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Abstrac t 
Tversk y demonstrate d tha t  th e similarit y o f  tw o 
object s increase s wit h thei r  commonalitie s an d 
decrease s wit h thei r  differences .  W e believ e tha t 
determinin g commonalitie s an d difference s i s a 
comple x task .  Usin g analogica l  mappin g a s a 
guide ,  w e propos e th e proces s o f  frame-alignment 
whic h ca n b e employe d t o find  th e commonalitie s 
and difference s o f  structure d representations .  W e 
the n tes t  th e prediction s o f  thi s approac h b y 
askin g subject s t o lis t  th e commonalitie s an d 
difference s o f  wor d pair s tha t  var y i n thei r  degree s 
of  similarity .  Th e result s o f  thi s stud y suppor t 
th e prediction s o f  th e frame-alignmen t  view . 

Introduction^ 

Similarit y i s  a  centra l  aspec t  o f  virtuall y al l 
cognitiv e processes ,  whethe r  o f  categorizatio n (Smit h 
an d Medin ,  1981) ,  proble m solvin g an d transfe r 
(Ross ,  1989 ,  Holyoa k an d K o h ,  1987) ,  or  eve n skil l 
acquisitio n (Logan ,  1989) .  Thus ,  i t  i s  incumben t  o n 
cognitiv e psychologist s t o detai l  th e algorith m b y 
whic h similarit y  i s determined . 

Tversk y (1977 )  provide s evidenc e tha t  th e 
similarit y o f  tw o object s increases  wit h thei r 
commonalitie s an d decrease s wit h thei r  differences . 
Give n thi s assumption ,  th e proces s o f  calculatin g th e 
similarit y o f  tw o object s reduce s t o th e subtask s o f 
findin g thei r  commonalitie s an d difference s an d 
combinin g thes e elements .  A t  firs t  blush ,  thi s 
approac h seem s straightforward .  Conside r  th e pai r  o f 
circle s i n Figur e la .  W e coul d describ e bot h circle s 
usin g list s o f  features .  Th e feature s 'circle '  an d 
'medium-sized '  ar e c o m m o n t o bot h objects ,  an d wil l 
increas e th e similarit y o f  th e pair .  However ,  on e 
objec t  ha s th e featur e 'shaded' ,  whil e th e othe r  ha s th e 
featur e 'striped' .  Thes e distinctiv e feature s wil l 
decreas e similarity . 

I f  w e conside r  th e pai r  i n Figur e lb ,  w e se e th e 
need fo r  a  mor e comple x account .  Notic e tha t  eac h o f 
thes e scene s ca n b e describe d b y exactl y th e sam e se t 
of  features ,  thoug h clearl y the y ar e no t  identical .  I n 
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this case, we must make a decision before counting 
commonalitie s an d differences :  eithe r  th e tw o circle s 
ar e place d i n correspondenc e an d 'shading '  an d 
'location '  ar e distinctiv e features ,  or  th e tw o leftmos t 
object s ar e place d i n correspondenc e an d 'shading '  i s a 
c o m m on feature ,  whil e 'shape '  become s a  distinctiv e 
feature .  Th e poin t  is ,  befor e w e ca n determin e wha t 
i s c o m m o n an d wha t  i s distinctive ,  w e mus t  alig n th e 
representation s base d o n thei r  structure . 
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Figur e 1 :  Example s o f  featur e alignment . 

There is empirical support for the claim that 
similarit y i s  a  proces s o f  alignmen t  o f  structure d 
representations .  Fo r  example ,  Goldstone ,  Centne r 
and Medi n (1989 )  demonsQ-ate d tha t  pair s o f  object s 
wit h consisten t  relation s betwee n thei r  part s ar e mor e 
simila r  tha n object s tha t  d o no t  hav e consisten t 
relation s betwee n thei r  parts .  Furthermore ,  Centne r 
and Ratterman n (1987 )  foun d tha t  storie s wit h simila r 
plot s an d differen t  character s (an d henc e simila r 
structura l  elements )  ar e ofte n though t  t o b e mor e 
simila r  tha n storie s wit h differen t  plot s an d simila r 
character s (thu s sharin g fe w structura l  elements) . 
Take n together ,  thi s evidenc e indicate s tha t  an y theor y 
of  similarit y mus t  tak e relationa l  structur e int o 
account . 
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O ne forma t  fo r  structure d representatio n i s 
conceptua l  f rame s (Minsky ,  1981 ,  Schan k an d 

