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Simulat ion s wi t h a  Connectionis t  M o d e l  fo r  Implici t  a n d Explici t  M e m o r y T a s k s 

R.  Han s Pha f  an d Michie l  S .  A .  va n Immerzee l 
Psychonomic s Department ,  Facult y  o f  Psychology ,  Universit y  o f  Amsterdam , 

Roetersstraa t  15 ,  101 8 W B Amsterdam ,  Th e Netherland s 
pn_phaf@maemail.psy.uva.n l 

Abstrac t 

A connectionist model incorporating activation and elabora-
tio n learnin g wa s investigate d i n five  simulation s o f  dissocia -
tio n effect s betwee n implici t  an d explici t  memor y tasks .  Th e 
first  rw o simulation s concerne d th e wor d fi-equency  effect ,  re -
vealin g a  high-fi-equenc y advantag e i n fre e recal l  an d a  low -
fi"equency  advantag e i n wor d completion .  Th e thir d an d 
fourt h simulation s wer e o f  th e interferenc e effect ,  whic h ap -
peare d t o depen d upo n th e amoun t  o f  overla p betwee n ex -
perimenta l  materia l  an d intervenin g material .  Th e las t  simu -
latio n addresse d th e focuse d vs .  divide d attentio n dissociatio n 
effect .  Fre e recal l  performanc e wa s primaril y affecte d b y di -
vide d attention ,  bu t  unde r  condition s o f  hig h loa d wor d 
completio n performanc e wa s als o reduced .  I t  i s  argue d tha t  a 
ful l  mode l  wil l  probabl y no t  onl y implemen t  activa -
tion/elaboratio n learning ,  bu t  wil l  als o incorporat e element s 
of  th e tw o othe r  account s available . 

Introduction 

Explici t  (direct )  m e m o r y tests ,  suc h a s free  recall ,  recogni -
tion ,  an d cue d recall ,  m a k e a  referenc e t o th e learnin g epi -
sode ,  v^erea s implici t  (indirect )  m e m o r y test ,  suc h a s wor d 
completio n an d perceptua l  identification ,  d o no t  necessaril y 
direc t  th e subjec t  t o th e fac t  tha t  m e m o r y i s bein g tested . 
Dissociatio n effect s betwee n thes e tw o type s o f  m e m o r y 
testin g (se e Richardson-Klaveh n &  Bjork ,  1988 ;  Schacter , 
1987 )  indicat e tha t  differen t  mechanism s o r  neura l  structure s 
m ay underli e bot h type s o f  performance .  O n e explanatio n 
assume s tw o separat e m e m o r y system s tha t  ar e functionall y 
differen t  (e.g. ,  Tulvin g &  Schacter ,  1990) .  Anothe r  expla -
natio n assume s differen t  processe s i n a  unitar y m e m o r y sys -
tem .  Compatibilit y  betwee n processe s a t  storag e an d testin g 
may,  fo r  instance ,  explai n dissociation s betwee n explici t  an d 
implici t  m e m o r y performanc e (e.g. ,  Roedige r  &  Blaxton , 
1987) .  Gra f  an d Mandle r  (1984) ,  o n th e othe r  hand ,  m a d e a 
distinctio n betwee n tw o differen t  learnin g processes ,  activa -
tio n an d elaboratio n learning .  Th e tw o processe s strengthe n 
differen t  component s o f  a  distribute d m e m o r y representa -
tion .  Activatio n learnin g represent s a  kin d o f  Hebbia n 
learnin g i n w W c h pre-existua g association s ar e strengthene d 
afte r  presentation .  A n implici t  m e m o r y tas k require s th e 
partia l  o r  complet e reinstatemen t  o f  a  stimulus-representa -
tio n b y usin g th e association s tha t  constitut e th e representa -
tion .  Implici t  m e m o r y performanc e i s enhance d whe n a  prio r 
stimulu s presentatio n ha s strengthene d th e pre-existin g in -
terna l  associations .  Explici t  m e m o r y task s requir e acces s t o 
a stimulus-representatio n vi a retrieva l  route s tha t  addres s 
newl y forme d link s betwee n th e representatio n an d informa -

tio n specifi c  fo r  th e learnin g episod e (th e "context') .  Thi s 
kin d o f  tes t  depend s upo n th e formatio n o f  n e w association s 
(elaboratio n learning )  resultin g eithe r  from  activ e attentiona l 
processin g o r  a s a n automati c consequenc e o f  th e novelt y o f 
stimulu s combinations .  Probabl y element s from  thes e thre e 
account s hav e t o b e combine d t o ge t  a  ful l  explanation . 

A networ k mode l  ( E L A N :  ELaboratio n an d Activatio n 
Network )  implementin g a  versio n o f  th e activation/elabora -
tio n accoun t  wa s constructe d b y Pha f  (1994 ;  se e als o Rac -
cugli a &  Wolters ,  1996) .  Th e simples t  versio n o f  th e mode l 
(ELAN-1 )  i s forme d b y tw o C A L M module s (Categoriza -
tio n A n d Learnin g Module ;  se e Murre ,  Phaf ,  &  Wolters , 
1992) .  A  C A L M i s a  competitiv e learnin g modul e tha t  i s 
abl e t o categoriz e an d lear n arbitrar y inpu t  pattern s withou t 
supervision .  I n C A L M th e elaboratio n proces s depend s o n 
th e amoun t  o f  competitio n i n th e module .  W h e n a  nove l 
patter n i s presente d ther e wil l  b e m u c h competition ,  wiiic h 
wil l  b e reduce d w h e n th e patter n become s wel l  established . 
Elaboratio n result s i n a n increase d learnin g rat e an d a n in -
crease d amplitud e o f  (imiforml y distributed )  rando m activa -
tion s t o representatio n node s relativ e t o activatio n learning . 
Th e rando m activation s serv e t o brea k symmetr y an d t o 
solv e competitio n b y randoml y selectin g a  nod e fo r  th e n e w 
representation .  A  baselin e leve l  o f  Hebbia n typ e activatio n 
learnin g i s  alway s presen t  i n C A L M ,  irrespectiv e o f  th e 
amount  o f  elaboratio n learning . 

