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C a n a  rea l  distinctio n b e m a d e b e t w e e n cognitiv e theorie s o f  ana log y a n d 

categorisation ? 

Michae l  Ramscar t  t t  an d Hele n Pain t 
^Departmen t  o f  Artificia l  Iniciligenc e 

t t E d C A A D ,  Departmen t  o f  Architectur e 
Universit y o f  Edinburg h 

{ m i c h a e l ,  h e l e n ) @ a i 3 b . e c i . a c . u k 

Abstrac t 

Analog y ha s traditionall y bee n define d b y us e o f  a  contras t 
definition :  analogie s represen t  association s o r 
connection s betwee n thing s distinc t  fro m th e 'normal ' 
association s o r  connection s determine d b y ou r  'ordinary ' 
concept s an d categories .  Researc h int o analogy ,  however , 
i s  als o distinc t  fro m researc h int o concept s an d categorie s 
i n term s o f  th e richnes s o f  it s proces s models .  A  numbe r  o f 
detailed ,  plausibl e model s o f  th e analogica l  proces s exis t 
(Forbus ,  Centne r  an d Law ,  1995 ;  Holyoa k an d Thagard , 
1995) :  th e sam e canno t  b e sai d o f  categorisation . 

I n thi s pape r  w e argu e tha t  i n th e absenc e o f  a n 
acceptabl e accoun t  o f  categorisation ,  thi s contras t 
definitio n amount s t o littl e mor e tha n a  convenien t  fictio n 
which ,  whils t  usefu l  i n constrainin g th e scop e o f  cognitiv e 
investigations ,  confuse s th e relationshi p betwee n analog y 
and categorisation ,  an d prevent s model s o f  thes e processe s 
fro m informin g on e another .  W e presen t  a  stud y whic h 
addresse s directl y th e questio n o f  whethe r  analog y ca n b e 
distinguishe d fro m categorisatio n b y contrastin g 
categorisationa l  an d analogica l  processes ,  an d followin g 
fro m this ,  whethe r  theorie s o f  analogy ,  notabl y Centner' s 
structur e mappin g theor y (Centner ,  1983 ;  Forbu s e t  al , 
ibid.) ,  ca n als o b e use d t o mode l  part s o f  th e categorisatio n 
process . 

Introduction 

Ordinaril y on e accept s a  distinctio n betwee n categor y 
membersh i p an d analog y accordin g t o realis t  terms .  I n 
categorica l  judgements ,  relatin g a  n e w representatio n o f  a n 
objec t  t o s o m e kin d o f  store d categor y representation , 
object s ar e fel t  t o b e simila r  t o on e anothe r  i n a  w a y i n 
whic h thos e object s i n judgement s o f  analogica l  associatio n 
ar e not .  I f  tw o object s ar e considere d t o b e member s o f  a 
category ,  th e classificatio n i s  real ;  i f  the y ar e considere d t o 
be analogous ,  i t  i s  not .  Consider ,  fo r  exampl e a n analog y 
betwee n a  theor y an d a  buildin g (Lakof f  an d Johnso n 1980) : 
we migh t  tal k o f  "th e foundation s o f  a  theory" ;  " w e migh t 
wis h t o buttres s a  theor y wit h mor e facts" ;  "theorie s tha t  w e 
construc t  ca n als o col lapse" .  F r o m a n everyday , 
psychologicall y realis t  viewpoint ,  a n iglo o an d a  castl e an d a 
skyscrape r  reall y ar e simila r  i n a  w a y tha t  similaritie s 
betwee n building s an d theorie s ar e not . 

Researc h int o analog y an d metapho r  ha s accepte d thi s taci t 
realism .  Holyoa k an d Thagar d (1995 )  describ e a  worl d i n 
whic h " w e Uiin k w e se e thing s a s the y reall y are" ,  an d 
analog y i s used  i n orde r  t o recycl e ou r  existin g knowledg e o f 
th e rea l  worl d t o formulat e n e w bit s o f  'real '  knowledge . 
Similarly ,  i n th e cas e o f  metaphor ,  O n o n y (1979 )  make s a 
distinctio n betwee n litera l  an d non-litera l  similarities : 
'encyclopaedia s ar e lik e dictionaries '  i s tru e i n a  litera l  (real ) 
way ,  wherea s 'encyclopaedia s ar e lik e goldmines '  i s  onl y 
tru e i n a  metaphorica l  (non-real )  way .  Whethe r  th e notio n o f 
litera l  similarit y migh t  b e problemati c o r  no t  i s  barel y 
examined ,  sinc e th e rea l  proble m t o b e addresse d i s 
metaphor .  Holyoa k an d Thagar d (1995 )  offe r  th e commen t 
" A metapho r  alway s connect s tw o domain s i n a  wa y tha t 
goe s beyon d ou r  norma l  categor y structure "  (p p 217) ,  whils t 
givin g littl e indicatio n a s t o wha t  migh t  constitut e thi s 
'norma l  categor y structure' .  Analogie s ar e define d a s bein g 
distinc t  fro m categories ,  th e natur e o f  whic h ar e lef t 
unexamined ,  presume d real . 

