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Abstrac t 

Globtil recognition models usually assume 
recognitio n i s base d o n a  singl e number , 

generjill y  interprete d a s 'familiarity' .  Clark , 

Hori ,  an d Calla n (i n press) ,  teste d th e adequac y 

of  suc h model s fo r  associativ e recognition ,  a 

paradig m i n whic h subject s stud y pair s an d 

must  distinguis h the m fro m th e sam e word s 

rearrange d int o othe r  pairs .  Subject s chos e a 

tcirge t  pai r  fro m a  se t  o f  thre e choices .  I n on e 

conditio n al l  thre e choice s containe d a  common , 

share d wor d (OLAP) ;  i n th e othe r  condition ,  al l 

word s wer e uniqu e (NOLAP) .  Subject s 

performe d slightl y bette r  i n th e N O L A P 

condition ,  bu t  globa l  recognitio n model s predic t 

an O L A P advantage ,  du e t o th e correlatio n 

among tes t  pairs .  Clar k e t  al .  (i n press ) 

suggeste d tha t  th e subject s ma y hav e use d 

cued-recal l  t o supplemen t  thei r  familiarit y 

judgments :  th e greate r  numbe r  o f  imiqu e 

word s i n th e N O L A P cas e provide s extr a 

retrieva l  chance s tha t  ca n boos t  performance . 

We teste d thi s possibilit y  b y implementin g a 

retrieva l  structur e tha t  lead s t o a  hybri d o f 

cued-recal l  an d recognition .  W e di d thi s fo r 

severa l  curren t  memor y models ,  includin g 

connectionis t  an d neura l  ne t  models .  Fo r  al l  o f 

th e model s w e explore d ,  th e observe d N O L A P 

advantag e wa s difficul t  t o impossibl e t o 

produce .  Whil e som e researcher s propos e tha t 

ther e i s a  cued-recal l  componen t  t o associativ e 

recognition ,  ou r  modelin g show s tha t  thi s 

componen t  canno t  b e realize d easil y i n th e 

extan t  memor y model s a s the y ar e currentl y 

formulated . 

Thi s  research  wa s supporte d b y gran t  NIM H 1271 7 t o 

Richar d M.Shiffrin . 

Introductio n 

The question of the relation between 

recognitio n an d recal l  ha s alway s bee n 

prominen t  i n th e stud y o f  memor y (e.g .  Tulvin g 

& Watkins ,  1973) ,  wit h mos t  o f  th e debat e 

focusin g o n th e numbe r  an d natur e o f  retrieva l 

processe s involved .  Fo r  instance ,  i n a n 

associativ e recognitio n tas k th e subjec t  i s 

presente d wit h a  lis t  o f  pair s o f  words ;  a t  tes t 

th e subjec t  ha s t o discriminat e betwee n intac t 

pair s tha t  wer e o n th e lis t  an d rearrange d pairs . 

Thi s tas k coul d b e accomplishe d b y a  hybri d o f 

cued-recal l  an d globa l  recognitio n (Clark ,  Hori , 

& Callan ,  i n press) :  1 )  Th e tas k ca n b e 

accomplishe d b y obtainin g fro m memor y a  non -

specifi c  'degre e o f  match "  o r  'feelin g o f 

familiarity' ,  base d o n a  su m acros s al l  store d 

pairs ,  whic h w e ter m 'globa l  recognition' ;  thi s 

proces s doe s no t  requir e retrieva l  o f  a  specifi c 

association ;  o r  2 )  Th e tas k ca n b e accomplishe d 

by recal l  o f  specifi c  associations ,  use d eithe r  t o 

accep t  th e targe t  pai r  o r  rejec t  th e distracto r 

pairs ,  whic h w e ter m 'cued-recall' .  Extan t 

memory models ,  however ,  almos t  universall y 

adop t  orJ y th e globa l  recognitio n component , 

not  onl y fo r  singl e ite m recognition ,  bu t  als o fo r 

associativ e recognition ,  th e subjec t  o f  thi s 

article . 

