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N e w York ,  N Y 1003 6 
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Abs t rac t 

Examining the philosophical foundations of theories 

i n computationa l  psychology ,  an d cognitiv e scienc e i n 

general ,  i s a  methodolog y tha t  i s likel y t o yiel d stron g 

result s t o problem s i n th e philosoph y o f  mind .  O n e 

suc h proble m i s  th e proble m o f  intentionality .  A n 
intentiona l  propert y i s semantic :  i t  ha s part s whic h 

refe r  o r  ar e true .  Th e proble m i s t o explai n wh y thes e 

propertie s ar e empirically ,  an d henc e causally , 

respectable .  A s i n al l  special ,  "non-basic "  sciences ,  a n 

empiricall y respectabl e propert y ha s sufficien t 
condition s fo r  it s instantiation .  Bu t  specifyin g suc h 
condition s fo r  th e intentiona l  propertie s use d b y 

computationa l  psycholog y prove s difficult ,  sinc e 

apparentl y neithe r  physica l  no r  computationa l  identit y 
ar e enough .  A  solutio n i s propose d b y examinin g i n 

some detai l  th e computationa l  theor y o f  vision .  A  ke y 
elemen t  o f  thi s theor y require s tha t  th e intentiona l 

propertie s attribute d t o representation s ar e constraine d 
by considerin g th e late r  computationa l  use s t o whic h 

thes e representation s mus t  b e put .  Thi s constrain t  i s 
stron g enoug h t o yiel d sufficien t  condition s fo r  a  give n 

representatio n t o hav e a  give n intentiona l  property . 

Sinc e analogou s constraint s ar e likel y t o b e foun d i n 
othe r  cognitiv e domains ,  th e resul t  argue d fo r 
constitute s a n importan t  methodologica l  an d 

philosophica l  insigh t  abou t  cognitiv e scienc e i n 
general . 

I 

Computationa l  psycholog y i s a  particula r  typ e o f 

undertakin g i n cognitiv e science ,  an d cognitiv e 

scienc e i s a  particula r  typ e o f  science .  I t  is ,  lik e 

astronomy ,  geology ,  an d biology ,  a  specia l  science . 

Specia l  science s ar e uniqu e i n w a y s which ,  say , 

physic s i s  not :  thei r  explanation s an d prediction s ca n 

misfir e fo r  reason s independen t  o f  thei r  proprietar y 

domain s an d thei r  generalization s typicall y requir e 

explanatio n i n term s o f  som e mor e "basic "  science . 

But  computationa l  psycholog y i s uniqu e i n way s 
whic h othe r  specia l  science s ar e no t  som e propertie s 

th e theor y mention s ar e intentional .  A n intentiona l 

propert y i s on e whic h i s abou t  something ,  say ,  becaus e 
i t  ha s content—i t  ha s part s whic h refe r  o r  hav e 

extension s o r  ar e true .  I n thi s paper ,  I  argu e tha t  thi s 

featur e o f  computationa l  psycholog y doe s no t 

compromis e it s statu s a s a  specia l  scientifi c  theor y an d 

tha t  it s havin g tha t  statu s m a y b e precisel y wha t  i s 

require d i n orde r  t o mak e som e inroad s int o a  solutio n 

10 th e philosophica l  proble m o f  intentionality . 

I I 

Befor e elaboratin g tha t  problem ,  conside r  th e structur e 

of  th e specia l  sciences .  Ther e i s a  nee d i n thes e 

science s t o specif y lower-leve l  micr o p-opertie s whic h 

ar e sufficien t  fo r  th e instantiatio n o f  higher-leve l 

macr o properties .  Wer e suc h higher-leve l  propertie s 
not  accounte d fo r  i n thi s w a y ,  the y woul d b e o f 

dubiou s empirica l  standing .  T o us e Jerr y Fodor' s 

(1987 ,  ch .  1 )  example ,  river s hav e th e macr o prop«t y 
of  erodin g thei r  oute r  bank s (ceteri s paribus) .  W e ca n 
explai n h o w river s instantiat e tha t  propert y b y 

specifyin g sufficien t  condition s fo r  erosio n involvin g 

th e force s an d m o m e n t u m s o f  flowin g water , 

compositiona l  an d spatia l  propertie s o f  river s an d thei r 
banks ,  etc .  Notic e tha t  th e generalizatio n "river s caus e 

erosion "  ca n b e converte d int o a  generalizatio n 

quantifyin g ove r  mechanisms :  ther e i s a  mechanis m o f 
forces ,  momentums ,  an d othe r  propertie s whic h make s 

i t  th e cas e tha t  i f  somethin g i s a  river ,  the n i t  i s a n 

eroder .  Understandin g th e situatio n i n term s o f 

mechanism s i s useful ,  fo r  i t  allow s u s t o appea l  t o th e 

same nomi c mechanis m i n case s wher e erosio n occur s 

i n th e absenc e o f  river s an d thei r  banks :  e.g. ,  whe n 

prevailin g wind s erod e san d dunes .  Here ,  too ,  ther e i s 
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a mechanis m o f  forces ,  momentums ,  etc .  whic h bring s 