Once th e difficultie s o f  givin g a n accoun t  o f  categorisatio n 
ar e admiue d int o th e picture ,  distinction s betwee n analog y 
an d metapho r  relian t  upo n a  contras t  wit h categorisatio n 
ceas e t o distinguis h a t  all .  Analog y i s consistentl y define d i n 
contras t  t o categorisatio n (Clemen t  an d Centner ,  1991 ; 
Holyoa k an d Thagard ,  1995) ;  ye t  i n orde r  t o mak e a  contras t 
definitio n on e need s a n accoun t  o f  a t  leas t  on e o f  th e 
conu-astin g elements .  Thi s w e don' t  have .  A n analog y i s 
define d a s a n associativ e judgemen t  betwee n tw o thing s tha t 
ar e i n differen t  categories ,  ye t  a n accoun t  o f  wha t  constitute s 
an associatio n betwee n tw o thing s suc h tha t  the y ar e 
members o f  th e sam e categor y rathe r  tha n differen t  categorie s 
i s no t  availabl e (Medin ,  Goldston e an d Centner ,  1993)' . 
Moreover ,  o n th e bes t  account s o f  categorisation ,  th e 
questio n o f  whethe r  tw o thing s ar e member s o f  th e sam e 
categor y m a y no t  b e amenabl e t o an y straightforwar d answe r 
(Medi n an d Ortony ,  1989 ;  Ramscar ,  1996) .  Thu s analog y 

'  Similarly ,  Clucksber g an d Keysa r  (1990 )  argu e tha t 
metaphorica l  judgement s ar e th e s a m e a s categorisationa l 
judgement s ("metaphor s ar e understoo d a s the y ar e a s clas s 
inclusio n statements" ,  ppl7) .  I t  i s  har d t o se e ho w 
categorisatio n i s t o illuminat e metaphor ,  sinc e the y conclude : 
'Th e centra l  proble m i s t o understan d categorization. "  (  p p 17) . 
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tend s t o b e deflne d i n contras t  t o wha t  i s i n itsel f  a  largel y 
undefine d process .  I n th e ligh t  o f  this ,  a  deHnitio n suc h as : 

"I n a n analogy ,  a  familia r  domai n i s use d t o undertlan d •  nove l 
domai n i n orde r  t o highligh t  importan t  similaritie s betwee n th e 
domains ,  o r  t o predic t  ne w feature s o f  th e nove l  domain. "  (W e 
interpre t  domai n her e t o b e equivalen t  t o category ]  (Clemen t  an d 
Centner .  1991 ) 

migh t  b e mor e accuratel y reformulate d alon g th e line s of :  'i n 
analogy ,  a  store d representatio n i s use d i n orde r  t o highligh t 
importan t  similaritie s betwee n i t  an d a  ne w representatio n o f 
an objec t  o r  concept ,  o r  t o predic t  n e w feature s i n th e ne w 
representatio n o f  a n objec t  o r  concept' .  Non e o f  thi s woul d 
be ou t  o f  plac e i n a  definitio n o f  categorisation .  Th e 
distinctio n betwee n categorisatio n an d analog y i s difficul t  t o 
draw :  her e w e explor e th e hypothesi s tha t  a t  cognitiv e level s 
of  descriptio n ther e m a y n o clea r  distinctio n t o b e mad e a t 
all . 

Models of analogy and categorisation 

Anothe r  facto r  whic h favour s th e abandonin g o f  traditiona l 
distinction s betwee n categorisatio n an d analog y ar e th e 
stron g parallel s whic h ca n b e draw n betwee n theorie s o f 
analog y an d th e mos t  plausibl e model s o f  categorisation .  I t 
i s  becomin g mor e widel y accepte d tha t  structur e play s a 
majo r  rol e i n categor y formatio n (Boyd ,  1984 ;  Goldstone , 
1994 ;  Kiel ,  1989 ;  Medi n an d Ortony ,  1989) :  analogica l 
reasonin g researc h directl y addresse s a  proces s whic h reason s 
amongst  suuctura l  network s (Falkenhainer ,  Forbu s an d 
Centner ,  1989 ;  Holyoa k an d Thagard ,  1995) .  Forbus , 
Centne r  an d L a w (1995 ;  p p 145-6 )  propos e th e followin g 
theoretica l  mode l  o f  analogica l  reasoning : 

•  initia l  selectio n dependan t  upo n surfac e similarit y 
•  analogica l  similarit y i s  determine d b y deepe r  structure s 

thi s i s strikingl y simila r  t o Medi n an d Ortony' s (1989 ;  p p 
185-6 )  knowledg e representatio n schem e fo r  categorisation : 