Evidenc e fo r  a  recal l  componen t  i n 

associativ e recognitio n task s come s fro m a 

variet y o f  studies .  Fo r  example ,  wor d 

frequenc y i s a  variabl e tha t  show s a  dissociatio n 

betwee n recogiutio n an d recal l  tasks ; 

recognitio n performanc e i s bette r  fo r  lo w 

frequenc y (LF )  word s tha n fo r  hig h frequenc y 

(HF )  words ,  whil e recal l  performanc e i s bette r 

fo r  H F word s tha n fo r  L F words .  Clar k an d 

Shiffri n (i n press )  showe d tha t  associativ e 
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recognitio n performanc e i s bette r  fo r  H F word s 

tha n fo r  L F words ,  whic h i s consisten t  wit h th e 

recal l  findings .  I n a  stud y o f  th e tim e cours e o f 

ite m an d associativ e informatio n Gronlun d an d 

Ratdif f  (1989 )  foun d tha t  w h e n subject s ha d t o 

discriminat e intac t  fro m rearrange d pairs , 

decision s tha t  require d associativ e informatio n 

wer e abou t  22 0 m s slowe r  tha n w h e n th e 

decisio n coul d b e base d o n ite m informatio n 

alone .  O n e o f  thei r  explaiution s o f  thes e dat a 

involve d a  recal l  proces s operatin g i n 

conjunctio n wit h a  globa l  matchin g mechanism , 

wher e eac h o f  th e mechanism s us e differen t 

cue s t o gai n acces s t o ite m an d associativ e 

ir\formation . 

M o r e recentl y Clar k e t  al .  (i n press )  explore d 

th e relationshi p betwee n recognitio n an d recal l 

b y usin g forced-choic e associativ e recognition . 

Subject s ar e presorte d wit h a  lis t  o f  pair s o f 

w o r d s durin g stud y an d ar e teste d unde r  tw o 

conditions ,  calle d O L A P an d N O L A P .  I n th e 

O L AP condition ,  target s an d distractor s hav e 

overlappin g items ,  whil e i n th e N O L A P 

conditio n ther e ar e n o overlappin g item s 

betwee n target s an d distractors .  Figur e 1  show s 

h o w th e tw o tes t  conditio n ar e constructe d fro m 

th e presente d pair s o f  word s (denote d b y A B , 

C D,  EF ,  etc.) .  Durin g a n O L A P tes t  th e subjec t 

coul d b e aske d t o discriminat e th e targe t  A B 

fro m distractor s A D an d A F ,  whil e fo r  a 

N O L AP tes t  th e targe t  coul d b e A B ,  wit h C F 

an d G J a s distractors . 

OLAP TEST AB AD AF 

STUDY PAMS AB CD EF GH U etc-

NOLAPTEST AB CF GJ 

Figure 1. Test conditions OLAP and NOLAP. Adopted firom 

dar k e t  a L (i n press) . 

Clark et al. (in press) used this procedure in 

thre e differen t  experiments .  I n Experimen t  1 

hal f  th e subject s receive d O L A P tes t  trial s an d 

th e othe r  hal f  N O L A P tes t  trial s (betwee n 

subject s design) .  Th e performanc e measur e 

use d w a s th e proportio n o f  hit s i n ead \ 

conditicm ,  i.e .  th e n u m b e r  o f  time s th e subjec t 

correctl y identifie s th e intac t  pai r  divide d b y th e 

tota l  n u m b e r  o f  tes t  trials .  Result s showe d a 

larg e N O L A P advantag e o f  abou t  1 2 percent . 

bu t  thi s coul d b e du e t o difference s i n storag e 

or  retrieva l  strategie s fo r  th e tw o conditions . 

