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Abstrac t 

Ramscar & Pain (1996) argued that the analogical process can-
not  b e easil y distinguishe d fro m th e categorisatio n proces s a t 
a cognitiv e level .  I n ligh t  o f  th e absenc e o f  an y distinctio n 
betwee n analog y an d categorisation ,  w e hav e argue d tha t  anal -
ogy 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 'analogical '  model s ar e capabl e o f 
illuminatin g som e categorisatio n tasks ,  fo r  instance ,  th e wa y 
i n whic h structura l  systematicit y ca n detennin e no t  onl y ana -
logica l  judgements ,  bu t  als o categor y decisions .  Ou r  scep -
ticis m regardin g th e cognitiv e distinctio n betwee n thes e tw o 
processe s ha s implication s fo r  bot h analog y an d categorisa -
tio n research :  i n thi s pape r  w e conside r  tw o leadin g analogica l 
theories .  Centner' s Structur e Mappin g Theor y an d Holyoak' s 
Multi-Constrain t  Theory ,  an d argu e tha t  result s fro m ou r  us e 
of  analogica l  modelin g technique s i n categorisatio n task s offe r 
some importan t  insight s int o exactl y whic h element s shoul d b e 
include d i n a  theor y o f  analogica l  mapping . 

Introduction 

Ramscar  &  Pai n (1996 )  argu e fo r  a  positio n tha t  reject s an y 
simpl e distinctio n betwee n analog y an d categorisatio n a t  th e 
cognitiv e proces s leve l  (se e Ramscar ,  Pai n &  Lee ,  199 7 fo r 
mor e evidence) .  Th e argumen t  run s a s follows :  definition s o f 
analog y (e.g .  Holyoa k &  Thagard ,  1995 ;  Clemen t  &  Centner , 
1991 )  rel y o n makin g a  distinctio n betwee n 'straight '  cate -
gorica l  judgement s o n th e on e hand ,  an d analogical ,  'extra -
categorical '  judgement s o n th e other ;  wit h n o convincin g ac -
coun t  o f  jus t  wha t  constitute s a  'straight '  categorica l  judg -
ment ,  thi s amount s t o littl e mor e tha n han d waving,attemptin g 
t o characteris e on e ill-define d proces s b y contrastin g i t  wit h 
anothe r  ill-define d process .  I n th e absenc e o f  an y compellin g 
reaso n t o believ e i n distinc t  cognitiv e processe s o f  analog y 
an d categorisation ,  ther e i s  muc h utilit y i n viewin g huma n 
analogica l  an d categorica l  behaviou r  a s manifestation s o f  th e 
same process :  researc h int o analog y ha s yielde d a  numbe r  o f 
plausibl e model s o f  th e analogica l  proces s (Forbus ,  Centne r 
& L a w 1995 ;  Holyoa k &  Thagard .  1995) ,  i n shar p contras t 
t o categorisatio n research ,  wher e proces s models ,  t o th e ex -
ten t  tha t  the y featur e a t  all ,  ten d t o b e mor e conjectura l  i n 
natur e (e.g .  Med i n &  Ortony ,  1989) .  A  companio n pape r  t o 
thi s (Ramscar ,  Pai n &  Lee ,  1997 )  present s furthe r  evidenc e 
of  th e benefit s an d insight s tha t  thi s approac h ca n brin g t o 
investigation s int o th e natur e o f  categorisatio n decisions . 

I n thi s discussion ,  w e wis h t o examin e th e perspectiv e ou r 
particula r  vie w o f  th e categorisatio n /  analog y divide ,  an d 
th e result s o f  ou r  experiment s usin g analogica l  modelin g t o 
explor e categorisation ,  ca n brin g t o theoretica l  approache s t o 
analog y (an d b y implication,existin g model s o f  analogy) .  Th e 
remova l  o f  neatl y bounde d 'concep t  domains '  wit h whic h var -
iou s aspect s o f  th e analogica l  proces s ca n interac t  produce s a 
change d circumstanc e tha t  seem s likel y t o hav e repercussion s 
fo r  theorie s base d o n jus t  suc h assumptions :  i n particular ,  w e 
wis h t o examin e th e implication s o f  ou r  approac h t o th e kind s 
of  similarit y constraint s — structural ,  pragmati c an d semanti c 
— whic h ar e variousl y include d in ,  o r  exclude d from ,  theorie s 
an d model s o f  th e analogica l  process . 

A numbe r  o f  'competing '  theorie s o f  analog y exist : 
Holyoa k &  Thagar d (1995) ;  Centne r  (1983 ;  Forbus ,  Cen -
tne r  &  Law .  1995) ;  Kean e (Keane ,  Ledgewa y &  Duff ,  1994) ; 
Hofstadte r  (1995) .  I n thi s pape r  w e examin e i n detai l  th e 
effect s o f  ou r  blurre d distinctio n perspectiv e o n th e vexe d 
questio n o f  'semantics '  i n th e first  tw o o f  these .  Centner' s 
'Structur e Mapping '  theor y an d Holyoa k &  Thagard' s 'Multi -
Constraint '  theory .  Thes e constitut e th e mos t  explici t  theo -
ries,  whos e supportin g evidenc e an d accompanyin g proces s 
model s hav e bee n widel y disseminate d an d accepted . 

