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Locally-to-Global l y C o n s i s t e n t  P r o c e s s i n g i n Similarit y 

Rober t  L .  Goldston e 

Indian a Universit y 

rgoldsto@ucs.indiana.ed u 

Abstrac t 

SI  AM ,  a  mode l  o f  structura l  similarity ,  i s 

presented .  SIAM ,  alon g wit h model s o f 

analogica l  reasoning ,  predict s tha t  th e relativ e 

similarit y  o f  differen t  scene s wil l  var y a s a  functio n 

of  processin g time .  SIAM' s predictio n I s 

empiricall y teste d b y havin g subject s mak e 

speede d judgement s abou t  whethe r  tw o scene s 

hav e th e sam e objects .  Th e similarit y o f  tw o 

scene s wit h differen t  object s i s measure d b y th e 

percentag e o f  trial s o n whic h th e scene s ar e 

calle d th e same .  Consisten t  wit h SIAM' s 

prediction ,  similarit y become s increasingl y 

influence d b y th e globa l  consistenc y o f  featur e 

matche s wit h time .  Earl y  on ,  featur e matche s ar e 

most  influentia l  i f  the y belon g t o simila r  objects . 

Late r  on ,  featur e matche s ar e mos t  influentia l  i f 

the y plac e object s i n alignmen t  i n a  manne r  tha t 

i s consisten t  wit h othe r  stron g objec t  alignments . 

The similarit y o f  tw o scenes ,  rathe r  tha n bein g a 

singl e fixe d quantity ,  varie s systematicall y wit h 

th e tim e spen t  o n th e comparison . 

Introduction 

The similarity of two things is not simply a relation 

betwee n th e tw o things ;  i t  i s  a  relatio n betwee n 

th e tw o thing s an d th e comparison-maker . 

Similarit y assessment s mus t  b e constructe d b y a 

proces s tha t  compare s th e item s i n question . 

Sometime s th e proces s i s straightfooward .  Th e 

similarit y o f  cigar s an d cigarette s i s easil y 

determined .  Determinin g th e mor e abstrac t 

similarit y betwee n cigarette s an d tim e bomb s 

(Ortony ,  Vondruska ,  Foss ,  &  Jones .  1985 ) 

seems t o tak e a  longe r  time .  Th e fac t  tha t 

similarit y develop s alon g a  tim e cours e suggest s 

tha t  similarit y doe s no t  immediatel y imping e upo n 

our  perceptua l  system .  Instead ,  perceptua l  an d 

cognitiv e processe s activel y buil d a  conceptio n 

of  similarity . 

The tim e cours e o f  similarit y assessment s 

provide s a  usefu l  too l  fo r  Investigatin g th e 

compariso n process .  I f  w e dispatc h wit h th e 

assumptio n tha t  similarit y i s "ou t  there "  i n th e 

objectiv e world ,  the n th e questio n o f  "Ho w doe s 

similarit y develop? "  become s crucial .  O n e 

metho d fo r  understandin g ho w comparison s ar e 

made i s tempora l  analysis . 

D y n a m i c M o d e l s o f  Similarit y 

General models of similarity have not often 

addresse d tempora l  aspect s o f  processin g 

(Carrol l  &  Wish ,  1974 ;  Tversky ,  1977) .  Thes e 

model s d o no t  conside r  similarit y t o b e a 

dynamicall y evolvin g quantity .  Instead ,  thei r 

equation s fo r  similarit y giv e singl e "endpoint " 

estimates .  However ,  specifi c  proces s model s 

hav e bee n develope d fo r  som e specialize d 

tasks .  Fo r  example ,  similarit y ha s ofte n bee n 

measure d b y th e tim e elapsed ,  o r  th e error s 

made,  whe n subject s determin e i f  tw o display s 

ar e different .  Th e assumptio n mad e i s tha t  th e 

longe r  i t  take s t o respon d tha t  th e display s ar e 

different ,  o r  th e mor e time s tha t  differen t  display s 

ar e erroneousl y though t  t o b e th e same ,  th e 

mor e simila r  th e display s are .  Specifi c 

processin g mechan i sm s hav e bee n 

hypothesize d t o accoun t  fo r  ho w thi s speede d 

same/differen t  tas k i s execute d (fo r  a  review ,  se e 

Farrell ,  1985) .  Th e speede d same/differen t  tas k 

wil l  b e use d t o measur e similarit y i n th e 

experimen t  t o b e reported .  Th e speede d 

same/differen t  tas k canno t  replac e subjectiv e 

rating s a s a  metho d fo r  investigatin g similarity , 
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but  i t  doe s provid e a  convergin g measur e tha t  i s 

relativel y immun e t o experimente r  demand s an d 

subjects '  high-leve l  reasonin g strategies . 

