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Abstrac t 

Most models of similarity assume differential weights for the 
represente d properties .  However ,  comparativel y littl e wor k ha s 
addresse d th e issu e o f  ho w th e cognitiv e syste m assign s thes e 
weights .  O f  particula r  interes t  t o th e modellin g o f  similarit y 
ar e factor s whic h aris e fro m th e compariso n proces s itself .  On e 
suc h facto r  i s  define d b y Goldstone ,  Medi n &  Centner' s (1991 ) 
' M A X Hypothesis' .  W e presen t  a  serie s o f  experiment s whic h 
clarif y  th e mai n component s o f  'MAX '  an d examin e it s scope . 

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

Similarit y a s a n explanator y principl e i s s o ubiquitou s i n cog -
nition ,  tha t  stressin g it s importanc e border s o n banal .  Simi -
larit y i s centra l  t o theorie s o f  categorization ,  learning ,  m e m-
ory ,  an d problem-solvin g a s virtuall y an y pape r  o n th e topi c 
document s (se e Goldston e (1994a )  fo r  a n ovCTview) .  It s stud y 
has tw o mai n goals .  Firs t  i s th e discovar y o f  th e functio n ac -
cordin g t o whic h th e variou s matche s an d mismatche s tha t  th e 
tw o object s undo -  consideratio n exhibi t  ar e combine d int o a 
singl e similarit y judgement .  Thi s ha s bee n th e mai n focu s o f 
similarit y researc h i n th e past ,  exemplifie d b y spatia l  mod -
el s o f  similarit y o r  Tversky' s contras t  mode l  (Shepard ,  1962 ; 
Tversky ,  1977) .  Th e secon d goal ,  i s discovCTin g h o w th e re/ -
evfln f  properties '  ar e det^mine d i n th e first  place :  Accordin g 
t o wha t  factor s ar e th e relevan t  propCTtie s selecte d fro m th e in -
finite  se t  o f  propertie s an y objec t  possesses ,  an d h o w ar e the y 
assigne d th e differentia l  weight s mos t  model s assume ? Give n 
th e profoun d representation-dq)endenc e o f  similarit y (Gold -
stone ,  Medi n &  Gentner ,  1991 ;  Hah n &  Chater ,  1996) ,  thi s 
lattC T goa l  i s  a t  leas t  a s importan t  a s discovCTin g o f  cognitivel y 
plausibl e similarit y functions ,  bu t  i t  ha s remaine d largel y out -
sid e th e scop e o f  curren t  experimentatio n an d modelling .  Fo r 
theorists ,  th e lac k o f  constraint s o n whic h propertie s ar e rq)re -
sente d give s 'similarity '  a  flexibility  tha t  make s th e notio n al -
most  vacuous .  Thi s ha s lon g bee n a t  th e hear t  o f  criticism s o f 
similarity-base d explanation s i n cognitio n (Goodman ,  1972 ; 
Med i n &  Wattenmaker ,  1987 ;  Goldstone ,  Medi n &  Gentner , 
1991) . 

Thoug h th e centralit y o f  selectio n an d weightin g t o theo -
rie s o f  similarit y i s widel y acknowledged ,  w e ye t  k n o w Ut -
tl e abou t  it .  I n geno-al ,  tw o type s o f  influence s ca n b e dis -

' We use 'property' in the widest possible sense to encompass at-
tribute s 0 1 relations ,  binar y feature s o r  continuou s dimensions . 

tinguished :  knowledge-base d an d formal ,  non-knowledge -
base d factor s whic h w e wil l  refe r  t o a s proces s principle s (se e 
als o Goldstone ,  Medi n &  Gentne r  (1991) ;  Hah n &  Chate r 
(1996)) .  A s a n exampl e o f  knowledge-base d factors ,  on e ca n 
thin k o f  th e impac t  tha t  'theories '  (scientifi c  o r  informal )  hav e 
on wha t  w e considC T t o b e importan t  propo-tie s o f  a n ob -
jec t  (Medi n &  WattenmakCT ,  1987) .  Proces s principles ,  o n 
th e othe r  hand ,  ar e influence s arisin g from  th e compariso n 
proces s itself .  A  prominen t  exampl e i s Tversky' s 'diagnos -

ticit y principle '  (Tversky ,  1977) .  I n assessin g th e similarit y 
structur e o f  a  se t  o f  object s w e increas e th e weigh t  o f  propCT -
tie s whic h enabl e furthe r  subdivision s o f  th e set ,  an d depres s 
thos e whic h ar e c o m m o n t o al l  member s o f  th e se t  i n ques -
tion .  Hence ,  fo r  example ,  th e featur e 'real '  ha s httl e diagnos -
ti c valu e i n th e se t  o f  'mammals '  sinc e i t  i s  c o m m o n t o all . 
W h en th e se t  i s extende d t o includ e Pegasus ,  unicorns ,  an d 
mermaids ,  however ,  th e diagnosti c value ,  an d thu s weight ,  o f 
'real '  i s  considerabl y increased ,  thu s indicatin g a  systemati c 
relationshi p betwee n featur e weight s an d sub-cluster s o f  ob -
ject s withi n a  set . 