O ne C A L M modul e i n th e mode l  serve d t o represen t 
word s an d th e othe r  represente d environmenta l  context s i n 
whic h word s m a y b e learned .  Th e wor d pattern s an d contex t 
pattern s wer e presente d throug h separat e inpu t  modules .  A n 
outpu t  modul e selecte d singl e word s a t  a  tim e fo r  output . 
Thi s simpl e mode l  afread y showe d result s comparabl e t o 
experimenta l  fmdings ,  suc h a s a  reverse d wor d frequency  ef -
fec t  i n wor d completio n relativ e t o free  recall .  Anterograd e 
amnesi a coul d als o b e simulate d b y artificiall y  lesionin g th e 
model ,  s o tha t  elaboratio n learnin g wa s eliminated . 

A proble m wit h thi s mode l  wa s tha t  i t  wa s no t  ver y wel l 
suite d t o separat e strongl y correlate d patterns .  Word s ar e 
strongl y correlate d becaus e the y hav e letter s an d othe r  (e.g. , 
semantic )  component s i n c o m m o n .  Context s ar e probabl y 
als o correlated ,  becaus e the y m a y hav e overlappin g features . 
Th e word s i n th e model ,  however ,  onl y ha d a  wea k correla -
tio n an d th e context s wer e orthogonal .  Th e mode l  m a y no t 
be ver y wel l  suite d t o dea l  vA\ h mor e realisti c inpu t  pattern s 
becaus e th e buildin g block s o f  th e model ,  th e C A L M mod -
ule ,  onl y ha s a  limite d abilit y  t o separat e correlate d inpu t 
patterns .  Thi s abilit y  i s  improve d i n th e C A L M M a p (Phaf , 
Tijsseling ,  &  Lebert ,  Submitted) ,  vsiiic h implement s topo -
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logica l  self-organizatio n i n C A L M module s b y introducin g a 
(Gaussian )  gradien t  i n th e latera l  inhibition .  C A L M Map s 
may improv e o n Kohonen' s self-organizin g featur e ma p 
(Kohonen ,  1982) ,  becaus e the y ar e abl e t o inlcmall y regu -
lat e it s learnin g parameter s an d activit y bubble ,  whic h i s a 
natura l  by-produc t  o f  th e novelt y dependen t  elaboratio n 
mechanism .  I n thi s smdy ,  w e examine d whethe r  a n E L A N - 1 
model  wit h C A L M M a p s coul d perfor m th e sam e simula -
tion s a s th e ol d mode l  vsiie n mor e correlate d inpu t  pattern s 
wer e presented .  A  secon d ai m wa s t o simulat e mor e disso -
ciatio n effect s tha n wit h th e ol d model . 

Architecture of the Model 

The cor e o f  th e ne w mode l  (se e Figur e 1 )  wa s forme d b y 
tw o C A L M Map s wit h rin g topolog y (se e Pha f  e t  al. ,  Sub -
mitted) ,  on e fo r  representin g word s an d on e fo r  representin g 
contexts .  Si x additiona l  module s figur e i n th e model ,  five  t o 
provid e inpu t  t o th e networ k an d on e t o produc e outpu t  from 
th e network .  Word s wer e presente d t o th e networ k throug h 
fou r  inpu t  module s whic h consiste d o f  1 0 input-node s each . 
They wer e linke d t o th e word-modul e b y uni-directiona l 
connection s from  al l  input-node s t o al l  R-node s o f  th e word -
module .  Durin g learning ,  input-node s becam e associate d t o 
a winnin g bubbl e ( a wiimin g R-nod e wit h activate d neigh -
borhood )  i n th e word-modul e (representin g th e word) .  Th e 
context-inpu t  modul e ( 6 nodes )  wa s similarl y connecte d t o 
th e context-CAL M M a p .  A n inpu t  patter n i n th e context -
inpu t  modul e represente d a n environmenta l  contex t  i n whic h 
word s ma y b e presented .  Th e w o r d - C A L M M a p (2 5 
R-nodes )  an d th e context-CAL M M a p ( 9 R-nodes )  wer e 
linke d b y bi-directiona l  (bu t  no t  symmetrical )  connection s 
betwee n al l  R-node s o f  bot h modules .  Thes e weight s wer e 
independentl y modifiabl e i n bot h directions . 

Retrieva l  o f  a  wor d too k plac e i n thi s mode l  alon g tw o 
differen t  routes ,  b y presentin g eithe r  a  contex t  o r  a  wor d par t 
as a  cue .  Th e outpu t  module ,  whic h ca n onl y outpu t  on e 
wor d a t  a  tim e wa s couple d t o th e w o r d - C A L M Map .  Onl y 
afte r  resolutio n o f  competitio n i n th e C A L M M a p ,  th e acti -
vatio n o f  th e winnin g nod e i s passe d t o th e outpu t  module , 
becaus e onl y the n i s th e veto-nod e i n th e outpu t  modul e n o 
longe r  activate d from  th e C A L M Map .  Subsequently ,  th e 
activatio n o f  on e o f  th e node s i n th e outpu t  modul e irihibit s 
(an d resets )  th e activation s throug h veto-node s i n bot h 
C A LM Maps .  Afte r  th e outpu t  activatio n ha s decayed ,  th e 
proces s o f  f m d m g a  wor d respons e start s again .  Thi s ca n re -
peat  itsel f  indefmitely ,  a s lon g a s inpu t  activation s ar e pro -
vide d (fo r  mor e detaile d discussio n o f  E L A N - 1 an d th e out -
put  modul e se e Phaf ,  1994 ;  Va n Immerzeel ,  1996 ;  fo r  pa -
rameter s an d weigh t  value s se e Appendix) . 

