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L a n g u a g e A n d T h e Pr imat e Bra i n 

Martin I. Sereno 

Cognitive Science D-015 
Universit y o f  California ,  Sa n Dieg o 

LaJolla.C A 9209 3 
serciuXg)cogsci.ucsd.ed u 

Abstrac t 
New dat a o n th e larg e numbe r  o f  modality-specifi c  area s i n th e 
post-centra l  corte x o f  severa l  non-huma n primates ,  an d recen t 
anatomica l  an d functiona l  studie s o f  th e huma n brai n sugges t 
tha t  ver y littl e o f  th e corte x consist s o f  poly-moda l  'association ' 
areas .  Thes e observation s ar e use d t o reinterpre t  psychologica l 
and neuropsychologica l  dat a o n languag e comprehensio n i n nor -
mal  an d brain-damage d humans .  I  argu e tha t  languag e 
comprehensio n i n sighte d peopl e migh t  bes t  b e though t  o f  a s a 
kin d o f  code-directe d scen e comprehensio n tha t  draw s heavil y 
upon specificall y  visual ,  an d probabl y largel y prelinguisti c  pro -
cessin g constraints .  Th e ke y processe s o f  word-recognitio n an d 
th e assembl y o f  visua l  wor d meanin g pattern s int o interactin g 
chains ,  however ,  ma y b e mediate d i n par t  b y species-specifi c  ac -
tivit y pattern s i n secondar y auditor y corte x simila r  t o thos e 
generate d b y uninterprete d speech-soun d sequences . 

One obvious reason to study non-human primate brains is that 
the y resembl e th e huma n primat e brai n i n m a n y ways .  Ye t  hu -
mans exhibi t  behaviors-especiall y th e comprehensio n o f 
linguisti c discourse-tha t  ar e qualitativel y ver y differen t  fro m 
behavior s o f  primate s an d othe r  animals .  Becaus e o f  this ,  som e 
hav e conclude d tha t  anima l  brain s m a y b e poo r  model s fo r  th e 
human brain .  Ther e ar e presentl y quit e substantia l  rifts  be -
twee n psychological ,  neuropsychological ,  an d neurobiologica l 
approache s t o language .  Recen t  development s i n studyin g hu -
man an d anima l  brains ,  however ,  provid e a  stron g impetu s t o 
re-ope n discours e a m o n g thes e disciplines . 

The neocorte x o f  al l  m a m m a l s i s n o w know n t o consis t  pri -
maril y o f  a  mosai c o f  visual ,  auditory ,  somatosensory ,  motor , 
and limbi c areas .  Primitiv e m a m m a l s hav e a  smal l  numbe r  o f 
area s i n eac h o f  thes e modalities ,  whil e carnivore s an d primate s 
hav e many .  I n monkeys ,  fo r  example ,  a  mosai c o f  2 5 visua l  ar -
eas occupie s mor e tha n hal f  o f  th e entir e neocorte x (Merzenic h 
& Kaas ,  1980 ;  Sereno ,  1988 ;  Fellema n &  Va n Essen ,  1991 ; 
Seren o an d Allman ,  1991) .  Th e traditiona l  sit e fo r  higher-leve l 
functions-"polymoda l  associatio n cortex"-ha s bee n reduce d 
t o a  fe w diminutiv e strip s i n betwee n larg e expanse s o f  unimo -
dal  visual ,  auditory ,  an d somatosensor y areas .  Th e potentia l 
significanc e o f  thi s reparcellatio n o f  corte x fo r  th e stud y o f  lan -
guag e an d th e brai n ha s hardl y bee n explored .  Th e ai m o f  thi s 
pape r  i s t o re-introduc e a  thoroughl y comparativ e perspectiv e 
int o th e evolutionar y acquisitio n o f  th e capacit y fo r  language , 
but  on e tha t  doe s no t  bac k awa y fro m th e obviou s cognitiv e dif -
ference s betwee n human s an d othe r  animals .  Th e anatomica l 
and physiologica l  organizatio n o f  cortica l  area s i n primates ,  in -
cludin g recen t  wor k o n huma n cortex ,  i s  reviewe d first .  Th e 
implication s o f  thi s wor k fo r  theorie s o f  huma n languag e com -
prehensio n ar e the n explored . 

Cortical Sensory Areas in Primates 
Definitio n o f  a  Visua l  Area .  Cortica l  sensor y area s ar e bes t 
define d b y multipl e convergin g criteri a (Va n Essen ,  1985 ; 
Seren o an d Allman ,  1991) .  1  begi n her e wit h visua l  areas ,  sinc e 
the y constitut e th e larges t  o f  th e primar y subdivision s o f  th e 
cortex .  Criteri a fo r  th e definitio n o f  a  visua l  are a presentl y in -
clud e architectoni c feature s (e.g. ,  degre e o f  myelination ,  cel l 
size ,  cel l  morphology ,  an d cel l  packin g densit y i n cortica l  lay -

ers ,  histochemica l  features) ,  connectio n pattern s (e.g. ,  inpu t 
an d outpu t  areas ,  lamina r  origin s an d target s o f  connections) , 
visuotopi c organizatio n (e.g. ,  mirror-imag e o r  non-mirror-im -
ag e m a p o f  hemifield ,  boundin g areas ,  patter n o f  m a p 
discontinuities ,  degre e o f  retinotopy) ,  an d physiologica l  prop -
ertie s (e.g. ,  excitator y receptiv e fiel d size ,  directio n selectivity , 
attention-relate d modulation) .  Area s diffe r  i n th e degre e t o 
whic h thes e criteri a hav e bee n explored .  V I  (primar y visua l 
cortex )  an d M T (middl e tempora l  area )  ar e distinct ,  well-stud -
ie d area s i n primate s tha t  ar e convergentl y identifie d b y m a n y 
of  thes e criteria .  Othe r  areas-e.g. ,  i n inferotempora l  cortex -
ar e les s wel l  studied .  Ther e i s n o evidenc e t o sugges t  tha t  the y 
ar e an y les s distinct . 

