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REPETITION-SENSITIV E COMPONENTS O F NEURAL ACTIVATION :  EVIDENCE 

FROM INTRACRANIA L RECORDINGS FROM TH E HUMAN MEDIA L TEMPORAL LOB E 
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Universit y o f  Californi a a t  Lo s Angele s 

Eric Halgren 
Departmen t  o f  Psychiatr y an d Biobehaviora l  Sciences , 

and Brai n Researc h Institute ,  UCLA;  and , 
V.A .  Southwes t  Regiona l  Epileps y Cente r 

Gary Heit 
Progra m i n Neuroscience ,  UCLA;  and , 

Stanfor d Universit y Schoo l  o f  Medicin e 

ABSTRACT 

Neuropsychological studies indicate that hippocampal formation in 
th e huma n media l  tempora l  lob e (MTL )  play s a  crucia l  rol e i n th e 
formatio n an d retrieva l  o f  memorie s fo r  recen t  events .  We hav e foun d 
tha t  component s o f  neura l  activit y recorde d fro m th e MTL durin g 
recognitio n memor y testin g discriminat e betwee n repeate d an d 
nonrepeate d words .  Suc h recording s ar e mad e possibl e vi a intracrania l 
electrode s implante d fo r  th e isolatio n o f  seizur e foc i  i n epilepti c 
patients .  Simila r  activit y ca n b e elicite d durin g lexica l  decisio n 
tasks ,  wher e i t  i s  als o sensitiv e t o stimulu s repetition .  I t  ha s bee n 
suggeste d tha t  repetitio n effect s o n lexica l  decisio n performanc e 
measure s ar e a  reflectio n o f  procedura l  learning ,  unlik e th e typ e o f 
learnin g tha t  underlie s recognitio n memor y performance ,  doe s no t 
involv e th e MTL .  Howeve r  simila r  change s i n th e MTL respons e durin g 
bot h lexica l  decisio n an d recognitio n memor y suggest s tha t  a  common 
mechanis m contribute s t o repetitio n effect s acros s tasks .  Thes e 
potential s provid e a  junctur e fo r  studie s a t  bot h th e psychologica l 
and synapti c level s o f  analysis . 

INTRODUCTION 

Many current biologically inspired models of memory and cognition 
represen t  menta l  state s a s pattern s o f  activatio n occurin g acros s a 
networ k o f  processin g unit s (e.g .  Hinto n &  Anderson ,  1981) .  Th e unit s 
ar e mor e o r  les s explicitl y  analogou s t o neura l  element s o r  integrate d 
collection s o f  neura l  elements .  Man y o f  thes e model s shar e a n 
assumptio n tha t  th e occurenc e o f  a  patter n o f  activatio n ca n lea d t o 
an event-specifi c  modificatio n o f  th e system .  Thi s modificatio n i s 
usuall y characterize d a s change s i n th e weightin g o f  connection s 
betwee n units .  Multipl e source s o f  evidenc e indicat e tha t  i n th e huma n 
brai n media l  tempora l  lob e (MTL )  structures — i n particula r  th e 
hippocampu s —mediat e th e initia l  enhancemen t  o f  connectio n strength , 
at  leas t  durin g th e acquisitio n o f  comple x declarativ e knowledge .  I n 
orde r  t o explor e thi s learnin g proces s w e hav e mad e intracrania l 
recording s fro m th e hippocampus ,  parahippocampa l  gyrus ,  an d emphasi s 
on memor y judgment s fo r  recognitio n o f  recen t  previou s occurrence .  I n 
thi s pape r  som e o f  ou r  curren t  finding s fro m thes e studie s wil l  b e 
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described. 

