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Similarit y &  Structura l  A l i g n m e n t : 

Y o u C a n H a v e O n e W i t h o u t  th e O t h e r 

Jodi  Davenpor t  &  Mar k T .  Kean e 

Departmen t  o f  Compute r  Science , 

Universit y Colleg e Dublin ,  N U I  Dublin , 

Belfield ,  Dubli n 4 ,  I R E L A N D 

j  o d i . d a v e n p o r t @ u c d . i e 

m a r k . k e a n e @ u c d . i e 

Abstrac t 

Severa l  studie s hav e show n tha t  similarit y judgement s 
involv e a  proces s o f  structura l  alignmen t  aki n t o analogica l 
mapping .  I n particular ,  i t  ha s bee n show n tha t  peopl e appea r 
t o rel y mor e o n th e relationa l  structur e o f  scene s involvin g 
cross-mappings ,  i f  the y hav e previousl y carrie d ou t  a 
similarit y judgemen t  tas k o n thes e scene s (e.g. ,  Markma n & 
Centner ,  1993b) .  W e repor t  a  stud y whic h show s tha t 
similarit y judgement s d o no t  necessaril y  invok e structura l 
alignmen t  bu t  tha t  othe r  tas k demand s an d th e material s 
presente d ar e mor e critica l  i n selectin g th e compariso n 
mechanis m use d i n a  give n situation .  Th e wide r  implication s 
of  thes e result s fo r  model s o f  similarit y an d compariso n ar e 
considered . 

Introduction 

A considerabl e bod y o f  recen t  researc h ha s show n tha t 
similarit y comparison s ca n involv e a  proces s o f  structura l 
alignmen t  (se e e.g. ,  Goldstone ,  1994 ;  Goldston e &  Medin , 
1994 ;  Goldstone ,  Medi n &  Centner ,  1991 ;  M a r k m a n & 
Centne r  1993a ,  1993b ,  1997 ;  Medin ,  Goldston e &  Centner , 
1993) .  Representationally ,  thi s vie w characterise s 
knowledg e a s structure d hierarchie s encodin g objects ,  objec t 
attributes ,  relation s betwee n object s an d relation s betwee n 
relations .  Give n thes e representation s i t  i s  assume d tha t 
similarit y comparison s involv e th e alignmen t  o f  relationa l 
structur e t o find  th e mos t  structurall y consisten t  matc h 
betwee n tw o system s o f  concepts ,  tha t  satisfie s th e 
constraint s o f  paralle l  connectivit y (i f  tw o relation s match , 
thei r  argument s mus t  match )  an d one-to-on e mappin g (tha t 
eac h ite m i n on e structur e m a y onl y b e mappe d t o on e othe r 
item) .  Computationally ,  thes e idea s hav e bee n realise d b y a 
famil y o f  model s tha t  simulat e analogica l  mappin g (se e e.g. , 
Falkenhainer ,  Forbu s &  Centner ,  1989 ;  Centner ,  1983 , 
1989 ;  Holyoa k &  Thagard ,  1989 ;  H u m m el  &  Holyoak , 
1998 ;  Keane ,  1988 ,  1997 ;  Kean e &  Brayshaw ,  1988 ;  Keane , 
Ledgewa y &  Duff ,  1994 ;  Veal e &  Keane ,  1994 ,  1997 , 
1998) .  Indeed ,  structura l  alignmen t  i s fas t  emergin g a s a 
unifie d accoun t  o f  a  divers e rang e o f  phenomen a includin g 

similarity ,  analogy ,  metapho r  an d concep t  combinatio n (se e 
Kean e &  Costello ,  1998) . 