Experimen t  2  w a s designe d t o remed y thi s 

problem :  O L A P an d N O L A P trial s wer e mixe d 

togethe r  withi n eac h tes t  sequence ,  therefor e 

eliminatin g th e possibilit y o f  differen t  stud y o r 

tes t  strategies .  Usin g th e mixe d trials ,  th e 

N O L AP advantag e w a s sligh t  o r  missing .  T o 

see whethe r  th e chang e fro m Experimen t  1  wa s 

du e t o stud y o r  tes t  strategies .  Experimen t  3 

use d a  singl e stud y list ,  t o b e followe d b y eithe r 

an O L A P o r  N O L A P tes t  list ,  bu t  subject s di d 

not  k n o w whic h unti l  afte r  study .  Result s n o w 

showe d a  larg e N O L A P advantage ,  whid i 

suggeste d a  respons e strateg y accounte d fo r 

s o me o f  th e difference s betwee n Experiment s 1 

and 2 . 

Thes e experimenta l  dat a ar e no t  i n 

agreemen t  wit h th e prediction s o f  th e extan t 

memory models .  Clar k e t  al .  (i n press ) 

simulate d th e O L A P / N O L A P condition s wit h 

variou s globa l  recognitio n models ,  includin g 

S AM (GiUun d &  Shiffrin ,  1984) ,  Minerv a 2 

(Hintzman ,  1984 ,  1988) ,  an d T O D A M 

(Murdock ,  1982) .  Fo r  thes e models ,  fo r  bot h 

O L AP an d N O L A P,  th e mea n 'familiarity '  o f 

intac t  pair s i s greate r  tha n th e mea n familiarit y 

of  rearrange d pairs .  However ,  th e familiarit y 

value s ar e no t  independen t  fo r  th e O L A P 

condition :  th e AB ,  A D an d A F pair s al l  shar e 

th e wor d A ,  an d th e familiaritie s ar e tfierefore 

correlated ,  wherea s th e AB ,  CF ,  an d G J pair s i n 

th e N O L A P conditio n ar e independent .  Thi s 

correlatio n result s i n a  smalle r  varianc e o f  th e 

differenc e distributio n fo r  O L A P pairs ,  an d 

therefor e performanc e i s predicte d t o b e bette r 

fo r  th e O L A P conditio n (Clar k e t  al. ,  i n press) . 

One exceptio n i s T O D A M,  fo r  whic h botf i  ite m 

informatio n an d associativ e informatio n ar e 

store d i n th e memor y vector ;  whe n th e weight s 

on th e ite m informatio n ar e se t  t o zer o (n o 

informatio n stored) ,  T O D A M predict s n o 

differenc e i n performanc e betwee n O L A P aiK i 

N O L AP (bu t  canno t  predic t  a  N O L A P 

advantage) . 

Clar k (1992 )  suggeste d tha t  associativ e 

recognitio n require s a  retrieva l  proces s simila r 

t o tha t  o f  cued-recal l  operatin g alon g wit h th e 

globa l  matchin g process .  W e teste d h o w suc h a 

combine d mode l  doe s i n predictin g th e result s 

fro m th e O L A P / N O L A P paradigm ,  withi n th e 

framework s o f  th e followin g models :  S A M, 
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Minerv a 2 ,  T O D A M,  an d McClellan d an d 

Rumelhart' s  Auto-assodato r  (McClellan d an d 

Rumelhart ,  1986) . 

Theoretical Mechanisms 

How does cued-recall help produce a 

N O L AP advantage ? I n th e N O L A P conditio n 

ther e ar e extr a uniqu e cues ;  ihei e ar e 6  uniqu e 

word s i n th e N O L A P conditicm ,  wherea s i n th e 

O L AP conditio n ther e ar e or\l y  4  uniqu e words . 

