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A n a l o g y A s A  Sub-Proces s O f  Categorisatio n 

Sara h Darrington ,  Tob y Lingstad t  an d Michae l  Ramscar ^ 
(sarand ,  tobyl ,  inichael@aisb.ed.ac.uk ) 

Departmen t  o f  Artificia l  Intelligence ,  Universit y o f  Edinburgh , 

8 0 Sout h Bridge ,  Edinburg h E H l  I H N ,  Scotlan d 

Abs t rac t 

Analog y ha s traditionall y bee n define d i n term s o f  a 
contras t  definition :  analogie s represen t  connection s 
betwee n thing s whic h ar e distinc t  fro m th e 'normal ' 
connection s determine d b y ou r  'ordinary '  concept s an d 
categories .  I n thi s pape r  w e presen t  empirica l  evidenc e 
which ,  whe n adde d t o othe r  findings,  support s ou r  argumen t 
tha t  i n th e ligh t  o f  curren t  knowledge ,  th e distinctio n 
betwee n th e tw o i s base d mor e o n folk-psycholog y tha n o n 
empiricall y base d theory . 

Researc h int o analog y i s  however ,  distinc t  fro m 
researc h int o categorisatio n whe n i t  come s t o th e richnes s 
of  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 
and Law ,  1995 ;  Holyoa k an d Thagard .  1995) :  th e sam e 
canno t  b e sai d o f  categorisation .  O n th e othe r  hand ,  thes e 
analogica l  proces s model s mak e a  numbe r  o f  explici t  an d 
implici t  assumption s regardin g a n 'extemal '  categorica l 
process .  Whils t  treatin g thes e processe s a s separat e ha s 
been usefu l  i n constrainin g th e scop e o f  cognitiv e 
investigations ,  w e argu e tha t  i t  ultimatel y confuse s th e 
relationshi p betwee n analog y an d categorisatio n an d i s 
hamperin g th e progres s toward s furthe r  understandin g o f 
both . 

Introduction 

The belie f  tha t  analog y an d categorisatio n ar e distinc t  an d 
separabl e cognitiv e processe s ha s widesprea d appeal .  I n ou r 
ordinar y live s w e unquestioningl y accep t  a n ontolog y tha t 
distinguishe s betwee n literalit y sayin g wha t  somethin g 
'really '  i s -  an d analogie s an d metaphors ,  which ,  howeve r 
informativ e the y m a y be ,  ar e nevertheles s no t  considere d t o 
be rea l  statement s abou t  th e world .  W e 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 
collapse" ,  bu t  fro m ou r  everyda y viewpoints ,  a n iglo o an d a 
castl e an d a  skyscrape r  reall y ar e simila r  i n a  wa y tha t 
similaritie s betwee n building s an d theorie s ar e not ;  w e ca n 
tal k o f  someone' s fox y cunnin g withou t  reall y meanin g t o 
directl y equat e th e cognitio n o f  fo x an d huma n cunning . 
Frenc h (1995 )  describe s a n experienc e o f  suggestin g t o a n 
academi c audienc e tha t  a n upturne d orange-crate ,  whe n 
covere d wit h a  clot h an d lai d ou t  wit h a  picnic ,  migh t  reall y 
be describe d a s a  table .  Thi s me t  wit h th e swif t  response , 
"A n orang e crat e i s a n orang e crat e i s a n orang e crate. "  Th e 

'  Thi s orderin g i s  alphabetical :  th e author s al l  contribute d 
full y t o th e experimen t  an d th e compositio n o f  thi s paper . 

attachmen t  t o pre-theoretica l  intuition s i s a  stron g one ,  eve n 

amongs t  thos e w h o see k t o explor e them . 
Researc h int o categorisation ,  analog y an d metapho r  ha s 

accepte d thi s realism ,  a s indee d fo r  a  larg e par t  ha s cognitiv e 
scienc e i n general .  Holyoa k an d Thagar d (1995 )  describ e a 
worl d i n whic h "w e thin k w e se e thing s a s the y reall y are" , 
and analog y i s  use d 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 . 