Recently ,  a  genera l  mode l  o f  similarit y ha s 

bee n develope d calle d SIA M tha t  als o 

hypothesize s a  dynami c tim e cours e fo r 

comparison s (Goldston e 1991 ;  Goldston e & 

Medin .  i n press) .  Accordin g t o SIA M (Similarit y a s 

Interactiv e Activatio n an d Mapping) ,  whe n 

structure d scene s ar e compared ,  th e part s o f 

on e scen e ar e aligned ,  o r  place d i n 

correspondence ,  wit h th e part s o f  th e othe r 

scene .  Emergin g correspondence s influenc e 

eac h othe r  a s processin g continues .  Wit h 

sufficien t  time ,  th e stronges t  correspondence s 

wil l  b e thos e tha t  ar e consisten t  wit h othe r 

correspondences .  Similarit y i s determine d b y a 

proces s o f  interactiv e activatio n betwee n featur e 

and objec t  correspondences .  Th e degre e t o 

whic h feature s fro m tw o scene s ar e place d i n 

correspondenc e depend s o n ho w strongl y thei r 

object s ar e place d i n correspondence . 

Reciprocally ,  ho w strongl y tw o object s ar e place d 

i n correspondenc e depend s o n th e 

correspondenc e strengt h o f  thei r  features . 

The detail s o f  SIA M ar e discusse d elsewher e 

(Goldstone .  1991) .  Essentially ,  SIAM' s networ k 

architectur e i s compose d o f  node s tha t  excit e 

and inhibi t  eac h other .  Node s represen t 

hypothese s tha t  tw o entitie s correspon d t o on e 

anothe r  i n tw o scenes .  Fo r  th e presen t 

purposes ,  tw o type s o f  node s ar e important : 

feature-to-featur e nodes ,  an d object-to-objec t 

nodes .  Eac h feature-to-featur e nod e represent s 

an hypothesi s tha t  tw o feature s correspon d t o 

eac h other .  O n e feature-to-featur e nod e i s 

assigne d t o ever y possibl e pai r  o f  alignabl e 

features .  A s th e activatio n o f  a  feature-to-featur e 

nod e increases ,  th e tw o feature s reference d b y 

th e nod e wil l  b e place d i n stronge r 

correspondence .  Object-to-objec t  node s 

represen t  hypothese s tha t  tw o object s 

correspon d t o eac h other . 

Networ k activit y start s b y feature s bein g 

place d i n correspondenc e accordin g t o thei r 

physica l  similarity .  Afte r  thi s occurs ,  SIA M begin s 

t o plac e object s int o correspondenc e tha t  ar e 

consisten t  wit h th e featur e correspondences . 

As object s begi n t o b e pu t  i n correspondence . 

activatio n i s fe d bac k dow n t o th e featur e 

(mis)matche s tha t  ar e consisten t  wit h th e objec t 

alignments .  I n thi s way ,  objec t  matche s 

influenc e activatio n o f  featur e matche s an d 

featur e matche s influenc e th e activatio n o f 

objec t  matche s concurrently . 

Activatio n spread s i n SIA M b y tw o principles : 

1)  node s tha t  ar e consisten t  wit h on e anothe r 

sen d excitator y activatio n t o eac h othe r  an d 2 ) 

node s tha t  ar e inconsisten t  inhibi t  on e another . 

Nodes ar e inconsisten t  i f  the y produc e many-to -

on e mappings ,  an d ar e consisten t  othenwise . 

Processin g i n SIA M start s wit h a  descriptio n o f 

th e scene s t o b e compared .  Scene s ar e 

describe d i n term s o f  object s tha t  contai n featur e 

slot s tha t  ar e fille d wit h particula r  featur e values . 