NEUROBIOLOGICAL AND CLINICAL CONTEXT OF RECORDING STUDIES 

The MTL is important for the formation and retrieval of memories 
fo r  recen t  pattern s o f  activation .  Bilatera l  lesion s t o thi s are a 
yiel d a  dens e an d specifi c  amnesi a fo r  recen t  event s (Scovill e & 
Milner ,  1957) .  Unilatera l  lesion s reflec t  hemispheri c specializatio n 
fo r  memor y functions ,  thus ,  lesion s t o th e MI L o f  th e language -
dominan t  hemispher e creat e a  large r  defici t  o n test s fo r  memor y fo r 
verba l  material s tha n d o lesion s o f  th e nondominan t  hemisphere . 
Stimulatio n studie s indicat e tha t  som e importan t  MTL contributio n t o 
memory i s mad e durin g th e firs t  50 0 millisecond s followin g 
presentatio n o f  a  stimulu s (Halgren ,  Wilson ,  &  Stapleton ,  1985) ,  bot h 
when tha t  ite m i s firs t  presente d fo r  learning ,  an d als o whe n i t  late r 
re-occur s a s a  recognitio n probe .  Anatomicall y th e MTL i s 
characterize d b y convergin g excitator y input s fro m bot h modalit y 
specifi c  an d transmoda l  associatio n cortice s (codin g th e result s o f 
perceptua l  an d cognitiv e analyses) ,  an d divergin g output s t o thes e 
same areas ,  creatin g a  circui t  fo r  th e cyclin g o f  activatio n betwee n 
limbi c an d cortica l  area s (Va n Hoesen ,  1982) .  I t  i s  thu s wel l  situate d 
t o affec t  change s i n th e neura l  activatio n tha t  presumabl y underlie s 
experience .  Hippocampa l  synapse s ar e characterize d b y a  plasticit y 
potentiall y  critica l  fo r  trac e formation .  Tha t  is ,  activatio n o f 
hippocampa l  neuron s ca n resul t  i n morphologica l  change s i n thei r 
connectivit y (Lync h &  Baudry ,  1984 )  an d physiologica l  change s i n thei r 
conductivit y tha t  ar e specifi c  t o th e patter n o f  activate d synapti c 
input s (McNaughton ,  1983 ;  Teyle r  &  Piscenna ,  1984) . 

Formal models of the neural basis of human cognitive memory (e.g. 
Gardner-Medwin ,  1976 ;  Halgren ,  1984 ;  Marr ,  1971 )  sugges t  tha t  th e MTL 
help s retai n informatio n abou t  nove l  juxtaposition s o f  pas t  inputs , 
functionin g i n concer t  wit h th e associatio n cortice s an d othe r  area s 
t o modif y th e connectivit y o f  neura l  element s suc h tha t  subsequen t 
partia l  input s wil l  b e sufficien t  t o progessivel y reconstruc t  a 
patter n o f  activatio n simila r  t o tha t  o f  th e origina l  experience .  I n 
effect ,  th e hippocampu s migh t  b e viewe d a s a  sourc e o f  wea k randoml y 
wire d connection s betwee n disparat e cortica l  units .  Selectiv e 
enhancemen t  o f  thes e connection s migh t  yiel d dynami c link s t o suppor t 
memory unti l  mor e permanen t  structura l  change s i n synapti c 
connectivit y ar e forme d (cf .  Feldman ,  1982) .  Grossber g (1976 )  ha s 
emphasize d th e nee d fo r  a  mechanis m t o stabiliz e ne w pattern s o f 
activatio n i f  subsequen t  simila r  inpu t  pattern s ar e t o b e code d int o 
th e sam e recognitio n category .  Halgre n (1984 )  ha s propose d tha t  ne w 
ensemble s o f  cortica l  element s ar e stabilize d a s a  resul t  o f  th e 
emergenc e o f  excitator y associatio n cortex-MTL-associatio n corte x 
feedbac k loop s fro m thes e rando m connections ,  leadin g t o potentiatio n 
of  th e hippocampa l  synapse s i n thi s circuit . 

Unilateral surgical excision of the MTL is a technique often 
employe d i n a n effor t  t o contro l  medicall y intractabl e comple x partia l 
epilepsy .  I n man y case s th e surgica l  prognosi s ca n b e greatl y improve d 
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if the epileptic focus has been previously unambiguously localized to 
one MTL b y monitorin g th e activit y o f  th e MTL s durin g th e onse t  an d 
sprea d o f  seizure s (Delgado-Escuet a &  Walsh ,  1983) .  Suc h monitorin g i s 
made possibl e b y recordin g fro m chronicall y implante d intracrania l 
electrodes .  Whil e awaitin g th e spontaneou s occurenc e o f  seizures ,  th e 
opportunit y sometime s exist s t o recor d th e electrica l  activit y o f  th e 
MTL whil e th e patien t  i s  engage d i n controlle d cognitiv e tasks .  Suc h 
recording s provid e a  uniqu e windo w fo r  monitorin g neura l  activit y 
possibl y centra l  t o memor y processes . 

