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Abstrac t 

Functionalists in philosophy of mind traditionally raise two major 
argument s agains t  th e typ e identit y theory :  (1 )  psychologica l  state s 
ar e multipl y realizabl e s o tha t  ther e ar e n o one-to-on e mapping s 
of  psychologica l  state s ont o neura l  state s an d (2 )  th e mos t  tha t 
evidenc e coul d eve r  establis h i s th e correlatio n o f  psychologica l 
and neura l  states ,  no t  thei r  identity .  W e defen d a  varian t  o n th e 
traditiona l  typ e identit y theor y whic h w e cal l  heuristi c identit y 
theor y (HIT )  agains t  bot h o f  thes e objections .  Drawin g it s 
inspiratio n fro m scientifi c  practice ,  heuristi c identit y theor y 
construe s identit y claim s a s hypothese s tha t  guid e subsequen t 
inquiry ,  no t  a s conclusion s o f  th e research . 

Introduction 

Functionalist s i n philosoph y argu e tha t  th e typ e identit y theor y 
advance s a n unjustifiabl y stron g accoun t  o f  th e metaphysic s o f 

mind ,  h-onically ,  on e o f  th e firs t  proponent s o f  usin g ftmctional 
criteri a t o identif y menta l  states ,  Davi d Armstrong ,  viewe d 

functiona l  analysi s a s a  mean s fo r  supportin g th e identit y theory . 
The dominan t  version s o f  functionalism ,  though ,  rejec t  th e typ e 
identit y o f  menta l  an d physica l  states ,  sinc e thei r  relation s ar e 
many-to-man y o r  a t  leas t  one-to-many ,  no t  one-to-one .  Thi s i s 

know n a s th e multipl e realizabilit y  objectio n t o th e identit y 

theory . 
The identit y theor y face s anothe r  objectio n t o th e effec t  tha t 

empinca l  investigation s ca n neve r  establis h anythin g mor e tha n 
a correlatio n betwee n menta l  event s an d physica l  events .  W e 

shal l  cal l  thi s th e correlatio n objection .  Recen t  discussion s o f 
consciousnes s (Chalmers ,  1996 )  hav e presse d thi s objectio n 

anew.  Th e genera l  argumen t  i s that ,  a t  best ,  neurophysiologica l 
approache s isolat e brai n state s tha t  correlat e wit h consciou s 
states .  The y canno t  justif y identifyin g thes e neura l  state s wit h 

th e consciou s state s (especiall y i n ligh t  o f  thei r  disparat e 
properties) .  The y ca n onl y establis h thei r  correlation . 

A riche r  appreciatio n o f  th e cours e o f  scientifi c  researc h ove r 
tim e an d o f  th e thoroughl y hypothetica l  characte r  o f  al l  identif y 
claim s m scienc e argue s fo r  a  heuristi c conceptio n o f  th e identif y 

theory .  Identif y claim s typicall y pla y a  heuristi c rol e i n science . 
Scientist s adop t  the m a s hypothese s i n th e cours e o f  empirica l 

investigatio n t o guid e subsequen t  inquiry-rathe r  tha n settlin g o n 

the m merel y a s th e result s o f  suc h inquiry .  Defendin g heuristi c 

identit y theor y (HIT )  from  bot h th e multipl e realizabilif y  an d 

correlatio n objections ,  w e wil l  argu e tha t  m a p p m g a t  leas t  som e 

menta l  state s (viz. ,  man y tha t  figur e i n scientifi c  psychology ) 

one-to-on e wit h physica l  state s i s a  perfectl y norma l  par t  o f 

researc h i n cognitiv e neuroscienc e an d tha t  th e result s ofte n 

provid e ampl e suppor t  fo r  thes e hypotheses . 

HIT versus the multiple realizability objection: 

T h e rol e o f  c o m p a r a t i v e studie s 

Underlyin g th e multipl e realizabilif y  objectio n i s th e assumptio n 

tha t  lookin g acros s specie s wil l  yiel d typ e difference s i n brain s 
despit e th e typ e identitie s o f  menta l  state s (Putnam ,  1967) . 

Perusin g researc h i n cognitiv e neuroscience ,  though ,  cast s 

doubt s o n tha t  assumption . 