General Description of Simulations 

Al l  simulation s o f  experiment s wit h E L A N - 1 proceede d i n 
thre e stages ,  a  pre-experimenta l  learnin g stage ,  a n experi -
menta l  learnin g stage ,  an d a n experimenta l  testm g stage . 
Accordin g t o th e activation/elaboratio n view ,  implici t  m e m-
or y performanc e i s fo r  a  larg e par t  cause d b y th e strengthen -
in g o f  existin g associations .  Therefore ,  befor e th e simulatio n 
of  th e memor y experiment s coul d begin ,  th e 'empty'  net -
work s ha d t o b e filled  wit h a  basi c lexicon .  Thi s fu-s t 

outpli t  modul e 
OOO 25nod.s OOO 

word-CAL M Map O 

OOO 25no<l« OOO 

contexi-CAL M Map Q ) 

OO Anodes OO 

word-part- 1 
O 10 O 

word-part- 2 
O 10 O 

word-part- 3 
O 10 o 

word-pan- 4 
O 10 O 

contex t 
O 6  Q 

Figur e 1 ;  Th e E L A N - 1 mode l  wit h schemati c wirin g patter n 

stage corresponds to pre-experimental learning and simu-
late s th e acquisitio n o f  knowledg e b y a  subjec t  befor e takin g 
par t  i n a n experiment .  Becaus e i n C A L M M a p s th e forma -
tio n o f  association s i s drive n b y a  stochasti c process ,  eac h 
presentatio n o f  th e sam e serie s o f  word s i n context s ma y 
lea d t o a  differen t  network .  Thes e difference s m a y i n som e 
way reflec t  individua l  variation s betwee n rea l  subjects .  Fo r 
ever y simulatio n 2 5 differen t  artificia l  subject s wer e create d 
by exposin g simila r  network s t o th e sam e stunulu s set . 

Each o f  th e twent y word s ha d tw o wor d part s i n c o m m o n 
wit h eac h o f  it s tw o neighborin g words .  Th e te n wor d par t 
consiste d o f  tw o activation s o f  0.5 ,  wherea s th e othe r  node s 
i n th e inpu t  modul e ha d zer o activatio n (e.g. ,  0.5 ,  0.5 ,  0 ,  0 , 
0,  0 ,  0 ,  0 ,  0 ,  0) .  Th e inpu t  pattern s fo r  si x context s sunilarl y 
consiste d o f  tw o activation s o f  0. 5 an d fou r  other s wit h zer o 
activatio n (e.g. ,  0 ,  0 ,  0.5 ,  0.5 ,  0 ,  0) .  Befor e pre-experimenta l 
learning ,  al l  learnin g cormection s wer e initialize d t o 0. 5 
(maximu m 1.0 ,  min imu m 0.0) .  Befor e ever y presentation ,  al l 
activation s (bu t  no t  th e weights )  wer e initialize d t o zero .  I n 
orde r  t o preven t  prematur e respons e production ,  th e veto -
nod e i n th e outpu t  modul e wa s pre-activated .  Thi s ca n b e 
compare d t o th e pre-respons e verba l  activit y whic h ha s t o b e 
replace d b y verba l  responses . 

I n th e secon d stage ,  a  subse t  o f  th e word s (experimenta l 
list )  learne d pre-experimentall y wa s presente d unde r  th e ex -
perimenta l  context .  Th e experimenta l  contex t  patter n (0 ,  0.5 , 
0,  0.5 ,  0 ,  0.5 )  forme d a  balance d combinado n o f  al l  si x 
contex t  pattern s from  th e firs t  stage .  A  singl e presentatio n o f 
a wor d laste d 500 0 iteration s (i.e. ,  a  cycl e o f  calculatin g th e 
ne w activation s o f  al l  node s an d th e n e w weigh t  value s o f 
th e modifiabl e weights) .  Befor e presentatio n o f  th e experi -
menta l  list ,  th e experimenta l  contex t  wa s presente d 50 0 
time s fo r  2 5 iteration s withou t  wor d input ,  resultin g i n a 
stabl e representatio n fo r  th e experimenta l  context .  Thi s ca n 
be see n a s th e tim e spen t  i n th e experimenta l  contex t  befor e 
presentatio n o f  th e experimenta l  words . 

Bot h befor e an d afte r  experimenta l  learnin g th e memor y 
fo r  th e experimenta l  word s wa s teste d eithe r  implicitl y  ( a 
wor d completio n task )  o r  explicitl y  ( a cue d recal l  tas k o r  a 
free  recal l  task) .  Becaus e al l  test s wer e don e o n copie d net -
works ,  performanc e o n test s m a y b e treate d a s a  within -
subject s factor .  I n th e wor d completio n tas k onl y th e word -
part-I s withou t  contex t  wer e presente d i n rando m orde r  a s a 
cu e fo r  10 0 iterations .  I n th e cue d recal l  tas k th e experimen -
ta l  contex t  wa s pre-presente d fo r  10 0 iterations .  Thi s simu -
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late d a  situatio n wher e th e experimenta l  contex t  w a s th e first 
presente d cue .  Afte r  pre-presentin g th e experimenta l  con -
texts ,  on e wor d par t  (word-part-1 )  o r  tw o wor d part s (word -
part- 1 an d word-part-3 )  an d th e experimenta l  contex t  wer e 
presente d fo r  10 0 iteration s withou t  initializin g th e activa -
tions .  I n th e free  recal l  tas k onl y th e experimenta l  contex t 
w as presente d a s a  cu e fo r  10,00 0 iterations ,  whic h w a s suf -
ficient  t o reac h asymptofi c level s o f  recall . 

A respons e consiste d o f  th e activatio n o f  a  particula r  nod e 
(word )  i n th e outpu t  module .  D u e t o th e resettin g mechan is m 
i n th e outpu t  module ,  m a n y word s coul d b e produce d durin g 
a free  recal l  period .  Correctnes s o f  th e response s w a s score d 
agains t  th e node s tha t  wer e activate d i n th e outpu t  modu l e 
durin g experimenta l  learning .  Al l  result s wer e average d ove r 
2 5 artificia l  subjects .  Bas e rat e performanc e w a s determine d 
o n th e s a m e (copied )  artificia l  subject s b y countin g th e pro -
ductio n o f  critica l  word s befor e experimenta l  presentation . 

