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8 0 Sout h Bridge ,  Edinburg h E H l ,  I H N ,  Scotlan d 
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H u m an Communicatio n Researc h Centre ,  Universit y o f  Edinburgh , 
2 Buccleuc h Place ,  Edinburg h E H 8 9 L W ,  Scotlan d 

Abst rac t 

We argu e tha t  th e ke y questio n i n conceptua l  storag e i  s 
best  viewe d no t  a s a  questio n o f  instance s versu s 
generalisations ,  bu t  rathe r  on e o f  unitar y versu s multipl e 
representatio n account s o f  conceptua l  storage .  O n 
previou s evidence ,  i t  ha s bee n difficul t  t o determin e 
whethe r  a  particula r  resul t  stem s fro m store d informatio n 
regardin g th e concep t  o r  fro m th e processe s tha t  operat e 
i n invokin g a  particula r  concep t  (Komatsu ,  1992) .  I n 
thi s paper ,  w e attemp t  t o she d som e ligh t  o n th e natur e 
of  store d conceptua l  structur e usin g th e differen t 
influence s tha t  surfac e an d stmctura l  feature s hav e bee n 
shown t o hav e o n th e recal l  o f  a  particula r  representatio n 
(Centner ,  Ratterma n an d Forbus ,  1993) .  W e conclud e 
tha t  a t  leas t  som e concept s ma y no t  b e store d usin g a 
unitar y representation . 

Introduction 

What  i s store d i n th e min d whe n a  perso n learn s a  ne w 
category ? W h a t  kin d o f  menta l  representatio n (o r 
representations )  determin e judgement s o f  whethe r  thing s 
ar e t o b e classe d a s bicycles ,  pianos ,  theories ,  o r  games , 
etc. ? Thes e question s li e a t  th e hear t  o f  an y understandin g 
of  huma n conceptua l  prowess ,  an d a  rang e o f  potentia l 
answer s hav e bee n offere d i n thei r  solution ,  rangin g from 
necessar y an d sufficien t  essences ,  throug h definin g 
prototypes ,  t o average s o f  individua l  examples :  th e 
prepositiona l  schemati c model s o f  representatio n use d t o 
frame  mos t  theorie s o f  categorisatio n hav e th e powe r  t o 
accommodat e a  combinatio n o f  definin g schema s and/o r 
th e example s from  whic h schema s coul d b e consttucte d 
wit h equa l  coherence ,  a  flexibilit y  tha t  theorist s hav e 
exploite d t o th e full . 

Whils t  th e wor k o f  Wittgenstei n (1953 )  an d Rosch , 
(1978 )  ha s tempere d enthusias m amongs t  researcher s fo r 
classica l  essentialis t  account s o f  conceptua l  storage ,  ther e 
has bee n m u c h debat e abou t  th e natur e an d plausibilit y o f 
some for m o f  prototyp e schem a a s a  basi s fo r  conceptua l 
storag e (se e Komatsu ,  199 2 fo r  a  discussion) ,  thoug h 
what  i s  actuall y store d i s th e subjec t  o f  m u c h debate : 
Fodo r  an d Lepor e (1996 )  giv e m a n y goo d reason s fo r 
doubtin g pur e prototyp e theory ,  whereb y jus t  schema s ar e 
stored ,  whils t  Nosofsk y (1988 )  advocate s a  rejectio n o f 
store d schema s altogethe r  arguin g tha t  onl y example s ar e 
stored ,  an d tha t  ne w object s ar e classifie d b y a  proces s o f 
compariso n wit h store d examples .  Othe r  researcher s favou r 

some kin d o f  theoretica l  framework  a s a  basi s fo r  categor y 
storag e (e.g .  Med i n an d Ortony ,  1989 ;  Keil ,  1989 ) 

O ne poin t  tha t  ha s elude d m a n y discussion s o f 
conceptua l  storag e i s  tha t  debate s abou t  th e natur e o f 
representation s revolv e aroun d question s o f  granularit y 
rathe r  the n principle .  A s Borge s (1962 )  succinctl y 
demonstrate s i n th e m u c h quote d Fune s th e Memor ius , 
eve n a n 'instance '  i s  a  generalisatio n o f  sorts .  W h e n 
Fune s struggle s t o 

'comprehen d tha t  th e generi c symbo l  do g embrace s s o man y 
unlik e individuals.. .  i t  bothere d hi m tha t  th e tha t  th e do g see n a t 
3.1 4 (see n fro m th e side )  shoul d hav e th e sam e nam e a s th e do g 
at  3.1 5 (see n fro m th e front). '  Borge s (1962 )  p p 93-9 4 

he encounter s th e followin g problem :  i f  th e concep t  o f 
do g determine s whethe r  thing s w e encounte r  ar e dogs ,  the n 
i n th e sam e fashio n th e concep t  Spo t  mus t  similarl y unit e 
a certai n clas s o f  experience s o f  a  particula r  do g a s bein g 
experience s o f  Spo t  th e dog ,  an d s o on . 

Once thi s facto r  i s considered ,  w e argu e tha t  th e ke y 
questio n i n conceptua l  storag e i s  bes t  viewe d no t  a s a 
questio n o f  instance s versu s generalisations ,  bu t  rathe r  on e 
of  unitar y versu s multipl e representatio n account s o f 
conceptua l  storage .  Unitar y account s o f  categorisatio n 
posi t  a  singl e store d representatio n -  schema ,  prototyp e or , 
perhaps ,  theor y i n virtu e o f  whic h item s ar e classifie d 
int o a  categor y a s th e outcom e o f  s o m e process .  Multipl e 
representationa l  account s posi t  th e storag e o f  a  numbe r  o f 
representations ,  perhap s a t  differen t  level s o f  granularity , 
fro m 'instances '  (a s Mal t  (1995 )  argues ,  regularitie s -
perhap s a s a  resul t  o f  perceptua l  constraint s ar e 
inevitabl e a t  som e level )  t o broa d intermediat e 
generalisations ,  whic h m a y jointl y o r  individuall y resul t 
i n som e objec t  bein g categorise d a s th e outcom e o f  som e 
process . 