Abelson ,  1977 ,  Lena t  an d Guha ,  1990 ,  Barsalou , 
1990 ,  N o r m a n an d Rumelhart ,  1972) .  I n a 
conceptua l  frame ,  object s ar e represente d a s slot-valu e 

pair s wit h relation s betwee n them .  Slot s represen t 
dimension s alon g whic h a  particula r  objec t  varies . 
For  example ,  a  ca r  m a y hav e a  colo r  o r  a  typ e o f 
engin e (se e Figur e 2) .  Th e valu e associate d wit h a 
slo t  represent s th e wa y tha t  rol e i s fille d fo r  tha t 
object .  Thi s valu e m a y b e a  singl e entr y (e.g . 
powerDevice :  engine )  o r  i t  m a y b e a  lis t  o f  entrie s 
(e.g .  instances :  DatsunB210 ,  ToyotaCorolla , 
LincolnTownCar...) .  Furthermore ,  relation s betwee n 
slots ,  suc h a s mutua l  constraint s betwee n th e value s 
of  tw o slot s an d informatio n abou t  th e functio n o f 
particula r  slots ,  ar e included .  Al l  slots ,  value s an d 

relation s ar e themselve s represente d b y frames . 

Frame: Car 
specializationOf :  Vehicl e 
instances :  DatsunB210 ,  ToyotaCorolla , 
LincolnTownCar .  .  . 
locomoiionDevice :  Wheel s 

numberOfWheels :  4 
powerDevice :  Engin e 

engineTypes :  V-8 ,  V-6 ,  Rotar y .  .  . 
structureOfBody :  EnclosedBod y 

colorOfBody :  Red ,  Green .  Blue. .  . 
fuel :  Gasoline ,  Gasaho l 

Figure 2: Sample Frame 

Lenat and Guha (1990) detail a long-term project 
i n whic h al l  o f  c o m m o n sens e knowledg e i s t o b e 
encode d int o a n enormou s knowledge-bas e compose d 
entirel y o f  frames .  I n thi s system ,  slot s ar e organize d 
i n hierarchies .  Throug h th e creatio n o f  a  consistent , 
globa l  ontology ,  simila r  object s (whic h hav e simila r 
slots )  wil l  hav e a  c o m m o n structur e define d b y th e 
positio n o f  thei r  slot s withi n thi s organization .  I n 
addition ,  Barsalo u (i n press )  review s wor k 
demonstratin g tha t  frame s m a y b e use d a s th e basi s 
fo r  divers e cognitiv e processe s includin g mental -
models ,  categorization ,  conceptual-combinatio n an d 
planning . 

Give n structure d representations ,  w e requir e a 
mechanis m fo r  compariso n tha t  ca n b e use d t o 
determin e similarity .  W e postulat e tha t  th e 
commonalitie s an d difference s o f  representation s ca n 
be foun d throug h a  proces s o f  frame-alignment . 
Durin g th e alignmen t  o f  tw o frames ,  w e assum e tha t 
slot s ar e place d i n correspondenc e i f  the y ar e identical , 
or  i f  the y pla y th e sam e rol e withi n th e relationa l 
structure s o f  bot h frames .  O n e candidat e fo r  thi s 
proces s woul d b e th e loca l  t o globa l  computatio n 
propose d t o mediat e analogica l  reasonin g (Centner , 
1983 ,  1989 ,  Holyoa k an d Thagard ,  1989) .  Onc e th e 

slot s hav e bee n aligned ,  thei r  value s m a y als o b e 
comjjared . 