A common technique in human electrophysiological studies is to 
repeatedl y sampl e activit y elicite d i n conjunctio n wit h som e shar p 
onse t  stimulu s event ,  suc h a s th e presentatio n o f  word s i n relativel y 
simpl e judgmen t  tasks .  Stimulus-locke d recording s ca n b e subjecte d t o 
signa l  averagin g technique s t o produc e a  representatio n o f  th e 
prototypica l  sequenc e o f  neura l  activit y specifi c  t o th e processin g o f 
stimul i  o f  tha t  class .  Suc h representation s ar e referre d t o a s event -
relate d potential s (ERPs) .  ER P component s ar e typicall y identifie d a s 
characteristi c task-relate d peak s o n th e average d wavefor m an d 
referre d t o b y thei r  typica l  polarit y an d latenc y t o pea k amplitude . 
Isomorphism s ar e ofte n mad e betwee n suc h component s o f  ERPs ,  an d 
inferre d concommitan t  cognitiv e processes .  I n contras t  t o recording s 
of  th e action-potential s fro m individua l  neurons ,  thes e fiel d 
potential s reflec t  th e summatio n o f  relativel y co-tempora l  synapti c 
potential s acros s a  populatio n o f  neurons .  The y mus t  the n mor e closel y 
represen t  gros s envelope s o f  activatio n tha t  pars e o r  modulat e menta l 
event s rathe r  tha n closel y reflectin g specifi c  informatio n 
transactions .  Howeve r  eve n thi s gros s measur e i s highl y sensitiv e t o 
ite m specifi c  feature s suc h a s th e intrinsi c meanin g o f  a  stimulus , 
it s  relationshi p t o loca l  context ,  an d whethe r  i t  ha s als o occurre d i n 
th e recen t  past . 

INTRACRANIAL ERPs DURING RECOGNITION MEMORY TESTING 

Scalp-recorded ERPs, inasmuch as they are one of the few measures 
by whic h neura l  activit y ca n b e noninvasivel y monitore d i n norma l 
humans,  hav e bee n intensivel y studied .  Among man y othe r  things ,  suc h 
recording s hav e indicate d tha t  th e waveform s elicite d i n norma l 
subject s durin g testin g fo r  recognitio n o f  previou s occurrenc e 
discriminat e betwee n repeate d word s an d foil s (foil s  i n thi s tas k ar e 
word s tha t  ar e wel l  know n i n th e lexicon ,  bu t  hav e no t  occurre d befor e 
i n th e tes t  context ,  i.e .  'nonrepeated '  words) .  Thi s discriminatio n i s 
eliminate d i n subject s wh o hav e receive d surgica l  lesion s tha t  includ e 
media l  structure s i n th e tempora l  lob e o f  th e languag e dominan t 
hemispher e (Smit h &  Halgren ,  i n preparation) .  Suc h a n effec t 
underscore s a  globa l  contributio n o f  th e MTL t o pattern s o f  neura l 
activation .  Howeve r  scalp-recorde d ERPs represen t  th e smearin g o f 
activit y fro m multipl e intracrania l  curren t  sources ,  an d thu s ar e 
seldo m informativ e wit h respec t  t o th e specifi c  activit y o f  an y 
particula r  brai n system .  Recordin g directl y fro m th e MTL allow s th e 
monitorin g o f  th e activit y o f  loca l  neurona l  populations .  Th e 
hippocampu s i s a  laminate d structure ,  wit h th e apica l  dendrite s o f  it s 
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pyramidal cells arranged in a highly regular parallel fashion. This 
architectur e i s appropriat e fo r  th e summatio n o f  synchronou s synapti c 
potentials ,  an d thu s potentiall y  fo r  th e generatio n o f  ERPs .  MTL -
generate d ERPs hav e bee n know n fo r  som e tim e t o b e elicite d i n simpl e 
perceptua l  discriminatio n task s (e.g .  Halgren ,  Squires ,  Wilson , 
Rohrbaugh ,  Babb ,  &  Crandall ,  1980) . 