i t  abou t  tha t  i f  somethin g i s a  prevailin g win d blowin g 

o n a  san d dune ,  the n i t  i s  a n eroder .  I n short ,  th e 

relatio n be twee n erosio n an d th e underlyin g 

mechanis m i s sufficien t  bot h ways ,  eve n thoug h th e 

mechanis m an d henc e th e erosio n ma y b e realize d i n 

varyin g physica l  systems—rivers ,  san d dunes ,  oceans , 

mountains ,  glaciers ,  lakes ,  etc .  I n suc h cases ,  w e tak e 

th e mechanis m t o b e sufficien t  fo r  th e disjunctio n o f 

physica l  realizer s an d eac h o f  th e disjunct s t o b e 

sufficien t  fo r  th e mechanism . 

On th e fac e o f  it ,  th e pictur e i s muc h th e sam e i n 

computationa l  psychology .  Take ,  fo r  example ,  th e 

generalizatio n "belief s tha t  F a caus e belief s tha t 

i3x)(Fxy \  Paralle l  t o th e geologica l  case ,  w e ca n 

explai n h o w belief s tha t  F a ca n instantiat e th e propert y 

o f  causin g belief s tha t  {3x)(Fx )  b y specifyin g 

sufficien t  condition s involvin g th e computationa l 

propertie s o f  th e correspondin g psychologica l  states . 

Notice ,  too ,  tha t  th e generalizatio n ca n b e converte d 

int o on e whic h quantifie s ove r  mechanisms :  ther e i s 

some computationa l  mechanis m whic h bring s i t  abou t 

tha t  i f  on e believe s tha t  Fa ,  the n on e believe s tha t 

(3x)(Fx) .  I n addition ,  computationa l  mechanism s ar e 

typicall y multipl y realizable ,  i n tha t  variou s hardwar e 

architecture s ca n realiz e th e sam e computationa l 

functions .  Th e pictur e i s summarize d i n Figur e 1 .  So , 

o n e m igh t  conclude ,  w e ge t  th e s a m e sor t  o f 

sufficienc y relation s i n computationa l  psycholog y a s 

we d o i n geology .  Hence ,  psycholog y turn s ou t  t o b e a 

genuin e specia l  scienc e wit h empiricall y grounded , 

well-behave d properties . 

Ni  N 2 N „ 

• ^  C 2 
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Figur e 1 .  Th e structur e o f  th e specia l  sciences .  Th e 

arrow s represen t  nomologica l  relation s betwee n 

propertie s an d th e line s indicat e sufficienc y relation s 

betwee n them .  I n th e cas e o f  psychology ,  th e P' s ar e 

psychologica l  properties ,  th e C' s ar e computationa l 

properties ,  an d th e Â ' s  ar e physica l  propertie s (e.g. , 

neura l  o r  silicate) .  Fo r  geology ,  th e P' s represen t 

geologica l  properties ,  th e C' s represen t  Newtonia n 

mechanica l  propertie s (o r  whatever) ,  an d th e N' s 

represen t  physica l  propertie s (e.g. ,  tidal  o r  glacial) . 

Unfortunately ,  ther e ar e difficul t  philosophica l 

question s arisin g fo r  psycholog y tha t  d o no t  aris e fo r 

geo logy ,  o r  fo r  an y othe r  specia l  science . 

Psychologica l  propertie s ar e characteristicall y 

intentional—tha t  is ,  the y ar e contentfu l  properties .  I f  I 

believ e tha t  frog s rul e Mars ,  the n I  hav e a  certai n 

property ,  viz. ,  tha t  o f  believin g tha t  frog s rul e Mars . 

And tha t  propert y ha s trut h conditions :  i t  i s  tru e i f  an d 

onl y i f  frog s d o indee d rul e Mars .  Th e difficult y i s  tha t 

variou s pre-theoretica l  intuition s abou t  th e intentiona l 

content s o f  psychologica l  state s apparenU y challeng e 

th e otherwis e usefu l  an d desirabl e assimilatio n o f 

psycholog y int o th e structur e o f  th e specia l  science s 

generally . 