I t  seem s obviou s tha t  w h e n individual s from  differen t  specie s 
ar e i n th e sam e menta l  state ,  thei r  neura l  state s wil l  differ .  Afte r 
all ,  eve n withi n th e mammal ia n order ,  brain s from  differen t 
specie s clearl y loo k different .  Thus ,  i t  m a y prov e surprisin g t o 

lear n tha t  th e neurobiologica l  practic e o f  identifyin g brai n area s 

and brai n processes '  i s  an d historicall y ha s bee n a  comparativ e 
endeavo r  (Bechte l  &  Mundale ,  199) .  T o appreciat e h o w a 

comparativ e approac h inform s neurobiologica l  proposals , 
conside r  th e example s tha t  follo w (tw o historica l  an d on e 

contemporary) . 
The fus t  involve s researc h o n m a p p m g th e brai n mt o 

functionall y relevan t  area s b y usm g cytoarchitectura l  tools ,  a 

projec t  n o w largel y associate d wit h Korbinia n Brodmann ,  bu t 
pursue d a t  th e tur n o f  th e centur y b y man y other s (e.g. ,  Oska r 
an d Cecil e Vogt ,  Constant m vo n Economo) .  A  ke y foundatio n 
fo r  Brodmann' s demarcatio n o f  area s wa s hi s demonsfratio n tha t 
corte x generall y consist s o f  si x layers ,  fo r  whic h h e reporte d 
comparativ e studie s involvin g fiffy-five  species .  H e distinguishe d 

area s o n th e basi s o f  th e relativ e thicknes s o f  thes e layer s (eg. , 

laye r  4  wa s ver y thic k i n area s 1 ,  2 ,  an d 3 ,  bu t  m u c h thmne r  i n 
are a 4 )  an d th e particula r  type s o f  neuron s foun d (e.g. ,  pyramida l 
cells) .  I n identifyin g brai n areas ,  Brodman n worke d 
comparatively ,  beside s hi s well-know n m a p o f  th e h u m a n corte x 
(figur e 1) ,  h e generate d m a p s fo r  th e lemur ,  flyin g fox ,  rabbit . 

'Althoug h philosopher s ofte n spea k o f  brai n states ,  neuroscientist s 
ar e no t  generall y intereste d i n state s bu t  i n brai n area s an d brai n 
processes . 
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Figur e 1 :  Brodmann' s (1909 )  cytoarchitectura l  m a p o f  area s o f 
th e h u m a n cerebra l  cortex . 

Tabl e 1 .  AreaJ i  Ferrie r  Foun d t o Respon d t o Mil d Stimulatio n 
1.  Opposit e hin d lim b i s advance d a s i n walkin g 
2.  Flexio n wit h outwar d rotatio n o f  th e thigh ,  rotatio n inward s o f  th e 

leg ,  an d flexio n o f  th e toe s 
3.  Movement s comparabl e t o 1  an d 2 ,  plu s movement s o f  th e tai l 
4.  Opposit e ar m i s adducted ,  extended ,  an d retracted ,  th e han d 

pronate d 
5.  ['Extensio n forwar d o f  th e opposit e ar m (a s i f  reachin g o r  touchin g 

somethin g i n front) . 
a,b,c, d Clenchin g o f  th e fis t 
6.  Flexio n an d supinatio n o f  th e forear m 
7.  Retractio n an d elevatio n o f  th e angl e o f  th e mout h 
8.  Elevatio n o f  th e al a o f  th e nos e an d uppe r  li p 
9.  Openin g o f  th e mouth ,  wit h protrusio n o f  th e tongu e 
10,  Openin g o f  th e mouth ,  wit h retractio n o f  th e tongue . 
11.  Retractio n o f  th e angl e o f  th e mouth . 
12 Eye s ope n widely ,  pupil s dilate ,  an d hea d an d eye s tur n t o th e 

opposit e side . 
13,13 '  Eye s mov e t o th e opposit e sid e 
14.  Prickin g o f  th e opposit e ear ,  hea d an d eye s tur n t o th e opposit e 

side ,  pupil s dilat e widely . 
15.  Torsio n o f  th e li p an d semiclosur e o f  th e nostri l  o n th e sam e sid e 

Figur e 2 :  Brodmann' s (1909 )  cytoarchitectura l  m a p o f  th e 
lemur . 

and others (See figure 2 for an example.) For Brodmann, 

succes s i n findin g comparabl e area s i n differen t  specie s despit e 

difference s m brai n shape s an d i n th e relativ e locatio n o f  area s 

w as pivota l  m establishm g th e realit y o f  distinc t  functionall y 
relevan t  area s i n th e brain .  (B rodmann ,  1909/1994) . 