In recent years we have been recording MTL activity during more 
demandin g cognitiv e tasks ,  suc h a s th e recognitio n memor y (RM )  tas k 
mentione d above .  I n thi s tas k subject s ar e presente d wit h a  serie s o f 
180 common word s organize d int o nin e randoml y ordere d blocks .  Te n 
word s ar e common t o al l  block s an d serv e a s th e targe t  set .  Th e othe r 
90 ar e presente d onl y once .  Followin g th e firs t  block ,  subject s 
indicat e b y a  keypres s whethe r  eac h wor d ha s als o occurre d earlie r  i n 
th e test .  Word s ar e expose d fo r  30 0 mse c ever y 250 0 msec ,  an d a 
feedbac k ton e occur s 120 0 mse c afte r  wor d onset .  Althoug h thi s tes t  i s 
ver y eas y fo r  norma l  subjects ,  wh o consistentl y perfor m i t  wit h a  hi t 
rat e o f  wel l  ove r  90 % acros s block s an d ver y fe w fals e recognitions , 
i t  i s  highl y sensitiv e t o MTL dysfunction .  Subject s wh o hav e receive d 
unilatera l  left-side d MTL lesion s scor e substantiall y  belo w th e norma l 
rang e i n RM,  an d hi t  rat e approache d th e chanc e leve l  i n on e amnesi c 
patien t  wh o wa s tested . 

Intracranial recordings are typically made simultaneously from 
multipl e electrode s an d recordin g contacts ,  samplin g activit y fro m 
bot h MTL s acros s multipl e anatomica l  structures .  Suc h recording s 
durin g R M ar e characterize d b y long-latenc y (300-80 0 mse c t o pea k 
amplitude )  an d larg e amplitud e (ofte n 5 0 t o 25 0 microvolts )  ER P 
components ,  tha t  ofte n discriminat e betwee n repeate d an d nonrepeate d 
words .  Th e voltag e an d polarit y o f  thes e ER P component s ca n var y 
greatl y bot h withi n an d acros s MTL structures ,  wit h larg e difference s 
ofte n see n betwee n eve n closel y space d electrod e contact s (fo r  a  mor e 
detaile d explanatio n o f  recordin g metho d an d results ,  se e Smith , 
Stapleton ,  &  Halgren ,  1986) .  Potential s recorde d fro m th e lef t 
amygdal a o f  seve n patient s durin g R M ar e illustrate d i n figur e 1 .  A s 
can b e see n i n th e figur e a  robus t  negativ e componen t  wa s observe d 
betwee n 300-50 0 mse c afte r  stimulu s onse t  (N460 )  i n respons e t o word s 
on thei r  firs t  presentation .  Althoug h th e synapti c basi s o f  thi s 
componen t  i s speculative ,  i t  possibl y represent s th e summatio n o f 
synchronize d synapti c activatio n o f  hippocampa l  pyramida l  cell s i n 
respons e t o diffus e cortica l  input .  Th e N46 0 i s muc h attenuate d whe n 
i t  i s  elicite d i n respons e t o repeate d words ,  suggestin g tha t  th e MTL 
(o r  it s input )  wa s modifie d i n som e wa y b y th e recen t  experienc e wit h 
th e initia l  pattern s o f  activatio n elicite d b y th e se t  o f  repeate d 
words .  Thi s differenc e i s no t  simpl y du e t o a  stat e chang e o r 
nonspecifi c  habituation ,  i n tha t  repeate d an d nonrepeate d word s ar e 
intermixe d i n a  rando m sequence .  Followin g th e N46 0 t o correctl y 
recognize d repeate d words ,  a  broad ,  typicall y positiv e potentia l 
(P620 )  wa s ofte n observe d a t  man y MTL sites .  A  componen t  wit h a 
simila r  MTL voltag e distributio n i s als o elicite d b y attende d 
infrequen t  stimul i  i n simpl e perceptua l  discriminatio n task s (e.g . 
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Halgren et al, 1980). Current evidence suggests that it is associated 

vit h a  decreas e i n loca l  neurona l  firin g (Altafullah ,  Halgren , 

Stapleton ,  &  Crandall ,  1986) ,  possibl y a s a  resul t  o f  recurren t 

inhibitio n o f  hippocampa l  pyramida l  cell s (cf .  Andersen ,  Eccles ,  & 
Loyning ,  196A) . 

Let t  Amygdal t 

Pt  16 B 

Pt  17 0 

T>t17 1 

Figur e 1 .  Averag e 
waveform s recorde d 
fro m th e lef t 
amygdal a o f  7 

patient s durin g 
recognitio n memor y 
testing .  Negativit y 
i s u p i n thi s an d 
subsequen t  trace s 
(fro m Smith , 
Stapleton ,  & 
Halgren ,  1986) . 