On eac h "slice "  o f  tim e (cycle) ,  activatio n spread s 

betwee n nodes .  Node s tha t  ar e highl y activ e ar e 

weighte d heavil y i n th e similarit y assessment . 

SIA M share s architectura l  commonalitie s wit h 

McClellan d an d Rumelhart' s  (1981 )  interactiv e 

activatio n mode l  o f  wor d perceptio n an d Mar r  an d 

Poggio' s mode l  o f  dept h perceptio n (1979) ,  an d 

i s highl y relate d t o th e S M E (Falkenhainer , 

Gentner ,  an d Forbus ,  1990 )  an d A C ME (Holyoa k 

and Thagard .  1989 )  model s o f  analogica l 

reasoning .  I n A C M E.  S M E,  an d Mar r  an d 

Poggio' s model ,  ther e ar e pressure s agains t 

developin g many-to-on e mappings ,  an d 

pressure s i n favo r  o f  developin g mutuall y 

consisten t  mappings .  Th e model s o f  McClellan d 

and Rumelhart ,  Holyoa k an d Thagard ,  an d Mar r 

and Poggi o ar e al l  example s o f  wha t  Mar r  (1982 ) 

call s "cooperativ e algorithms. "  Cooperativ e 

algorithm s creat e globall y consisten t  mapping s 

by loca l  interaction s betwee n units .  S M E als o 

moves fro m locall y determine d mapping s t o 

globall y consisten t  mapping s wit h mor e 

processing .  A s w e wil l  see ,  SIA M incorporate s a 

simila r  tocal-to-global  processin g principle . 

A Behavioral Prediction of SIAM 

In SIAM, object correspondences depend on 

featur e an d objec t  correspondences'' .  SIA M 

•"  I n th e ful l  versio n o f  SIAM .  objec t 
correspondence s als o depen d o n rol e 
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initiall y  begin s t o plac e object s i n 

correspondenc e o n th e basi s o f  thei r  featura l 

overlap ;  th e nrwr e featura l  commonalitie s tw o 

object s have ,  th e mor e strongl y the y wil l  b e 

place d i n correspondence .  However ,  th e 

strengt h o f  a n objec t  correspondenc e i s als o 

influence d b y it s consistenc y wit h othe r  objec t 

correspondences .  I f  tw o object s fro m on e scen e 

correspon d t o a  singl e objec t  i n anothe r  scene , 

the n th e tw o correspondence s ar e inconsisten t 

and wil l  decreas e eac h others '  strength .  SIAM , 

lik e A C ME an d S M E,  predict s tha t  objec t 

correspondence s wil l  becom e increasingl y 

influence d b y othe r  objec t  correspondence s 

wit h time ,  a s activatio n spread s betwee n node s . 

One predictio n o f  thi s tempora l  processin g i s 

tha t  featur e matche s tha t  ar e inconsisten t  wit h 

th e se t  o f  globall y consisten t  correspondence s 

shoul d ten d t o influenc e similarit y l£S S wit h time . 

Globall y consisten t  featur e matche s shoul d 

become mor e influentia l  wit h time .  A  se t  o f 

mapping s betwee n object s i s globall y consisten t 

if  i t  a )  yield s onl y one-to-on e mappings ,  an d b ) 

maximize s th e numbe r  o f  matchin g feature s tha t 

belon g t o correspondin g entities .  Eve n thoug h 

objec t  A  fro m scen e 1  ma y b e mos t  simila r  t o 

objec t  B  fro m scen e 2 ,  thes e object s ma y no t  b e 

a par t  o f  globall y consisten t  se t  o f  mappings .  I n 

particular ,  i f  othe r  object s fro m scen e 1  ar e als o 

fairl y  simila r  t o B ,  an d othe r  object s fro m scen e 2 

ar e fairl y  simila r  t o A ,  an d i f  w e onl y allo w one-to -

one correspondences ,  the n placin g A  i n 

correspondenc e wit h B  ma y no t  maximiz e th e 

number  o f  featur e matche s betwee n aligne d 

objects . 