Figur e 3 a depict s schemati c objec t  representation s 
fo r  tw o highl y simila r  objects .  Ever y slo t  i n th e firs t 
representatio n ha s a  correspondin g slo t  i n th e secon d 
representatio n (i.e .  slot l  i n Frame l  matche s slot l  i n 
Frame2) .  Furthe r  analysi s o f  th e value s associate d 
wit h th e correspondin g slot s indicate s tha t  slot s 1 ,  2 

and 3  al l  hav e identica l  value s i n bot h frames .  Thes e 
matchin g slot-valu e pair s represen t  commonalitie s 
betwee n th e objects .  I n contrast ,  slot 4 ha s value 4 i n 
Frame l  an d valuel O i n Frame2 .  Thes e mismatchin g 
value s represen t  difference s betwee n object s fill 
correspondin g (aligned )  slots .  Thus ,  w e wil l  refe r  t o 
thi s kin d o f  differenc e a s a n alignabl e differenc e (AD) . 
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Figur e 3 :  Schemati c Frame s 

There is a third possibility, as shown in Figure 3b 
whic h depict s th e fram e representation s o f  tw o 
dissimila r  objects .  Beside s th e tw o alignabl e 
difference s [slo t  l:(vall/val5) ]  an d [slot2:(val2/val6)] , 
ther e ar e tw o non-alignabl e differences .  Thes e 
difference s betwee n frame s aris e becaus e th e slot s d o 
not  correspond .  Fo r  example ,  slot 3 i n frame l  ha s n o 
equivalen t  slo t  (an d henc e n o correspondin g slot-valu e 
pair )  i n frame2 .  A  simila r  analysi s m a y b e mad e fo r 
slot 4 i n frame l  a s wel l  a s slot l  1  an d slotl 2 i n 
fTame2 . 

Th e frame-alignmen t  vie w o f  similarit y give s rise 
t o th e ternar y distinctio n o f  commonalities ,  alignabl e 

difference s an d non-alignabl e differences. ^  Eac h o f 

^Othe r  model s o f  similarit y mak e differen t  partition s o f 
commonalitie s an d differences .  Mental-distanc e model s 
(Kruska l  an d Wish ,  1978 )  ar e base d o n a  unar y schem e 
whic h doe s no t  differentiat e commonalitie s fro m 
differences .  Featur e model s (Tversky ,  1977 )  ar e base d 
on a  binar y distinctio n o f  commonalitie s an d 
differences . 
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thes e factOT s i s expecte d t o pla y a  discemabl y differen t 
rol e i n th e determinatio n o f  similarity .  Lik e th e 
model  propose d b y Tversk y (1977) ,  th e frame -
alignmen t  vie w assume s tha t  th e similarit y o f  tw o 
object s increase s wit h th e numbe r  o f  thei r 
commonalitie s an d decrease s wit h th e numbe r  o f  thei r 
difference s (bot h A D s an d N A D s ) .  However ,  th e 
number s o f  commonalitie s A D s an d N A D s i s 
expecte d t o diffe r  fo r  object s o f  hig h an d lo w 
similarity . 

For  example ,  th e compariso n o f  simila r  objects , 
lik e thos e i n Figur e 3a ,  shoul d yiel d man y matchin g 
slot-valu e pair s (commonalities )  a s wel l  a s matchin g 
slot s tha t  hav e mismatchin g value s (ADs) .  Simila r 
pair s shoul d hav e fe w slot s tha t  hav e n o 
correspondin g slo t  i n th e othe r  frame  (NADs) .  Fo r 
dissimila r  pair s th e patter n shoul d b e quit e different . 
As depicto l  i n Figur e 3b ,  w e sugges t  tha t  dissimila r 
object s hav e fe w c o m m o n slots .  Henc e ther e shoul d 
be fe w commonalitie s an d fe w A D s .  Rather ,  w e 
expec t  tha t  man y slot s wil l  hav e n o correspondin g 
slo t  i n th e othe r  representation ,  resultin g i n man y 
NADs. 

Thi s analysi s lead s t o fou r  majo r  prediction s o f  th e 
frame-alignmen t  m o d e l  o f  comparison .  First ,  w e 
expec t  that ,  a s th e n u m b e r  o f  commonalitie s betwee n 
tw o object s increases ,  th e n u m b e r  o f  A D s shoul d 
increas e a s well .  Second ,  becaus e A D s aris e from  a 
matchin g slot ,  ther e shoul d b e a  semanti c lin k 
betwee n A D s an d commonalities .  Third ,  similarit y 
shoul d increas e wit h th e n u m b e r  o f  commonalitie s 
an d decreas e wit h di e numbe r  o f  difference s (bot h A D s 
an d N A D s ) .  Finally ,  i f  w e m a k e th e simplifyin g 
assumptio n tha t  th e frame s bein g c o m p a r e d ar e 
roughl y th e s a m e siz e (hav e th e s a m e n u m b e r  o f 
slots) ,  ther e shoul d b e fe w N A D s w h e n ther e ar e 
m a ny A D s an d commonali t ie s (an d vic e versa) . 
Thus ,  th e tota l  n u m b e r  o f  difference s liste d nee d no t 
increas e wit h distance . 