Word Frequency 

I t  ha s bee n hypothesize d (e.g. ,  Phaf ,  1994 ;  Tulvin g &  Kroll , 
1995 )  tha t  low-frequenc y (LF )  word s ar e mor e nove l  an d 
would ,  therefore ,  elici t  mor e elaboratio n learnin g tha n high -
frequency  (HF )  words .  Intra-ite m association s ma y als o 
benefi t  from  suc h elaboration .  L F word s could ,  therefore , 
als o sho w a  large r  facilitatio n i n a n implici t  memor y tas k 
tha n H F words .  MacLeo d an d K a m p e (1996 )  an d Pha f  an d 
Wolter s (1996 )  indee d foun d a  highe r  wor d completio n per -
formanc e fo r  L F word s tha n fo r  H F words .  Th e ne w item -
contex t  association s ar e no t  affecte d b y thi s additiona l 
elaboration .  H F word s are ,  however ,  assume d t o b e acces -
sibl e throug h a  large r  rang e o f  context s tha n L F words .  Con -
sequently ,  H F word s hav e th e highes t  chanc e o f  bein g se -
lecte d durin g free  recall . 

Simulation 1 

Procedure .  Firs t  a  lexico n o f  H F word s an d L F word s ha d t o 
be created .  Te n H F word s (wor d 2 ,  4 ,  6 ,  8 ,  10 ,  12 ,  14 ,  16 , 
18 ,  an d 20 )  wer e presente d (fo r  2 5 iterations )  unde r  fou r 
context s (contex t  1 ,  3 ,  4 ,  an d 6 )  an d te n L F word s (wor d 1 , 
3,  5 ,  7 ,  9 ,  11 ,  13 ,  15 ,  17 ,  an d 19 )  unde r  tw o othe r  context s 
(contex t  2  an d 5) .  Th e presentatio n o f  al l  word/contex t 
combination s wa s repeate d 20 0 time s i n rando m order , 
whic h resulte d i n 40 0 presentation s o f  a  L F wor d an d 80 0 
presentation s o f  a  H F word .  I n th e secon d stag e al l  artificia l 
subject s wer e copie d fo r  th e tw o frequency  conditions ,  s o 
tha t  wor d frequency  woul d b e a  within-subject s manipula -
tion .  Afte r  pre-presentatio n o f  th e experimenta l  context ,  th e 
group s receive d thei r  wor d se t  onc e i n rando m orde r  unde r 
th e experimenta l  context . 

Result s an d discussion .  W o r d completio n performanc e 
(se e Tabl e 1 )  fo r  bot h L F word s a s H F word s showe d facili -
tatio n afte r  experimenta l  presentation .  Th e averag e increas e 
(abov e bas e rate )  fo r  L F word s wa s highe r  tha n fo r  H F 
words .  A  simila r  resul t  wa s foun d i n th e simulatio n o f  Pha f 
(1994) .  Fre e recal l  performanc e (se e Tabl e 1 )  wa s somewha t 
highe r  fo r  H F word s tha n fo r  L F words .  Pha f  (1994 )  foun d a 
simila r  effect ,  bu t  absolut e free  recal l  performanc e wa s 
lowe r  (H F word s 0.28 ,  L F word s 0.23) .  L F word s benefite d 
mor e from  th e highe r  leve l  o f  elaboratio n durin g learnin g 

tha n HF-words ,  bu t  thi s advantag e wa s overridde n b y th e 
large r  acces s o f  H F word s i n free  recall . 

Althoug h cue d recal l  i s  suppose d t o b e a n explici t  m e m-
or y task ,  th e averag e increas e o n bot h cue d recal l  task s wa s 
highe r  fo r  L F word s tha n fo r  H F words .  Th e influenc e o f  th e 
context-cu e i s probabl y les s stron g tha n th e influenc e o f  th e 
wor d part-cue(s) .  Performance ,  therefore ,  ahnos t  completel y 
reflecte d wor d completio n performance ,  bu t  cue d recal l  per -
formanc e appeare d t o b e lower .  Th e context-cu e m a y hav e 
interfere d wit h retrieva l  throug h th e wor d part-cu e b y acti -
vatin g othe r  node s i n th e (competitive )  w o r d - C A L M M a p . 
Th e simulatio n o f  cue d recal l  clearl y need s t o b e improved . 

High-frequency words Low-frequency words 
WC F R CR1 CR 2 W C F R CR1 CR2 

Base rat e 0.5 3 0.0 0 0.4 8 0.5 2 
(sd )  (0.13 )  (0.00 )  (0.16 )  (0.15 ) 
Experimen t  0.7 3 0.7 0 0.4 6 0.6 2 
(sd )  (0.14 )  (0.32 )  (0.21 )  (0.17 ) 

0.2 6 0.0 0 0.2 7 0.2 4 
(0.15 )  (0.00 )  (0.15 )  (0.13 ) 
0.6 8 0.6 5 0.4 3 0.6 0 
(0.12 )  (0.30 )  (0.19 )  (0.15 ) 

Increas e 0.2 0 0.7 0 -0.0 2 0.1 0 0.4 2 0.6 5 0.1 6 0.3 6 
(sd )  (0.12 )  (0,32 )  (0.20 )  (0.16 )  (0.12 1 (0.30 )  (0,16 )  (0.13 ) 

Table 1: Proportions correct (standard deviations) 
free  recal l  (FR) ,  wor d completio n ( W C ) ,  cue d recal l  wit h 

on e wor d par t  ( C R l ) ,  an d wit h tw o wor d part s ( C R 2 ) , 
average d ove r  2 5 artificia l  subjects . 

Simulation 2 

Procedure .  Th e procedur e wa s th e sam e a s i n Simulatio n 1 , 
excep t  tha t  anterograd e amnesi a wa s simulate d b y artificiall y 
lesionin g th e mode l  afte r  pre-experimenta l  learning .  Thi s re -
sulte d i n eliminatin g elaboratio n learning .  Consequently , 
ther e wa s onl y bas e rat e learnin g an d n o rando m activatio n 
spread .  Thi s artificia l  lesionin g m a y b e someho w analogou s 
t o th e hippocampu s an d amygdal a damag e responsibl e fo r 
anterograd e amnesi a (e.g. ,  Mishkin ,  1978) .  Durin g testin g 
th e rando m activatio n sprea d wa s restore d (bu t  no t  th e in -
crease d learnin g rate) ,  s o tha t  differen t  word s coul d b e pro -
duce d fo r  free  recall . 