Th e proble m i s bes t  illustrate d b y Twi n Eart h 

though t  experiment s propose d b y Hilar y Putna m 

(1975 )  an d later ,  i n a  slighU y differen t  form ,  b y Tyle r 

Burg e (1979) .  Putna m ha s u s imagin e a  plane t  alik e i n 

ever y physica l  respec t  t o Eart h excep t  Uia t  o n Twi n 

Eart h ther e i s n o H 2 O .  O n Twi n Earth ,  th e lakes , 

puddles ,  streams ,  an d ocean s ar e fille d wit h a 

substanc e o f  a  radicall y differen t  chemica l 
composition ,  X Y Z ,  eve n thoug h X Y Z looks ,  tastes , 

and feel s exactl y lik e H 2 O .  Sinc e Twi n Eart h i s a 

physica l  duplicat e o f  Eart h i n ever y othe r  respect ,  eac h 

of  u s her e o n Eart h ha s a  physicall y indistinguishabl e 

Twi n counterpar t  o n Twi n Earth .  I n suc h a  situation , 

th e computationa l  structur e o f  Twins '  brain s ar e 
identical ,  sinc e computation s are ,  b y definition ,  loca l 

processes :  the y depen d onl y upo n solipsisti c 

propertie s o f  th e syste m doin g th e computing—th e 

loca l  syntacti c environment ,  o r  whatever .  But ,  th e 

intuitio n goes .  Twin s ar e psychologicall y  (i.e. , 

intentionally )  distinc t  i n virtu e o f  thei r  bein g causall y 
relate d t o distinc t  environments .  I f  I  believ e tha t  wate r 

i s  wet ,  the n m y Twi n believes ,  a s w e woul d say ,  tha t 

twate r  i s  we t  ("twater "  i s  a n Englis h wor d whic h refer s 

t o X Y Z ) .  Hence ,  computationa l  properties ,  whic h ar e 

local ,  canno t  b e sufficien t  t o fi x  th e intentiona l 

propertie s o f  psychologica l  states .  T o mak e th e sam e 

poin t  i n anothe r  way ,  samenes s o f  computationa l 

structur e doe s no t  entai l  samenes s o f  intentiona l 

structure . 

I n term s o f  th e architectur e mentione d above ,  suc h 

a resul t  woul d b e undesirable ,  fo r  ther e woul d n o 

longe r  b e availabl e simila r  answer s t o tw o distinc t  an d 

importan t  questions .  (Q l )  H o w d o menta l  state s 

acquir e contentfu l  properties ? an d (Q2 )  H o w d o 

menta l  processe s preserv e content ? Computationa l 

processe s ar e define d ove r  symbol s (i.e. ,  formall y 

specifie d representations )  an d th e rule s drivin g th e 

processe s manipulat e thos e symbol s solel y wit h 

respec t  t o thei r  syntacti c properties .  So ,  i f  th e synta x i s 

principle d an d rule-governed ,  an d th e interpretatio n o f 
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th e symboli c representation s i s systemati c an d 

coherent ,  the n th e semantic s wil l  tak e car e o f  itself . 

That  is .  th e rule s ar e specifie d relativ e t o th e syntacti c 

propertie s o f  th e representation s i n suc h a  wa y tha t 

followin g th e rule s preserve s th e content s o f  ih c 

representations .  Hence ,  i n answe r  t o Q 2 ,  b y takin g 

menta l  processe s t o b e computational ,  menta l 

processe s preserv e conten t  i n jus t  th e w a y 

computationa l  processe s do ,  i.e. ,  b y obeyin g syntacti c 

rules .  Th e answe r  t o Q l  the n i s tha t  th e content s o f 

menta l  state s deriv e fro m th e content s o f  th e menta l 

representation s underlyin g thos e states .  I n othe r 

words ,  th e semanti c propertie s o f  th e object s o f 

computatio n determin e th e semanti c propertie s o f  th e 

psychologica l  state s whic h ar e relation s t o thos e 

objects . 

Of  course ,  w e hav e no t  reall y answere d Q l  unti l  w e 

say ho w menta l  representation s com e t o hav e conten t 
i n th e first  place .  Thi s i s a  difficul t  an d interestin g 

question ,  bu t  i t  i s  no t  a  questio n whic h presentl y 

require s a n answer .  Th e presen t  issu e proceed s o n th e 

assumptio n tha t  menta l  representation s hav e content s 
and ask s abou t  th e relatio n suc h content s bea r  t o thos e 

of  th e relevan t  psychologica l  states .  I f  computationa l 

propertie s ar e no t  sufficien t  t o determin e intentiona l 

properties ,  the n th e putativ e answer s t o bot h Q l  an d 

Q2 ar e simpl y unavailable . 