Althoug h B rodmann ' s goa l  w a s t o identif y functionall y 

relevan t  brai n areas ,  neuroanatomica l  technique s generall y d o 

not  suflBc e t o d o so .  Befor e th e ris e o f  functiona l  brai n imaging , 
neuroscientist s primaril y relie d o n lesio n an d 

electrophysiologica l  techniques .  Dav i d Ferrie r  (1876 )  use d 

electrophysiologica l  technique s i n th e 1870s ,  employin g mil d 

electrica l  stimulatio n t o m a p brai n area s i n a  larg e n u m b e r  o f 

species ,  includin g m o n k e y ,  dog ,  jackal ,  cat ,  rabbit ,  guine a pig , 

an d rat .  H e utilize d a  number in g s c h e m e s h o w n i n Tabl e 1  t o 

recor d th e functiona l  characte r  o f  th e response s elicite d (figur e 

3) .  Althoug h h e w a s unabl e t o us e thi s techniqu e o n h u m a n s , 

Femer ' s goa l  w a s t o extrapolat e hi s result s t o h u m a n s an d i n hi s 

fina l  chapte r  h e propose d h o w area s foun d i n othe r  specie s 

projec t  ont o th e h u m a n corte x (figur e 4 ) . 

Historically ,  neuroscientifi c  practic e routinel y involve d 

identifyin g brai n area s an d processe s acros s broa d rang e o f 

specie s a s belongin g t o th e sam e type .  Thes e practice s continue . 

< L ^ • ^ 

Figur e 3 :  Area s o n th e corte x o f  monke y (uppe r  left) ,  do g (lowe r 
left) ,  ca t  (uppe r  right) ,  an d rabbi t  (lowe r  right)  wher e Davi d Ferrie r 
was abl e t o elici t  response s t o mil d stimulation ,  th e c o m m o n 
numberin g syste m i s show n i n Tabl e 1 . 

Figur e 4 :  Ferrier' s projectio n o f  area s responsiv e t o electrica l 
stimulatio n o n th e macaqu e corte x (left )  ont o th e h u m a n corte x 
(right) . 
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M a ps o f  cortica l  area s hav e becom e mor e refine d a s 

neuroscientist s hav e develope d additiona l  tools ,  suc h a s 

connectivit y analysis ,  t o identif y brai n area s Still ,  map s of ,  U) r 

example ,  visua l  processin g area s i n th e brain-developci i  b y 

Ungerleide r  an d Mishki n (1982 )  an d va n Esse n an d Oallan t 

(1994)~ar e base d principall y o n studie s o f  macaqu e monkey s 

Oddly ,  whe n the y conside r  theone s o f  mind-brai n relations , 

philosopher s see m t o forge t  tha t  th e ovenvhehnin g majorit y o f 

studie s hav e bee n o n non-huma n brains .  Experimentall y induce d 

lesion s an d cel l  recordin g ar e tw o o f  th e pnncipa l  tool s fo r 

unravelm g th e functiona l  significanc e o f  differen t  areas ,  bu t  fo r 

obviou s ethica l  reason s thes e ar e largel y restricte d t o non-huma n 

animals .  Althoug h th e ultimat e objectiv e i s t o understan d th e 

structur e an d functio n o f  th e huma n brain ,  neuroscientist s depen d 

upo n indirect ,  comparativ e procedure s t o appl y th e informatio n 

from  studie s wit h non-huma n animal s t o th e stud y o f  th e huma n 
brain .  Fo r  example ,  the y determin e th e locatio n o f  area s suc h a s 

V4 an d M T m th e huma n brai n b y usin g neuroimagin g 
technique s t o fm d wher e task s tha t  woul d driv e cell s i n thes e 

area s i n macaque s resul t  i n increase d bloo d flo w i n human s 

(Zekietal ,  1991) . 

