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Analogica l  Mapp in g Durin g Similarit y J u d g m e n t s 

Arthur B. Markman Dedre Centner 

Universit y o f  Illinoi s Universit y o f  Illinoi s 

Departmen t  o f  Psycholog y Departmen t  o f  Psycholog y 

Beckman Institut e Beckma n Institut e 

Abstract 

We propose that carrying out a similarity comparison of two objects or scenes requires 

tha t  thei r  component s b e aligne d i n a  manne r  aki n t o analogica l  mapping .  W e presen t  a n 

experimen t  whic h support s thi s clai m an d the n examin e a  compute r  simulatio n o f  thes e result s 

whic h i s consisten t  wit h th e ide a tha t  a  proces s o f  mappin g an d alignmen t  occur s durin g 

similarit y judgments . 

Introduction 

A process for calculating the similarity of two things has been assumed by nearly every 

model  o f  categorizatio n (Medi n an d Shaffer ,  1978 ,  Smit h an d Medin ,  1981 )  an d proble m 

solvin g (Ross ,  1984 ,  Gic k an d Holyoak ,  1985) .  A  bette r  comprehensio n o f  th e processe s whic h 

gover n similarit y woul d resul t  i n a  deepe r  understandin g o f  th e mechanism s whic h contro l 

many othe r  cognitiv e processes . 

Th e pioneerin g wor k o f  Tversk y (1977 )  establishe d tha t  th e similarit y betwee n tw o item s 

i s a  functio n o f  th e element s whic h th e tw o item s hav e i n c o m m o n (commo n features )  an d th e 

element s possesse d b y on e ite m bu t  no t  b y th e othe r  (distinctiv e features) .  I n additio n t o 

outlinin g th e importanc e o f  c o m m o n an d distinctiv e features ,  Tversk y an d hi s colleague s hav e 

set  ou t  a  numbe r  o f  way s i n whic h th e salienc e o f  c o m m o n an d distinctiv e feature s ca n b e 

determine d (Tversky ,  1977 ,  Gat i  an d Tversky ,  1984) . 

Althoug h th e importanc e o f  c o m m o n an d distinctiv e feature s canno t  b e overstated , 

Tversky' s wor k ha s no t  addresse d th e proble m o f  ho w th e representation s o f  th e object s ar e 

compare d i n orde r  t o determin e whic h element s ar e c o m m o n an d whic h element s ar e distinctive . 

However ,  som e recen t  wor k ha s begu n t o addres s thi s issu e (Markman ,  Medi n an d Gentner , 

unde r  revision ,  Goldstone ,  Gentne r  an d Medin ,  1989) .  Thi s wor k suggest s tha t  objec t 

representation s ar e aligne d throug h a  proces s aki n t o th e mappin g processe s whic h hav e bee n 

propose d fo r  analogica l  reasonin g (Gentner ,  1983 ,  1989 ,  Holyoa k an d Thagard .  198 9 an d Hall , 

1 9 8 9 ) . 

I n thi s pape r  w e firs t  outlin e ho w analogica l  mappin g ma y b e applicabl e t o similarity .  W e 

the n presen t  a n experimen t  designe d t o tes t  whethe r  mappin g i s a  par t  o f  similarit y judgments . 

Finally ,  w e wil l  examin e th e result s o f  a  compute r  simulatio n o f  thi s experiment . 

Similarity and Structure Mapping 

We will discuss the applicability of mapping to similarity with respect to Gentner's 

structure-mappin g theor y (SMT )  (Gentner ,  1983 ,  1989 )  specifically ,  bu t  th e genera l  point s 

ar e compatibl e wit h man y curren t  theorie s o f  analogica l  mappin g (cf .  Hall ,  198 9 fo r  a  review) . 