T o tes t  thes e predictions ,  w e aske d subject s t o lis t 
commonalitie s an d difference s fo r  variou s pair s o f 
concept s i n a n effor t  t o ta p th e outpu t  o f  th e 
compariso n process .  I n orde r  t o var y similarit y 
systematically ,  w e use d a n ontolog y tre e simila r  t o 
th e one s use d b y Kei l  (1979 )  an d Lena t  (Lena t  an d 
G u h a,  1990) .  Thi s tre e i s s h o w n i n Figur e 4 .  Eigh t 
basi c leve l  object  n a m e s wer e liste d a t  eac h lea f  o f  th e 
tree .  Thes e object s wer e take n from  t w o differen t 
categorie s tha t  fal l  i n tha t  are a o f  th e ontology .  Fo r 
example ,  w e use d fou r  bird s an d fou r  reptile s unde r 
th e anima l  branc h o f  th e ontology .  Sixty-fou r  term s 
wer e sprea d evenl y a m o n g th e eigh t  branche s o f  th e 
tree . 

Subject s wer e presente d wit h pair s tha t  differe d i n 
thei r  distanc e withi n th e tree .  Distanc e w a s calculate d 
b y th e n u m b e r  o f  node s tha t  nee d t o b e traverse d t o 
get  from  on e ter m t o th e other .  Thus ,  t w o animal s 
(i.e .  salamander/robin )  ar e a t  distanc e 0 ,  a n anima l  an d 

a plan t  (i.e .  salamander/oak )  ar e a t  a  distanc e o f  1 ,  a n 
anima l  an d a n artifac t  (i.e .  salamander/bus )  ar e a t  a 
distanc e o f  3  an d a n anima l  an d an y abstrac t  ter m (i.e . 

salamander/meeting )  ar e a t  a  distanc e o f  S.' ^ 

Thin g 
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Figure 4: Ontology tree used here. 

I n th e classi c account ,  i n w h i c h object s ar e 
represente d a s list s o f  feature s (an d w e retai n th e 
simplifyin g assumptio n tha t  th e representation s ar e 

roughl y th e s a m e size"*) ,  th e predictio n i s tha t  simila r 
object s shoul d hav e m a n y commonalit ie s an d f e w 
differences ,  whil e dissimila r  object s shoul d hav e fe w 
commonalit ie s an d m a n y differences .  T h e frame -
alignmen t  mode l  als o predict s tha t  simila r  object s 
wil l  hav e m a n y commonalitie s an d fe w non-alignabl e 
differences ,  whil e dissimila r  object s wil l  hav e fe w 
commonalitie s an d m a n y non-alignabl e differences . 
H o w e v e r ,  a n opposit e patter n i s  predicte d fo r 
alignabl e differences :  simila r  object s shoul d hav e 
m a ny alignable  differences ,  whil e dissimila r  object s 
wil l  hav e few .  Thus ,  i n thi s accoun t  al l  difference s 
ar e no t  alike . 

Experiment 

Metho d 
Subjects :  Subject s wer e 4 4 student s a t  th e 

Universit y o f  Illinoi s w h o receive d cours e credi t  fo r 
thei r  participation .  A  secon d grou p o f  4 0 subject s 
produce d similarit y ratings . 

Stimuli :  A s describe d above ,  w e us e th e ontolog y 

depicte d i n Figur e 4 .  Eigh t  basi c leve l  term s ( 4 from 
eac h o f  2  categorie s subsume d unde r  tha t  nod e o f  th e 