Visua l  Area s i n Prosimian s an d M o n k e y s .  Th e firs t  primate s 
wer e probabl y nocturnal ,  judgin g fro m th e larg e siz e o f  thei r  or -
bits .  Th e primate s livin g toda y mos t  closel y relate d t o thes e 
earl y primate s ar e als o nocturna l  o r  crepuscular .  Th e bus h bab y 
or  galago ,  th e onl y prosimia n primat e studie d i n detai l  (Allma n 
an d McGuinness ,  1983) ,  ha s o n th e orde r  o f  1 6 visua l  areas . 
Almos t  al l  visua l  area s i n galago s exhibi t  a  substantia l  degre e 
of  retinotopi c organization ,  includin g area s i n th e inferotempo -
ra l  cortex .  I n thes e studies ,  th e entir e exten t  o f  visua l  corte x 
was physiologicall y mappe d i n detai l  fo r  th e firs t  time .  I n a 
passiv e animal ,  visua l  area s onl y respon d t o visua l  stimuli ,  au -
ditor y area s onl y t o auditor y stimuli ,  an d somatosensor y area s 
onl y t o somatosensor y stimuli .  Visua l  cortica l  area s borde r  al -
most  directl y upo n somatosensor y area s (dorsally )  an d auditor y 
area s (ventrally) .  Th e transitiona l  stri p between ,  fo r  example , 
auditor y an d visua l  area s (i n whic h neuron s hav e bot h a  visua l 
and a n auditor y receptiv e field )  i s  les s tha n on e m m wide . 

Monkey s (anthropoids )  ar e though t  t o hav e diverge d fro m 
th e ancestor s o f  galago s a t  leas t  4 0 millio n year s ago .  Al l  bu t 
on e o f  th e anthropoid s ar e diurna l  (day-living) ,  suggestin g 
strongl y tha t  day-livin g habit s evolve d earl y i n th e monke y lin -
eage .  Th e on e nocturna l  monkey ,  th e N e w Worl d ow l  monkey , 
lack s a  tapetum ,  suggestin g tha t  it s ancestor s ha d diurna l  habits . 
Th e organizatio n o f  visua l  corte x ha s bee n studie d i n detai l  i n 
tw o differen t  monkeys-th e ow l  monke y an d th e macaqu e m o n -
key .  Figur e I B show s a  flattene d summar y m a p o f  visua l  area s 
i n th e ow l  monke y (Welle r  an d Kaas ,  1987 ;  Seren o an d 
Allman ,  1991) .  A s i n galagos ,  V I  i s th e larges t  area ,  followe d 
by V 2 .  Ther e appea r  t o b e a t  leas t  thre e somewha t  separat e 
'streams '  o f  informatio n passin g throug h V I  an d V2- th e mag -
nocellular ,  parvocellula r  interblob ,  an d parvocellula r  blo b 
stream s (name d afte r  thei r  rela y structure s i n th e dorsa l  latera l 
geniculat e nucleu s an d are a Vl)-tha t  remai n somewha t  sepa -
rate d a s on e move s o n t o highe r  area s (Livingston e an d Hubel , 
1984 ;  D e Y o e an d V a n Essen ,  1988) .  Thes e pathway s proces s 
differen t  aspect s o f  th e visua l  signa l  i n parallel-roughly ,  m o -
tion ,  location ,  an d dept h i n th e magnocellula r  pathway ,  an d 
color ,  shape ,  an d shadin g i n th e parvocellula r  pathways .  Th e 
pathway s pas s throug h laye r  4 B ,  laye r  2- 3 interblobs ,  an d laye r 
2- 3 blob s i n V I ,  an d th e thic k stripes ,  interstripes ,  an d thi n 
stripe s i n V 2 ,  respectively .  Ther e i s a  broa d subdivisio n o f  th e 
mor e rostra l  visua l  area s int o parieta l  (e.g. ,  T P ,  ST-reccivin g 
primaril y magnocellula r  strea m input )  an d inferotempora l 
(e.g. ,  ITcd ,  ITr-receivin g primaril y parvocellula r  interblo b an d 
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Figur e 1 .  Cortica l  visua l  area s i n th e macaqu e monke y (A )  an d th e ow l  monke y (B) .  A  cu t  wa s mad e i n V I  me -
diall y  t o allo w th e corte x t o li e flat .  Th e inset s illustrat e th e locatio n thes e area s i n occipital ,  parietal ,  an d tempora l 
corte x (afte r  Seren o an d Allman ,  1991) .  Al l  area s show n ar e visua l  excep t  fo r  are a P M (ow l  monkey )  an d are a 
STP (macaque) ,  whic h borde r  o n somatosensor y an d auditor y cortice s (no t  shown) . 

parvocellula r  blo b input) .  Retinotop y i s los t  i n th e mos t  anteri -
or  member s o f  thes e tw o streams .  O n e ca n defin e a  hierarch y 
of  visua l  area s base d o n th e lamina r  target s o f  corticocortica l 
projections ;  feedforwar d projection s synaps e mainl y i n laye r  4 
of  th e targe t  area ,  whil e feedbac k projection s avoi d laye r  4 
(Rocklan d an d Pandya ,  1979 ;  Fellema n an d V a n Essen ,  1991) . 
Th e borde r  betwee n differen t  modalitie s appear s t o b e a s shar p 
as i n galagos ;  detaile d mappin g experiment s a t  th e anterio r  bor -
der  o f  visua l  corte x revea l  tha t  th e transitiona l  stri p betwee n 
visua l  an d somatosensor y area s i n parieta l  corte x a s wel l  a s th e 
stri p betwee n visua l  an d auditor y area s i n tempora l  corte x i s 
les s tha n on e millimete r  wid e (Seren o an d Allman ,  1991) . 

