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STROCTDRK-MAPPING:  A  THEORETICAL 
FRAMEWORK FOR ANALOGY AND SIMILARIT Y 

Dedr e Centne r 

Bol t  Berane k an d Newman Inc . 
50 Moulto n Stree t 

Cambridge ,  Massachusett s 0223 8 

Thi s pape r  describe s a  theoretica l 
framewor k i n whic h analogie s an d othe r 
comparison s ar 4 define d i n term s o f 
structure-mapping s betwee n domain s 
(Centner ,  1979 ,  1980) .  Differen t  kind s o f 
mapping s correspon d t o analogies , 
metaphors ,  litera l  similarit y statements , 
application s o f  genera l  laws ,  an d simpl e 
chronologies .  Th e chie f  focu s i s o n 
explanator y analogies ,  suc h a s ar e use d i n 
scientifi c  modellin g (Centner ,  1981 ,  1982 ; 
Centne r  &  Centner ,  1982) .  Suc h analogie s 
ar e fundamentall y assertion s tha t  partl y 
identica l  relationa l  structure s appl y t o 
dissimila r  object s acros s differen t 
domains . 
It is generally accepted that the 
degre e o f  litera l  similarit y perceive d 
betwee n tw o object s depend s o n th e degre e 
of  overla p amon g thei r  components .  I n 
Tversky' s (1977 )  elegan t  contras t  model , 
th e similarit y betwee n A  an d B  i s greate r 
th e greate r  th e siz e o f  th e Intersectio n 
(A f \  B )  an d th e les s th e siz e o f  th e tw o 

1 
complemen t  set s ( A -  .  B )  an d ( B -  A) . 
Thi s accoun t  work s wel l  fo r  litera l 
similarity ,  bu t  th e mer e relativ e numbe r 
of  share d an d non-share d predicate s 
appear s t o b e a n inadequat e basi s fo r  a 
genera l  accoun t  o f  relatedness . 
For example, consider a simple 
arithmeti c analogy .  Th e analog y 3:6::2: 4 
i s n o bette r  tha n th e analog y 
3:6:;200:400 ,  eve n thoug h 3  ha s mor e 
feature s i n common wit h 2  tha n wit h 200 . 
I t  i s  no t  th e overal l  numbe r  o f  share d 
versu s nonshare d feature s tha t  count s 
here ,  bu t  onl y th e relationshi p "twic e a s 
grea t  as. "  I  wil l  argu e tha t  a  genera l 
theor y o f  relatednes s betwee n domain s mus t 
be base d o n th e relationa l  structur e o f 
th e overlappin g information .  Th e 
structur e o f  th e share d versu s nonshare d 
predicate s determine s whethe r  a  give n 
compariso n i s though t  o f  a s analogy ,  a s 
litera l  similarity ,  o r  a s th e applicatio n 
of  a  genera l  law . 
In this paper I first lay out some 
representationa l  preliminaries ;  second , 
provid e definition s an d example s o f  eac h 
kin d o f  relatedness ;  an d finally ,  discus s 
some psychologica l  implication s o f  th e 
framework .  T o giv e a  brie f  preview :  I f 
bot h th e relationship s an d th e objec t 
description s correspond ,  th e compariso n i s 

The negativ e effect s o f  th e tw o 
complemen t  set s ar e no t  equal :  i f  w e ar e 
aske d "Ho w simila r  i s  A  t o B?" ,  th e se t  ( b 
-  A)—feature s o f  B  no t  share d b y A — 
count s muc h mor e tha n th e se t  ( A -  B) • 

one o f  litera l  similarity ;  i f  th e 
relationship s correspond ,  bu t  th e object s 
do not ,  th e compariso n i s analogical .  Th e 
thir d possibility ,  tha t  th e object s 
correspon d bu t  th e relationship s d o not , 
represent s neithe r  litera l  no r  analogica l 
similarity .  Suc h comparison s aris e 
chiefl y i n chronologies ,  i n whic h th e sam e 
entitie s pas s fro m on e configuratio n int o 
anothe r  ove r  time .  Th e plac e o f  genera l 
law s i n thi s framewor k wil l  als o b e 
discussed . 
Preliminary Assumptions 

1.  Domain s an d situation s ar e 
psychologicall y viewe d a s system s o f 
objects ,  object-attribute s an d 
relation s betwee n objects .  Thes e 
"objects "  may b e coheren t  conceptua l 
bundle s o r  componen t  part s o f  a  large r 
object ,  rathe r  tha n separat e concret e 
objects ;  th e importan t  poin t  i s  tha t 
the y functio n a s whole s a t  a  give n 
leve l  o f  organization . 

