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T h e distinctivenes s o f  for m an d functio n i n categor y structure : 

A connectionis t  model . 

M. R. Durrant-Peatfield (mark®pc29 . lang.psyc.bbk.ac.uk) 
L.  K .  Tyle r  (1 .  tylerOpsyc .  bbk .  ac .  uk ) 

H.  E .  Moss '  (helen@psy.gla.ac.uk ) 
J.  P .  Levy ^  ( j  .  levyOpsyc .  bbk .  ac .  uk ) 

C.S.L .  Birkbec k College ;  Dep t  o f  Psychology ,  Glasgo w University^ ;  Dep t  o f  Psychology ,  Birkbec k College. ^ 

Abstrac t 

We present a new account of category structure derived from 
neuropsychologica l  an d developmenta l  data .  Th e accoun t 
place s theoretica l  emphasi s o n functiona l  information .  W e 
clai m i )  th e distinctivenes s o f  fiinctiona l  feature s correlate d 
wit h perceptua l  feature s varie s acros s semanti c domains ,  ii ) 
th e perceptua l  feature s representin g specifi c  functiona l  mech -
anism s ar e strongl y corr e ate d wit h thei r  function .  Th e repre -
sentationa l  assumption s whic h follo w fro m thes e claim s mak e 
stron g prediction s abou t  wha t  type s o f  semanti c informatio n 
i s preserve d i n patient s showin g category-specifi c  deficit s  fol -
lowin g brai n damage .  W e presen t  a  connectionis t  simulatio n 
which ,  whe n damaged ,  show s pattern s o f  preservatio n o f  dis -
tinctiv e an d share d functiona l  an d percepMa l  informatio n vary -
in g acros s semanti c domains .  Th e dat a mode l  bot h classi c 
dissociation s betwee n knowledg e fo r  artefact s an d fo r  livin g 
thing s an d recen t  neuropsychologica l  evidenc e concernin g th e 
robustnes s o f  functiona l  information . 

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

H o w i s semanti c knowledg e represente d an d structure d suc h 
tha t  brai n damag e ca n lea d t o specifi c  pattern s o f  preserve d 
and impaire d knowledge ,  fo r  example ,  deficit s fo r  livin g 
thing s versu s artefact s (Warrington ,  1975 ;  Warringto n & 
Shallice ,  1984) .  D o thes e deficit s indicat e th e discret e lo -
calisatio n o f  differen t  type s o f  semanti c information ,  o r  ca n 
the y b e accounte d fo r  b y mor e diffus e an d distribute d form s 
of  neura l  representation ? 

I n thi s pape r  w e presen t  a  mode l  o f  conceptua l  represen -
tation s i n semanti c m e m o r y tha t  ca n accoun t  fo r  category -
specifi c  deficit s withou t  necessaril y  assumin g neuroanatomi -
call y distinc t  subsystem s fo r  livin g an d non-livin g things ,  o r 
perceptua l  an d functiona l  features .  Ou r  mode l  i s simila r  i n 
many respect s t o tha t  o f  Devlin ,  Gonnerman ,  Andersen ,  & 
Seidenber g (i n press) ,  i n tha t  distinctivenes s (ho w reliabl y a 
featur e pick s ou t  on e ite m fro m other s whic h ar e similar )  an d 
correlatednes s o f  propertie s (th e exten t  t o whic h propertie s 
regularl y occu r  together )  ar e majo r  determinant s o f  concep -
tua l  structure .  However ,  w e advanc e o n thi s wor k i n a n im -
portan t  way .  Ou r  theoretica l  emphasi s i s o n functiona l  in -
formatio n an d it s rol e i n th e cognitiv e system' s resistanc e t o 
damage.  W e clai m tha t  th e robustnes s o f  perceptua l  informa -
tio n followin g brai n damag e i s determine d b y th e exten t  t o 
whic h i t  i s  associate d wit h o r  entail s functiona l  information . 
Functionall y significan t  perceptua l  informatio n (e.g. ,  th e ser -
rate d edg e o f  a  saw )  wil l  b e mor e robus t  t o damag e tha n 
perceptua l  informatio n lackin g functiona l  significanc e (e.g. , 
a lion' s mane) . 

Thi s approac h amount s t o a  theor y governin g th e construc -
tio n an d structur e o f  semanti c representations .  Lik e othe r 
models ,  ou r  accoun t  predict s overal l  difference s betwee n liv -
in g an d non-livin g things .  O f  greate r  theoretica l  importanc e 
i s tha t  w e m a k e explici t  th e contribution s o f  differen t  type s 
of  semanti c informatio n t o category-specifi c  deficits ,  gener -
atin g detaile d prediction s abou t  th e kind s o f  informatio n tha t 
ar e relativel y wel l  an d poorl y preserve d withi n differen t  cate -
gorie s followin g damage . 