Figur e 1 A show s a  simila r  summar y m a p fo r  th e macaqu e 
monkey (a n Ol d Worl d monkey )  (base d o n V a n Essen ,  1985 ; 
Desimon e an d Ungerleider ,  1986 ;  Fellema n e t  al. ,  1986 ;  1987 ; 
and persona l  communication ;  Colb y e t  al. ,  1988) .  Althoug h 
m a ny o f  th e area l  name s ar e no t  th e same ,  an d thoug h th e rela -
tiv e size s o f  simila r  area s differ ,  th e overal l  configuratio n o f  th e 
map,  th e retinotopi c an d functiona l  organizatio n o f  individua l 
areas ,  an d th e interarea l  connectio n patter n i s remarkabl y sim -
ila r  t o ou r  result s i n th e ow l  monkey .  N e w an d Ol d Worl d 
monkey s diverge d ove r  3 0 millio n year s ago .  Th e mai n differ -
enc e betwee n th e map s i s th e reduce d siz e o f  th e area s betwee n 
V 2 an d M T i n ow l  monkeys ,  th e shap e o f  V 3 (ow l  monke y D M , 
it s probabl y homologue ,  i s muc h les s elongate d tha n th e 
macaque area) ,  an d th e somewha t  large r  siz e o f  severa l  inf -
erotcmpora l  areas .  Mos t  o f  thes e difference s reflec t  th e 
reduce d emphasi s o n th e cente r  o f  gaz e i n th e retin a o f  th e sec -

ondaril y  nocturna l  ow l  monkey .  A n importan t  poin t  i s  tha t 
ther e doe s no t  appea r  t o b e an y substantia l  increas e i n th e are a 
of  overla p betwee n modalities .  Th e zon e i n th e dorsa l  ban k o f 
th e superio r  tempora l  sulcu s tha t  respond s t o mor e tha n on e 
modalit y i s severa l  millimeter s wid e (Seltze r  an d Pandya , 
1989) ;  thi s  i s i n lin e wit h th e greate r  overal l  are a o f  th e primar y 
cortica l  area s i n th e macaqu e compare d t o th e ow l  monkey . 

Auditor y an d Somatosensor y Area s i n Monkeys .  Auditor y 
and somatosensor y area s hav e bee n studie d i n paralle l  wit h vi -
sua l  areas .  Th e mai n difference s ar e th e basi s fo r  topograph y 
(tonotop y an d somatotop y vs .  retinotopy) ,  th e one-dimensiona l 
natur e o f  tonotop y (i n contras t  t o two-dimensiona l  retinotop y 
and somatotopy) ,  th e smalle r  overal l  siz e o f  auditor y an d soma -
tosensor y cortex ,  an d th e greate r  diversit y o f  type s o f 
informatio n collecte d b y somatosensor y recepto r  type s (ligh t 
touch ,  pai n an d temperature ,  muscl e lengt h changes ,  forc e o n 
tendons ,  join t  position) .  I n bot h N e w an d Ol d Worl d monkeys , 
ther e ar e abou t  9  auditor y cortica l  area s (Merzenic h an d 
Brugge ,  1973 ;  Pandy a an d Yeterian ,  1985 )  an d abou t  9  soma -
tosensor y cortica l  area s (Merzenic h e t  al. ,  1978 ;  Burton ,  1986 ; 
Cusic k e t  al ,  1989) .  A s i n visua l  cortex ,  on e ca n defin e a  hier -
arch y o f  area s base d o n th e lamina r  target s o f  between-are a 
projections ,  and ,  a s i n vision ,  ther e i s a  successiv e los s o f  recep -
totop y a s on e progresse s t o highe r  level s i n th e tw o systems . 
Most  o f  th e somatosensor y map s ar e base d o n response s t o cu -
taneou s stimulatio n (i t  i s  difficul t  t o stimulat e muscl e an d 
tendo n receptor s withou t  als o stimulatin g th e skin) . 
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Thes e map s (an d dat a fro m othe r  species )  sugges t  tha t  th e 
parcellatio n o f  mos t  o f  th e corte x ha s no t  change d radicall y 
durin g th e evolutio n o f  th e primat e order .  Notably ,  ther e doe s 
not  see m t o b e an y significan t  increas e i n region s wher e modal -
itie s overlap ;  rather ,  modality-specifi c  area s hav e increase d i n 
size ,  an d quit e moderatel y i n number ;  th e numbe r  o f  cortica l  ar -
eas ha s probabl y no t  change d i n N e w an d Ol d Worl d monkeys , 
whic h hav e evolve d independentl y fo r  ove r  3 0 millio n years . 

Visua l  Area s i n Ape s an d H u m a n s .  Th e organizatio n o f  th e 
corte x i n a  variet y o f  m a m m a l s includin g human s wa s studie d 
extensivel y b y Brodman n an d other s a t  th e beginnin g o f  th e 
centur y usin g stain s fo r  cel l  bodie s an d myeli n (Brodmann , 
1909) .  Sinc e then ,  anatomica l  an d physiologica l  studie s hav e 
revise d man y o f  Brodmann' s conclusion s wit h respec t  t o non -
human primat e brain s (e.g. ,  Brodmann' s are a 1 8 i n Ol d Worl d 
monkey s i s twic e a s wid e a s i t  shoul d hav e been ;  Brodmann' s 
are a 1 9 actuall y contain s man y distinc t  cortica l  areas) .  Bu t  i t  i s 
onl y ver y recentl y tha t  huma n corte x ha s bee n approache d fro m 
a m o d e m perspective .  Preliminar y result s sugges t  tha t  huma n 
visua l  cortica l  area s ar e organize d quit e similarl y t o thos e o f 
othe r  primates . 