Accordin g t o S M T ,  th e compariso n o f  tw o scene s require s tha t  thei r  relationa l  structure s b e 

Thi s wor k w a s supporte d b y Offic e o f  Nava l  Researc h contrac t  N00014-89-J1272 ,  Nationa l 

Scienc e Foundatio n gran t  B N S 87-20301 ,  an d a  Universit y o f  Illinoi s Cognitiv e 

Science/Artificia l  Intelligenc e Fellowship .  Th e author s woul d lik e t o than k Ke n Forbus ,  Dougla s 

Medin ,  Janic e Skorstad ,  Laur a Kotovsk y an d Mar y J o Ratterman n fo r  thei r  helpfu l  comment s o n 

previou s draft s o f  thi s manuscript .  Thank s t o Rober t  Paris h fo r  holdin g dow n th e middle .  A 

specia l  thank s t o Juli e Hay s fo r  runnin g subjects . 
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aligned .  Thus ,  object s whic h pla y a  c o m m o n rol e i n bot h scene s ar e likel y t o b e place d i n 

correspondence ,  whil e identica l  object s whic h pla y differen t  role s i n thei r  respectiv e scene s 

ar e unlikel y t o b e place d i n correspondence .  I n addition ,  Gentner' s systematicit y an d structura l 

consistenc y principle s reflec t  subjects '  tendenc y t o preserv e relationa l  structur e (e.g .  causa l 

relations ,  goals ,  o r  othe r  highe r  orde r  relations )  eve n whe n th e object s themselve s ar e 

dissimilar . 

Recen t  researc h ha s show n tha t  similarit y judgment s ar e sensitiv e t o th e relationa l 

structur e o f  th e stimul i  (Markman ,  Medi n an d Gentner ,  submitted ,  Goldstone ,  Medi n an d 

Gentner ,  1989 ,  Ratterman n an d Gentner ,  1987) .  Fo r  example ,  Ratterman n an d Gentne r  foun d 

tha t  subject s considere d pair s o f  storie s tha t  ha d simila r  relationa l  structur e an d differen t 

character s t o b e mor e simila r  tha n pair s tha t  ha d simila r  character s an d a  differen t  relationa l 

structure .  However ,  sensitivit y t o relation s yield s onl y indirec t  evidenc e tha t  a n analogica l 

mappin g proces s take s plac e durin g similarit y judgments .  Th e followin g experimen t  wil l 

addres s thi s questio n mor e directly . 

Experiment 1 

This experiment was designed to test the claim that an analogical mapping process takes 

plac e durin g similarit y judgments .  Subject s wer e show n a  bas e scen e an d a  targe t  scen e (se e 

Figur e 1) .  O n e o f  th e object s i n th e bas e scen e wa s highlighte d an d th e subjec t  wa s aske d whic h 

object s 'goe s with '  tha t  objec t  i n th e targe t  scene .  W e cal l  thi s tas k one-sho t  mappin g (Imap) . 

I n eac h pai r  o f  scene s on e objec t  wa s cross-mapped .  Gentne r  an d Toupi n (1986 )  defin e a 

cross-mappin g a s a  compariso n i n whic h ther e ar e perceptuall y simila r  object s i n tw o scenes , 

but  th e perceptuall y simila r  object s pla y differen t  role s i n th e relationa l  structur e o f  eac h 

scene .  Fo r  example ,  i n Figur e 1 ,  th e tw o w o m e n ar e highl y simila r  perceptually .  However ,  I n 

th e to p scen e th e w o m a n i s receivin g foo d whil e i n th e botto m scen e sh e i s givin g foo d away . 

Thus ,  th e perceptuall y simila r  object s pla y differen t  role s i n thei r  respectiv e scenes . 

Usin g thi s tensio n betwee n perceptua l  similarit y an d relationa l  similarity ,  w e examine d 

subject s preference s i n thre e conditions .  Th e firs t  grou p o f  subject s (Imap) ,  wa s show n th e 

pai r  o f  scenes .  Th e experimente r  pointe d t o th e cross-mappe d an d aske d th e subjec t  t o poin t  t o 

th e objec t  i n th e targe t  whic h 'wen t  with '  th e cross-mappe d object .  Th e secon d grou p o f 

subject s (3map )  wa s aske d t o giv e th e object s tha t  'wen t  with '  thre e o f  th e significan t  object s i n 

th e targe t  scen e includin g th e cross-mappe d object .  Finally ,  th e thir d grou p o f  subject s (sim -

>1map)  wa s aske d t o rat e th e similarit y o f  th e tw o scene s first ,  an d the n the y wer e aske d t o 

poin t  t o th e objec t  tha t  'wen t  with '  th e cross-mappe d object . 