Ramscar  an d Pai n (1996 )  questione d th e basi s o f  thes e 
everyda y distinction s i n theor y b y queryin g th e formulation s 
tha t  ar e offere d i n thei r  defence .  Analog y an d metapho r  ar e 
define d i n conti-as t  t o "categories '  -  Holyoa k an d Thagar d 
(1995 )  describ e analog y an d metapho r  a s somethin g tiiat 
"connect s tw o domain s i n a  w a y tha t  goe s beyon d ou r 
norma l  categor y structure "  (p p 217 )  -  a  definitio n tha t  doe s 
nothin g definit e b y w a y o f  definin g w h e n w e conside r  th e 
accoun t  tha t  ca n b e provide d o f  wha t  constitute s a  "norma l 
categor y structure '  (c.f .  Komatsu ,  1992) . 

Empirica l  evidenc e wa s introduce d t o suppor t  thi s disput e 
regardin g curren t  definitions :  Ramsca r  an d Pai n examine d 
whethe r  analog y coul d b e distinguishe d firo m categorisatio n 
by contrastin g th e tw o processes .  The y presente d 
participant s wit h Centner ,  Ratterma n an d Forbus '  (1993 ) 
classi c analog y material s (th e 'Karl a th e H a w k '  stories )  an d 
aske d 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 
mappin g theor y (se e belo w fo r  a  ful l  account) ,  Ramsca r  an d 
Pai n hypothesise d tha t  assumin g tha t  th e "analogical ' 
proces s wa s no t  distinc t  fro m th e basi c categorisatio n 
process ,  structur e mappin g woul d determin e categorisation . 

Centne r  e t  a l  assume d tha t  matc h item s wit h onl y 
structura l  similaritie s (i.e .  analogues )  shoul d b e considere d 
as belongin g t o differen t  categories .  Ramsca r  an d Pai n 
predicte d tha t  the y woul d b e categorise d together .  The y foun d 
tha t  7 9 . 5 % o f  th e grouping s forme d b y participant s i n thei r 
stud y 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 
of  th e categorie s formed .  I n contrast ,  onl y 5 % o f  grouping s 
produce d ha d c o m m o n objec t  description s a s th e c o m m o n 
similarit y acros s categorie s (i.e .  th e attribut e matche s ofte n 
though t  t o b e determinat e o f  categorisation) .  T o th e 7 9 . 5 % 
of  structura l  congruit y grouping s coul d b e adde d a  furthe r  8 % 
of  classification s wher e structura l  addition s t o otherwis e 
structurall y congruen t  representation s cause d the m t o b e 
classe d singularly .  Ramsca r  an d Pai n conclude d tha t  tha t 
mechanism s normall y considere d t o b e analogica l 
specificall y th e preferenc e fo r  mappin g systematicall y 
simila r  structure s -  coul d als o i n fac t  suppor t  categorisatio n 
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tasks ,  an d tha t  i n thei r  stud y n o discernibl e differenc e coul d 

be foun d betwee n analogica l  an d categorica l  behaviour . 
Ramscar  an d Pain' s stud y ca n b e adde d t o othe r  theoretica l 

and empirica l  evidenc e whic h cast s doub t  o n a  two-proces s 
accoun t  o f  litera l  (categorical )  versu s non-litera l  (analogica l 
or  metaphorical )  reasoning ,  suc h a s Hoffma n an d Kemper' s 
(1987 )  revie w o f  a  numbe r  o f  reacdo n tim e studie s whic h 
als o convincingl y demonstrate s th e paucit y o f  th e evidenc e 
fo r  th e widel y hel d belie f  tha t  litera l  (intra-categorical ) 
meaning s ar e processe d faste r  tha n metaphorica l  (inter -
categorical )  meaning s (a s wel l  a s th e considerabl e evidenc e 
fo r  th e opposit e effect ;  se e als o Recanati ,  1995) . 

Despit e th e weigh t  o f  evidenc e contr a th e two-proces s 
accoun t  -  an d th e concomitan t  lac k o f  evidenc e fo r  i t 
suggestion s whic h violat e th e tw o processes-accoun t  stil l 
ten d t o mee t  wit h som e incredulit y (c.f .  French ,  1995 , 
above) .  Th e belie f  tha t  a n orang e crat e i s a n orang e crat e i s 
an orang e crat e hold s grea t  sway .  Indeed ,  suc h i s th e two -
proces s account' s entrenchmen t  i n ordinary ,  pre-theoretica l 
understanding s o f  th e worl d tha t  a  mor e tha n usua l  quantit y 
of  counter-evidenc e seem s t o b e require d simpl y fo r  th e two -
proces s accoun t  t o b e subjecte d t o th e usua l  standard s o f 
scientifi c  an d theoretica l  justification .  And ,  whils t  Ramsca r 
and Pain' s (1996 )  stud y migh t  appl y t o classifyin g storie s 
thei r  stud y provide s littl e evidenc e tha t  thi s classificatio n o f 
storie s ca n b e generalise d t o othe r  categorisado n behaviour . 

