  categor y woul d 
excee d th e baseline ,  resultin g i n apparentl y paradoxica l 
performanc e level s tha t  excee d 100% .  I n othe r  words , 
under  certai n circumstances ,  damag e no t  onl y doe s no t 
degrad e performance ,  bu t  wil l  actuall y increas e it . 

Results 

Figur e 1  present s a  histogra m o f  th e performanc e leve l  o n 
th e inflectio n o f  regula r  ver b types .  Eve n afte r  variatio n 
i n patien t  an d physica l  severit y o f  damag e hav e bee n 
controlle d for ,  th e outline s o f  a  skewe d bel l  curv e ca n b e 
seen .  I n othe r  words ,  dependin g upo n th e exac t  natur e 
of  th e lesion ,  a n individua l  network/patien t  ma y displa y 
"little "  impairmen t  o r  "severe "  impairment ,  relativ e t o 
th e expecte d performanc e level ,  althoug h mos t  network s 
wil l  displa y "moderate "  o r  "average "  impairments .  A 
simila r  curve ,  althoug h wit h a  diflFeren t  mea n an d media n 
leve l  o f  impairment ,  ca n b e see n i n figure  2 ,  showin g th e 
same lesions '  performanc e o n irregula r  nou n types . 

Furthermore ,  thes e performanc e levels ,  althoug h cor -
related ,  ar e a t  leas t  partiall y  independent ,  a s ca m b e see n 

Figur e 2 :  Histogra m o f  irregula r  nou n performanc e (per -

centag e o f  "normal" ) 

•NVscanerplo f 

100 120 

Figur e 3 :  Scatte r  plo t  o f  irregula r  nou n vs .  regula r  ver b 

performance s (%ages) . 

o n th e scatter-plo t  (Figur e 3) .  Obviously ,  th e lesion s a t 
th e uppe r  lef t  corne r  o f  th e grap h wil l  displa y a n ap -
paren t  dissociatio n o f  performsmc e o n irregula r  noun s 
relativ e t o regula r  verbs ,  an d th e convers e hold s fo r 
th e lesion s i n th e lowe r  right .  However ,  thes e represen t 
identically-sever e lesion s fo r  th e s a m e network !  Thes e 
lesion s demonstrat e a  "doubl e dissociation "  withi n th e 
same,  unified-route ,  unified-mechanis m processor . 

Thes e dissociation s ca n b e see n m o r e clearl y i n th e 
followin g se t  o f  figures  (figure s 4-8) .  I n al l  thes e figures, 
point s a t  th e uppe r  lef t  o f  th e figure  ar e doubl y dissoci -
ate d wit h point s a t  th e lowe r  right .  Suc h pair s ar e eas y 
t o find  i n al l  figures  excep t  fo r  figure  7 ,  whic h appear s 
t o b e relativel y emp t y a t  th e extrem e lowe r  righ t  corner . 
Thi s apparen t  emptiness ,  however ,  i s  onl y a n emptines s 
at  th e extreme ;  point s stil l  exis t  wher e th e performanc e 
on irregula r  verb s i s "significantly "  bette r  tha n o n regu -
la r  verbs . 

Discussion 

Thi s argument ,  then ,  ma y explai n bot h th e occurrenc e 
as wel l  a s th e rarit y o f  som e neurologica l  impairments . 
I f  on e consider s th e cas e o f  a  neurologis t  sittin g i n a n 
emergenc y war d an d examinin g patient s a s the y com e 
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in ,  i t  shoul d b e eviden t  tha t  mos t  "close d hea d injur y 
patients "  wil l  no t  presen t  wit h a n interestin g collectio n 

of  symptoms .  Th e patient s tha t  receiv e interes t  (an d 
journa l  writeups )  ar e somewha t  vai e example s tha t  sho w 
how thing s ca n g o wrong ,  an d no t  necessaril y  ho w the y 
ar e expecte d t o g o wrong .  I n particular ,  th e chang e i n 
outpu t  behaviou r  o f  a  sufficientl y comple x syste m migh t 
not  appropriatel y b e describe d a s jus t  a  performanc e 
"loss" .  A  bette r  descriptio n woul d b e a  chang e o r  alter -
atio n i n performance ;  a s w e describ e above ,  sometime s 
th e chang e ca n improv e (som e aspect s of )  performanc e 
by eliminatin g factor s tha t  hav e contribute d t o errors . 
Ther e appeeir s t o b e n o har d an d fas t  boundar y betwee n 
routes ,  o r  modules ,  suc h tha t  th e modul e fail s  t o func -
tio n — instead ,  th e output s ar e subtl y altere d (b y th e 
insertio n o f  unpredictabl e "noise" )  an d th e nois y output s 
themselve s ma y b e subjec t  t o furthe r  nois y processing . 