Functional Information 

I t  ha s bee n suggeste d i n th e neuropsychologica l  literatur e tha t 
functiona l  informatio n i s no t  o f  primar y importanc e fo r  th e 
representation s o f  livin g things ,  an d tha t  i t  i s  no t  strongl y 
correlate d wit h perceptua l  propertie s (D e Renz i  &  Lucchelli , 
1994 ;  Warringto n &  Shallice ,  1984) .  Wherea s artefact s hav e 
generall y bee n designe d wit h on e functio n i n m in d an d cre -
ate d t o interac t  wit h th e environmen t  i n a  specifi c  fashion , 
livin g thing s wer e not . 

Nevertheless ,  recen t  evidenc e suggest s (Tyle r  &  M o s s ,  i n 
press )  tha t  th e semanti c representation s o f  livin g thing s hav e 
at  thei r  cor e a  typ e o f  functiona l  information ,  whic h w e refe r 
t o a s biologica l  functiona l  information .  Thi s represent s th e 
m a ny way s i n whic h livin g thing s interac t  wit h th e environ -
ment  (e.g. ,  bein g abl e t o m o v e ,  fly,  eat ,  drink ,  see ,  hea r  etc). ' 

Of  particula r  importanc e t o ou r  accoun t  i s th e proposa l  tha t 
th e representation s o f  livin g thing s becom e correlate d wit h 
informatio n derive d fro m th e sam e cognitiv e processe s whic h 
ascrib e functiona l  informatio n t o artefact s (J .  Mandler ,  1992) . 
Infant s observ e th e event s i n whic h animal s an d vehicle s tak e 
par t  an d bas e thei r  interpretatio n o f  wha t  kin d o f  thin g some -
thin g i s o n a  genera l  analysi s o f  th e movemen t s an d spatia l 
relation s tha t  characteris e th e event .  Fo r  example ,  th e m o v e -
ment  o f  livin g thing s i s generall y unpredictabl e an d no t  con -
tingen t  o n a n externa l  agent .  I n contrast ,  movemen t s associ -
ate d wit h artefact s ten d t o b e predictabl e an d generall y initi -
ate d b y a n agent . 

Subsequen t  cognitiv e developmen t  permit s a  mor e sophis -
ticate d for m o f  perceptua l  analysi s o f  event s s o tha t  th e 
broa d functiona l  characteristic s o f  eac h domai n (e.g. ,  ani -
macy,  inanimacy )  becom e differentiate d int o mor e specifi c 
modes o f  interaction . 

Th e perceptua l  feature s o f  artefact s correlat e wit h a  m o d e 
of  interactio n i n th e environmen t  initiall y  characterise d a s 

'Livin g thing s £ils o hav e non-biologica l  function s a s wel l  (e.g. , 
cat s -  ar e pets )  bu t  w e d o no t  believ e tha t  thes e ar e centra l  t o thei r 
representation s 
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m o v e m e nt  whic h i s no t  self-initiated .  Artefact s ten d t o b e 
acte d upo n rathe r  tha n ac t  upo n (e.g. ,  tools) .  Th e share d fea -
ture s of ,  fo r  example ,  hand-hel d tool s (e.g. ,  i s  use d i n a  cer -
tai n context ,  i s  small ,  shin y an d hard )  initiall y  correlat e wit h 
event s wher e th e artefac t  i s  hel d an d m o v e d b y a n animat e 
agent .  However ,  t o full y  understan d th e manne r  i n whic h a n 
artefac t  i s  use d require s knowledg e o f  th e feature s whic h per -
mi t  it s  specifi c  function .  Th e semanti c representatio n o f  a n 
artefac t  mus t  therefor e a t  som e stag e encod e thos e perceptua l 
feature s whic h distinguis h on e categor y m e m b e r  i n a  clas s o f 
simila r  artefact s fro m others .  Distinctiv e perceptua l  feature s 
therefor e b e c o m e strongl y correlate d wit h a n equall y distinc -
tiv e m o d e o f  interactio n wit h th e environmen t  (e.g. ,  th e arte -
fact' s  function) .  Thi s i s no t  necessaril y  th e cas e fo r  th e share d 
perceptua l  feature s whic h d o no t  indicate ,  an d ar e no t  corre -
late d with ,  a  specifi c  functio n -  rathe r  the y implicat e th e com -
m on characteristic s o f  event s i n whic h hand-hel d artefact s ar e 
used . 

