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T h e Rol e o f  Structura l  A l i gnmen t  i n Concep tua l  C o m b i n a t i o n 

Edwar d J .  Wisniewsk i  Arthu r  B .  M a r k m a n 

Departmen t  o f  Psycholog y 
Northwester n Universit y 
Evanston ,  Illinoi s 6020 8 

e d w @ n wu m a r k m a n ® aristt)tle.ils.nwu.ed u 

A b s t r a c t 

M a ny researchers  hav e suggeste d tha t 
understandin g nove l  nou n phrase s involve s a  proces s 
of  conceptua l  combinatio n i n whic h peopl e determin e 

ho w tw o o r  mor e concept s fit  togethe r  t o for m a  ne w 
concept .  O n e importan t  wa y tha t  peopl e combin e 
concept s i s b y propert y mapping ,  whic h involve s 

assertin g tha t  a  propert y o f  on e concq) t  i s tru e o f  th e 
othe r  concep t  a s in ,  "bo x tha t  i s striped "  fo r  "skun k 
box. "  A n experimen t  investigate d th e hypothesi s tha t 
propert y mappin g occur s b y structura l  alignmen t  i n 

whic h menta l  representation s ar e aligne d o r  pu t  int o 
correspondence .  Th e resul t  o f  thi s proces s i s primaril y 
a se t  o f  matchin g element s (calle d commonalities )  an d 
a se t  o f  mismatchin g element s relate d t o th e 
commonalitie s (calle d alignabl e differences) .  Th e 
experimen t  compare d propert y mappin g definition s t o 
th e alignabl e difference s liste d b y subject s i n a 
compariso n tas k whic h i s know n t o involve d 
structura l  alignment .  Consisten t  wit h th e hypothesis , 
ther e wa s a  stron g correspondenc e betwee n propert y 
mappin g definition s an d alignabl e difference s 
compare d t o anothe r  strateg y i n conceptua l 
combinatio n no t  though t  t o involv e structura l 
alignmen t  (slQ l  filling) . 

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

A popular view in cognitive science is that the 
interpretatio n o f  nove l  nou n phrase s i s largel y a 
proces s o f  conceptua l  combinatio n (e.g. ,  Medi n & 
Shoben ,  1988 ;  Murphy ,  1988 ;  Smith ,  Osherson , 
Rips ,  & .  Keane ,  1988 ;  Thagard ,  1984 ;  Wisniewsk i  & 
Centner ,  1991) .  Accordin g t o thi s view ,  word s ar e 
represente d i n th e conceptua l  syste m a s schemat a o r 
frames .  A  frame  o r  schem a i s a  knowledg e structur e 
or  concep t  tha t  represent s a  stereotypica l  situatio n o r 
objec t  (Minsky ,  1975 ;  Rumelhart ,  1980) .  Frame s 
consis t  o f  slot s an d filler s whic h ca n b e viewe d a s 
dimension s o f  th e situatio n o r  objec t  alon g wit h thei r 
typica l  values .  Fo r  example ,  a  frame  fo r  "box "  migh t 

includ e th e slot s "color, "  "shape, "  an d "made-of '  wit h 
th e typica l  value s "brown, "  "square, "  an d "cardboard, " 
respectively . 

Understandin g a  nove l  phras e suc h a s "skun k 
box "  involve s combinin g th e concept s "skunk "  an d 
"box "  i n som e way .  Accwdin g t o a  numbe r  o f 
theorists ,  concept s ar e combine d b v slo t  fillin g (e.g. , 