2. Domains and situations are represented 
propositionally .  Th e forma t  use d her e 
i s a  prepositiona l  networ k o f  node s 
and predicate s (cf .  Mille r  S  Johnson -
Laird ,  1979 ;  Rumelhar t  &  Norman ,  1975 ; 
Rumelhar t  &  Ortony ,  1977 ;  Schan k & 
Abelson ,  1977) .  Th e node s represen t 
concept s treate d a s whole s an d th e 
predicate s expres s proposition s abou t 
th e nodes . 

3. The distinction between object 
attribute s an d relationship s i s 
important .  I n a  prooositiona l 
representation ,  th e distinctio n ca n b e 
made explici t  i n th e predicat e 
structure :  attribute s ar e predicate s 
takin g on e argument ,  an d relation s ar e 
predicate s takin g tw o o r  mor e 
arguments .  Fo r  example ,  COLLID E (x,y ) 
i s  a  relation ,  whil e RED (x )  i s a n 
attribute . 

4. The distinction between first-order 
predicate s (takin g object s a s 
arguments )  an d second -  an d higher -
orde r  predicate s (takin g proposition s 
as arguments )  i s important .  Fo r 
example ,  i f  COLLID E (x,y )  an d FAL L (y ) 
ar e first-orde r  predicates ,  CAUSE 
[COLLIDE(x,y) ,  FALL(y) ]  i s  a  second -
orde r  predicate . 

5. These representations, including the 
distinction s betwee n differen t  kind s 
of  predicates ,  ar e intende d t o reflec t 
th e wa y peopl e constru e a  situation , 
rathe r  tha n wha t  i s logicall y 

2 
possible . 
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6.  Finally ,  i t  i s  assume d tha t  a 
compariso n "A n X  i s (lik e a )  Y. " 
convey s tha t  knowledg e i s t o b e mappe d 
fro m Y  t o X .  X  wil l  b e calle d th e 
target ,  sinc e i t  i s  th e domai n bein g 
explicated .  Y  wil l  b e calle d th e 
base ,  sinc e i t  i s  th e (presumabl y mor e 
familiar )  domai n tha t  serve s a s th e 
sourc e o f  knowledge . 

S t ruc tu re~mapp ing; Interpretation 
Rule s 

Assume that the hearer's 
representatio n o f  th e bas e domai n B  ca n b e 
state d i n term s o f  objec t  node s b  , 

1 
b , — , b an d predicate s suc h a s A ,  R ,  R' . 

2 n 
The heare r  knows ,  o r  i s told ,  tha t  th e 
targe t  domai n ha s objec t  node s t  , 

1 
t  ,..., t  .  A  Structure-mappin g cortipariso n 

2 m 
m.<DS th e node s o f  B  ont o th e node s o f  T : 

Logically ,  a  relatio n R(a,b,c, )  ca n 
perfectl y wel l  b e represente d a s Q(x) , 
wher e q1;x )  i s tru e jus t  i n cas e R(a,b,c ) 
i s  true .  Psychologically ,  th e 
representatio n mus t  b e chose n t o mode l  th e 
wav peopl e think . 

M: b — > t 
i  i 

The heare r  derive s inference s abou t  T 
by applyin g predicate s vali d i n th e bas e 
domai n B ,  usin g th e nod e substitution s 
dictate d b y th e mapping ; 

M:  [R( b , b ) ]  — > [R( t  , t  ) ] 
i  J  i  J 

Here R(b ,b ) is a relation that holds in 
i  j 

th e bas e domai n B .  Attribute s (one-plac e 
predicates )  fro m B  ca n als o b e mappe d int o 
T: 

[A( b ) ]  >  [A( t  ) ] . 
i  i 

Finally, higher-order relations, such as 

R'(R , R ), can also be mapped: 
1 2 

M: [R- (R (b , b ) , R (b , b )) —> 
1 i  j  2  k  1 

tR'(R (t , t ), R (t , t )] 
1 i  j  2  k  1 

Kinds of Structure-Mappings 

(1) A literal similarity statement is a 
compariso n i n whic h a  larg e numbe r  o f 
predicate s i s mappe d fro m bas e t o 
target ,  relativ e t o th e numbe r  o f 
nonmapped predicate s (Tversky ,  1979) . 
The mappe d predicate s includ e bot h 
object-attribute s an d relationa l 
predicates . 

