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R e l a t i o n s R e l a t i n g R e l a t i o n s 

Rober t  L .  Goldston e 
Dedr e Gentne r 

Dougla s L .  Medi n 
Universit y o f  Illinoi s a t  Urbana-Champaig n 

Abstract 
Th e ai m o f  th e curren t  wor k i s t o incorporat e structura l  informatio n i n judgment s o f  similarity .  Accordin g t o 

th e assumptio n o f  featur e independence ,  h o w on e featur e affect s similarit y i s  independen t  o f  th e value s o f  th e othe r 
feature s present .  W e presen t  thre e violation s o f  thi s assumption ,  al l  arisin g fro m Ui e influenc e o f  relation s betwee n 
feature s an d o f  relation s betwee n relations .  A  share d relatio n i s mor e importan t  fo r  similarit y judgment s i f  i t 
cooccur s wit h (A )  relation s tha t  augmen t  th e first  relatio n b y "pointin g i n th e sam e direction "  a s th e first  relation ,  (B ) 
relation s whic h ar e themselve s salient ,  an d (C )  salien t  relation s tha t  involv e th e sam e object s a s th e first  relation .  W e 
interpre t  thes e result s a s suggestin g tha t  relation s d o no t  hav e separatel y determine d weight s or  saliences ;  th e weigh t 
of  a  relatio n depend s th e relationa l  structur e i n whic h i t  exists .  Relation s influenc e eac h othe r  b y creatin g higher -
orde r  relationa l  structures ,  an d als o b y affectin g processing . 

Introduction 
Our  curren t  interes t  i n structura l  similarit y stem s fro m tw o sources .  First ,  similarit y ha s bee n a  pivotal ,  i f 

under-explored ,  agen t  i n m a n y theories .  Problem s ar e sai d t o b e easie r  t o solv e i f  simila r  problem s hav e bee n 
previousl y solved .  Th e transfe r  o f  on e skil l  t o anothe r  i s sai d t o b e proportiona l  t o thei r  degre e o f  similarity .  O n e 
even t  remind s u s anothe r  i f  the y ar e similar .  A n objec t  belong s t o a  categor y i f  i t  i s  simila r  t o th e category' s 
example s o r  prototype .  A n accoun t  o f  wha t  make s thing s simila r  i s  essentia l  t o ou r  understandin g o f  cognition . 
Second ,  i t  ha s lon g bee n argued ,  particularl y i n artificia l  intelligence ,  tha t  simple ,  independen t  featur e 
representations ,  inadequatel y captur e mos t  o f  ou r  knowledge .  ProposiUona l  representations ,  explanatio n base d 
learning ,  an d patter n recognitio n al l  poin t  t o th e nee d fo r  system s tha t  represen t  h o w th e unit s o f  analysi s ar e relate d 
and interconnecte d i n structura l  descriptions .  Thus ,  separat e fields  hav e argue d fo r  th e importanc e o f  structur e an d 
fo r  th e importanc e o f  similarity ;  a t  th e mos t  genera l  level ,  ou r  researc h goa l  i s  t o consolidat e structur e an d similarit y 
int o a  singl e framework . 

O ne o f  th e mos t  importan t  an d c o m m o n assumption s associate d wit h a  wid e variet y o f  psychologica l  model s 
i s tha t  ther e exist s a  se t  o f  feature s tha t  ar e independen t  o f  on e another .  Feature s ar e independen t  i f  th e effec t  o f  th e 
valu e o n an y on e featur e doe s no t  depen d o n th e valu e o f  an y othe r  feature .  A  selectio n o f  prominen t  example s 
illustrate s th e prevalenc e o f  th e featur e independenc e assumpfion .  Tversk y ' s influentia l  contras t  mode l  (1977 ) 
makes th e explici t  assumptio n tha t  th e join t  effec t  o f  tw o component s i n determinin g similarit y i s  independen t  o f  th e 
fixed  leve l  o f  th e thir d component .  Posne r  an d Keel e (1968 )  assum e tha t  th e psychologica l  distanc e o f  a  do t  fro m 
it s prototypica l  locatio n i s independen t  o f  th e location s o f  othe r  dots .  Independent-cu e prototyp e model s propos e 
tha t  categorizatio n o f  a n exampl e int o a  grou p i s a  funcfio n o f  th e featur e matche s betwee n th e exampl e an d th e 
group ,  additivel y combine d i n a n independen t  manner .  Th e assumptio n o f  featur e independenc e i s a  powerfu l 
simplifyin g assumptio n ,  permittin g analyse s whic h woul d otherwis e b e unwield y o r  impossible .  Withou t  th e 
independenc e assumption ,  an y singl e featur e o f  a  syste m wit h te n binary-value d feature s coul d produc e 102 4 
differen t  effects ;  wit h th e independenc e assumption ,  th e sam e featur e ca n produc e only  tw o effects . 