Mapping Without The Distinction 

Centner ' s Structur e M a p p i n g T h e o r y 

Centne r  (Centner ,  1983 ;  Clemen t  &  Centner ,  1991 )  propose d 
th e Structur e Mappin g Theor y a s a n attemp t  t o explai n ho 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 corre -
spondence 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 (figur e 1) ,  distinguish -
in 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 ,  e.g .  YELLOW(sun) .  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 be -
twee n objects ,  fo r  exampl e ATTRACTS(sun ,  planet )  formin g th e 
lowes t  order ,  an d thos e predicate s describin g differen t  level s 
of  relationship s betwee n relation s e.g .  CAUSE(ATrRACTS(sun , 
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planet) ,  REVOLVES.AROUND(planet ,  sun) )  formin g th e highe r 
orders . 

Solar System 
YELLOW(sun) 
M A S S I VE (sun ) 
HOT(sun ) 
ATTRACTS(sun,  planet ) 
ATTRACTS(planet ,  sun ) 
MORE_MASSIVE-THAN(sun.  planet ) 
R E V O L V ES jSiROUNfDCplanet ,  sun ) 
HOTTER-THAN(sun,  plane! ) 

Hydrogen Atom 
ATTRACTS(nucleus ,  electron ) 
ATTRACTS(electron ,  nucleus ) 
MORE_MASSIVE.THAN(nucleus ,  electron ) 
R E V O L V ES JiiROUND(electron ,  nucleus ) 

Figure  1: Predicate representations of the solar system and a 
hydroge n ato m 

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  attribute s 
of  object s ar e no t  mapped ;  bu t  relation s betwee n object s ar e 
preserved .  Th e systematicit y principl e require s tha t  comple x 
highe r  orde r  relation s (e.g .  CAUSE above )  ar e mappe d prefer -
entially ,  followe d b y relation s tha t  constitut e th e highe r  orde r 
arguments .  Thi s i s intende d t o captur e th e notio n tha t  anal -
ogy convey s a  syste m o f  connecte d knowledge ,  rathe r  tha n a n 
assortmen t  o f  independen t  facts : 

•'structur e mappin g stem s i n par t  from  th e observatio n tha t 
usefu l  analogies ,  suc h a s thos e use d i n scienc e o r  education , 
involv e rich,  interconstrainin g system s o f  mapping s betwee n 
tw o domains ,  rathe r  tha n a  se t  o f  independen t  correspondences " 
(Clemen t  &  Centner ,  1991 ,  pp .  91-92 ) 

Centner' s structur e mappin g theor y ha s bee n implemente d a s 
a compute r  simulatio n mode l  S M E (Falkenhainer ,  Forbu s & 
Centner ,  1989) . 

One criticis m tha t  ha s bee n mad e o f  structur e mappin g 
theor y i s tha t  th e representation s i t  use s ar e arbitrary .  Th e 
primitive s use d i n th e example s ar e chose n selectively .  Th e 
exampl e woul d fai l  i f  revolveS-AROUN D i n th e Sola r  Syste m 
domai n wa s replace d wit h ORBITS .  Furthermore ,  th e inclu -
sio n o f  a  large r  rang e o f  domai n relation s woul d resul t  i n th e 
matche s appearin g fa r  les s soun d tha n the y do .  Moreover , 
Holyoa k (1985 )  claim s tha t  Centne r  ca n giv e n o accoun t  a s t o 
why HOTTER.THAN i n figure  1  shoul d no t  b e mappe d ont o th e 
Hydroge n Ato m domain .  Holyoa k argue s tha t  expandin g th e 
representatio n i n orde r  t o utilis e th e systematicit y principl e 
wil l  b e o f  littl e help ,  sinc e o n anothe r  expansio n th e relatio n 
HOTTER-THAN wil l  for m par t  o f  a  highe r  orde r  syste m (in -
volvin g th e warmin g o f  planets ,  condition s fo r  th e existenc e 
of  life ,  etc.) .  Th e structur e mappin g theor y seem s t o giv e n o 
explanatio n a s t o w h y thi s relatio n i s no t  mapped . 

To som e researcher s thi s ha s appeare d t o b e a  majo r  prob -

lem .  A  syste m whic h use s n o goa l  o r  domai n information , 
and whic h relie s purel y o n structura l  inferences ,  migh t  ap -
pear  1 0 hav e troubl e when ,  give n a  numbe r  o f  network s o f 
higher-orde r  relation s betwee n domain s (i.e .  severa l  causa l 
networks) ,  givin g a n accoun t  a s t o w h y i t  selecte d th e on e tha t 
was relevan t  t o makin g th e desire d analogy . 