I n SIAM ,  objec t  correspondence s wil l  firs t  b e 

base d o n featur e matches ,  th e onl y informatio n 

available .  Object s tha t  ar e featurall y simila r  wil l 

begi n t o b e place d i n correspondence .  Wit h 

time ,  objec t  correspondence s wil l  b e inhibite d b y 

inconsisten t  objec t  correspondences ,  an d 

excite d b y consisten t  objec t  correspondences . 

By thes e interactions ,  objec t  correspondence s 

tha t  ar e consisten t  wit h man y othe r  objec t 

correspondence s becom e stronger .  I n turn ,  th e 

featur e matche s tha t  belon g t o thes e globall y 

correspondence s tha t  serv e t o alig n object s tha t 

pla y simila r  role s i n thei r  scenes . 

consisten t  correspondence s wil l  receiv e mor e 

weight .  I n thi s manner ,  th e globa l  consistenc y o f 

featur e matche s come s t o influenc e similarit y 

more wit h increase d processin g time . 

Expe r imen ta l  S u p p o r t  fo r  a  Loca l -

to-g lobal ^  P r o c e s s i n g Shif t 

To test the influence of processing time on 

globall y consisten t  an d inconsisten t  featur e 

matches ,  subject s ar e show n pair s o f  scenes ; 

sampl e scene s ar e show n i n Figur e 1 .  Eac h 

scen e contain s tw o butterflies ,  an d eac h 

butterfl y contain s fou r  features .  Subject s mus t 

decid e whethe r  th e tw o scene s contai n th e 

same butterflie s withi n a  specifie d deadline .  A 

symboli c representatio n i s show n belo w eac h o f 

th e butterflie s i n Figur e 1 .  Fo r  example ,  th e 

targe t  scen e i s compose d o f  butterflie s "AAAA " 

and "BBBB, "  wher e th e letter s refe r  t o differen t 

value s alon g th e fou r  dimension s {bod y shading , 

hea d type ,  tai l  type ,  win g shading) .  Th e butterfl y 

"XABA"  ha s featur e matche s o n th e secon d an d 

fourt h dimension s wit h "AAAA" ,  an d a  featur e 

matc h o n th e thir d dimensio n wit h "BBBB. " 

First ,  conside r  trial s i n whic h th e targe t  scen e 

i s compare d t o th e bas e scene .  Bot h o f  th e 

butterflie s i n th e targe t  scen e hav e mor e 

matchin g feature s i n c o m m o n wit h th e bas e 

scene' s lef t  butterfl y  tha n righ t  butterfly .  Th e 

bas e butterfl y "BABA "  ha s tw o matche s i n 

c o m m on wit h bot h o f  th e targe t  scene' s 
butterflies .  Thus ,  i f  w e onl y conside r  th e locall y 

preferre d mappings ,  w e woul d m a p bot h targe t 

butterflie s ont o th e to p butterfl y o f  th e base . 

However ,  i f  th e globa l  consistenc y o f  objec t 

mapping s i s maintained ,  the n thi s many-to-on e 

mappin g i s no t  permitted .  Th e bes t  globall y 

consisten t  mappin g i s t o m a p th e lef t  butterflie s 

ont o eac h other ,  an d th e righ t  butterflie s ont o 

2 Th e ter m "local-to-global, "  a s use d here ,  i s  onl y 

distantl y relate d t o previou s researchers '  (e .  g . 
Navon .  1977 )  clai m fo r  a  processin g shif t  fro m 

globa l  (holistic )  t o detailed/analyti c similarities . 

The curren t  clai m concern s th e increasin g 
importanc e o f  globall y consisten t  feature s 

matche s o n similarity . 
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eac h other .  I n short .  "BBBB "  correspond s t o 

"BABA"  i f  w e onl y conside r  loca l  featur e 

matches ,  bu t  "BBBB "  correspond s t o "XXXB "  i f 

we conside r  th e influenc e tha t  objec t 

correspondence s ca n hav e on e another . 

