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Identifyin g th e M o d u l e s o f  th e M i n d wit h f M R I :  Imagin g th e Biologica l  Stage s i n 

Visua l  an d Languag e Processin g 

Walte r  Schneide r 
Psycholog y Departmen t 
Universit y o f  Pittsburg h 

I n th e las t  thre e year s ther e hav e bee n majo r  advance s i n brai n 
imagin g tha t  provid e th e abilit y t o loo k int o th e brai n t o identif y 
th e biologica l  processe s underlyin g cognition .  Functiona l  Magneti c 
Resonanc e Imagin g (fMRI )  allow s non-invasiv e mappin g o f  cortica l 
functio n wit h millimete r  resolutio n allowin g compariso n o f  cortica l 
activatio n acros s man y condition s withi n subject .  Experimenta l  re -
sult s relatin g to :  mappin g visua l  spatia l  topology ,  selectiv e attention , 
attentio n switching ,  colo r  &  motio n perception ,  moto r  control ,  work -
in g memor y an d languag e processin g wil l  b e described .  Availabilit y 
and Umitation s o f  th e methodolog y wil l  b e discussed .  Tempora l  res -
olutio n o f  f M R I  i s i n th e second s range .  B y combinin g f M R I  wit h 
Hig h Densit y Evoke d Respons e Potentia l  ( H D - E R P )  technique s w e 
ca n solv e fo r  millisecon d tempora l  activit y o f  f M R I  identifie d gener -
ators .  Millimete r  an d millisecon d map s detai l  th e biologica l  networ k 
interactions .  Th e implication s o f  suc h map s t o th e understandin g o f 
networ k cognitiv e processin g wil l  b e commente d upon . 

Th e networ k topolog y o f  huma n cognitiv e processin g ca n b e 
mapped wit h f M R I  brai n imagin g technique .  Ther e ar e n o w man y 
report s o f  f M R I  mappin g o f  variou s region s o f  corte x (Shulma n et . 
al .  1993) .  T o m o v e beyon d imagin g experiment s whic h simpl y acti -
vat e variou s areas ,  a  systemati c sequenc e o f  mappin g experiment s i s 
required ,  wit h carefu l  concer n abou t  statistic s an d artifac t  rejection . 
Imagin g wit h f M R I  ha s characteristic s tha t  faciUtat e trackin g acti -
vatio n acros s multipl e level s o f  cognitiv e processin g withi n a  singl e 
subjec t  (Schneider ,  Case y &  Nol l  1994 )  includin g acquisitio n wit h 
near  millimete r  spatia l  resolutio n an d th e abilit y  t o contras t  a  serie s 
of  condition s withi n subject . 

We utihz e a  cortica l  mappin g methodology .  Thi s involve s 3  steps : 
1)  determin e th e numbe r  an d locatio n o f  activatio n areas ;  2 )  deter -
min e th e topolog y an d replicatio n o f  processin g stage s (multipl e re -
gion s performin g th e sam e operatio n wit h differen t  receptiv e fields) ; 
3)  determin e th e exogenous/endogenou s specializatio n o f  eac h stage . 
We illustrat e thi s methodolog y wit h mappin g o f  th e first  7  stage s o f 
th e visua l  syste m an d initia l  map s o f  languag e processing . 

I n th e visua l  studies ,  subject s viewe d tw o 10x1 0 degre e aperture s 
i n th e lowe r  lef t  an d lowe r  right  visua l  fields  t o determin e i f  bot h 
stimul i  wer e identical .  Ther e wer e five  visua l  stimulu s condition s i n 
th e lowe r  visua l  field  including :  thic k hig h luminanc e contras t  stripe s 
( 2 cycles/degree) ,  thi n hig h contras t  stripe s ( 9 cycles/degree) ,  colo r 
contras t  (isoluminan t  red/green )  thic k stripes ,  fas t  movemen t  o f  dot s 
(2 0 degrees/second )  slo w movemen t  o f  dot s ( 2 degrees/second) .  I n 
additio n ther e wa s a n uppe r  field  luminanc e contras t  stripe s conditio n 
requirin g orientatio n compariso n o f  th e uppe r  lef t  an d right  apertur e 
stimuli .  T o improv e signa l  sensitivit y an d reduc e artifact s w e utilize d 
spira l  scan s (Noll ,  i n press )  o n 1. 5 T  clinica l  scanners . 