W hy d o th e difference s betwee n th e brain s o f  differen t 

organisms ,  whic h s o exercis e philosophers ,  no t  imped e 
neurobiologica l  research ? Par t  o f  th e reaso n seem s t o b e tha t 
neurobiologjst s ofte n emplo y caten a fo r  typ e identitie s m bram s 

tha t  ar e mor e coarse-graine d tha n mos t  philosopher s hav e 
envisaged .  O f  course ,  th e philosophica l  practic e o f  comparin g 

menta l  state s acros s specie s i s als o rathe r  coarse-grained .  Bu t 
no on e shoul d begrudg e that .  W h e n ponderin g hypothese s tha t 

identif y  th e psychologica l  structure s an d processe s o f  mind s wit h 

th e biologica l  structure s an d processe s o f  brains ,  surel y on e 

crucia l  issu e i s insurin g tha t  w e compar e analyse s wit h 
compatibl e grain s Accordingly ,  neurobiologist s d o trea t 
psychologica l  processe s (albei t  no t  thos e o f  fol k psychology ,  bu t 

ones tha t  figure  i n informatio n processin g account s o f 
psychologica l  function )  a s comparabl e acros s species ,  bu t  the y 

largel y elud e th e proble m o f  multipl e realizatio n b y workin g wit h 
analyse s from  th e tw o pertinen t  level s tha t  hav e a t  leas t  roughl y 
simila r  grain s (Bechte l  &  Mundale ,  1999). ^  Ascertainin g th e 

compatibilit y  o f  "grain "  betwee n researc h a t  tw o differen t  level s 

I S on e o f  th e mos t  basi c example s o f  th e co-evolutio n o f  sciences . 

^Ther e ar e man y occasion s w h e n neurobiologist s emplo y a 

much finer  grain .  A  majo r  issu e i n recen t  year s ha s bee n th e 
plasticit y o f  cortex ,  ofte n demonstrate d b y th e rewirin g o f 
sensor y processin g area s tha t  occur s i n respons e t o altere d 
sensor y input .  Eve n i n th e contex t  o f  comparativ e studies , 

ther e ar e time s whe n neurobiologist s ar e concerne d wit h 

micro-detail s (e.g. ,  i n measurin g allometr y o r  analyzin g h o w 
connectivit y change s betwee n species) .  W h e n neurobiologist s 

move t o thi s grai n siz e fo r  brai n areas ,  though ,  the y usuall y 
chang e th e grain-siz e o f  thei r  behaviora l  measure s a s wel l  an d 

atten d t o difference s i n behavio r  betwee n animal s o r  acros s 

species . 

W h en Putna m (1967 )  employe d fo r  hi s exampl e o f  c o m m o n 

psychologica l  state s hunge r  i n human s an d octopi ,  hi s gra m fo r 

typ e identifyin g psychologica l  state s wa s no t  especiall y fine 

Suc h a  broa d extensio n o f  psychologica l  type s pose s problem s 

lo r  th e ftmcUonal  identificatio n o f  psychologica l  states ,  sinc e th e 

link s t o othe r  menta l  state s an d t o behavior s tha t  ar e centra l  t o 

functiona l  analyse s diffe r  profoundl y betwee n suc h radicall y 

differen t  species .  Still ,  give n tha t  evolutio n tend s t o conserv e 

and exten d existin g mechanism s rathe r  tha n creat e n e w ones , 

researcher s coul d wel l  en d u p typ e identifyin g eve n th e neura l 

mechamsms mvolve d m hunge r  m th e octopu s an d human ,  whic h 

woul d substantiall y  defus e Putnam' s intuitivel y plausibl e 

example .  Thi s i s no t  t o rul e ou t  th e possibiht y o f  radicall y 

differen t  way s o f  performm g simila r  function s emergin g m 

evolution .  However ,  w h e n researcher s discove r  multipl e 

mechamsms fo r  performm g simila r  functions ,  suc h a s alternativ e 

pathway s fo r  processin g visua l  inpu t  i n invertebrate s an d 
vertebrates ,  i t  provide s a n impetu s fo r  psychologist s t o searc h fo r 

functiona l  (behavioral )  difference s tha t  motivat e th e 

differentiatio n o f  type s a t  th e psychologica l  leve l  a s well . 