Structural systematicity and 'normal' categories 

Th e followin g experimen t  wa s designe d t o offe r  mor e 
evidenc e fo r  Ramsca r  an d Pain' s (1996 )  clai m tha t  a  sub -
proces s rathe r  tha n two-proces s vie w shoul d b e take n o f  th e 
relationshi p betwee n analog y an d categorisatio n (an d thu s 
add furthe r  suppor t  t o Medin ,  Goldston e an d Centner' s 
(1993 )  contentio n tha t  structure-mappin g m a y pla y a n 
importan t  par t  i n categorisation) .  Th e Ramsca r  an d Pai n 
stud y utilise d th e 'Karl a th e H a w k '  stor y set s (Centne r  a t  al , 
1993) .  Thes e wer e designe d a s material s fo r  studyin g 
analogy ,  an d comprise d a  numbe r  o f  scenarios ,  typicall y 
episodi c stories ,  wit h a  controlle d varianc e o f  relation s 
betwee n th e narrativ e feature s o f  eac h stor y se t  member .  I n 
orde r  t o demonstrat e th e generalisabilit y  o f  Ramsca r  an d 
Pain' s findings ,  w e designe d a  ne w se t  o f  materials ,  base d o n 
th e 'Karl a th e H a w k '  sets ,  bu t  whic h rathe r  tha n bein g 
stories ,  wer e set s o f  descripdon s o f  nove l  object s (again , 
wit h a  controlle d varianc e o f  relation s betwee n th e narrativ e 
feature s o f  eac h se t  m e m b e r ;  se e Figur e 1) . 

T h e principl e reasonin g behin d thi s i s su-aightforward : 
typica l  'natural '  categorie s -  th e kin d o f  categorie s foun d an d 
use d i n h u m a n societie s -  ten d t o concer n object s -  an d other , 
mor e regula r  'thing s i n th e world '  -  rathe r  tha n storie s 
(Rosch ,  1978) .  Classifyin g object s i s mor e aki n t o ordinar y 
categorisatio n tha n classifyin g storie s (thoug h a  se t  o f 
description s o f  "rituals '  wa s als o include d t o reflec t  th e fac t 
ordinar y categorie s reflec t  a  goo d dea l  mor e tha n jus t 
physica l  regularities) .  Thus ,  th e resultin g objec t  description s 
fel l  neatl y an d clearl y int o 'normal '  categorie s (Figur e 2) . 

Ramscar  an d Pai n showe d tha t  share d structura l 
systematicit y (Centner ,  1983 ;  se e below )  -  typicall y define d 
as analog y -  wa s th e ke y determinan t  i n participants ' 
categorisin g i n thei r  study .  I n th e ligh t  o f  thi s finding ,  w e 

hypothesise d tha t  becaus e structura l  commonalitie s i n th e 

objec t  descriptio n set s ra n acros s th e 'normal '  categorie s 
embodie d i n th e set' s objec t  descriptions ,  thes e "normal ' 

categor y boundarie s woul d b e ignore d a s participant s 
categorise d object s accordin g t o share d structure . 

B a s e 
A Karl a i s a  nove l  typ e o f  cookin g pot ,  use d b y th e 

Timun i  i n Alnata . 
Th e structur e o f  th e Karl a i s designe d i n orde r  t o reduc e th e 

heat  inside ,  an d therefor e prevent s th e foo d gettin g burne d i n 
th e scorchin g cookin g fires. 

Wate r  i s poure d int o a  laye r  o f  th e Karl a durin g cooking , 
whic h cool s th e food . 

Literal Similarity 
Th e Valkr i  i s  a  specia l  kin d o f  fryin g pan ,  use d b y th e 

Jalpen i  i n Frodon . 
Th e Valkr i  i s  create d i n suc h a  wa y a s t o b e abl e t o reduce 

heat ,  thereb y preventin g mea t  bein g gettin g burne d whe n 
usin g th e extrem e temperature s o f  th e cookin g fires. 

A liqui d i s poure d int o th e layer s o f  th e fryin g pa n whe n 
cooking ,  whic h cool s th e temperatur e o f  th e meat . 