Cohen &  Murphy ,  1984 ;  Murphy ,  1988 ;  Smith , 
Osherson ,  Rips ,  &  Keane ,  1988 ;  Wisniewski ,  1993) . 
Usin g thi s strategy ,  a  noun-nou n phras e i s interprete d 
by filling  on e o f  th e slot s o f  th e hea d nou n wit h th e 
modifie r  noun .  Fo r  example ,  t o interpre t  "skun k 
box, "  on e woul d fill  a  slo t  i n th e hea d nou n "box " 
(e.g. ,  a  slo t  lik e "contains "  )  wit h th e modifie r  nou n 
"skunk. "  So ,  "skun k box "  migh t  b e interprete d a s " a 
bo x tha t  contain s skunks. "  Slo t  fillin g amount s t o 
assertin g tha t  som e relatio n hold s betwee n th e object s 

named b y th e modifie r  an d hea d nouns .  Thi s vie w o f 
conceptua l  combinatio n wa s influence d b y earl y A I 
model s (Brachman ,  1978 ;  Finin .  1980 )  whic h als o 
us e slo t  fillin g a s thei r  primar y mechanis m fo r 
interpretin g nou n phrases . 

Recen t  wor k b y Wisniewsk i  an d Gentne r 
(1991,1993 )  suggest s a  secon d importan t  wa y tha t 
concept s ar e combine d t o understan d nove l  nou n 
phrases .  I n thi s strategy ,  calle d propert y mapping . 

peopl e asser t  tha t  som e propert y tha t  i s tru e o f  th e 
modifie r  nou n i s als o tru e o f  th e hea d noun .  Fo r 
example ,  a  possibl e interpretatio n o f  "skun k squirrel " 
i s  "squirre l  tha t  i s striped "  o r  "squirre l  tha t  smell s 
bad. "  Here ,  a  propert y tha t  i s tru e o f  skunk s (i.e. ,  tha t 
the y ar e stripe d o r  tha t  the y smel l  bad )  i s bein g 
asserte d o f  th e hea d nou n "squirrel. "  Thi s wa y o f 
combinin g concept s contrast s wit h slo t  filling,  i n 
tha t  a  relatio n i s no t  bein g asserte d betwee n th e 
object s name d b y th e modifie r  an d hea d noun s (a s i n 
"bo x tha t  contain s skunks") .  Rather ,  a  propert y o f  th e 
th e modifie r  nou n i s bein g asserte d o f  th e hea d noun . 

Importandy ,  Wisniewsk i  an d Gentne r  (1991 , 
1993 )  hypothesize d tha t  propert y mappin g m a y 
involv e th e sam e proces s use d b y peopl e i n makin g 
similarit y judgments ,  calle d structura l  alignmen t 

(Markma n &  Genmer ,  i n press-a ,  i n press-b) .  Thi s 
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pape r  investigate s tha t  hypothesis .  First ,  w e describ e 
th e role  o f  structura l  alignmen t  i n similarit y 
judgments .  The n w e presen t  a  stud y tha t  examine d 
whethe r  structura l  alignmen t  coul d b e involve d i n th e 
interpretatio n o f  nove l  nou n phrase s b y propert y 
mapping . 

S im i l a r i t y a s S t r u c t u r a l  A l i g n m e n t 

Recent work examining the nature of 
similarit y suggest s tha t  similarit y judgment s involv e 
structura l  alignmen t  (Markma n &  Genmer ,  i n press-a , 
i n press-b) .  Th e structura l  alignmen t  proces s i s 
simila r  t o th e structur e mappin g assume d t o b e 
involve d i n analog y (Centner ,  1983,1989) . 
Accordin g t o th e structura l  alignmen t  view ,  item s ar e 
represente d a s hierarchica l  structure s constructe d from 
objects ,  attribute s (i.e .  predicate s tha t  describ e 
objects) ,  an d relation s (i.e. ,  predicate s tha t  relat e tw o 
or  mor e arguments) .  Th e similarit y betwee n tw o 
item s i s determine d b y alignin g o r  puttin g int o 
correspondenc e thes e part s o f  thei r  structure s (se e 
Falkenhainer ,  Forbus ,  « & Centner ,  1989 ,  fo r  detail s o f 
a processin g mode l  o f  structura l  alignment) .  Th e 
result  o f  thi s alignmen t  proces s i s a  se t  o f  matchin g 
element s (calle d commonalities) ,  a  se t  o f 
mismatchin g element s relate d t o th e commonalitie s 
(calle d alignabl e d^erences )  an d a  se t  o f  mismatchin g 
element s unrelate d t o th e commonalitie s (calle d 
nonalignabl e differences) .  Fo t  example ,  conside r  th e 
pai r  car/motorcycle .  Th e fac t  tha t  bot h hav e wheel s 