Result s an d discussion .  Performanc e o n ahnos t  al l  task s 
was reduce d b y th e lesio n (se e Tabl e 2) .  Pha f  (1994 )  foun d a 
reductio n o n free  recal l  o f  bot h H F word s an d L F words ,  bu t 
no reductio n o n wor d completio n performance .  L F words , 
moreover ,  n o w showe d a  highe r  leve l  o f  free  recal l  tha n 
HF words .  Thes e difference s m a y b e explaine d b y th e 
fac t  tha t  afte r  resolutio n o f  competitio n i n C A L M M a p a 

High-frequency words Low-frequency words 
WC F R CRl  CR 2 W C F R CRl  CR2 

Base rat e 0.5 3 0.0 0 0.4 8 0.5 2 
(sd )  (0.13 )  (0.00 )  (0.16 )  (0.15 ) 
Experimen t  0.6 1 0.2 6 0.5 4 0.6 2 
(sd )  (0.11 )  (0.21 )  (0.13 )  (0.12 ) 

0.2 6 0.0 0 0.2 7 0.2 4 
(0.15 )  (0.00 )  (0.15 )  (0,13 ) 
0.4 4 0.3 4 0.4 3 0.4 8 
(0.08 )  (0.19 )  (0.13 )  (0.09 1 

Increas e 0.0 8 0.2 6 0.0 6 0.1 0 0.1 8 0.3 4 0.1 6 0.2 4 
(sd )  (0.14 )  (0.21 )  (0.18 )  (0.16 )  (0.17 )  (0.19 )  (0.15 )  (0.13 ) 

Table 2: Proportions correct (sd) free recall (FR), word 
completio n ( W C ) ,  cue d recal l  wit h on e wor d par t  ( C R l ) , 

an d tw o wor d part s ( C R 2 )  o f  th e amnesi c artificia l  subjects . 
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neighborhoo d o f  node s remain s active ,  wherea s i n C A L M 
onl y on e nod e remain s active .  Th e proportio n o f  elabora -
tion/activatio n learning ,  therefore ,  change d i n C A L M M a p , 
so that ,  eve n i n non-amnesi c learning ,  storag e woul d rel y 
mor e o n activatio n learnin g tha n i n C A L M .  Eliminatin g 
elaboratio n learnin g i n C A L M Maps ,  therefore ,  ha d smalle r 
effect s tha n i n C A L M modules . 

Retroactive Interference 

Forgettin g i s ofte n see n a s th e resul t  o f  interferenc e b y inter -
venin g material .  Gra f  an d Schacte r  (1987) ,  however ,  foun d 
tha t  interferenc e affecte d cue d recal l  an d free  recal l  per -
formance ,  bu t  di d no t  affec t  th e performanc e o n wor d com -
pletion .  I n a  stud y b y Tulving ,  Schacter ,  an d Star k (1982 ) 
th e primin g effec t  i n a  word-fragmen t  completio n tas k wa s 
stil l  presen t  afte r  on e week ,  bu t  recognitio n performanc e 
droppe d sharpl y ove r  th e on e wee k delay . 

Intervenin g materia l  m a y particularl y affec t  item-contex t 
associations ,  becaus e ther e m a y b e m u c h overla p betwee n 
th e context s o f  th e store d materia l  an d th e intervenin g mate -
rial .  I t  i s  a s i f  mor e word s ar e subsume d unde r  th e sam e 
context .  W o r d completio n i s les s affected ,  becaus e intra -
ite m association s hav e les s overla p wit h th e intervenin g 
material .  Item-contex t  association s i n th e model ,  moreover , 
ar e mor e subjec t  t o elaboratio n learnin g tha n intra-ite m as -
sociations ,  s o tha t  th e dissociatio n resultin g from  interfer -
enc e m a y b e sharpened . 

I n th e firs t  simulatio n (Simulatio n 3 )  a  se t  o f  nonpresente d 
word s wa s presente d a s intervenin g material .  I n th e secon d 
simulatio n (Simulatio n 4) ,  rando m intervenin g materia l  wa s 
presente d betwee n experimenta l  learnin g an d testing . 

Simulation 3 

Procedure .  Becaus e thi s simulatio n di d no t  requir e distinc -
tio n betwee n high -  an d low-frequenc y words ,  th e numbe r  o f 
presentation s durin g pre-experimenta l  learnin g wa s equa l  fo r 
al l  twent y word s (60 0 time s i n rando m orde r  unde r  al l  si x 
context s fo r  2 5 iterations) .  I n th e secon d stag e th e artificia l 
subject s receive d (afte r  pre-presentatio n o f  th e experimenta l 
context )  a  lis t  ofte n word s (wor d 2 ,  4 ,  6 ,  8 ,  10 ,  12 ,  14 ,  16 , 
18,  an d 20 )  onc e i n rando m orde r  unde r  th e experimenta l 
context .  Th e interferenc e manipulatio n consiste d o f  present -
in g th e te n word s (wor d 1 ,  3 ,  5 ,  7,9 ,  11 ,  13 ,  15 ,  17 ,  an d 19 ) 
not  presente d i n th e secon d stag e eigh t  time s i n ever y non -
experimenta l  contex t  i n rando m orde r  fo r  2 5 iterations .  Fiv e 
interferenc e condition s wer e create d b y repeatin g th e presen -
tatio n o f  48 0 intervenin g word s t o simulat e increasin g 
amount s o f  interference . 

Result s an d discussion .  Interferenc e resulte d i n a  declin e 
of  bot h free  recal l  an d wor d completio n performanc e 
(Tabl e 3) .  W o r d completio n eve n decrease d belo w bas e rate . 
Thi s proble m wa s cause d b y th e limite d numbe r  o f  word s 
availabl e i n th e lexicon .  Al l  te n intervenin g word s ha d wor d 
part s (i n particular ,  als o th e cu e i n wor d completion )  i n 
c o m m on wit h th e experimenta l  words .  Afte r  sufficien t  pres -
entatio n th e associatio n o f  th e intervenin g word s wit h word -
part- 1 ha d becom e stronge r  tha n o f  th e experimenta l  word s 
wit h tha t  wor d part .  I n general ,  bot h wor d completio n an d 
free  recal l  showe d retroactiv e mterference ,  becaus e ther e 

was overla p betwee n experimenta l  an d intervenin g materia l 
bot h i n th e item-contex t  an d th e intra-ite m associations .  I n 
Simulatio n 4  thi s overla p wa s reduce d b y presentin g rando m 
pattern s a s intervenin g material . 