Wherea s th e distinctiv e perceptua l  feature s o f  artefact s 
ten d t o b e correlate d wit h a n activit y o r  functio n specifi c 
t o tha t  artefact ,  th e distinctiv e perceptua l  feature s o f  livin g 
thing s (e.g. ,  a  tige r  havin g stripe s o r  a  mal e lio n havin g a 
m a n e)  ten d no t  t o b e correlate d wit h a  psychologicall y salien t 
function .  Rather ,  i t  i s  th e share d perceptua l  propertie s o f  liv -
in g thing s whic h correlat e wit h biologica l  functiona l  proper -
tie s (e.g. ,  havin g mouths ,  legs ,  eyes ,  ears) .  Tha t  is ,  share d 
perceptua l  feature s o f  livin g thing s correlat e wit h c o m m o n 
m o d es o f  interactio n wit h th e environmen t  (e.g. ,  eating ,  walk -
ing ,  seeing ,  hearing) . 

Thi s predict s a  tendenc y fo r  artefac t  functiona l  propertie s 
t o b e mor e distinctiv e tha n th e functiona l  propertie s o f  livin g 
things ,  whic h i s born e ou t  b y analyse s o f  propert y genera -
tio n norm s (Durrant-Peatfield ,  Tyler ,  M o s s &  Levy ,  1997) . 
Subject s provide d thre e time s a s m a n y distinctiv e functiona l 
propertie s fo r  artefact s tha n fo r  livin g thing s wherea s th e 
number  o f  distinctiv e an d share d perceptua l  propertie s wer e 
simila r  i n bot h domains . 

The model 
We use d a  connectionis t  syste m t o investigat e ou r  represen -
tationa l  claim s i n relatio n t o th e pattern s o f  preservatio n o f 
semanti c informatio n followin g brai n damage .  A  simpl e con -
nectionis t  syste m learn s statistica l  regularitie s i n th e environ -
ment .  Throug h th e repeate d co-occurrenc e o f  differen t  fea -
ture s i t  ca n lear n tha t  th e appearanc e o f  on e featur e tend s t o 
accompan y th e presenc e o f  another .  A n interestin g charac -
teristi c o f  a  syste m whic h ha s learne d correlation s betwee n 
feature s i s tha t  suc h feature s ar e mor e robus t  t o damag e tha n 
feature s no t  supporte d b y correlations .  Th e syste m tend s t o 
determin e th e correc t  activatio n valu e fo r  a  damage d featur e 
on th e basi s o f  evidenc e contribute d b y th e othe r  feature . 
Thi s ha s profoundl y importan t  implication s fo r  th e pattern s 
of  preservatio n o f  perceptua l  an d functiona l  informatio n fol -
lowin g d a m a g e t o a  syste m whic h ha s recorde d th e functiona l 
significanc e o f  perceptua l  information .  Specifically ,  distinc -
tiv e perceptua l  feature s fo r  artefact s an d share d perceptua l 
feature s fo r  livin g thing s wil l  b e relativel y robus t  t o damag e 
becaus e o f  correlationa l  suppor t  fro m functiona l  information . 

T h e assumption s motivatin g th e mode l  are : 

• The distinctiveness of functional information (information 
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Figur e 1 :  T h e sixtee n vector s use d i n th e simulatio n repre -
sentin g tw o categorie s withi n eac h domain . 

correlate d wit h a  specifi c  activity )  varie s acros s semanti c 
domains .  Artefac t  functiona l  propertie s ten d t o b e mor e 
distinctiv e tha n biologica l  functiona l  properties . 

• Each functional feature is correlated with the presence of a 
perceptua l  feature .  ̂  

• Functional information is always correlated with the pres-
enc e o f  perceptua l  informatio n bu t  no t  necessaril y  vice -
vers a (e.g. ,  color s an d texture s hav e n o specifi c  functiona l 
importance) . 

•  Correlated and inter-correlated features ^ will be relatively 
resistan t  t o damage .  Th e robustnes s o f  a  featur e i s pro -
portiona l  t o th e numbe r  o f  feature s i t  i s  correlate d o r  inter -
correlate d with . 

A set of 16 vectors representing two categories from the 
domain s o f  livin g thing s an d artefact s wer e constructe d t o en -
cod e ou r  representationa l  claim s (se e Figur e 1) .  Eac h func -
tiona l  featur e wa s correlate d wit h th e presenc e o f  a  perceptua l 
feature .  Simila r  artefact s wer e distinguishe d i n term s o f  func -
tio n s o tha t  th e cortespondin g perceptua l  informatio n wa s a s 
distinctiv e a s th e functiona l  informatio n (e.g. ,  saw :  serrate d 
edge ,  sawing) .  Simila r  livin g thing s wer e distinguishe d i n 
term s o f  perceptua l  informatio n whic h di d no t  correlat e wit h 

^Livin g thing s perfor m man y biologica l  function s (e.g. ,  eating , 
walking ,  flying)  an d therefor e hav e mor e perceptua l  feature s cor -
relate d wit h functiona l  feature s tha n artefact s whic h ar e generall y 
designe d t o hav e on e function .  Pu t  simply ,  livin g thing s 'do '  mor e 
tha n artefacts . 