Othe r  example s o f  proces s principle s propose d an d experi -
mentall y investigate d i n th e psycholog y hteratur e ar e th e 'fo -
cussin g hypothesis '  (Tversky ,  1977 )  an d th e rol e o f  'structura l 
alignment '  (Goldstone ,  1994b) .  Proces s principle s mus t  b e 
considere d centra l  t o th e stud y o f  similarity ,  no t  onl y becaus e 
the y embod y constraint s o n th e all-importan t  featur e selectio n 
and weightin g process ,  bu t  becaus e thei r  general ,  forma l  na -
tur e make s the m candidate s fo r  inclusio n i n future ,  mor e ex -
planatory ,  model s o f  similarity . 

I t  i s  suc h a  proces s principle—Goldstone ,  Medi n &  Cen -

tner' s "MAX-hypothesis "  ( 1 9 9 1 ) — tha t  w e wis h t o discus s i n 
thi s p^er .  I n th e following ,  w e wil l  revie w th e M A X hypoth -
esis ,  presen t  a  mor e explici t  versio n o f  it s  variou s component s 
and presen t  ne w experimenta l  results .  Finally ,  w e discus s im -
phcation s o f  thes e result s fo r  th e modellin g o f  similarity . 

The "MAX-hypothesis" 

Goldston e e t  al .  (1991 ) 

The MAX-hypothesi s wa s first  pu t  fort h an d experimentall y 
investigate d b y Goldstone ,  Medi n &  Gentne r  (1991) .  I t  pro -
pose s tha t  propert y weight s are ,  i n part ,  dqjenden t  o n th e par -
ticula r  typ e the y belon g t o a s wel l  a s th e exten t  t o whic h thi s 

typ e dominate s i n th e stimu U o f  th e similarit y comparison . 
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The tw o type s i n questio n ar e attributes ,  i.e .  one-plac e pred -
icate s (e.g .  'color(X)') ,  an d relations ,  tha t  is ,  predicate s wit h 
an arit y o f  tw o o r  mor e (e.g .  'larger-than(X,Y)') .  Specifically , 
Goldstonee t  al .  clai m 

"(1)  attributional similarities are pooled together,and re-
lationa l  similaritie s ar e poole d together ,  an d (2 )  th e 
weigh t  tha t  a  similarit y ha s o n th e final  similarit y  judge -
ment  increase s wit h th e siz e o f  th e poo l  t o whic h i t  be -

longs "  (p.228. ) 

or : 

" M A X claim s tha t  relation s an d attribute s ar e psycholog -
icall y distinct ,  tha t  similaritie s ar e classifie d a s relationa l 
or  attributio n a l  types ,  an d tha t  peopl e atten d mor e t o sim -
ilaritie s belongin g t o whicheve r  similarit y typ e i s great -
est "  (p.228. ) 

This can be illustrated with a brief example. Imagine a 
grou p o f  five  stimul i  A,B,C,D ,  an d 7 "  a s illustrate d i n Fig -
ur e 1 .  Subject s ar e aske d t o asses s th e respectiv e similaritie s 
of  A.B,C ,  an d D  t o th e "targe t  stimulus "  eitho -  throug h direc t 
judgement s (e.g .  'ho w simila r  ar e A  an d T?' )  o r  a  serie s o f 
force d choice s (e.g .  'whic h i s mor e simila r  t o 7 ;  A  o r  B T ) ? 

©o 
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Figur e 1 :  exampl e stimul i 

One strategy subjects could adopt is to assign differential 
weight s t o th e componen t  propa:tie s (relation s o r  attributes ) 
uniforml y fo r  th e entir e stimulu s set ;  e.g .  a  matc h i n "size '  i s 
twic e importan t  a s th e relatio n "biggs '  than" .  B y contrast ,  th e 
MAX-hypothesi s predict s tha t  th e weigh t  o f  relation s i s dif -
ferentiall y  booste d i n stimul i  i n whic h relationa l  matche s t o 
th e targe t  dominat e (h^ e D )  an d ar e depresse d w h w e attribut e 
matche s dominat e (her e A ) .  I n otho :  words ,  'bigge r  than '  i s 
mor e importan t  i n D  whic h als o share s th e target' s 'darkC T 
than '  relation ,  tha n i t  i s  i n A .  Thi s mean s tha t  weightin g o f  a 

propert y depend s no t  onl y o n it s intrinsi c saUence ,  bu t  i s  de -
termine d i n systemati c interactio n wit h th e otho "  propotie s o f 
th e stimulus . 