Suppos e th e subjec t  use s eac h uiuqu e wor d t o 

tr y t o recal l  a  studie d pair .  I f  a  retrieve d pai r  i s 

foun d tha t  matche s on e o f  th e thre e tes t  pairs , 

tha t  choic e i s made .  I f  a  retrieve d pai r  matche s 

onl y on e ite m fro m a  tes t  pair ,  tha t  pai r  i s 

eliminated .  I f  a t  th e en d o f  recall ,  mor e tha n 

one pai r  remain s viable ,  globa l  recognitio n i s 

invoked .  W h e n ther e ar e mor e uniqu e item s 

presente d i n th e tes t  pairings ,  a s i n N O L A P, 

ther e i s a  greate r  probabilit y  o f  obtainin g usefu l 

ii\formatio n (i.e. ,  informatio n allowin g 

eliminatio n o f  distracto r  pairs) .  Fo r  example , 

when teste d wit h distractor s (CF ,  GJ )  a  retrieva l 

t o an y o f  thes e fou r  item s woul d allo w 

eliminatio n o f  th e pai r  i n question .  W h e n teste d 

wit h distractor s (AD ,  AF )  onl y retrieval s t o D 

and F  allo w elinunatio n o f  thos e tes t  pair s 

(retrieva l  t o cu e A  o r  B  woul d allo w correc t 

performanc e fo r  bot h O L A P an d N O L A P ) . 

I n realit y thing s ar e slî tl y  mor e 

complicate d tha n thi s fo r  tw o reasons :  1 )  Ther e 

i s a  possibilit y  tha t  incorrec t  retrieval s occur ;  2 ) 

Successiv e retrieva l  attempt s wit h th e sam e cu e 

(i.e. ,  th e overlappin g item .  A )  m i ^ t  slightl y 

inCTeas e th e chance s o f  retrieval .  Actually , 

neithe r  o f  thes e complication s dunge s th e basi c 

argument .  T o demonstrat e this ,  w e carrie d ou t 

th e followin g simulation s fo r  eac h o f  th e fou r 

differen t  memor y models : 

1. "Step" through the set of three test pairs 

i n rando m sequenc e 

2.  Appl y cued-recal l  t o eac h ite m o f  th e pai r 

and compar e th e returne d ite m (i f  any )  t o 

th e existin g paire d item . 

3.  I f  th e pai r  i s  labele d a s a  mismatch ,  i t  i s 

eliminate d a s a  possibl e answer . 

4.  I f  th e pai r  i s  labele d a s a  match ,  i t  i s 

chose n a s th e answe r  an d th e proces s 

stops . 

5.  I f  th e result s o f  cued-recal l  ar e mixe d 

{matc h fro m on e cu e an d mismatc h fro m 

th e other )  o r  i f  the y wer e no t  "strong " 

enoug h t o b e conclusive ,  th e pai r  i s 

labele d a s unkrumm . 

6.  I f  tw o pair s hav e bee n labele d a s 

mismatches ,  th e thir d i s chose n a s th e 

answer  throug h elimination . 

7.  I f  th e las t  pai r  i s  reache d an d th e answe r 

has rK> t  bee n reache d throug h matc h o r 

elimination ,  th e staiKlar d globa l 

recognitio n measur e fo r  tha t  mode l  i s 

use d t o choos e betwee n th e pair s labele d 

as unknown . 

Results and Discussion 

The method discussed in the last section was 

implemente d withi n S A M,  Minerv a 2 ,  T O D A M, 

and th e Auto-assodato r  (th e natur e o f 

informatio n storage ,  mechanism s o f  recognitic m 

and cued-recall ,  an d relevan t  parameter s fo r 

eac h o f  thes e model s ar e briefl y discusse d i n th e 

Appendix) .  A n individua l  simulatio n o f  th e 

O L A P / N O L AP paradig m involve d 

presentatio n o f  a  stud y lis t  o f  3 4 pairs ,  an d 

testin g o f  eithe r  6  O L A P o r  6  N O L A P trials . 

Tota l  percen t  correc t  wa s calculate d a s wel l  a s 

th e breakdow n fo r  th e cued-recal l  an d 

recognitio n contributions .  Ever y dat a poin t 

reporte d ha s bee n average d ove r  100 0 suc h 

simulations . 