Holyoak and Thagard's Multi-Constraint Theory 

Holyoak' s theor y (Holyoak ,  1985 ;  Holyoa k &  Thagard ,  1989 ; 
Holyoa k &  Thagard ,  1995 )  i s concerne d primaril y wit h prob -
le m solving .  I t  attempt s t o captur e th e intuitio n hel d b y som e 
researcher s tha t  goal s pla y som e par t  i n th e analogica l  pro -
cess ,  particularl y i n mapping .  (Centner' s theor y preclude s 
any suc h influence. )  Th e scop e an d ambitio n o f  thi s theor y 
has change d considerabl y ove r  time :  wha t  i s presente d her e 
i s a  sketc h o f  it s  genera l  nature . 

Holyoa k e l  a l  advocat e a n explanatio n o f  analog y i n term s 
of  a  goal-drive n processin g syste m — mapping s ar e controlle d 
by th e system' s goals .  Th e analogica l  mappin g proble m i s 
see n a s on e o f  explainin g h o w th e larg e numbe r  o f  possibl e 
mapping s betwee n domain s ca n b e evaluate d an d a  subse t  o f 
thes e use d fo r  th e transfe r  o f  informatio n betwee n domains . 

The y sugges t  tha t  thi s subse t  emerge s fro m a n attemp t  t o 
balanc e th e differen t  influence s upo n th e mappin g process . 
Mor e specificall y the y regar d th e proces s a s a n attemp t  t o si -
multaneousl y satisf y severa l  constraints .  Th e firs t  grou p o f 
thes e (logica l  compatibility ,  rol e identity ,  uniquenes s an d re -
lationa l  consistency )  ar e structural ,  an d therefor e compatibl e 
wit h th e overal l  thrus t  o f  Centner' s theory .  However ,  Holyoa k 
et  a l  als o conside r  constraint s o f  pragmati c centralit y an d se -
manti c similarit y t o b e integra l  t o th e mappin g process .  Thes e 
non-structura l  constraint s rel y o n informatio n othe r  tha n tha t 
foun d i n th e basi c domai n representations . 

Structura l  Constraint s Logica l  compatibilit y  ensure s tha t 
mapping s ar e onl y considere d i f  the y ar e betwee n entitie s 
of  th e sam e 'type' .  Thus ,  i n th e Sola r  Syste m /  Hydroge n 
A to m analog y th e predicat e morejviassive_tha n canno t  b e 
matche d wit h th e objec t  electron .  Similarly ,  a  mappin g be -
twee n th e predicate s ho t  an d revolveS-AROUN D wil l  no t  b e 
considere d a s the y tak e differen t  number s o f  arguments .  Thi s 
primaril y syntacti c constrain t  i s  intende d t o ensur e tha t  map -
ping s betwee n differen t  level s o f  descriptio n ar e no t  attempted . 
For  exampl e single-argumen t  predicates ,  suc h a s HOT,  ten d t o 
be purel y descriptive ,  specifyin g a  particula r  attribut e o f  a n 
object .  Multi-argumen t  predicate s describ e relationship s be -
twee n objects ,  an d s o ca n b e considere d t o represen t  a  highe r 
leve l  o f  description .  Th e argumen t  i s tha t  mapping s betwee n 
differen t  level s o f  descriptio n ar e no t  productiv e an d thi s con -
strain t  serve s t o eliminat e an y potentia l  mapping s o f  thi s kind . 

A furthe r  hurdl e potentia l  mapping s mus t  overcom e i n thi s 
model  i s th e rol e identit y constraint .  Thi s assume s tha t  th e 
bas e an d targe t  domain s ca n b e divide d a t  a  highe r  leve l  o f 
descriptio n tha n tha t  a t  whic h th e mappin g take s place .  I n 
th e us e o f  analog y i n proble m solving ,  upo n whic h th e au -
thor s focu s predominantly ,  thi s mean s th e domain s m a y b e 
redescribe d i n term s o f  a  star t  state ,  th e proble m goals ,  an d 
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th e operator s tha t  ca n b e use d t o tr y an d achiev e thes e goals . 
Rol e identit y the n limit s mappin g t o relation s an d object s tha t 
appea r  i n th e sam e par t  o f  th e domai n definition .  Thi s pro -
vide s a  wea k pragmati c influenc e i n tha t  element s ca n onl y 
be considere d fo r  mappin g i f  the y pla y a  simila r  rol e i n bot h 
domains . 

Holyoa k e t  a t  assum e tha t  eac h elemen t  i n th e bas e domai n 
wil l  ultimatel y m a p ont o onl y on e elemen t  i n th e targe t  do -
main ,  an d vic e versa .  Thu s ther e i s a  competitio n betwee n 
members o f  th e se t  o f  potentia l  mapping s betwee n on e bas e 
elemen t  an d a  numbe r  o f  possibl e targe t  elements .  Fo r  exam -
ple ,  i f  HOTTER_THAN i n th e bas e map s ont o HOTTER.tha n i n 
th e targe t  the n i t  canno t  m a p ont o less.massive.tha n i n th e 
target .  Accordingl y an y facto r  whic h serve s t o increas e th e 
leve l  o f  suppor t  fo r  th e forme r  mappin g wil l  consequentl y ac t 
t o decreas e suppor t  fo r  th e latter . 