M a r k m an &  Centne r  (1993b )  provide d on e o f  th e ke y 
piece s o f  evidenc e supportin g th e rol e o f  structura l 
alignmen t  i n similarit y judgements .  The y use d a  one-sho t 
mappin g tas k i n whic h subject s ha d t o identif y a  cross -
mapped objec t  betwee n tw o draw n scene s (se e 
Appendi x  A ) .  A  cross-mappe d objec t  wa s define d a s a n 
objec t  i n on e drawin g tha t  wa s perceptuall y simila r  t o a n 
objec t  i n a  differen t  relationa l  rol e i n th e othe r  drawing .  So , 
fo r  example ,  i n th e basebal l  scene s show n i n Appendi x A , 
th e cross-mappe d objec t  woul d b e th e pitche r  wit h th e "C " 
on hi s uniform ,  becaus e h e i s pitchin g i n th e uppe r  scen e 
and bein g pitche d t o i n th e othe r  scene .  Markma n & 
Centne r  hav e propose d tha t  structura l  alignmen t  i s reflecte d 
i n thi s tas k whe n subject s mak e relationa l  response s (i.e. , 
choosin g th e objec t  i n th e sam e role )  a s oppose d t o objec t 
response s base d o n perceptual ,  featur e similarit y  (i.e. , 
choosin g th e perceptuall y simila r  objec t  i n a  differen t  role) . 
The ke y manipulatio n aske d participant s t o perfor m a 
similarit y judgemen t  tas k o n th e picture-pair s eithe r  befor e 
or  afte r  th e mappin g task .  The y foun d tha t  whe n 
participant s mad e th e similarit y judgemen t  befor e th e 
mappin g tas k the y mad e mor e relationa l  response s tha n 
when i t  wa s presente d afte r  th e mappin g task .  Thus ,  th e 
resul t  strongl y suggeste d tha t  th e similarit y judgemen t  tas k 
invoke d a  structura l  alignmen t  proces s whic h the n carrie d 
ove r  t o th e mappin g tas k increasin g th e proportio n o f 
relationa l  response s (significantly ,  whe n a n aesthetic -
appreciatio n tas k wa s give n befor e th e mappin g tas k n o 
facilitatio n i n relationa l  respondin g wa s found) .  However , 
we believ e tha t  thi s conclusio n i s  unwarrante d give n th e 
natur e o f  th e material s use d an d tas k demands .  W e argu e 
tha t  th e similarit y judgemen t  tas k doe s no t  necessaril y 
invok e structura l  alignment . 

First ,  M a r k m a n &  Centner' s material s ma y hav e 
containe d unintende d cue s tha t  promote d relationa l 
respondin g i n participants .  Whil e th e picture s use d wer e 
designe d t o b e understoo d withou t  introducin g linguisti c 
factors ,  w e believ e tha t  t o understan d th e scene s subject s 
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has t o conside r  word-label s i n th e drawings .  Fo r  example , 
i n th e feeding-pair ,  t o understan d tha t  th e w o m a n i s 
receivin g foo d rathe r  tha n givin g food ,  on e need s t o us e th e 
writte n dialogu e o f  th e w o m a n sayin g "Than k You "  (se c 
Appendi x  A ) .  Thi s dependenc e o n linguisti c factor s i n th e 
pictur e m a y hav e promote d relationa l  respondin g ove r  a 
mor e perceptually-base d response .  M o r e seriously ,  i n som e 
of  thei r  materials ,  th e critica l  relation s underlyin g th e 
relationa l  respons e ar e name d i n th e pictur e (se e e.g. ,  th e 
basebal l  pai r  i n whic h "Pitch "  i s written )  thereb y drawin g 
attentio n t o response s usin g thi s relation . 

Second ,  th e tas k demand s governin g th e wa y i n whic h th e 
picture s wer e presente d m a y als o hav e promote d relationa l 
responding .  Participant s wer e give n 8  stimul i  al l  o f  whic h 
portraye d pictur e pair s wit h relationa l  similarities .  So , 
independen t  o f  an y effect s o f  th e similarit y judgemen t  task , 
participant s m a y jus t  hav e "guesse d th e game "  an d 
responde d appropriately :  tha t  is ,  durin g th e cours e o f  th e 
similarit y tas k subject s m a y hav e decide d fro m th e 
predominantl y relationa l  natur e o f  th e picture s tha t  the y 
wer e mean t  t o m a p o n a  relationa l  basis .  Additionally ,  th e 
fac t  tha t  subject s wer e aske d t o mak e comparison s o n a 
serie s o f  picture s o f  approximately  equivalen t  similarit y 
may als o hav e bee n a n adde d extraneou s variable . 