The huma n visua l  are a whos e border s ar e bes t  know n i s 
V I -b y fa r  th e mos t  distinc t  visua l  are a o n architectoni c 
grounds .  Fixed -  tissu e injection s o f  membrane-intercalatin g 
dye s sugges t  tha t  loca l  circui t  connection s within ,  an d lon g 
rang e connection s between ,  huma n area s V I  an d V 2 ar e ver y 
simila r  t o thos e o f  othe r  primate s (Burkhalte r  an d Bernardo , 
1989) .  Ther e i s a  densel y myelinated ,  ellipsoida l  are a i n a  dor -
solatera l  occipita l  sulcu s tha t  m a y correspon d t o huma n visua l 
are a M T ,  a n are a foun d i n al l  primate s (Seren o e t  al. ,  1988 ; 
Scren o an d Allman ,  1991 )  (se e Figur e 2) .  Studie s usin g P E T t o 
monito r  bloo d flo w an d a  stimulu s designe d t o selectivel y acti -
vat e M T (base d o n anima l  studies )  hav e uncovere d a n activ e 
locu s nea r  th e densel y myelinate d regio n (Miczi n e t  al. ,  1987) . 
N ow clearly ,  ther e i s a  grea t  dea l  o f  'additional '  non-primar y 
corte x i n humans.^Despit e th e fac t  tha t  monkeys ,  ape s an d hu -
mans al l  hav e abou t  th e sam e numbe r  o f  cell s i n th e retina ,  th e 
dorsa l  latera l  geniculat e nucleus ,  an d i n V I  (Frah m e t  al. ,  1984 ; 
Tolhurs t  an d Ling ,  1988) ,  V I  come s t o occup y a  smalle r  an d 
smalle r  proportio n o f  th e tota l  neocortex-abou t  10-12 % o r  th e 
neocorte x i n monkeys ,  abou t  6 % o f  th e neocorte x i n apes ,  bu t 
onl y abou t  2.5 % o f  th e tota l  neocorte x i n humans .  Th e prelim -
inar y studie s cite d abov e sugges t  a  ne w answe r  t o th e proble m 
of  thi s 'exû a '  corte x i n humans-i t  m a y b e occupie d mostl y b y 
large r  version s o f  area s alread y familia r  fro m wor k i n monkey s 
(a s opposed ,  fo r  example ,  t o a n evolutionaril y  unprecedente d 
'languag e organ') .  V 2 i n humans ,  fo r  example ,  i s  muc h wide r 
tha n woul d b e expecte d whe n normalize d wit h respec t  t o th e 
are a o f  V I .  Similarly ,  ther e i s muc h mor e are a betwee n V 1 an d 
th e putativ e huma n M T tha n woul d b e expecte d (thi s regio n i s 
mostl y occupie d b y are a V 4 i n Ol d Worl d monkeys) .  Finally , 
th e are a o f  th e putativ e huma n M T i s abou t  3  t o 4  time s a s bi g 
as woul d b e predicte d o n a  macaqu e model .  I f  th e othe r  2 5 o r 
so extrastriat e area s i n huma n visua l  corte x increase d i n siz e 
(relativ e t o V I )  a s muc h a s thi s preliminar y dat a suggest s tha t 
V2,  V 4 ,  an d M T have ,  w e coul d almos t  completel y accoun t  fo r 
th e 'extra '  non-primar y corte x i n human s relativ e t o monkeys . 
Thes e observations ,  combine d wit h th e lac k o f  an y tren d to -
war d increase d polymoda l  corte x i n neocortica l  evolution , 
sugges t  a  radica l  revisio n o f  curren t  neuropsychologica l  theo -
rie s o f  huma n cognitiv e processing . 

Language Processing in the Primate Brain 
Modularit y an d Level s o f  Explanation .  Th e questio n o f  wha t 
languag e processin g look s lik e i n th e brai n i s a  contentiou s one . 
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Figur e 2 .  Cortica l  visua l  area s i n th e huma n (preliminary) .  A  lef t 
occipita l  lob e (reverse d her e t o ai d compariso n wit h previou s fig-
ures )  wa s physicall y flattened ,  sectioned ,  an d staine d fo r  myelin . 
The expose d crown s o f  th e gyr i  ar e colore d black .  A  cu t  wa s 
made i n V I  mediall y  t o allo w th e corte x t o li e flat .  Th e inset s il -
lustrat e th e locatio n thes e area s i n th e intac t  brai n (afte r  Seren o 
and Allman ,  1991) .  Not e tha t  th e scal e i s no w i n centimeters . 

especially given the preliminary state of our current knowledge 
i n thi s area .  A  certai n traditio n i n cognitiv e scienc e an d neu -
ropsycholog y seem s t o hav e take n a s it s  goal ,  th e isolatio n o f 
highe r  level s o f  explanatio n fro m thei r  lowe r  leve l  implemen -
tadon .  Suc h a  so-calle d 'functional '  approac h i s quit e curiou s 
fro m a  biologica l  perspective .  Surely ,  biologist s ar e intereste d 
i n functio n (e.g. ,  th e hear t  serve s a s a  p u m p fo r  blood) .  Bu t  th e 
goa l  ther e i s t o tr y t o explai n h o w i t  i s  tha t  th e structur e o f  th e 
hear t  give s ris e t o it s function-not  t o ignor e tha t  structur e an d 
buil d a n independenU y motivate d theor y i n a  differen t  languag e 
( a languag e o f  'heart'?!) .  Th e fac t  tha t  th e sam e progra m ca n 
ru n o n somewha t  differenti y designe d vo n N e u m a n n machine s 
(e.g. ,  Fodo r  an d Pylyshyn ,  1988 )  seem s a n insufficien t  reaso n 
t o abando n a  biologica l  an d evolutionar y approac h t o th e func -
tional  organizatio n o f  di e h u m a n brain . 