Fre e 
Test  isd i 

recal l 
Increas e isd i 

Word completio n 
Test  isd )  Increas e isd ) 

Base 
Experimen t 
Interferenc e 1 
Interferenc e 2 
Interferenc e 3 
Interferenc e 4 
Interferenc e 5 

0.0 0 (0.00 ) 
0.5 7 (0.32 ) 
0.3 9 (0.24 ) 
0.20(0.15 ) 
0.0 9 (0.08 ) 
0.0 4 (0,06 ) 
0.0 2 10.05 ) 

0.0 0 (0.00 ) 
0.5 7 (0.32 ) 
0.3 9 (0.24 ) 
0.20(0.15 ) 
0.0 9 (0.08 ) 
0.0 4 (0.06 ) 
0.0 2 (0.05 ) 

0.3 9 (0.12 ) 
0.67(0.11 ) 
0.40(0.13 ) 
0.25(0.14 ) 
0.14(0.10 ) 
0.0910.08 ) 
0.0 4 (0.06 ) 

0.0 0 (0.00 ) 
0.28(0.11 ) 
0.0 2 (0.10 ) 

-0.14(0.10 ) 
-0.2 5 (0.09 ) 
-0.3 0 (0.14 ) 
-0.34(0.13 ) 

Tabl e 3 :  Proportion s correc t  (sd )  free  recal l  an d wor d com -
pletio n a s a  functio n o f  repetitio n o f  intervenin g materia l 
(presentin g th e te n no t  experimentall y presente d words) . 

Simulation 4 

Procedure .  Th e firs t  an d secon d stag e wer e th e sam e a s i n 
Simulatio n 3 .  N e w intervenin g materia l  wa s create d b y ran -
doml y presentin g wor d inpu t  i n eac h inpu t  module .  F ro m th e 
10,00 0 wor d part s combination s possible ,  48 0 word s wer e 
randoml y selecte d an d presente d withou t  a  contex t  fo r  2 5 it -
eration s each .  Agai n five  condition s o f  increasin g interfer -
enc e wer e teste d b y presentin g mor e intervenin g material . 

Result s an d discussion .  Onl y free  recal l  performanc e (se e 
Tabl e 4 )  n o w showe d a  declin e an d wor d completio n per -
formanc e remaine d constant .  Th e simulatio n result s appea r 
t o b e mor e simila r  t o experimenta l  result s (e.g. ,  Tulving , 
Schacter ,  &  Stark ,  1982) .  Thi s simulatio n m a y b e mor e real -
isti c tha n th e previou s one ,  becaus e i n genera l  intervenin g 
materia l  doe s no t  shar e larg e number s o f  wor d part s wit h 
experimenta l  material .  W h e n ther e i s suc h overlap ,  however , 
als o wor d completio n show s retroactiv e interferenc e effect s 
(Wolters ,  persona l  communication) .  Th e overla p i n item -
contex t  associatio n i s cause d b y th e reinstatemen t  o f  th e ex -
perimenta l  contex t  durin g presentatio n o f  th e intervenin g 
material .  Immediatel y afte r  presentatio n o f  th e experimenta l 
list ,  th e experimenta l  contex t  ha s a  hig h chang e o f  bein g ac -
tivated ,  throug h th e (bi-directional )  connection s from  th e 
w o r d - C A L M M a p . 

Th e foregoin g tw o simulation s (an d th e experimenta l 
results )  actuall y stres s th e importanc e o f  compatibilit y 

Fre e 
Test  Isd ) 

recal l 
Increas e (sd ) 

Word completio n 
Test  (sd )  Increas e (sd ) 

Base 
Experimen t 
Interferenc e 1 
Interferenc e 2 
Interferenc e 3 
Interferenc e 4 
Interferenc e 5 

0.0 0 (0.00 ) 
0.5 7 (0.32 ) 
0.5 3 (0.32 ) 
0.5 4 (0.31 ) 
0.5 4 (0.33 ) 
0.4 8 (0.33 ) 
0.4 5 10.30 ) 

0.0 0 (0.00 ) 
0.5 7 (0.32 ) 
0.5 3 (0.32 ) 
0.5 4 (0.31 ) 
0.5 4 (0.33 ) 
0.4 8 (0.33 ) 
0.4 5 (0.30 ) 

0.3 9 (0.12 ) 
0.67(0.11 ) 
0.67(0.11 ) 
0.68(0.11 ) 
0.69(0.13 ) 
0.67(0.13 ) 
0.64(0.13 ) 

0.0 0 (0.00 ) 
0.2 8 10.12 ) 
0.2 8 (0.12 ) 
0.3 0 (0.13 ) 
0.3 0 (0.09 ) 
0.2 8 (0.08 ) 
0.25(0.13 ) 

Tabl e 4 :  Proportion s correc t  (sd )  free  recal l  an d wor d com -
pletio n a s a  fimction  o f  intervenin g material .  Interferenc e 

consiste d o f  presentin g rando m wor d patterns . 
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betwee n learnin g (an d interference )  an d testing .  I f  ther e i s 
littl e overla p betwee n th e connection s strengthene d b y th e 
intervenin g materia l  an d th e connection s addresse d a t  test -
ing ,  ther e wil l  b e littl e interference .  W h e n ther e i s muc h 
overla p ther e wil l  b e m u c h interference ,  irrespectiv e o f 
whethe r  i t  concern s a n implici t  o r  a n explici t  test .  Th e 
E L A N - 1 mode l  thu s als o implement s a  particula r  typ e o f 
study-tes t  compatibilit y  accoun t  an d alread y combine s tw o 
differen t  account s fo r  th e memor y dissociations . 