'W e us e th e ter m correlate d t o indicat e correlation s betwee n 
propertie s o f  a  differen t  typ e an d inter-correlate d t o refe r  t o corre -
lation s betwee n propertie s o f  th e sam e typ e 
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a functio n (e.g. ,  tigers '  stripes) .  Biologica l  lunctiona l  lea -
ture s whic h represen t  th e share d activitie s c o m m o n t o simila r 
livin g thing s wer e correlate d wit h th e presenc e o f  share d per -
ceptua l  information . 

A thre e laye r  feed-forwar d ne t  wa s traine d usin g hack -
propagatio n t o reproduc e th e inpu t  o n th e outpu t  layer .  Thre e 
hundre d network s wer e traine d fo r  50 0 epoch s wit h dilTeren t 
initia l  rando m weight s wit h a  learnin g rat e o f  0.2 5 an d m o -
men tu m 0. 9 unti l  individua l  patter n erro r  wa s les s tha n 0.01 . 

Lesioning 

Th e syste m wa s lesione d t o simulat e globa l  brai n damag e 
by randoml y settin g a  proportio n (initiall y  1 0 % )  o f  al l  con -
nectio n weight s t o zero .  Th e proportio n wa s increase d b y 
increment s o f  1 0 % unti l  80% :  o f  th e inter-laye r  connection s 
wer e se t  t o zero .  W e the n determine d th e exten t  t o whic h 
eac h typ e o f  semanti c informatio n wa s affecte d b y lesionin g 
at  eac h level ,  examinin g i n turn ,  distinctiv e an d share d per -
ceptua l  an d functiona l  features . 

Distinctive features 

We predicte d tha t  th e preservatio n o f  distinctiv e perceptua l 
and functiona l  propertie s wil l  var y dependin g o n whethe r  o r 
not  the y ar e inter-correlate d o r  correlate d wit h th e presenc e 
of  functiona l  properties .  Distinctiv e perceptua l  propertie s o f 
artefact s shoul d b e mor e robus t  tha n th e distinctiv e perceptua l 
propertie s o f  livin g thing s becaus e the y ar e correlate d wit h 
th e presenc e o f  functiona l  information .  Thus ,  preserve d dis -
tinctiv e perceptua l  informatio n fo r  artefact s (e.g. ,  th e serrate d 
edg e o f  a  saw )  shoul d alway s accompan y equall y distinctiv e 
functiona l  knowledg e (e.g. ,  use d fo r  sawing) .  Bot h type s o f 
artefac t  knowledg e shoul d b e bette r  preserve d tha n distinctiv e 
perceptua l  knowledg e fo r  livin g things . 

I n behavioura l  terms ,  th e importanc e o f  correlate d artefac t 
functiona l  an d perceptua l  feature s i s tha t  i f  sufficien t  evidenc e 
support s th e existenc e o f  on e feature ,  th e othe r  wil l  ten d t o b e 
reinstated .  I f  th e serrate d edg e o f  a  sa w ca n b e recovere d 
the n s o ca n it s function ,  an d vice-versa .  Tha t  functiona l  in -
formatio n ca n b e derive d fro m perceptua l  (an d vice-versa )  fo r 
artefac t  concept s i s suggeste d b y d e Renz i  &  Lucchell i  (1994 ) 
whil e Caramazza ,  Hillis ,  R a p p &  Roman i ,  (1990 )  argue d tha t 
th e function s o f  object s ca n frequentl y b e inferre d fro m thei r 
perceptua l  properties .  I n contrast ,  fo r  livin g thing s a  distinc -
tiv e perceptua l  featur e (e.g. ,  tigers '  stripes )  doe s no t  consis -
tentl y accompan y a n equall y distinctiv e functiona l  feature . 
Ther e i s n o additiona l  evidenc e fro m correlation s learne d b y 
th e networ k t o reinstat e a  distinctiv e perceptua l  feature ;  thu s 
i t  wil l  b e les s robus t  t o lesioning . 

