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Structure-Mappin g vs .  High-leve l  Perception : 

T h e Mis take n Figh t  O v e r  T h e Explanatio n o f  Ana log y 

Clayto n T .  Morriso n an d Eri c Dietric h 
Philosoph y An d Computer s &  Cognitiv e Scienc e (PACCS ) 

Stat e Universit y o f  N e w Yor k 
Binghamton ,  N Y 13902-600 0 

c l a y t o n ( i t u r i n g . p a c s s . b i n g h a m t o n .  e d u 
d i e t r i c h @ t u r i n g . p a c s s .b inghain ton.ed u 

Abstrac t 

There is currently a competition between two theories that 
propos e t o explai n th e cognitiv e phenomeno n o f  analogy : 
Dedr e Centner' s Structure-Mappin g Theor y an d Dougla s 
Hofstadter' s theor y o f  Analog y a s High-leve l  Perception . 
We argu e tha t  th e competitio n betwee n th e tw o theorie s i s 
ill-founde d becaus e the y ar c afte r  tw o differen t  aspect s o f 
analogy :  structure-mappin g seek s a  "horizontal "  vie w o f 
analog y wher e th e phenomen a i s examine d a t  th e leve l  o f 
alread y existin g psychologica l  representations ,  an d wher e th e 
tas k i s t o identif y wha t  processe s ar e common t o al l  o r  mos t 
analog y function ;  High-leve l  Perception ,  o n th e othe r  hand , 
seek s a  "vertical "  vie w o f  analog y i n whic h th e goa l  i s t o 
explai n th e processe s tha t  mak e u p th e constructio n o f 
represenUtions .  A n integrate d theor y o f  analog y shoul d 
encompas s bot h horizonta l  an d vertica l  views . 

Introduction 

I n thi s paper ,  w e argu e tha t  ther e i s a  mistake n 
competitio n betwee n tw o theorie s o f  analogy :  Dedr e 
Centner' s structure-mopin g theor y ( S M T ) ,  an d Dougla s 
Hofstadtar' s theor y o f  analog y a s high-leve l  pCTceptio n 
( H L P ) .  Proponent s o f  eithe r  theor y hav e develope d 
argument s claimin g tha t  thei r  theor y capture s mor e c ^ 
analog y tha n th e other .  Th e tas k o f  thi s pape r  i s t o separat e 
thes e combatant s an d sho w tha t  thei r  theorie s ar e afte r 
explanation s o f  differen t  aspect s o f  analog y phenomena ,  no t 
necessaril y  pitte d agains t  on e another . 

Summary Of The Positions 

Centner' s S M T (Centner ,  1980 ,  1983 ,  1989 )  describe s 
analog y a s a  produc t  o f  structure-mapping .  A  basi c 
assumptio n o f  S M T i s tha t  ou r  psychologica l  concept s hav e 
a structtir e t o them .  Accordin g t o Centner ,  thes e structure s 
ar e th e psychologica l  representations  o f  relations  betwee n 
perceptua l  an d conceptua l  objects .  Accordin g t o S M T ,  a n 
analogy ,  th e abilit y t o recogniz e tha t  "on e thin g i s  lik e 
another, "  i s  a  mappin g o f  on e structur e ont o anothe r 
accordin g t o a  similarit y compariso n base d o n th e relation s 
represented  i n th e concep t  structures .  Cenme r  an d other s 
hav e se t  ou t  t o onpiricall y  tes t  th e explanator y powe r  o f 
thi s conceptio n wit h respec t  t o h u m a n analogica l 
productio n (Centner ,  Falkenhaine r  &  Skorstad ,  1987 ; 
Centne r  &  Imai ,  1992 ;  Centoe r  &  Landers ,  1985 ;  Centne r 
& Rattermann ,  1991 ;  Centoer ,  Ratterman n &  Forbus , 