Naturally ,  th e las t  thin g w e ough t  t o b e willin g t o 

giv e u p i s th e architecture .  W e r e th e Twi n Eart h 

intuition s sound ,  computationa l  psycholog y woul d b e 
a misnome r  a t  bes t  an d a  disaste r  a t  worst .  Th e synta x 

of  though t  woul d b e c o m e th e prope r  doma i n o f 

compute r  scienc e an d th e semantic s o f  though t  woul d 

fal l  i n th e hand s o f  philosoph y wit h it s though t 

experiment s an d counterfactua l  intuitions .  Th e to p tw o 

tier s o f  th e architectur e woul d the n bea r  little ,  i f  any , 
interestin g relatio n t o eac h other ,  an d th e clai m tha t 

computationa l  psycholog y i s a  specia l  scienc e woul d 
thereb y b e withou t  foundation .  Bu t  th e intuition s m a y 

not  b e sound .  Twin s m a y b e mor e intentionall y alik e 

tha n man y hav e supposed .  If ,  a s suggeste d below ,  thi s 

i s  so ,  the n wha t  i s  apparentl y require d i s som e kin d o f 
revisio n o r  redescriptio n o f  ou r  pre-theoretica l  notio n 

of  intentiona l  content ,  on e whic h bring s i t  mor e i n lin e 
wit h th e computationa l  pictur e sketche d above . 

Let' s tak e stock .  Th e specia l  science s hav e a  certai n 

structur e which ,  o n th e fac e o f  it ,  i s  share d b y 

computationa l  psychology .  Par t  o f  thi s structur e 

involve s sufficienc y relation s betwee n propertie s 

mentione d i n th e specia l  science s an d propertie s o f 

underlyin g mechanisms ,  broadl y construed .  Bu t  Twi n 

Eart h though t  experiment s ar e suppose d t o sho w tha t 

thes e sufficienc y relation s brea k dow n i n th e cas e o f 
computationa l  psychology .  Th e reaso n i s tha t  identica l 

physica l  an d computat iona l  m e c h a n i s m s ca n 

apparentl y hav e state s wit h differen t  intentiona l 

contents .  Thi s m e a n s tha t  th e content s wh ic h 

computationa l  theorie s us e i n thei r  explanation s ar e 

not  determine d b y othe r  propertie s thos e theorie s 

mention ;  rather ,  the y ar e determine d b y extra -

theoretica l  considerations .  So ,  accordin g t o thi s lin e o f 

reasoning ,  computationa l  psycholog y leave s it s 

intentiona l  propertie s unexplained .  Thus ,  th e proble m 

of  intentionalit y i s  lef t  unsolved . 

i n 

A natura l  strateg y fo r  resolvin g thi s difficult y suggest s 

itself :  sho w that ,  i n a n actua l  computationa l  theor y o f 

some psychologica l  domain ,  th e intentiona l  content s 

mentione d b y th e theor y ar e determine d b y tha t  theory . 

Computationa l  psychology ,  a t  leas t  fo r  th e putativ e 

domain ,  wil l  the n b e show n t o b e a  genuin e specia l 

science ,  an d th e proble m o f  intentionalit y a s i t  i s 
illustrate d b y Twi n Eart h though t  experiment s wil l  b e 

solve d fo r  tha t  domain . 

I n orde r  t o sho w this ,  w e nee d a  startin g poin t  W e 

need ,  tha t  is ,  s o m e notio n o f  conten t  use d b y 

computationa l  theories .  T o tha t  end ,  conside r  Rober t 

C u m m i n s '  notio n o f  a n s-representationa l  conten t 

(1989 ,  passim) .  C u m m i n s distinguishe s betwee n s -

representationa l  conten t  an d intentiona l  conten t  O n e 
reaso n fo r  thi s i s tha t  s-representationa l  content s ar e 

almos t  fo r  fre e wherea s full-bloode d intentiona l 

content s ar e rathe r  mor e expensive :  "Ther e i s n o 
'furthe r  fact *  require d fo r  successfu l  s-representatio n 

beyon d wha t  i s require d fo r  successfu l  simulation " 

(1989 ,  p .  99) .  So ,  fo r  example ,  a  representatio n r  o f  x 

wil l  s-represen t  x ,  th e GOdel  numbe r  o f  x ,  plu s lot s o f 
othe r  things ,  becaus e ther e ar e systemati c an d coheren t 

ways o f  interpretin g r  a s x ,  a s th e GOdel  numbe r  o f  z . 
and a s lot s o f  othe r  things .  Hence ,  failin g t o distinguis h 

s-representationa l  conten t  fro m intentiona l  conten t  ha s 

craz y consequence s like :  m y belie f  tha t  Franc e i s i n 

Europ e ca n b e a  belie f  abou t  a  number .  Moreover ,  th e 

computationa l  theor y o f  cognitio n ( C T C )  C u m m i n s 

develop s ha s n o interna l  resource s fo r  constrainin g 
s-representatio n i n a  wa y whic h yield s th e intuitivel y 

require d intentiona l  contents . 

A furthe r  an d mor e relevan t  reaso n C u m m i n s 

makes th e distinctio n i s tha t  th e C T C i s committe d t o 

individualis m wherea s intentiona l  conten t  i s — 

accordin g t o th e Twi n Eart h though t  experimen t 

men t i one d above—ant i - indiv idual ist .  Ant i -

individualist s typicall y hol d tha t  th e content s o f  menta l 
representation s ar e determine d "b y referenc e t o certai n 

feature s o f  th e worl d outsid e th e subject ,  i n suc h a  wa y 
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tha t  th e content s coul d no t  exis t  i n environment s tha t 

lacke d thos e features "  (Sega l  1989 .  p .  190) . 