Acknowledgin g th e possibilit y  o f  differen t  mechanism s 

performin g simila r  function s doe s no t  preclud e mamta inm g typ e 

distinction s tha t  preserv e one-to-on e mappin g betwee n neura l 

and psychologica l  types .  Wit h jus t  suc h lesson s m m m d,  H I T 
look s t o th e comparativ e practice s o f  neurobiolog y t o dodg e th e 

multipl e realizabilit y  objectio n 

HIT versus the correlation objection: 

H y p o t h e s i z e d identitie s a s d i s c o v e r y strategie s 

Champion s o f  th e correlatio n objection ,  i.e. ,  th e objectio n tha t 

identit y theorist s ca n neve r  establis h th e actua l  identit y o f  neura l 
and psychologica l  state s bu t  onl y thei r  regula r  correlation , 

assum e (correctly )  tha t  identit y theorist s bea r  th e burde n o f 
evidenc e i n thi s debate .  I n a  perversel y H u m e a n spirit ,  though , 
the y se t  th e ba r  unpossibl y high ,  requirin g identit y theorist s t o 

establis h eac h identit y claun' s truth—i n effect—beyon d a 
shado w o f  a  doubt .  Discredite d i n th e philosoph y o f  science , 
verificationism ,  oddly ,  enjoy s n e w lif e i n th e philosoph y o f  mind . 

Neurobiologica l  practic e provide s directio n fo r  answerin g thi s 

objectio n too .  Scientist s ofte n propos e identitie s dunn g th e earl y 
stage s o f  thei r  inquiries .  Thes e hypothetica l  identitie s ar e no t  th e 
conclusion s o f  scientifi c  researc h bu t  th e premises .  The y serv e 
as heuristic s fo r  guidin g scientifi c  discovery .  (McCauley ,  1981 ) 

Instea d o f  appealin g t o Leibniz' s la w o f  th e identit y o f 

indiscemable s a s a  metaphysica l  principl e fo r  settlin g thmg s a 

priori ,  the y opportunisticall y exploi t  it s  converse ,  th e 
indiscemabilit y  o f  identicals ,  t o guid e subsequen t  empinca l 
research .  Thi s formulafio n o f  Leibniz' s la w entail s tha t  wha t  w e 

lear n abou t  a n entit y o r  proces s unde r  on e descripfio n mus t  appl y 
t o i t  unde r  it s othe r  descriptions .  Scientist s propos e thes e 

identities ,  i n part ,  precisel y becaus e th e tw o account s d o no t 
mirro r  on e anothe r  perfectly .  The y us e eac h t o guid e discover y 
m th e other . 

Thi s involve s employin g wha t  w e lea m throug h psychologica l 
researc h t o guid e th e discover y an d elaboratio n o f  neura l 
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mechanism s an d wha t  w e lea m abou t  neura l  mechanism s t o 

develo p m o r e sophisticate d psychologica l  models .  W e wil l 

sketc h th e cas e o f  visua l  processing ,  whic h ha s involve d a  se t  o f 

relate d hypothetica l  identitie s tha t  hav e linke d neura l  an d 

psychologica l  investigatio n fo r  ove r  a  hundre d year s i n a n on -

g o mg stor y o f  progressiv e theoretica l  revisio n a t  bot h level s o f 

analysi s Researcher s revise d thei r  initia l  identificatio n o f 

cortica l  visua l  processin g wit h processin g i n V I  a s the y 

recognized ,  wit h th e hel p o f  increasingl y sophisticate d 

neurobiologica l  accounts ,  tha t  a  m u c h laige r  par t  o f  corte x 

subserve s vision ;  thes e revision s i n th e neurobiologica l  accoun t 

ar e n o w inspirin g revision s i n th e psychologica l  accoun t  o f 

vision .  Fo r  practitioner s i n thes e fields  a t  th e en d o f  a  centur y o f 

research ,  bot h th e comparabl e complexit y an d th e genera l 

compatibiht y o f  model s fro m th e psychologica l  an d neura l  side s 

o f  th e divid e rende r  philosophers '  disquie t  abou t  th e 

incompletenes s o f  th e evidenc e a  needlessl y fastidiou s 

extravagance .  F e w researcher s woul d contes t  identifyin g visua l 

processm g wit h processm g i n th e area s denote d i n th e figur e o f 

th e flattene d corte x o f  th e m a c a q u e b y va n Esse n an d Gallan t 

(figur e 5) . 

Figur e 5 :  Va n Esse n an d Gallant' s (1994 )  ma p o f  distinc t 
processin g area s whic h figur e i n visua l  processin g i n a  flattene d 
macaque cortex . 