Examinatio n o f  th e simulatio n dat a suppor t  thes e predic -
tions .  Th e distinctiv e correlate d features ,  whic h i n ou r  mode l 
represen t  artefac t  distinctiv e perceptua l  an d functiona l  prop -
erties ,  wer e contraste d wit h distinctiv e non-correlate d fea -
ture s representin g distinctiv e perceptua l  feature s fo r  livin g 
things .  Figur e 2  show s h o w featur e erro r  (th e absolut e dif -
ferenc e betwee n th e targe t  an d th e outpu t  activatio n level ) 
interact s wit h lesionin g severity .  Artefac t  distinctiv e percep -
tua l  an d functiona l  feature s ar e initiall y  significantl y mor e ro -
bus t  t o damag e tha n distinctiv e perceptua l  feature s fo r  livin g 
thing s ( p <  0.001) .  Th e differenc e become s non-significan t 
afte r  6 0 % o f  th e connection s hav e bee n lesioned . 
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Figur e 2 :  M e a n absolut e erro r  fo r  distinctiv e perceptual / 
functiona l  featur e unit s fo r  artefact s an d distinctiv e percep -
tua l  knowledg e fo r  livin g thing s a t  differen t  level s o f  lesion -
in g severit y ove r  30 0 simulations . 
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Figur e 3 :  M e a n absolut e erro r  fo r  share d percep -
tual/functiona l  featur e unit s fo r  livin g thing s an d artefac t 
share d perceptua l  feature s a t  differen t  level s o f  lesionin g 
severit y average d ove r  al l  30 0 simulations . 

S h a r e d feature s 

Now we investigate how correlations between shared prop-
ertie s affect s robustnes s t o damage .  W e clai m tha t  artefac t 
share d perceptua l  feature s ar e inter-correlate d wit h othe r  arte -
fac t  share d perceptua l  feature s bu t  no t  wit h functiona l  infor -
matio n (e.g. ,  bein g m a d e o f  meta l  an d havin g a  handl e d o 
not  impl y a  specifi c  function) .  Share d perceptua l  feature s fo r 
livin g thing s ar e correlate d wit h othe r  share d perceptua l  fea -
ture s an d wit h functiona l  features .  T h e robustnes s o f  a  featur e 
depend s o n th e numbe r  o f  correlation s i t  ha s wit h othe r  fea -
tures .  I n modellin g terms ,  th e effec t  o f  increasin g th e numbe r 
of  inter-correlation s i s tha t  a  damage d networ k need s les s ev -
idenc e t o determin e th e correc t  activatio n value s fo r  a  unit . 
Share d perceptua l  propertie s o f  livin g thing s shoul d therefor e 
be mor e robus t  t o damag e tha n share d perceptua l  propertie s 
of  artefacts .  W e therefor e predic t  tha t  biologica l  functiona l 
informatio n (e.g. ,  walking ,  seeing )  an d share d perceptua l  fea -
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Figur e 4 :  M e a n absolut e erro r  fo r  functiona l  featur e unit s 
fo r  artefact s an d livin g thing s a t  differen t  level s o f  lesionin g 
severit y average d ove r  al l  30 0 simulations . 

ture s fo r  livin g thing s (e.g. ,  legs ,  eyes )  wil l  b e bette r  pre -
serve d tha n th e share d perceptua l  feature s o f  artefact s (e.g. , 
i s  m a d e o f  metal) . 

A n examinatio n o f  th e erro r  associate d wit h eac h typ e o f 
share d featur e i n ou r  simulatio n dat a support s thi s prediction . 
Figur e 3  show s tha t  share d perceptua l  an d functiona l  feature s 
fo r  livin g thing s ar e consistentl y bette r  preserve d (lesionin g 
severit y i n th e rang e 1 0 % t o 8 0 % )  tha n share d artefac t  per -
ceptua l  feature s ( p <  0.001) . 

Distinctive vs Shared features 

N o w w e contras t  distinctiv e an d share d correlate d feature s 
an d addres s th e robustnes s o f  functiona l  information .  Func -
tiona l  propertie s i n bot h domain s wil l  b e relativel y robus t  t o 
damage because ,  a s w e hav e claimed ,  functiona l  informa -
tio n alway s accompanie s perceptua l  properties .  Tha t  is ,  func -
tiona l  feature s ar e consistentl y correlate d wit h th e presenc e 
of  perceptua l  features .  However ,  biologica l  functiona l  prop -
ertie s ar e expecte d t o b e appreciabl y mor e robus t  tha n arte -
fac t  functiona l  propertie s becaus e biologica l  functiona l  fea -
ture s ar e als o inter-correlated .  T h e simulatio n dat a i n Figur e 4 
show s a n interactio n betwee n functiona l  propert y distinctive -
nes s an d lesionin g severit y whic h wa s no t  anticipated .  Bio -
logica l  functiona l  feature s ar e initiall y  mor e robus t  t o dam -
age tha n artefac t  functiona l  feature s a s w e predicte d ( p < 
0.001 )  bu t  a t  mor e sever e level s o f  lesioning ,  artefac t  func -
tiona l  informatio n i s consistentl y an d significand y bette r  pre -
serve d ( p <  0.001) .  A s damag e accumulate s t o th e networ k 
an d correlationa l  informatio n i s lost ,  th e outpu t  activation s o f 
al l  feature s ten d t o b e greate r  tha n 0 ,  regardles s o f  th e tar -
get .  Thi s baselin e activatio n i s proportiona l  t o th e frequenc y 
wit h whic h a  featur e ha s bee n encountered .  A s share d fea -
ture s wer e encountere d mor e frequentl y tha n distinctive ,  th e 
absolut e erro r  fo r  biologica l  functiona l  feature s wa s corre -
spondingl y highe r  tha n fo r  artefac t  functiona l  feature s a t  se -
ver e level s o f  lesioning . 