A final  structura l  constrain t  i s  relationa l  consistency ,  whic h 
act s t o ensur e tha t  mapping s betwee n th e bas e an d targe t  do -
main s ar e consistent .  I f  mapping s betwee n structura l  element s 
receiv e support ,  mapping s betwee n th e structure s themselves , 
and an y othe r  elements ,  ar e als o supported . 

Pragmatic Centrality The importance of an element (ob-
jec t  o r  relation) ,  whethe r  i n th e bas e o r  targe t  domain ,  i s 
anothe r  consideratio n i n th e mappin g process .  A n element' s 
importanc e i s define d i n term s o f  h o w usefu l  th e elemen t  i s 
i n satisfyin g th e curren t  goa l  (o r  subgoal )  o f  th e 'analogiser' . 
Thu s an y mapping s involvin g useful '  element s receiv e mor e 
suppor t  tha n mapping s involvin g les s usefu l  elements .  W h e n 
our  exampl e analog y i s use d t o explai n th e relativ e motio n o f 
sub-atomi c particles ,  mapping s involvin g YELLO W an d HOT-
TER_THAN ar e goin g t o b e les s favourabl y considere d tha n 
thos e involvin g REVOLVES_AROUND,  sinc e th e forme r  ar e no t 
utilise d i n satisfyin g an y explanator y goals . 

Semantic Similarity Holyoak et al suggest that the most 
usefu l  mapping s ar e likel y t o com e fro m element s whic h ar e 
semanticall y similar .  I n th e Sola r  Syste m /  Hydroge n A t o m 
analogy ,  predicate s wit h identica l  name s ca n b e regarde d a s 
mor e simila r  tha n thos e wit h differen t  names .  I n mor e com -
ple x example s th e metho d o f  determinin g relativ e similarit y i s 
mor e difficult .  Holyoa k e t  a l  mak e n o clai m a s t o an y partic -
ula r  mode l  o f  semantics .  Th e semanti c similarit y constrain t 
i s  regarde d mor e a s a  heuristi c tha n a  firm  rule ,  an d ca n b e 
applie d i n differin g strength s a t  variou s stage s o f  th e mappin g 
process . 

Holyoa k &  Thagar d (1989 )  emphasis e tha t  th e logica l  com -
patibilit y  an d rol e identit y constraint s ar e restriction s o n th e 
buildin g o f  th e mappin g network ,  an d thes e restriction s ar e 
regarde d a s les s importan t  tha n th e thre e principa l  constraint s 
of  isomorphis m (uniquenes s an d relationa l  consistency) ,  se -
manti c similarit y an d pragmati c centrality . 

Th e theor y ha s bee n implemente d a s a  compute r  simulatio n 
A C M E,  whic h i s a  constrain t  satisfactio n networ k incorpora -
tio n thes e considerations . 

C o m p a r i n g T h e T w o Theorie s 

Structur e Holyoa k &  Thagar d (1995 )  argu e tha t  th e sim -
ilaritie s an d difference s betwee n thei r  theor y an d structur e 
mappin g theor y ca n bes t  b e illustrate d b y comparin g Cen -
tner' s theor y wit h th e thre e mai n constraint s posite d b y multi -
constrain t  theory .  The y clai m tha t  multi-constrain t  theor y cap -
ture s Centner' s insigh t  regardin g th e importanc e o f  systemati c 
structur e (i n A C M E,  interconnecte d system s wil l  hav e mor e 
mutuall y supportin g link s tha n a n isolate d relation) ,  bu t  i n a 
mor e flexible  manner .  A s implemente d i n S M E ,  Centner' s 
theor y rigidly  enforce s one-to-on e mapping s an d structura l 
consistenc y — potentia l  mapping s whic h violat e thes e con -
straint s ar e no t  made .  I n contrast ,  A C M E,  whils t  preferrin g 
one-to-on e mapping s (b y usin g inhibitor y link s t o discourag e 
many-to-on e mappings )  nevertheles s wil l  allo w violations . 

Pragmatic Constraints Centner's theory (and SME) does 
not  incorporat e o r  recognis e th e influenc e o f  pragmati c — goa l 
drive n — constraint s o n th e mappin g process .  Accordin g t o 
structur e mappin g theory ,  th e operatio n o f  goal s i s externa l 
t o th e actua l  mappin g process ,  constrainin g th e evaluatio n o f 
mappin g outcomes ,  rathe r  tha n actua l  mapping s (althoug h I -
S ME (Forbus ,  Ferguso n &  Centner ,  1994 )  doe s incorporat e 
pragmati c influence s i n mapping) .  However ,  whils t  th e evi -
denc e tha t  goal s ca n influenc e wha t  i s mappe d i n analog y i s 
clea r  (Spellma n &  Holyoak ,  1992) ,  i t  i s  les s clea r  tha t  goal s 
directl y influenc e o r  constrai n th e mappin g process . 