^Thes e a  prior i  distance s wer e highl y relate d t o th e 
subjects '  similarit y ratings ,  wit h similarit y decreasin g a s 
distanc e increased.Fo r  pair s o f  distanc e 0 ,  m e a n 
similarit y wa s 5.06 .  Fo r  pair s o f  distanc e 1 ,  m e a n 
similarit y wa s 3.02 .  Fo r  pair s o f  distanc e 3 ,  m e a n 
similarit y wa s 2.01 .  Finally ,  fo r  pair s o f  distanc e 5 , 
mean similarit y wa s 1.59 . 
'*I n th e contex t  o f  thi s experiment ,  thi s assumptio n 
require s tha t  siz e o f  fram e an d ontologica l  distanc e b e 
decorrelated .  Althoug h abstrac t  an d concret e object s 
probabl y diffe r  i n th e numbe r  o f  slot s i n thei r  frames , 
equa l  number s o f  pair s o f  abstrac t  an d concret e item s ar e 
use d a t  distance s 0 ,  1  an d 3 .  Pair s o f  distanc e 5  ar e mad e 
of  on e abstrac t  ite m an d on e concret e item ,  s o thi s 
assumptio n m a y b e les s tenabl e fo r  thes e items .  I f 
abstrac t  o r  concret e item s ar e analyze d alon e th e sam e 
patter n o f  result s i s obtained . 
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ontology )  wer e liste d a t  eac h nod e fo r  a  tota l  o f  6 4 
terms .  T w o stimulu s set s wer e created .  Eac h se t 
containe d 1 6 pair s o f  distanc e 0, 8 pair s o f  distanc e 1 , 
4 pair s o f  distanc e 3  an d 4  pair s o f  distanc e 5 .  Eac h 
wor d use d i n a  pai r  o f  distanc e 0  i n on e se t  wa s use d 
i n a  pai r  o f  distanc e greate r  tha n 0  i n th e othe r  se t 

Procedure :  Subject s wer e ru n individually . 

Subject s wer e seate d a t  a  tabl e i n fron t  o f  a  pil e o f 
inde x card s (fac e down )  an d a  tap e recorder .  Eac h car d 
containe d a  wor d pai r  an d instruction s t o lis t  eithe r 
commonalitie s o r  difference s fo r  tha t  pair .  Subject s 
wer e give n on e minut e t o mak e thei r  listing s aloud . 
I f  th e subjec t  di d no t  mak e a  respons e fo r  3 0 seconds , 
th e tria l  wa s terminate d an d th e nex t  wor d pai r  wa s 
presented .  Al l  session s wer e taped . 

A separat e grou p o f  subject s wa s give n th e pair s 
wit h th e instruction s t o rat e th e similarit y o f  th e pair s 
on a  scal e firo m 1  (low )  t o 9  (high) .  Twent y subject s 

rate d eac h stimulu s se L 
Design :  Al l  distanc e condition s wer e withi n 

subjects .  Hal f  o f  al l  trial s wer e commonalit y 
listings ,  an d hal f  wer e differenc e listings .  Thus , 
commonalitie s an d diffwence s wer e obtaine d betwee n 
subjects .  T w o differen t  stimulu s set s wer e use d i n 
thi s experiment .  Stimulu s se t  wa s a  between -
subject s factor . 

Scoring :  Al l  subjec t  tape s wer e transcribed .  Th e 

transcript s wer e score d a s follows .  Fo r  listing s o f 
commonalities ,  on e commonalit y wa s counte d fo r 
eac h distinc t  ite m liste d (i.e .  bot h a  ca r  an d 

motorcycl e hav e wheels). ^  However ,  grammatica l 
commonalities ,  commonalitie s o f  th e actua l  word s 
and association s betwee n th e word s wer e no t  counte d 
as commonalities ,  an d wil l  no t  b e considere d furthe r 
here . 

For  differenc e listings ,  th e item s wer e broke n 

d o wn int o alignabl e difference s ( A D )  an d non -
alignabl e difference s ( N A D ) .  A  listin g wa s considere d 
t o b e a n A D i f  subject s mentione d a  contrastin g valu e 
fo r  bot h object s i n thei r  protoco l  (i.e .  a  ca r  ha s 4 
wheel s an d a  motorcycl e ha s 2) .  Subject s nee d no t 
hav e mentione d th e exac t  value s fo r  bot h object s (i.e . 
car s an d motorcycle s hav e differen t  kind s o f  engines) . 
Al l  othe r  listing s (excep t  fo r  difference s i n grammar , 
difference s i n th e actua l  word s o r  associations )  wer e 
considere d t o b e N A D s (i.e .  car s hav e trunks , 
motorcycle s don't) .  A n independen t  rate r  reviewed a 
rando m 2 0 % subsampl e o f  th e data .  Interrate r 

reliabilit y  wa s 0.89 . 