Individualist s typicall y den y thi s b y insistin g tha t 

content s d o no t  var y acros s suc h environments ,  bu t 

tha t  the y ar e determine d b y other ,  environment -

independen t  propertie s o f  th e subject .  Sinc e th e C T C i s 

individualistic—i t  count s Twin s a s computationall y 

identical—ther e i s simpl y n o w a y o f  arrivin g a t 

differin g intentiona l  content s fo r  Twin s withou t 

imposin g furthe r  constraint s o n s-representatio n 

externa l  t o th e C T C .  Thes e furthe r  constraint s 

typicall y embod y relation s t o th e environmen t  i n a 

way whic h prevent s th e C T C fro m employin g genuin e 

intentiona l  propertie s i n it s explanator y apparatus . 

Ther e is ,  however ,  a  w a y o f  finding  th e require d 

constraint s o n s-representationa l  conten t  withou t 

reachin g beyon d som e versio n o r  othe r  o f  th e C T C . 

Th e possibilit y  o f  suc h a  vie w i s guarantee d b y th e 

followin g argument : 

(i) Suppose we have support—independently of 

th e C T C — f o r  count in g T w i n s a s 

intentionall y identical . 

(ii )  Th e proble m o f  th e relationshi p betwee n th e 

s-representationa l  content s an d th e 

intentiona l  conten t  o f  a  give n symboli c 
representatio n i s on e o f  constrainin g th e 

choic e o f  th e former  t o yiel d th e latter . 

(iii )  I n virtu e o f  (i) ,  th e constraint s mentione d i n 

(ii )  nee d no t  appea l  t o factor s outsid e th e 

C T C,  sinc e th e constraint s ar e onl y require d 

t o b e externa l  i f  (i )  i s  fals e (thi s i s w h y (i ) 

must  b e independentl y established) . 

If this is correct, then we are free to investigate the 

C TC fo r  th e requisit e constraints .  I n fact ,  I  thin k thi s i s 

correct ,  sinc e th e onl y potentiall y  objectionabl e 
premise ,  (i) ,  shoul d no t  b e objecte d to. ' 

Of  course ,  w e stil l  d o no t  kno w whether  th e C T C 
embodie s stron g enoug h constraint s t o mak e (i)-(iii ) 

interesting .  I t  coul d tur n ou t  tha t  th e C T C simpl y i s no t 

powerfu l  enough .  Nevertheless ,  I  woul d lik e t o 

sugges t  tha t  i n th e cas e o f  on e particula r  an d limite d 

C TC suc h constraint s d o exis t 

Th e theor y I  hav e i n min d i s th e computationa l 

theor y o f  vision ,  a s develope d b y Marr ,  Hildreth , 

Ullman ,  et .  al ? Vision ,  accordin g t o thi s theory ,  i s  a 

proces s o f  inference s fro m relativel y simpl e 

representation s wit h relativel y impoverishe d 

informationa l  conten t  t o increasingl y mor e comple x 

representation s wit h relativel y sophisticate d 

informationa l  content .  Th e visua l  syste m i s therefor e 

regarde d a s a n information-processin g machine .  Suc h 

system s ar e t o b e understoo d a t  thre e levels .  (1 )  Th e 

computationa l  leve l  "i n whic h th e performanc e o f  th e 

devic e i s characterize d a s a  mappin g fro m on e kin d o f 

informatio n t o another ,  th e abstrac t  propertie s o f  thi s 

mappin g ar e define d precisely ,  an d it s appropriatenes s 

and adequac y fo r  th e tas k a t  han d ar e demonstrated " 

(Mar r  1982 ,  p .  24) .  (2 )  Th e representationa l  an d 

algorithmi c leve l  w h i c h seek s a  choic e o f 

representatio n an d algorith m whic h effectivel y 

implement s th e informatio n an d processe s specifie d 

by th e computationa l  theory .  (3 )  Th e leve l  o f  physica l 

realizatio n whic h detail s th e w a y i n whic h th e 

representation s an d algorithm s ar e physicall y realized . 

I  shal l  b e concerne d onl y wit h th e informationa l  an d 

representationa l  part s o f  th e overal l  theory . 