We note d tw o criticis m o f  structur e mappin g earlier :  th e 
neatnes s o f  th e representation s use d i n S M E (thi s applie s 
equall y t o A C M E ) ,  an d tha t  i f  a n analo g offer s u p tw o com -
petin g possibl e mode s o f  transfe r  wit h a  simila r  leve l  o f  sys -
tematicity ,  the n th e systematicit y principl e canno t  ac t  a s a 
constrain t  i n th e selectio n o f  on e o r  th e other .  Non e o f  thi s 
nee d militat e agains t  structur e mappin g i n principle :  a n ana -
logu e whic h allow s tw o equa l  mapping s ma y b e a  poo r  choic e 
of  a n analogue ;  th e systematicit y principle' s yieldin g o f  tw o 
equall y vali d mapping s ma y b e a  psychologicall y vali d res -
olutio n o f  th e initiall y  poo r  choic e o f  analogy .  T o retur n t o 
th e earlie r  objectio n t o Centner' s structur e mappin g theor y 
(Holyoak ,  1985) ,  i t  migh t  wel l  tur n ou t  tha t  a n expansio n 
of  th e representation s o f  th e Sola r  Syste m an d th e Hydroge n 
A to m wil l  simpl y lea d t o a  situatio n i n whic h th e tw o example s 
ar e n o longe r  see n t o b e analogous .  Cive n tha t  th e succes s o f 
any analog y i s contingen t  upo n th e wa y i n whic h th e putativ e 
analogue s ar e represente d (Centner ,  1989) ,  i t  i s  no t  a  failin g o f 
a theor y tha t  i t  canno t  provid e accurat e mapping s i n situation s 
wher e candidat e analogue s ar e presente d i n suc h a  wa y a s t o 
obscur e an y analogou s similarit y betwee n them . 

A majo r  criticis m o f  al l  analogica l  theorie s i s tha t  the y 
do no t  conside r  th e considerabl e psychologica l  evidenc e tha t 
th e choic e o f  representatio n i s crucia l  t o analog y (Hofstadter , 
1995) .  I f  categorisatio n researc h tend s t o ignor e processe s 
and overconcentrat e o n representation ,  th e opposit e i s tru e o f 
analogy .  Yet ,  i n fac t  som e o f  th e bes t  evidence  o f  th e influenc e 
of  goal s (Spellma n &  Holyoak ,  1992 )  seem s t o suppor t  th e 
vie w tha t  goal s influenc e representatio n rathe r  tha n mapping . 
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rhes e "result s sugges t  on e wa y i n whic h analogie s ca n b e 
ise d systematicall y t o influenc e jjeople' s inference s — (th e 
•epresentatio n of )  th e sourc e [analogue ]  ca n itsel f  b e m.-issage d 
JO encourag e a  desire d mapping "  (Holyoa k &  Thagard ,  1995) . 

Semantic Constraints With regard to the semantic simil;if 
it y  constraint ,  th e mai n focu s o f  thi s discussion ,  th e respectiv e 
position s ar e a s follows :  S M E onl y matche s predicate s wit h 
identica l  names ,  thu s i f  planet s (se e figure  1 )  wer e represente d 
as SMAiXER-THA N th e sun .  an d electron s a s i^ess.mass.tha n 
i  nucleus ,  the n structur e mappin g woul d no t  allow ,  an d S M E 
woul d no t  make ,  a  mappin g betwee n th e tw o relations .  O n 
th e othe r  hand ,  whils t  A C M E agai n prefer s t o m a p iden -
tica l  relations ,  weight s o n th e networ k ca n b e adjuste d t o 
captur e th e semanti c similarit y betwee n SMAliER.THA N an d 
LESS.MASS_THAN.  Holyoa k &  Thagar d argu e tha t  thi s show s 
a significan t  weaknes s i n Centner' s theory : 

"wit h it s emphasi s o n structur e t o th e exclusio n o f  al l  othe r  con -
straints ,  S M E doe s no t  simpl y discourag e mapping s betwee n 
non-identica l  bu t  semanticall y simila r  items ;  i t  doe s no t  eve n 
permi t  them. "  (Holyoa k &  Thagard ,  1995 ,  p .  258 ) 

Holyoa k an d Thagard' s criticis m o f  th e lac k o f  seman -
ti c consideration s i n Centner' s theor y carrie s a  lo t  o f  intu -
itiv e weight .  I t  doe s see m a  perverse ,  restrictiv e analogica l 
theor y tha t  reject s mapping s betwee n smal ler. tha n an d 
LESS_MASS_THAN i n th e cours e o f  a n analogica l  mapping . 
However ,  i t  i s  no t  necessaril y  so ,  an d fro m th e perspectiv e 
of  a  blurre d distinctio n betwee n analog y an d categorisation ,  i t 
migh t  actuall y b e tha t  rejectin g suc h a  mappin g i s necessar y 
per  se ,  rathe r  tha n necessaril y  perverse . 