Thi s tendenc y t o ignor e th e structur e o f  th e brai n i s quit e 
unfortunat e i n ligh t  o f  th e recen t  progres s mad e i n primat e neu -
robiology .  Mos t  curren t  text s o f  physiologica l  psychology , 
neuropsychology ,  an d cognitiv e neuroscienc e (e.g. ,  Caplan , 
1987 ;  Elli s  an d Young ,  1988 )  stil l  impliciU y emplo y a  mode l  o f 
th e organizatio n an d evolutio n o f  th e corte x tha t  date s t o th e as -
sociationist s o f  th e lat e nineteent h century .  I n thi s wa y o f 
thinking ,  'primitive '  m a m m a l s tike  rat s star t  ou t  wiU i  primar y 
visual ,  auditory ,  an d somatosensor y area s almos t  touching . 
Next  u p th e run g o f  a n essentiall y pre-evolutionar y scal a natu -
r a c o m e animal s lik e cats ,  whic h hav e a  smal l  amoun t  o f 
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'uncommitted '  spac e i n between .  Finally ,  a t  th e top ,  ar e pri -
mate s an d especiall y humans ,  wher e w e fin d a  grea t  dea l  o f 
uncommitte d 'association '  cortex ,  properl y situate d t o inte -
grat e an d associat e th e modality-specifi c  informatio n presente d 
t o i t  b y visual ,  auditor y an d somatosensor y cortice s (se e e.g. , 
Fodor ,  1983 ;  Elli s  an d Young ,  1988 ,  o n th e 'semanti c system ' 
postulate d i n mos t  model s o f  wor d processing ;  Damasio , 
1989) . 

Fine-graine d mappin g experiment s i n hedgehogs ,  rodents , 
cats ,  an d primates ,  durin g th e pas t  decad e hav e show n thi s pic -
tur e o f  th e evolutio n o f  th e corte x t o b e incorrect .  Cat s an d 
primate s d o hav e mor e corte x i n betwee n th e primar y sensor y 
areas ;  bu t  tha t  corte x consist s no t  o f  poly-moda l  associatio n ar -
eas ,  bu t  rathe r  large r  an d mor e numerou s modality-specifi c 
(i.e. ,  visual ,  auditory ,  an d somatosensory )  areas .  Th e studie s 
discusse d abov e provid e n o indicatio n tha t  human s ar e an y dif -
feren t  i n thi s regard .  Th e proble m is ,  then ,  i n th e spiri t  o f 
biologica l  studie s o f  functiona l  organization ,  t o tr y t o describ e 
h o w th e basi c anatomica l  module s o f  primat e cortex-namel y 
visual ,  auditory ,  somatosensory ,  motor ,  an d limbi c areas-sup -
por t  a  new ,  peculiarl y huma n function . 

Languag e a s Code-directe d Scen e Perception .  Visio n i s 
ver y importan t  t o primates ;  i n fact ,  ove r  5 0 % o f  th e corte x i n 
primates ,  probabl y includin g humans ,  consist s o f  area s devote d 
t o specificall y visua l  processing .  Thi s i s no t  t o den y tha t  infor -
matio n abou t  a n objec t  perceive d vi a anothe r  modality—sa y th e 
somatosensor y system-migh t  b e abl e t o ente r  visua l  area s i n 
th e for m o f  a  visua l  cop y o f  th e somatosensor y areas '  activit y 
patter n (se e e.g. ,  experiment s b y Haenn y e t  al .  (1988 )  i n 
macaqu e visua l  are a V 4 usin g a  somatosensory-visua l  match -
in g task) .  Bu t  i t  doe s sugges t  tha t  w e carefull y distinguis h a 
visua l  cop y o f  a  somatosensor y stimulu s (i n a  visua l  are a wit h 
a visua l  m a p )  fro m a  somatosensor y cop y o f  a  visua l  stimulu s 
(i n a  somatosensor y are a wit h a  somatosensor y map) . 

S o me linguist s hav e independentl y suggeste d tha t  visua l 
representation s m a y b e ver y importan t  i n th e semantic s o f  nat -
ura l  languag e (Jackendoff ,  1987 ;  Fauconnier ,  1985 ;  Lakoff , 
1987 ;  Langacker ,  1987) .  A n ide a c o m m o n t o severa l  differen t 
approache s i s tha t  mor e concret e visua l  meaning s m a y hav e 
bee n extende d b y analogica l  processe s t o dea l  wit h mor e ab -
strac t  object s an d relations .  T h e presen t  proposa l  goe s furthe r 
i n suggestin g a  particularl y direc t  relationshi p betwee n th e 
mechanism s o f  scen e an d discours e comprehension . 