• 

j o l  C R T }  \  r -

o 

L_j  I k 

^ 

(a ) 

Figure 1. Sample stimulus in Experiment la. 
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We predicte d tha t  th e subject s i n th e 1ma p conditio n woul d ten d t o selec t  th e nearl y 

identica l  objec t  i n th e othe r  scene .  Sinc e thes e subject s nee d onl y m a p a  singl e object ,  the y 

hav e n o reaso n t o conside r  th e relationa l  structur e o f  th e tw o scene s an d thu s wil l  b e guide d b y 

objec t  similarity . 

Furthermore ,  w e predicte d tha t  subject s i n th e 3 m a p conditio n wh o wer e aske d t o m a p 

thre e o f  th e object s whic h pla y a  rol e i n th e relationa l  structur e woul d ten d t o m a p object s 

base d o n th e relationa l  structur e o f  th e scenes .  Thes e subject s mus t  conside r  ho w t o mak e thre e 

consisten t  mappings .  I f  th e tw o cross-mappe d object s ar e place d i n correspondence ,  ther e i s n o 

justificatio n fo r  placin g an y o f  th e othe r  object s i n correspondence .  A s a  result ,  thes e subject s 

shoul d b e mor e likel y t o preserv e th e relationa l  structur e o f  th e scenes ,  whic h woul d provid e 

suppor t  fo r  al l  thre e objec t  mappings . 

Th e ke y prediction ,  however ,  center s o n th e th e sim->1ma p condition ,  wher e subject s 

firs t  performe d a  similarit y judgmen t  an d the n perfor m a  singl e mapping .  W e predicte d tha t 

thes e subject s woul d als o b e likel y t o m a p object s base d o n th e relationa l  structur e o f  th e 

scenes .  If ,  a s w e believe ,  similarit y judgment s requir e tha t  th e relationa l  structure s o f  th e 

scene s b e aligned ,  the n subjects '  mapping s followin g a  similarit y judgmen t  shoul d reflec t  thi s 

relationa l  structure . 

Me tho d 

Stimuli. The set of stimulus pictures portrayed causal higher order relations (causal 

H O R ).  Thes e picture s presente d scene s wit h a  goa l  structur e o r  causa l  structure .  Fo r  example , 

i n th e picture s show n i n Figur e 1  someon e i s givin g foo d t o someon e else .  Eac h o f  thes e picture s 

had a  cross-mappin g a s well . 

Procedure .  Subject s wer e ru n on e a t  a  time .  The y wer e seate d a t  a  tabl e wit h a n 

experimente r  seate d behin d them .  Subject s participate d i n onl y on e experimenta l  condition . 

The experimente r  ha d n o knowledg e o f  th e hypothesi s bein g tested . 

Subject s i n th e one-sho t  mappin g (1map )  conditio n wer e show n eac h o f  th e base/targe t 

pair s i n turn .  Th e experimente r  pointe d t o th e cross-mappe d objec t  an d aske d th e subjec t  t o 

poin t  t o th e objec t  i n th e othe r  pictur e tha t  wen t  wit h tha t  object .  Th e subject' s respons e wa s 

recorde d an d th e nex t  pai r  o f  picture s wa s presented .  Afte r  completin g th e mappin g task , 

subject s rate d th e similarit y o f  eac h pai r  o n a  scal e fro m 1  t o 9 . 

Subject s i n th e thre e mapping s (3map )  conditio n wer e als o show n eac h o f  th e base/targe t 

pairs .  However ,  i n thi s case ,  th e experimente r  pointe d (on e a t  a  time )  t o eac h o f  th e thre e 

object s whic h mad e u p th e centra l  relationa l  structur e o f  th e scene .  Subject s wer e aske d t o 

poin t  t o th e object s whic h wen t  wit h eac h o f  thos e objects .  Th e cross-mappe d objec t  wa s alway s 

teste d first .  Afte r  completin g th e mappin g task ,  thes e subject s wer e als o aske d t o rat e th e 

similarit y o f  al l  o f  th e pair s o f  pictures . 