EXAMPLE(1): The X12 Star system in the 
182 

Andromed a nebul a i s lik e ou r  sola r  system . 

INTERPRETATION: Intended inferences 
includ e bot h objec t  characteristics—e.g. , 
"Th e X1 2 sta r  i s YELLOW,  MEDIUM-SIZED , 
etc. ,  lik e ou r  sun. "  an d relationa l 
characteristics ,  suc h a s "Th e X1 2 planet s 
REVOLVE AROUND th e XI 2 star ,  a s i n ou r 
system. "  Figur e 1  show s a  representatio n 
of  ou r  sola r  system ;  mos t  o r  al l  o f  th e 
predicate s show n woul d b e mappe d i n a 
litera l  similarit y comparison . 

(2) An analogy is a comparison in which 
relationa l  predicates ,  bu t  no t  many 
objec t  attributes ,  ca n b e mappe d fro m 
bas e t o target . 

EXAMPLE(2): The hydrogen atom is like our 
sola r  system . 

INTERPRETATION: Intended inferences 
concer n chiefl y th e relationa l  structure : 
e.g. ,  "Th e electro n REVOLVES AROUND th e 
nucleus ,  jus t  a s th e planet s REVOLVE 
AROUND th e sun. "  bu t  no t  "Th e nucleu s i s 
YELLOW,  MASSIVE,  etc. ,  lik e th e sun. " 
(se e Figur e 1) .  I f  higher-orde r  relation s 
ar e presen t  o n th e bas e the y ca n b e mappe d 
as well :  e.g. .  Th e heare r  migh t  map "Th e 
fac t  tha t  th e nucleu s ATTRACTS th e 
electro n CAUSES th e electro n t o REVOLVE 
aroun d th e nucleus. "  fro m "Th e fac t  tha t 
th e su n ATTRACTS th e planet s CAUSES th e 
planet s t o REVOLVE AROUND th e sunT "  (Thi s 
relatio n i s no t  show n i n Figur e 1. ) 
(3) A general law is a comparison in which 

th e bas e domai n i s a  name d abstrac t 
relationa l  structure .  Suc h a 
structur e woul d resembl e Figur e 1 , 
excep t  tha t  th e objec t  node s woul d b e 
generalize d physica l  entities ,  rathe r 
tha n particula r  object s lik e "sun "  an d 
"planet" .  Predicate s fro m th e 
abstrac t  bas e domai n ar e mappe d int o 
th e targe t  domain ;  ther e ar e n o 
nonmapped predicates . 

EXAMPLE(3): The hydrogen atom is an 
exampl e o f  a  centra l  forc e system . 
INTERPRETATION; Intended inferences 
includ e "Th e nucleu s ATTRACTS th e 
electron.- ;  "Th e electro n REVOLVES AROUND 
th e nucleus. "  Thes e ar e mappe d fro m bas e 
proposition s suc h a s "Th e centra l  objec t 
ATTRACTS th e periphera l  object." ;  o r  "Th e 
les s massiv e objec t  REVOLVES AROUND th e 
more massiv e object. " 
(4) A chronology is a comparison between 

tw o time-state s o f  th e sam e domain . 
The object s a t  tim e 1  map ont o th e 
object s a t  tim e 2 .  Thi s i s th e onl y 
interestin g cas e i n whic h object s ar e 
share d bu t  relationa l  structur e nee d 
not  be .  Th e tw o time-state s shar e 
object-attributes ,  bu t  i n genera l  no t 
relationa l  predicates . 

EXAMPLE(4): Two hydrogen atoms and an 
oxyge n ato m wil l  combin e t o for m water . 
INTERPRETATION: The intended inferences 
tha t  ca n b e mappe d fro m tim e stat e 1  t o 
tim e stat e 2  concer n endurin g 
characteristic s o f  th e componen t 
objects :  "Oxyge n HAS ATOMIC WEIGHT 16. " 



Neithe r  confIgurationa l  relation s no r 
dynami c relation s o f  th e initia l  syste m 
can b e mappe d int o th e fina l  system .  Not e 
tha t  overla p amon g componen t  object s i s 
not  sufficien t  t o produc e similarit y 
betwee n systems :  Tw o isolate d hydroge n 
atom s an d a n oxyge n ato m d o no t  resembl e 
water ,  eithe r  literall y o r  analogically . 