woul d b e a  commonalit y o f  thi s pair .  Further ,  th e 
fac t  tha t  car s hav e fou r  wheels ,  wherea s motorcycle s 
hav e tw o wheel s woul d b e a n alignabl e differenc e 
(relate d t o th e commonalit y o f  havin g wheels) .  I n 
contrast ,  th e fac t  tha t  car s hav e seatbelts ,  wherea s 
motorcycle s hav e nothin g ccwrespondin g t o seatbelt s 
woul d b e a  nonalignabl e difference . 

M a r k m an an d Cenme r  (i n press-b )  provide d 
evidenc e fo r  thi s vie w b y askin g subject s t o lis t  th e 
commonalitie s ot  difference s o f  wor d pair s tha t  varie d 
i n thei r  similarity .  Subject s liste d m a n y 
commonalitie s fo r  simila r  pair s an d fe w 
commonalitie s fo r  dissimila r  pairs .  Further ,  subject s 
liste d mor e alignabl e difference s fo r  pair s wit h man y 
commonalitie s tha n fo r  pair s wit h fe w 
commonalities ,  suggestin g tha t  commonalitie s an d 
alignabl e difference s ar e related .  Tha t  is ,  findin g th e 
commonalitie s betwee n tw o object s lead s peopl e t o 
find  thei r  (alignable )  differences .  So ,  i n th e 
car/motorcvcl e exampl e describe d above ,  finding  th e 

commonalit y ha s wheel s lead s t o th e differenc e tw o 
wheel s versus/ou r  wheels . 

On thi s vie w o f  similarity ,  th e compariso n 
proces s focuse s subject s o n matchin g informatio n an d 
mismatchin g informatio n tha t  i s connecte d t o th e 
matchin g information .  Thus ,  commonalitie s an d 

alignabl e difference s ar e conceptuall y relate d an d o f 
paramoun t  importanc e i n similarit y judgments . 
Nonalignabl e difference s ar e assume d t o b e les s 
important ,  sinc e the y ar e rarel y listed . 

The cor e assertio n o f  thi s pape r  i s tha t  th e 
strateg y o f  propert y mappin g involve s structurall y 
alignin g th e modifie r  an d hea d nouns .  Th e 
interpretatio n o f  a  noun-nou n phras e i s the n base d o n 
an alignabl e difference .  So ,  peopl e migh t  interpre t  a 
phras e Uk e "ca r  motorcycle "  a s " a motorcycl e wit h 
fou r  wheels "  (instea d o f  two) .  However ,  the y shoul d 
not  interpre t  "ca r  motorcycle "  a s "motorcycl e wit h 
seatbelts, "  sinc e tha t  interpretatio n i s base d o n a 
nonalignabl e difference . 

An Experimen t 

As a test of the hypothesis that structural 
aUgnment  i s involve d i n propert y mapping ,  w e wil l 
compar e th e results  o f  a  tas k tha t  clearl y involve s 
structura l  alignmen t  t o propert y mappin g i n 
conceptua l  combination .  Th e suuctura l  alignmen t 
result s wil l  b e take n fro m th e commonalit y an d 
differenc e listin g stud y describe d abov e (Markma n & 
Cenmer ,  i n press-b) .  Fo r  compariso n wit h thes e data , 
we aske d peopl e t o interpre t  noun-nou n phrase s 
involvin g th e noun s use d i n tha t  study .  Tabl e 1  list s 
thes e nou n pairs .  A s i n previou s studies ,  subject s 
shoul d defin e thes e phrase s b y usin g eithe r  a  propert y 
mappin g o r  a  slo t  fillin g strateg y (Wisniewsk i  & 
Cenmer ,  1993) . 