Subject s i n th e similarit y firs t  the n one-sho t  mappin g tas k (sim->1map )  firs t  rate d th e 

similarit y o f  a  pai r  o f  picture s an d the n wer e show n th e cross-mappe d objec t  an d aske d whic h 

objec t  i n th e othe r  pictur e wen t  wit h it . 

Finally ,  a  contro l  conditio n wa s run .  I t  coul d b e argue d tha t  an y effect s foun d I n th e sim -

> l m a p conditio n aris e becaus e subject s hav e greate r  exposur e t o th e picture s i n thi s conditio n 

befor e performin g th e one-sho t  mapping .  I n orde r  t o contro l  fo r  thi s possibility ,  on e fina l 

grou p o f  subject s wa s show n th e se t  o f  picture s on e a t  a  tim e an d tol d t o stud y the m carefull y fo r 

a late r  memor y experiment .  Th e subjec t  sa w eac h pictur e fo r  fiv e seconds ,  roughl y th e amoun t 

of  tim e subject s se e th e picture s whil e makin g similarit y comparisons .  Afte r  examinin g th e 

entir e se t  o f  pictures ,  subject s i n th e contro l  conditio n performe d th e 1-sho t  mappin g task . 

Design .  Ther e wer e 4  ( 3 mappin g condition s an d control )  betwee n subject s condition s i n 

thi s design .  Orde r  o f  stimulu s presentatio n wa s counterbalanced . 
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Subjects .  Subject s wer e 2 4 undergraduate s fro m th e Universit y o f  Illinoi s w h o receive d 

cours e credi t  fo r  thei r  participatio n i n a  singl e 1 5 minut e session .  Subject s wer e randoml y 

assigne d t o on e o f  si x experimenta l  conditions . 

Results .  Subjects '  response s wer e recorde d a s bein g eithe r  object-base d mappings , 

relation-base d mapping s o r  spuriou s mappings .  Object-base d mapping s wer e thos e choice s 

whic h place d th e cross-mappe d object s I n correspondence .  Relation-base d mapping s wer e thos e 

choice s whic h preserve d th e relationa l  structur e o f  th e scenes .  An y othe r  choic e w a s considere d 

a spuriou s mapping .  Th e numbe r  o f  spuriou s mapping s wa s les s tha n 1 % o f  th e tota l  numbe r  o f 

response s an d wil l  no t  b e considere d furthe r  here .  Th e proportio n o f  relationa l  response s o n 

th e cross-mappe d objec t  fo r  eac h subjec t  i s  show n i n Figur e 2 . 

As predicted ,  subject s wh o performe d a  similarit y judgmen t  prio r  t o mappin g m a d e mor e 

relationa l  response s tha n subject s wh o di d no t  perfor m a  similarit y judgmen t  prio r  t o mapping . 

A one-wa y analysi s o f  varianc e o n th e thre e experimenta l  condition s indicate s that ,  a s 

predicted ,  ther e i s a  significan t  effec t  o f  mappin g conditio n (F(2.21)=3.76 ,  p<.05) .  A  planne d 

compariso n indicate s tha t  significantl y mor e relationa l  response s wer e give n i n th e sim->1ma p 

conditio n tha n i n th e 1 m a p conditio n (F(1,21)=7.51 ,  p<.0 1 one-tailed) .  Mor e relationa l 

response s wer e give n i n th e 3ma p conditio n tha n i n th e Ima p condition ,  bu t  thi s differenc e wa s 

onl y marginall y significan t  (F(1,21)=2.233 ,  .05<p<.1 ,  on e tailed) .  Finally ,  ther e w a s 

significantl y mor e respondin g i n th e sim->1ma p conditio n tha n i n th e contro l  conditio n 

(t(14)=2.326 .  p<.0 5 on e tailed) . 