Pattern classification performance 

T h e previou s sectio n examine d h o w distinctivenes s an d cor -
relatednes s interacte d wit h lesionin g severit y t o affec t  fea -
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Figure 5: The model's identification performance averaged 
ove r  al l  30 0 simulations . 

tur e robustness .  I n th e followin g sectio n w e h o w se e h o w 
thes e variable s affec t  performanc e o n task s whos e behaviora l 
equivalent s ar e ite m identificatio n an d categorisation . 

Th e typ e o f  within-categor y informatio n tha t  i s los t  o r 
preserve d followin g brai n damag e provide s importan t  infor -
matio n abou t  th e wa y i n whic h categorie s ar e structured . 
Most  account s o f  semanti c impairment s predic t  tha t  dam -
age wil l  non-selectivel y affec t  al l  type s o f  featura l  informa -
tio n whil e preservin g higher-leve l  knowledg e (categor y an d 
super-ordinate) ,  eithe r  becaus e semanti c informatio n i s or -
ganise d hierarchicall y withi n a  categor y (Warrington ,  1975 ) 
or  becaus e super-ordinat e an d categor y informatio n ca n b e 
supporte d b y partia l  semanti c informatio n i n a  distribute d 
model  (Tippett ,  McAuliffe ,  &  Farah ,  1995) . 

I n contrast ,  ou r  accoun t  claim s tha t  strongl y inter -
correlate d perceptua l  an d functiona l  feature s wil l  b e bette r 
preserve d followin g brai n damag e tha n thos e tha t  ar e weakl y 
inter-correlated .  Thi s generate s th e followin g prediction s 
abou t  th e model' s identificatio n an d categorisatio n perfor -
mance. 

a)  Distinctiv e perceptua l  informatio n i s require d t o suc -
cessfull y discriminat e betwee n livin g things .  Sinc e thi s infor -
matio n i s no t  strongl y correlate d wit h functiona l  information , 
i t  wil l  no t  b e robus t  t o damage .  W e therefor e predic t  tha t  th e 
damaged mode l  wil l  perfor m badl y o n identificatio n o f  liv -
in g things .  However ,  fo r  artefacts ,  thi s wil l  no t  b e a  problem , 
sinc e distinctiv e for m an d functio n ar e mos t  strongl y corre -
lated ,  an d s o wil l  b e preserve d wel l  enoug h t o suppor t  dis -
criminatio n a m o n g categor y members . 

b )  Categorisatio n depend s o n share d properties .  Thus ,  cat -
egorisin g livin g thing s shoul d b e goo d becaus e share d prop -
ertie s ar e preserve d b y th e inter-correlation s wit h functiona l 
information .  Artefacts ,  however ,  whos e share d propertie s 
ar e no t  supporte d b y correlation s wit h functiona l  informatio n 
shoul d b e mor e vulnerabl e t o damage . 

To test these predictions, the lesioned network's output was 
compare d o n a  vecto r  b y vecto r  basi s wit h th e complet e targe t 
set  t o establis h th e closes t  neighbour .  A  successfu l  identifi -
catio n i n thi s contex t  mean s tha t  th e lesione d networ k repro -
duce d a  patter n o f  activatio n whos e neares t  neighbou r  wa s th e 
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Figur e 6 :  Betwee n an d within-categor y error s average d ove r 
al l  30 0 simulations . 

target . 
Figur e 5  show s h o w lesionin g affect s th e model' s m e a n 

performanc e ove r  30 0 simulation s o n accuratel y identifyin g 
a targe t  vecto r  a t  progressivel y mor e sever e level s o f  dam -
age .  Accurac y o n identifyin g livin g thing s quickl y fall s  of f 
fro m th e firs t  leve l  o f  lesionin g severit y compare d wit h arte -
fac t  identificatio n performance .  Identificatio n performanc e 
fo r  bot h the n decline s a t  a  simila r  rat e thoug h performanc e fo r 
artefact s i s consistentl y bette r  tha n fo r  livin g thing s u p unti l 
hal f  o f  th e inter-laye r  connection s hav e bee n lesioned .  Thi s 
model s th e classi c dissociatio n betwee n knowledg e fo r  arte -
fact s an d livin g thing s widel y reporte d i n th e neuropsycho -
logica l  literatur e (Warringto n &  McCarthy ,  1987 ;  Warringto n 
& Shallice ,  1984 ;  Saffra n &  Schwartz ,  1992) . 