Th e integratio n o f  successiv e glance s i n th e comprehen -
sio n o f  a  visua l  scen e require s a  kin d o f  seria l  assembl y 
operatio n simila r  i n som e respect s t o th e integratio n o f  wor d 
meaning s i n discours e comprehension .  Primate s (bu t  als o 
m a ny othe r  animals )  m a k e lon g serie s o f  fixation s a t  th e rat e o f 
severa l  n e w view s pe r  secon d durin g scen e comprehension . 
Eac h fixatio n bring s th e retin a t o a  n e w par t  o f  th e visua l  scen e 
and generate s a  burs t  o f  activit y i n V I ,  whic h largel y replace s 
th e burs t  cause d b y th e previou s fixation.  Highe r  visua l  area s 
wit h les s precis e retinotop y someho w integrat e informatio n 
fro m thes e disconnecte d activit y sequence s t o generat e a n in -
terna l  representatio n o f  th e locatio n an d identit y o f  th e relevan t 
object s i n th e curren t  scen e (e.g. ,  predators ,  foo d items ,  partic -
ula r  conspecifics ,  escap e routes ,  suitabl e sleepin g trees ,  etc. ) 
tha t  ca n serv e a s a  basi s fo r  action .  M a n y aspect s o f  thi s pro -
ces s ar e redolen t  o f  linguisti c integration-e.g. ,  th e 
underspecified ,  context-fre e informatio n i n a n isolate d glanc e 
i s sharpene d an d focuse d b y contex t  (c f  polysemy) ;  informa -
tio n fro m temporall y distan t  glance s mus t  b e tie d togethe r  (cf . 
anaphora) .  N o n e o f  thi s implie s tha t  scen e representation s (o r 
thei r  presume d linguisti c fellows )  nee d loo k anythin g lik e pic -
tures ;  th e pattern s i n questio n woul d b e disU-ibute d acros s man y 

areas ,  som e o f  whic h sho w littl e retinotopy . 
O ne mai n differenc e betwee n scen e an d discours e compre -

hensio n is ,  o f  course ,  tha t  scen e comprehensio n i s tie d closel y 
t o th e curren t  scene .  Discours e comprehensio n migh t  bes t  b e 
though t  o f  a s a  kin d o f  fictiv e visua l  scen e comprehensio n di -
rected ,  i n th e cas e o f  spoke n languag e comprehension ,  b y 
sequence s o f  phonem e representation s i n secondar y auditor y 
cortex .  Th e advantag e o f  linguisti c discours e comprehensio n i s 
tha t  w e ar e n o longe r  tie d t o th e curren t  scene .  However ,  onc e 
th e appropriat e visua l  wor d meanin g pattern s hav e bee n calle d 
up an d boun d together ,  th e natur e an d interaction s o f  th e com -
posit e patter n m a y b e conditione d mainl y b y th e prelinguisti c 
rule s o f  interactio n o f  scen e representation s i n primat e visua l 
area s networks .  I n thi s sense ,  a  larg e par t  o f  wha t  ha s bee n 
calle d linguisti c synta x an d semantic s migh t  no t  b e modula r 
wit h respec t  t o th e neurobiolog y o f  vision . 

Ther e i s i n fac t  substantia l  evidenc e tha t  visua l  area s i n hu -
mans ar e involve d i n specificall y linguisti c functions .  Ther e i s 
a kin d o f  aphasi a confusingl y calle d 'U-anscortica l  sensory ' 
aphasi a (i.e. ,  'across-from-the-language-cortex '  aphasia! )  tha t 
i s  generate d b y a  lesio n i n lef t  h u m a n inferotempora l  corte x 
(Ruben s an d Kertesz ,  1983) .  M a n y o f  thes e lesion s ar e s o pos -
terio r  an d ventra l  tha t  the y ar e associate d wit h over t  visua l  fiel d 
defects .  Transcortica l  sensor y aphasic s hav e poor ,  "Wemick -
e's-like "  comprehension ,  ye t  paradoxicall y (a t  leas t  i n th e 
contex t  o f  traditiona l  model s o f  languag e comprehension) ,  ca n 
repea t  word s effortlessly .  Fa r  fro m bein g 'acros s fro m th e lan -
guag e cortex' ,  th e visua l  area s i n posterio r  inferotempora l 
corte x damage d i n thes e patient s m a y b e th e primar y sit e o f  se -
manti c processin g i n sighte d humans .  Transcortica l  sensor y 
aphasic s recove r  mor e quickl y tha n patient s wit h mor e dorsa l 
lesions ;  thi s m a y onl y b e a n indicatio n tha t  th e function s per -
forme d b y visua l  corte x i n languag e comprehensio n ar e les s 
lateralize d tha n thos e performe d b y auditor y cortex .  Thi s i s 
consisten t  wit h wha t  w e k n o w abou t  primat e visua l  areas ;  per -
manent  deficit s i n visua l  patter n recognitio n i n monkey s 
requir e bilatera l  inferotempora l  corte x lesion s (Gross ,  1973) . 
Ther e i s n o nee d t o assum e tha t  al l  th e cortica l  area s involve d 
i n languag e comprehensio n ar e equall y lateralized ;  fo r  exam -
ple ,  th e function s performe d b y th e superio r  tempora l  gyru s 
(se e below )  m a y b e mor e lateralize d tha n th e function s per -
forme d b y th e inferotempora l  cortex . 

Psycholinguisti c experiment s usin g picture s inserte d int o 
sentence s an d picture-wor d primin g (e.g. .  Potte r  e t  al. ,  1986 ) 
sugges t  tha t  i t  i s surprisingl y eas y fo r  visuall y represente d con -
cept s t o b e integrate d int o ongoin g linguisti c discours e 
comprehension .  Thi s m a y b e anothe r  indicato r  o f  th e closenes s 
of  visua l  categor y representation s t o linguisti c meanings . 