I f  propert y mappin g involve s structura l 
alignment ,  the n propert y mappin g definition s fo r  th e 
noun-nou n phrase s shoul d consis t  o f  propertie s 
correspondin g t o th e alignabl e difference s mentione d 
i n th e commonalit y an d differenc e Ustin g study . 
Futhermore ,  jus t  a s subject s i n th e commonalit y an d 
listin g tas k rarel y mentione d nonalignabl e differences , 
propert y mappin g definition s shoul d no t  consis t  o f 
propertie s correspondin g t o nonlignabl e difference s I n 
contrast ,  w e shoul d no t  se e thi s patter n o f  result s fo r 
slo t  filling  definitions .  A s Wisniewsk i  an d Genme r 
(1993 )  suggested ,  slo t  fillin g doe s no t  involv e 
structura l  ahgnment .  Rather ,  i t  involve s finding  a 
relatio n betwee n th e tw o object s name d b y th e noun s 
instea d o f  alignin g thei r  representation s an d mappin g 
propertie s ove r  fro m th e modifie r  nou n t o th e hea d 
noun . 

The stud y als o contraste d conceptua l 
combinatio n wit h nou n phrase s consistin g o f  pair s o f 
simila r  noun s t o thos e consistin g o f  dissimila r  pairs . 
Wisniewsk i  an d Cenme r  (1993 )  foun d tha t  nou n 
phrase s wit h simila r  modifie r  an d hea d noun s (e.g. , 
"mous e squirrel" )  wer e overwhelmingl y interprete d b y 
propert y mappin g compare d t o one s i n wic h th e 
modifie r  an d hea d noun s wer e dissimila r  (e.g. ,  "radis h 
squirrel") .  Th e notio n o f  structura l  alignmen t  ca n 
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explai n thi s findin g i n a t  leas t  tw o ways .  First ,  i t 
shoul d b e easie r  t o alig n mor e simila r  representations , 
sinc e the y hav e mor e commonalities .  Second ,  becaus e 
alignabl e difference s ar e relate d t o commonalitie s 
betwee n objects ,  the n alignin g simila r  noun s sht̂ ul d 
lea d t o mor e alignabl e difference s an d henc e mor e 
propert y mapping . 

M e t h o d 

Subjects in the conceptual combination study 
wer e 3 2 undergraduate s fro m Northwester n 
University .  The y receive d cours e credi t  i n 
Introductor y Psycholog y fo r  thei r  participation . 
Subject s i n th e commonalit y an d differenc e listin g 
tas k wer e 4 4 student s fro m th e Universit y o f  Illinois . 
Subject s i n th e similarit y ratin g tas k wer e 4 0 
undergraduate s a t  th e Universit y o f  Illinois .  Th e 
commonalit y an d differenc e listin g tas k an d similarit y 
ratin g tas k ar e describe d i n detai l  b y Markma n an d 
Genmer  (i n press-b) . 

Item s wer e sixtee n pair s o f  word s (take n from 
Markman &  Centner ,  i n press-b )  whic h range d i n 
similarit y fro m 1.3 0 t o 7.7 5 (o n a  scal e from 1  (low ) 
t o 9  (high) )  wit h a  mea n o f  3.62 .  Thes e pair s wer e 
arrange d t o for m noun-nou n phrase s an d ar e show n i n 
Tabl e 1 .  A  secon d stimulu s se t  wa s create d b y 
reversin g th e orde r  o f  th e word s i n th e first  stimulu s 
set .  Fou r  wor d pair s wer e place d o n eac h page . 
Belo w eac h pai r  wa s a  difficult y scal e rangin g from 1 
(ver y eas y t o c o m e u p wit h a  meaning )  t o 7  (ver y 
har d t o c o m e u p wit h a  meaning) . 