Differen t  model s o f  conceptua l  representatio n hav e 
differen t  implication s fo r  theorie s o f  categorisation .  I f  a 
unitar y representatio n mode l  i s  correct ,  the n on e woul d 
expec t  tha t  provide d on e coul d specif y th e store d 
representatio n an d th e proces s b y whic h object s w a e 
relate d t o it ,  on e shoul d i n principl e b e abl e t o giv e a 
definitiv e accoun t  of ,  sa y w h y i t  i s  s o m e thing s ar e X's . 
On th e othe r  hand ,  a  multi-representationa l  accoun t  migh t 
not  admi t  an y definitiv e accoun t  o f  X' s a t  all ,  sinc e th e 
multiplicit y o f  relation s betwee n th e differin g store d 
representation s tha t  coul d influenc e a n object' s X-nes s 
migh t  preclud e an y kin d o f  genera l  account .  A  specifi c 
object' s X-nes s migh t  b e dependen t  upo n tha t  -  an d onl y 
tha t  objects '  interactio n wit h a  particula r  subse t  o f  th e 
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store d element s relatin g t o X-ness ,  an d th e concomitan t 
proces s b y whic h X-nes s i s adjudged . 

A proble m i n m u c h researc h int o categorisatio n i s tha t 
experimenta l  result s hav e rarel y -  i f  eve r  -  directl y 
indicate d anythin g abou t  conceptua l  representation .  A s 
Komats u (1992 )  concisel y notes ,  i t  i s  difficul t  t o 
determin e whethe r  particula r  result s ste m fro m store d 
informatio n regardin g concept s (e.g .  propositiona l  o r 
imagina l  information )  o r  fro m th e processe s tha t  operat e 
i n invokin g a  particula r  concep t  (c.f .  Smit h an d Medin , 
1981) .  T h e vas t  majorit y o f  theorie s discusse d i n 
Komatsu' s (1992 )  comprehensiv e revie w assum e a 
'straight '  unitar y representation ,  th e exceptio n bein g 
granula r  instance-base d approache s t o categorisation ,  an d 
perhap s explanation-base d approache s (althoug h th e lac k 
of  an y specifi c  formulatio n o f  a n explanatio n (o r  theory ) 
base d mode l  o f  categorisatio n make s i t  impossibl e t o 
deduc e th e kin d o f  store d representation s suc h a  theor y 
woul d entail) . 

I n th e ligh t  o f  thes e considerations ,  w e fee l  tha t  direc t 
evidenc e regardin g th e natur e o f  th e storag e o f  a  concept , 
or  concepts ,  coul d hav e importan t  implication s fo r  th e 
w ay categorie s ar e viewed :  especiall y i f  tha t  evidenc e fail s 
t o suppor t  a  unitary-representatio n account . 

A process model 

I n previou s wor k (Ramsca r  an d Pain ,  1996 )  w e hav e 
questione d a n intuitiv e distinctio n -  hel d b y mos t 
psychologica l  researcher s -  betwee n analog y an d metapho r 
o n on e hand ,  an d categorisatio n o n th e other .  W e hav e 
argue d tha t  althoug h on e migh t  ordinaril y  distinguis h 
betwee n categor y membershi p an d analog y accordin g t o 
realis t  terms ,  ther e ar e goo d reason s fo r  treatin g thi s 
distinctio n wit h cautio n a t  a  theoretica l  level ,  esjjeciall y 
w h en w e focu s upo n cognitiv e processes . 

Th e argumen t  fo r  thi s i s twofold .  Firstly ,  i n principle : 
an y intuitive ,  pre-theoretica l  distinctio n betwee n real 
(intra-categorical )  an d metaphorica l  o r  analogica l  (inter -
categorical )  cognisanc e hinge s upo n a  contras t  definitio n 
tha t  sit s il l  wit h wha t  w e k n o w empiricall y an d 
theoreticall y abou t  categorisation .  Analog y an d metapho r 
ar e consistentl y define d i n contras t  t o categorisatio n (e.g . 
Holyoa k an d Thagard ,  1995) ;  ye t  a  contras t  definitio n 
relie s o n a n accoun t  o f  th e elemen t  wit h whic h th e 
contras t  i s  t o b e drawn :  th e messag e o f  m a n y year s o f 
empirica l  an d theoretica l  wor k (Wittgenstein ,  1953 ; 
Rosch ,  1978 ;  Barsalou ,  1983 ;  Mu rph y an d Medin ,  1985 ) 
i s tha t  ther e i s n o clea r  accoun t  o f  intra-categorica l 
association s betwee n individua l  item s wit h whic h 
supposedl y inter-categorica l  association s ca n b e contrasted . 
Our  dubiet y toward s thi s distinctio n i s furthe r  born e ou t 
by analyse s o f  reactio n tim e studies .  Fo r  instance , 
Hof fma n an d Kempe r  (1987 )  revie w o f  a  numbe r  o f 
reactio n tim e studie s ampl y demonstrate s th e absenc e o f 
evidenc e fo r  (an d amoun t  o f  evidenc e against )  th e widel y 
hel d belie f  tha t  litera l  (intra-categorical )  meaning s ar c 
processe d faste r  tha n metaphorica l  (inter-categorical ) 
meaning s (Recanat i  (1995 )  als o review s som e interestin g 
evidenc e contr a th e 'two-process '  approach) . 