Proportio n o f  relationa l  response s b y conditio n i n experimen t  1 . 

0. 8 - r 

0.7 •• 

0.6 -

0.5 -

Proportio n 

of  Relationa l  0. 4 - • 

Response s 

0. 3 - • 

0.2 -• 

0.1 -• 

1Map->SI M 3Map->SI M SIM->1Ma p 

Mappin g Conditio n 

Contro l 

Figur e 2 .  Grap h o f  proportio n o f  relationa l  response s m a d e b y subject s i n eac h o f  th e 

mappin g condition s i n Experimen t  1 . 

A correlation was done between the mean similarity judgments for each stimulus pair in 

eac h conditio n an d th e tota l  numbe r  o f  relationa l  response s give n t o tha t  stimulu s pair .  Thi s 

correlatio n wa s performe d t o ensur e tha t  subject s i n th e sim->1ma p conditio n di d no t  simpl y 
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fin d th e stimulu s pair s mor e simila r  tha n subject s i n othe r  condition s an d thu s gav e mor e 

relationa l  response s t o stimul i  i n thi s condition .  A s expected ,  th e correlatio n betwee n 

similarit y an d numbe r  o f  relationa l  response s acros s al l  mappin g condition s i s no t  significan t 

(r(22)=.35 ,  p>.05) .  Separat e correlation s betwee n m e a n similarit y an d numbe r  o f  relationa l 

response s wer e als o determine d fo r  eac h mappin g condition .  Th e correlatio n i n th e sim->1ma p 

conditio n wer e significant .  {r(6)=.6 4 p<.0 5 on e tailed) .  Th e correlation s wer e no t  significan t 

fo r  an y o f  th e othe r  conditions . 

Discussion 

As predicted, subjects in the sim->1map condition made more relational responses than 

subject s i n eithe r  th e 1ma p o r  contro l  conditions .  Thi s mean s that ,  give n a  tas k tha t  ostensibl y 

require s objec t  alignment ,  subject s prefe r  t o preserv e th e relation s betwee n objects .  Thes e 

result s suppor t  th e clai m tha t  a n alignmen t  proces s simila r  t o analogica l  mappin g take s plac e 

durin g similarit y judgments . 

Furthermore ,  th e correlatio n betwee n numbe r  o f  relationa l  response s give n t o a n ite m an d 

th e m e a n similarit y ratin g i s onl y significan t  i n th e sim->1ma p condition .  Sinc e prio r 

researc h indicate s tha t  similarit y judgment s ar e highl y sensitiv e t o relationa l  structur e 

(Markman ,  Medi n an d Centner ,  unde r  revision ,  Goldstone ,  Medi n an d Centner ,  1989) .  w e 

interpre t  thi s correlatio n t o indicat e that ,  whe n subject s wer e awar e o f  th e c o m m o n relationa l 

structure ,  the y place d object s i n correspondenc e base d o n thei r  rol e withi n th e relationa l 

structure .  Furthermore ,  th e no n significan t  correlatio n i n th e 1ma p cas e indicate s that , 

althoug h subject s ma y hav e chose n thei r  mappin g base d o n th e similarit y betwee n th e objects , 

thei r  globa l  similarit y judgment s wer e stil l  base d o n th e relationa l  similarit y o f  th e scenes . 

A simulation using the Structure l\flapping Engine (SME) 

A computer simulation of the mapping process for the causal HOR stimulus was performed 

usin g th e structur e mappin g engin e (SME )  progra m whic h w a s designe d t o implemen t  th e 

structur e mappin g theor y o f  analogica l  mappin g (Falkenhainer ,  Forbu s an d Centner ,  1986 , 

1989) .  Th e stimulu s picture d i n Figur e 1  wa s encode d int o a  propositiona l  representatio n use d 

by S M E .  Th e representatio n o f  th e scen e i n Figur e l a i s depicte d graphicall y i n Figur e 3. ^  I n 

orde r  t o captur e th e cross-mappin g th e cross-mappe d object s wer e give n identica l 

description s includin g a  numbe r  o f  share d attributes ,  bu t  th e object s playe d differen t  role s i n 

thei r  respectiv e relationa l  structures . 