Subject s wer e give n a  bookle t  an d tol d tha t 
the y woul d se e a  numbe r  o f  nove l  nou n phrases . 
The y wer e aske d t o preten d tha t  the y ha d jus t  hear d 
eac h phras e i n a  conversatio n an d t o writ e d o w n a 
descriptio n o f  it s  mos t  plausible ,  likel y meaning . 
Subject s wer e als o instructe d t o rate  h o w difficul t  i t 
was t o c o m e u p wit h a  meaning ,  usin g th e 7-poin t 
scal e provkled . 

Scorin g too k plac e i n tw o phases .  First ,  eac h 
definitio n wa s score d a s eithe r  propert y mapping ,  slo t 
filling  o r  'other' .  A  definitio n wa s considere d t o b e 
propert y mappin g i f  th e subjec t  asserte d on e o r  mor e 

propertie s o f  on e ite m a s bein g tru e o f  th e othe r  ite m 
(e.g. ,  ' a two-wheele d car '  fo r  th e phras e "motorcycl e 
car") .  A  definitio n wa s labelle d s!q I  filling  i f  th e 

subjec t  asserte d a  relatio n betwee n th e tw o object s 
named b y th e noun s (e.g. ,  ' a motOTcycl e tha t  i s 
attache d t o a  car '  fo r  th e phras e "ca r  motorcycle") . 

A ny othe r  definitio n wa s counte d a s 'other' .  Th e 
definition s wer e score d b y bot h author s togethe r  i n a 
serie s o f  sessions ,  an d al l  difference s i n scorin g wer e 
resolve d b y discussion . 

Afte r  scorin g al l  o f  th e definitions ,  the y wer e 
compare d t o th e difference s liste d b y subject s i n th e 
stud y b y Markma n an d Centne r  (i n j)ress-b) .  Fo r  eac h 

definition ,  w c counte d th e numbe r  o f  time s tha t 
aspect s o f  object s mentione d i n th e definitio n wer e 
liste d a s alignabl e difference s o r  nonalignabl e 
difference s b y subject s i n th e commonalit y an d 
differenc e listin g task .  Again ,  thi s scorin g wa s don e 
by bot h author s together ,  an d difference s i n scorin g 
wer e resolve d b y discussion . 

Table 1: Noun-noun phrases used in the study 

Simila r  pair s 

bluebird robin 
car  motorcycl e 
clas s gam e 
daffodi l  oa k 
des k sof a 
ide a mora l 
promis e mora l 
talkin g writin g 

Dissimila r  pair s 

bench salamander 
cabine t  helicopte r 
deb t  selfishnes s 

hang-glidin g fea r 
mapl e toa d 

overseein g tabl e 
sparro w discussio n 

stridin g vacatio n 

Resu l t s 

Overall, 509 definitions were examined (3 
item s wer e lef t  blan k b y subjects) .  O f  these ,  15 8 
(31.0% )  wer e score d a s propert y mapping ,  20 8 
(40.9% )  wer e score d a s slo t  filling.  O f  th e remainin g 
defmitions ,  8 3 (18.5% )  use d a n alternat e strateg y an d 
wer e labelle d 'other' .  Th e las t  6 0 definition s (11.8% ) 
use d a  slo t  filling  o r  propert y mappin g strategy ,  bu t 
significantl y transforme d th e mappe d propert y s o tha t 
i t  wa s har d t o compar e the m t o th e commonalit y an d 
differenc e listings . 