•  identificatio n procedur e base d upo n surfac e feature s 
•  classificatio n i s determine d b y deepe r  structures . 
Where 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 
number  o f  detailed ,  plausibl e model s o f  th e analogica l 
proces s exis t  (Forbus ,  Centne r  an d Law ,  1995 ;  Holyoa k an d 
Thagard ,  1995) :  th e sam e canno t  b e sai d o f  categorisation . 
Medi n an d Orton y offe r  littl e detai l  a s t o th e mechanism s b y 
whic h surfac e identificatio n i s governe d b y deepe r  structures , 
or  indee d th e compositio n o f  thes e deepe r  structures .  I n th e 
curren t  stud y w e addres s directl y th e questio n discusse d 
above ,  o f  whethe r  analog y ca n b e distinguishe d fro m 
categorisatio n b y contrastin g categorisationa l  an d analogica l 
processes ,  an d followin g fro m this ,  whethe r  theorie s o f 
analog y ca n als o b e use d t o mode l  part s o f  th e categorisatio n 
process . 

Centner's structure mapping theory 

Gcnuier' s (1983 )  Suuctur e Mappin g Theor y i s a n attemp t  t o 
explai n h o w i t  i s  tha t  tw o domain s ca n b e considere d 
analogous ,  an d i n particula r  h o w i t  i s  tha t  correspondence s 
betwee n analogue s fro m tw o domain s ca n b e mapped . 
Structur e mappin g propose s tha t  th e mappin g an d inferenc e 
betwee n tw o domain s ca n b e achieve d b y assignin g 
correspondence s betwee n object s an d attribute s an d the n 
mappin g predicate s wit h identica l  names .  I n orde r  t o d o this . 

Centne r  assume s a  predicat e lik e representatio n 
distinguishin g betwee n objects ,  object-attribute s a n d 
relations .  Object-attribute s ar e thos e predicate s tha t  hav e on e 
argumen t  an d describ e objec t  properties ,  e.g .  re d (lobster) . 
Relation s ar e divide d int o a  hierarch y o f  orders ,  wit h thos e 
predicate s wit h tw o o r  mor e argument s whic h ar e use d t o 
describ e relation s betwee n objects ,  fo r  examp l e 
UPSETS (stomach ,  lobster )  formin g th e lowes t  order ,  an d 
thos e predicate s describin g differen t  level s o f  relationship s 
betwee n relation s formin g th e highe r  order s e.g. :  caus e ( 
UPSETS(stomach ,  lobster )  ,  DRINKS(seltzer,diner) )  . 

The theor y itsel f  comprise s tw o parts :  mappin g rules ,  an d 
th e systematicit y principle .  Mappin g rule s stat e tha t  (a ) 
attribute s o f  object s ar e no t  mappe d an d (b )  relation s 
betwee n object s ar e preserved .  Th e systematicit y principl e 
require s tha t  highe r  orde r  relation s (e.g .  caus e above )  ar e 
mapped preferentially ,  followe d b y th e relation s tha t 
constitut e th e highe r  orde r  arguments . 

Th e questio n o f  h o w analogie s ar e accessed ,  i.e .  h o w 
representation s ar e selecte d i n orde r  t o allo w analogica l 
mappin g t o tak e place ,  wa s addresse d experimentall y b y 
Centner ,  Rauerma n an d Forbu s (1993) .  Thei r  stud y showe d 
tha t  analogica l  acces s relie d primaril y upo n surfac e (feature ) 
matches ,  an d the y propos e tha t  judgement s o f  analogica l 
similarit y ca n b e decompose d int o tw o sub-processes : 

•  Accessin g a  simila r  (base )  situatio n fro m memory ,  base d 
primaril y o n surfac e similarit y 
•  Creatin g a  mappin g fro m bas e t o targe t  usin g structura l 
commonalities . 

Structural systematicity and categorisation 

Sinc e th e Centner ,  Ratterma n an d Forbu s (1993 )  studie s di d 
not  directl y addres s categorisation ,  a  tacitl y  realis t  positio n 
was adopte d i n respec t  o f  th e categorie s amongs t  whic h 
subject s wer e t o analogis e (Ramscar ,  1996) .  T h e mos t 
obviou s w a y i n whic h thi s realis t  assumptio n manifest s 
itsel f  i s  i n th e classificatio n o f  matc h item s (th e individua l 
storie s withi n th e "Kari a th e hawk "  stor y set s (Centner , 
Ratterma n an d Forbu s 1993)) .  T h e questio n o f  th e 
categorica l  statu s o f  matc h items  i s determine d i n advance . 
thu s stor y 1  i n figur e 1  i s classifie d a s a  bas e story ,  whils t 
stor y 3  i s define d a s it s analogue .  I t  i s  tacitl y  assume d tha t 
th e tw o storie s ar e member s o f  distinc t  an d separat e 
categories ,  an d tha t  the y shar e som e kin d o f  analogou s link . 
Whils t  th e stud y aime d t o explor e a  wide r  rang e o f 
determinant s o f  similarity ,  th e particula r  correspondence s 
determine d b y structura l  systematicit y wer e considere d t o b e 
indicativ e o f  analogou s similaritie s (similaritie s betwee n 
rathe r  tha n withi n categories) .  Thes e assumption s determine d 
th e prediction s tha t  Centne r  e t  a l  mad e fo r  thei r  experiments , 
and th e evidenc e the y sough t  wit h whic h t o tes t  them . 