One reaso n fo r  so-arguin g stem s fro m th e result s  o f  ou r  in -
vestigation s int o th e effect s o f  systemati c structur e upo n cat -
egorisatio n judgements .  Ramsca r  &  Pai n (1996 )  addresse d 
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 
processe s b y presentin g subject s wit h Centne r  e t  a/' s  anal -
ogy material s an d askin g the m t o categoris e them .  Cive n 
tha t  Centne r  e t  a l  defin e th e analogica l  mechanis m i n term s 
of  structur e mapping ,  an d give n ou r  hypothesi s tha t  thi s pro -
ces s wa s no t  distinc t  fro m a  basi c categorisatio n process ,  w e 
expecte d structur e mappin g t o determin e categorisation .  Cen -
tne r  e l  a l  see m t o implicitl y  assum e tha t  matc h item s wit h onl y 
sUTJCtura l  similaritie s (i.e .  analogues )  belon g t o differen t  cate -
gories .  W e predicte d tha t  the y woul d b e categorise d together . 
We foun d tha t  79 .5 % o f  th e grouping s forme d b y ou r  subject s 
had 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 cat -
egorie s formed .  I n contrast ,  onl y 5 % o f  grouping s produce d 
had 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 
be determinat e o f  categorisation) .  T o th e 79 .5 % o f  structura l 
congruit y grouping s coul d b e adde d a  furthe r  8 % o f  classifica -
tion s wher e structura l  addition s t o otherwis e structurall y con -
gruen t  representation s cause d the m t o b e classe d singularly . 
Thus w e conclude d tha t  tha t  mechanism s normall y consid -
ere d t o b e analogica l  coul d als o i n fac t  suppor t  categorisatio n 

tasks ,  an d i n thi s instance ,  n o discernibl e differenc e coul d b e 
foun d betwee n analogica l  an d categorica l  behaviour . 

Thi s suggest s tha t  th e proces s o f  classifyin g tw o term s to -
gethe r  (mappin g SMALLER.THAN t o L£SS.MASS_THAN)  i S n o 
differen t  t o th e proces s o f  determinin g th e analog y betwee n 
SOLAR.SYSTEM an d H Y D R O G EN j^TOM .  Thu s th e proces s o f 
mappin g SMALLER.THAN t o LESS.MASS.THA N seem s t o b e 
les s a  sub-proces s o f  th e proces s o f  determinin g th e analog y 
betwee n solar_syste m an d h y d r o g e n ^ t o m an d mor e lik e 
th e sam e proces s functionin g i n parallel . 

Prototype Schemas? One possible objection to the above 
woul d b e tha t  ou r  characterisatio n o f  categorisatio n i s incom -
plete .  I t  migh t  b e argue d tha t  analogica l  judgement s m a y 
not  b e easil y distinguishe d fro m classificatio n judgements , 
but  categorisatio n judgement s ca n be .  Thi s clai m relie s o n 
th e ide a tha t  categorisatio n doesn' t  involv e tha t  sam e map -
pin g proces s becaus e i t  make s us e o f  generalize d 'prototyp -
ical '  schema s (Holyoa k &  Thagar d advocat e suc h a  vie w 
of  categorie s i n Hollan d e t  al ,  1984) .  I f  smal ler_tha n 
and less_mass_tha n shar e th e sam e prototypica l  schema , 
the n ther e wil l  b e n o nee d t o comput e th e similarit y betwee n 
smal leR-THA N an d less_mass.than ,  sinc e suc h similarit y 
ca n b e confirme d merel y b y referenc e t o th e prototype ^  an d 
i t  i s thi s confirmator y reference-to-prototyp e tha t  i s  modele d 
by th e semanti c link s i n Holyoa k an d Thagard' s theory . 

Ther e ar e a  numbe r  o f  objection s t o suc h a n account .  Prac -
tically ,  ther e i s  th e proble m o f  providin g a  convincin g accoun t 
of  wha t  a  prototyp e categor y i s (Medi n &  Ortony ,  1989 ;  R a m -
sca r  &  Pain ,  1996) .  Propositiona l  schemati c model s o f  repre -
sentatio n (som e variet y o f  whic h i s assume d i n th e majorit y o f 
cognitiv e theories )  hav e th e powe r  t o stor e a  combinatio n o f 
bot h schema s an d th e exemplar s fro m whic h suc h schema s ar e 
constructed .  Moreover ,  wha t  i s actuall y store d i s th e subjec t 
of  muc h debate :  ar e jus t  schema s stored ? Fodo r  &  Lepor e 
(1996 )  giv e man y goo d reason s fo r  doubtin g suc h a  'pure ' 
prototyp e schem a theory .  I f  bot h ar e stored ,  the n h o w d o 
exemplar s contribut e t o schemas ? S o m e hav e advocate d a 
rejectio n o f  schema s altogethe r  (e.g .  Nosofsky ,  1988) ,  argu -
in g tha t  onl y exemplar s ar e stored ,  an d tha t  ne w object s ar e 
classifie d b y compariso n wit h store d exemplars ,  an d th e cal -
culatio n o f  som e kin d o f  fit.  A  furthe r  experimen t  (Ramscar , 
Pai n &  Lee ,  1997 )  wa s designe d t o se e whethe r  analogica l 
theor y coul d she d an y ligh t  o n th e natur e o f  subjects '  store d 
representations . 