Unfortunately ,  i t  i s  no t  alway s tru e tha t  wha t  make s fo r  a  simpl e an d powerfu l  mode l  als o make s fo r  a n 
accurat e mode l  o f  h u m a n behavior .  Ther e i s goo d reaso n t o suppos e tha t  cognitiv e processe s ar e ofte n base d o n 
highl y intcracfiv e features .  T h e featur e "gray "  doe s no t  m e a n th e sam e thin g i n "gra y hair "  a s i t  doe s i n "gra y cloud " 
(Medi n &  Shoben ,  1988) .  Pomerant z (1986 )  ha s show n tha t  i n display s suc h a s ")( "  th e tw o parenthese s ar e no t 
independentl y perceive d -  althoug h the y ar e physicall y detached ,  the y ar e psychologicall y fused ,  creatin g emergen t 
properties .  Gat i  an d Tversk y (1984 )  presen t  example s i n whic h monotonicit y an d featur e independenc e ar e violate d 
becaus e addin g certai n feature s cause s interacuon s wit h th e feature s alread y present .  Indeed ,  al l  contex t  effect s ca n 
be construe d a s case s o f  non-independence .  I n general ,  ther e i s reaso n t o thin k tha t  featur e independenc e i s th e 
excepUo n rathe r  tha n th e rul e -  objec t  feature s ofte n mutuall y constrai n an d modulat e eac h other . 

I t  migh t  b e tliough t  tha t  admittin g featur e dependencie s int o a  mode l  woul d yiel d a n overwhelmin g numbe r 
of  degree s o f  freedo m an d a  los s o f  importan t  constraints .  Contrar y t o thi s position ,  w e wil l  argu e tha t  featur e 
dependenc e nee d no t  b e a  "counse l  o f  despair. "  Th e similarit y judgment s tha t  thi s pape r  investigate s ar e no t 
constraine d b y featur e independence ,  bu t  the y ar e constraine d b y specifi c  principles .  Th e centra l  clai m wil l  b e tha t 
th e importanc e o f  a  relauo n i n a  scen e depend s o n th e quality ,  quanfity ,  an d locaUo n o f  th e othe r  relation s present . 

Th e genera l  representationa l  syste m outline d i n Dedr e Genmer' s Structure-mappin g Theor y ( S M T ) 
(Gentner ,  1983 ,  1989 )  wil l  b e used .  I n Genmer' s terminology ,  a  first-order  relatio n i s an y relatio n tha t  take s tw o o r 
mor e object s a s arguments .  Th e relatio n " D A R K E R - T H A N "  i s first-order  becaus e i t  take s tw o objects ,  tw o wing s 
fo r  example ,  an d establishe s a  relaUo n betwee n them .  Th e relatio n ca n b e propositionall y represente d a s D A R K E R-
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Figur e 1 

T H AN (Wingl ,  \Ving2 )  (se c als o Palmer ,  1975) .  A  relatio n i s "higher-order "  i f  i t  take s tw o o r  mor e relation s a s 
objects .  Accordin g t o S M T ,  a  commo n relatio n i s mor e importan t  fo r  a n analog y i f  i t  i s involve d i n a  commo n 
hisher-ordc r  relation .  Fo r  th e analog y betwee n th e sola r  syste m an d a n atom ,  th e relatio n G R E A T ER (MASS(sun) , 
MASS(planct) )  wil l  b e mor e importan t  tha n lli c  relatio n G R E A T ER (BRIGHTNESS(sun) ,  BRIGHTNESS(planet) ) 
becaus e i t  i s involve d i n Ui e higher-orde r  relatio n C A U S E(  G R E A T ER (MASS(sun) ,  MASS(planet)) ,  R E V O L V E-
A R O U . XD (planet ,  sun)) .  Consequently ,  accordin g t o S M T ,  th e goodnes s o f  a n analog y depend s o n th e relationa l 
correspondence s betwee n tw o domains ,  an d o n th e relationa l  structur e i n whic h thes e correspondence s exist . 

Higher-orde r  relation s illusu-ai e on e cas e o f  relation s betwee n relations .  Whil e th e importanc e o f  higher -
orde r  relation s ha s bee n show n fo r  causa l  analogie s (Clemen t  &  Centner ,  1988 ;  Centner ,  1983 ;  Winston ,  1980) , 
we wil l  presen t  demonstration s tha t  sugges t  th e importanc e o f  higher-orde r  relation s i n determinin g perceptua l 
similarity .  Al l  higher-orde r  relation s ar e no t  treate d equally ;  som e higher-orde r  relation s serv e t o highligh t  th e 
relation s tha t  compos e them ,  wherea s othe r  potentia l  higher-orde r  relation s d o not .  A s such ,  no t  onl y ar c objec t 
feature s involve d i n dependencie s -  th e relation s themselve s displa y dependencies .  A  secon d cas e o f  relation s 
betwee n relation s i s als o suggeste d -  eve n whe n a  tru e higher-orde r  relatio n i s no t  forme d b y tw o relations ,  th e 
relation s ca n stil l  influenc e eac h other' s importanc e b y affectin g ho w eac h i s processed .  Fo r  example ,  th e 
perceptio n o f  on e relatio n ma y prim e individual s t o se c othe r  simila r  relations .  I n general ,  bot h case s argu e tha t  a 
person' s sensitivit y t o a  relatio n depend s o n th e othe r  relation s wit h whic h i t  i s composed . 

