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Brai n Imag in g a n d it s impac t  o n th e 

deve lopmen t  o f  Cognitiv e Scienc e 

Walte r  Schneide r  (Organizer ) 
Learnin g Researc h &  Developmen t  Cente r 

Universit y o f  Pittsburgh ,  P A 1522 1 

schneider@vms.cis.pitt.ed u 

Abstrac t 

This symposium will address the new data 

and challenge s presente d b y recen t  advance s 

i n brai n imagin g methodology .  I t  wil l 

includ e tutorial s o n th e availabl e techniques : 

Positro n Emissio n Topograph y (PET) , 

Functiona l  Magneti c Resonanc e Imagin g 

(fMRJ )  an d combine d f M R I  &  hig h densit y 

Evoke d Respons e Potential s  (ERP) .  Th e 

impac t  o f  thes e technique s o n th e 

physiologica l  interpretatio n o f  huma n 

workin g m e m o r y wil l  b e illustrated . 

In the last five years there have been major advances in 

brai n imagin g methodolog y 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 .  Non-invasiv e technique s n o w 

allo w trackin g o f  neura l  activit y b y monitorin g bloo d 

flow  (PET ,  fMRI) ,  specifi c  chemica l  reaction s (PET )  an d 

hig h spee d electrica l  change s (ERP) .  Th e combination s 

of  al l  o f  thes e technique s allo w trackin g of :  th e siz e an d 

exten t  o f  processin g wit h millimete r  resolution ,  th e 

natur e o f  som e o f  th e chemica l  reactions ,  an d th e tim e 

cours e o f  th e networ k cortica l  activity .  Availabilit y an d 

limitation s o f  eac h methodolog y wil l  b e discussed . 

Tempora l  resolutio n o f  fMR I  i s i n th e second s range .  B y 

combinin g technique s w e ca n creat e millimete r  an d 

millisecon d map s o f  cortica l  functio n detailin g 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 .  Ther e wil l  b e fiv e 

speaker s an d a  pane l  discussion .  Abstract s o f  th e five 

talk s ar e presente d below . 

P ET mappin g activit y an d chemistr y o f  cognitiv e 

function .  Camero n S .  Carte r  (Wester n Psychiatri c 

Institut e &  Clini c Universit y o f  Pittsburgh )  &  Mar k 

Mintu n (Universit y o f  Pittsburg h Medica l  Center) . 

Positron emission tomography, or PET, allows the in vivo 

human brai n imagin g o f  a  variet y o f  regiona l 

physiologica l  variables .  Whil e cerebra l  bloo d flo w an d 

cerebra l  metaboli c rat e o f  glucos e ar e th e mos t  c o m m o n 

measurement s made ,  mor e comple x studie s t o 

quantitativ e th e distributio n o f  variou s receptors ,  th e 

occupanc y o f  receptor s wit h neurotransmitters ,  an d th e 

rat e o f  synthesi s an d releas e o f  neurotransmitter s ar e 

increasingl y c o m m o n .  A n understandin g o f  P E T 

methodolog y an d it s limitation s an d potentia l  application s 

require s a n understandin g o f  th e thre e basi c component s 

of  positro n emissio n tomography .  Th e firs t  componen t 

involve s th e instrumentatio n require d fo r  imagin g th e 

radioactivit y distributio n withi n th e brain .  Th e basi c 

principle s o f  coincidenc e detection ,  whic h make s P E T 

uniqu e compare d t o othe r  i n viv o radioisotop e imaging , 

wil l  b e presented .  Th e dramati c impac t  o f  th e recentl y 

develope d three-dimensiona l  acquisitio n scheme s wil l 

als o b e reviewed .  Th e secon d componen t  o f  P E T i s 

radiochemistry .  Th e principle s an d limitation s o f  usin g 

radiotracer s t o prob e regiona l  neurochemistr y an d brai n 

functio n wil l  b e presented .  Finally ,  th e stud y desig n an d 

dat a analysi s componen t  whic h allow s th e P E T 

measurement s o f  radioactivit y t o b e interprete d i n 

physiologi c term s wil l  b e introduced .  Focu s wil l  b e o n 

studie s t o detec t  regiona l  brai n change s t o cognitiv e tas k 

and dru g intervention .  Thi s methodolog y wil l  b e 

contraste d wit h th e technique s require d t o quantitat e 

recepto r  physiology . 

Functiona l  M R I :  Method s an d Applications .  Keit h R . 

Thulbo m ( M R Researc h Center ,  Universit y o f 

Pittsburg h Medica l  Center) . 

The use of functional MRI to probe the hemodynamic 

respons e o f  th e huma n brai n t o changin g neurona l 

activit y durin g cognitiv e processin g i s a  promisin g too l 

fo r  cognitiv e neuroscience .  T o reac h it s ful l  potential , 

th e M R I  technolog y mus t  b e integrate d wit h differen t 
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neuropsychologica l  methodology .  Thi s require s a n 

interdisciplinar y tea m o f  investigator s an d th e 

opportunit y t o desig n optimall y th e technolog y fo r  thi s 

application .  Th e newl y institute d M R Research 

Progra m a t  th e Universit y o f  Pittsburg h Medica l  Cente r 

has provide d thi s environment .  Th e tw o M R scanner s 

at  1. 5 an d 3. 0 Tesl a hav e bee n designe d fo r  fMR l  a t 

hig h spatia l  an d tempora l  resolution .  Th e routin e 

performanc e o f  hig h qualit y fMR l  studie s ha s bee n 

achieve d throug h th e us e o f  a  customize d contro l 

syste m fo r  presentatio n o f  audiovisua l  stimul i  i n 

concer t  wit h imag e acquisition ,  physiologica l 

monitorin g an d tas k performanc e measures .  Thi s 

syste m wil l  b e described ,  an d result s o f  it s  us e i n 

probin g variou s sensor y an d cognitiv e function s wil l  b e 

described . 