Results 
Eleve n subject s liste d commonalitie s an d 

difference s fo r  eac h o f  th e 6 4 pair s i n thi s study . 
Tabl e 1  show s sampl e protocols .  A s predicted ,  thi s 

subjec t  liste d mor e commonalitie s fo r  th e highl y 
simila r  pai r  <Chair /  Dresser > tha n fo r  th e dissimila r 

pai r  <Pine/Moiorcycl e >  ( 6 vs .  3) .  Interestingly ,  th e 
same numbe r  o f  difference s wa s liste d fo r  th e simila r 
and dissimila r  pair :  however ,  th e patter n o f  A D s an d 

N A Ds differed .  Th e difference s fo r  th e simila r  pai r 
{Car/Motorcycle )  wer e mostl y A D s (i.e .  Car s carr y 
mor e peopl e tha n motorcycles )  whil e th e difference s 

fo r  th e pai r  <Sofa/Frog > wer e mostl y N A D s (Frog s 

hav e bulgin g eyes .  Sofa s don't) .  6 
Thi s patter n o f  result s wa s obtaine d acros s item s 

as well .  W e average d th e response s fo r  eac h ite m an d 
performe d analyse s o n th e averag e score s fo r  eac h o f 
th e 6 4 pairs .  Th e Firs t  predictio n tha t  commonalitie s 
woul d decreas e a s similarit y decrease d wa s born e out . 
As show n i n Figur e 5a ,  th e numbe r  o f  commonalitie s 
fo r  eac h pai r  wa s greates t  fo r  pair s o f  distanc e 0  an d 
decrease d a s distanc e increased .  Thes e difference s wer e 
significan t  (F(3,60)=11.6 5 p<.001) . 

Consisten t  wit h th e prediction s o f  th e frame -
alignmen t  view ,  mor e A D s wer e liste d fo r  simila r 
item s tha n fo r  dissimila r  items ,  whil e mor e N A D s 
wer e liste d fo r  dissimila r  item s tha n fo r  simila r  one s 
(se e Figur e 5b) .  A  M A N O VA o n th e numbe r  o f  A D 

and N A D liste d fo r  item s indicate s tha t  thes e 
difference s ar e significan t  (F(6,118)=5.272 ,  p<001) . 
Strikingl y th e tota l  numbe r  o f  difference s di d no t 
chang e wit h distanc e i n th e ontolog y (F(3,60)=0.011 , 
p>.5) . 

Next ,  w e examine d th e relationshi p betwee n th e 
number  o f  commonalitie s liste d an d th e number s o f 
A Ds an d N A D s listed .  A s predicted ,  ther e wa s a 
positiv e correlatio n betwee n th e numbe r  o f 
commonalitie s liste d fo r  a  particula r  pai r  an d th e 
number  o f  A D s liste d fo r  tha t  pai r  (r(62)=0.74 , 
p<.001) .  However ,  a s expected ,  ther e i s n o positiv e 
correlatio n betwee n th e numbe r  o f  liste d 
commonalitie s an d th e numbe r  o f  liste d N A D s fo r 
eac h stimulu s (r(62)=-0.12 ,  p>.05) . 

Finally ,  w e assume d (i n c o m m o n wit h Tversky' s 
featura l  account )  tha t  commonalitie s woul d increas e 
similarity ,  whil e A D s an d N A D s woul d decreas e 
similarity .  W e performe d a  multipl e regression  o f 
similarit y (SIM )  o n commonalitie s ( C O M M ) ,  A D 
and N A D ,  an d foun d 

SIM = 0.676 (COMM) - 0.293 (AD) - 1.528 (NAD). 

As expected, similarity increases with the number of 
liste d commonalitie s an d decrease s wit h th e numbe r 
of  liste d A D s an d N A D s (althoug h th e regression 
coefficien t  fo r  A D s i s no t  significantl y greate r  tha n 
0) .  Overall ,  thi s equatio n account s fo r  67.6 % o f  th e 
varianc e i n th e similarit y judgments .  Finally ,  a 

^Liste d commonalitie s di d no t  hav e t o b e tru e o f  th e 
items .  Hal f  o f  th e subject s considere d frog s a s 
amphibians ,  bu t  hal f  considere d the m t o b e reptiles . 