At  an y give n isolabl e stag e i n th e computationa l 

process ,  th e content s o f  th e representation s occurrin g 

at  tha t  stag e ar e mor e o r  les s tightl y constraine d b y 

what  i s require d fo r  subsequen t  stages. ^  Mar r  writes , 

"state d baldly ,  th e stron g constraint s com e fro m wha t 

th e representatio n i s t o b e use d for "  (1982 ,  p .  326) .  S o 

what  subsequen t  computation s requir e i n orde r  t o 

proces s informatio n ultimatel y leadin g t o a 

representatio n necessar y fo r  objec t  recognitio n 

constrain s th e informatio n represente d i n Iowc t  leve l 

representations .  T o tak e a  simpl e example ,  a  Marria n 

edg e representatio n initiall y  appearin g i n th e ra w 

prima l  sketc h ha s a n extensio n whic h include s suc h 

disparat e physica l  phenomen a a s mark s o n a  surface , 

thi n shadows ,  creases ,  objec t  boundaries ,  etc. *  O n e 

reaso n fo r  attributin g a  conten t  wit h tha t  extensio n i s 

tha t  subsequen t  groupin g processe s actin g o n edg e 
representation s us e the m t o refe r  t o increasingl y 

abstrac t  properties .  I f  th e assigne d conten t  i s to o fine-

graine d i n th e sens e o f  bein g compatibl e wit h a 

narrowe r  rang e o f  dista l  phenomen a o r  differ s i n 

^  Se e Cran e (1991) .  Sega l  (1989 ,  1991) ,  an d Seymou r 
(1993 )  fo r  a  defens e o f  th e clai m tha t  Twin' s ar e intentionall y 
alike . 

^ I  shal l  refe r  t o i t  a s Man ' s theory ,  partl y fo r  eas e o f 
formulatio n an d partl y becaus e th e example s I  us e ar e from 
Marr' s (1982 )  book ,  thoug h o f  cours e quit e substantia l 
contribution s hav e bee n mad e b y man y others . 

^  Thi s ide a i s pu t  t o goo d us e b y Sega l  (1989 )  w h o argue s 
tha t  Marr' s theor y i s individualistic . 

^  Mar r  i s no t  clea r  whethe r  th e primitive s i n th e ra w 
prima l  sketc h refe r  t o propertie s o f  th e viewe d surfac e o r  t o 
propertie s o f  th e imag e o n th e retina .  H e sometime s suggest s 
th e latte r  (1982 .  pp .  41 ,  71 ,  91 ,  93 .  366 )  an d sometime s th e 
forme r  (1982 .  pp .  52.68,91) .  Fo r  eas e o f  formulation .  I  shal l 
adop t  th e forme r  interpretation ;  bu t  fo r  presen t  purposes , 
eithe r  choic e wil l  do .  Thi s i s becaus e o n eithe r  interpreuiion , 
th e ra w prima l  sketc h contain s represenution s whic h remai n 
intentional . 
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variou s respect s fro m th e actua l  content ,  th e groupin g 

processe s simpl y wil l  no t  b e reliable . 

Th e poin t  i s vitall y  important ,  sinc e jus t  thes e sort s 

of  "top-down "  constraint s use d a t  virtuall y ever y stag e 

i n th e inferentia l  proces s ar e goin g t o nai l  dow n a n s -

representationa l  conten t  whic h ha s th e correc t 

semantics .  Th e inferenc e embodie d i n th e groupin g 
processe s mentione d abov e i s fro m th e ra w prima l 

sketc h t o th e ful l  prima l  sketch .  Th e ra w prima l  sketc h 

consist s o f  primitiv e representationa l  tokens ,  suc h a s 

edges ,  blobs ,  an d bars ,  derive d b y mean s o f  th e spatia l 

coincidenc e assumptio n fro m th e zero-crossing s 

obtaine d from  th e ligh t  intensit y value s o n th e retina . 

The ful l  prima l  sketc h i s the n derive d b y operatin g o n 

th e ra w prima l  sketc h wit h processes ,  suc h a s selectio n 

an d grouping ,  designe d t o m a k e explici t  spatia l 

informatio n whic h include s density ,  collinearity ,  an d 

loca l  parallelism .  Groupin g processe s functio n t o 

combin e roughl y simila r  type s o f  representationa l 
primitive s int o large r  primitive s a t  greate r  scale s 

designe d t o captur e increasingl y abstrac t  propertie s o f 

th e viewe d object .  Th e proces s recursivel y build s upo n 
itsel f  dependin g o n th e complexit y o f  structur e th e 

imag e possesses . 

At  a  genera l  level ,  i t  i s  alread y possibl e t o se e h o w 

suc h "top-down "  constraint s ca n rul e ou t  man y o f  th e 

possibl e s-representationa l  content s o f  th e primitive s 
occurrin g i n th e ful l  prima l  sketch .  Suppos e edg e 

representation s represente d th e GOde l  numbe r  o f 
surfac e markings ,  a  numbe r  assigne d t o marking s wit h 

certai n properties .  T h e groupin g processes ,  then , 

woul d no t  b e abl e t o produc e representation s carryin g 
informatio n abou t  collinearit y o r  loca l  parallelis m o r 