Furthe r  suppor t  fo r  thi s positio n come s fro m a n earlie r 
stud y (Ramsca r  an d Pain ,  1996 )  whic h use d Centner' s 
(1983 )  Structur e Mapp in g Theor y ( S M T )  t o addres s th e 

questio n o f  whethe r  analog y ca n b e distinguishe d from 
categorisatio n b y contrastin g categorisationa l  wit h 
analogica l  processes. '  Centner' s theor y propose s tha t  i n 
mappin g an d inferenc e betwee n tw o representations , 

system s o f  relation s wil l  b e mappe d i n preferenc e t o 
individua l  features ,  an d tha t  highe r  orde r  relation s -
relation s betwee n relation s -  wil l  b e mappe d i n preferenc e 
t o lowe r  orde r  an d first-order  (relation s betwee n objects ) 
relations :  th e systematicit y principl e (Centner ,  1983) . 

Ramscar  an d Pain' s (1996 )  subject s wer e presente d wit h 
Centne r  e t  al' s  material s an d aske d t o categoris e them .  I t 
was expecte d tha t  structur e mappin g woul d determin e 

categorisatio n a s wel l  a s analogy :  i.e .  Centner' s theor y 
assume d tha t  matc h item s wit h onl y structura l  similaritie s 
('analogues' )  belon g t o differen t  categories :  Ramsca r  an d 
Pai n predicte d tha t  the y woul d b e 'categorised '  together . 
Ramscar  an d Pai n foun d tha t  a  significan t  majorit y o f  th e 
grouping s forme d b y subject s ha d onl y share d systemati c 
structur e (traditionall y define d a s analogy )  a s a  c o m m o n 
featur e amongs t  member s o f  th e categorie s formed ,  an d 
tha t  th e proces s underlyin g subjects '  categorisin g coul d b e 
modelle d -  an d henc e predicte d b y S M T ;  the y conclude d 
tha t  ther e wa s nothin g t o distinguis h subject' s analogica l 
from  thei r  categorisationa l  behaviour .  Thes e result s wer e 
replicated  b y Darrington ,  Lingstad t  an d Ramsca r  (1998 ) 
w ho discovere d tha t  subject s woul d eve n us e share d 
structur e i n nove l  objec t  description s t o over-rid e existin g 
categor y groupings . 

Our  secon d argumen t  i s a  pragmati c one .  Analog y 
model s ca n provid e a  framework  throug h whic h th e 
interaction s betwee n representatio n an d proces s ca n b e 
predicte d an d observed .  Traditionall y categorisatio n model s 
hav e concentrate d o n objec t  descriptions ,  makin g us e o f 
ver y representationally-simpl e attribute-valu e list s 
(Murph y &  Medin ,  1985) ,  wherea s analog y researc h ha s 
examine d relationship s betwee n highl y structure d 
representation s (considerin g th e influenc e o f  attributes , 
relation s an d higher-orde r  relation s i n judgement s o f 
similarity) .  Researc h int o analog y differ s fro m researc h 
int o categorisatio n i s i n th e richnes s o f  it s  proces s 
models .  A  numbe r  o f  detailed ,  plausible ,  wel l  accepte d 
model s o f  th e analogica l  proces s exis t  (Holyoa k an d 
Thagard ,  1995 ;  Forbus ,  Centne r  &  L a w ,  1995) :  th e sam e 
canno t  b e sai d o f  existin g categorisatio n models .  Researc h 
i n analog y ha s focuse d upo n th e processe s o f  mappin g an d 
inferenc e betwee n representations ,  an d th e interpla y 
betwee n thi s proces s an d thos e representation s rathe r  tha n 
simpl y determinin g wha t  kin d o f  mapping s certai n stati c 
representation s allow ,  a  characteristi c o f  m u c h 
categorisatio n researc h (c.f .  Komatsu ,  1992) . 

Representation and process 

A serie s o f  studie s b y Centner ,  Ratterma n an d Forbu s 
(1993 )  ha s explore d th e factor s determinin g h o w item s ar e 
accessed ,  i.e .  h o w representation s ar e selecte d i n orde r  t o 
allo w similarit y mappin g t o tak e place .  Thes e hav e show n 
tha t  acces s relie s primaril y upo n surfac e attribut e (o r 
objec t  attribute )  matches ,  an d the y propos e tha t  th e 

'  Thoug h develope d a s a  theor y o f  analogy ,  S M T i s no w considere d 
by Gentne r  t o appl y mor e generall y  a s a  theor y o f  similarity . 
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proces s underlyin g judgement s o f  similarit y ca n b e 
decompose d int o tw o sub-processes : 
*  Accessin g a  simila r  (base )  situatio n fro m m e m o r y ,  base d 

primaril y o n surfac e similarit y 
•Creatin g a  mapp in g fro m bas e t o targe t  usin g structura l 

commonalitie s ( S M T ) . 

We believ e tha t  thi s proces s mode l  ca n offe r  a  solutio n 
t o th e difficulties ,  mentio n above ,  o f  determinin g whethe r 
particula r  effect s resul t  fro m store d representation s o r  fi-om 
th e processe s tha t  operat e i n invokin g representations .  T h e 
followin g experimen t  w a s designe d t o us e thi s detaile d 
model  o f  th e processe s tha t  determin e th e retrieva l  an d 
mappin g (an d classifying )  o f  representation s t o 
empiricall y prob e th e natur e o f  conceptua l  storage . 