The MAX-hypothesi s wa s supporte d i n a  soie s o f  expai -
ment s b y Goldstone ,  Medi n &  Centne r  (1991) .  Oiu "  intaes t 

has bee n t o teas e apar t  variou s claim s inq)Iici t  i n th e M A X -
hypothesi s a s state d tho-e ,  and ,  o n th e basi s o f  this ,  t o inves -
tigat e it s generahty .  W e begi n wit h ou r  theoretica l  considaa -
tions . 

Spelling out the underlying claims 

The MAX-hypothesis involves two claims: first, that relations 
and attribute s ar e 'pooled '  an d second ,  tha t  th e larges t  poo l 

i s  boosted .  Bot h aspect s ca n b e regarde d indqjendently .  T h e 
fac t  tha t  th e larges t  poo l  i s  booste d m a y b e du e t o a  mor e gen -
era l  principle ,  whic h w e cal l  th e "Closes t  Dimensio n Prin -
ciple "  (CD) ,  whic h ca n appl y t o singl e propertie s an d pool s 
alike .  Similarly ,  poolin g m a y no t  b e restrict© !  t o relation s an d 

attributes. ^  W e addres s thes e i n turn . 

1.  T h e Closest-Dimensio n Principle . 
Par t  (2 )  o f  th e MAX-hypothesi s a s quote d abov e state s tha t 
th e poo l  whic h 'maximize s ovwal l  similarity '  i s  selectivel y 
booste d i n weight .  W e suspecte d thi s wa s a n instanc e o f  a 
mor e geno-a l  principl e — t o b e calle d th e "Closes t  D imen -
sio n Principle"—whic h generall y state s tha t  th e dimension s 
exhibitin g th e greates t  similarit y t o thos e o f  th e targe t  ar e 
boosted .  Fo r  example ,  imagin e a  se t  o f  stimul i  differin g fro m 
th e targe t  o n tw o dimensions ,  siz e an d shade .  Th e Clos -
est  Dimensio n Principl e predict s tha t  th e importanc e give n t o 
'shade '  a s oppose d t o 'size '  wil l  b e maxima l  i n th e stimulu s 
whic h i s closes t  t o th e targe t  i n shade ,  wherea s 'size '  wil l  b e 
maximall y weighte d i n th e stimulu s closes t  i n size . 

Boostin g th e 'larges t  pool' ,  then ,  i s merel y a n instanc e o f 
thi s principle :  th e dimensiona l  valu e o f  int^es t  i s  th e siz e o f 
th e particula r  pool .  Throug h pooUng ,  th e poole d propertie s 
become a  singl e uni t  t o whic h th e CD-principl e i s applied . 

Experiment s 1  an d 2 ,  describe d below ,  investigate d th e C D 
principl e i n non-poolin g (i.e .  singl e dimension )  situations , 
bot h fo r  (singularl y treated )  attribute s an d relations . 

2.  Pooling . 
We sugges t  tha t  th e cognitiv e syste m m a y no t  adop t  a  prin -
cipl e whic h applie s uniquel y t o relation s an d attributes ,  bu t 
m ay us e a  mor e flexible  approach .  Perhap s th e scop e o f  'pool -
ing '  i s  bot h widC T an d narrowe r  tha n indicate d b y th e M A X -
hypothesis .  W e expec t  pool s o f  othe r  types ,  tha t  i s  poolin g 
alon g line s othC T tha n relation/attribute .  W e als o expec t  case s 
wer e poolin g accordin g t o relation s o r  attribute s fails ,  be -
caus e thes e pool s ar e no t  suggestiv e i n th e particula r  materi -
als .  Pooling ,  w e think ,  m a y profitabl y b e viewe d a s a  kin d o f 
conceptua l  'chunking' . 

Thi s suggest s a  wid e field  o f  researc h int o th e type s o f  pool s 
subject s form ,  int o pool-size ,  an d int o th e condition s unde r 
whic h poolin g occurs .  Experiment s 3a ,  b ,  an d c  investigat e 
alternativ e type s o f  pools ,  whethe r  relation s an d attribute s ar e 
necessaril y  pooled ,  an d whethC T altwnativ e pool s migh t  b e 
prefCTre d ove r  poolin g accordin g relation s an d attributes . 

^Bot h force d choic e an d direc t  judgement s giv e th e sam e result s 
(Goldstone ,  Medi n &  Gentner ,  1991) . 