eve n spatia l  locatio n sinc e number s simpl y lac k thes e 

properties .  Number s ar e equa l  o r  inequal ,  greate r  o r 

les s than ,  adde d t o o r  subtracte d from ,  bu t  the y ar e no t 
paralle l  o r  collinear .  A t  a  les s genera l  an d mor e 

interestin g level ,  i t  i s  als o possibl e t o se e w h y edg e 
representation s occurrin g a s input s t o th e groupin g 
processe s hav e th e content s the y do ,  viz. ,  a s referrin g 

t o suc h disparat e physica l  phenomen a a s surfac e 

marks ,  creases ,  thi n s h a d o w s ,  cracks ,  objec t 

boundaries ,  etc .  Suppose ,  fo r  example ,  tha t  edg e 

referre d onl y t o objec t  boundaries .  Then ,  assumin g th e 

spatia l  coincidenc e assumptio n (whic h ca n scarcel y b e 

coherentl y denied) ,  th e groupin g processe s woul d b e 

regularl y discernin g object s wher e ther e wer e none .  T o 

use Marr' s o w n exampl e (1982 ,  p .  91) ,  a n imag e o f  a 

stripe d ca t  viewe d from ,  say ,  on e foo t  woul d produce , 

afte r  grouping ,  a  representatio n o f  a  distinc t  objec t  fo r 

eac h hai r  (whic h i s  normal) ,  a  distinc t  objec t  fo r  eac h 

strip e (whic h i s  not) ,  an d a  distinc t  objec t  fo r  th e 

stripe d patter n (whic h i s clearl y absurd) .  S o no t  onl y 
doe s th e computationa l  theor y rul e ou t  "wild "  content s 

lik e GOdel  numbers ,  i t  als o require s tha t  tam e contents , 

lik e objec t  boundaries ,  canno t  b e th e onl y ones . 

Th e intentio n her e i s t o sho w tha t  i t  i s  possibl e t o 

fm d tigh t  enoug h constraint s fro m withi n a n actua l 

compu ta t i ona l  theor y t o nai l  d o w n a n s -

representationa l  conten t  fro m th e availabl e choice s 

whic h ha s th e correc t  semantics .  M u c h mor e ca n b e 

sai d abou t  th e cas e o f  vision .  Th e late r  processes ,  suc h 

as th e derivatio n o f  th e 2V2- D sketc h an d th e 3- D 

model  representation ,  als o m a k e th e poin t  clear , 

thoug h thes e processe s ar e typicall y mor e complex . 

Stereopsis ,  fo r  example ,  whic h form s par t  o f  th e 

constructio n o f  th e 2  V2- D sketch ,  matche s element s o f 

th e image s fro m eac h ey e t o for m a  singl e imag e whic h 

contain s disparit y informatio n use d t o determin e th e 

relativ e distance s o f  object s fro m th e viewer .  I n orde r 

t o satisf y th e constraint s o n availabl e matches ,  objec t 
boundarie s mus t  for m onl y a  smal l  par t  o f  th e are a o f 

an image .  Wer e thi s no t  so ,  disparit y value s woul d no t 

remai n constan t  enoug h t o preven t  numerou s fals e 

matches .  Th e proces s simpl y woul d no t  yiel d a  reliabl e 

measuremen t  o f  relativ e distance . 

O ne migh t  objec t  t o thi s lin e o f  reasonin g o n th e 
ground s tha t  th e questio n o f  whic h content s th e earlie r 

representation s posses s i s begge d b y simpl y assignin g 

intuitivel y correc t  content s t o late r  representations. ' 

For  example ,  th e large r  scal e primitive s produce d b y 

th e groupin g processe s ar e intende d t o carr y 

informatio n abou t  collinearit y an d loca l  parallelism . 
But  suc h informationa l  conten t  i s  mor e o r  les s simpl y 

assigned .  W h y no t  assig n a  differen t  content ,  suc h a s 

th e G O d e l  n u m b e r  o f  collinea r  e lements ? A 

computationa l  theor y o f  comple x GOde l  number s 

coul d the n b e devise d s o tha t  th e constraint s place d o n 
th e content s o f  earlie r  representation s ar e n o longe r 

sufficien t  t o rul e ou t  G6de l  numbe r  contents . 