S o me P E T Experiments .  Recently ,  i t  wa s suggeste d o n th e 
basi s o f  P E T experiment s tha t  semanti c processin g ma y b e lo -
calize d instea d i n th e fronta l  lobe ,  jus t  i n fron t  o f  "Broca' s are a 
(Peterse n e t  al. ,  1988 ;  Posne r  e t  al. ,  1988) .  I n th e ke y experi -
ment ,  subject s performe d tw o tasks-1 )  repeatin g visuall y 
presente d nouns ,  an d 2 )  generatin g "uses "  (relate d verbs )  upo n 
viewin g a n otherwis e comparabl e serie s nouns .  Upo n subtract -
in g thes e tw o conditions ,  a n activate d locu s wa s uncovere d i n 
fronta l  cortex ,  jus t  anterio r  t o th e representatio n o f  face , 
tongue ,  an d throa t  muscle s i n primar y moto r  cortex .  Give n th e 
eas e wit h whic h preparatio n fo r  movemen t  elicit s stron g activa -
tion  i n premoto r  area s (se e e.g. ,  Rolan d e t  al. ,  1980) ,  however , 
i t  seem s likel y tha t  th e activit y uncovere d i n thi s experimen t  ac -
tuall y represent s th e differen t  moto r  programmin g demand s o f 
th e tw o tasks .  I n th e firs t  case ,  a  moto r  patter n i s calle d u p di -
rectl y vi a overleame d connection s betwee n visua l  wor d shap e 
and articulator y movements .  I n th e secon d case ,  b y contrast , 
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th e subjec t  mus t  mak e a  ne w moto r  pla n t o sa y a  wor d tha t  i s 
differen t  fro m tha t  whic h wa s viewed .  I n fact ,  th e subjec t  mus t 
als o suppres s a n outpu t  tha t  woul d normall y b e generate d b y 
lookin g a t  th e firs t  wor d (i n th e contex t  o f  readin g word s 
aloud) .  Fronta l  corte x lesion s i n monkey s an d m a n ar e know n 
t o especiall y impai r  th e abilit y  t o m a k e delaye d responses . 
Give n tha t  posterio r  inferotempora l  corte x ha s rarel y i f  eve r 
been selectivel y activate d i n a  bloo d flo w experiment ,  an d tha t 
th e P E T techniqu e ha s limite d resolution ,  th e activatio n under -
lyin g semanti c processin g m a y no t  ye t  hav e bee n seen .  A 
posterio r  locu s fo r  semantic s i s mor e i n lin e wit h th e observa -
tio n mad e lon g ag o (an d no t  overturne d b y mor e recen t  studies ) 
tha t  patient s w i ^  larg e posterio r  lesion s ar e generall y muc h 
mor e impaire d i n extractin g meanin g fro m linguisti c discourse -
-an d surel y see m t o hav e a  muc h mor e sever e derangemen t  o f 
though t  processes-tha n patient s wit h larg e anterio r  lesions . 

What' s i n Wernicke' s Area ? Wernicke' s are a ha s occupie d 
severa l  differen t  gyr i  ove r  th e years .  Sometime s i t  i s  place d o n 
th e angula r  gyrus ;  sometime s i t  sit s mor e anteriorl y o n th e su -
perio r  tempora l  gyrus ;  an d ofte n i t  sneak s acros s th e superio r 
tempora l  sulcu s (th e boundar y betwee n auditor y cortica l  area s 
dorsall y an d visua l  cortica l  area s ventrall y i n primates )  t o si t 
partl y i n inferotempora l  cortex .  Th e left-righ t  asymmetr y orig -
inall y demonsu-ate d b y Geschwin d an d Levitsk y (1968 )  wa s i n 
yet  a  differen t  place-o n th e planu m temporal e (no t  eve n clearl y 
visibl e i n a  latera l  view) .  Severa l  architectoni c studie s (Braak , 
1978 ;  Galaburd a an d Sanides ,  1980 )  hav e identifie d a  distinc t 
are a tha t  show s a  considerabl e left-righ t  asymmetr y (Braak' s 
tempora l  magnopyramida l  zone ;  Galaburd a an d Sanides '  are a 
Tpt )  confine d entirel y t o th e posterio r  par t  o f  th e latera l  superi -
or  tempora l  gyrus .  B y compariso n wit h othe r  primates ,  thi s 
are a i s ver y likel y t o b e a  unimodal ,  secondar y o r  tertiar y audi -
tor y cortica l  area .  Merzenic h an d Brugg e (1973 )  recorde d 
diffus e auditor y response s fro m a  geographicall y simila r  are a 
i n macaques . 

I f  Wernicke' s are a prope r  (e.g. ,  o f  Braak )  i s i n fac t  a  sec -
ondar y o r  tertiar y auditor y area ,  w e ar e lef t  wit h somethin g o f 
a conundrum .  W h y shoul d a  lesio n i n a n auditor y are a caus e 
deficit s i n th e assembl y o f  th e meaningfu l  unit s o f  language ? 
The deficit s exhibite d b y man y patient s wit h a  lesio n i n thi s 
are a see m t o exten d beyon d mer e problem s wit h auditor y rep -
resentation s o f  words-thei r  thought s see m disarranged ;  ofte n 
the y ar e unabl e t o manipulat e eve n word s wit h concret e visua l 
meanings .  Th e traditiona l  conclusio n ha s thu s bee n tha t  Wer -
nicke' s are a mus t  b e a n evolutionaril y  ne w 'languag e organ ' 
not  tie d t o on e modality .  A  ne w interpretatio n mor e i n lin e wit h 
th e anima l  literature ,  i s Uia t  th e interna l  representation s o f 
speec h soun d sequence s tha t  a  primat e neurobiologis t  woul d 
expec t  t o fin d i n Wernicke' s are a prope r  mus t  hav e som e othe r 
functio n beside s merel y servin g a s interna l  copie s o f  th e speec h 
su-eam ;  thes e uninterprete d speec h soun d representation s mus t 
als o b e involve d i n wor d recognitio n an d assembl y o f  (primari -
l y visual )  meanin g int o coheren t  discours e stiTictures .  B y thi s 
account ,  wha t  distinguishe s human s i s th e abilit y  t o us e a  se -
quenc e o f  symbo l  pattern s fro m anothe r  modalit y t o caus e th e 
assembl y o f  meanin g pattern s i n tertiar y visua l  cortex .  Bu t  th e 
produc t  o f  tha t  assembl y ma y b e ver y simila r  t o pattern s assem -
ble d fro m direc t  visua l  input s arrivin g vi a V I  durin g scen e 
comprehension .  Th e implicatio n i s tha t  th e tric k o f  languag e 
was no t  t o hav e invente d th e basi c meaningfu l  unit s bu t  t o hav e 
foun d a  wa y o f  makin g standardize d connection s betwee n the m 
(se e Sereno ,  1986 ;  1991a ;  1991b) .  I n monkeys ,  th e superio r 
tempora l  sulcu s forms ,  a s noted ,  th e borde r  betwee n auditor y 
and visua l  cortices .  Sinc e clinicall y define d Wemicke's-lik e 
aphasic s ofte n hav e lesion s tha t  exten d int o th e inferotempora l 