A fairl y  extensiv e paramete r  searc h withi n 

Minerv a 2 ,  T O D A M,  aiu l  th e auto-assodato r 

was uiubl e t o produc e th e observe d N O L A P 

advantage .  Th e reaso n fo r  th e failur e ca n b e 

shown throug h a  carefu l  analysi s o f  Figur e 2  i n 

whic h performaiK e i s show n a s a  functio n o f 

th e recal l  criterion .  Th e cued-recal l  proces s i n 

thes e thre e model s produce s a  nois y signa l 

whic h i s the n compare d t o item s i n semanti c 

memory throug h a  do t  product .  I f  th e do t 

produc t  doe s no t  excee d a  minimu m criterion , 

cued-recal l  fail s  t o retur n a n item .  I n th e hybri d 

model ,  whe n bot h cue s o f  a  tes t  pai r  fai l  t o 

produc e a  recall ,  globa l  recognitio n i s use d t o 

make a  dedsion .  Therefor e th e recal l  criterio n 

can b e use d t o facto r  i n recognitio n o r  cued -

recal l  t o variou s extents . 

For  th e cas e o f  a  lo w recal l  criterio n (th e 

cued-recal l  regio n o f  Figur e 2) ,  nearl y ever y tes t 

pai r  i s  labele d a s eithe r  a  matc h o r  mismatch . 

Sinc e i t  i s  ver y unlikel y tha t  cued-recal l  shoul d 

acddentall y produc e th e tes t  pair ,  rearrange d 
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pair s ar e labele d mismatche s regardless  o f  th e 

increase d accurac y tha t  extr a cuein g i n N O L A P 

trial s provides .  I n th e cued-recal l  regio n 

accurat e performanc e onl y occur s throug h th e 

correc t  labelin g o f  th e intac t  pai r  a s a  match . 

Sinc e th e intac t  pai r  i s  th e sam e fo r  O L A P an d 

N O L AP trials ,  ther e i s n o differenc e i n 

performanc e betwee n them .  Alternately ,  i f  th e 

recal l  criterio n i s se t  ver y hig^ ,  cued-recal l 

produce s nothin g an d th e tes t  pair s ca n onl y b e 

differentiate d throug h a  recognitio n compariso n 

(th e recognitio n regio n o f  Figur e 2) .  I n th e 

recognitio n regio n th e correlatio n betwee n tes t 

pair s i n a n O L A P tria l  lead s t o hi^e r  O L A P 

performance . 

o 
i } 
I -
o o 
c 

w 
o 
Q. 
O 
Q-

0.7 5 

0.7 0 

0.6 5 

0.6 0 

0.5 5 

0.5 0 

0.4 5 

n A n 

K 

-

"  cued -
recal l 

•  1  1  1  J 

-  OLA P 
NOLAP 

:  ^ - ^ — 

A 1 

hybri d recognitio n ' 
nnode l  I  ^ 

1 

0. 0 0. 2 0. 4 0. 6 O. a 1. 0 

recall criterion 

Figure 2. Proportion correct is shown for OLAP and NOLAP 

tes t  trial s  a s a  functio n o f  th e recal l  criterio n fo r  th e 

Minerv a 2  ( /  =  .7) . 

It is only with the recall criterion set to some 

mid-leve l  tha t  th e hybri d m o d e l  ca n c o m e t o 

fruition .  A s th e recal l  criterio n i s  raise d f r o m 

th e cued-recal l  region,  m o r e trial s ar e solve d 

t h r o u ^  performin g recognitio n o n t w o o r  thre e 

of  th e tes t  pairs .  D u e t o th e extr a cuein g o f  th e 

N O L AP trials ,  th e onse t  o f  thi s d iang e occur s 

soone r  fo r  th e O L A P trials .  Sinc e recognitio n i s 

a m o r e effectiv e w a y o f  differentiatin g tes t  pair s 

tha n cued-recall ,  thi s lead s th e O L A P curv e t o 

rise  abov e th e N O L A P curve .  I f  th e situatio n 

w e r e reverse d a n d cued-recal l  alon e w a s m o r e 

effectiv e tha n recognitio n alone ,  th e curve s 

w o u l d b e d o w n w a r d slopin g i n th e hybri d 

region.  T h e n extr a cuein g w o u l d allo w di e 

N O L AP curv e t o maintai n it s  h i ^  leve l  longe r 

tha n th e O L A P curve .  Thi s w o u l d lea d t o di e 

desire d N O L A P advantage .  Fo r  Minerv a 2 , 

T O D A M,  an d th e auto-assodator ,  th e 

parameter s equall y affec t  cued-recal l  an d 

recognitio n wfiic h mean s tha t  ther e i s n o 

possibilit y  t o creat e a  situatio n i n whic h cued -

recal l  i s mor e effectiv e tha n recognition . 