Determining the Polarity of the Darker-than and Larger-than Relations 
Whil e Cenmcr' s wor k wit h analogie s typicall y use s causa l  relation s a s th e higher-orde r  relation s tha t  connec t 

first-order  relations ,  th e higher-orde r  relation s use d her e wil l  b e compiirison s o f  magnitud e differences .  I n doin g 
so,  w e preserv e th e basi c vocabular y o f  propositiona l  representatio n (Palmer ,  1978) .  I n Figur e 1 ,  th e tw o block s 

hav e th e followin g first-order  relations :  G R E A T E R - T H AN (S1ZE (  triangle) ,  SIZE(circlc)) l  an d G R E A T E R - T H AN 
(NU.\1BER-0F-D0T S (triangle) ,  N U M B E R - O F - D O TS (circle)) .  Ther e i s als o a  relatio n betwee n tlics e tw o 
relation s -  namely ,  i n bot h relations ,  th e triangl e ha s th e large r  quantity .  Thi s higher-orde r  relatio n wil l  b e calle d 
" A U G M E N T A T I O N"  becaus e eac h o f  th e first-order  relation s augment s th e effec t  o f  iJi c othe r  b y "pullin g i n th e 
same direction "  a s th e other ;  mor e technically ,  th e tw o relation s ar c magnitud e relation s o f  th e sam e type ,  tha t  tak e 
th e sam e objec t  argument s i n th e sam e order .  Th e opposit e o f  a n A U G M E N T A T I ON relatio n i s a n "OPPOSITION " 
relation ,  whereb y on e relatio n cancel s ou t  th e othe r  relatio n b y "pullin g i n th e opposit e direction" ;  mor e technically , 
th e tw o relation s ar e magnitud e relation s o f  opposit e types ,  tha t  tak e th e sam e argument s i n th e sam e order .  I f  th e 
triangl e wer e talle r  tha n th e circle ,  bu t  ha d fewe r  dot s tha n th e circle ,  the n th e relatio n betwee n th e dot s an d th e 
relatio n betwee n th e size s woul d b e i n a n OPPOSITIO N relation . 

To determin e whethe r  a  higher-orde r  relatio n i s A U G M E N T A T I ON (bot h first-order  relation s i n sam e 
object s pointin g i n th e sam e direction )  o r  OPPOSITIO N (first-orde r  relation s pointin g i n opposit e directions )  w e 
must  first  determin e th e directio n o f  greate r  magnitud e fo r  eac h relation .  Followin g th e genera l  logi c o f  Smith , 
Sera ,  an d Goodrich' s (i n press )  procedur e fo r  determinin g th e "polarity "  o f  a  relation ,  w e aske d 1 8 subject s t o labe l 
one sid e o f  a  butterfi y "positive "  an d th e othe r  sid e "negative. "  Subject s wer e tol d t o us e th e word s "positive "  an d 

i  G R E A T E R - T H AN (SIZ E (triangle) ,  SIZ E (circle) )  i s equivalen t  t o th e representatio n L A R G E R-
T H AN (triangle ,  circle) .  Th e forme r  ca n b e viewe d a s a n expansio n o f  th e latter . 
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"negative "  i n a  loos e o r  metaphorica l  sense .  Th e butterflie s i n Figur e 2  teste d th e polarit y o f  th e T A L L E R - T H A N 
and D A R K E R - T H AN relations . 

To contro l  fo r  possibl e left-righ t  biases ,  hal f  th e subject s receive d butterflie s identica l  t o A  an d B  excep t  tha t 
th e lef t  an d righ t  wing s wer e switched .  Al l  1 8 subject s though t  th e large r  sid e o f  A  wa s positive ,  supportin g th e 
intuitio n tha t  larg e i s (metaphorically )  positiv e an d smal l  i s  negative .  Further ,  Th e result s o f  2 B sho w tha t  fo r  mos t 

adult s dar k i s positiv e an d ligh t  i s  negative. ^  Whe n th e relationa l  structur e o f  butterflie s ar c late r  represented ,  w e 
wil l  trea t  larg e wing s a s bein g G R E A T E R - T H AN smal l  wings ,  an d dar k wing s a s bein g G R E A T E R - T H AN ligh t 
wings .  Fo r  example ,  i f  th e lef t  wing  o f  a  buttcril y  i s  large r  tha n an d darke r  tha n th e righ t  wing ,  the n thes e tw o 
relation s augmen t  eac h other ;  i f  th e lef t  win g i s large r  tha n an d lighte r  tha n th e righ t  wing ,  the n th e relation s oppos e 
each other . 