Focused vs. Divided Attention 

Divide d attentio n durin g learnin g i s expecte d t o mainl y af -
fec t  explici t  m e m o r y performanc e an d no t  implici t  memor y 
performance ,  becaus e th e formatio n o f  ne w item-contex t  as -
sociation s m a y b e hindere d b y concurren t  activity .  Th e 
strengthenin g o f  ol d intra-ite m association s i s no t  hindere d 
by thi s activity .  Simila r  t o th e interferenc e simulatio n th e 
number  o f  item s subsume d unde r  th e context-cu e wil l  ge t 
large r  du e t o dividin g attention ,  bu t  th e association s withi n 
item s wil l  no t  b e weakene d a s lon g a s th e representationa l 
component s o f  th e concurren t  activit y d o no t  overla p wit h 
thos e o f  th e items .  Elaboratio n learning ,  whic h primaril y 
work s o n item-contex t  associations ,  wil l  agai n sharpe n th e 
contras t  betwee n implici t  an d explici t  memor y performanc e 
i n thi s task .  Suc h differentia l  effect s o f  divide d attentio n 
wer e obtaine d i n a  dichoti c listenin g tas k b y Eic h (1984 )  an d 
by Pha f  (1994 )  wit h visua l  presentatio n o f  words .  Wolter s 
and Prinse n (1997) ,  however ,  als o foun d a n effec t  o n di -
vide d attentio n durin g learnin g o n wor d completion ,  onl y 
when th e concurren t  loa d wa s ver y high . 

Simulation 5 

Procedure .  Th e first  stag e wa s th e sam e a s i n Simulatio n 3 . 
I n th e secon d stage ,  ther e wer e thre e conditions :  on e focuse d 
attentio n condition ,  an d tw o divide d attentio n conditions .  I n 
on e divide d attentio n conditio n ther e wa s a  lo w simultane -
ous load ,  i n th e othe r  a  hig h simultaneou s load .  T o simulat e 
th e thre e conditions ,  th e artificia l  subject s wer e copie d 
twice .  Afte r  pre-presentatio n o f  th e experimenta l  context ,  al l 
group s receive d a  fist  ofte n word s (wor d 1 ,  3 ,  5 ,  7 ,  9 ,  11 , 
13,  15 ,  17 ,  an d 19 )  i n rando m orde r  unde r  th e experimenta l 
context .  I n th e focuse d attenfio n conditio n al l  wor d par t  in -
put-node s tha t  di d no t  belon g t o thes e word s ha d zer o acti -
vation .  I n th e firs t  divide d attentio n conditio n thes e node s 
ha d a  (uniforml y distributed )  rando m activatio n betwee n 0. 0 
and 0.2 ,  i n th e secon d betwee n 0. 0 an d 0.4 . 

Result s an d discussion .  I n principle ,  th e simulatio n 
showe d th e expecte d dissociation .  Fre e recal l  performanc e 
decrease d wit h th e loa d i n th e divide d attentio n condition s 
(se e Tabl e 5) .  W o r d completio n performanc e eve n increase d 
i n th e first  divide d attentio n conditio n relativ e t o th e focuse d 
attentio n condition ,  wherea s i t  strongl y decrease d m th e sec -
on d divide d attentio n condition .  Thi s m a y b e a n elaboratio n 
effec t  du e t o th e concurren t  activit y i n th e model .  Fo r  lo w 
load s elaboratio n i s increased ,  s o tha t  existin g intra-ite m as -
sociation s m a y b e strengthene d additionally .  Fo r  stronge r 
concurren t  activit y th e increase d rando m activation s m a y 
ten d t o disrup t  existin g associations ,  s o tha t  n e w representa -
tion s m a y b e forme d fo r  th e ol d words .  Fre e recal l  m a y the n 

be reduce d b y divide d attention ,  no t  becaus e o f  th e 
formatio n o f  item-contex t  association s i s hindere d bu t 
becaus e man y item-contex t  association s ar e mad e t o 
nonrelevan t  material . 

Base rat e 
Isd l 
Experimen t 
(sd l 

Increas e 
(sd ) 

Focuse d attentio n 
WC 

0.4 2 
10.10 1 
0.7 0 
10.13 1 

0.2 9 
(0.12 ) 

FR 
0.0 0 
(0.00 1 
0.5 9 
(0.32 1 

0.5 9 
(0.32 1 

Divide d attentio n 1 
WC 

0.3 6 
(0.13 1 
0.7 7 
(0.13 1 

0.4 2 
(0.16 ) 

FR 
0.0 0 
(0.00 1 
0.3 9 
(0.21 ) 

0.3 9 
(0.21 ) 

Divide d attentio n I I 
WC 

0.2 4 
(0.12 ) 
0.1 4 
(0.12 ) 

-0.1 0 
(0.15 ) 

FR 
0.0 0 
(0.00 ) 
0.0 7 
(0.09 ) 

0.0 7 
(0.09 ) 

Tabl e 5 :  Averag e proportion s correc t  (sd )  fi-ee  recal l  (FR ) 
and wor d completio n ( W C )  i n th e thre e attentio n conditions . 

General Discussion 

Eve n i n thi s ver y simpl e model ,  th e possibilitie s fo r  simulat -
in g actua l  memor y experiment s hav e no t  bee n exhausted . 
Furthe r  simulation s wit h thi s mode l  have ,  fo r  instance ,  bee n 
performe d o f  masse d vs .  space d repetitio n effect s an d o f 
rea d vs .  generat e effects .  Du e t o spac e consideration s thes e 
simulation s wer e no t  reporte d here .  Th e masse d vs .  space d 
effec t  coul d b e simulate d reasonabl y wel l  wiie n masse d an d 
space d condition s wer e presente d i n differen t  lists .  Fo r  wor d 
completio n afte r  generatio n n o suitabl e operationalizatio n 
coul d b e found .  Fre e recal l  afte r  generatio n o f  word s was , 
however ,  clearl y highe r  tha n afte r  readin g th e word s i n th e 
model ,  whic h mirror s experimenta l  findings. 