Structural Similarity Only 
Th e V u b u i s a  specia l  wal l  buil t  b y th e Jaka r  tribesme n i n 

Frodon . 
Th e V u b u i s buil t  i n suc h a  wa y a s t o b e abl e t o reduc e 

th e hea t  withi n it ,  thereb y preventin g th e Jaka r  from 
sweatin g to o m u c h i n th e extrem e temperature s o f  th e 
midda y sun . 

A liqui d i s pumpe d throug h th e Vubu ,  whic h cool s th e 
ston e an d therefor e prevent s th e Jaka r  withi n th e wall s from 
gettin g to o hot . 

Mere Appearance 
Th e peopl e o f  Frodo n us e a  specia l  typ e o f  frying  pan , 

know n a s th e Valkri . 
Th e Valkr i  i s  designe d i n orde r  t o allo w i t  t o b e handle d 

by children ,  a s thi s ca n b e difficult . 
It s handl e i s designe d wit h a  specia l  U-shape ,  whic h 

enable s i t  t o b e hel d b y peopl e wit h smal l  hands . 

Structurally Similar to MA 
Th e Jaka r  tribesme n o f  Frodo n hav e buil t  a  specia l  wal l 

k n o w n a s th e Vubu . 
Th e Vubu' s ston e gate s ca n b e opene d b y elderl y people , 

despit e thei r  heav y weight . 
Handle s se t  i n th e wal l  incorporat e springs ,  whic h allo w 

weake r  peopl e t o ope n th e gates . 

Objects Only 
A ne w typ e o f  cookin g pot ,  calle d th e Karla ,  i s  use d b y 

th e peopl e o f  Alnata .  Karla s ca n b e purchase d i n a  rang e o f 
colours .  Foo d cooke d i n a  Karl a taste s great . 

Figur e 1  Exampl e o f  a n objec t  descriptio n se t  use d i n th e 
study . 
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1 Se t 
Objec t  Set s 

SET 1 

SET 2 

SET 3 

SET 4 

SET 5 

SET 6 

SET 7 

SET 8 

B 

plan t 

countr y rule r 

boar d gam e 

anima l 

cookin g utensi l 

anima l 

chan t 

foo d 

L S 

plan t 

countr y rule r 

boar d gam e 

anima l 

cookin g utensi l 

anima l 

chan t 

foo d 

M e m b er  Descr i 

SSO 
trib e 

leadin g anima l 

field  gam e 

trib e 

wal l 

pries t 

game 

drin k 

ptio n 1 

MA 

plan t 

countr y rule r 

boar d gam e 

anima l 

cookin g utensi l 

anima l 

chan t 

foo d 

SMAO 
trib e 

leadin g anima l 

field  gam e 

trib e 

wal l 

pries t 

game 

drin k 

OO 
plan t 

countr y rule r 

boar d gam e 

anima l 

cookin g utensi l 

anima l 

chan t 

foo d 

Centner' s structur e m a p p i n g theor y o f  similarit y 

Centner' s (1983 ;  Falkenhainer ,  Forbu s an d Centner ,  1989 ) 
Structur e Mappin g Theor y ( S M T )  i s  wel l  known ,  an d w e 
includ e onl y a  brie f  accoun t  o f  th e mos t  salien t  aspect s here . 

S MT propose s tha t  th e mappin g an d inferenc e betwee n 
tw o representation 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  predicate-lik e representatio n 
distinguishin g betwee n objects ,  object-attribute s an 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 .  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 object s 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  orders . 

The theor y itsel f  comprise s tw o parts :  mappin g rule s an d 
th e systematlcit 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 systematlcit y principl e 
require s tha t  highe r  orde r  relation s ar e mappe d preferentially , 
followe d b y th e relation s tha t  constitut e th e highe r  orde r 
arguments .  Ramsca r  an d Pai n (1996 )  showe d tha t 
participants '  classificatio n o f  storie s coul d b e predicte d an d 
explaine d accordin g t o S M T . 

The Experiment 

Participants 

20 volunteer s participate d i n thi s experiment .  Th e 
participant s wer e a  mixtur e o f  Artificia l  Intelligenc e an d 
Psycholog y student s fro m th e Universit y o f  Edinburgh . 

Materials 

The basi c material s use d fo r  thi s stud y wer e 8  set s o f  'Karl a 
th e Pot '  nove l  objec t  description s (se e Figur e 1  fo r 
examples) .  Thes e wer e description s o f  object s create d t o 
replicat e th e framework  use d b y Centner ,  Ratterma n an d 
Forbu s (1993 )  i n th e creatio n o f  th e "Karl a th e Hawk " 
stories . 