"Th e tw o commonalit y listing s wer e take n from  on e 
subjec t  an d th e tw o differenc e listing s wer e take n from 
another . 
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C o m m o n a l i t i e s 

Chair/Dresse r  (Similarity=5.40 ) 
1 Bot h ar e piece s o f  furnitur e 
2 Bot h foun d i n th e hom e 
3 Bot h ca n b e mad e o f  woo d 
4 Bot h migh t  b e i n you r  roo m 
5 Bot h ca n b e bough t  a t  th e furnitur e stor e 
6 Bot h ar e common ,  bu t  chair s ar e mor e commo n 

Difference s 

i'ine/Motorcycl e (Similarity=1.35 ) 
1 Bot h ar e l(ep t  outdoor s 
2 Bot h ca n b e dangerou s 
3 Bot h touc h th e groun d 

Car/Motorcycl e (Similarity=6.20 ) 
AD Ca r  ha s 4  wheels/Motorcycl e ha s 2 
AD Ca r  ha s bigge r  engin e tha n Motorcycl e 
AD Ca r  ca n carr y mor e peopl e 
AD Motorcycl e ca n g o faste r  tha n a  ca r 
N AD Ca r  ca n carr y luggage/ A motorcycl e can' t 
N AD Ca r  protect s fro m rain/Motorcycl e doesn' t 
A D Motorcycle' s engin e i s exposed/Car' s 

engin e i s unde r  th e hoo d 

Table 1: Sample subject protocols 

similar regression performed with only 
commonalitie s an d th e tota l  numbe r  o f  difference s 
( A D +  N A D )  accounte d fo r  onl y 5 9 . 8 % o f  th e 

variance 7 

Discussion and Conclusions 

Fro m ou r  analysi s o f  th e frame-alignmen t  model , 
we derive d fou r  prediction s abou t  th e natur e o f 
commonalitie s an d differences .  First ,  similarit y 
shoul d increas e wit h commonalitie s an d decreas e wit h 
differences .  Second ,  th e numbe r  o f  commonalitie s 
and A D s shoul d b e positivel y correlated .  Third , 
commonalitie s an d A D s shoul d b e linke d 
conceptuall y a s wel l  a s numerically .  Finally ,  th e 
number  o f  N A D s shoul d decreas e wit h similarity . 
The result s obtaine d i n thi s experimen t  suppor t  al l 
fou r  o f  thes e predictions . 

We foun d tha t  th e numbe r  o f  commonalitie s an d 
A Ds liste d fo r  eac h ite m i s indee d positivel y 
correlated .  Despit e thi s relationship ,  commonalitie s 
serv e t o increas e similarity ,  whil e difference s (bot h 
A Ds an d N A D s )  decreas e similarity .  Howeve r  A D s 
and N A D s ar e distribute d differently .  Subject s lis t 
mor e A D s fo r  simila r  item s tha n fo r  dissimila r  items , 
whil e the y lis t  mor e N A D s fo r  dissimila r  item s tha n 
fo r  simila r  ones .  I n fac t  A D s an d N A D s appea r  t o 
pla y a  differen t  rol e i n th e calculatio n o f  similarity . 
A regressio n equatio n tha t  predict s similarit y fro m 
commonalitie s an d difference s account s fo r  mor e o f 
th e varianc e whe n th e difference s ar e broke n d o w n a s 

Sofa/Fro g (Similarity=1.30 ) 
AD Frog s ar e greenish/Sofa s com e i n man y color s 
AD Frog s foun d outdoors/Sofa s foun d indoor s 
A D Sofa s ar e furniture/Frog s ar e animal s 
N AD Sofa s ca n b e sa t  irVFrog s can' t 
N AD Frog s jump/Sofa s can' t 
N AD Frog s hav e bulgin g eyes/Sofa s don' t 
N AD Sofa s ca n b e jumpe d on/Frog s can' t 
N AD Frog s ca n jump/Sofa s can' t 

A Ds an d N A D s tha n w h e n the y ar e aggregate d 
together . 