General Method 
Subject s wer e show n compute r  display s containin g thre e butterflies .  Th e butterfl y a t  th e to p wa s th e 

compariso n butterfly .  Subject s wer e tol d t o eithe r  choos e th e lowe r  lef t  o r  th e lowe r  righ t  butterfly ,  whicheve r  wa s 
more simila r  t o th e compariso n butterfly .  Subject s presse d key s t o choos e eithe r  A  o r  B  a s mor e simila r  t o T .  Th e 
relation s use d were :  SAME-SIZE ,  L A R G E R - T H A N,  S M A L L E R - T H A N,  S A M E - S H A D E,  D A R K E R - T H A N, 
L IGHTER-THAN,  an d DEFFERENT-SHADE.  Ther e i s n o DIFFERENT-SIZ E relatio n becaus e an y pai r  o f  wing s 
whic h ar e differentl y size d ca n b e describe d b y th e L A R G E R - T H AN o r  S M A L L E R - T H AN relation .  I n al l 
experiments ,  th e left/righ t  orde r  o f  butterflie s A  an d B  wa s randomized . 

Higher-order Relations that Increase Relational Responding 

AUGMENTATION vs .  OPPOSITIO N 
Thirty-si x Universit y o f  Illinoi s undergraduate s wer e presente d butterfl y triad s wit h tw o choices ,  on e o f 

whic h wa s superficiall y  simila r  t o T  an d on e o f  whic h wa s relationall y simila r  t o T .  A n exampl e o f  tw o suc h û iad s 
i s show n i n Figur e 3 .  Fo r  bot h th e lef t  an d righ t  cases ,  i f  a  subjec t  respond s tha t  A  i s mor e simila r  t o T  tha n i s B , 
the n w e tak e thi s a s evidenc e tha t  the y ar e respondin g superficiall y -  the y ar e basin g thei r  similarit y o n th e gra y tha t 
bot h A  an d T  hav e o n thei r  righ t  wings .  A  respons e o f  "B "  i s  labelle d a  relationa l  response ,  base d o n th e commo n 
relatio n tha t  B  an d T  shar e -  thei r  righ t  wing s ar e darke r  tha n thei r  lef t  wings .  A  relatio n whic h i s share d b y T  an d 
onl y on e o f  th e tw o choice s i s calle d a  uniqu e relation .  D A R K E R - T H AN (righ t  wing ,  lef t  wing )  i s a  uniqu e 
relation ,  possesse d onl y b y T  an d B .  A  relatio n whic h i s possesse d b y al l  thre e butterflie s i s calle d a n 
accompanyin g relation .  L A R G E R - T H AN (righ t  wing ,  lef t  wing )  i s a n accompanyin g relatio n fo r  th e thre e 
butterflie s o n th e lef t  becaus e eac h o f  the m possesse s thi s relation . 

The uniqu e relation s use d i n th e experimen t  were :  S M A L L E R - T H A N,  L A R G E R - T H A N,  D A R K E R-
T H A N,  an d L IGHTER-THAN .  Eac h uniqu e relatio n wa s paire d wit h a n augmentin g an d a n opposin g 
accompiuiyin g relation ,  yieldin g a  tota l  o f  eigh t  differen t  butterfi y  triads .  Fo r  eac h triad ,  th e left/righ t  orde r  o f  th e 
relationa l  an d superficia l  response s wer e randomized ,  a s wa s th e presentatio n orde r  o f  th e pictures .  Forty-tw o 

2 Thes e result s ma y see m t o b e oppose d t o Smit h e t  al.' s  (i n press )  evidenc e tha t  adult s hav e som e 
tendenc y t o vie w lighte r  object s a s positive .  On e possibl e resolutio n i s tha t  ou r  stimul i  heighte n th e 
"dark=positive "  effec t  becaus e o f  the y appea r  o n a  compute r  scree n wit h a  whit e background . 
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Universit y o f  Illinoi s undergraduate s wer e show n eac h o f  th e eigh t  picture s fou r  times ,  an d wer e require d t o mak e 
eac h respons e withi n 3. 5 seconds . 