1993 ;  Kotovsk y &  Centoer ,  1990) .  S M T ha s tw o ke y 
strengths :  1 )  i t  make s a  clea n distinctio n betwee n analogie s 
and othe r  type s o f  similarit y comparison s (abstraction , 
anomaly ,  litera l  similarity ,  an d mer e ^pearance) ,  bot h i n 
theor y an d a s evidence d i n psychologica l  examination ;  an d 
2)  i t  i s  generall y applicabl e — rathe r  tha n requirin g a 
specifi c  algorith m fo r  eac h potentia l  analogy ,  o r  eve n a 
collectio n o f  algorithm s fo r  eac h domai n o f  comparison ,  th e 
generalize d structur e o f  knowledg e representatio n an d th e 
structure-mappin g algorith m make s i t  possibl e fo r  an y 
properl y constructe d knowledg e structur e t o b e compare d 
and considere d fo r  structure-moping . 

The Structure-Mappin g Engin e ( S M E )  (Falkenhainer , 
Forbu s &  Centoer ,  1986 ,  1989 ;  Centoer ,  Falkenhaine r  & 
Skorstad ,  1987 )  i s a  compute r  mode l  intende d t o simulat e 
th e structore-mopin g proces s o f  Centoer' s theory .  W h e n 
give n a  properl y constructe d representation,  S M E ca n find 
a mappin g betwee n toe  appropriat e relation s fo r  eac h 
representation.  A  syste m o f  analogica l  retrieval,  calle d 
M A C / F AC (Centoer ,  1989 ;  Centoe r  &  Forbus ,  1991 ; 
Centoer ,  Ratterma n &  Forbus ,  1993) ,  provide s a  plausibl e 
metoo d b y whic h a  hug e databas e o f  structure d knowledg e 
representation s m a y b e searche d an d a n ite m retrieved  fro m 
i t  wit o littl e computationa l  strain .  M A C / F A C include s 
S ME a s toe key  componen t  toat  perform s toe  structure -
mapping . 

Dougla s Hofstadte r  an d severa l  o f  hi s graduat e student s 
(Hofstadter ,  1984 ;  Hofstadter ,  Mitche U &  French ,  1987 ; 
Chalmer s e t  al. ,  1992 ;  MitcheU ,  1993 ;  Hofstadte r  e t  al. , 
1995 )  propos e a  differen t  approac h t o th e explanatio n o f 
analog y b y whic h a n analog y i s conceive d o f  a s th e produc t 
of  a  mor e genera l  cognitiv e functio n calle d high-leve l 
perception .  H L P i s th e proces s b y whic h a n organism' s 
representation  o f  a  situatio n a t  a  conceptua l  leve l  i s 
consonicte d base d o n a n interactio n betwee n high-leve l 
concept s an d low-leve l  perceptoa l  processes :  high-leve l 
concept s influenc e low-leve l  perceptua l  processing ,  whil e 
what  i s  perceive d a t  a  lo w leve l  affect s th e activatio n o f 
high-leve l  concept s a s a  representatio n o f  th e situatio n i s 
constructed. ^  Th e Copyca t  project ,  designe d b y Hofstadte r 
an d Mitche U (1992 ;  MitcheU ,  1990 ,  1993 ;  Mitche U & 

'Th e conceptua l  leve l  i s  th e leve l  a t  whic h concept s begi n t o 
pla y a  role ;  a  concep t  i s anythin g from  objec t  recognitio n (e.g. , 
recognizin g a n apple )  t o th e abilit y  t o gras p comple x relation s an d 
situation s (e.g. ,  tha t  Bi U Clinto n i s  i n th e Democrati c  Party) . 
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Hofstadter ,  1990) ,  i s  a  mode l  o f  analog y a s high-leve l 
perception .  Copyca t  i s intende d t o embod y th e principle s o f 
high-leve l  perceptio n b y buildin g it' s  o w n representatio n o f 
an analog y situatio n i n a  sin l̂ifie d letter-domain .  I n orde r 
t o reall y ge t  a t  H L P ,  w e mus t  n o w tur n t o Hofsladler' s 
criticism s o f  Centner ,  an d thu s th e confrontatio n betwee n 
structure-mappin g an d high-leve l  perception . 