Pt  17 6 

novel s 

repeat s 

I 

Pt  18 0 

V v̂x 
Pt  18 1 

Pt  17 7 
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Large amplitude, steep voltage gradients, and polarity reversals 
ove r  shor t  distances ,  strongl y sugges t  tha t  th e N46 0 an d P62 0 ar e 
generate d withi n th e MTL .  Furthe r  evidenc e fo r  loca l  generatio n i s 
provide d b y recording s fro m raulticontact  electrode s tha t  allo w neura l 
activit y t o b e sample d a t  regula r  spatia l  interval s fro m th e media l 
tempora l  lob e site s ou t  t o th e ipsilatera l  tempora l  cortex .  Suc h 
recording s indicat e th e thes e potential s ar e consistentl y o f  larges t 
amplitud e a t  MTL contacts .  I n addition ,  i n patient s wit h sever e MTL 
pathology ,  thes e component s ar e ofte n absen t  o r  extremel y corrupted ,  a 
resul t  tha t  woul d no t  b e expecte d i f  the y originate d fro m extra-MT L 
sources . 

Thus, these potentials appear to be generated in a brain 
structur e critica l  fo r  cognitiv e memory ,  a t  a  tim e whe n tha t  structur e 
migh t  reasonabl y b e assume d t o b e makin g som e importan t  contributio n 
t o performance .  That ,  an d thei r  consisten t  sensitivit y t o recen t 
occurence s o f  simila r  pas t  inputs ,  provid e stron g circumstantia l 
evidenc e tha t  thes e potential s directl y reflec t  th e neura l  activit y 
inheren t  i n th e earl y stage s o f  memor y formation/retrieval .  Th e N46 0 
migh t  wel l  represen t  a  patter n o f  activatio n tha t  result s i n th e 
enhancemen t  o f  wea k laten t  connection s betwee n cortica l  element s tha t 
i s  probabl y centra l  t o memor y fo r  th e nove l  aspect s o f  recen t 
experience .  Th e P62 0 migh t  represen t  a  complementar y proces s o f 
dampenin g tha t  help s preven t  th e recedin g o f  recentl y repeate d item s 
and promote s contex t  reconstruction .  Gardner-Medwi n (1976 )  foun d tha t 
optima l  reconstructio n o f  a  patter n fro m memor y wa s obtaine d whe n th e 
threshol d fo r  neura l  firin g i s initiall y  lo w an d the n graduall y 
increase s ove r  successiv e iteration s i n a  progressiv e recall .  Wit h a 
lo w threshold ,  a  cu e suc h a s a  recognitio n prob e i s abl e t o activat e 
more o f  it s  origina l  contextua l  associates .  A s th e emergin g patter n 
stabilizes ,  a n increas e i n threshol d inhibit s th e activatio n o f 
tangentia l  elements .  Th e temporall y progressiv e enhancemen t  o f  th e 
P620 fo r  repeate d word s migh t  thu s reflec t  thi s typ e o f  threshol d 
incrementatio n i n th e recognitio n process . 

INTRACRANIAL ERFs RECORDED DURING LEXICAL DECISION 

We have attempted to extend our findings by contrasting the 
component s elicite d durin g R M wit h thos e obtaine d fro m recording s i n 
comparabl e tasks .  Intracrania l  recording s fro m th e MTL yiel d wavefor m 
record s wit h a  distinc t  voltag e distributio n acros s recordin g site s 
fo r  eac h componen t  i n eac h subject .  Thus ,  withi n individua l  subject' s 
record s i t  i s  possibl e t o mak e systemati c comparison s o f  th e dept h 
voltag e topograph y o f  a  componen t  i n orde r  t o ascertai n it s identit y 
acros s differen t  elicitin g tasks .  B y utilizin g thi s strateg y w e hav e 
foun d tha t  N46 0 componen t  i s als o elicite d durin g lexica l  decisio n 
(LD )  tasks ,  wher e subject s ar e require d t o discriminat e word s fro m 
nonsens e lette r  string s (Smit h e t  al ,  1986) . 