To remed y thes e possibl e deficiencie s w e constructe d a 
set  o f  material s tha t  involve d cross-mapping s a s define d b y 
Markman &  Centner ,  bu t  omitte d an y linguisti c cue s an d 
names o f  ke y relations .  W e the n expande d th e se t  o f 
presente d material s t o includ e 1 6 fillers  tha t  lacke d 
relationa l  similaritie s t o balanc e th e 8  pair s designe d t o hav e 
relationa l  similaritie s (aki n t o M a r k m a n &  Centner' s set) . 
As i n M a r k m a n &  Centner' s study ,  participant s eithe r 
performe d th e similarit y judgemen t  tas k befor e o r  afte r  th e 
mappin g task .  Th e n e w variabl e introduce d wa s th e 
presentatio n orde r  o f  th e material s (relational-firs t  versu s 
relational-distributed) .  I n th e relational-firs t  conditio n th e 8 
relationa l  material s wer e blocke d a t  th e beginnin g o f  th e 
bookle t  followe d b y th e fillers  (aki n t o th e wa y i n whic h 
Markman &  Centner' s participant s woul d hav e encountere d 
them) .  I n th e relational-distribute d condition ,  th e 8 
relationa l  material s wer e randoml y distribute d amon g th e 
fillers. 

As such ,  w e ha d a  2  x  2  between-subjec t  desig n wher e th e 
variable s wer e task-orde r  (similarit y tas k befor e o r  afte r 
mappin g task )  an d stimulus-orde r  (relationa l  material s 
blocke d a t  beginnin g o f  stimul i  se t  o r  randoml y distribute d 
throughou t  th e set) .  A s th e relationa l  stimul i  mee t  th e 
consU-aint s se t  d o w n b y M a r k m a n &  Centner ,  the y woul d 
predic t  tha t  task-orde r  shoul d affec t  relationa l  responding , 
wit h mor e relationa l  response s bein g m a d e whe n th e 
similarity-judgemen t  tas k i s befor e a s oppose d t o afte r  th e 
mappin g task .  Takin g th e opposin g view ,  w e d o no t 
believ e tha t  similarit y judgement s necessaril y  induc e a 
structura l  alignmen t  proces s an d woul d argu e tha t  th e natur e 
of  th e materia l  se t  i s  mor e important ,  tha t  structura l 
alignmen t  i s use d whe n stimulu s condition s appea r  t o 

requir e it .  Hence ,  w e predic t  tha t  stimulus-orde r  shoul d 
hav e th e dominan t  effec t  o n relationa l  responding ,  wit h 
mor e relationa l  response s bein g induce d whe n th e relationa l 
material s ar e blocke d t o th e fron t  o f  th e stimulu s se t  a s 
oppose d t o distribute d throughou t  th e set . 

Method 

Subjects .  Forty-eigh t  undergraduat e student s an d staf f 
members a t  Universit y Colleg e Dubli n too k par t  voluntaril y 
i n th e experimen t  an d wer e randoml y assigne d t o on e o f  th e 
fou r  between-subject s conditions . 

Stimuli .  Th e stimul i  fo r  thi s experimen t  consiste d o f  8 
pair s o f  picture s depictin g causa l  scene s wit h matchin g 
relationa l  structur e an d 1 6 fille r  pairs .  Eac h o f  thes e 8  pair s 
containe d a  cross-mappin g a s operafionalize d b y M a r k m a n 
and Centne r  (1993b )  i n whic h a  pai r  o f  perceptually-simila r 
object s wer e show n whic h playe d differen t  role s i n th e 
matchin g relationa l  structur e o f  th e tw o scene s (se e 
Appendi x B  fo r  a n example) .  Th e picture s wer e designe d s o 
tha t  i n hal f  o f  th e pair s th e perceptually-simila r  object s wer e 
i n approximatel y th e sam e spatia l  positio n whil e i n th e othe r 
hal f  th e object s i n th e sam e relationa l  role s wer e i n th e sam e 
position .  Additionally ,  hal f  o f  th e pair s ha d relation s 
movin g i n th e sam e direction ,  whil e th e othe r  hal f  ha d 
relation s movin g i n opposit e directions . 

Eigh t  o f  th e fille r  pair s depicte d comparabl e scenario s 
withou t  matchin g relationa l  structur e (e.g .  tw o beac h scenes , 
on e wit h a  m a n surfin g anothe r  wit h a  chil d i s buildin g a 
san d castle )  an d th e othe r  8  pair s di d no t  matc h i n eithe r 
scenari o o r  relationa l  structur e (e.g .  a  scen e o f  a n artis t  an d a 
scen e o f  a  m a n i n a  grocer y store) . 