^Thi s possibilit y  i s  alread y suggeste d i n Goldstone ,  Medi n & 
Gentne r  (1991) . 
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E x p e r i m e n t a l  Result s 

T h e C D principl e 

Principle s o f  Stimulu s Desig n fo r  Experiment s 1  an d 2 

The basi c structur e o f  ou r  material s i s th e sam e fo r  Exper -
iment s 1  an d 2  an d follow s Goldstone ,  Medi n &  Centner' s 
(1991 )  origina l  experiments .  Th e stimul i  com e i n group s o f 

5 (a s i n Fig .  1) ,  on e o f  whic h i s th e "target "  stimulu s whic h 

serve s a s th e referenc e point ;  subject s ar e aske d t o indicat e 
'whic h i s mor e simila r  t o T/ i  o r  B T .  Fo r  reason s o f  experi -
menta l  control ,  tota l  o r  overal l  similarit y t o th e targe t  mus t  b e 
equa l  fo r  eac h o f  th e fou r  non-targe t  stimuli ,  o r  mor e precisel y 
woul d b e equa l  i f  th e C D principl e di d no t  apply .  T o thi s en d 
stimul i  ar e constructe d accordin g t o th e followingpattern .  Fo r 
eac h grou p ther e ar e tw o propertie s whic h ar e varied ,  suc h a s 
'height '  an d 'degre e o f  tiltedness' .  Thes e propertie s ar e man -
ifes t  i n five  differen t  levels ,  distribute d a s follows :  Th e targe t 
stimulu s ha s th e maxima l  leve l  fo r  bot h propCTtie s i.e .  a  'di -
mensiona l  value '  o f  5/5 .  Next ,  Stimulu s A ,  ha s th e closes t  di -
mensiona l  valu e fo r  on e propert y an d th e fiirthest  o n th e other , 
i.e .  4/1 .  Stimu U B  an d Chav e th e middl e value s 3/ 2 an d 2/3 ; 
D,  finally,  ha s 1/4 .  Henc e fo r  al l  stimuU ,  th e overal l  "distance " 

t o th e targe t  i s  equa l  (i.e .  five). 

The C D principl e predict s tha t  'dimensio n 1 '  i s  selectivel y 
booste d i n stimulu s A  an d 'dimensio n 2 '  selectivel y booste d 
i n D .  Thi s i s evidence d a s a  chang e i n preferenc e o f  dimen -
sio n a s a  critraio n fo r  decision .  I n comparin g A  an d B  t o T , 
dimensio n 1  i s viewe d a s mos t  saUen t  wherea s i n th e judge -
ment  C, D dimensio n 2  become s mor e salient .  Alternatively , 
subject s coul d boos t  th e furthest-dimensio n o r  merel y stic k t o 
one dimensiona l  weightin g throughout . 

Experimen t  1 :  T h e CD-Principl e an d Relation s 
Material s I n Experimen t  1 ,  th e propertie s o f  interes t  wer e 
tw o singl e relation s presen t  i n th e th e stimuli .  Thes e relation s 
wer e 'dimensionalized '  t o fit  th e abov e schema .  Thi s i s clear -
est  wit h a n example :  dimensio n 1 ,  fo r  instance ,  coul d b e base d 
on th e relatio n 'distance(x,y) '  betwee n tw o componen t  part s 
of  th e stimuli .  Th e distanc e betwee n x  an d y  i n th e targe t  stim -
ulu s form s th e base-line ,  maximia l  value .  W e the n construc t 
fou r  stimul i  wit h increasin g distanc e betwee n x  an d y ;  th e dis -
tanc e closes t  t o tha t  foun d i n th e targe t  (i.e .  th e shortest )  form s 
'leve l  1 '  o f  th e schem a above ,  th e nex t  closes t  'leve l  2 '  an d s o 
on.  Th e relation s manipulate d i n thi s wa y w ^ e spacing ,  dis -
placement ,  alignment ,  ovCTlappin g o f  components ,  occlusion , 
symmetry ,  an d relativ e position .  A  sampl e grou p i n whic h rel -
ativ e distanc e an d occlusio n wer e use d i s show n i n Figur e 2.' ' 

We use d 8  differen t  stimulu s set s whic h involve d diffraen t 
kind s o f  componen t  object s (lines ,  circles ,  square s etc. )  an d 
differen t  pair s o f  relation s a s th e tw o manipulate d dimensions . 
The 3 2 judgement s o f  interes t  ( 4 pe r  group )  wer e presente d i n 
booklets ,  wit h thre e trial s t o th e page .  Eac h tria l  consiste d o f 
a targe t  an d tw o compariso n stiumuli .  Th e subjec t  wa s aske d 
t o indicat e whic h o f  th e tw o conoparisio n stimul i  wa s mos t 

w&mM 

L̂etters ,  her e an d i n th e following ,  ar e adde d t o ai d th e reader ; 
the y wer e no t  par t  o f  th e actua l  stimuli . 