Our  interes t  i s no t  i n th e absolut e numbe r  o f  superficia l  an d relationa l  response s tha t  subject s give ;  w e ar e 
intereste d i n variabl e tha t  shif t  subjects '  judgments .  Here ,  th e manipulate d variabl e o f  importanc e i s whethe r  th e 
accompanyin g relatio n augment s o r  oppose s th e uniqu e relation .  Fo r  th e thre e butterflie s o n th e left ,  th e 
accompanying  relatio n L A R G E R - T H AN (righ t  wing ,  lef t  wing )  augment s th e uniqu e relatio n D A R K E R - T H AN 
(righ t  wing ,  lef t  wing )  becaus e the y bot h ar e G R E A T E R - T H AN relation s whic h tak e th e sam e argument s i n th e 
same order .  Fo r  th e thre e butterflie s o n th e right ,  th e accompanyin g relatio n i s S M A L L E R - T H AN (righ t  wing ,  lef t 
wing) ;  thi s relatio n oppose s th e uniqu e relatio n becaus e S M A L L E R - T H AN i s a  L E S S - T H A N relation .  I f  th e 
uniqu e relatio n pertain s t o size ,  the n fou r  differen t  accompanyin g relation s ar e use d -  on e fo r  eac h shad e relation .  I f 
th e uniqu e relatio n pertain s t o shade ,  the n al l  thre e siz e relation s ar e use d a s accompanyin g relations . 

The questio n o f  primar y interes t  is :  Wha t  proportio n o f  subject s giv e th e relationa l  respons e (a s oppose d t o 
th e superficia l  response )  whe n th e accompanyin g relatio n augments/oppose s th e uniqu e relation .  Whe n th e 
accompanyin g relatio n i s augmenting ,  subject s giv e th e relationa l  respons e (choic e B  i n th e abov e figure)  o n 50.1 % 
of  trials ;  th e proportio n o f  relationa l  respondin g drop s dow n t o 39.4 % whe n th e accompanying  relatio n i s opposing . 
Thi s significan t  differenc e (p<.01 )  betwee n th e amoun t  o f  relationa l  respondin g suggest s tha t  th e salienc e o f  a 
common relatio n i n a  similarit y judgmen t  i s affecte d b y th e othe r  relation s presen t  i n a  scene .  T w o simpl e 
explanation s o f  ou r  result s wil l  no t  suffice . 

First ,  ou r  result s canno t  b e explaine d b y simpl y assumin g tha t  som e relation s ar e inherentl y mor e salien t 
tha n others .  Whe n subject s mak e choic e B  ove r  A  a s mos t  simila r  t o T ,  the y mus t  b e doin g s o becaus e o f  th e 
uniqu e relatio n D A R K E R - T H AN (righ t  wing ,  lef t  wing) ,  sinc e thi s  i s th e onl y properl y tha t  distinguishe s A  an d B 
tha t  als o belong s t o T .  Thi s relatio n i s th e sam e i n th e tw o triads .  Th e onl y differenc e betwee n th e augmentin g an d 
opposin g condition s i s th e win g siz e relation ,  whic h i s share d b y al l  thre e butterflies .  Thus ,  ho w importan t  th e 
D A R K E R - T H AN relatio n i s fo r  similarit y depend s o n a  relatio n which ,  b y itself ,  doe s no t  distinguis h betwee n th e 
tw o choices . 

Second ,  ou r  result s als o canno t  b e explaine d b y saying :  "Perhap s ther e i s a  genera l  advantag e t o pickin g u p 
othe r  relation s whe n th e righ t  win g i s large r  tha n th e lef t  wing. "  I f  th e uniqu e relatio n ha d bee n D A R K E R - T H AN 
(lef t  wing ,  righ t  wing) ,  the n th e opposit e accompanyin g relatio n [ L A R G E R - T H A N (lef t  wing ,  righ t  wing) ]  resulte d 
i n a  boos t  t o relationa l  responding .  I t  i s no t  th e specifi c  qualit y o f  a  first-order  relatio n considere d b y itsel f  whic h 
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result s  i n th e increase d relationa l  respondin g -  i l  i s ili c  relatio n betwee n first-order  relation s whic h affect s  th e degre e 
of  relationa l  responding . 

Nonspecific Increases in Responding to Unique Relations Due to Accompanying 

Relatio n 
Puttin g asid e th e specifi c  relation-relatio n interactions ,  othe r  result s als o sugges t  tha t  som e accompanyin g 

relation s ca n serv e a s "universa l  facilitators, "  increasin g th e likelihoo d o f  relationa l  response s i n general .  Whe n th e 
accompanyin g relatio n share d b y al l  thre e butterflie s i s SAME-SIZ E o r  S A M E - S H A DE (dimensiona l  identit y 
relations) ,  the n respondin g o n th e basi s  o f  th e uniqu e relation s i s highe r  tha n whe n th e accompanying  relatio n i s on e 
of  th e othe r  relations .  Figur e 4  depict s a n exampl e o f  thi s effect .  Fo r  bot h th e lef t  an d righ t  triads ,  th e relationa l 
choic e (B )  ha s th e uniqu e relatio n S M A L L E R - T H A N ( L E F T W I N G ,  R I G H T W I N G )  tha t  th e superficia l  choic e (A ) 
docs not .  Th e tendenc y (no n significan t  i f  Figur e 4  alon e i s considered ,  bu t  significan t  overall )  i s fo r  subject s t o 
choos e th e relationa l  choic e mor e whe n wing s hav e a  S A M E - S H A DE relation .  Th e uniqu e relation s includ e equa l 
number s o f  eac h o f  th e seve n relatio n (fou r  shad e relations ,  thre e siz e relations )  types .  Th e sam e subject s use d i n 
th e precedin g stud y produce d th e followin g results : 