Centne r  e l  al' s  stud y explore d criteri a o f  similarity ,  an d 
discovere d tha t  th e preferre d determinan t  o f  analogica l 
similarit y i n subject s wa s share d structura l  systematicity .  A s 
a consequenc e o f  ou r  hypothesi s w e predicte d tha t  i f  w e wer e 
t o us e Centne r  e t  al' s  method s an d material s t o explor e 
categorisatio n rathe r  tha n analogy ,  structura l  systematicit y 
migh t  als o serv e a s a  criterio n fo r  th e determinin g categor y 
membership .  Stor y 3  i n figur e 1  wa s assume d b y Centne r  e t 
al  t o b e a n analogu e o f  stor y 1 .  Analogues ,  a s posite d i n 
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traditiona l  account s o f  analogy ,  ar e define d i n contras t  t o 
categor y m e m b e r s .  I f  subject s wer e t o us e structura l 
systematicit y a s a  categorisatio n determinant ,  the n 
deflnition s o f  analog y whic h rel y o n share d structur e t o 
contras t  analog y wit h categorisatio n migh t  nee d s o m e 
reflnement .  I f  bot h analog y an d categorisatio n produc e th e 
same results ,  the n thi s migh t  impl y som e shared ,  structur e 
base d mechanism ,  o r  tha t  on e proces s i s supervenien t  upo n 
th e other .  Accordingly ,  w e experimente d b y presentin g 
subject s wit h Centne r  e t  al' s  material s an d askin g the m t o 
categoris e them .  Give n tha t  Centne r  e t  a l  defin e th e 
analogica l  mechanis m i n term s o f  structur e mapping ,  w e 
accordingl y expecte d structur e mapp in g t o determin e 
categorisation :  i.e .  Centne r  e l  a l  assum e tha t  matc h item s 
wit h onl y structura l  similaritie s (i.e .  analogues )  belon g t o 
differen t  categories :  w e predic t  tha t  the y wil l  b e categorise d 
together . 

The Experiment 

Subjects 

Th e subject s wer e 2 0 volunteers ,  a  mixtur e o f  postgraduat e 
and undergraduat e student s fro m th e Artificia l  Intelligenc e 
Departmen t  a t  th e Universit y o f  Edinburgh . 

Materials 

The basi c material s use d i n thi s stud y wer e th e 2 0 set s o f 
"Karl a th e hawk "  storie s (Centner ,  Ratterma n an d Forbus , 
1993). 2 

Centne r  define s th e followin g taxonom y o f  similarit y 
relationship s betwee n th e stories : 

•  Litera l  similarit y matche s includ e bot h c o m m o n 
relationa l  structur e an d c o m m o n objec t  descriptions ; 
•  Surfac e matches :  base d upo n c o m m o n objec t 
descriptions ,  plu s som e firs t  orde r  relations ; 
•  Structura l  similarity ,  a  matc h base d upo n a  c o m m o n 
syste m o f  interna l  relations ; 
•  Firs t  orde r  matches ,  wher e th e onl y c o m m o n featur e i s 
firs t  orde r  relations ; 
•  Objec t  onl y matches ,  wher e storie s hav e onl y objec t 
matche s i n c o m m o n . 
Eac h se t  consist s o f  a  bas e (B) ,  a  literall y simila r  stor y 

(LS) ,  a n analogu e ( T A -  wit h onl y su-uctura l  similaritie s 
wit h th e base) ,  a  mere-appearanc e stor y ( M A wit h surfac e 
an d first  orde r  commonalitie s wit h th e base) ,  a  fals e analog y 
(F A a n analogu e o f  M A ) ,  an d a n objec t  onl y matc h stor y 
( O O -  wit h onl y surfac e commonalitie s wit h th e base) .  Thi s 
allowe d fo r  a  numbe r  o f  potentia l  grouping s accordin g t o th e 
classificatio n strateg y adopted .  O u r  predictio n wa s tha t 
subject s woul d us e structura l  similarit y a s thei r  categorica l 
similarit y determinant ,  puttin g analogue s an d base s int o th e 
s a me categorie s (i.e .  B ,  L S an d T A together) ,  rathe r  tha n 
groupin g matc h item s a t  th e objec t  leve l  (i.e .  groupin g B , 
L S ,  M A an d O O together) . 