As wit h th e material s use d b y Centne r  e t  al ,  th e followin g 
taxonom y o f  similarit y relationship s betwee n th e objec t 
description s wa s defined : 

"Litera l  similarity "  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  attributes ; 

-  "Surfac e matches "  ar e base d upo n c o m m o n objec t 
attributes ,  plu s som e first  orde r  relations ; 

"Structura l  similarity "  matche s ar e base d upo n a 
c o m m on syste m o f  interna l  relations ; 

-  "Firs t  order "  matche s onl y hav e first  orde r  relation s a s a 
c o m m on feature ; 

-  "Objec t  only "  matche s onl y hav e objec t  matche s i n 
c o m m on betwee n th e objec t  descriptions . 

Eac h o f  ou r  set s consist s o f  a  bas e (B) ,  a  literall y simila r 
objec t  descriptio n (LS) ,  a n objec t  descriptio n tha t  share d di e 
same structur e a s th e base ,  bu t  n o objec t  attribute s (SSO) ,  a 
mere-appearanc e objec t  description ,  wit h surfac e an d first 
orde r  commonalitie s wit h th e bas e ( M A ) ,  a n objec t 
descriptio n whic h share d structur e wit h th e M A ,  an d objec t 
attribute s wit h th e S S O ( S M A O ) ,  an d a n objec t  onl y matc h 
objec t  description ,  wit h onl y surfac e attribut e commonalitie s 
wit h th e bas e (00) .  Thi s allowe d fo r  a  numbe r  o f  potentia l 
grouping s t o b e formed ,  accordin g t o th e classificatio n 
strateg y participant s adopted . 

We predicte d tha t  despit e th e fac t  tha t  w e wer e usin g nove l 
objec t  description s whic h embodie d existin g categorie s rathe r 
tha n Centne r  e t  al' s  relativel y 'category-neutral '  stories , 
participant s woul d agai n 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 sam e categorie s (i.e .  B ,  L S an d S S O 
together) ,  rathe r  tha n groupin g matc h item s a t  th e objec t 
leve l  (i.e .  groupin g B ,  LS ,  M A an d 0 0 together ;  whic h als o 
equate d t o existin g categor y membership ;  se e figure  2) . 

Procedure 

Each participan t  wa s presente d wit h eigh t  envelopes ,  eac h 
containin g a  differen t  se t  o f  si x  nove l  objec t  descriptions , 
and wa s aske d t o wor k throug h the m on e se t  a t  a  time .  Set s 
wer e presente d i n rando m order ,  a s wer e th e objec t 
description s withi n them . 

Participant s wer e instructe d t o rea d throug h th e objec t 
description s withi n a  se t  severa l  times ,  unti l  the y fel t 
familia r  wit h thei r  contents .  The y wer e the n aske d t o pu t  th e 
object s togethe r  int o groups ,  groupin g th e thing s tha t  fitted 
most  naturall y togethe r  i n thei r  judgement .  Crouping s coul d 
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rang e fro m puttin g al l  description s int o th e sam e grou p t o 
havin g the m al l  i n separat e group s a s wel l  a s al l  variation s 

i n between . 

W h en th e categorisatio n decision s ha d bee n decide d on ,  th e 
participan t  paste d the m ont o a  larg e shee t  o f  blan k pape r  an d 
the n circle d eac h groupin g usin g a  marke r  pen . 

Once al l  eigh t  set s ha d bee n divide d int o group s usin g thi s 

procedure ,  participant s wer e re-presente d wit h thei r 
grouping s a  se t  a t  a  time ,  an d wer e aske d t o giv e an y grou p 
containin g tw o o r  mor e member s a  simpl e descriptiv e name . 

(Participant s wer e als o aske d t o writ e a  fe w sentence s 
explainin g wha t  ha d le d the m t o classif y eac h name d grou p 
of  description s together ,  thoug h thi s dat a wil l  no t  b e 
analyse d here) . 

Th e experimen t  too k aroun d a n hou r  t o complete . 

Results 

For  ever y objec t  descriptio n set ,  th e group s forme d b y eac h 
participant' s classification s wer e analyse d (wit h th e result s 
displaye d i n Tabl e 1) .  Grouping s whic h emerge d fel l  int o a 
number  o f  broa d pattern s .  Thes e classificatio n type s ar c 
liste d i n Tabl e 2 ,  below .  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 objec t  descriptio n set )  whic h 
coul d b e identifie d accordin g t o Centne r  e t  al' s  taxonom y 
wer e foun d i n 8 0 % o f  grouping s (i n Type s 1 ,  3 ,  4 ,  5  an d 6) . 