Figur e 2 :  A  stimulu s grou p fro m Exp .  1 . 

simila r  t o th e targe t  b y circlin g it .  Th e orde r  o f  th e compar -
ison s wa s randomize d wit h th e constrain t  tha t  n o tw o judge -
ment s fro m th e sam e grou p appea r  o n th e sam e page .  Th e 
interna l  orde r  o f  eac h compariso n pai r  wa s randomize d an d 
counterblance d betwee n tw o group s o f  subjects . 

Participant s Th e 1 4 participants ,  o f  whic h equa l  number s 
wer e mal e an d female ,  wer e membar s o f  th e departmenta l 
subjec t  panel ,  o r  student s o f  th e university .  The y rq)resente d 
a wid e rang e o f  background s an d w w e age d betwee n 1 8 an d 
50. 

Result s Th e ra w dat a consis t  o f  th e prefa-ence s indicate d 
on th e comparison s A,B ;  A C ;  C, D an d B, D fo r  eac h group . 
Tlies e ca n b e classifie d a s followin g th e patter n predicte d b y 
th e C D principle ,  a s followin g th e opposit e o f  C D ,  tha t  i s 
boostin g th e furthes t  dimensio n (FD) ,  o r  a s usin g th e sam e 
weightin g throughout .  O n th e null-hypothesi s -assumptio n 

of  a  'same-weighting-throughout '  strategy -  CD-pattwn s an d 
FD-pattem s ar e nois e an d shoul d b e expecte d i n equa l  num -
bers .  Followin g th e logi c o f  Goldstone ,  Medi n &  Gentno -
(1991) ,  subject s ar e classifie d a s C D o r  F D subject s dq)endin g 
on whic h patte n the y produce d mor e frequently .  Thi s classi -
fication  yielde d 1 3 CD-subject s an d n o FD-subjects .  1  sub -
jec t  ha d equa l  number s o f  C D an d F D pattern s an d s o wa s 
lef t  ou t  o f  th e analysis .  Th e hypothesi s tha t  thw e woul d b e 
mor e C D subject s tha n F D subject s wa s teste d usin g a  one -
taile d binomia l  test .  Th e null-hypothesi s wa s rejecte d a t  leve l 
p <  0.0005 . 

Experimen t  2 :  Attribute s Experimen t  2  diffff s fro m Ex -
pa-imen t  1  onl y i n tha t  th e tw o manipulate d dimension s wct c 
attributes ,  no t  relations .  Th e mai n attribute s use d wer e shad -
ing ,  size ,  an d orientation .  A  sampl e group ,  manipulatin g cur -
vatur e an d line-thicknes s i s show n i n Figur e 3 . 

The 1 8 participant s wCTe fro m th e departmenta l  subjec t 
pane l  o r  postgraduat e m e m b a s o f  th e university .  O f  these , 
12 wor e CD-subjects ,  an d 3  wer e FD-subjects .  3  subject s ha d 
equa l  numbCTs o f  C D an d F D pattern s and ,  thus ,  droppe d ou t 
of  th e analysis .  Ther e wer e significantl y mor e CD-subject s 
tha n FD-subject s wit h th e nul l  hypothesi s rejecte d a t  p  < 
0.018 ,  agai n usin g a  one-taile d binomia l  test . 

I n sununary ,  th e dat a i n bot h experimen t  see m t o con -
firm  th e Closest-Dimensio n principl e a s a n inq)ortan t  facto r 
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Figures :  A  stimulu s grou p from  Exp .  2 . 

i n propert y weighting . 

"Pooling" 

Desig n Th e poin t  o f  th e remainin g thre e experiment s wa s t o 
investigat e th e generalit y o f  th e MAX-hypothesi s i n tw o di -
rections :  whethe r  othe r  type s o f  propertie s 'pool '  an d whetha -
attribute s an d relation s necessaril y  pool .  T o addres s th e 
first  issue ,  w e designe d object s wit h propertie s tha t  coul d b e 
poole d o n th e basi s o f  'theme' .  Theme s ar e grouping s suc h 
as "colour-related "  o r  "to-do-with-size" ,  whic h migh t  unit e 
an attribut e an d a  relatio n i n a  c o m m o n pool .  Fo r  exam -
ple ,  th e attribut e '(actual )  size '  an d th e relatio n 'larger-than ' 
migh t  for m th e basi s o f  a  'size-related '  pool .  'Themes '  al -
ways involve d on e attribut e an d on e relation .  Ther e wer e tw o 
'themes '  pe r  group ,  i.e .  2  relation s an d 2  attributes .  Hence , 
i t  coul d b e assesse d directl y whethe r  subject s preferre d pool -
in g b y them e o r  b y relation/attribute .  Thi s ca n b e illustrate d 
wit h Fig .  1  above .  Subject s coul d poo l  accordin g t o attribute s 
and relations ,  leadin g t o a n increase d similarit y o f  stimulu s A 
(whic h matche s th e targe t  closel y o n th e attribute s 'size '  an d 
'shade' )  an d D  (whic h matche s o n th e relation s 'largCT-than ' 
and 'darker-than '  betwee n th e lef t  an d righ t  component )  t o 
th e target .  Alternatively ,  subject s coul d for m th e them e pool s 
'size-related '  an d 'colour-related' ,  boostin g th e similarit y o f 
stimulu s B  (matchin g th e targe t  closel y i n actua l  shad e an d 
th e 'darker-than '  relation )  an d C  (matchin g closel y o n actua l 
siz e an d th e 'bigger-than '  relation) .  I n additio n eac h grou p 
had tw o 'control '  stimuli ,  E  an d F ,  wit h n o (apparent )  oppor -
tunitie s fo r  pooling ,  t o allo w baselin e assessmen t  o f  wheth w 
poolin g wa s occurrin g a t  all ,  and ,  hence ,  responsibl e fo r  an y 
differenc e i n subject' s preferenc e betwee n 'theme-pool '  ob -
ject s an d 'relation/attribute-pool '  objects . 