I n thei r  analogica l  recal l  experiments .  Centne r  e t  a l  (Cen -
tner ,  Ratterma n &  Forbus ,  1993 )  showe d tha t  analogica l  ac -
ces s relie d primaril y upo n surfac e attribut e (object )  matches : 

'Curiously ,  a  footnot e t o Centner ,  Ratterma n &  Forbu s (1993 ) 
state s "SME' s constrain t  o f  matchin g identica l  predicate s assume s 
canonica l  cowcep/Mfl/representations ,  no t  lexica l  strings .  Tw o con -
cept s tha t  ar e simila r  bu t  no t  identica l  (suc h a s "bestow "  an d "be -
queath" )  ar e assume d t o b e decompose d int o a  canonica l  representa -
tio n languag e s o tha t  thei r  similarit y i s  expresse d a s a  partia l  identit y 
(.. .  "give")" ,  whic h suggest s tha t  thi s ide a ha s widesprea d appeal ;  a 
versio n o f  i t  ha s biee n advocate d b y th e author s i n th e pas t  (Ramscar , 
Lee &  Pain ,  1996) . 
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storie s wit h share d attribute s wer e recalle d fro m memor y r;i r 
mor e readil y tha n object s wit h share d structure ,  eve n thoug h 
subject s adjudge d som e o f  thes e storie s t o b e les s similar ,  an d 
inference s generate d fro m the m t o b e les s soun d wit h regard s 
t o a  bas e tha n th e storie s whic h possesse d onl y share d struc -
ture .  W e decide d tha t  thi s phenomeno n migh t  b e usefu l  i n 
explorin g representation .  I n th e cours e o f  th e classificatio n 
experiment ,  subject s wer e aske d t o giv e thei r  classe s " a sim -
pl e descriptiv e name" ,  whic h the y coul d the n associat e wit h 
thei r  classification .  B y examinin g wha t  attribute s the y coul d 
recal l  tha t  wer e associate d wit h tha t  name ,  w e use d Centne r 
et  aV s finding s abou t  structur e versu s attribut e t o she d som e 
ligh t  o n th e menta l  representatio n associate d wit h th e name . 
I f  subject s store d som e kin d o f  abstracte d prototype ,  the n ou r 
hypothesi s wa s tha t  attribute s associate d wit h th e mos t  proto -
typica l  storie s woul d b e mos t  readil y retrieve d fro m memory , 
wit h othe r  attribute s recalle d insofa r  a s the y wer e share d wit h 
th e prototypica l  story .  O n th e othe r  hand ,  i f  subject s store d 
onl y exemplars ,  the n th e lac k o f  contex t  provide d b y a  sim -
pl e clas s nam e shoul d mak e i t  equall y likel y tha t  attribute s 
associate d wit h an y give n (o r  all )  exempla r  migh t  b e recalled . 

Semanti c 
Lin k 

"HYDROGEN 
ATOM" 

Paralle l 

"SOLAR 
SYSTEM 

Analogica l  Mappin g 

LESS MASS THAN 

SMALLER THAN" 

wit h tha t  name ,  an d the n us e tha t  exempla r  a s th e stimulu s 
fo r  recallin g othe r  clas s members ;  overall ,  onl y 1 0 % o f  recal l 
task s favou r  th e forme r  analysis ,  whera s som e 7 1 % suppor t 
th e latter .  Thu s a s wel l  a s finding  n o evidenc e t o suppor t 
store d prototypes .  Ramscar ,  Pai n &  Le e (1997 )  provid e evi -
denc e tha t  onl y exemplar s (instances )  o f  categorie s ar e store d 
(whic h strengthen s th e argumen t  fo r  no t  strongl y distinguish -
in g analog y an d categorisation) .  I t  woul d see m tha t  schema s 
can' t  suppl y th e necessar y theoretica l  justificatio n fo r  seman -
ti c links . 

Discussion 

I f  w e conside r  th e schemati c representatio n o f  th e mappin g 
proces s i n figure  2 ,  Holyoa k &  Thagar d mode l  th e mappin g 
of  F  ont o G  i n analog y X  - > Y  b y mean s o f  a  semanti c 
link ,  wherea s th e evidence  point s toward s a  simila r  paralle l 
proces s fo r  F  - > G  an d X  - > Y .  W e fee l  tha t  thi s  i s a n importan t 
distinction :  wherea s Holyoa k &  Thagar d mode l  th e semanti c 
similarit y betwee n SMALLER.THAN an d LESS_MASS_THAN a s a 
sub-proces s o f  analogy ,  i t  seem s mor e likel y tha t  thi s similarit y 
i s compute d b y th e sam e process ,  i n parallel̂ .  Thi s ca n b e 
see n mos t  clearl y vi a a  fine-grained  analysi s o f  th e predicate s 
as i n figure  3 . 