T h e set s wer e modifie d slightly :  i n Centne r  e t  al' s  analog y 
researc h question s o f  th e asymmetr y an d directio n o f 
comparison s wer e clearl y fixed  (al l  comparison s wer e i n 

relatio n t o th e bas e story) .  Extr a feature s ( a varie d mi x o f 
objects ,  attribute s an d relationships )  wer e adde d t o (o r 
remove d from )  th e bas e stor y representation s (Figur e 1 ,  bol d 
face )  whic h di d littl e t o affec t  analogica l  similarit y 
judgements .  I n categorisatio n judgements ,  aspect s suc h a s 
symmetr y an d directionalit y m a y b e m o r e fluid .  A s w e 
predicte d tha t  structur e woul d b e a n importan t  determinan t  o f 
categorica l  similarit y judgements ,  an d notin g tha t  th e 
directionalit y o f  similarit y judgement s canno t  b e fixed  i n 

Stor y I  •  Bas e stor y 
Once ther e wa s i  teache r  name d Mr s Jackso n wh o wante d a  Mlar 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 Mr s 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 ,  Mr s Jackso n use d gasolin e t o se t  fir e t o th e 
principal' s  office . 

Then sh e wen t  t o a  ba r  an d go t  drunk . 

Story 2 • Literal similarity 
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 . 

Story 3 - True Analogy 
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 capui n announce d tha t  h e woul d b e ukin g a  vacatio n i n th e 
mountains .  However ,  h e sai d everyon e els e woul d hav e t o remai n o n 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 . 

Story 4 - Mere appearance: (First order commoruilities) 
Professo r  McGhe e ver y muc h wante d a  raise .  On e da y sh e becam e s o 

unpatien t  tha t  sh e use d kerosen e t o bu m dow n th e administratio n building . 
Afte r  th e fire ,  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  du e t o th e fire ,  ther e wa s no t  enoug h mone y 
t o giv e on e t o anyon e else . 

Story 5 - False Analogy 
McGhee wa s a  sailo r  wh o wante d a  fe w day s o f  vacatio n o n land . 

One da y McGhe e becam e s o impatien t  tha t  h e trie d t o blo w u p th e 
captain' s cabi n usin g dynamite . 

Afte r  thi s incident ,  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 hav e t o 
remain  o n boar d t o repai r  th e ship . 

Story 6 • Mere appearance: (Object commonalilies only) 
A teache r  onc e though t  tha t  sh e deserve d a  pa y rise .  Sh e aske d th e 

principa l  whe n he r  ris e wa s due .  Sh e wa s wearin g he r  bes t  suit .  Th e 
principa l  tol d he r  tha t  rises  wer e decide d b y th e governors . 

Many thank s t o Dedr e Centne r  fo r  providin g th e stor y sets . 

Figur e 1 :  Sampl e storie s fro m Cenmer ,  Ratterma n an d 
Forbu s (1993 )  -  th e tex t  i n bol d typ e illustrate s extr a 

structur e adde d b y Centne r  a t  a l  t o th e bas e storie s only . 
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categorisation ,  w e accordingl y remove d Gentne r  e t  al' s  extr a 
feature s fro m 6 5 % o f  th e stor y set s (G -  sets :  i n these ,  fo r 
example ,  th e bas e /  litera l  similarit y relationshi p wer e 
symmetrical) ,  an d retaine d th e extr a feature s (an d an y 
attendan t  asymmetries )  i n 3 5 % o f  storie s (G + sets) . 

Procedure 

Subject s wer e give n 1 0 mixe d set s o f  6  stories'an d aske d t o 
wori c throug h the m a  se t  a t  a  time .  Bot h set s an d storie s 
wer e presente d i n randomise d order .  Fo r  eac h set ,  the y rea d 
throug h eac h stor y a  numbe r  o f  time s i n orde r  t o familiaris e 
themselve s wit h it s content .  Subject s wer e the n asked  t o 
"Grou p th e storie s int o th e categorie s tha t  seeme d mos t 
natura l  an d appropriat e t o you .  Thes e group s ca n rang e fro m 
puttin g ever y member  o f  th e stor y se t  int o th e sam e group , 
t o puttin g eac h stor y int o a  grou p o n it s own. "  W h e n 
subject s ha d mad e thei r  categorisatio n decisions ,  the y 
physicall y groupe d eac h se t  o f  storie s b y pastin g the m ont o 
a larg e shee t  o f  pape r  an d encirclin g eac h grou p i n ink . 
Subject s wer e the n re-presente d wit h thei r  grouping s a  se t  a t 
a time ,  aske d t o giv e eac h grou p wit h tw o o r  mor e member s 

Classificatio n Criterio n % o f  Tota l 

Systemati c networ k o f  relation s i n common -  Typ e 1 
IBLST A 2FAMA 30 0 

Systemati c networ k o f  relation s i n common -  Typ e 2 
(Bas e classifie d separately ) 
ILST A 2  FAMA 3 B 40 0 