Accompanyin g Relatio n % o f  Respondin g base d o n Uniqu e Relatio n 

D IFFERENT-SHADE (lef t  wing ,  righ t  wing ) 
S A M E - S H A DE (Lef t  wing ,  righ t  wing ) 
L I G H T E R - T H AN o r  D A R K E R - T H AN (lef t  wing ,  righ t  wing ) 

7 0 % 
7 6 % (significantl y greate r  tha n 7 1 % ) 
7 1 % 

LARGER-THAN o r  SMALLER-THAN (lef t  wing ,  righ t  wing ) 
SAME-SIZE (lef t  wing ,  righ t  wing ) 

4 4 % 
5 0 % (significantl y greate r  tha n 4 4 % ) 

T h e presenc e o f  S A M E - S I Z E an d S A M E - S H A DE relation s withi n th e butterflie s cause s furthe r  relationa l 
correspondence s betwee n th e butterflie s t o b e noticed .  I t  ha s bee n suggeste d (Goldstone ,  M c d i n ,  &  Gentner ,  1987 ) 
tha t  increasin g th e importanc e o f  relationa l  correspondence s betwee n tw o object s wil l  bia s th e subjec t  t o loo k fo r 
furthe r  relationa l  matche s a s oppose d t o superficia l  matches .  T h e percentag e o f  response s o n th e basi s o f  a  relatio n 

• r j 

A 27.9 % B  72.1 % 

Accompanying Relation = Same-Shade 

y / Z ^ 

n n  I " 

M ^ 

• 
k. 

r 
• 

K r •i.A.n y 
••i.AA. a 
•i.A.iy ^ 
w V 

• 

\ A Vr> " 
5'- " 
/y- " 

J XI 

A 51.6 % B 68.4 % 

Accompanyin g Relatio n =  Different-Shad e 

Figur e 4 

135 



Goldstone ,  Centner ,  Medi n 

can b e increase d b y eithe r  (1 )  increasin g th e numbe r  an d sahenc e o f  othe r  relation s present ,  o r  (2 )  decreasin g th e 
number  o r  salienc e o f  superficia l  similaritie s present .  Th e curren t  result s suppor t  thi s suggestio n i f  S A M E - S H A DE 
and SAME-S IZ E ar e assume d t o b e stronger ,  mor e noticeabl e relation s tiia n D IFFERENT-SHADE.  LIGHTER -
T H A N,  an d S M A L L E R - T H A N,  s o that ,  a s accompanyin g relations ,  the y cal l  attentio n t o th e uniqu e relation . 
hidepcndcn t  suppor t  fo r  thi s assumptio n come s fro m th e fac t  tha t  whe n th e uniqu e relatio n i s S A M E - S H A DE o r 
SAME-SIZE,  th e relationall y simila r  butterfl y i s  chose n 7 2 % o f  th e time .  Relationa l  respondin g drop s t o 6 1 % whe n 
th e uniqu e relatio n i s on e o f  th e othe r  relations .  I n th e curren t  experiments ,  w e find  tha t  tha t  a  relatio n whic h migh t 
not  b e though t  t o hav e an y influenc e o n judgmen t  (becaus e bot h o f  th e choice s posses s it) ,  stil l  influence s judgmen t 
by highlightin g othe r  relation s i n a  non-specifi c  manner .  Th e highlightin g i s non-specifi c  i n tha t  SAME-SIZ E an d 
S A M E - S H A DE relation s increas e th e likelihoo d o f  response s base d o n an y othe r  relation .  N o goo d higher-orde r 
relatio n result s fro m th e juxtapositio n o f  S M A L L E R - T H AN an d S A M E - S H A DE (a s i n Figur e 4) .  S A M E-
SHADE's tendenc y t o increas e th e importanc e o f  S M A L L E R - T H AN i s du e t o it s genera l  processin g facilitatio n o f 
al l  relations . 