The mos t  c o m m o n groupin g patter n use d wa s o f  Typ e 1 
(group s divide d into :  1 .  B-LS-SSO :  2 .  S M A O - M A:  3 .  0 0 , 
usin g a  networ k o f  systemati c causa l  relations) ,  whic h 
accounte d fo r  7 0 % o f  al l  classifie d objec t  descriptio n sets . 

The nex t  larges t  grouping ,  comprisin g 5 % o f  th e tota l 
was o f  Typ e 6 .  Thes e set s wer e groupe d usin g a  largel y 
strucmra l  criterio n whic h resulte d i n th e sam e groupin g 
patter n a s fo r  Typ e 1  wit h th e exceptio n o f  th e S S O objec t 
descriptio n whic h wa s groupe d o n it s own ,  eve n thoug h M A 
and S M A O wer e stil l  groupe d together . 

Grouping s whic h occurre d du e t o participant s usin g 
c o m m on firs t  orde r  relation s (thos e o f  Typ e 3 )  occurre d i n 
1.9 % o f  cases . 

Objec t  descriptio n set s wer e groupe d accordin g t o Type s 4 
and 5  i n 3.1 % o f  cases .  Th e onl y similarit y acros s 
grouping s o f  thes e type s i s tha t  th e objec t  description s i n 
eac h grou p ha d onl y object s i n common . 

Othe r  grouping s wort h mentionin g wer e Type s 7  an d 8 ,  i n 
whic h th e structure d objec t  description s wer e groupe d 
accordin g t o a  determinabl e pattern ,  (structur e fo r  Typ e 7 , 
4.4% )  an d objec t  attribute s (Typ e 8 ,  1.9%) .  bu t  th e O O 
description s wer e assigne d accordin g t o feamre s i n Typ e 7 
(wher e w e woul d expec t  a  separat e grouping) ,  an d groupe d 
separatel y i n Typ e 8  (groupe d wit h description s containin g 
simila r  objec t  attribute s expected) . 

Onl y 0.6 % (on e occurrence )  o f  grouping s wer e o f  Typ e 2 , 
wher e th e bas e wa s pu t  int o a  categor y o f  it s  own ,  wit h 
share d structur e bein g th e onl y similarit y acros s groupings . 

I n 11.2 % o f  grouping s i t  wa s impossibl e t o determin e a n 
overal l  criterio n fo r  determinin g th e patter n produced ;  eac h o f 
thes e grouping s ha d onl y a  singl e occurrence . 
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Tabl e 1 :  Result s fo r  groupin g patterns .  Eac h participan t 
was give n 8  set s o f  objec t  description s (eac h ro w represent s 
one participant ;  eac h colum n a n objec t  descriptio n set) :  th e 

typ e o f  groupin g i s indicate d b y th e typ e numbe r  i n th e 
objec t  descriptio n se t  colum n (se e als o Tabl e 2) . 

Discussio n 

Thi s stud y furthe r  examine d th e hypothesi s pu t  forwar d b y 
Ramscar  an d Pai n (1996 )  tha t  categorisatio n judgement s i n 
humans ca n b e determine d mor e b y share d structura l 
systematicit y tha n b y share d objec t  attribute s (surfac e 
features )  betwee n th e objects /  things /  ritual s t o b e classified . 
The result s sho w considerabl e evidenc e t o suppor t  thi s 
hypothesis :  7 0 % o f  th e grouping s wer e mad e i n thi s wa y 
(ha d participant s groupe d randomly ,  mathematica l 
combinatoric s yiel d 21 3 possibl e grouping s o f  th e 
materials) .  I n a  furthe r  1 0 % o f  grouping s (Type s 2 ,  6  an d 7) , 
share d structur e wa s clearl y th e criterio n determinin g th e 
participants '  overal l  groupings ,  althoug h a  singl e objec t 
descriptio n wa s classifie d unaccountabl y (usuall y  singly) . 