The variou s propertie s wer e distribute d acros s object s ac -
cordin g t o th e schem e i n Tabl e 1 . 

As indicate d i n th e table ,  th e targe t  stimulu s fo r  eac h grou p 
has th e m a x i m u m valu e fo r  al l  properties .  Th e overal l  simi -
larit y o f  th e remainin g stimu U t o th e target ,  disregardin g pool -
ing ,  i s  hel d constant .  A  difficult y i s  pose d b y th e stimu U whic h 
requir e attribut e matche s i n th e absenc e o f  relationa l  matche s 
(i n particular ,  objec t  A ) ,  sinc e tw o object s canno t  completel y 
matc h attributionall y withou t  matchin g relationall y a s well . 
Our  strateg y wa s t o tak e middl e value s o r  average s i n ordr a 

t o ̂ proximat e thi s attributiona l  match .  Th e impo-fectio n o f 
thi s matc h wa s balance d b y addin g a  correspondin g decremen t 

t o th e attributiona l  matc h i n th e remainin g stimul i  eve n wher e 

an exac t  matc h woul d hav e bee n possible .  A  sampl e group , 

wher e thi s ca n b e seen ,  i s  give n i n Figur e 4 . 

Figur e 4 :  A  stimulu s grou p fro m Exp .  3 . 

In Figure 4, A matches closely in actual size even though 
i t  lack s th e largCT-tha n relation ;  ®  T h e attributiona l  'match ' 
i n actual-siz e o f  th e theme-stimulu s C  i s designe d t o deviat e 
from  th e target' s value s b y a  correspondin g degree ,  b y mak -
in g bot h o f  th e componen t  object s slightl y large r  tha n i n th e 
target . 

For  maxima l  experimenta l  control ,  eac h subjec t  wa s aske d 
t o giv e al l  1 2 judgement s pe r  grou p (a t  8  group s a  tota l  o f 
96 judgements) .  I n th e following ,  however ,  w e wil l  analyz e 
and presen t  thes e result s a s thre e experiments .  Al l  othC T fac -
tor s wer e kep t  a s i n Experimen t  1  an d 2 .  Participant s wer e 1 8 
members o f  th e university . 

Experimen t  3a :  Poolin g Accordin g t o T h e m e s Th e first 
experiment ,  look s onl y a t  th e similarit y judgement s fo r  th e 
'theme '  object s an d th e tw o controls ,  aimin g t o establis h 
whetho -  poolin g accordin g t o theme s ca n b e found .  T o thi s 
end ,  th e judgement s pertainin g t o th e 'theme '  stimu U { B an d 
Q an d th e tw o control s ar e extracte d fro m th e 9 6 judge -
ments .  Thi s yield s a  se t  whic h i s isomorphi c t o experiment s 
1 an d 2 ^  an d whic h ca n b e analyze d i n exactl y th e sam e way . 
What  wa s th e singl e closes t  dimensio n i n thes e experiment s 
i s n o w a  potentia l  pool .  Hence ,  th e MAX-hypothesi s ap -
pUes directly :  subject s for m pool s o f  propertie s (ho-e ,  accord -
in g t o theme )  an d differentiall y  boos t  th e weigh t  o f  th e prop -
ertie s i n th e larges t  poo l  (henc e applyin g th e CD-principl e 
no longe r  t o individua l  propratie s bu t  t o pools) .  Followin g 
Goldstone ,  Medi n &  Gentne r  (1991) ,  judgement s displayin g 
thi s pattOT i  ar e classifie d a s M A X .  Pattern s wer e th e small -
est  poo l  i s  preferre d ar e classifie d a s M I N .  Pattern s explica -
bl e wit h a  singl e se t  o f  weight s throughou t  ar e classifie d a s 
"independent" .  The n subject s ar e classifie d a s MAX-subject s 

^Similarly, A in Figure 1 closely matches the target in actual 
colou r  an d actua l  size ,  althoug h i t  lack s th e relation s darker-tha n an d 
larger-than . 