The Fight 

Th e theor y o f  high-leve l  perceptio n i s firs t  introduce d i n 
prin t  i n th e ps^ r .  High-leve l  perception :  representatio n 
an d analogy ,  b y CFlf i  (Chahners ,  e t  al. ,  1992) .  Th e mai n 
thesi s o f  thei r  pape r  i s tha t  H L P i s deq)l y interwove n wit h 
othe r  cognitiv e processes .  The y argu e tha t  m u c h o f  th e 
woi k i n A I  ha s attempte d t o mode l  conceptua l  processe s 
independentl y o f  perceptua l  processes ,  bu t  tha t  thi s 
approac h canno t  lea d t o a  satisfactor y understandin g o f  th e 
human mind .  Therefore ,  the y argue ,  researcher s i n A I 
must  integrat e perceptua l  processin g int o thei r  modelin g o f 
cognition . 

As a n exampl e o f  high-leve l  cognitio n tha t  depend s o n 
high-leve l  perceptio n (an d vic e versa) ,  C F H tak e u p th e 
cognitiv e proces s o f  analogy .  The y posi t  that ,  "whe n 
peopl e m a k e analogies ,  the y ar e perceivin g som e aspect s o f 
th e structure s o f  tw o situation s — th e essence s o f  thos e 
situations ,  i n som e sens e — a s identical "  (Chahner s e t  al. , 
1992 ,  p.l93) .  Th e structure s o f  th e representation s o f  thes e 
situation s are ,  the y propose ,  th e produc t  o f  high-leve l 
perception .  Analogica l  though t  als o provide s a n 
illustratio n o f  th e flexibl e natur e o f  ou r  perceptua l  abilities . 
For  instance ,  makin g a n analog y require s highlightin g 
variou s aspect s o f  a  situation ,  an d th e aspect s tha t  ar e 
highlighte d ar e ofte n no t  th e mos t  obviou s feature s fro m th e 
beginning .  Th e perceptio n o f  th e situatio n ca n chang e 
radically ,  dependin g o n th e analog y w e ar e making . 

C FH divid e th e processe s involve d i n analogica l  though t 
int o tw o basi c components .  O n e i s situatio n perception , 
th e filterin g an d organizin g o f  dat a involve d i n a  give n 
situatio n accordin g t o a  give n contex t  A n d th e othe r  i s 
mapping ,  th e takin g o f  th e representation s o f  tw o situation s 
and fmdin g appropriat e correspondence s betwee n 
component s o f  on e representatio n wit h component s o f  th e 
othe r  t o produc e th e analog y match-up .  C F H clai m that ,  "i t 
i s  b y n o mean s apparen t  tha t  thes e processe s ar e cleanl y 
separable ;  the y see m t o interac t  i n a  dee p way "  (Chalmer s 
et  al. ,  1992 ,  p.l95) .  The y propos e tha t  becaus e perceptio n 
underlie s analogy ,  w e ar e tempte d t o divid e th e proces s o f 
analog y sequentiall y  int o situatio n perception ,  followe d b y 
mappin g (a s Centner' s analog y architectur e suggests) . 
However ,  analog y i s deepl y involve d i n th e situatio n 
perceptio n stag e a s well ;  perception s o f  m a n y situation s ar e 
possibl e becaus e o f  analogica l  mappings .  Thus ,  C F H 
conclud e tha t  situatio n perceptio n an d m o p i n g processe s 
go hand-in-hand . 