Research on the neural mechanisms of vision began in the last 

hal f  o f  th e nineteent h centur y wit h effort s t o locat e a  visua l  cente r 

m th e brain .  Base d upo n neuroanatomica l  studie s indicatin g tha t 

th e opti c tract ,  afte r  projectin g t o a  par t  o f  th e thalamu s k n o w n 

as th e latera l  geniculat e nucleu s ( L G N ) ,  subsequentl y project s t o 

th e occipita l  lob e (Meynert ,  1870 )  an d upo n clinica l  evidenc e 

concernin g visua l  deficit s followin g strok e an d othe r  d a m a g e t o 

th e occipita l  lobe ,  mos t  researcher s identifie d i t  a s th e locu s o f 

visua l  processing .  Ferrier ,  however ,  dissented ,  arguin g o n th e 

basi s o f  lesio n studie s m monkey s an d hi s stimulatio n studie s tha t 

th e angula r  gyru s m th e parieta l  corte x w a s th e locu s o f  vision . 

O ne critica l  piec e o f  evidenc e tha t  suggeste d tha t  Ferrie r  w a s 

w r o n g w a s th e discover y tha t  th e organizatio n o f  th e occipita l 

lob e reflecte d topographica l  layou t  o f  th e visua l  field.  Earl y 

evidenc e fo r  thi s cam e from  Salome n Henschen' s (1893 )  attemp t 

t o m a p lesion s i n th e occipita l  corte x an d correspondin g deficit s 

i n th e visua l  field  i n humans ,  bu t  th e m a p h e offere d reverse d th e 

m a p p i n g contemporar y scientist s accept .  Durin g th e Russo -

Japanes e W a r  Tatsuj i  Inouy e an d durin g Wor l d W a r  I  Gordo n 

H o l m e s an d Willia m Tindal l  Liste r  develope d th e m o d e m 

accoun t  o f  th e topographica l  arrangemen t  o f  occipita l  corte x 

from  thei r  studie s o f  wounde d soldier s (Glickstein ,  1988) .  Usin g 

singl e cel l  recordin g i n ca t  an d m o n k e y Talbo t  an d Marshal l 

(1941 )  corroborate d thei r  proposal s (figur e 6) . 

bi'Vi'̂ .^ ^ 
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Figur e 6 :  Talbo t  an d Marshall' s  (1941 )  mappin g o f  th e visua l 
field  ont o th e primar y visua l  corte x o f  th e cat . 

Discovering this organization in the occipital cortex supported 

th e hypothesi s tha t  i t  wa s th e locatio n fo r  visua l  processin g i n th e 

brain ,  bu t  i t  lef t  mos t  o f  th e question s abou t  h o w th e brai n 
processe s visua l  informatio n unanswered .  Stephe n Kuffler' s 

(1953 )  researc h o n th e retin a an d L G N ha d reveale d th e 

distinctiv e center-surroun d respons e o f  cell s i n thos e area s (i.e. , 

some cell s woul d respon d t o a  stimulu s w h e n i t  w a s i n th e cente r 

o f  thei r  visua l  field  bu t  b e suppresse d w h e n i t  wa s i n thei r 

surround ,  whil e other s woul d respon d t o a  stimulu s m th e 

surroun d bu t  no t  th e center) .  T w o researcher s i n hi s laboratory , 

Davi d Hube l  an d Torste n Wiesel ,  se t  ou t  t o find  simila r  respons e 

pattern s i n th e occipita l  corte x o f  cat s an d monkey s bu t 

discovere d tha t  cell s ther e wer e responsiv e t o bar s mstea d 

(Hube l  &  Wiesel ,  1962 ,  1968) .  W h a t  the y terme d simpl e cell s 

responde d t o bar s o f  specifi c  onentatio n a t  specifi c  locations , 

whil e wha t  the y terme d comple x cell s responde d t o bar s o f 

specifi c  orientatio n a t  an y locatio n i n a  cell' s  receptiv e field  an d 

migh t  s h o w selectiv e response s t o bar s m o v m g i n som e 

particula r  direction .  Whil e Hube l  an d Wiesel' s demonstratio n 

of  specifi c  visua l  fiinctio n i n V I  provide d furthe r  suppor t  fo r  it s 

identificatio n a s a  visua l  are a an d importan t  detail s abou t  th e 

characte r  o f  visua l  processing ,  i t  als o showe d tha t  visua l 

processin g coul d no t  b e identifie d wit h V I  alone .  The y ende d 

thei r  196 8 pape r  wit h a  propheti c remark . 
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Specialize d a s th e cell s o f  1 7 are ,  compare d wit h rod s an d 

cones ,  the y must ,  nevertheless ,  stil l  represen t  a  ver y 

elementar y stag e i n th e handlm g o f  comple x forms . 