Reaction time studies have indicated that repetition of items 
facilitate s performanc e spee d an d accurac y i n LD .  I n thi s tas k n o 
over t  judgmen t  o f  recen t  previou s experienc e i s required ,  an d learnin g 
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of the stimulus set is incidental rather then intentional. To test 

whethe r  th e repet i t io n relate d decreas e i n MT L N46 0 ampl i tud e coul d b e 

general ize d t o thes e cond i t ions ,  intracrania l  recording s wer e obtaine d 

dur in g bot h R M an d L D i n th e sam e sub jec ts .  Individua l  tr ia l  t imin g 

an d v isua l  s t imulu s quali t y wa s th e sam e i n bot h tasks .  I n thi s 

vers io n o f  L D st imul i  wer e structure d i n a n init ia l  bloc k o f  3 2 an d 

thre e subsequen t  b lock s o f  6 A t r ia ls .  Orde r  wa s randomize d withi n 

b locks .  Hal f  o f  th e t r ia l s i n eac h bloc k wer e lette r  str ing s tha t  di d 

no t  for m w o r d s .  Th e 3 2 i tem s i n th e firs t  b loc k wer e subsequentl y 

SI 

Righ t  P S 

Lef t  P S 

Recognitio n Memor y 

--ocr^^-- , 

Lexica l  Decisio n 

fio^^-^1'' 

S 2 

Lef t  M P 

Lef t  P G .^s A 

S 3 

Lef t  A M 

Lef t  M P 

Nonrepea t 

Repeat 

I  .  I  I  I 
eoo 120 0 msac 

I  I  I  I  I 

F igur e 2 .  Compar iso n o f  repet i t io n relate d change s i n MT L 

recorde d ERP s betwee n recognit io n memor y an d lexica l  decisio n 

tasks .  Scal e i s 5 0 microvol ts .  Negativi t y i s up .  PS=presubiculura , 

MP= middl e pe s h ippocampus ,  PG = posterio r  parahippocampa l  gyrus , 

AM= amygdala . 
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repeated in each of the other three blocks. All other items were 
presente d onl y once . 

We have found that in normal subjects scalp-recorded ERPs 
elicite d durin g L D discriminat e betwee n repeate d item s an d thos e 
presente d a  firs t  time .  Thes e difference s ar e ver y simila r  t o thos e 
observe d betwee n nonrepeate d word s an d target s i n RI- l  (Smit h &  Halgren , 
1986) .  Intracrania l  ERPs recorde d durin g R M an d L D i n thre e patient s 
ar e compare d i n Figur e 2 .  I n thes e thre e subject s seizur e onse t  wa s 
localize d t o th e nondominan t  MTL .  The y performe d i n th e norma l  rang e 
on R M an d LD ,  an d displaye d a  substantia l  enhancemen t  o f  respons e 
spee d an d accurac y followin g wor d repetitio n i n LD .  A s ca n b e see n i n 
th e figur e a  negativit y extendin g fro m abou t  300-50 0 mse c wa s elicite d 
by word s presente d fo r  a  firs t  tim e i n RM.  Thi s potentia l  wa s followe d 
by a  typicall y positiv e componen t  tha t  extendin g betwee n 500-70 0 mse c 
post-stimulu s onset .  Th e firs t  componen t  i s analogou s t o th e N46 0 
potentia l  observe d i n th e earlie r  serie s o f  patients ,  agai n bein g 
smalle r  i n amplitud e whe n elicite d b y repeate d words .  A  negativit y 
simila r  i n amplitude ,  MTL voltag e distribution ,  an d latency ,  ca n als o 
be see n i n respons e t o item s presente d fo r  a  firs t  tim e fo r  lexica l 
judgment .  A n effec t  o f  repretitio n o f  simila r  magnitud e t o tha t 
observe d i n R M wa s als o observe d i n th e lat e negativ e componen t 
recorde d i n LD .  Similarly ,  th e secon d componen t  i s analogou s t o th e 
P620 potentia l  describe d above ,  an d ca n als o b e see n i n LD .  I n bot h 
tasks ,  i t  i s  relativel y large r  i n respons e t o repeate d items .  I t  i s  o f 
interes t  t o not e tha t  thi s effec t  wa s obtaine d eve n thoug h th e se t  o f 
repeate d item s i n L D wa s muc h large r  tha n i n R M (3 2 v s 10) ,  the y wer e 
repeate d fewe r  time s ( 4 v s 9 ) .  repetition s wer e separate d b y a  muc h 
longe r  averag e la g (ove r  2  mi n v s 5 0 sec ,  wit h man y mor e intervenin g 
items) ,  subject s wer e no t  instructe d t o remembe r  th e items ,  an d n o 
over t  judgmen t  o f  recen t  occurenc e wa s required . 