The targe t  scen e i s als o compare d t o tw o 

derivative s o f  th e bas e scene .  Eac h derivativ e 

differ s fro m th e bas e scen e b y onl y a  singl e 

feature .  Fo r  Figur e 1A ,  on e o f  th e loca l  featur e 

matche s i s removed ,  leavin g al l  o f  th e globall y 

consisten t  matche s Intact .  Fo r  Figur e 1B ,  on e o f 

th e globall y consisten t  matche s i s removed ,  an d 

al l  o f  th e loca l  matche s ar e preserved .  Th e 

empirica l  question s o f  primar y interes t  i s  "I s th e 

targe t  scen e mor e simila r  t o th e scen e i n Figur e 

1A o r  18 ,  an d doe s th e relativ e similarit y o f  th e 

scene s depen d upo n th e processin g tim e 

allowed? " 

Thirty-thre e undergraduate s wer e presente d 

wit h 60 8 display s each .  O n hal f  o f  th e trials ,  tw o 

copie s o f  th e targe t  scen e wer e displayed .  O n 

thes e trials ,  th e subjects '  correc t  respons e wa s 

"same. "  O n th e othe r  hal f  o f  th e trials ,  display s 

consiste d o f  th e targe t  scen e an d on e o f  th e 

othe r  thre e scene s show n i n Figur e 1 .  Butterfl y 

position ,  dimensio n order ,  dimensio n values , 

scen e location ,  an d displa y typ e wer e al l 

randomized .  Display s wer e presente d o n 

Macintos h SE3 0 computers . 

The subjects '  tas k wa s t o pres s a  ke y wit h 

one han d I f  th e butterflie s o f  on e scen e wer e th e 

same a s th e butterflie s o f  th e othe r  scene ,  an d t o 

pres s a  ke y wit h th e othe r  han d i f  th e tw o scene' s 

T a r g e t 

a a a a M b b b b 

I ^^^ocal Global 

B A B A l  I X X X B 

B a s e 

Globa l l y cons is ten t  m a t c h e s kep t  Local l y preferre d m a t c h e s kep t 

| X A B A |  I  X  X  X  B | 
B A B A X X X X 

B 

Figur e 1 .  Sampl e scene s use d i n th e experiment . 

340 



butterllie s wer e different .  I t  wa s stresse d t o 

subject s tha t  th e sam e butterflie s di d no t  hav e t o 

be i n th e sam e position s i n thei r  scen e i n orde r  t o 

respon d "same. "  Th e experimen t  wa s divide d 

Int o 1 9 blocks .  O n eac h block ,  subject s wer e 

give n a  "ver y fast, "  last. "  o r  'lairl y  sk>w "  deadlin e 

(1.1.84 .  an d 2.6 8 se c respectively) .  I f  a  subjec t 

di d no t  respon d befor e th e deadlin e passed ,  th e 

message "OVERTIME "  appeare d o n th e screen . 

The significan t  ( F (4 ,  288 )  =  3.94 ,  ms e =  8 . 

Q<.05 )  cross-ove r  interactio n betwee n deadlin e 

and typ e o f  displa y i s show n i n Figur e 2 .  I f 

subject s ar e force d t o respon d withi n a  shor t 

deadline ,  th e displa y tha t  preserve s th e locall y 

preferre d matc h i s mor e ofte n incorrectl y 

responde d t o a s "same "  tha n th e displa y tha t 

preserve s th e globall y consisten t  match .  Th e 

opposit e effec t  i s  foun d whe n subject s ar e give n 

longe r  t o respond .  Th e fou r  mea n erro r  rate s o f 

particula r  interes t  are :  slow-deadline/global -

matches-kep t  =  5 % ,  slow-deadline/local -

matches-kep t  =  3 % ,  fast-deadline/global -

matches-kep t  =  18% .  an d fast-deadline/local -

matches-kep t  =  21% .  A  planne d compariso n o f 

thes e fou r  dat a show s a  significan t  interactio n 

betwee n deadlin e an d typ e o f  scen e o n erro r 

rat e ( F (1,288 )  =  3.46 ,  mse=6.8 .  ii<.05) .  T h e 

overal l  time s t o correctl y respon d "Different " 

t o th e differen t  display s ar e no t  significantl y 

3 0 

f S 

c 

c 
o 

2 0 -

1 0 -

0 

Scen e Typ e 

Globall y consisten t 
matc h kep t 

Locall y preferre d 
matc h kep t 

differen t  (bas e =  1.14 7 sec ,  globa l  matc h kep t 

= 1.13 7 sec ,  loca l  matc h kep t  =1.13 5 sec) . 