W h en greate r  tha n 6 0 % o f  th e connection s betwee n layer s 
hav e bee n lesione d th e tren d i s reversed .  Identificatio n ac -
curac y fo r  artefac t  vector s i s wors e tha n fo r  livin g things ,  a 
patter n occasionall y reporte d althoug h m u c h les s frequentl y 
tha n th e revers e dissociatio n (Hilli s  &  Caramazza ,  1991 ;  War -
ringto n &  McCarthy ,  1987) . 

The typ e o f  erro r  m a d e b y a  patien t  provide s a  usefu l  in -
sigh t  a s t o wha t  typ e o f  semanti c informatio n ha s bee n los t 
and wha t  ha s bee n preserved .  Fo r  example ,  purel y within -
categor y error s (e.g. ,  confusin g do g an d ca t  withi n th e cate -
gor y o f  m a m m a l s )  indicat e th e degradatio n o f  distinctiv e fea -
ture s wherea s between-categor y error s (e.g. ,  confusin g a  bir d 
wit h a  cat )  indicat e th e los s o f  categor y information . 

Figur e 6  plot s th e typ e o f  erro r  m a d e agains t  lesion -
in g severity .  Th e networ k consistentl y make s mor e within -
categor y error s fo r  livin g thing s tha n fo r  artefacts .  Thi s re -
flects  th e differenc e i n robustnes s o f  distinctiv e perceptua l 
feature s fo r  artefact s an d livin g things .  Distinctiv e percep -
tua l  feature s fo r  livin g thing s ar e no t  a s robus t  t o lesionin g 
as artefac t  distinctiv e feature s becaus e the y ar e no t  correlate d 
wit h functiona l  information .  I n contrast ,  artefac t  between -
categor y error s occu r  a t  a n earlie r  stag e o f  lesionin g severit y 
tha n th e firs t  between-categor y error s fo r  livin g things .  Thi s i s 
expecte d sinc e th e share d perceptua l  feature s fo r  livin g thing s 
whic h locat e a n ite m withi n a  categor y ar e supporte d b y cor -
relation s wit h functiona l  features .  Artefac t  share d perceptua l 
feature s ar e supporte d onl y b y inter-correlation s wit h eac h 

other .  Categor y informatio n (e.g. ,  share d perceptua l  feature s 
and functiona l  information )  fo r  livin g thing s i s therefor e mor e 
robus t  t o damag e tha n artefac t  categor y informatio n a s Figur e 
3 shows' ' 

Th e defici t  fo r  artefact s a t  th e late r  stage s o f  lesionin g i s 
als o du e t o th e susceptibilit y  o f  share d artefac t  perceptua l  fea -
ture s t o damag e a s show n i n Figur e 5 .  A s mor e damag e accu -
mulate s t o th e network ,  th e informatio n whic h locate s a n arte -
fac t  categor y m e m b e r  withi n a  categor y become s mor e de -
grade d s o tha t  between-categor y error s becom e increasingl y 
frequent .  I f  th e damage d ne t  i s unreliabl e i n accuratel y de -
terminin g a  category ,  th e chance s o f  determinin g th e correc t 
categor y m e m b e r  ar e als o reduced . 

Thes e simulatio n dat a sho w tha t  category-specifi c  deficit s 
ca n b e capture d b y damagin g a  distribute d system .  Neu -
roanatomicall y distinc t  subsystem s fo r  th e storag e o f  livin g 
an d non-hvin g things ,  o r  o f  perceptua l  an d functiona l  fea -
ture s ar e no t  necessar y t o produc e category-specifi c  defici t 
behaviou r  (Fara h &  McClelland ,  1991) . 

Discussion 

I n ou r  model ,  general ,  non-foca l  damag e produce d a  patter n 
of  performanc e wit h th e followin g features : 

• Distinctive perceptual information for artefacts better pre-
serve d tha n fo r  livin g things . 

• Shared perceptual properties for living things better pre-
serve d tha n artefac t  share d perceptua l  properties . 

• Functional properties preserved although the relative ro-
bustnes s o f  artefac t  an d biologica l  functiona l  informatio n 
interact s wit h lesionin g severity . 