An interestin g effec t  fro m th e Ramsca r  an d Pai n stud y tha t 
intentionall y -  wa s no t  replicate d i n thi s experiment ,  wa s 

th e productio n o f  a  larg e numbe r  o f  Typ e 2  groupings .  I n 
thei r  experiment ,  Ramsca r  an d Pai n lef t  a n extr a structur e 
(inserte d b y Centne r  e t  a l  a s par t  o f  thei r  analog y study )  i n a 
subse t  o f  th e bas e storie s presente d t o participants .  Thes e 
bas e storie s wit h extr a structur e the n tende d t o b e groupe d 
singularl y (se e Typ e 2  i n Tabl e 2 ,  below) .  Sinc e th e 'Karl a 
th e Pot '  material s di d no t  contai n an y extr a structure s i n th e 
Base ,  w e di d no t  expec t  significan t  number s o f  Typ e 2 
storie s t o b e produced ,  an d i n th e event ,  onl y 0.6 % o f 
grouping s ( 1 ou t  o f  180 )  resulte d i n a  Typ e 2  pattern ,  wher e 
th e bas e wa s classifie d singularl y i n a n otherwis e 
structurall y determine d groupin g pattern . 
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Classificatio n Criterio n 

Systemati c networ k o f  relation s i n c o m m o n -  Typ e 1 

IBLSSS O 2 S M A 0 MA 3  0 0 

Number 

112 

Systemati c networ k o f  relation s i n c o m m o n -  Typ e 2  (Ramsca r  &  Pain ,  1996 ) 
(Bas e classifie d separately ) 

1 L S SSO 2  SMAO M A 3  B  4  O O 1 
Firs t  orde r  relation s i n c o m m o n -  Typ e 3 

1 B  L S SS O SMAO M A 2  0 0 
Onl y objec t  similaritie s i n c o m m o n Type s 4  &  5 

IMALSBOO 2  SS O SMAO 
I B 0 0 2LSM A 3  SS O SMAO 
Largel y systemati c networ k o f  relation s i n common Typ e 6 
1 B  L S 2  SS O 3  M A S M A O 4  0 0 

0 0 'Problems '  Structur e base d -  Typ e 7 
Objec t  attribut e base d -  Typ e 8 

1 B  L S SS O 0 0 2  M A SMAO 
1 B  L S M A 2  SS O SMAO 3  0 0 
Typ e 9  an d other s -  N o clea r  patter n 
I  B  L S 2  SS O 3  M A 4  SMAO 
Other s 

5 0 0 

3 

4 
1 

8 

7 
3 

3 
18 

% o f  Tota l 

70 % 

0.6 % 

1.9 % 

2.5 % 
0.6 % 

5 % 

4.4 % 
1.9 % 

1.9 % 
11,2 % 

Tabl e 2 :  Outpu t  pattern s from  th e categorisatio n task ,  showin g th e group s forme d an d criteri a established .  T h e objec t 
description s ar e labelle d accordin g t o Centner' s taxonom y o f  similarit y (define d above) :  B  =  Base ;  L S =  Litera l  Similarity ; 

S SO =  Structura l  Similarit y Only ;  S M A O =  Structura l  Similarit y wit h M A an d Objec t  Similarit y wit h S S O ;  M A =  M e r e 
Appearance ;  0 0 =  Objec t  Onl y match . 

Grouping s tha t  appeare d t o b e forme d o n th e basi s o f 
share d surfac e attribute s onl y amounte d t o 3 .1 % o f  th e tota l 
(Type s 4  &  5) .  T o thes e coul d b e adde d anothe r  1.9 % o f 
grouping s (Typ e 8 )  i n whic h share d feature s determine d th e 
overal l  groupings ,  althoug h th e 0 0 objec t  descriptio n -
distinctiv e du e t o it s  complet e lac k o f  an y systemati c 
structur e -  wa s classifie d separately . 

Of  thos e objec t  description s classifie d accordin g t o share d 
objec t  attributes ,  onl y 2 .5 % (Typ e 4  groupings )  reflec t  th e 
"normal '  categorie s show n i n Figur e 2 . 

Clearly ,  structur e appear s t o b e th e ke y determinan t  o f 
participants '  classification s i n thi s study .  Typically , 
categorisatio n model s hav e tende d t o concentrat e o n objec t 
descriptions ,  makin g us e o f  ver y representationally-simpl e 
attribute-valu e list s (se e Murph y an d Medin ,  1985 ; 
Komatsu ,  1992) ,  whereas ,  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 evidenc e o f 
thi s stud y woul d appea r  t o suppor t  th e clai m tha t  mor e 
notic e need s t o b e take n o f  th e kind s o f  representation s use d 
-  an d th e effect s representation s produc e i n categorisatio n 
studie s (Medin ,  Goldstone ,  an d Centner ,  1993 ;  Ramsca r  an d 
Pai n 1996) . 