Imp l i ca t i on s 

If similarity is measured by the percentage of 

trial s tha t  scene s wit h differen t  butterflie s ar e 

incorrectl y judge d t o b e th e same ,  the n th e 

obtaine d result s ar e consisten t  wit h SIAM' s 

prediction .  Mor e incorrec t  "same "  judgment s ar e 

foun d fo r  shor t  deadline s whe n loca l  matche s ar e 

preserved .  Mor e incorrec t  "same "  judgment s ar e 

foun d fo r  th e longes t  deadlin e whe n globa l 

matche s ar e preserved .  Thi s i s consisten t  wit h 

SIAM' s dynami c accoun t  o f  similarity .  Th e 

influenc e o f  on e object-to-objec t  mappin g o n 

anothe r  take s tim e t o develop ,  an d unti l  i t  i s 

developed ,  object-to-objec t  mapping s wil l  b e 

largel y determine d b y feature-to-featur e 

matches .  Locall y consisten t  matche s ar e mor e 

importan t  tha n globall y consisten t  matche s fo r 
similarit y earl y i n processin g (fas t  deadline) .  Late r 

i n processing ,  globall y consisten t  matche s gai n 

i n importanc e relativ e t o loca l  matches .  A t  first , 

bot h butterflie s o f  th e targe t  ar e mappe d ont o 

one butterfl y o f  th e othe r  scene ,  bu t  wit h tim e 

th e influenc e o f  on e mappin g redirect s th e othe r 

mapping . 

Slo w Fas t Mediu m 

Dead l in e 

Figur e 2 .  Result s showin g a n interactkj n betwee n deadlin e an d typ e o f  scene . 
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Th e experimen t  indicate s tha t  featura l 

similarit y canno t  completel y predic t  objec t 

correspondences .  Object s wil l  ten d t o b e 

aligne d i f  the y shar e man y features ,  howeve r 

objec t  alignmen t  als o depend s o n th e similarit y 

of  othe r  object s pairs .  Butterfl y B B B B fro m th e 

targe t  scen e o f  Figur e 1  i s mos t  simila r  t o 

butterfl y B A B A o f  th e bas e scene ,  bu t  i t  i s place d 

i n prope r  alignmen t  wit h butterfl y XXXB .  B B B B 

correspond s t o X X X B an d no t  B A B A becaus e 

B A BA i s als o simila r  t o th e targe t  scene' s othe r 

butterfly ,  AAAB .  B y alignin g B B B B wit h X X X B 

and B A B A wit h AAAB ,  th e numbe r  o f  matchin g 

feature s betwee n consistentl y (one-to-on e 

mapping )  aligne d object s i s maximized .  Wit h 

increase d processin g time ,  SIA M an d subject s 

bot h see m t o bas e objec t  correspondence s 

mor e o n globa l  consistenc y tha n o n th e loca l 

similarit y o f  objects . 

The experimen t  support s a  notio n o f 

similarit y a s constructe d ove r  time .  I n fact ,  th e 

result s ar e problemati c fo r  an y mode l  tha t 

hypothesize s tha t  tw o entitie s hav e a  singl e 

process-independen t  similarit y value .  W e 

canno t  assig n singl e estimate s fo r  th e similarit y o f 

th e targe t  scen e an d Figur e 1  A ,  an d th e targe t 

scen e an d Figur e 1B ,  becaus e a t  differen t  time s 

eac h i s mor e simila r  tha n th e other .  Figur e 1 A i s 

mor e simila r  t o th e targe t  scen e o n slo w 

deadlines ,  bu t  Figur e 1 B i s mor e simila r  t o th e 

targe t  scen e o n fas t  deadlines .  Th e similarit y o f 

tw o entitie s seem s t o depen d o n th e particula r 

mechanism s o f  th e compariso n process .  I n th e 

curren t  case ,  comparison s see m t o involv e a 

proces s i n whic h locall y determine d 

correspondence s giv e wa y t o globall y consisten t 

ones .  Mor e generally ,  th e outcom e o f  a 

compariso n seem s t o depen d no t  jus t  o n th e 

thing s compared ,  bu t  als o o n th e proces s tha t  i s 

doin g th e comparing . 
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