The Experiment 

I n th e cours e o f  Ramsca r  an d Pain' s (1996) ^  classificatio n 
experiment ,  subject s wer e aske d t o giv e eac h o f  thei r 
classe s a  n a m e tha t  w a s meaningfu l  t o them .  Becaus e o f 
th e particula r  natur e o f  tha t  task ,  thi s involve d subject s 
developin g (an d learning )  'categories '  tha t  containe d s o m e 
item s tha t  ha d onl y structura l  relation s i n c o m m o n .  B y 
examinin g th e attribute s the y coul d recal l  tha t  wer e 
associate d wit h tha t  n a m e ,  w e aime d t o us e Centne r  e t  al' s 
finding s abou t  systemati c structure s vs .  attribute s t o 
determin e th e representatio n associate d wit h th e name .  I f 
subject s store d s o m e kin d o f  abstracte d prototyp e i.e .  a 
unitar y representatio n o f  thei r  categor y -  w e woul d expec t 
tha t  th e attribute s associate d wit h th e mos t  prototypica l 
storie s woul d b e mos t  readil y retrieve d fro m m e m o r y , 
wit h attribute s recalle d insofa r  a s the y wer e relevan t  t o th e 
prototyp e (perhap s alon g th e frequency  line s on e migh t 
expec t  fro m th e analysi s i n tabl e 1) . 

Stor y 1  -  Bas e stor y 

Once ther e wa s a  teache r  name d Mrs .  Jackso n wh o wante d a  salar y 
increase .  On e day ,  th e principa l  sai d tha t  h e wa s increasin g hi s ow n 
salar y b y 2 0 percent .  However ,  h e sai d ther e wa s no t  enoug h mone y 
t o giv e th e teacher s a  salar y increase . 

When Mrs .  Jackso n hear d thi s sh e becam e s o angr y tha t  sh e decide d 
t o tak e revenge .  Th e nex t  day ,  Mrs .  Jackso n use d gasolin e t o se t  fire  t o 
th e principal' s  office . 

Then sh e wen t  t o a  ba r  an d go t  drunk . 
Stor y 2  -  Litera l  similarit y 

Professo r  Rosi e McGhe e ver y muc h wante d a  raise .  On e da y th e 
provos t  announce d tha t  h e wa s givin g himsel f  a  raise .  However ,  h e 
sai d tha t  sinc e mone y wa s short ,  n o on e els e woul d ge t  a  rais e thi s year . 

Afte r  Professo r  McGhe e hear d thi s sh e becam e s o upse t  tha t  sh e 
decide d t o ge t  even .  On e hou r  later .  Professo r  McGhe e ble w u p th e 
administratio n buildin g wit h dynamite . 
Stor y 3  -  Tru e Analog y 

McGhee wa s a  sailo r  wh o wante d a  fe w day s o f  vacatio n o n land . 
One day ,  th e captai n announce d tha t  h e woul d b e takin g a  vacatio n i n 
th e mountains .  However ,  h e sai d everyon e els e woul d Fiav e t o remai n 
on th e ship . 

Afte r  McGhe e hear d thi s h e becam e s o upse t  tha t  h e decide d t o ge t 
revenge .  Withi n a n hou r  McGhe e ble w u p th e captain' s cabi n wit h 
dynamite . 

Figur e I :  Sampl e storie s fro m Centner ,  e t  a l  (1993 )  -  th e tex t  i n bol d 

We did not expect this to happen There is too much 
empirica l  an d theoretica l  wor k tha t  canno t  b e 
accommodate d b y a  unitar y representatio n accoun t 
(Wittgenstein ,  1953 ;  Rosch ,  1978) .  O u r  hypothesi s wa s 

tha t  subject s woul d no t  hav e abstracte d a  unitar y 
representatio n fro m th e stimul i  tha t  the y ha d classe d 
together ,  bu t  woul d instea d hav e store d a  n u m b e r  o f 
representation s tha t  the y associate d wit h th e relevan t  clas s 
name.  W e predicte d tha t  introducin g a  clas s n a m e ou t  o f 
contex t  woul d m a k e i t  equall y likel y tha t  an y give n store d 
representatio n associate d wit h tha t  n a m e woul d b e recalled , 
wit h th e representatio n recalle d initiall y  drivin g furthe r 
recall .  Sinc e ou r  mode l  o f  recal l  i s  featur e driven ,  w e 
expecte d result s t o polarise ,  wit h thos e representation s 
wit h fe w surfac e attribute s i n c o m m o n leadin g t o min ima l 
recal l  o f  oneanother ,  an d thos e wit h m a n y surfac e 
attribute s i n c o m m o n leadin g t o goo d recal l  o f  oneanothe r 

Subjects 

T h e subject s wer e 2 0 volunteers ,  a  mixtur e o f 
postgraduat e an d undergraduat e student s from  th e Artificia l 
Intelligenc e Departmen t  a t  th e Universit y o f  Edinburgh . 