The stimul i  wer e presente d i n bookle t  for m wit h on e pai r 
on eac h pag e (on e pictur e abov e th e other) .  Th e stimul i  fo r 
th e mappin g tas k ha d a n arro w place d abov e a n objec t  i n th e 
to p scene .  Fo r  th e 8  relationa l  pair s thi s wa s th e cross -
mapped object ,  otherwis e i t  wa s a n objec t  whic h appeare d 
i n bot h scenes .  Th e stimul i  use d fo r  th e similarit y ratin g 
tas k ha d a  scal e wit h th e number s 1  throug h 9  a t  th e botto m 
of  th e page .  Th e word s L o w Similarit y appeare d unde r  th e 
1 an d th e word s Hig h Similarit y appeare d unde r  th e 9 . 

Booklet s i n th e relational-distribute d condifio n ha d a 
completel y randomise d presentatio n o f  th e 2 4 pair s fo r  bot h 
th e mappin g an d th e similarit y tasks .  Booklet s i n th e 
relational-firs t  conditio n ha d a  randomise d bloc k o f  th e 8 
matchin g relationa l  pair s t o th e fron t  o f  th e bookle t  followe d 
by th e filler  pairs . 

Procedure .  A s i n Centne r  &  Markman' s study ,  th e firs t 
pag e o f  th e mappin g sectio n o f  th e bookle t  instructe d 
subject s t o dra w a  lin e fro m th e objec t  unde r  th e arro w t o 
th e objec t  i n th e botto m scen e tha t  "bes t  wen t  wit h tha t 
object" .  Th e firs t  pag e o f  th e similarit y judgemen t  sectio n 
instructe d subject s t o rat e th e similarit y o f  th e tw o scene s b y 
circlin g a  numbe r  o n th e scal e a t  th e botto m o f  th e page . 

Subject s i n th e similarity-afte r  condition s receive d a 
bookle t  wit h th e mappin g tas k followe d b y th e similarit y 
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j udgemen t  tas k whil e subject s i n th e similarity-befor e 

conditio n receive d a  bookle t  wit h th e similarit y j udgemen t 
tas k first . 

Subject s w e r e teste d i n smal l  group s o f  varyin g size s an d 
eac h experimenta l  sessio n too k betwee n 1 0 an d 1 5 minutes . 

Scoring .  A s i n Centne r  &  M a r k m a n ' s study ,  participants ' 
response s t o th e 8  relationa l  pair s i n th e m a p p i n g tas k wer e 
determine d a s a n objec t  m a p p i n g i f  a  lin e w a s d r a w n f ro m 
th e cross-mappe d objec t  t o th e featurally-simila r  objec t  i n 
th e bot to m scene ;  a  relationa l  mapp ing ,  i f  a  lin e w a s d r a w n 
t o th e objec t  i n th e s a m e relationa l  rol e i n th e bot to m scene ; 
or  a  spuriou s m a p p i n g i f  a  lin e w a s d r a w n t o another , 
unrelate d object .  A s spuriou s mapp ing s occurre d i n les s 
tha n 1 % o f  th e responses ,  the y wer e no t  considered . 

0. 6 - \ 

0. 5 -

0. 4 -

S 0. 3 -

i 

0. 2 • 

0.1 

similarity-befor e 
similarity-afte r 

relationa l 
firs t 

relational 
distribute d 

Figur e 1 .  T h e Proportio n o f  Relationa l  Response s M a d e 

Results & Discussion 

A two-way ,  between-subject s A N O V A foun d a  reliabl e 
effec t  o f  stimulus-orde r  wit h a  highe r  proportio n o f 
relationa l  response s i n th e relational-firs t  condition s ( M = 
0.5 2 an d M = A 2 )  tha n i n th e relational-distribute d condition s 
( M =  0.1 8 an d M =  .16) ,  F(l,44 )  =  10.51 ,  p<.Ol ,  MSErro r  = 
0.10 4 (se e Figur e 1) .  Thi s effec t  demonstrate s tha t 
relationa l  respondin g increase s whe n th e relationa l  picture s 
ar e presente d i n a  bloc k befor e th e fillers ,  an d decrease s 
markedl y whe n th e relationa l  picture s ar e distribute d amon g 
filler  materials .  Contrar y t o M a r k m a n an d Centner' s 
predictions ,  n o reliabl e effec t  wa s foun d fo r  th e task-orde r 
variable ,  F(l,44 )  =  .450 ,  p  >.1 0 .  Finall y ther e wa s n o 
reliabl e interactio n betwee n task-orde r  an d materials-order , 
F(l,44 )  =  .200,p>.70 . 