Firs t  orde r  relation s i n common -  Typ e 3 
IBLSTAFAMA 20 0 

Onl y objec t  similaritie s i n common 
IMALSBOO 2FAMA 

IBOO 

No classificatio n 
IBLSMA 

IBT A 

1 B  M A F A 

IBLSTAOO 

IFABTAMA 

2LSMA 

possibl e -  Type s 
2 FAT A 

2FAMA 

2LSTA 

2 F A M A 

2LS 

-  Type s 6  &  7 

3TAFA 

*,  5 ,  8  .  9  1 0 
3.0 0 

3LS 40 0 

300 

79. 5 % 

8 % 

4 % 

5 % 

3. 5 % 

Figur e 2 :  Outpu t  pattern s fro m th e categorisatio n task , 
showin g th e group s forme d an d criteri a established .  Th e 
storie s ar c labelle d accordin g t o Genmer' s taxonom y o f 

similarit y (define d above) :  B  =  Base ;  L S =  Litera l 
Similarity ;  T A =  Tru e Analogy ;  F A =  Fals e Analogy ; 

M A =  Mer e Appearance ;  O O =  Objec t  Onl y match . 

a simpl e descriptiv e name ,  an d the n t o writ e a  fe w sentence s 
explainin g wha t  cause d the m t o classif y eac h name d grou p 
of  storie s together* . 

Results 

For  eac h stor y se t  th e group s forme d b y eac h subject' s 
classification s wer e analysed .  Th e patter n o f  grouping s 
whic h emerge d fel l  broadl y int o 5  type s (figur e 2) . 
Similaritie s acros s grouping s (i.e .  similarit y share d b y ever y 
member  o f  a  tw o o r  mor e member  grou p acros s a  categorise d 
stor y set )  accordin g t o Gentne r  e t  al' s  taxonom y o f 
similaritie s coul d b e identifie d i n 9 6 . 5 % o f  groupings .  O f 
these ,  i n 5 % o f  case s th e storie s wer e groupe d accordin g t o 
type s 6  an d 7 .  Th e onl y similaritie s acros s grouping s i n 
thes e type s ar e tha t  th e storie s i n th e individua l  group s ha d 
onl y object s i n c o m m o n .  I n 4 % th e storie s wer e classifie d 
accordin g t o typ e 3 ,  wher e th e acros s groupin g similarit y 
was share d first  orde r  relations .  I n 79 .5 % o f  case s subject s 
groupe d usin g typ e I .  Her e th e onl y similarit y acros s 
grouping s wa s a  networ k o f  systemati c causa l  relations .  Th e 
ful l  outpu t  an d incidenc e o f  th e type s i s give n i n Tabl e 1 . 

1 stor y Se t  Typ e | 
Groupin g 
T y p e 
Type I 
Type 2 
Othe r 

G+ 
68 % 
20 % 
12% 

G-
86.5 % 
0.5 % 
13% 

% o f  tote d 
79.5 % 
8?o 
12.5 % 

Figur e 3 :  Classificatio n strategie s accordin g t o se t  type . 

8% of groupings were according to type 2, where the base 
was pu t  int o a  categor y o n it s own ,  wit h th e onl y similarit y 
acros s othe r  grouping s bein g share d structure .  Thi s typ e wa s 
onl y found  onc e amongs t  thos e set s fro m whic h Gentne r  e t 
al' s  extr a feature s ha d bee n remove d (0.5 % o f  G -  sets ;  figure 
3) .  Th e G + sets ,  thos e wit h adde d feature s i n th e base ,  wer e 
set s 5 ;  7 ;  10 ;  12 ;  15 ;  17 ;  an d 20 .  O f  these :  i n se t  5  an d se t 
2 0 th e extr a feature s involve d highe r  orde r  relations ;  i n set s 
7 10,1 5 the y involve d first  orde r  relations ;  an d i n set s 1 2 1 7 
th e extr a feature s wer e objects .  2 0 % o f  thes e set s wer e 
classifie d a s typ e 2 ,  wit h th e bul k o f  thes e classification s 
bein g i n th e set s wit h extr a highe r  orde r  relation s (figur e 4) . 

Type l 
Typ e 2 
Typ e 3 
Type s 6  &  7 
Type s 4 ,  5 , 
8,  9  &  1 0 
Total s 

Higher-orde r 
relation s 

Set s 
5 2 0 
7 2 
9 2 
1 1 
2 

19 5 

Object s 
onl y 
Set s 

12 
7 

17 
7 

1 

8 7 

1st  orde r 
relation s 

Set s 
7 1 0 I S 
11 9  5 
2 
1 2 

1 

14 1 1 6 

Figur e 4 :  Classificatio n dat a fo r  th e G + sets . 