occupie d a s the y ar e wit h a  relativel y simpl e region-by -

regio n anal\si s  o f  retma l  contours .  H o w thi s informatio n 
i s use d a t  late r  stage s i n th e visua l  pat h i s fa r  from  clear , 
and represent s on e o f  th e mos t  tantalizin g problem s fo r 

th e future .  (Hube l  an d Wiesel ,  1968 ,  p .  242 ) 

Althoug h Kar l  Lashle y (1950 )  ha d strongl y resiste d proposin g 

specialize d visua l  processm g area s outsid e o f  V I ,  Ala n Cowe y 

(1964) ,  relym g o n singl e cel l  recording ,  demonstrate d tha t  V 2 

als o containe d a  systemati c m a p o f  th e topographica l 
organizatio n o f  th e visua l  field.  I n 196 5 Hube l  an d Wiese l 

(1965 )  showe d tha t  ye t  a  thir d visua l  area ,  V 3 ,  preserve d th e 

topographica l  organization .  Semi r  Zek i  (1969 )  offere d furthe r 

evidenc e o f  th e systemati c natur e o f  th e map s b y showin g tha t 

smal l  lesion s i n V I  resulte d i n detenoratio n o f  cell s i n 

correspondin g part s o f  V 2 an d V3 .  I n 197 1 h e repeate d th e 

approac h b y makin g lesion s m V 2 an d V 3 an d tracin g thei r 
effect s int o area s o n th e anterio r  ban k o f  th e lunat e sulcu s whic h 

he labele d V 4 an d V4a .  Turnin g t o cel l  recording ,  Zek i 

establishe d tha t  cell s i n V 4 responde d t o th e wav e lengt h o f 

stimuli ,  whil e cell s o n th e posterio r  ban k o f  th e superio r 

tempora l  sulcu s (a n are a h e labele d V 5 bu t  other s hav e 

designate d M T )  responde d t o motion s o f  stimul i  i n specifi c 

direction s (Zeki ,  1973 ,  1974) . 
Vanou s researc h from  th e 1950 s t o th e earl y 1970 s identifie d 

specifi c  response s t o visua l  stimul i  i n area s o f  th e tempora l 

corte x an d o f  th e posteno r  paneta l  cortex .  Withi n th e former , 
area s T E an d T E O i n th e inferotempora l  corte x responde d t o 
specifi c  shape s (Gross ,  Rocha-Miranda ,  &  Bender ,  1972) .  I n 
posteno r  parieta l  corte x cell s responde d differentiall y  t o th e 

location s o f  stimul i  (Goldber g &  Robinson ,  1980) .  I n a 
relativel y bne f  period ,  suc h researc h defeate d th e hypothesi s 
identifyin g visua l  processin g exclusivel y wit h processin g i n V 1 . 

Rathe r  tha n undercuttin g th e strateg y o f  hypothesizin g identities , 
though ,  determinin g visua l  functio n i n thes e othe r  area s le d t o 
more identit y claun s tha t  wer e eve n mor e detaile d an d tha t 

identifie d vanou s aspect s o f  visua l  processin g wit h neura l 

processe s i n additiona l  brai n areas . 
I n 198 2 Mishki n an d Ungerleide r  propose d tha t  visua l 

processin g i n corte x followe d tw o pathway s beyon d V I ,  a 

ventra l  pathwa} -  int o mfeno r  tempora l  cortex ,  whic h processe d 
informatio n abou t  th e identit y o f  stimuli ,  an d a  dorsa l  pathwa y 

int o parieta l  a)rte x tha t  processe d informatio n abou t  th e locatio n 
of  stimul i  (figur e 7) .  Livingston e an d Hube l  (1984 )  extende d 
thi s proposa l  bac k t o th e retina .  S o m e (Mihie r  & .  Goodale , 
1995 )  hav e challenge d th e precis e characterizatio n o f  th e 

processin g i n th e tw o pathways ,  bu t  mos t  researc h (va n Esse n & 
Gallant ,  1994 )  support s th e genera l  conceptio n o f  tw o partiall y 
segregate d processin g streams . 