I n additio n t o th e numerica l  relationshi p betwee n 
commonalitie s an d A D s ,  ther e ar e semanti c 
relationships .  Examinatio n o f  subjects '  protocol s 
clearl y reveal s thi s lin k a s well .  Fo r  example ,  9 1 % 
(10/11 )  o f  subject s aske d t o lis t  commonalitie s o f  th e 

Mean Commonalitie s an d Alignable , 
Non-Alignablean d Tota l  Difference s a s a 

Functio n o f  Distanc e i n th e Ontolog y 

4 T 

Number 

Item s 
Liste d 

Commonalitie s 

'Sinc e Tota l  Differences=A D +  N A D ,  w e ca n conclud e 
tha t  merel y redescribin g th e differenc e dat a a s A D s an d 
N A Ds account s fo r  mor e similarit y varianc e tha n tota l 
difference s alone .  N o statistica l  tes t  i s  required . 

0 1 3 5 
Distanc e i n th e Ontolog y 

Figur e 5 :  Numbe r  o f  Item s liste d i n Experimen t 

pair <bus/bicycle> stated that both have wheels, 
whil e 8 2 % (9/11 )  o f  th e subject s aske d t o lis t 
difference s fo r  thi s pai r  note d tha t  a  bu s ha s mor e 
wheel s tha n a  bicycle .  I n anothe r  example ,  1 0 0 % 
(11/11 )  o f  th e subject s listin g commonalitie s o f  th e 
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pai r  <chair/car > note d tha t  yo u ca n si t  i n both ,  whil e 
7 3 % (8/11 )  o f  th e subject s listin g difference s stale d 
tha t  th e primar y functio n o f  a  chai r  i s  sitting ,  whil e 
th e primar y functio n o f  a  ca r  i s travelling .  Thi s 

patter n o f  response s aros e often ,  an d indicate s tha t 
many o f  th e commonalitie s an d difference s ar e 
strongl y linked .  Thi s conceptua l  connectio n betwee n 
commonalitie s an d A D s i s a  direc t  predictio n o f  th e 
frame-alignmen t  model .  O n th e othe r  hand ,  feature -
base d models ,  whic h ar e unambiguou s i n thei r 
predictio n tha t  th e set s o f  c o m m o n an d distinctiv e 
feature s ar e independent ,  forbi d suc h conceptua l 
associations . 

The frame-alignmen t  mode l  draw s o n earlie r  wor k 
on analogica l  mappin g (Centner ,  1983 ,  1989 , 
Holyoa k an d Thagard ,  1989 )  i n orde r  t o provid e a n 
accoun t  o f  ho w similarit y i s determined .  Ou r  result s 
indicat e tha t  th e seemingl y simpl e tas k o f 
partitionin g representation s int o commonalitie s an d 
difference s require s tha t  th e alignmen t  proces s b e 
sensitiv e t o th e relation s betwee n features .  Th e us e 
of  analogica l  mappin g allow s feature s t o b e place d i n 
correspondenc e base d o n thei r  c o m m o n positio n 
withi n a  relationa l  structure . 

The deb t  o f  th e frame-alignmen t  mode l  t o featura l 
model s o f  similarit y i s clear .  Tversky' s (1977 ) 
contras t  mode l  ( a featura l  accoun t  o f  similarity ) 
propose d tha t  similarit y increase s wit h th e 
commonalitie s o f  th e pai r  an d decrease s wit h th e 
differences ,  a  resul t  whic h wa s obtaine d i n thi s 
experiment .  However ,  th e frame-alignmen t  mode l 
represent s a n advanc e ove r  th e feature-matchin g vie w 
i n thre e areas .  First ,  th e frame-alignmen t  mode l 
predict s th e relationshi p (bot h numerica l  an d 
conceptual )  betwee n commonalitie s an d alignabl e 
differences .  Second ,  th e ternar y distinctio n o f 
commonalities ,  A D s an d N A D s account s fo r  subjects ' 
similarit y rating s bette r  tha n th e binar y distinctio n o f 
commonalitie s an d differences .  Finally ,  an d perhap s 
most  importantly ,  th e frame-alignmen t  vie w provide s 
a mechanis m fo r  comparin g tw o conceptua l 

representation s tha t  capture s th e rol e o f  c o m m o n 
relationa l  structure s i n determinin g wha t  count s a s a 
commonalit y an d wha t  count s a s a  difference . 
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