For  thes e reasons ,  C F H believ e tha t  perceptio n mus t  b e 
accounte d fo r  i n a  mode l  o f  analogica l  though t  — 
somethin g the y clai m ha s no t  bee n take n int o accoun t  b y 
curren t  model s o f  analogy .  C F H m a k e us e o f  thre e 
technica l  term s i n characterizin g th e pitfall s  o f  separatin g 
perceptio n fro m high-leve l  cognition .  T h e first  ter m i s tha t 
of  hand-codin g representations .  Thi s refer s t o th e 
structurin g o f  representation s b y humans .  Hand-codin g 
becomes a  fallac y whe n a n implementer' s representation s 
beg al l  th e interestin g cognitiv e questions ;  i.e. ,  w h e n th e 
implemente r  encode s al l  th e informatio n neede d t o 
complet e th e tas k (e.g. ,  B A C O N ' ) .  T h e secon d ter m i s 
rigidity ,  a  featur e o f  representation s i n whic h the y ar e 
inflexibl e o r  unabl e t o change .  This ,  C F H claim ,  m a y b e a 
resul t  o f  hand-codin g representation s rathe r  tha n havin g 
th e mechanis m buil d the m throug h som e sor t  o f 
constructiv e process .  Th e thir d ter m i s 20-2 0 hindsight , 
whic h occur s whe n a  researche r  develop s a  mechanis m tha t 
relie s o n hand-code d concept s rathe r  tha n a  mechanis m 
tha t  independentl y arrive s a t  a  representationa l  structur e fo r 
a particula r  concep t  Th e mechanis m usin g th e hand-code d 
representation s i s sai d t o b e guilt y o f  20-2 0 hindsight ^ 

C FH accus e Cenmer' s mode l  o f  analog y o f  bypassin g th e 
proces s o f  perception .  The y sa y tha t  Centner' s ^proac h 
involve s startin g wit h fixed,  hand-code d representation s 
whic h ar e compare d an d a  mappin g betwee n the m i s 
performed .  CFIf s criticism s ar e focuse d o n th e difficultie s 
tha t  aris e ou t  o f  th e rigidity  o f  SME' s representations ,  th e 
foremos t  o f  whic h i s th e inabilit y  t o chang e representation s 
as neede d durin g processing .  Accordin g t o Centner' s 
model ,  C F H claim ,  mappin g i s th e onl y proces s involve d i n 
analogy .  I n S M E ,  representation s ar e hand-coded ,  an d thu s 
buildin g i s ignore d — i t  i s  assume d tha t  "correc t 
representations "  wil l  b e availabl e throug h som e externa l 
process .  Th e resul t  o f  SME ' s dependenc e o n rigid 
representation s i s tha t  decision s i n representatio n mus t  b e 
precisel y th e right  one' s befor e processin g starts .  Bu t  suc h 
informatio n a s t o whic h one' s ar e correc t  i s  no t  availabl e 
ahea d o f  tim e unles s (eve n t o som e extent )  th e analog y t o 
be m a d e i s k n o w n ahea d o f  time .  A n d thi s i s wha t  make s 
S ME guUt y o f  20-2 0 hindsight . 

^Tb c author s o f  thi s pape r  ar c Davi d J .  Chalmers ,  Rober t  M . 
Frenc h an d Dougla s Hofstadter .  W e wil l  refe r  t o th e author s a s 
C FH fo r  abbreviation . 

'Th e creator s (Langle y e t  al. )  o f  B A C O N,  a  mode l  o f  scientifi c 
discoveiy ,  clai m tha t  B A C ON i s abl e t o mak e scientifi c 
discoveries ,  suc h a s Kepler' s thir d la w o f  planetar y motion . 
However ,  th e mode l  i s  give n precisel y th e dat a require d t o deriv e 
th e law ,  s o tha t  it' s  "discovery "  i s reduce d t o a  rathe r  simpl e 
deductio n tha t  an y beginnin g physic s studen t  shoul d b e abl e t o 
deduce .  Fo r  thi s reason ,  Chalmer s e t  al .  accus e B A C ON o f 
havin g 20-2 0 hindsigh t  i n bein g give n onl y wha t  i s needed ,  whe n 
i n fac t  th e actua l  cognitiv e processe s involve d i n suc h scientifi c 
discoverie s ar e face d wit h th e muc h mor e monumenta l  tas k o f 
parin g dow n wha t  i s relevan t  an d makin g carefu l  hypothese s 
paire d wit h testing ,  al l  par t  o f  a n intricat e proces s o f  induction . 