Materials 

Material s wer e th e classifie d set s o f  "Karl a th e h a w k " 
storie s (Centner ,  Ratterma n &  Forbus ,  1993 ;  se e figure 1 
fo r  examples )  produce d b y th e subject s i n Ramsca r  an d 
Pai n (1996) .  Eac h se t  contain s 3  stories ,  an d takin g on e 
stor y a s a  base ,  th e followin g taxonom y o f  similarit y 
relationship s betwee n th e storie s i n a  se t  ca n b e defined : 
'Litera l  similarit y (LS )  matche s t o bas e includ e bot h 

c o m m on relationa l  structur e an d c o m m o n objec t 
descriptions ; 

•  Structura l  similarity ,  (SS )  matc h base d upo n a  c o m m o n 
syste m o f  interna l  relation s wit h base . 
Thu s eac h se t  comprise d a  bas e (B) ,  a  stor y literall y 

simila r  t o i t  (LS) ,  on e structurall y simila r  t o i t  (S S -  i.e . 
wit h n o objec t  attribute s i n c o m m o n wit h th e base , 
althoug h S S storie s di d shar e s o m e objec t  attribute s wit h 
L S ) .  I n orde r  t o determin e th e relativ e effect s o f  objec t 
versu s structura l  matche s i n thi s experiment ,  th e "Karl a 
th e H a w k "  storie s wer e analyse d an d rate d t o determin e th e 
leve l  o f  attribut e commonalitie s betwee n th e individua l 
storie s i n eac h set . 

T w o rater s gav e a  numeri c valu e t o eac h o f  a  rang e o f 
possibl e surfac e attribut e correspondence s betwee n storie s 
(se e figur e 2  fo r  details) ,  an d the n individua l  attribut e 
correspondence s wer e totalle d an d average d betwee n th e 
tw o rater s i n orde r  t o determin e th e overal l 
correspondence s betwee n storie s (tabl e 1) .  Consistenc y 
betwee n rater s wa s 82 .5% .  Difference s betwee n rater s wer e 
resolve d b y discussion . 

Correspondenc e 

1 - 1 ma p 

stron g ma p 

'analogical '  associatio n 

weak 'analogy ' 

weak associatio n 

Exampl e 

man,  ma n 

street ,  roa d 

conned ,  robbe d 
fireman ,  paramedi c 

enlisted ,  begge d 
fireman ,  nurs e 
disappeared ,  shattere d 

Fred ,  Bil l  (bot h names ) 
fireman ,  accountan t  (bot h jobs ) 

Valu e 

5pt s 

4pt s 

3pt s 

2pt s 

Ip t 

^  Th e experimen t  discusse d her e wa s conducte d alongsid e Ramsca r 
and Pain' s study ;  thi s i s  th e first  tim e i t  ha s bee n analyse d an d reported . 

Figur e 2 :  Classificatio n criteri a fo r  determinin g surfac e similarity . 
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Set 

2 
3 
4 

1 ' 
« 

1 7 
•  8 

9 
10 
1 1 
12 
13 
14 
15 
16 
17 
18 
19 
20 

B-L S 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
95 
100 
100 
100 

LS-S S 

100 
65 
55 
85 
85 
75 
70 
85 
75 
95 
75 
75 
95 
SO 
95 
100 
80 
80 
100 

SS-B 

85 
45 
45 
55 
75 
60 
45 
65 
60 
75 
60 
50 
70 
35 
75 
70 
55 
60 
60 

Tabl e 1 :  Objec t  attribut e (surfac e feature )  similarit y ratio s betwee n 
storie s b y set . 

P r o c e d u r e 

Durin g th e classificatio n tas k (Ramsca r  &  Pain ,  1996 ,  se e 
above) ,  subject s wer e aske d t o giv e eac h o f  th e classe s 
the y produce d a  n a m e tha t  'woul d b e meaningfu l  t o the m 
later' .  Afte r  finishin g th e classificatio n task ,  eac h subjec t 
was give n a  5  minut e break ,  an d the n undertoo k a  2 0 
minut e diversionar y tas k (searchin g fo r  post-code s fro m a 
directory )  befor e bein g give n anothe r  5  minut e break .  Th e 
same subject s wer e the n presente d wit h a  sub-se t  (usuall y 
4 )  o f  th e name s the y ha d assigne d t o classe s durin g th e 
classificatio n task ,  an d aske d t o 'writ e d o w n wha t  yo u ca n 
remember  abou t  th e variou s feature s (o r  yo u m a y lik e t o 
see the m a s attributes )  o f  eac h o f  th e scenario s associate d 
wit h eac h name .  E.g .  yo u m a y hav e ha d a  scenari o abou t  a 
doo r  tha t  neede d varnishing .  Features ,  o r  attributes , 
associate d wit h suc h a  scenari o woul d b e "door "  an d 
"varnishing"' .  Subject s wer e give n 1 0 minute s t o 
complet e th e task . 

Results 

Th e 2 0 subject s yielde d a  tota l  o f  7 0 recal l  episodes . 
Scorin g 
Th e recalle d feature s wer e evaluate d b y tw o judge s usin g 
th e sam e scal e tha t  wa s use d t o evaluat e featur e 
correspondence s betwee n storie s (se e figur e 2) .  Point s 
wer e awarde d fo r  correspondence s betwee n feature s name d 
by th e subject s an d th e actua l  featur e nam e i n eac h give n 
stor y i n orde r  t o ge t  a  reflectio n o f  th e accurac y o f  eac h 
individua l  recal l  episode .  Th e tota l  attribut e recal l  fo r  eac h 
stor y wa s calculate d an d average d betwee n raters . 
Consistenc y betwee n rater s wa s 84.1% ;  a s i n th e ratin g o f 
stor y commonalities ,  difference s betwee n th e rater s wer e 
resolve d b y discussion . 
Individua l  Stor y Recal l 
B wa s bes t  recalle d stor y fo r  3 7 % o f  al l  recal l  episodes , 
SS i n 3 0 % o f  case s an d L S i n 3 3 % ;  a s predicted ,  ther e 
was n o significan t  bia s toward s recallin g an y particula r 
typ e o f  story .  However ,  whe n w e looke d a t  th e patter n o f 
recollection ,  irrespectiv e o f  th e particula r  storie s eac h 
subjec t  ha d recalled ,  ther e wer e significance s i n th e qualit y 
of  recal l  betwee n th e bes t  recalle d an d th e nex t  best ,  an d 
th e next-bes t  an d th e wors t  recalle d stories .  Subject s 
tende d t o clearl y recal l  on e stor y bette r  (7 0 cases ,  Mea n 