S ME generate s al l  possibl e interpretation s o f  th e matc h betwee n tw o scenes .  S M E begin s 

by proposin g loca l  matche s betwee n identica l  predicate s i n th e bas e an d target .  Thes e loca l 

matche s ar e the n connecte d int o large r  mapping s provide d tha t  thes e matche s fi t  int o a 

consisten t  relationa l  structure .  Next ,  thes e large r  matche s ar e combine d togethe r  int o maxima l 

set s wit h th e provis o tha t  the y ar e structurall y consistent .  Thes e maxima l  sets ,  calle d G M A P s. 

ar e the n evaluate d fo r  thei r  systematicit y (se e Falkenhainer ,  et .  al .  198 9 an d Forbu s an d 

Centner ,  198 9 fo r  a  discussio n o f  th e evaluatio n procedure) .  Fo r  thes e simulations ,  S M E wa s 

configure d usin g litera l  similarit y rule s whic h allo w th e syste m t o m a p bot h attribute s an d 

relations .  Thi s configuratio n allow s bot h objec t  similarit y an d relationa l  similarit y t o pla y a 

rol e i n th e generatio n o f  C M A P S. 

For  th e causa l  H O R stimulu s pair ,  th e relationa l  interpretatio n wa s clearl y preferred . 

The C M A P wit h th e highes t  evaluatio n scor e place d th e w o m a n receivin g foo d an d th e squirre l 

receivin g foo d i n correspondence ,  a s wel l  a s th e ma n givin g foo d an d th e w o m a n givin g food .  Th e 

"I  Th e representatio n o f  th e causa l  H O R i n Figur e 4 a i s slightl y simplified .  Al l  o f  th e 

object s show n i n th e scen e wer e include d i n th e representatio n an d variou s relation s 

wer e place d betwee n thes e stimuli .  I n orde r  t o conserv e space ,  onl y tw o o f  thos e object s 

wer e include d i n th e figure . 
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mapp in g preferre d b y S M E i s th e s a m e m a p p i n g preferre d b y subject s i n th e s i m - > 1 m a p 

conditio n w h e r e 7/ 8 ( 8 8 % )  o f  th e subject s chos e th e relationa l  interpretation . 

B R r m i K 
fuNCK 
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Figures .  Propositiona l  representatio n o f  scen e i n Figur e 1a .  Thi s representatio n wa s use d 
i n th e S M E simulatio n o f  Experimen t  1 . 

Sf^E was also able to generate the object match interpretation of the scenes. This GMAP 

was give n a  lowe r  evaluatio n scor e tha n th e relationa l  interpretation ,  bu t  wa s give n a  highe r 

evaluatio n scor e tha n an y o f  th e othe r  interpretations .  Th e simulatio n result s ar e consisten t 

wit h subjects '  dat a her e a s well .  Recal l  tha t  subject s rarel y (les s tha n 1 % o f  al l  trials )  gav e a 

respons e othe r  tha n a n objec t  matc h o r  a  relationa l  match .  Lik e huma n subjects ,  S M E di d no t 
generat e an y highly-rate d G M A PS correspondin g t o a  spuriou s match . 

Conclusion 

The results of the experiment performed here support the claim that, in order to compute 

similarity ,  subject s mus t  perfor m a  relationa l  mappin g t o achiev e a  structura l  alignmen t 

betwee n th e tw o scenes .  Thi s patter n o f  result s i s consisten t  wit h a n S M E simulatio n o f  th e data . 

Thus ,  structure-mappin g theor y predict s tha t  subject s wil l  plac e object s i n correspondenc e 

base d o n thei r  positio n withi n th e representationa l  structure .  Th e consistenc y o f  th e 

prediction s o f  structure-mappin g theor y wit h th e dat a obtaine d fro m thi s similarit y stud y 

demonstrat e th e degre e t o whic h th e processe s o f  analogica l  mappin g an d similarit y judgment s 
ar e alike . 
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