Ther e is ,  however ,  a  clea r  an d motivate d answe r  t o 

thi s objection .  Marr' s theor y i s revolutionar y i n man y 
respects .  O n e suc h respec t  concern s th e prope r  metho d 
fo r  understandin g information-processin g system s 

whic h require s a  clea r  formulatio n o f  th e purpos e o f 
th e syste m unde r  scrutiny .  Essentia l  t o thi s formulatio n 

i s a  precis e statemen t  o f  th e computationa l  proble m t o 

be solved .  I n th e cas e o f  vision ,  th e overal l  proble m is : 

give n th e representatio n o f  ligh t  intensit y value s o n th e 

retin a a s input ,  h o w doe s th e syste m construc t  th e 

comp le x description s o f  o b j e c t s — 3 - D m o d e l 

representations—whic h ar e require d fo r  objec t 
recognition ? I t  i s  thi s aspec t  o f  Marr' s approac h whic h 

separate s hi s theor y fro m thos e o f  earlie r  researcher s 

(1982 ,  passim ,  especiall y chapter s 1  an d 7) .  Thi s 

The objectio n i s du e t o Jerr y Fodor ,  i n conversation . 
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formulatio n o f  th e proble m i s intentional ,  i n tha t  i t 

refer s t o representations ,  descriptions ,  recognition , 

etc. ,  an d place s stron g constraint s o n th e natur e o f  th e 

informationa l  conten t  o f  th e outpu t  representation . 

Sinc e th e "top-down "  constraint s I  hav e mentione d 

operat e o n th e highes t  (output )  representation ,  th e 

questio n o f  th e natur e o f  th e content s o f  th e highe r 

representation s i s no t  begge d i n th e wa y th e objectio n 

claims .  Rather ,  th e questio n i s answere d mor e o r  les s 

pre-theoreticall y b y th e intentiona l  definitio n o f  visio n 

give n b y Marr . 

Furthermore ,  th e definitio n i s no t  arbitrary .  I n 

chapte r  1 ,  Mar r  explain s tha t  i t  i s  inspire d an d 

supporte d b y empirica l  an d behaviora l  evidenc e 

presente d b y Elizabet h Warrington .  Sh e classifie d tw o 

sort s o f  patient s wit h parieta l  lesions :  thos e wit h 

lesion s o n th e righ t  sid e an d thos e wit h lesion s o f  th e 

left .  Th e forme r  ar e abl e t o recogniz e an d identif y a 
give n c o m m o n objec t  fro m a  conventiona l  view ,  bu t  i f 

th e vie w i s unconventional— a clarine t  see n end-on , 

fo r  example—the y woul d no t  b e abl e t o identif y i t  an d 

woul d eve n den y tha t  i t  i s  th e sam e objec t  the y jus t 

recognize d from  a  conventiona l  view .  Patient s o f  th e 

latte r  sort ,  o n th e othe r  hand ,  coul d ofte n identif y th e 

shape s o f  object s eve n i f  th e vie w wa s quit e 

unconventional .  Thi s suggeste d t o Marr ,  amon g othe r 

things ,  tha t  visio n alon e produce s representation s o f 
shape ,  space ,  an d spatia l  arrangemen t  Th e defmition , 

then ,  simpl y rule s ou t  representation s o f  number s a s 

outputs . 

r v 

The computationa l  theor y o f  vision ,  then ,  i s a  specia l 

scientifi c  theor y i n th e sam e straightforwar d wa y a s 
theorie s i n geology ,  biology ,  an d astronomy .  Al l  o f 

the m shar e th e sam e sor t  o f  architecture ,  whic h i s itsel f 

an interestin g fact .  A n d eve n thoug h th e theor y 

employ s intentiona l  propertie s whic h ar e no t 

associate d wit h th e othe r  specia l  sciences ,  i t  i s 

rigorous ,  powerful ,  an d probabl y true ,  a t  leas t  i n 

outline .  I n th e cours e o f  sketchin g h o w thi s i s al l 

possible ,  w e hav e see n w h y th e visua l  syste m 

instantiate s th e intentiona l  propertie s i t  does ,  an d hav e 

thereb y suggeste d a  solutio n t o th e proble m o f 

intentionality . 

Befor e thes e consideration s ar e take n t o b e a 

complet e solutio n t o th e proble m o f  intentionalit y i n 

al l  it s  guises ,  muc h wor k need s t o b e don e searchin g 

fo r  th e analogou s " top-down "  constraint s an d 

intentiona l  definition s i n th e cas e o f  menta l  state s 

whic h d o no t  operat e mor e o r  les s automatically ,  e.g. , 

state s lik e believin g tha t  gopher s rui n gol f  courses .  I  d o 

not  preten d fo r  a  moment  tha t  thi s i s a n eas y task .  No r 

do I  preten d fo r  a  moment  t o undertak e i t  here .  S o m y 

conclusio n i s programmatic :  thu s far ,  w e hav e n o 

reaso n t o thin k tha t  thes e constraint s d o no t  exist -

indeed ,  w e hav e reaso n t o thin k tha t  the y d o exist ,  a t 

leas t  t o th e exten t  tha t  i f  on e intentiona l  syste m 

embodie s them ,  other s probabl y d o a s well .  S o w e 

shoul d kee p a n ey e ou t  fo r  the m whereve r  w e fin d 

intentionality . 

Perhap s th e mos t  importan t  aspec t  o f  th e progra m 

als o remain s th e same :  th e plac e t o loo k i s i n actua l 

computationa l  theorie s o f  th e domai n i n question . 
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