Parallel voltage distributions and task correlates strongly 
suppor t  th e ide a tha t  identica l  population s o f  neuron s ar e bein g 
activate d i n a  simila r  manne r  i n bot h tasks .  Comparabl e effect s o f 
repetitio n o n ER P component s i n bot h R M an d L D indicat e tha t  thes e 
effect s ar e robus t  an d tha t  th e MTL make s a  genera l  contributio n t o 
cognitiv e processin g i n bot h tasks .  Moscovitc h (1982 )  foun d tha t  a 
grou p o f  subject s wit h memor y disorders ,  includin g institutionalize d 
elderl y subject s an d patient s i n th e earl y stage s o f  Alzheimer' s 
disease ,  stil l  sho w repetitio n relate d facilitatio n i n LD .  H e thu s 
propose d tha t  facilitatio n i n L D reflect s change s i n th e 'procedural ' 
system ,  an d wer e independen t  o f  intac t  MTL functio n (cf .  Cohen ,  1984) . 
However  th e exten t  o f  MTL patholog y i n thos e subject s wa s unknown .  I n 
contrast ,  th e famou s amnesi c patien t  H.M. ,  wh o suffer s fro m wel l 
documente d bilatera l  surgica l  remova l  o f  th e MTL ,  ha s bee n reporte d t o 
sho w n o facilitatio n i n L D whe n judgin g repeate d word s (Gabrielli , 
Cohen,  Huff ,  Hodgeson ,  &  Corkin ,  1984) .  Further ,  recen t  psychologica l 
studie s hav e foun d tha t  'episodic '  source s o f  primin g ca n hav e effect s 
on L D performanc e parallelin g primin g fro m othe r  source s (McKoo n & 
Ratcliff ,  1986) .  Thus ,  i n additio n t o extendin g th e condition s unde r 
whic h repetitio n effect s o n th e MTL N46 0 migh t  b e obtained ,  thes e 
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results are consistent with the idea that repetition priming effects 
i n lexica l  decisio n d o no t  solel y reflec t  procedura l  learning ,  bu t 
instea d shar e tas k relate d component s o f  neura l  activatio n wit h 
overtl y MTL-dependen t  task s suc h a s recognitio n memor y (fo r  a  simila r 
conclusio n derive d fro m a n insightfu l  serie s o f  behaviora l  studies , 
se e Ratcliff ,  Hockley ,  &  McKoon ,  1985) . 

SUMMARY 

We have recorded field potentials from the human hippocampus and 
associate d structure s i n orde r  t o bette r  understan d ho w thes e brai n 
area s contribut e t o memory .  Thes e recording s hav e reveale d repetition -
sensitiv e component s o f  MTL activation .  On e componen t  i s larges t  whe n 
a stimulu s occur s fo r  a  firs t  tim e withi n a  context ,  an d i s smalle r  o n 
subsequen t  presentations .  Thi s componen t  migh t  represen t  a  patter n o f 
activatio n tha t  result s i n th e enhancemen t  o f  wea k laten t  connection s 
betwee n cortica l  processin g elements .  A  secon d componen t  i s instea d 
enhance d t o repeate d items ,  possibl y reflectin g a  dampenin g proces s 
tha t  decrease s th e nois e leve l  i n th e network ,  o r  alternatively ,  tha t 
provide s a  mechanis m t o rese t  th e syste m afte r  i t  reache s a  stabl e 
poin t  (cf .  Anderso n &  Silverstein ,  1978 ;  Grossberg ,  1978) .  Thes e 
component s ca n b e identifie d i n bot h recognitio n memor y an d lexica l 
decision ,  suggestin g tha t  th e media l  tempora l  lob e make s a  wide -
rangin g contributio n t o repetitio n effects .  Analyse s o f  thes e 
component s a t  bot h th e synapti c an d th e psychologica l  level s migh t 
provid e a  junctur e fo r  linkin g thes e domain s o f  memory . 

Supported by USPHS grant number NS18741 to E.H., and the Veterans' 
Arainistration . 
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