These patterns of preservation predict a neuropsycholog-
ica l  defici t  characterise d b y difficult y i n identifyin g livin g 
thing s bu t  relativel y intac t  knowledg e abou t  artefac t  func -
tiona l  an d biologica l  functiona l  information .  Specifi c  arte -
fact s shoul d therefor e b e identifiabl e an d thei r  functio n re -
trieved ,  bu t  performanc e o n task s requirin g th e groupin g o f 
artefact s i n differen t  categorie s shoul d b e relativel y impaire d 
(e.g. ,  sortin g artefact s int o categorie s o n th e basi s o f  share d 
features) .  Th e dat a therefor e mode l  th e classi c dissociatio n 
betwee n knowledg e fo r  artefact s an d fo r  livin g thing s (War -
ringto n &  Shallice ,  1984 )  an d mor e recen t  neuropsychologi -
cal  evidenc e concernin g th e robustnes s o f  functiona l  informa -
tio n (Moss ,  Tyler ,  Patterso n &  Hodges ,  1995 ;  Tyle r  &  Moss , 
i n press) .  Fo r  example ,  Moss ,  Tyler ,  Durrant-Peatfield ,  Levy , 
& Morris ,  (1996) ,  discus s R C ,  a  H S E patien t  w h o ha d th e typ -
ica l  category-specifi c  defici t  fo r  livin g things .  Acros s a  rang e 
of  test s designe d t o prob e semanti c knowledge ,  R C ha d diffi -
cultie s i n discriminatin g betwee n livin g thing s o n th e basi s o f 
thei r  distinctiv e properties ,  bu t  wa s goo d a t  groupin g the m to -
gethe r  o n th e basi s o f  thei r  similarities .  I n contrast ,  h e ha d n o 
difficult y  i n discriminatin g a m o n g artefacts .  Thi s wa s demon -
strated ,  fo r  example ,  i n a  pictur e sortin g task ;  R C ha d n o dif -
ficulty  sortin g picture s o f  livin g thing s accordin g t o categor y 

"Thi s finding  i s supporte d b y a  simila r  analysi s w e conducte d o n 
th e Devli n e t  al .  (i n press )  vecto r  se t  whic h wa s derive d fro m subjec t 
propert y generatio n data .  Se e als o Hodges ,  Graha m &  Patterson , 
(1995 )  fo r  a  discussio n o n between-categor y errors . 
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(e.g. ,  identifyin g thei r  share d properties )  bu t  wa s sHghtl y im -
paire d i n sortin g artefacts .  I n contrast ,  h e ha d considerabl e 
difficult y whe n aske d t o sor t  th e picture s o f  Hvin g thing s ac -
cordin g t o specifi c  propertie s (e.g .  fierce  v s non-fierc e ani -
mals) ,  wit h significantl y poore r  score s tha n fo r  artefact s (e.g . 
electrica l  v s non-electrica l  appliances) .  RC' s definition s t o 
word s reporte d i n Tyle r  &  Mos s (i n press )  include d bot h bi -
ologica l  functiona l  informatio n an d share d perceptua l  fea -
tures ,  whic h ar e similarl y preserve d followin g damag e (se e 
Figur e 3) ,  wherea s distinctiv e perceptua l  knowledg e i s no t 
readil y accessible .  Fo r  example ,  be e wa s define d as :  ".. .  tw o 
eye s o f  a  see-through ,  o r  a  hearin g o f  tw o ears ,  o f  a  mouth ,  o f 
an eatin g an d drinking" .  I n contrast ,  fo r  artefacts ,  RC' s def -
inition s contai n precis e description s o f  distinctiv e functiona l 
and perceptua l  properties :  Fo r  example ,  des k wa s define d as : 
".. .  O n th e des k yeah ,  o f  a n eatin g o f  a  drinkin g o f  a  workin g 
or  a  makin g thing s fo r  th e hous e fo r  a n interes t  i f  a  us e of ,  fo r 
whateve r  you r  interest... a desk ,  a  des k i s  to ,  a  woode n chair , 
and fou r  legge d and ,  an d ha s a  ...shel f  to ,  t o d o writin g on ,  t o 
eat  on ,  t o build ,  t o mak e thing s on. " 

Conclusion 

Our  accoun t  consider s th e huma n cognitiv e apparatu s a s a 
syste m adapte d t o encodin g th e functiona l  significanc e an d 
statistica l  regularit y o f  everythin g i t  perceives .  Statistica l 
propertie s o f  th e perceptua l  environmen t  produc e differen t 
pattern s o f  distinctivenes s an d correlatednes s o f  feature s i n 
th e system' s interna l  representations .  W e clai m tha t  i t  i s  th e 
accompanyin g differentia l  robustnes s o f  perceptua l  an d func -
tiona l  informatio n whic h underlie s category-specifi c  defici t 
behavior . 

I n conclusion ,  thi s researc h make s tw o importan t  advance s 
on Warringto n &  Shallic e (1984) .  First ,  lik e artefacts ,  th e per -
ceptua l  feature s o f  livin g thing s ar e correlate d wit h a  typ e o f 
informatio n tha t  represent s th e manne r  i n whic h livin g thing s 
interac t  wit h th e environment .  W e hav e referre d t o thi s infor -
matio n a s biologica l  functional .  Second ,  th e distinctivenes s 
of  functiona l  propertie s i s a n importan t  variabl e whe n mod -
ellin g category-specifi c  deficits . 
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