The discover y o f  multipl e brai n area s tha t  see m t o b e 
processin g differen t  visua l  informatio n ha s prove d th e principa l 

guid e t o detaile d charactenzatio n o f  visua l  processm g i n th e 

brain ,  no t  top-dow n analyse s i n psycholog y o r  artificia l 
intelligenc e (e.g. ,  motivate d b y Marr ,  1982) .  Subsequently , 

Figur e 7 :  Ungerleide r  an d Mishkin' s (1982 )  proposa l  o f  tw o 
pathway s i n visua l  processing . 

though, these neurobiological accounts have played a heuristic 

rol e i n developin g higher-leve l  analyse s o f  vision .  Uhi c Neisse r 

(1989 )  wa s on e o f  th e first  cognitiv e theorist s t o dra w upo n th e 

tw o pathwa y accoun t  propose d b y Mishki n an d Ungerleider . 
Neisse r  construe d th e dorsa l  pathwa y a s embodyin g Gibson' s 

notio n tha t  w e directl y se e th e layou t  o f  th e environmen t  an d th e 

ventra l  pathwa y a s responsibl e fo r  mor e inferentia l  cognitiv e 

processin g (se e als o Milne r  an d Goodale ,  1995) .  Also ,  i n th e 

1980 s tw o group s o f  connectionis t  modeler s develope d 

modularize d network s tha t  separatel y performe d wha t  an d wher e 

analyse s o f  image s o n a  simpl e retin a i n orde r  t o determm e th e 

computationa l  advantage s o f  separat e pathway s (Jacobs ,  Jordan , 
& Barto ,  1991 ;  Rueckl ,  Cave ,  &  Kosslyn ,  1989) .  Finally , 
psychologist s hav e recentl y develope d behaviora l  measurer s 

(e.g. ,  spee d o f  processing )  capabl e o f  demonstratm g th e 
differenc e i n pathway s m norma l  behavin g human s (Hale ,  1996) . 

Conclusion 

H I T (Heuristi c Identit y Theory )  propose s tha t  identit y claim s 

betwee n psychologica l  processe s an d neura l  mechanism s ar e 
advance d a s heunstic s tha t  serv e t o guid e furthe r  research . 
Emphasizin g th e thoroughl y hypothetica l  characte r  o f  identit y 

claun s i n science ,  H I T focusse s o n th e wa y tha t  propose d 
identification s o f  psychologica l  an d neura l  processe s an d 
structure s contribut e t o th e integratio n an d improvemen t  o f  ou r 
neurobiologica l  an d psychologica l  knowledge .  Hypothesize d 

identitie s advanc e researc h b y suggestin g n e w avenue s fo r  th e 
empirica l  investigatio n o f  bot h min d an d brain .  Th e resultm g 

empirica l  finding s motivat e scientist s a t  bot h level s t o tinke r  wit h 
thei r  conception s o f  th e pertinen t  processe s an d structures .  A s 

eve n th e brie f  discussio n o f  visua l  processm g demonstrates , 
thes e hypothetica l  identitie s evolv e i n respons e t o on-goin g 
research .  Explanator y an d predictiv e successe s ar e wha t  justif y 

thes e identit y clai m an d wha t  m a k e additiona l  theoretica l  an d 
evidentia l  resource s availabl e i n futur e research . 

I n respons e t o bot h th e correlatio n objectio n an d th e multipl e 

realizabilit y  objection ,  H I T stresse s th e unportanc e o f  attendin g 

t o th e contnbution s psychophysica l  identit y claim s hav e m a d e 
ove r  tim e t o progressiv e program s o f  researc h i n neuroscienc e 
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iin d psychology .  I t  i s  difficul t  t o imagin e tha t  a t  th e tur n o f  th e 

millenniu m an y philosopher s woul d regar d thes e consideration s 

as eve n secondary ,  le t  alon e irrelevant ,  t o evaluatin g th e identit y 

theory .  W e ca n thin k o f  n o mor e reasonabl e giound s fo r 

adjudicatin g thes e matters . 
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