^Thi s fallac y i s clos e t o th e fallac y o f  beggin g th e question :  fa -
example ,  claimin g tha t  a  progra m ha s independend y arrive d a t  a 
"discovery, "  whe n th e "discovCTy "  wa s alread y code d b y th e 
programme r  int o th e program .  Fo r  a n excellen t  discussio n o f  thi s 
sor t  o f  fallac y concernin g tw o othe r  programs ,  A M an d 
EURISKO,  se e Koz a 1992 .  pp.232-236 . 
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T a l k i n g C r o s s P u r p o s e s 

Whil e thes e characterization s ar e true ,  C F H m a y hav e 
inaccuratel y construe d wha t  Centne r  e t  al .  clai m S M E ca n 
do.  C F H clai m that ,  "th e S M E progra m i s sai d t o discove r 
an analog y betwee n a n ato m an d th e sola r  system " 
(Chalmer s e t  al. ,  1992 ,  p .  196 ;  emphasi s added) .  Thi s i s no t 
true .  S M E i s intende d t o explai n wha t  happen s i n th e 
comprehensio n o f  a n analog y betwee n a n ato m an d th e 
sola r  syste m (Genmer ,  1983 ;  Centner .  1989) .  I t  i s  no t 
bein g propose d a s a  mode l  o f  discovo y throug h analog y 
(unlik e B A C O N,  wher e C F Ws criticism s d o see m apt) . 

I t  seem s ther e i s a n importan t  distinctio n whic h bot h 
Centne r  an d C F H hav e missed .  I t  begin s wit h a n approac h 
tha t  i s no t  mad e explici t  b y Centne r  concernin g wha t  th e 
structure-mappin g theor y i s a n explanatio n of .  Firs t 
outline d i n Centne r  1983 ,  th e Structure-Mappin g Theor y i s 
describe d a s a n explanatio n o f  h o w analogie s ar e produced . 
I n orde r  t o ge t  thi s explanation ,  however ,  Centne r  claim s 
tha t  th e theor y i s aime d a t  answerin g th e followin g 
question :  b o w i s i t  tha t  on e derive s meanin g fro m a n 
analogy ? (Centner ,  1983 ,  p.l55 )  Thi s latte r 
characterizatio n make s structure-mopin g a n explanatio n 
of  b o w analogie s ar e understoo d o r  compreheruie d — th e 
analog y ha s alread y bee n given ,  bu t  th e agen t  mus t  produc e 
a mi^pin g i n orde r  t o interpre t  th e analogy .  I t  i s  no t  clea r 
tha t  th e processe s o f  productio n an d comprehensio n ar e th e 
same.  O n th e on e hand ,  ther e ar e th e situation s wher e on e 
may hea r  a n analog y o r  b e presente d wit h on e an d the n 
come t o understan d i L I n mos t  example s o f  h o w structure -
mappin g works ,  an d especiall y i n th e operatio n o f  S M E , 
th e theor y i s presente d a s explainin g thi s kin d o f  situation . 
Production ,  o n th e othe r  band ,  seem s t o involv e a  differen t 
kin d o f  situation :  a n agen t  obsove s event s o r  situation s an d 
i s able ,  o n it s own ,  t o construc t  a  similarit y compariso n 
betwee n tw o situation s (on e observe d an d on e recalled )  an d 
thu s produc e a  nove l  analogy .  Whil e bot h understandin g 
an d productio n situation s m a y shar e th e c o m m o n aspec t  o f 
structur e mapping ,  th e condition s tha t  lea d t o an d influenc e 
th e compariso n ar e ver y differen t  Al l  th e condition s tha t 
surroun d th e m o p i n g ar e vita l  t o understandin g whethe r 
an analog y i s bein g understoo d o r  whethe r  a  nove l  analog y 
i s bein g produce d — t o leav e th e condition s o f  th e mappin g 
ambiguou s seem s t o b e a  mistake .  T o clai m tha t  the y ar e 
th e sam e proces s i s a  profoun d statemen t  abou t  cognition . 
Whethe r  structure-mopin g i s claimin g this ,  o r  i f  i t  i s  onl y 
a mode l  o f  analog y comprehension ,  i s no t  mad e clea r  i n 
Cenmer' s centra l  paper s (1980,1983,1989) . 