ERP and flVIRI multi-modality constraints of 

activit y -  Providin g tempora l  a s wel l  as  spatia l  dat a 

on cognitiv e function .  Michae l  Worde n ,  Walte r 

Schneide r  (Universit y o f  Pittsburgh ) 

High-Density Event-Related Potential (HD-ERP) 

recordin g provide s excellen t  tempora l  informatio n (i n 

th e 1 0 m s range )  indexin g cortica l  informatio n 

processin g bu t  i s limite d i n th e spatia l  informatio n 

whic h i t  supplies .  Functiona l  Magneti c Resonanc e 

Imagin g ( fMRl )  provide s high-resolutio n spatia l 

informatio n (approximatel y 1  m m in-plan e resolution ) 

abou t  activ e brai n area s bu t  littl e informatio n abou t  th e 

tim e cours e o f  activit y i n thes e areas .  W e combin e 

thes e technique s suc h tha t  th e strength s o f  on e 

techniqu e constrai n th e shortcoming s o f  th e other .  W e 

use scal p electrica l  dat a t o determin e th e time-course s 

of  activatio n fo r  th e functiona l  region s identifie d wit h 

fMRl .  Usin g a  multi-fram e visua l  target-searc h 

paradigm ,  evoke d potential s ar e recorde d usin g a  sixty -

tw o channe l  E R P recordin g array .  Discret e area s o f 

cortica l  activatio n ar e identifie d usin g fMR l  scannin g 

on a  conventiona l  1. 5 Tesl a M R I  scanne r  whil e th e 

subjec t  perform s th e identica l  paradigm .  Thi s provide s 

informatio n o n th e numbe r  o f  activ e generator s a s wel l 

as detaile d anatomica l  informatio n abou t  th e 

configuratio n an d orientatio n o f  th e generators .  Th e 

area s o f  cortica l  activatio n determine d wit h fMR l  ar e 

use d t o mode l  th e potentia l  field s whic h ar e recorde d 

unde r  th e sam e paradig m usin g H D - E R P Electrod e 

location s an d skul l  landmark s ar e digitize d fo r  eac h 

subjec t  t o permi t  coregistratio n o f  th e E R P dat a wit h 

th e fMR l  data .  Th e analysi s include s a n assessmen t  o f 

th e goodness-of-fi t  o f  forward-solutio n model s fo r 

earl y visua l  component s constraine d b y fMRI-define d 

area s o f  activation .  Usin g th e combine d technique s w e 

measur e huma n attentiona l  processing . 

P ET studie s o f  verba l  workin g m e m o r y Edwar d E 

Smith ,  Joh n Jonides ,  an d Rober t  Koepp e (Universit y o f 

Michigan) . 

Subjects performed various verbal working memory 

task s whil e bein g scanned .  Ou r  result s indicat e tha t 

verba l  workin g memor y contain s tw o components :  a 

storag e componen t  tha t  i s  partl y mediate d b y structure s 

i n left-hemispher e posterio r  parieta l  cortex ,  an d a 

rehearsa l  componen t  tha t  i s  mediate d b y structure s i n 

fronta l  corte x tha t  ar e know n t o b e involve d i n explici t 

speech ,  including ,  amon g others ,  Broca' s area . 

Functional IMRI Studies of Working Memory and 

Prefronta l  Corte x Jonatha n D .  Cohe n (Carnegi e 

Mello n Universit y &  Wester n Psychiatri c Institut e & 

Clini c Universit y o f  Pittsburgh )  &  Tod d S .  Brave r 

(Carnegi e Mello n University) . 

Prefrontal cortex (PFC) has long been implicated in a 

variet y o f  highe r  cognitiv e functions ,  includin g workin g 

memory.  I n thi s presentation ,  w e describ e a  serie s o f 

studie s usin g fMR l  t o examin e th e rol e o f  P F C i n 

workin g memory .  Al l  studie s use d a  sequentia l  lette r 

m e m o ry task ,  whic h require d tha t  subject s continuall y 

updat e an d maintai n informatio n abou t  th e identit y an d 

sequentia l  orde r  o f  lette r  stimuli .  Th e first  thre e studie s 

established :  a )  th e abilit y  o f  fMR l  t o detec t  activatio n o f 

P FC durin g thi s task ;  b )  th e comparabilit y  o f  thes e 

findings  t o thos e usin g a  differen t  neuroimagin g metho d 

(PET) ;  an d c )  th e test-retes t  stabilit y  o f  findings  withi n 

individua l  subjects .  Th e fourt h experimen t 

parametricall y manipulate d m e m o r y load , 

demonstratin g a  monotoni c increas e i n th e are a an d 

intensit y o f  activatio n a s a  functio n o f  load .  Th e final 

experimen t  varie d th e typ e o f  informatio n tha t  ha d t o b e 

maintaine d i n workin g m e m o r y (lette r  identit y vs . 

spatia l  location) ,  i n a n effor t  t o determin e whethe r 

representation s ar e supporte d b y differen t  region s o f 

prefronta l  cortex .  Take n together ,  thes e studie s 

demonstrat e th e usefulnes s o f  fMR l  fo r  studyin g th e 

neura l  basi s o f  highe r  cognitiv e processe s and ,  i n 

particular ,  provid e new ,  mor e detaile d evidenc e 

concernin g th e involvemen t  o f  P F C i n workin g 

memory. 
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