0.7 5 f 

u 
f"  0.6 5 

OLAP 
NOLAP 

8 1 0 1 2 1 4 

nnax .  §  o f  searches(Knnax ) 

Figur e 3 .  Proportio n correc t  i s  show n fo r  O L A P an d N O L A P 

tes t  trial s a s a  functio n o f  th e m a x i m u m numbe r  o f  searche s 

focSAM .  a  =  .l, b =  .5,c=2, d =  .l . 

It is known that for the SAM model cued-

recal l  performanc e an d recognitio n 

performanc e ca n b e separate d ou t  throu ^  th e 

strengt h parameter s (Gillun d &  Shiffrin ,  1984) . 

Lowerin g th e sel f  sb-engt h paramete r  (c )  wil l 

improv e cued-recall ,  bu t  har m recognitio n 

performance .  Raisin g th e associativ e strengt h 

paramete r  (b )  wil l  improv e bot h cued-recal l  an d 

recognitio n performance .  B y settin g th e 

associativ e strengt h significand y highe r  tha n th e 

sel f  strength ,  S A M ca n operat e i n a  regio n 

wher e cued-recal l  i s  mor e effectiv e tha n 

recognition .  I n ligh t  o f  th e psychologica l 

relevance  o f  thes e parameter s thi s migh t  no t  b e 

desirable ,  bu t  i t  doe s produc e th e correc t 

patter n o f  results . 

S AM doe s no t  includ e a  recal l  criterio n for 

scalin g betwee n cued-recal l  an d recognition ,  bu t 

th e m a x i m u m numbe r  o f  searche s (Kmax ) 

perform s a  simila r  function .  Wit h Kma x equa l 

t o zero ,  tes t  pair s ar e onl y differentiate d 
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throug h recognitio n an d therefor e S A M 

produce s a n O L A P advantag e (se e Figur e 3) . 

A& th e numbe r  o f  searche s increases ,  th e mor e 

effectiv e cued-recal l  come s int o pla y an d bot h 

curve s rise .  N o w th e extr a cuein g involve d i n a 

N O L AP tria l  provide s a n advantag e ove r 

recognitio n an d N O L A P performanc e become s 

clearl y bette r  tha n O L A P performance . 

Conclusions 

Extant memory models assimie associative 

recognitio n i s base d o n a  globa l  measur e o f 

familiarit y fo r  a  give n se t  o f  tes t  probes .  Th e 

experimenta l  data ,  however ,  sugges t  tha t  a 

cued-recal l  proces s migh t  b e involved .  Th e 

O L A P / N O L AP paradig m develope d b y Clar k 

et  al .  (i n press )  provide s a  goo d exampl e o f  suc h 

data .  W e hav e simulate d fou r  mode b i n whic h 

a cued-recal l  proces s i s use d i n addition .  I n 

thes e simulation s th e cue s ar e optimall y used , 

eithe r  fo r  recallin g th e correc t  pair ,  o r  fo r 

eliminatin g th e incorrec t  pairs .  Wit h th e 

exceptio n o f  specifi c  paramete r  setting s withi n 

SAM,  thi s hybri d retrieva l  structur e coul d no t 

produc e th e experimentall y observe d N O L A P 

advantage .  Th e difficult y lie s i n th e inabilit y  o f 

th e model s t o disassociat e cued-recal l  an d 

recognitio n performanc e fo r  th e sam e se t  o f 

items .  Th e highe r  leve l  o f  performanc e usin g 

recognitio n alon e mean s tha t  cued-recal l  i s no t  a 

more effectiv e strateg y th«i n globa l  recognition . 