Increase d Relationa l  R e s p o n d i n g wit h Relation s Associate d wit h th e S a m e Object s 
A final  demonstratio n show s a  specifi c  influenc e o f  relation s o n relations .  Wherea s th e first  demonstratio n 

showed a n influenc e specifi c  t o Ui c natur e o f  th e relation s involved ,  anothe r  infiuenc e i s specifi c  t o th e structura l 
configuratio n o f  th e relations .  A  commo n patter n i s tha t  relation s tha t  shar e object s facilitat e eac h othe r  mor e tha n 
relation s tha t  belon g t o differen t  objects .  Thus ,  a  relatio n wil l  coun t  fo r  mor e i n a  similarit y judgmen t  i f  i t  involve s 
object s tha t  shar e anothe r  stron g relation .  Subject s rate d th e similarit y o f  tw o scene s o n a  scal e fro m 1  t o 9,wii h 1 
referrin g t o ver y lo w similarit y an d 9  referrin g t o ver y hig h similarity .  Si x set s o f  picture s wer e give n o f  th e sam e 
abstrac t  desig n a s Figur e 5 ,  intermingle d wit h 3 0 filler  sets .  I n Figur e 5 ,  th e lef t  pai r  ( A an d B )  an d th e righ t  pai r  ( C 
and D )  hav e exactl y th e sam e shape s an d shade s i n common .  Beyon d this ,  the y als o shar e th e sam e first-order 
relations :  on e S A M E - S H A P E,  on e S A M E - S H A D E,  an d severa l  D IFFERENT-SHAP E an d D IFFERENT-SHADE 
relations .  Th e onl y differenc e betwee n th e lef t  an d righ t  pai r  i s  tha i  th e tw o S A M E relation s cooccu r  i n th e sam e 
object s o n th e right ,  wherea s the y belon g t o differen t  object s o n th e left .  So ,  th e tw o triangle s o f  C  an d D  instantiat e 
bot h tli c  S A M E - S H A PE an d th e S A M E - S H A DE relation .  Fo r  A  an d B ,  th e S A M E - S H A PE relatio n i s locate d wit h 
th e botto m shape s whil e th e S A M E - S H A DE relatio n i s statione d i n th e middl e ro w o f  shapes .  Consisten t  wit h th e 
previou s demonstration ,  i t  wil l  b e assume d tha t  relation s involvin g S A M E ar e mor e salien t  tha n relation s involvin g 
D I F F E R E NT fo r  thes e stimuli . 

As figure  5  shows ,  whe n bot h o f  th e salien t  relation s belon g t o th e sam e objects ,  similarit y i s  rate d higher . 
Fiv e ou t  o f  th e si x pictur e set s sho w a n advantag e fo r  th e location-couple d relations ,  an d th e sixt h showe d n o 
differenc e betwee n th e couple d an d uncouple d relations .  Th e mea n differenc e betwee n th e similarit y rating s fo r  lli e 
couple d an d uncouple d set s wa s .25 5 (p < .05) . 

Again ,  alternativ e explanation s o f  th e result s d o no t  see m t o adequatel y accoun t  fo r  th e results .  Criticism s 
suc h a s "perhap s th e S A M E - S H A DE relatio n i s alway s mor e salien t  whe n i t  i s  o n th e bottom "  ar e refute d b y 
counterbalancin g condition s i n whic h th e secon d an d thir d row s o f  al l  th e scene s ar e switched .  Simila r 
counterbalancing s wer e performe d fo r  eac h o f  th e scenes .  Th e absolut e locatio n o f  th e salien t  relatio n doe s no t 
matter ;  wha t  matter s i s whethe r  th e salien t  relatio n i s i n th e sam e locatio n a s th e othe r  salien t  relation .  I n addition ,  i t 
does no t  appea r  tha t  th e tw o relation s hav e t o b e similar .  I n Figur e 5 ,  th e tw o salien t  relation s bot h involv e 
idcnticalit y -  eithe r  o f  shap e o r  shade .  However ,  i n tw o othe r  set s tha t  yiel d th e sam e effect ,  on e o f  th e relation s i s 
D A R K E R - T H AN whil e th e othe r  i s S A M E - S H A P E. 

Similaritv=6. 2 

O O 

Similarilv=6.4 5 

-.-.-.- 1 
I  •  •  • 
•:•:•: • 
•  •  •  • 

• % 

•^ 

^ 

A B 
Figur e 5 

C D 

136 



Goldstone ,  Gentner ,  Medi n 

C o n c l u s i o n s 
I n explainin g ih c thre e observe d rclalion-rclaiio n inicractions ,  w e ca n eithe r  1 )  posi t  particula r  higher-orde r 