*  an d no w directl y correspond s t o Goldstone ,  Medi n &  Centner' s 
(1991 )  experiment s excep t  tha t  potentia l  pool s ar e theme s instea d o f 
relatio n an d attributes . 
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Possibl e Combination s o f  Propertie s 

Tel&tioa-theme l 
Tel&tiOD-theme l 
mttihule-theme l 

attribute-//iemtf 2 

A 

+ 
+ 

B 

+ 

+ 

C 

+ 

+ 

D 

+ 
+ 

E 

+ 

+ 

F T  1 

+ 
+ 

+ 
+ 
+ 
+ 

Tabl e 1 :  Th e tabl e give s th e basi c objec t  specificatio n fo r  experiment s 3a,3b,3 c whic h allo w bot h relation/attribut e an d them e 
pools . 

or  MIN-subjects ,  dependin g o n whic h typ e o f  patter n dom -
inate s i n thei r  results .  Th e MAX-hypothesi s predict s mor e 
M A X tha n M I N subjects ,  whil e th e null-hypothesi s (featur e 

independence ,  i.e .  no-pooling )  predict s equa l  numbers .  O f 
th e 1 8 subjects ,  1 4 wer e MAX-subjects ,  an d onl y 1  a  M I N -
subject .  3  subject s ha d equa l  numbCT S o f  M A X -  an d M I N -
pattCTn s and ,  hence ,  wer e exclude d fro m th e analysis .  Th e 
differenc e betwee n number s o f  M A X -  an d number s o f  M I N -

subject s wa s significant ;  usin g a  one-taile d binomia l  test ,  th e 
null-hypothesi s wa s rejecte d at p <  0.0005 . 

Experimen t  3b :  Poolin g Accordin g t o Relation s an d At -
tribute s Th e second ,  Experimen t  3b ,  look s onl y a t  th e 're -

lations '  an d 'attribute '  stimul i  ( A an d D  i n th e tabl e above ) 
and th e tw o contro l  objects ,  t o establis h whethC T Goldstone , 
Medi n &  Centner' s (1991 )  poolin g o f  relation s an d attribute s 
i s replicate d wit h ou r  stimuli .  Th e analysi s follow s directl y 
tha t  o f  Expaimen t  3b .  Thi s rq)licatio n failed ;  i n fact ,  M I N -
marginall y exceede d M A X subjects .  I n actua l  numba-s ,  w e 
foun d 7  MAX-subjects ,  9  MIN-subjects ,  an d 2  subject s wit h 
equa l  numbo- s o f  M A X -  an d M I N -  patterns . 

Experimen t  3c :  Pooling-Preference s -  Theme s vs .  Re -

lations/Attribute s I n th e las t  o f  th e three .  Experimen t  3c ,  w e 
directl y compare d th e tw o theme-stimul i  wit h th e 'relations ' 
and th e 'attributes '  stimulus .  Unsurprisingly ,  give n th e pre -

viou s tw o results ,  subject s overwhelmingl y preferre d poolin g 
accordin g t o theme s (MAX-subjects :  15 ,  MIN-subjects :  2 , 
equa l  numbers :  1) ,  wit h th e null-hypothesi s (independence , 
i.e .  n o pooling )  rejecte d b y two-taile d binomia l  tes t  a t  p  < 
0.002 . 

Discussion 

We identifie d tw o sq)erat e factor s implici t  i n th e origina l 
formulatio n o f  th e MAX-hypothesis ,  th e Closes t  Dimensio n 
Principl e an d th e existenc e o f  pooling .  Ou r  result s confir m 
th e CD-principl e bot h fo r  singl e propratie s (attribute s o r  re -
lations )  an d fo r  pools .  A s regard s pooling ,  ou r  result s indi -
cat e bot h tha t  poolin g ca n occu r  alon g othe r  line s tha n rela -
tion s an d attribute s an d tha t  poolin g b y relation s an d attribute s 
can fail .  Thi s suggest s that ,  contrar y t o Goldstone ,  Medi n & 
Centner' s (1991 )  assumptions ,  th e relations/attribute s distinc -
tio n i s no t  pe r  s e cognitivel y salien t  enoug h t o evok e pool -
ing .  Thus ,  th e critra-i a detCTminin g whethe r  o r  no t  a  particu -
la r  poo l  i s  salien t  o r  suggestiv e remai n t o b e determined .  W e 
ar e threatene d wit h a  certai n explanator y regress ;  th e tas k o f 

determin g propert y weights ,  i.e .  salience ,  require s detmnin -
in g th e salienc e o f  potentia l  pools .  Onl y fiitur e wor k ca n tel l 
whethe r  genera l  principle s ca n b e uncovo-e d here . 