Experimenta l  evidenc e suggest s tha t  a  cued -

recal l  lik e proces s i s involve d i n associativ e 

recognition ,  bu t  ou r  modelin g demonstrate s 

tha t  th e presen t  formulatio n o f  cued-recal l 

withi n th e extan t  memor y model s i s 

inadequate . 
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Appendix 

SAM 
I n SAM,  eac h ite m i s store d i n memor y a s a 

separat e image .  Th e image s contai n differen t 

kind s o f  informatio n tha t  i s rehearse d an d 

code d togethe r  i n short-ter m store .  Item s ar e 

retrieve d fro m long-ter m stor e throug h tfie 

weighte d strengt h o f  associatio n betwee n 

retrieva l  cue s an d store d images .  I n particular , 

a give n image' s activatio n i s determine d b y th e 

multiplicatio n o f  th e weighte d strengtii s 

betwee n eac h cu e an d tha t  image .  Recognitio n 

involve s a  globa l  familiarit y process .  Memor y 

i s probe d wit h tw o o r  mor e cues :  th e cu e 

provide d b y contex t  a s wel l  a s th e item(s )  bein g 

tested .  Th e familiarit y o f  th e prob e i s define d 

as th e activatio n cause d b y th e prob e cues , 

whic h i s th e su m o f  th e activation s o f  al l  th e 

memory images .  A s fo r  al l  th e models ,  th e 

answer  i n a  forced-choic e associativ e 

recognitio n tes t  i s  th e pai r  wit h th e highes t 

familiarity .  Recal l  i s carrie d ou t  b y a  tw o stag e 

process :  samplin g an d recovery .  Again , 

memory i s probe d wit h contex t  an d ite m cues . 

The probabilit y  o f  samplin g a  particula r  imag e 

i s  it s activatio n strengt h divide d b y th e su m o f 
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th e activation s o f  al l  images .  Afte r  sampling , 

th e informatio n i n th e imag e mus t  b e recovere d 

fo r  a  respons e t o tak e place .  Thi s samplin g 

followe d b y attempte d recover y continue s ove r 

and ove r  unti l  a  respons e i s foun d o r  th e subjec t 

give s up . 

The followin g pareuneter s ar e use d i n S A M: 

a,  th e contex t  t o ite m strength ;  b ,  th e strengt h o f 

associatio n o f  item s tha t  wer e rehearse d 

together ;  c ,  th e self-strengt h o f  a n ite m t o it s 

o wn image ;  d ,  th e re^dua l  strengt h betwee n 

item s tha t  ar e TK>t  rehearse d together ;  Kmax ,  th e 

m a x i m u m nun\be r  o f  samplin g operation s fo r  a 

particula r  probe . 

Minerva 2 

Memory trace s withi n th e Minerv a 2 

framewor k consis t  o f  vector s o f  features .  Ead \ 

vecto r  i s store d separatel y an d th e possibl e 

featur e value s ar e 1,-1 ,  o r  0 .  Associativ e 

ii\formatio n i s store d b y placin g bot h studie d 

item s i n th e sam e doubl e lengt h vector .  Th e 

encodin g o f  item s i s probabilistic ;  ther e i s a 

probabilit y  tha t  eac h featur e i s encode d wit h 

th e correc t  value ,  otherwis e tha t  featur e i s 

encode d wit h a  zero .  I n bot h th e recognitio n 

and cued-recal l  process ,  a n activatio n valu e i s 

compute d fo r  eac h memor y trac e b y takin g th e 

cub e o f  th e do t  produc t  betwee n th e cue s an d 

th e store d features .  Fo r  recognition ,  thes e 

activation s ar e s u m m e d u p t o provid e a 

fojniliarity  measure .  I n recail ,  "echo "  vector s 

ar e s u m m e d instea d o f  activaticms .  Eac h ech o i s 

foun d b y multiplyin g th e activatio n o f  a  trac e 

acros s eac h featur e valu e o f  th e trace .  Th e 

resultan t  vecto r  fro m thi s summatio n i s the n 

compare d t o a  lis t  o f  possibl e item s (semanti c 

memory)  an d th e ite m wit h th e highes t  do t 

produc t  i s produced .  W e hav e implemente d a 

recal l  criterio n suc h tha t  n o ite m i s produce d i f 

th e highes t  correlatio n doe s no t  excee d a 

m in imu m threshold . 