regio n o n th e middl e an d inferio r  tempora l  gyri ,  a  typica l  'Wer -
nicke' s aphasia '  m a y require  damag e t o bot h th e auditor y 
corte x meanin g assembler s an d th e visua l  corte x meaning s the y 
assemble . 

N e w Route s Betwee n Modalities .  I n monkeys ,  on e pathwa y 
responsibl e fo r  cross-moda l  matchin g performanc e ha s bee n 
well-defined .  Performanc e o n somatosensory-visua l  matchin g 
task s i s catastrophicall y impaire d b y lesion s t o th e basolatera l 
amygdal a (Murra y an d Mishkin ,  1985) .  Thi s par t  o f  th e 
amygdal a receive s projection s fro m secondar y an d tertiar y vi -
sual ,  somatosensory ,  an d auditor y areas ,  an d project s bac k t o 
them .  Ther e i s als o a  smal l  polymoda l  stii p o n par t  o f  th e uppe r 
ban k o f  th e superio r  tempora l  sulcu s (e.g. .  Seltze r  an d Pandya , 
1989) .  Bu t  thi s stri p canno t  b y itsel f  suppor t  cross-moda l 
matchin g i n monkeys . 

Th e situatio n i n human s mus t  b e somewha t  different ,  a t 
leas t  wit h regar d t o th e relativ e importanc e o f  th e amygdal a i n 
on e particula r  kin d o f  cross-moda l  mappin g tha t  characterize s 
human language-tii e mappin g betwee n speec h sound s an d vi -
sua l  wor d meanings .  Th e patien t  H.M .  w h o ha d hi s amygdal a 
remove d bilaterall y i s quit e unimpaire d i n recognizin g visua l 
object s name d fo r  hi m (o r  i n namin g visua l  object s himselO -
Thi s suggest s tha t  human s mus t  hav e a  mor e robus t  connectio n 
betwee n area s o n eithe r  sid e o f  th e superio r  tempora l  sulcu s 
tha n monkey s do .  Cross-moda l  matchin g experiment s o f  th e 
kin d tha t  amygdala-lesione d monkey s fai l  t o perfor m hav e no t 
yet  bee n trie d wit h H.M. ,  an d s o th e cross-moda l  pathwa y 
throug h th e amygdal a coul d ver y wel l  stil l  b e importan t  fo r 
some task s i n humans . 

Conclusion 
Languag e i s recentl y derived ;  base d o n th e evidenc e o f  ston e 
tool s an d othe r  mor e spectacula r  artifact s lik e cav e paintings ,  i t 
seems likel y tha t  peculiarl y huma n cognitio n an d presumabl y 
languag e us e originate d rathe r  suddenl y les s tha n 50,00 0 t o 
100,00 0 year s ago .  I n vie w o f  ou r  knowledg e o f  th e stron g sim -
ilaritie s betwee n th e brain s o f  variou s non-huma n primates ,  i t 
seems unlikel y tha t  th e corte x coul d hav e bee n completel y re -
organize d i n s o shor t  a  time.  Surely ,  ther e i s n o positiv e 
evidenc e fo r  suc h a  majo r  reorganization .  Recen t  evidenc e in -
stea d suggest s tha t  huma n an d non-huma n primat e brain s ar e 
organize d quit e similarly .  W e nee d mor e attempt s t o explai n 
th e larg e qualitativ e difference s betwee n anima l  cognitio n an d 
human language-base d cognitio n a s th e resul t  o f  relativel y mi -
nor  modification s an d re-us e o f  pre-existin g primat e neura l 
circuitry . 

Thi s pape r  suggest s tha t  i t  migh t  b e profitabl e t o vie w lan -
guag e comprehensio n i n sighte d peopl e a s a  kin d o f  code -
directe d scen e comprehensio n takin g plac e primaril y i n unimo -
dal  visua l  area s i n posterio r  inferotempora l  cortex .  A  secon d 
suggestio n i s tha t  interna l  representatio n o f  speec h soun d 
chain s i n secondar y auditor y cortica l  area s (Wernicke' s are a 
proper )  ma y hav e othe r  function s beside s merel y servin g a s in -
terna l  copie s o f  th e speec h cod e chain ;  the y m a y b e intimatel y 
involve d i n wor d recognitio n an d th e bindin g togethe r  o f  visua l 
corte x meanin g patterns .  Code-directe d patter n bindin g i s 
clearl y a  specificall y huma n faculty ;  bu t  man y o f  th e con -
straint s o n th e resultin g bound-togethe r  pattern s m a y reflec t 
prelinguisti c (non-modular )  constraint s o n interaction s be -
twee n activit y pattern s i n tertiar y visua l  areas .  Studie s o f  th e 
connection s o f  superio r  tempora l  sulcu s regio n i n humans-jus t 
n o w becomin g possible-ma y thro w mor e ligh t  o n th e presenti y 
obscur e neura l  substrat e o f  languag e an d h u m a n thought . 
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