( M )  =  19.75 )  tha n th e nex t  { M =  14.74) ,  (withi n group s 
f(69 )  =  8.846 ,  p  <  0.0001) ,  an d the n thes e nex t  bes t 
recalle d storie s bette r  tha n th e wors t  (A /  =  11.1) ,  r(69 )  = 
11.802/ 7 <  0.0001 . 
Individua l  Recal l  Ordering s B y Stor y Typ e 

Pasc(B ) 
I n case s wher e B  wa s th e mos t  recalle d stor y i n term s o f 
feature s (2 6 cases ,  M -  18.44) ,  ther e wa s a  significan t 
differenc e i n th e qualit y o f  recal l  ove r  th e nex t  bes t  recalle d 
stor y type ,  L S ( M =  14.83) ,  ̂ 25 )  =  4.43 4 p  <  0.0001 , 

whic h i n tur n wa s recalle d significantl y mor e tha n S S ( M 
= 10.15) ,  r(25 )  =  3.7 7 p  <  0.0001 . 

Litera l  Similarit y (LS ) 
W h en L S wa s th e bes t  recalled  stor y ( M =  20.78) ,  nex t 
bes t  wa s B  (2 3 cases ,  M =  15.85) ,  /(22 )  =  5.28 8 p  < 
0.0001 ,  wit h S S recalle d leas t  wel l  ( M =  11.96) ,  r(22 )  = 

2.09 5 p  <  0.05 . 
Stnigttira l  Similarit y (SS ) 
I n case s wher e S S storie s wer e qualitativel y bes t  recalle d 
(2 1 cases ,  M =  20.12) ,  th e nex t  bes t  recalle d typ e wa s L S , 
( M =  13.43) ,  K20 )  =  5.88 6 p  =  <  0.0001 ,  an d th e leas t 
recalle d typ e wa s B  (A /  =  11.36) ,  althoug h th e betwee n 
typ e differenc e betwee n L S an d B  wa s no t  significan t 
(r(20) = 1.90 1 p  <  0.072) ;  th e differenc e i n recal l  qualit y 
betwee n S S an d B  wa s stil l  significan t  (r(20 )  =  6.60 9 p  < 
0.0001) . 

B Bes t  Recalle d 

26 cases ; 
Mean= 18.4 4 

LS Bes t  Recalle d 

23 cases ; 
Mean =  20.7 8 

SS Bes t  Recalle d 

21 cases ; 
Mean =  20.1 2 

Next  Bes t  -  L S 

Mean =  14.8 3 

Next  Bes t  -  B 

Mean =  15.8 5 

Next  Bes t  -  L S 

Mean =13.4 3 

Next  Bes t  -  S S 

Mean= 10.1 5 

Next  Bes t  -  S S 

Mean= 11.9 6 

Next  Bes t  -  B 

Mean =11.3 6 

Tabl e 2 :  Mea n recal l  ordering s b y stor y typ e 

Discussion 

The experimen t  produce d littl e evidenc e t o suppor t  a  belie f 
tha t  ou r  subject s ha d abstracte d an d store d schema s fro m 
th e group s the y ha d classified ,  despit e th e fac t  tha t  a  share d 
structura l  schem a wa s th e basi s o f  subjects '  origina l 
classificatio n decision s (Ramsca r  &  Pain ,  1996) .  I f  som e 
versio n o f  a  store d prototyp e theor y wer e true ,  w e expecte d 
a majorit y o f  L S feature s t o b e recalle d i n mos t  instances . 
I n fact ,  B  feature s wer e mos t  ofte n recalled ,  thoug h no t 
significantly :  th e tren d favoure d a  rando m distribution . 
Anothe r  resul t  tha t  migh t  als o favou r  prototyp e theor y 
woul d hav e bee n a  situatio n wher e al l  th e storie s wer e 
recalle d wit h m u c h th e sam e frequency,  i.e .  L S = B = S S , 
sinc e suc h a  resul t  coul d b e a  produc t  o f  th e stron g featur e 
commonalitie s betwee n th e L S storie s an d member s o f 
bot h o f  th e othe r  stor y types .  However ,  ther e wa s a 
significan t  tren d fo r  subject s t o recal l  on e stor y mor e tha n 
another ,  an d th e nex t  bes t  stor y mor e tha n th e leas t 
recalle d story . 

O ne criticis m o f  thi s initia l  conclusio n migh t  b e tha t 
our  task ,  b y askin g subject s t o writ e dow n feature s 
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associate d wit h individua l  scenarios ,  biase d agains t  recal l 
of  a  singl e unitar y o r  abstracte d representation .  However , 
again ,  give n tha t  L S stor y se t  attribute s fonne d th e 
intersectio n o f  th e set s o f  feature s fo r  al l  o f  th e stor y sets , 
we woul d expec t  an y unitar y o r  abstracte d reprcsi-nlatio n 
of  al l  o f  th e storie s i n a  give n se t  t o contai n mainl y L S 
stor y se t  attribute s an d t o caus e a  majorit y o f  L S stor y se t 
attribute s t o b e recalled .  Clearly ,  thi s wa s no t  th e case . 