relations ,  o r  2 )  posi t  processin g principles .  Th e firs t  observation ,  tha t  augmentin g relation s ar e mor e likel y t o b e 
th e basi s o f  similarit y judgment s tiia n opposin g relations ,  i s naturall y handle d b y th e first  sU'atcg y -  b y postulatin g 
tha t  peopl e ar e selectivel y sensitiv e l o th e particula r  higher-orde r  relatio n A U G M E N TS ( L I G H T E R - T H A N (lef t 
wing ,  righ t  wing) ,  SMALLER-THAN(lef t  wing ,  righ t  wing)) .  Consequently ,  tw o butterflie s wit h a n 
A U G M E N T A T I ON higher-orde r  relatio n wil l  b e perceive d a s highl y similar ,  wherea s tw o butterflie s wit h a n 
OPPOSITION higher-orde r  relatio n wil l  no t  b e perceive d t o b e a s similar .  O n th e othe r  hand ,  a  processin g accoun t 
migh t  argu e tha t  perceivin g a  relatio n wit h on e magnitud e relatio n facilitate s noticing/evaluatin g othe r  relation s witi i  a 
rclalio n o f  th e sam e polarity ,  withou t  requirin g th e psychologica l  realit y o f  th e actua l  higher-orde r  relatio n 

AUGMENTS. 
At  th e othe r  en d o f  th e continuum ,  th e observatio n tha t  a  S A M E - S H A DE relatio n (a s oppose d t o 

DIFFERENT-SHADE)  increase s th e salicnc y o f  L A R G E R - T H A N,  seem s bes t  explaine d b y th e processin g 
principl e tha t  a  salien t  relatio n prime s peopl e t o loo k fo r  an y othe r  relation ,  eve n i f  thes e relation s d o no t  for m a 
compellin g higher-orde r  relation .  Th e onl y higher-orde r  relatio n share d b y S A M E - S H A DE an d L A R G E R - T H AN i s 
DIFFERENT-RELATION,  an d i t  i s unlikel y tha t  thi s higher-orde r  relatio n woul d hav e psychologica l  salienc e i n ou r 
stimulu s set .  Relation s tak e par t  i n specifi c  interaction s wit h othe r  relations ,  expressibl e a s higher-orde r  relations ; 
ihc y als o interac t  non-specifically ,  wit h highl y salien t  relation s actin g a s "universa l  facilitators "  fo r  th e perceptio n o f 
othe r  relations . 

To review ,  th e result s argu e tha t  ho w importan t  a  relatio n i s fo r  similarit y depend s o n th e othe r  relation s 
presen t  -relation s d o no t  hav e absolute ,  intrinsi c salience s .  First ,  a  relatio n become s mor e importan t  i f  i t  cooccur s 
wit h a  rclalio n whic h point s i n th e sam e directio n tha t  i t  does .  Tha t  is ,  i n orde r  t o mak e a  relatio n clea r  o r  noticeable , 
oihc r  relation s shoul d b e introduce d s o a s t o augment ,  no t  oppose ,  th e relatio n a t  issue .  Second ,  ther e i s als o a  non -
specifi c  interactio n betwee n relations ,  suc h tlia t  a  prominen t  relatio n (SAME-SIZ E o r  S A M E - S H A D E)  increase s th e 
salienc e o f  al l  o f  th e othe r  relation s i n a  scene .  T o mak e a  relatio n mor e likel y t o b e noticed ,  a  goo d strateg y i s t o pu t 
th e perso n int o a  "relationa l  fram e o f  mind "  b y addin g othe r  salien t  relation s t o th e object .  Third ,  a  relafio n i s mor e 
importan t  i f  i t  connect s object s tha t  ar e connecte d b y anothe r  salien t  rclalion ;  unlik e th e secon d effect ,  th e facilitativ e 
effec t  o f  a  relatio n i s focuse d o n othe r  relation s wit h whic h i t  coincides ;  unlik e th e first  effect ,  thi s specifi c 
facilitatio n i s primaril y base d o n th e configuratio n an d no t  th e natur e o f  th e relations . 

Thes e thre e point s argu e fo r  a n accoun t  o f  similarit y tha t  i s  no t  base d upo n th e independen t  analysi s o f 
features ,  o r  eve n th e independen t  analysi s o f  relation s betwee n features .  Th e importanc e o f  relation s betwee n 
relation s preclude s an y mode l  whic h simpl y assign s eac h matchin g an d mismatchin g featurc/relauo n a  stati c weight , 
and count s th e weighte d features/relation s l o dclcrmin e th e similarit y o f  tw o objects .  Th e weigh t  give n t o a  relatio n 
canno t  b e assigne d withou t  knowin g wha t  othe r  relation s ar c present .  Rathe r  tha n viewin g similarit y  a s base d o n 
list s o f  features ,  similarit y i s  bes t  viewe d a s bein g sensitiv e t o th e structura l  relation s betwee n features .  Eve n i n th e 
domai n o f  visua l  perception ,  wher e th e postulatio n o f  simpl e featur e detector s i s mos t  appealing ,  w e find  tha t  th e 
higher-orde r  structura l  representatio n o f  a  scen e influence s th e us e o f  lower-orde r  relations ,  whic h i n tu m influenc e 
th e us e o f  objec t  features . 
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