I n particular ,  thi s mode l  demonstrate s tha t  doubl e dis -
sociation s ma y b e possible ,  eve n i n th e absenc e o f  spe -
cifi c  modula r  difference s i n typ e an d functio n o f  process -
ing .  Thes e doubl e dissociation s ar e instea d th e resul t  o f 
stochasti c processes .  Th e appearanc e o f  suc h a  dissocia -
tio n ma y no t  b e sufficien t  evidenc e t o conclud e tha t  suc h 
a separatio n exists .  B y extension ,  thi s sor t  o f  evidenc e 
i n human s ma y no t  b e sufficien t  evidenc e t o conclud e 
tha t  a n equivalen t  functiona l  o r  neurologica l  separatio n 
exists . 

Conclusions 

We have presented a model and explanation for some 
kind s o f  doubl e dissociatio n tha t  doe s no t  requir e a  dif -
feren t  metho d o f  processin g o r  eve n a  functiona l  sep -
aratio n betwee n module s i n th e underlyin g processing . 
We argu e instea d that ,  becaus e th e effect s o f  deunag e 
t o £L S comple x a  syste m a s inflectionei l  morpholog y ar e 
somewhat  unpredictable ,  i n som e case s "random "  dam -
age wil l  resul t  i n surprisingl y goo d performanc e o n som e 
aspect s o f  a  tas k an d surprisingl y ba d performanc e o n 
othe r  aspects ,  merel y a s a  resul t  o f  th e tas k complexit y 
exceedin g ou r  understandin g o f  th e syste m underlyin g 
it .  Specifically ,  becaus e w e ar e unabl e t o understan d th e 
exac t  difference s betwee n th e representatio n o f  on e typ e 
and anothe r  i n connectionis t  networks ,  th e difference s i n 
representatio n ma y occasionall y conspir e (unde r  dam -
age)  t o produc e varianc e amon g som e representationa l 
groups ,  whethe r  thes e group s ar e "irregula r  nouns "  o r 
"word s wit h eve n parity. "  Thes e apparen t  conspiracie s 
wil l  (stochastically )  produc e doubl e dissociation s a t  th e 
extrem e tail s o f  th e probabilit y  distribution ,  irrespectiv e 
of  th e functiona l  an d computationa l  makeu p o f  th e sys -
tem. 

Thi s argumen t  migh t  b e extende d a s a  suggestio n 
agains t  th e extensiv e us e o f  individua l  cas e studie s i n 
th e genera l  psychologica l  literature ;  i f  connectionis t  net -
work s ar e regarde d a s complex ,  ho w muc h mor e s o i s 
th e huma n brain ? I t  woul d b e unusua l  indee d i f  w e 
coul d predic t  th e exac t  behavioura l  resul t  fro m a  par -
ticula r  injur y o r  geneti c makeup ,  meanin g tha t  i n som e 
cases ,  th e result s wil l  b e surprisingl y devastating ,  whil e 
i n othe r  case s (o r  othe r  tasks )  th e result s wil l  b e surpris -

ingl y preserved .  B y sortin g throug h enoug h patient s o r 
networks ,  on e ca n "expect "  tha t  one' s expectation s wil l 
sometime s b e woefull y misleading .  S o th e appearanc e o f 
individua l  cases ,  absen t  som e analysi s o f  ho w character -
isti c o r  uncharacteristi c the y are ,  ma y no t  b e significan t 
i n th e fractionatin g o f  cognition .  Paradoxicall y enough , 
then ,  th e doubl e dissociation s produce d b y neura l  net -
work s ma y actuall y b e bette r  evidenc e fo r  ho w menta l 

processe s migh t  brea k down ,  becaus e th e networ k de -
veloper s ca n lesio n th e sam e networ k ove r  an d ove r  unti l 
th e result s ca n b e described ,  no t  i n term s o f  idiosyncrati c 
cases ,  bu t  i n term s o f  mean s an d expectations . 
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