To examin e th e predictio n tha t  propert y 
mappin g definition s involv e structura l  alignment ,  w e 
examine d th e propertie s an d thei r  correspdondenc e t o 
thos e liste d b y subject s i n th e differenc e listin g task . 
Consisten t  wit h thi s claim ,  7 8 % o f  th e propert y 
mappin g definition s include d propertie s tha t  wer e 
liste d a s alignabl e differences .  I n contrast ,  onl y 3 % o f 
th e propert y mappin g defmition s wer e relate d t o 
nonahgnabl e differences .  Th e remainin g 1 8 % o f 
definition s containe d propertie s no t  mentione d b y an y 
subject s i n th e differenc e hstin g task . 

For  th e slo t  filling  defmitions ,  a  radicall y 
differen t  patter n o f  result s wa s obtained .  Onl y 2 % o f 
th e slo t  fillin g interpretation s involve d propertie s tha t 
wer e liste d a s alignabl e differences .  A  furthe r  1 6 % 
involve d propertie s tha t  wer e hste d a s nonalignabl e 
differences .  Th e remainin g 8 2 % o f  th e defmition s 
wer e base d o n propertie s no t  mentione d i n th e 
differenc e listin g task . 

T o asses s th e relationshi p betwee n rated 
similarit y an d typ e o f  defmition ,  correlation s betwee n 
rate d similarit y o f  a  pai r  an d th e numbe r  o f  propert y 
mappin g an d slo t  fillin g defmition s fo r  tha t  pai r  wer e 
calculated .  A s expected ,  ther e wa s a  positiv e 
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correlatio n betwee n rate d similarit y an d numbe r  o f 
propert y mappin g definition s fo r  a  pair ,  r(30)=0.50 , 

p<.05 .  I n contrast ,  ther e wa s a  negativ e correlatio n 
betwee n rate d similarit y an d numbe r  o f  slo t  filling 
definitions ,  althoug h th e correlatio n di d no t  achiev e 
significance ,  r(30)=-0.24 ,  p>.10 . 

D i scuss io n 

The results provide suggestive evidence that 
structura l  alignmen t  i s involve d i n propert y mapping . 
The results  o f  th e structura l  alignmen t  process ,  a s 
reflecte d i n th e alignabl e difference s liste d b y subjects , 
wer e mor e likel y t o appea r  i n propert y mappin g 
definition s tha n i n slo t  filling  definitions .  Thes e 
result s als o replicate  th e findings  o f  Wisniewsk i  an d 
Gentne r  (1993) ,  w h o demonstrate d tha t  pr(q)ert y 
mappin g wa s mor e c o m m o n fo r  simila r  pair s tha n fo r 
dissimila r  pairs . 

Th e result s o f  th e curren t  stud y onl y sho w a 
correlatio n betwee n th e outpu t  o f  a  structim d 
alignmen t  proces s an d tha t  o f  propert y mapping . 
Followu p wor k w e ar e no w doin g provide s a  mor e 
rigorous  tes t  o f  th e connectio n betwee n structura l 
aligiunen t  an d propert y mapping .  I n on e study ,  som e 
subject s ar e bein g aske d t o rat e th e similarit y o f  th e 
noun s i n a  phras e an d the n defin e th e phrase .  Makin g 
similarit y judgment s shoul d caus e subject s t o perfor m 
structura l  alignmen t  o n th e nouns '  representations . 
Havin g alread y perfwine d a  structura l  alignment ,  i t 
shoul d b e easiC T t o f w subject s t o defin e thes e phrase s 
by propert y mapping ,  relativ e t o a  contro l  grou p tha t 
doe s no t  mak e similarit y judgments . 

Th e findings  als o hav e implication s fo r  model s 
of  conceptua l  combination .  Typically ,  thes e model s 
hav e assume d tha t  nou n phrase s ar e interprete d b y a 
slo t  filling  strategy .  Ou r  result s provid e evidenc e 
indicatin g tha t  a  secon d strategy ,  propert y mapping , 
m ay involv e a  proces s o f  structura l  aJignment . 
TherefOTC ,  thi s wor k ma y represent  a n importan t  ste p 
i n developin g a  mor e complete  mode l  o f  conceptua l 
combination . 
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