I f  subject s randoml y recalle d a n individua l  instanc e o f  a 
clas s the n w e woul d expec t  fro m Centne r  e t  al' s  similarit y 
recal l  finding s tha t  th e attribute s o f  thi s instanc e shoul d 
influenc e whic h othe r  stor y the y migh t  recal l  fro m th e 
class :  i f  B  i s recalled ,  recal l  o f  a  B  stor y shoul d promp t 
recal l  o f  a n L S stor y ove r  a  S S story ,  a s B  share s mor e 
surfac e attribute s wit h L S tha n S S ( B an d L S shar e 1 0 
surfac e attribute s t o ever y 6  share d b y B  an d SS) ,  an d 
Centne r  e t  al' s  findings  wer e tha t  surfac e attribute s rathe r 
tha n share d structur e promot e recall :  wher e B  feature s wer e 
bes t  recalle d thi s patter n emerge d throughou t  ou r  study . 
As w e predicted ,  a s a  resul t  o f  L S storie s sharin g a  highe r 
percentag e o f  surfac e attribute s wit h B  tha n S S share d 
wit h B ,  recal l  o f  B  le d t o a  significantl y highe r  qualit y o f 
recal l  fo r  L S tha n SS .  Th e result s wher e L S storie s wer e 
most  strongl y recalle d als o supporte d thi s analysis ,  wit h 
SS recal l  promptin g significantl y bette r  recal l  o f  B 
attribute s tha n S S attribute s (eve n though ,  comparatively , 
L S share d mor e surfac e feature s wit h S S tha n SS-B) . 

Indicativ e o f  th e fac t  tha t  S S share d fewe r  surfac e 
commonalitie s wit h th e othe r  stor y types ,  (SS-L S 
attribut e commonalitie s wer e m u c h weake r  tha n B-LS ,  an d 
i n specifi c  set s littl e greate r  tha n B-SS ;  se e tabl e 1) ,  goo d 
SS recal l  di d no t  produc e a  bia s toward s L S o r  B  a s th e 
next-bes t  recalle d stor y type ;  althoug h ou r  result s showe d 
some tendenc y toward s S S promptin g L S ove r  B ,  i t  wa s 
not  significan t  (se e als o tabl e 2) . 

Our  hypothesi s tha t  subject s woul d recal l  storie s 
individuall y fro m m e m o r y i s furthe r  supporte d b y th e 
natur e o f  subject' s recollection .  Irrespectiv e o f  th e 
particula r  storie s eac h subjec t  ha d recalled ,  ther e wer e 
significance s i n th e qualit y o f  recal l  betwee n th e bes t 
recalled ,  an d th e nex t  best ,  an d th e next-bes t  an d th e wors t 
recalle d stories . 

A possibilit y  tha t  w e canno t  eliminat e i n thi s instanc e 
i s tha t  subject s m a y hav e bee n influence d b y th e orde r  i n 
whic h storie s wer e presented .  I n ou r  study ,  presentatio n 
was randomise d i n a  manne r  tha t  mad e i t  impossibl e t o 
correlat e presentatio n an d recal l  orderings .  However ,  a s w e 
note d above ,  ther e i s a  ver y stron g correlatio n betwee n th e 
feature s o f  th e L S stor y i n eac h se t  an d th e feature s o f  a n 
idealise d prototyp e o f  tha t  se t  (i.e .  L S features ,  especiall y 
at  th e leve l  o f  name s o f  relations ,  ar e mos t  typica l  o f  al l 
members) .  Sinc e subjects ,  w h o used  share d structur e t o 
grou p th e stories ,  di d no t  sho w a  tendenc y t o recal l  L S 
feature s best ,  an y correlatio n betwee n presentatio n orde r 
and recal l  orde r  coul d onl y furthe r  suppor t  th e cas e agains t 
some share d representatio n havin g bee n abstracte d an d 
stored . 

Applyin g Centner ,  e t  al' s  (1993 )  persuasiv e analysi s o f 
th e influenc e o f  surfac e vs .  dee p structur e o n recal l  t o ou r 
results ,  i t  woul d appea r  tha t  bein g presente d wit h a  clas s 
name i n n o particula r  contex t  cause d th e subject s t o 
randoml y recal l  on e o f  th e example s associate d wit h tha t 

name,  an d the n us e tha t  exampl e a s th e stimulu s fo r 

recallin g othe r  clas s members .  O n thi s evidence ,  i t  woul d 
appea r  tha t  subject s ha d store d clas s example s alon g wit h 
a cu e -  th e clas s nam e rathe r  tha n an y generalisatio n o f 
th e clas s itself .  Thes e findings  sugges t  tha t  a t  leas t  s o m e 
concept s ar e store d a s multiple-representations ,  rathe r  tha n 
as unitar y conceptua l  schemas . 

General Discussion 

We hav e show n i n thi s pape r  tha t  subject s i f  subject s 
name a  clas s whos e membershi p i s determine d entirel y b y 
share d structure ,  the y ca n retriev e informatio n regardin g it s 
members withou t  appearin g t o abstrac t  a  c o m m o n schem a 
definitiv e o f  tha t  class .  Suc h evidenc e fo r  a  non-unitar y 
accoun t  o f  categor y representatio n shoul d no t  c o m e a s a 
surprise :  th e literatur e i s filled  wit h materia l  tha t  cast s 
doub t  o f  th e plausibilit y  o f  unitar y account s o f  concep t 
representatio n (Wittgenstein ,  1953 ;  Rosch ,  1978 ; 
Komatsu ,  1992) . 