Ste p 1  o f  cortica l  mappin g identifie d 7  discret e area s o f  activatio n 
on eac h side .  Eac h are a wa s statisticall y define d an d separate d 
by a  stri p o f  whit e matte r  betwee n th e fissures,  ofte n onl y a  fe w 
millimeter s thick .  Bot h hemisphere s produce d th e sam e pattern . 
The particle s wer e define d a s thos e tha t  statisticall y ha d a  p<0.0 1 
and a  particl e siz e >  1 0 m m^ utilizin g a  spU t  hal f  t-tes t  (Schneider , 
Casey &  Nol l  1994) . 

Ste p tw o o f  cortica l  mappin g determine d th e topolog y o f  process -
in g fo r  eac h are a b y mappin g th e activatio n fro m inpu t  i n th e uppe r 
and lowe r  visua l  field.  W e calculate d th e rati o o f  activatio n fo r  eac h 
particl e a s th e percen t  chang e o f  th e uppe r  visua l  field  activatio n 
divide d b y th e lowe r  visua l  activation .  T h e first  tw o stage s ha d a 
quadran t  representation .  Late r  stage s ha d hemifiel d representations , 
and th e las t  stag e ha d a  ful l  field  receptiv e field. 

Ste p thre e o f  th e cortica l  mappin g methodolog y involve s deter -
minin g th e exogenou s an d endogenou s specializatio n o f  eac h o f  th e 
stages .  Activatio n wa s greate r  i n th e fusiform-hngual  are a fo r  thi n 
and colo r  bar s compart e t o fas t  an d slo w motio n o f  dots .  Th e op -
posit e patter n occur s fo r  a  mor e superio r  media l  tempora l  activatio n 
wit h lo w activatio n fo r  thi n an d colo r  stimul i  an d greate r  fo r  fas t  an d 
slo w motion . 

To identif y endogenou s influence s o f  eac h stage ,  w e measure d 
attentiona l  modulatio n an d attentiona l  switchin g i n ne w behaviora l 
paradigms .  Th e attentiona l  modulatio n experiment s include d a  com -
pariso n o f  attendin g t o th e lef t  an d right  hemifields .  W e foun d evi -
denc e fo r  attentiona l  modulatio n i n al l  region s excep t  V I  (calcarin e 
fissure)  suggestin g tha t  attentio n start s a t  th e secon d cortica l  leve l  o f 
th e visua l  system .  T o identif y possibl e location s o f  attentiona l  con -
tro l  w e utilize d a n attentio n switchin g paradig m requirin g switchin g 
attentio n ever y 0. 7 seconds .  W e foun d a  lateralUze d are a i n superio r 
right  parieta l  corte x tha t  i s activ e i n attentiona l  switchin g bu t  fa r  les s 
i n maintaine d attentiona l  processing . 

Base d o n thes e result s ther e ar e a t  leas t  seve n stage s i n early.visua l 
processin g tha t  ca n b e segmente d b y topolog y an d functions .  Thes e 
result s illustrat e h o w a  detaile d cortica l  mappin g methodolog y o f  a 
cognitiv e processin g syste m ca n b e carrie d ou t  wit h f M R I  t o identif y 
multipl e stage s o f  processin g an d thei r  speciaUzation .  W e ar e apply -
in g simila r  method s t o th e stud y o f  languag e processin g identifyin g 
differentia l  activatio n i n th e tempora l  an d fronta l  corte x fo r  rhym e 
judgements ,  subjec t  ver b agreemen t  an d semanti c categorization . 

Th e imagin g result s typicall y identif y a  modes t  numbe r  (e.g. , 
5-15 )  o f  interrelate d area s th e carr y ou t  cognitiv e functions .  T h e 
network s provid e a  basi s fo r  interpretin g an d modehn g o f  cognitiv e 
processes . 
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