'Give n th e sampl e size ,  w e concentrate d o n set s 1  10 ;  set s 
11 2 0 wer e use d t o a  mor e limite d exten t  t o chec k fo r  an y 
marke d variation s i n th e dat a bein g produced . 

*Thi s dat a i s  currentl y bein g analysed ,  an d wil l  no t  b e 
considere d here . 
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stor y Set s 

Subject s 

1 
A 
B 3 
C 1 
D 1 
E 1 
F 4 
G 
H 5 
I  1 

J 1 
K 
L 7 
M 1 
N 1 
O 
P 6 

Q 
R 1 
S 1 
T 

2 3 

3 1 

10 1 

4 5 + 
1 

1 2 
1 2 
1 2 
1 2 
1 2 

6 
1 2 
1 1 

8 

1 2 
1 1 
1 5 

1 
1 1 

2 
1 1 
1 1 

3 

6 
1 
1 

1 

1 
1 
7 

1 

1 
1 
2 
1 

1 
1 
1 
7 

7+ 

2 

2 

3 

1 
1 

8 
1 
1 
1 

1 

1 

1 
1 
1 

1 

1 
1 
1 
9 

9 
1 
1 
1 

1 

1 

1 
1 
1 

1 

1 
1 
1 
1 

10+ 1 1 

1 
1 
1 

3 

1 
1 

1 

1 
1 
1 
3 

1 

1 

1 
1 
1 

1 
1 

7 

12+ 1 3 

1 

1 

1 

1 

1 

2 

7 

14 
1 

6 

1 

1 

1 

15+ 1 6 

1 

1 

1 

1 

1 

7 

1 

7 

17 + 1 8 

1 

1 

1 

5 
1 

1 

1 
1 

1 

1 

19 

1 

1 
1 

1 
1 

20+ 

2 

1 
2 

1 

3 

Tabl e 1 :  Outpu t  incidenc e o f  subjec t  groupings .  Eac h subjec t  wa s give n 1 0 stor y set s (eac h ro w represent s on e subject) :  th e 
typ e o f  groupin g i s indicate d b y th e typ e numbe r  i n th e stor y se t  colum n (se e als o figur e 2) . 

Subjec t  T  produce d som e rathe r  strang e results :  thi s wa s explaine d b y examinin g th e reason s T  gav e fo r  he r  groupings ,  i 
whic h sh e explaine d tha t  sh e wa s explorin g a  differen t  heuristi c fo r  eac h stor y set . 

m 

D i s c u s s i o n 

O ur  stud y explore d th e hypothesi s tha t  mechanism s 
nonnall y considere d t o b e analogica l  coul d i n fac t  suppor t 
categorisatio n tasks .  Th e mos t  importan t  finding  her e i s th e 
rol e tha t  share d structur e play s i n categorisatio n judgements . 
7 9 . 5 % o f  th e grouping s forme d b y ou r  subject s ha d onl y 
share d systemati c structur e (traditionall y define d a s analogy ) 
as a  c o m m o n featur e amongs t  member s o f  th e categorie s 
formed .  I n contrast ,  onl y 5 % o f  grouping s produce d ha d 
c o m m on objec t  description s a s th e c o m m o n similarit y 
acros s categories .  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 an d 
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) . 

Th e argumen t  fo r  abandonin g th e curren t  d e fact o 
distinctio n betwee n categorica l  an d analogica l  association s o f 
object s i s  twofold :  firstly,  tha t  th e standar d distinction s 
(Clemen t  an d Centner ,  1991 ;  Holyoa k an d Thagard ,  1995 ) 
betwee n analog y an d categorisatio n actuall y faile d t o 
distinguis h betwee n them ;  an d secondly ,  tha t  b y removin g 
th e distinction ,  understandin g o f  th e factor s whic h gover n 
mapping s betwee n representation s tha t  hav e bee n gleane d 

fro m analog y researc h migh t  hel p illuminat e categorisatio n 
question s (Ramscar ,  Le e an d Pain ,  i n press) .  Ou r  result s 
provid e evidenc e tha t  structures ,  an d mor e pertinentl y 
Centner' s structura l  systematicity ,  rathe r  tha n features ,  ar e 
th e ke y t o categorica l  similarit y i n thi s instance :  thi s tallie s 
wit h othe r  evidence ,  suc h a s Rip s (1989 )  w h o foun d tha t 
subject s wer e reluctan t  t o chang e classification s a s a  resul t 
of  featur e change s alone . 