Our  interpretatio n o f  thes e findings  doe s no t  howeve r 
lea d u s automaticall y t o th e vie w tha t  'category ' 
association s ar e exclusivel y drive n b y examples ;  rather , 
we subscrib e t o th e vie w pu t  forwar d b y Wittgenstei n 
(1953 ;  se e als o Ramscar ,  1997) .  Wittgenstei n provide s a 
number  o f  goo d reason s t o believ e tha t  h u m a n 'categories ' 
canno t  b e give n simpl e unitar y account s tha t  ar e amenabl e 
t o definitio n b y a  singl e schema ;  h e als o question s wha t 
coul d b e intrinsi c t o a  'generalised '  categor y schem a tha t 
woul d caus e i t  t o b e use d differentl y t o a n exampl e o f  tha t 
whic h i t  wa s suppose d t o b e a  generalisatio n of .  W e fin d 
thes e question s compelling .  A t  th e sam e time ,  experience , 
intuitio n an d a  respec t  fo r  natura l  parsimon y make s u s 
war y -  thoug h i n practic e rathe r  tha n i n principl e -  o f 
jumpin g t o th e conclusio n tha t  al l  categorica l  association s 
ar e a  su m o f  processe d similaritie s wit h al l  store d 
exemplars .  W e woul d argue ,  however ,  tha t  progres s i s no t 
contingen t  o n findin g a  solutio n t o th e questio n o f  exactl y 
h o w categorie s ar e represented .  I t  i s  th e proces s o f 
associatio n tha t  i s  importan t  t o us ,  an d fro m a  processin g 
poin t  o f  view ,  th e questio n o f  whethe r  a  store d schem a 
relate s t o a n exampl e o r  som e intermediat e generalisatio n 
i s no t  necessaril y  important .  W h a t  i s important ,  fro m th e 
poin t  o f  vie w o f  processing ,  i s t o sho w h o w store d 
representation s (whateve r  thei r  exac t  nature )  relatin g t o th e 
individua l  surfac e element s (th e featur e 'nodes '  i n S M T ) 
comprisin g th e schema s tha t  represen t  item s bein g 
associate d i n th e manne r  describe d i n structur e mappin g 
theor y ar e recursivel y processe d i n turn ,  suc h tha t  th e 
'networ k o f  similaritie s tha t  determine s a  give n 
associatio n ca n settl e (se e Ramscar ,  Pai n an d Coope r 
(1997 )  fo r  a n illustratio n o f  ou r  recursiv e vie w o f  th e 
associativ e mappin g process) . 

Anothe r  advantag e o f  viewin g categorisatio n fro m a 
proces s oriente d perspectiv e i s tha t  i t  offer s u p th e 
possibilit y  o f  bridgin g th e divid e betwee n tw o seemingl y 
conflictin g account s o f  categorisation :  similarity-base d 
accounts,  an d mor e rationalis t  'theory-based '  accounts . 
Whils t  similarity-base d account s o f  categorisatio n (e.g . 
Rosch ,  1978 )  ca n captur e m u c h o f  th e natur e o f  ou r  long -
ter m categorie s (tha t  the y hav e n o explici t  definitions ,  an d 
tha t  ther e ar e usuall y a  numbe r  o f  propertie s tha t  ar e 
generall y associate d wit h 'categories') ,  the y hav e bee n 
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criticise d fo r  failin g t o captur e th e explanator y powe r  o f 
categories ,  an d fo r  failin g t o explai n w h y peopl e ma y 
categoris e i n way s tha t  g o beyon d surfac e similarit y 
(Medi n an d Ortony .  1989) .  Kei l  (1989 )  note s tha t  whils t 
children' s concept s ar e base d upo n pur e similarit y 
"origina l  sim '  -  thes e the n ge t  replace d wit h mor e 
theoreticall y base d conceptua l  understanding s a s a  chil d 
develop s (se e als o Murph y an d Medin ,  1985 ;  Medi n an d 
Ortony ,  1989) . 

W h at  thes e theor y base d account s lac k i s an y clea r 
descriptio n o f  th e proces s b y whic h theorie s ar e suppose d 
t o gover n categorisation ,  or ,  importantly ,  exactl y wha t 
kin d o f  theoretica l  understanding s ar e suppose d t o underpi n 
h u m an conceptua l  understanding s whic h ar e notoriousl y 
vagu e an d ofte n incoherent .  W e believ e tha t  Centner' s 
(1983 )  insight ,  tha t  relation s betwee n feature s (i.e . 
constraints )  ca n driv e computation s o f  similarity ,  ca n g o 
at  leas t  som e w a y toward s squarin g thi s apparen t  circle . 
Th e assumptio n tha t  similarit y canno t  accoun t  fo r  th e 
apparen t  theoretica l  notio n o f  categorica l  association s 
stem s fro m th e assumptio n tha t  similarit y i s  drive n b y 
feature s alone .  W h e n th e relationa l  constraint s tha t  driv e 
th e similarit y compariso n proces s ar e considered ,  an d onc e 
a richer  notio n o f  menta l  representatio n tha n unrelate d 
featur e cluster s i s include d i n th e picture ,  i t  i s  possibl e t o 
see h o w similarit y ca n provid e a n accoun t  o f  th e 
associativ e proces s tha t  determine s h u m a n categorisatio n 
decision s whic h captur e thei r  theoretica l  flavour, '  withou t 
entailin g theoretica l  account s o f  individua l  categories ' 
whic h b y thei r  natur e (c.f .  Wittgenstein ,  1953 )  ar e mor e 
of  th e natur e o f  underdetermine d collection s o f 
generalisation ,  similarit y an d histor y tha n the y ar e unitar y 
'theoretical '  entities . 
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