General Discussion 
M a r k m a n &  Centne r  suggeste d tha t  similarit y judgement s 
invoke d structura l  alignmen t  an d tha t  thi s promote d 

relationa l  respondin g i n a  subsequen t  one-shot ,  cross -
mappin g task ;  tha t  i n thi s tas k yo u can' t  hav e a  similarit y 
withou t  structura l  alignment .  W e hav e foun d tha t  whe n th e 
possibl e extraneou s influence s o n th e material s ar e rule d ou t 
and the y ar e presente d i n th e contex t  o f  fillers,  markedl y 
differen t  result s ar e found .  First ,  w e foun d tha t  th e 
similarity-tas k produce d ha d n o sol e effec t  o r  interactio n 
effect s o n relationa l  responses .  So ,  followin g th e logi c o f 
Markman &  Centner' s stud y similarit y mus t  no t  necessaril y 
involv e structura l  alignment .  Second ,  th e marke d increas e 
i n relationa l  response s i n th e relational-firs t  conditio n 
demonstrate s tha t  th e wa y th e material s ar e presente d i s 
mor e importan t  i n determinin g whethe r  structura l  alignmen t 
i s use d o r  not .  Thi s suggest s a  mor e contingen t  interactio n 
betwee n peopl e an d th e tas k situatio n whic h i s no t  wel l 
capture d b y curren t  model s o f  structura l  alignmen t  an d 
analogy .  I t  als o shift s th e focu s o f  researc h i n thi s field  t o 
th e issu e o f  th e "callin g conditions "  fo r  th e us e o f  on e 
similarit y mechanis m rathe r  tha n another . 

Ther e i s on e remainin g myster y abou t  th e relationshi p o f 
thes e result s t o thos e o f  Markma n &  Centner ;  namely ,  wh y 
was i t  tha t  a  precedin g similarit y judgemen t  tas k increase d 
relationa l  respondin g whe n a n aesthetic-appreciatio n tas k 
wit h th e sam e material s di d no t  ?  W e woul d argu e tha t  i t 
was no t  th e structura l  alignmen t  pe r  s e tha t  produce d thi s 
effect ,  bu t  rathe r  tha t  th e material s dre w attentio n t o th e fac t 
tha t  ever y pictur e wa s simila r  t o it s partne r  i n sharin g th e 
same relation .  Th e similarit y judgemen t  tas k helpe d i n 
"guessin g th e game" ,  th e aesthetic-appreciatio n tas k di d not . 
Thu s whe n aske d t o perfor m th e relativel y ambiguou s 
mappin g task ,  subject s responde d accordingly . 

The curren t  researc h reveal s a  lac k o f  featura l  o r 
relationa l  dominanc e i n similarit y judgements ,  suggestin g 
tha t  similarit y i s a  pluralisti c process ,  tha t  i s  ver y sensitiv e 
t o th e condition s a t  han d (a s ha s bee n partl y argue d b y 
Medin ,  Coldston e &  Centner ,  1993) .  Similarit y doe s no t 
necessaril y  invok e a n analogica l  structural-alignmen t 
mechanism ,  bu t  involve s dynami c switchin g betwee n a 
structura l  alignmen t  an d a  feature-compariso n mechanism . 
Mor e broadly ,  a s similarit y doe s no t  appea r  t o b e governe d 
by a  proces s o f  structura l  alignmen t  i n ever y instance ,  a 
unifie d accoun t  o f  compariso n i n genera l  (e.g. ,  similarity , 
analogy ,  metapho r  an d concep t  combination )  a s bein g base d 
on structura l  alignmen t  become s les s tenabl e (se e Kean e & 
Costello ,  1998 ;  Costell o &  Keane ,  i n press) . 
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Appendi x A .  Tw o o f  th e Materials .  - -  th e Basebal l  an d Givin g Material s  - -  Use d b y Markma n &  Centne r  (1993b ) 
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Appendi x B .  A n exampl e o f  th e material s use d i n th e presen t  stud y showin g (a )  a  relationa l  pair ,  (b )  a  filler  wit h featura l 
rathe r  tha n relationa l  overla p an d (c )  a  filler  wit h littl e featura l  o r  relationa l  overlap . 
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