The n e w E L A N - 1 mode l  wit h C A L M M a p s improve s o n 
th e ol d mode l  wit h C A L M module s no t  s o muc h i n th e num -
ber  o f  simulatio n possible ,  bu t  i n th e mor e fine-graine d an d 
subti e representation s allowe d b y th e topologica l  orderin g 
mechanism .  Smal l  shift s i n context ,  whic h ar e sometime s 
postulate d t o pla y a  rol e i n forgetting ,  m a y i n principl e b e 
simulate d i n thi s typ e o f  model .  Ver y detaile d inpu t  o f 
words ,  fo r  instanc e o n th e lette r  level ,  ca n mor e easil y b e 
accommodate d i n suc h a  model .  Th e C A L M M a p ha s on e 
ftirther  advantag e ove r  C A L M module s fo r  actua l  simula -
tion s o f  experiments .  Th e topologica l  m a p tend s t o stretc h 
it s representation s a s fa r  apar t  a s possible ,  thu s creatin g rep -
resentation s o n th e intervenin g node s whic h actuall y interpo -
lat e betwee n th e neighborin g representation s (Pha f  e t  al. . 
Submitted) .  Representation s m a y b e create d fo r  pattern s tha t 
hav e no t  actuall y bee n presented .  Thi s propert y may ,  fo r  in -
stance ,  b e usefu l  i n simulation s o f  memor y experiment s 
wher e ther e ar e semantica l  relation s betwee n words .  Suc h a 
networ k m a y b e abl e t o organiz e materia l  accordin g t o 
meanin g whe n onl y a  limite d numbe r  o f  example s i s given . 

Althoug h th e mode l  m a y b e ver y limite d a s a  mode l  fo r 
rea l  subject s an d th e simulation s diffe r  i n man y detail s from 
rea l  experiments ,  th e presen t  mode l  wa s abl e t o produc e re -
sult s tha t  wer e simila r  t o huma n findings  i n man y respects . 
Ful l  quantitativ e simulation s can ,  o f  course ,  no t  b e obtaine d 
i n thi s framework. A  mor e complicate d mode l  woul d 
probabl y d o bette r  an d b e abl e t o simulat e stil l  mor e tasks . 
But  eve n wit h th e presen t  mode l  i t  i s  alread y possibl e t o 
simulate ,  fo r  instance ,  threshol d identificatio n task s an d 

612 



probabl y onl y smal l  extension s woul d b e require d t o simu -
lat e recognitio n tasks .  I t  shoul d als o b e note d tha t  eve n whe n 
quantitativ e fits  wer e obtaine d wit h th e model ,  thi s woul d 
have littl e theoretica l  significance .  Th e mode l  use s s o man y 
shortcut s an d simplifications ,  suc h a s th e typ e o f  input ,  th e 
natur e o f  representation s etc. ,  tha t  thi s coul d onl y b e base d 
on a n empirica l  fit  an d woul d no t  reflec t  th e theoretica l 
valu e o f  th e model .  Th e strateg y use d fo r  thes e sunulation s 
was different .  Afte r  som e preliminar y simulation s t o chec k 
fo r  globa l  behavio r  o f  th e model ,  th e parameter s wer e fixed 
and remaine d constan t  fo r  al l  furthe r  simulations .  N o effor t 
was spen t  t o improv e th e sunulatio n result s b y furthe r  ad -
justin g th e parameters .  I t  canno t  b e exclude d tha t  a  parame -
te r  se t  ca n b e foun d tha t  yield s eve n bette r  results . 

Even whe n th e mode l  simulate s th e experiment s success -
fully ,  thi s doe s no t  mea n tha t  th e huma n syste m doe s thes e 
task s i n th e sam e manner .  Simulation s wit h thi s model ,  pri -
maril y implementin g activation/elaboratio n learning ,  merel y 
adds weigh t  t o thi s positio n whe n comparin g i t  t o th e othe r 
tw o positions .  I t  i s  entirel y possibl e tha t  a  mode l  implement -
in g multipl e memor y system s coul d als o simulat e thes e type s 
of  task s successfully .  I n ou r  opinion ,  however ,  suc h a  mode l 
woul d als o hav e t o tak e recours e t o differen t  processe s i n th e 
differen t  systems ,  thu s actuall y combinin g multipl e memor y 
system s an d multi-proces s approaches .  Als o i n ou r  mode l 
th e tw o type s o f  memor y test s ar e performe d partl y  i n differ -
ent  region s o f  th e network .  Th e module s i n ou r  mode l  are , 
however ,  heavil y intercormecte d an d caimo t  b e see n a s ana -
tomicall y separat e o r  a s functionin g independently .  Ele -
ments o f  a  study-tes t  compatibilit y  accoun t  ca n als o b e 
foun d i n th e model .  Retrieva l  throug h a  particula r  pat h i n th e 
networ k i s facilitate d whe n th e connection s i n thi s pat h hav e 
been strengthene d initiall y  durin g learning .  Th e implemen -
tatio n o f  a  computationa l  mode l  fo r  implici t  an d explici t 
memory task s thu s lead s t o th e findin g tha t  i t  i s ver y har d t o 
make a  stric t  an d exclusiv e distinctio n betwee n th e thre e al -
temativ e accounts . 

The thre e position s fi-om  memor y psycholog y ar e merel y 
conceptua l  model s whic h offe r  n o guarante e tha t  the y actu -
all y produc e th e phenomen a the y purpor t  t o b e abl e t o ex -
plain .  Computationa l  model s ma y b e on e ste p close r  t o es -
tablishin g clea r  link s betwee n theor y an d experimenta l  re -
sults .  Fo r  thei r  constructio n the y requir e specificatio n o f 
many detail s whic h ma y hav e bee n oversee n i n th e concep -
tua l  models .  Th e furthe r  specificatio n o f  processe s require d 
by computationa l  model s ma y no t  onl y b e usefu l  fo r  mem-
or y psycholog y bu t  ma y als o lea d t o optimalizatio n o f  arti -
ficial  learnin g methods . 
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Appendix 

Weight s an d parameter s o f  th e ELAN- 1 model :  up ,  0.5 ;  flat, 
-1.0 ;  high ,  -2.0 ;  low ,  0.4 ;  A E ,  1.0 ;  strange ,  0.25 ;  inter ,  0.5 ; 
A V,  1.0 ;  V A ,  3.0 ;  reset ,  2.0 ;  V V ,  0.4 ;  output ,  2.0 ;  k ,  0.25 ;  L , 
2.0 ;  K ,  1.0 ;  d ,  0.0001 ;  w^^ ,  0.0005 ;  ct ,  0.05 ;  c, ,  0.005 ;  A ,  8.8 ; 
B,  10.0 ;  ( 7 i n word-CAL M Map ,  5.0 ;  ( 7 i n context-CAL M 
Map,  3. 0 (fo r  descriptio n o f  parameter s se e Murr e e t  al , 
1992 ;  Pha f  era/. .  Submitted ;  Va n hrmierzeel ,  1996) . 
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