Our  argumen t  i s supporte d no t  onl y b y th e proportio n o f 
categorisation s tha t  wer e determine d b y commonalitie s 
betwee n interna l  structure s i n th e stories ,  bu t  als o b y th e 
effect s o f  adde d structur e i n th e G + set s wher e th e adde d 
structur e wa s a  higher-orde r  structure .  Thes e migh t  a t  first 
appea r  t o presen t  a  proble m fo r  ou r  attemp t  t o us e a 
structur e mappin g analysi s t o mode l  thes e categorisatio n 
judgements .  I n thes e cases .  Centner' s bas e storie s wer e pu t 
int o separat e categorie s fro m storie s t o whic h the y wer e 
suppose d t o b e literall y similar ,  whic h wer e i n tur n 
categorise d alongsid e thei r  suppose d analogue s (bot h o f 
whic h wer e supfwse d t o shar e structure s wit h th e base) . 

Thes e result s ca n b e attribute d t o th e effect s o f 
directionalit y an d symmetr y upo n similarit y judgements . 
Whils t  Centner ,  Ratterma n an d Forbu s (1993 )  foun d tha t 
subject s judge d literall y simila r  (LS )  storie s t o b e ver y 
simila r  t o bases ,  an d analogue s les s so ,  the y di d no t  conside r 
th e effec t  o f  reversin g th e directionalit y an d symmetr y o f  th e 
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comparisons ,  fo r  exampl e comparin g th e bas e an d analogu e 
storie s similarit y t o th e LS .  Neithe r  di d the y conside r  th e 
judgin g o f  cumulativ e similarity ,  wher e dissimilaritie s ar e 
als o take n int o account .  Durin g thi s process ,  th e structura l 
dissimilaritie s o f  th e bas e versu s th e L S an d analogu e appea r 
fro m ou r  result s t o b e clearl y relevant ,  wherea s th e objec t 
difference s o f  th e analogu e versu s th e L S an d bas e d o not . 
Thi s maximisatio n o f  importan t  similaritie s (i.e .  structur e 
matches )  relativ e t o lesse r  dissimilaritie s (i.e .  objec t 
matches )  amongs t  grouping s appear s t o pla y a  crucia l  rol e i n 
categorisatio n i n thi s study .  Whils t  i t  migh t  b e argue d tha t 
al l  w e hav e show n her e i s tha t  subject s wil l  for m categorie s 
of  analogies ,  suc h a n interpretatio n (i n s o fa r  a s w e ca n 
make sens e o f  it )  doe s no t  affec t  ou r  argumen t  tha t  i t  i s 
structur e tha t  determine s th e conten t  o f  thes e categories . 

Al l  o f  thi s strengthen s ou r  dubiet y wit h respec t  t o th e 
separatio n o f  analog y fro m categorisation .  W e shoul d note , 
however ,  tha t  assertin g tha t  analog y canno t  b e distinguishe d 
fro m categorisatio n a t  a  cognitiv e leve l  i s  no t  th e sam e 
thin g a s arguin g tha t  analog y i s th e sam e thin g a s 
categorisation .  Categorisatio n i s  suc h a  centra l  cognitiv e 
proces s tha t  i t  i s  har d t o se e ho w i t  can  b e reduce d t o a 
singl e proces s (c.f .  Goldstone ,  1994) .  I t  ma y wel l  b e tha t 
any give n manifes t  reasonin g proces s -  suc h a s rul e 
followin g o r  metapho r  -  migh t  b e abl e t o illuminat e som e 
aspec t  o f  categorisation :  i.e .  ca n provid e th e constraint s 
necessar y t o determinin g certai n categorica l  similarities .  W e 
argu e tha t  th e analogica l  proces s canno t  b e distinguishe d 
fro m th e 'categorisatio n process '  a t  a  cognitiv e level .  Ou r 
hypothesi s i s  tha t  analog y i s  supervenien t  upo n a n 
importan t  par t  o f  th e classificatio n process ,  an d tha t  a s suc h 
analog y researc h i s  capabl e o f  illuminating ^  som e 
categorisatio n tasks ,  fo r  instance ,  th e wa y i n whic h 
sUTictura l  systematicit y ca n determin e bot h analogica l  an d 
categor y judgements . 
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F̂or  example ,  on e proble m face d b y al l  cognitiv e theorie s o f 
categorisatio n i s  explainin g typicalit y effect s (e.g .  Rosch , 
1978) ;  ho w the y occur ,  o r  even ,  ho w th e existenc e o f  typicalit y 
effect s ca n b e accommodate d b y a  give n model .  Centne r  e t  a l 
(1993 )  hav e show n ho w differin g aspect s o f  similarit y 
structura l  versu s surfac e affec t  recall ,  soundnes s rating s an d 
judgement s o f  similarity .  B y showin g tha t  judgement s o f 
categorica l  similarit y an d th e recal l  o f  categor y member s ca n b e 
relian t  upo n differen t  representationa l  feature s (surfac e 
attribute s fo r  recall ,  structura l  systematicit y fo r  similarit y an d 
typicality) ,  w e migh t  b e abl e t o begi n t o presen t  a  mode l  o f  th e 
categorisatio n proces s whic h ca n explai n an d accoun t  fo r  a t 
leas t  som e typicalit y effects . 
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