Centner' s theor y i s a  theor y o f  understandin g 
(spedfically ,  fo r  goo d analogies )  bu t  sh e doesn' t  hav e a 
theor y o f  b o w analogie s ar e create d i n th e first  place .  Fo r 
example ,  sh e ha s a  theor y o f  wha t  happene d whe n 
Rutherfor d though t  "th e ato m i s lik e tha t  sola r  system "  an d 
of  wha t  m a y g o o n whe n w e ar e give n thi s information ,  bu t 
she doe s no t  hav e a  theor y o f  h o w h e manage d t o creat e thi s 
analog y i n th e first  place .  I n othe r  words ,  sh e doesn' t  hav e 
a theor y o f  wher e structure s com e fro m (bu t  sh e i s workin g 
on it ;  se e he r  treatmen t  o f  unpackin g i n Kotovsk y & 
Centner ,  1990) .  HowevCT ,  sh e doe s hav e a  theor y o f  wha t 
analogie s are ,  give n alread y existin g structures .  Thus ,  i t 
appear s tha t  i t  i s  a n explanatio n o f  analog y comprehensio n 

tha t  structure-mopiQ g i s ultimatel y after .  Th e situatio n 
Centne r  i s explainin g i s consistentl y presente d a s a n agen t 
bein g give n a n analog y an d th e agen t  the n perform s th e 
mappin g t o creat e a  ne w representation,  thu s high-lightin g 
ho w th e tw o situation s ar e analogous .  Thi s i s t o b e 
distinguishe d fro m th e cas e o f  novel ,  independent ,  an d 
unprompte d analog y creation . 

I t  seem s tha t  C F H ma y hav e gotte n thei r  mistake n 
impressio n o f  Centne r  fro m thi s ambiguit y betwee n analog y 
comprehensio n an d production .  Thi s als o demonstrate s 
tha t  C F H probabl y don' t  mak e a  distinctio n betwee n th e 
two .  A  mode l  m a y exis t  i n whic h thes e tw o ar e i n one-and -
the-sam e mechanism ,  bu t  a s Centner' s mode l  op^^^i ^  t o 
demonstrate ,  i a no t  accountin g fo r  representation 
construction ,  analog y comprehensio n migh t  b e separate d 
fro m analog y production .  S M E i s a  mode l  o f  analog y 
understandin g o r  comprehension ,  wher e th e cognitiv e 
agen t  i s give n th e analog y an d mus t  understan d i t  give n it s 
curren t  knowledg e databas e (i.e. ,  construc t  a  representatio n 
fro m existin g ones) .  I n thi s case ,  ther e ma y b e n o nee d fo r 
constructio n o f  nove l  representations ,  an d thi s limit s it s 
capacit y t o captur e th e dynami c aspect s o f  natura l  analog y 
production .  An y mode l  tha t  doesn' t  tak e thi s int o accoun t 
wil l  b e dependen t  o n someon e (o r  som e module )  t o 
organiz e th e informatio n i n a  suitabl e manne r  s o tha t  a 
mappin g ca n tak e place .  S o th e dependenc e o n hand -
co(Un g representations  ha s severel y limite d th e abilit y  o f 
S ME t o captur e creativ e analogica l  productio n i n th e wild . 
However ,  a s S M E i s a  mode l  o f  analog y understanding ,  i t  i s 
immune t o CFIT s criticism s base d o n creatin g a n analog y 
becaus e i n understanding ,  th e hand-coding s the y loo k fo r 
(hand-codin g th e representations)  ma y b e legitimate . 