I n th e meantime ,  thes e result s leav e th e modellC T i n a n awk -

war d position .  Th e Closes t  Dimensio n Principle ,  whetho -
i t  opo-ate s o n singl e dimension s o r  o n pools ,  ha s damnin g 
consequence s fo r  traditiona l  model s o f  similarit y suc h a s th e 
contras t  mode l  an d spatia l  model s o f  similarit y (se e Gold -
stone ,  Medi n &  Gen tn ^  (1991)) .  Thes e model s omi t  th e 
featur e weightin g process ,  assumin g a  se t  o f  weighte d fea -
ture s o r  dimension s a s given .  Th e operatio n o f  th e C D -
principle ,  howevCT ,  i s loca l  t o th e individua l  comparison ,  e.g . 

target/objec t  1. ^  Thi s mean s tha t  eac h individua l  pairwis e 
compariso n require s a  differen t  se t  o f  weights .  T h w e i s n o 
singl e se t  o f  weights ,  eve n fo r  a  grou p o f  5  stimul i  a s simpl e 
as tha t  i n Fig .  1 .  Hence ,  th e contras t  mode l  o r  spatia l  model s 
of  similarit y — o r  an y othra -  mode l  whic h assume s weighte d 
propertie s a s primitives-canno t  fit  thi s grou p o f  stimuli ,  bu t 
onl y individua l  pairwis e comparisons .  Hence ,  thes e model s 
canno t  b e use d t o explai n th e similarit y structur e o f  eve n thi s 
sinqjl e group .  The y ca n b e extende d t o includ e th e system -
aticit y i n th e grou p onl y b y inclusio n o f  th e weightin g proces s 
itself . 

I n thi s respect ,  however ,  ou r  result s ar e problematic .  The y 
indicat e tha t  th e condition s undo -  whic h poolin g occurs ,  ma y 
be fa r  mor e divCTs e tha n Goldstone ,  Medi n &  Gentn a (1991 ) 

suggest .  Whethe r  the y ar e a t  al l  predictabl e enoug h t o allo w 
inclusio n i n a  forma l  mode l  remain s t o b e seen . 

Acknowledgements 

Thanks go to Todd Bailey and three anonymous review-
er s wh o provide d helpfu l  comment s o n earlie r  vision s o f 
thi s manuscript ;  remainin g error s are ,  o f  course ,  ou r  re -
sponsibility .  Ulrik e Hah n i s supporte d b y E S R C gran t  No . 
R0(M293341442 . 

References 

Goldstone, R. (1994a). TTie Role of Similarity in Categoriza-
tion :  Providin g a  Groundwork .  Cognition ,  52,125—157 . 

p̂leas e not e agai n tha t  th e force d choic e desig n o f  ou r  experi -
ment s i s extrinsi c t o th e CD-principl e a s demonstrate d b y Goldstone , 
Medi n &  Centne r  (1991) . 

S66 



Goldstone ,  R .  (1994b) .  Similarity ,  Interactiv e Activation ,  an d 
Mapping .  Journa l  o f  Experimenta l  Psychology :  Learning , 
Memory,  an d Cognition ,  20,3—28 . 

Goldstone, R & Medin, D. L. & Centner, D. (1991) Relational 
Similarit y an d theNonindq)endanc e o f  Feature s i n Similar -
it y  Judgements .  Cognitiv e Psychology ,  23,222—262 . 

Goodman, N. (1972). Chapter: Seven Strictures on Similar-
ity .  Problem s an d Projects .  Indianapolis :  Bobbs-Meril l 
Conq) . 

Hahn, U. and Chatra, N. (1996). Concq)ts and Similarity. 
In :  LambCTts ,  K .  &  Shanks ,  D .  R .  (Eds.) ,  Knowledge ,  Con -
cepts ,  an d Categories .  London :  U C L Press . 

Medin, D. L. & WattenmakCT, W. (1987). Category Cohesive-

ness .  Theories ,  an d Cognitiv e Archaeology .  In :  Neiss» , 
U.(Ed.) ,  Concept s an d Conceptua l  Development :  Ecologi -
cal  an d Intellectua l  Factor s i n Categorization .  Cambridge : 
Cambridg e UnivCTsit y Press . 

Shepard, R. (1962). The analysis of proximities: Multidi-
mensiona l  scalin g wit h a n unknow n distanc e function .  Psy -
chometrika ,  125 . 

Tversky, A. (1977). Features of Similarity. Psychological Re-
view ,  84,327—352 . 

567 


	cogsci_1996_562-567