The followin g parameter s ar e use d i n 

Minerv a 2 :  / ,  th e probabilit y  o f  encodin g a 

feature ;  Cf ,  th e criterio n fo r  recall . 

TODAM 
I n T O D A M,  item s ar e represente d a s real -

value d featur e vectors .  Whe n th e ite m pai r  A B 
i s  presented ,  th e vector s A  an d B ,  a s wel l  a s th e 

convolution ,  A*B ,  ar e adde d t o a  singl e 

composit e memor y vecto r  whic h contain s al l 

episodi c informatiwi .  Recogrutio n i s carrie d ou t 

by takin g th e do t  produc t  o f  th e prob e vecto r 

(i n th e cas e o f  associativ e recognition ,  di e 

convolutio n o f  th e items )  an d th e men\or y 

vector ;  thi s result s i n a  measur e o f  familiarity . 

I n recall ,  th e prob e vecto r  i s correlate d wit h th e 

memory vector .  Th e resultin g nois y vecto r  i s 

compare d t o semanti c memor y (usuall y 

consistin g o f  al l  th e lis t  items) ,  an d th e ite m 

wit h th e highes t  do t  produc t  abov e a  criterio n i s 

chose n a s th e answer . 

The followin g parameter s ar e use d i n 

T O D A M:  a ,  th e forgettin g paramete r  o f  th e 

memory vector ;  Yj /  ^ ^  weigh t  fo r  ite m 

iruformation ;  ŷ ,  th e we i^ t  fo r  associativ e 

information ;  ĉ ,  th e criterio n fo r  recall . 

Auto-aModato r 

The Auto-assodato r  i s a  highl y 

composite/distribute d mode l  i n whic h memor y 

i s represente d b y real-value d connectio n 

weight s betwee n real-value d featur e nodes . 

Item s consis t  o f  vector s o f  1  an d - 1 value d 

features .  Whateve r  a n ite m i s presente d t o th e 

system ,  th e activatio n a t  eac h nod e cycle s u p t o 

asymptot e throug h a n activatio n differenc e 

equatio n tha t  reflect s th e amoun t  o f  externa l 

activatio n (th e ite m itself )  a s wel l  a s th e interna l 

activatio n (th e su m o f  th e activation s comin g 

ove r  th e wei^te d connection s fro m th e othe r 

nodes) .  I n th e learnin g o f  a  stud y list , 

connectio n weight s ar e diange d b y a n amoun t 

equa l  t o th e multiplicatio n o f  th e activatio n o f 

th e "sender "  nod e an d th e erro r  a t  th e "receiver " 

nod e (erro r  i s th e differenc e betwee n th e 

externa l  an d interna l  activations) .  Thi s 

connectio n c±tang e i s weighte d b y a  learnin g 

parameter .  A  familiarit y measur e fo r 

recognitio n i s foun d throug h th e do t  produc t 

betwee n a  presente d ite m an d th e interna l 

activation s a t  asymptote .  I n cued-recall ,  th e cu e 

i s presente d t o th e syste m an d th e remainin g 

externa l  activation s ar e se t  t o zero .  Afte r 

activation s hav e reache d asymptote ,  th e 

interna l  activation s o f  th e missin g pai r  ar e 

compare d t o a  lis t  o f  possibl e item s i n th e sam e 

manner  a s i n Minerv a 2  an d T O D A M.  Likewis e 

ther e i s a  threshol d criterion . 

The followin g parameter s ar e use d i n th e 

Auto-associator :  / ,  th e learnin g parameter ;  e ,  i , 

and d ,  weight s fo r  th e external ,  interrial ,  an d 

deca y term s o f  th e activatio n differenc e 

equation ;  c ^  th e criterio n fo r  recall . 
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