I n ligh t  o f  this ,  i t  i s  n o surpris e tha t  S M E doesn' t  d o 
what  C F H woul d lik e t o se e — the y hav e mistake n wha t 
S ME i s explaining .  Thi s mistake n accusatio n a s t o wha t 
Centne r  ultimatel y claim s S M E ca n d o i s ver y telling .  Th e 
ke y criticism s tha t  C F H brin g t o bear ,  wit h respec t  t o wha t 
i s misse d i n no t  accountin g fo r  representation  construction , 
depea d o n S M E bein g intende d t o explai n ho w 
representations  ar e constructed .  H L P seem s t o b e afte r  th e 
an explanatio n o f  nove l  analog y production .  Thei r 
explanator y task ,  from  whic h thei r  criticism s agains t 

structure-mopin g ar e derived ,  ar e aime d a t  bo w th e 
analog y situatio n i s perceived ,  an d thus ,  ho w 
representations  ar e constructe d i n th e first  place .  Bu t  thi s 
seems t o b e somethin g tha t  S M E isn' t  tryin g t o do .  C F H 
and th e S M E researchers  ar e talkin g a t  cros s purposes . 

The View Of Analogy From The Horizontal 
A n d T n e Vertica l 

The fight  betwee n Hofstadt ^  an d Cenme r  appear s 
unwarranted ,  particularl y i n ligh t  o f  th e fac t  tha t  the y ar e 
afte r  differen t  aspect s o f  analogica l  reasoning .  An d C F H 
hav e i n som e sens e bee n unfai r  i n thei r  criticism s o f  S M E . 
Thei r  199 2 papC T i s writte n a s thoug h S M T an d approache s 
lik e i t  ha d completel y misse d wha t  analog y wa s abou t 
Instead ,  the y addresse d a  ne w issu e i n analogy ,  an d 
likewis e faile d t o appreciat e th e perspectiv e S M T addresses . 
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But  wha t  ha s happene d here ? Bot h explanation s see m 
importan t  t o a n understandin g o (  analogy ,  ye t  w e ar e 
arguin g tha t  the y ar e talkin g pas t  on e another .  W e clai m 
tha t  thi s a  resul t  o f  th e tw o differen t  set s o f  perspective s an d 
goal s i n considerin g analog y phenomena .  Thi s i s  bes t 
describe d usin g a  spatia l  metapho r  o f  horizonta l  an d 
vertica l  po^pectives .  O n th e on e hand ,  w e hav e S M T , 
whic h look s a t  analog y fro m a  horizonta l  perspective :  S M T 
view s analog y i n it' s  variet y o f  form s an d psychologica l 
manifestations ,  ove r  a  variet y o f  differen t  compariso n 
domains ,  an d searche s fo r  th e c o m m o n mechanism(s ) 
involve d i n al l  thes e cases .  Thi s perspectiv e i s  Ukewis e 
seen i n S M E ,  whic h embodie s th e positiv e aspect s o f  S M T 
by onployin g explici t  structure-mopin g an d bein g a 
genera l  mechanis m fo r  al l  kind s o f  possibl e compariso n 
domains .  H L P ,  o n th e othe r  hand ,  look s a t  analog y fro m a 
vertica l  pCTspective :  H L P view s axialog y a s a  proces s fro m 
th e botto m up ;  a s a  representation-buildin g proces s base d 
on low-leve l  perceptua l  processe s interactin g wit h high -
leve l  concepts .  Copyca t  embodie s th e positiv e aspect s o f 
H LP b y demonstratin g h o w representation s migh t  b e 
constructed ,  an d b y no t  dependin g o n huma n hand-codin g 
onc e se t  u p i n it' s micro-domain . 