Figur e 1 .  Structure-mappin g betwee n 
sola r  syste m an d hvdroqe n atom . 

Ken Porbu s an d I  hav e observe d a  subjec t 
tryin g t o understan d th e behavio r  o f  wate r 
flowin g throug h a  constricte d pipe .  Hi s 
firs t  comparison s wer e similarit y matches , 
e.g. ,  wate r  comin g throug h a  constricte d 
hose .  Later ,  h e produce d analogie s suc h 
as a  trai n speedin g u p o r  slowin g down , 
and iro n ball s bangin g int o on e anothe r 
and transferrin g momentum.  Finally ,  h e 
was abl e t o stat e a  versio n o f  th e 
Bernoull i  principle ,  tha t  velocit y 
increase s an d pressur e decrease s i n a 
constriction . 
Literal similarity matches are highly 
accessibl e bu t  no t  ver y usefu l  i n derivin g 
causa l  principles ,  becaus e ther e i s to o 
much overlap .  Analogie s ar e harde r  t o 
generate ,  sinc e the y requir e searchin g th e 
dat a bas e fo r  relationa l  matches ,  no t 
objec t  matches .  Rowever ,  onc e found ,  a n 
analog y shoul d b e mor e usefu l  i n derivin g 
th e ke y principles ,  especiall y i f  th e se t 
of  overlappin g predicate s include s higher -
orde r  relation s suc h a s CAUSE (se e 
'Winston ,  1981) .  Finally ,  b y comparin g tw o 
or  mor e analogies ,  th e common subpart s o f 
th e relationa l  structur e ca n b e isolate d 
and a  genera l  la w derived .  [Se e Gic k an d 
Holyoa k (i n press )  fo r  relevan t  studies. ] 
In summary, no treatment of domain 
relatednes s ca n b e complet e withou t 
distinguishin g betwee n objec t  feature s an d 
relationa l  features :  tha t  is ,  betwee n 
relationa l  predicate s an d one-plac e 
attributiv e predicates .  Carefu l  analysi s 
of  th e predicat e structure s bein g mappe d 
i s centra l  t o modellin g th e inference s 
peopl e mak e i n differen t  kind s o f 
comparisons . 

To summarize ,  overla p i n relation s i s 
necessar y fo r  an y stron g perceptio n o f 
similarit y betwee n tw o domains .  Overla p 
i n bot h objec t  attribute s an d inter-objec t 
relationship s i s see n a s litera l 
similarity ,  an d overla p i n relationship s 
but  no t  object s i s see n a s analogica l 
relatedness .  Overla p i n object s bu t  no t 
relationship s may b e see n a s tempora l 
relatedness ,  bu t  no t  a s similarity . 
According to this analysis, the 
contras t  betwee n analog y an d litera l 
similarit y i s a  continuum ,  no t  a 
dichotomy .  Give n tha t  tw o domain s overla p 
i n relationships ,  the y ar e mor e literall y 
simila r  t o th e exten t  tha t  thei r  object -
attribute s als o overlap .  A  differen t  sor t 
of  continuu m applie s betwee n analogie s an d 
genera l  laws :  I n bot h cases ,  a  relationa l 
structur e i s mappe d fro m bas e t o target . 

I f  th e base representatio n include s 
concret e object s tha t  mus t  b e lef t  behind , 
th e compariso n i s a n analogy .  A s th e 

th e bas e domai n becom e 
and variable-lik e th e 

objec t  node s o f 
more abstrac t 
compariso n i s see n a s a  genera l  law . 

Psychological speculation; The 
Analo<̂ ica l  Shif t  Conjecture .  Peopl e 
learnin g a  ne w domai n ofte n mak e 
spontaneou s comparison s wit h othe r 
domains .  Th e speculatio n i s tha t  th e 
earlies t  comparison s ar e chiefl y literal -
similarit y matches ,  followe d b y analogies , 
followe d b y genera l  laws .  Fo r  example . 
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