The result s o f  th e presen t  stud y als o suppor t  th e broade r 
finding s o f  Ramsca r  an d Pai n (1996) ,  w h o conjecture d tha t 
th e processe s underlyin g analog y an d categorisatio n ar e no t 
as distinc t  a s i s usuall y proposed .  Bot h thei r  result s an d our s 
sho w share d structura l  systematicit y (Centner ,  1983 )  a s th e 
mai n proces s underlyin g categorisatio n judgement s i n th e 
particula r  experimenta l  conditions .  Ordinarily ,  structura l 

systematicit y ha s bee n considere d th e domai n o f  analogy , 
rathe r  tha n categorisation . 

I n thi s study ,  th e influenc e o f  share d structura l 
systematicit y ha s bee n remarkable .  Participant s hav e 
preferre d grouping s betwee n pot s an d walls ,  an d wall s an d 
pans ,  t o pot s an d pan s an d wall s alone .  Whils t  w e fee l  tha t 
thes e findings  hav e stron g implication s fo r  categorisatio n 
research ,  w e als o fee l  tha t  the y shoul d caus e s o m e foo d fo r 
though t  a s regard s th e wa y tha t  analog y i s typicall y viewed . 
As note d earlier ,  ther e i s a  widesprea d acceptanc e i n analog y 
researc h o f  th e two-proces s vie w o f  analogica l  /  metaphorica l 
and litera l  understandings ,  whereb y 'literal '  (withi n category ) 
understanding s ar e externa l  t o non-litera l  (analogica l  o r 
metaphorical )  understandings ,  an d ar e therefor e assume d t o 
be compute d b y separat e cognitiv e processes . 

Th e evidenc e o f  thi s stud y ca n joi n othe r  theoretica l  an d 
empirica l  evidenc e agains t  a  two-proces s accoun t  o f  litera l 
(categorical )  versu s non-litera l  (analogica l  o r  metaphorical ) 
reasoning :  w e mentione d earlie r  Hoffina n an d Kemper' s 
(1987 )  revie w o f  reactio n tim e studies ,  whic h convincingl y 
demonstrate s th e meagr e evidenc e fo r  th e widel y hel d belie f 
tha t  litera l  (intra-categorical )  meaning s ar e processe d faste r 
tha n metaphorica l  o r  analogica l  (inter-categorical )  meanings . 

I n spit e o f  this ,  w e d o no t  wan t  t o sa y tha t  analog y i s 
categorisation .  I t  i s difficul t  t o envisag e h o w suc h a  centra l 
cognitiv e proces s suc h a s categorisatio n coul d b e reduce d t o 
a singl e proces s (c. f  Coldstone ,  1994) .  Give n th e difficult y 
inheren t  i n characterisin g analogical ,  metaphorica l  an d 
categorica l  reasonin g (Wittgenstein ,  1953 ;  Ramscar ,  1997) , 
we ar e a s dubiou s o f  th e usefulnes s o f  th e kin d o f  identit y 
statement s mad e b y Clucksber g an d Keysar ,  (1990) ,  w h o 
argu e tha t  metaphorica l  statement s shoul d b e understoo d a s 
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class-inclusio n statements ,  a s w e ar e o f  th e contras t 

definition s wit h whic h w e starte d thi s account ;  w e conside r 
i t  plausibl e -  eve n likel y tha t  a  numbe r  o f  reasonin g 

processe s pla y a  par t  i n categorisation .  Rather ,  lik e Ramsca r 
and Pai n (1996 )  w e argu e tha t  -  i n th e ligh t  o f  th e evidenc e 
currentl y availabl e -  analog y i s bes t  viewe d a s a  sub-proces s 

of  categorisation ,  an d no t  a s a  separat e process .  Ultimately , 

we believ e tha t  th e adherenc e t o th e two-proces s accoun t 
confuse s th e relationshi p betwee n analog y an d categorisatio n 
and i s hamperin g progres s toward s furthe r  understandin g o f 
bot h (Ramscar ,  Pai n an d Cooper ,  1997) .  Unti l  ther e i s a 
bette r  empirica l  an d theoretica l  basi s t o d o so ,  w e argu e tha t 
i t  ma y b e usefu l  (an d mor e honest )  t o kee p a n ope n min d a s 
t o whethe r  a n orang e crat e i s a n orang e crat e ca n b e a  table ? 
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