Thi s met^ho r  als o help s t o mak e sens e ou t  o f  th e 
criticism s tha t  eac h theor y ha s o f  th e othe r  i n tha t  w e ca n 
no w se e wha t  question s the y don' t  answer .  First ,  S M E doe s 
not  hav e a n answe r  fo r  th e hand-codin g problem .  C F H an d 
Mitchel l  ar e correc t  i n tha t  S M E doe s no t  accoun t  fo r  a 
ver y compellin g problem :  wher e d o th e representation s 
upo n whic h mappin g i s performe d com e from ? I n ligh t  d 
thi s question ,  S M E appear s artificial .  Copycat ,  o n th e othe r 
hand ,  i s  constraine d b y domai n specificity :  i t  ca n onl y 
produc e analogie s i n a  limite d letter-domain .  A n d i t  i s 
unclea r  a s t o h o w th e Copycat-styl e architectur e ca n b e 
extende d t o other ,  mor e psychologicall y plausibl e domain s 
(Morrison ,  1994) .  Thus ,  a  similarl y compellin g proble m i s 
lef t  unansw^e d wit h Copycat :  H o w d o w e accoun t  fo r  th e 
abilit y t o produc e analogie s betwee n practicall y an y 
6omain l  Bot h o f  thes e ar e dauntin g problems ,  an d whil e 
eac h theor y propose s t o answe r  one ,  i t  ha s faile d t o 
capture d th e odier .  Tabl e 1  i s a  summar y compariso n o f 
S ME an d Copyca t  t o highligh t  th e tw o perspectives ,  wha t 
the y ar e successfu l  i n explaining ,  an d wher e the y don' t 

Conclusion 

We ar e lef t  wit h a  ke y question :  ca n th e tw o problem s 
abov e b e solve d an d i n a  luiifie d way ? A s thing s stan d 
now,  i t  seem s a s thoug h w e ar e i n a  dilemm a i n tha t  th e 
attempt s o f  S M T an d H L P t o mode l  on e aspec t  o f  analog y 
resulte d i n missin g another .  A n d thi s i s  particularl y 
compellin g whe n on e consider s th e exten t  an d complexit y 
of  eac h — thes e model s an d th e theorie s behin d the m ar e 
among th e mos t  respectabl e cognitiv e scienc e ha s t o offer . 
And whil e the y m a y no t  hav e gotte n th e whol e picture ,  the y 
do offe r  importan t  perspective s o f  analog y phenomena .  I n 
spit e o f  thi s dilemma ,  w e d o wis h t o kee p th e fait h an d 
continu e t o believ e tha t  a  comprehensiv e theor y o f  analog y 
does exis t  A  comprehensiv e theor y o f  analog y shoul d b e 
abl e t o vie w analog y fro m al l  sides ;  i t  shoul d b e abl e t o tel l 

a complet e stor y usin g bot h horizonta l  an d vertica l 
po^pectives ;  an d i t  shoul d b e abl e t o explai n b o w analogie s 
ar e produce d a s wel l  a s understood ,  accordin g t o th e sam e 
model  (thi s issu e i s  addresse d i n Morrison ,  1994) .  Whil e 
we d o no t  hav e a  theor y t o offer ,  w e d o thin k tha t  w e hav e 
adde d perspectiv e t o th e "fight "  tha t  i s  takin g plac e — 
perspectiv e tha t  give s u s a  deepo ^  understandin g o f  th e 
theoretica l  terrai n t o b e covere d i n a  comprehensiv e theor y 
of  analogy ,  an d wha t  curren t  approache s hav e t o offe r  t o 
suc h theory . 

Table 1: Summary Comparison of 
S ME an d Copycat :  Pro s an d Con s 

S ME 
PROS: 

Employ s explici t  an d well-define d structure -
mappin g -  i f  knowledg e i s structure d (an d w e believ e i t 
is) ,  the n ther e mus t  b e som e sor t  o f  structure-mappin g 
tha t  take s plac e t o lin k u p base-knowledg e t o target -
knowledg e 

Based solidl y o n a  robus t  psychologica l  theor y 
develope d ove r  almos t  tw o decade s o f  empirica l 
investigatio n 

Generall y applicabl e t o al l  domain s o f  analogica l 
compariso n 
CONS: 

Hand-codin g -  can' t  produc e it' s ow n 
representations.  Thus ,  depend s o n wor k don e b y 
humans (o r  implausibl e separat e representation 
module) . 

Copycat 
PROS: 

I n a  vagu e way ,  capture s th e notio n o f  representation 
constructio n -  close r  t o nove l  representation  productio n 

Once se t  u p b y human s i n a  specifi c  domai n (th e 
letter-domain) ,  i t  operate s independentl y  o f  human s 
CONS: 

Domai n specificit y -  ca n onl y produc e analogie s i n 
limite d letter-domai n 
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