SMALLER.THAN 
RELATION(sinaller_than ) 
NO.OFJiJiGUMENTS(smalIer.than ,  2 ) 
COMPARmVE(smaUer-than) 
NONREFLEXIVE(smaller-than ) 
ASYMETRIC(smaller.than ) 
TRANSrnVE(smaller-than ) 
CONCERNS(smaller  Jhan ,  size ) 

LESS_MASS-THAN 
RELATION(lessjnass.than ) 
NO.OFJiiRGUMENTS(lessjnassJhan ,  2 ) 
COMPARrnVE(lessjnassjthan ) 
NONREFLEXIVE(lessjnassJhan ) 
ASYMETRIC(lessjnassJhan ) 
TRANSmVE(lessjtiassJhan ) 
CONCERNS(lessjTiassJhan ,  weight ) 

Figure 3: Predicate representations of SMALLER.THAN and 
LESS-MASS-THAN 

Figur e 2 :  T w o view s o f  th e mappin g proces s 

The experimen t  yielde d littl e evidenc e t o suppor t  th e hy -
pothesi s tha t  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  i t  appeare d 
t o b e a  share d structura l  schem a tha t  wa s th e basi s o f  subjects ' 
origina l  classificatio n decision s (Ramsca r  &  Pain ,  1996) .  In -
stead ,  whe n Gentner ,  Ratterma n &  Forbu s (1993)' s analysi s 
was applie d t o subjects '  behaviour ,  i t  appeare d tha t  bein g pre -
sente d wit h a  clas s nam e 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 exemplar s associate d 

Sinc e fro m ou r  perspective ,  thi s mappin g proces s i s wha t 
we mea n whe n w e tal k abou t  th e 'analogical '  process ,  i t  fol -
low s tha t  ther e i s n o roo m fo r  a  semanti c similarit y constrain t 
i n a  cognitiv e theor y o f  analog y (o r  a t  least ,  i t  follow s tha t 
befor e on e ca n posi t  suc h a  constraint ,  on e wil l  hav e t o suc -
cessfull y distinguis h "analogy '  fro m 'categorisation') .  Non e 
of  whic h mean s tha t  w e rul e ou t  th e us e o f  semanti c link s i n 
mappin g network s — rather ,  w e suggest s tha t  the y shoul d b e 

^We ar e no t  sayin g tha t  al l  similaritie s ar e calculate d thi s way ; 
what  i s tru e fo r  relationa l  predicate s ma y no t  b e tru e fo r  others .  I t 
s e e ms unlikel y tha t  structur e m a p p i n g wil l  featur e i n re d vs .  crimson . 
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seen a s implementationa l  detail s withi n a  model ,  rathe r  tha n 
embodiment s o f  psychologica l  theory . 

One possibl e benefi t  t o b e gaine d fro m removin g th e seman -
ti c an d pragmati c constraints ^  fro m Holyoa k an d Tha^ard' s 
model  i s tha t  i t  ca n allo w a  straightforwar d compariso n be -
twee n th e structura l  element s i n bot h theorie s t o b e made . 
Isomorphi c mappin g i n multi-constrain t  theor y differ s fro m 
Centner' s structur e mappin g i n a  numbe r  o f  details ;  ou r  nex t 
ste p i s t o evaluat e th e significanc e o f  thes e detail s b y spec -
ifyin g bot h theorie s i n a  c o m m o n ,  executable ,  specificatio n 
language .  Similaritie s an d difference s betwee n th e theorie s 
ar e currentl y blurre d b y th e ambiguitie s o f  th e languag e (En -
glish )  i n whic h the y ar e stated .  Whils t  computationa l  imple -
mentation s o f  bot h theorie s exists ,  thos e implementation s d o 
not  full y  clarif y eithe r  theor y becaus e the y mak e n o distinc -
tio n betwee n theoretica l  claim s an d implementationa l  details . 
Thi s i s par t  o f  a  broade r  issue :  cognitiv e scienc e i s i n nee d 
of  tool s an d technique s i n whic h t o precisel y stat e theoreti -
cal  proposal s s o tha t  thei r  assumption s an d implication s ar e 
clea r  an d compariso n i s possibl e (c.f .  Cooper ,  Fox ,  Farring -
don &  Shallice ,  1996) .  W e ar e currentl y usin g th e COGENT 
modellin g environmen t  (Coope r  &  Fox ,  1997 )  t o develo p ex -
ecutabl e specification s o f  bot h structure-mappin g theor y an d 
multi-constrain t  theory .  I t  i s  ou r  stron g belie f  tha t  thi s wor k 
wil l  demonstrat e that ,  modul o semanti c similarity ,  th e theorie s 
diffe r  mainl y i n implemenatio n details . 

The COGENT model s wil l  als o provid e a  framewor k i n whic h 
t o explor e mor e thoroughl y issue s o f  represention .  W e note d 
abov e th e lac k o f  focu s o n representatio n i n analogica l  mod -
el s ( a poin t  mad e frequentl y b y Hofstadter ,  1995) .  W e hav e 
demonstrate d tha t  analogica l  proces s model s ca n yiel d in -
terestin g result s whe n applie d t o categorisatio n task s (wher e 
perhap s to o muc h focu s i s give n t o representation ,  c.f .  Fodo r 
& Lepore ,  1996) .  I s i t  to o muc h t o hop e tha t  a  simila r  cross -
fertilisatio n migh t  ultimatel y flesh  ou t  analogy' s decidedl y 
anorexi c pictur e o f  representation ? 
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