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W o r d Learnin g an d Verba l  Short-Ter m M e m o r y :  A  Computationa l  Accoun t 

Prahlad Gupta 
Beckman Institut e fo r  Advance d Scienc e an d Technolog y 

Universit y o f  Illinoi s a t  Urbana-Champaig n 
Urbana,IL6180 1 

p r a h l a d S u i u c . e d u 

Abstrac t 

Recent behavioral evidence suggests that human vocabulary 
acquisitio n processe s an d verba l  short-ter m memor y abilitie s 
may b e relate d (Gathercol e &  Baddeley ,  1993) .  Investigatio n 
of  thi s relationshi p ha s considerabl e significanc e fo r  under -
standin g o f  huma n language ,  o f  workin g memory ,  an d o f  th e 
relationshi p betwee n short -  an d long-ter m memor y systems . 
Thi s pape r  present s a  computationa l  mode l  o f  wor d learning , 
nonwor d repetition ,  an d immediat e seria l  recall .  B y provid -
in g a n integrate d accoun t  o f  thes e thre e abilities ,  th e mode l 
provide s a  specificatio n o f  ho w th e mechanism s o f  immediat e 
seria l  recal l  ma y b e relate d t o mechanism s o f  languag e pro -
cessin g mor e generally .  Furthermore ,  th e mode l  provide s fres h 
insigh t  int o th e observe d behaviora l  correlation s betwee n wor d 
teamin g an d immediat e seria l  recall .  Accordin g t o th e model , 
thes e correlation s ca n aris e becaus e o f  th e commo n depen -
denc e o f  thes e tw o abilitie s o n cor e phonologica l  an d semanti c 
processin g mechanisms .  Thi s contrast s wit h th e explanatio n 
propose d i n th e workin g memor y literature ,  viz. ,  tha t  wor d 
learnin g i s dependen t  o n verba l  short-ter m memor y (Gather -
col e e t  al. ,  1992) .  I t  i s  discusse d ho w bot h explanation s ca n b e 
reconcile d i n term s o f  th e presen t  model . 

Introduction 

A variet y o f  recen t  evidenc e suggest s tha t  huma n vocabular y 
acquisitio n processe s an d aspect s o f  huma n verba l  short-ter m 
memory ma y b e related .  I n children ,  reliabl e correlation s 
hav e bee n obtaine d betwee n digi t  span ,  nonwor d repetitio n 
ability ,  an d vocabular y achievement ,  eve n whe n othe r  pos -
sibl e factor s suc h a s ag e an d genera l  intelligenc e hav e bee n 
factore d ou t  (e.g. ,  Gathercol e &  Baddeley ,  1989 ;  Gathercol e 
et  al. ,  1992) .  Studie s o f  norma l  adult s sugges t  tha t  factor s 
know n t o affec t  verba l  short-ter m m e m o r y als o interfer e wit h 
wor d learnin g abilit y  (e.g. ,  Papagn o e t  al. ,  1991) .  I t  als o 
appear s tha t  ther e i s a  populatio n o f  neuropsychologicall y 
impaire d patient s i n w h o m languag e functio n i s largel y pre -
served ,  bu t  w h o exhibi t  selectiv e deficit s i n verba l  short-ter m 
memory an d i n wor d learnin g abilit y  (Baddele y e t  al. ,  1988) . 
I t  i s  no t  possibl e t o describ e thes e studie s i n detai l  her e (se e 
Gathercol e &  Baddeley ,  1993 ,  fo r  a  review) .  Th e poin t  i s tha t 
ther e i s no w a  considerabl e bod y o f  evidenc e t o sugges t  tha t 
wor d learning ,  verba l  short-ter m memory ,  an d nonwor d rep -
etitio n ar e a  relate d tria d o f  abilities . 

The studie s mentione d abov e hav e bee n conducte d withi n 
th e framewor k o f  th e workin g memor y mode l  (Baddeley , 
1986) .  I n tha t  model ,  on e subsyste m o f  workin g m e m o r y i s 

verba l  short-ter m memory .  Thi s subsyste m ha s bee n terme d 
th e "articulator y loop" ,  an d it s stud y ha s relie d o n immediat e 
seria l  recal l  (ISR )  tasks ,  i n whic h a  subjec t  i s  presente d wit h 
sequence s o f  unrelate d verba l  item s (suc h a s digit s o r  words) , 
and i s require d t o recal l  th e sequenc e i n correc t  order ,  im -
mediatel y followin g it s presentation .  Th e articulator y loo p 
consist s o f  tw o parts .  O n e par t  consist s o f  a  phonologica l 
stor e fo r  verba l  material ,  withi n whic h memor y trace s deca y 
withi n 1- 2 seconds .  Th e secon d par t  consist s o f  mechanism s 
tha t  enabl e rehearsal ,  a  proces s tha t  ca n "refresh "  decayin g 
trace s i n th e phonologica l  stor e (Baddeley ,  1986) . 

Withi n thi s paradigm ,  th e relationshi p betwee n wor d learn -
in g an d verba l  short-ter m memor y ha s bee n interprete d a s 
indicatin g tha t  th e articulator y loop ,  an d i n particular ,  th e 
phonologica l  store ,  underlie s vocabular y learnin g (e.g. ,  Gath -
ercol e e t  al. ,  1992) .  However ,  thi s conjectur e ha s no t  bee n 
elaborate d i n processin g terms ,  an d i t  i s unclea r  wha t  th e na -
tur e o f  suc h share d processin g migh t  be .  Thi s pape r  present s 
a computationa l  mode l  tha t  attempt s t o specif y i n detai l  wha t 
th e relationshi p migh t  b e betwee n wor d learning ,  nonwor d 
repetition ,  an d immediat e seria l  recall . 

Such investigatio n o f  share d mechanism s underlyin g ver -
bal  short-ter m m e m o r y an d vocabular y acquisitio n i s impor -
tan t  fo r  a t  leas t  tw o reasons .  First ,  i t  offer s a  ne w processing -
oriente d approac h t o examinin g vocabular y acquisition .  Sec -
ond ,  exploratio n o f  thi s connectio n ca n illuminat e th e rela -
tion s betwee n short -  an d long-ter m m e m o r y systems . 

A Computational Model 

Architecture and computational mechanisms. The goal 
of  th e mode l  describe d i n thi s pape r  i s t o examin e th e com -
putationa l  basi s o f  th e relationshi p betwee n wor d learning , 
nonwor d repetition ,  an d immediat e seria l  recall .  Th e task s 
fo r  th e model ,  therefore ,  ar e t o simulat e (1 )  immediat e rep -
etitio n o f  nove l  wor d forms ,  (2 )  th e learnin g o f  nove l  wor d 
forms ,  an d (3 )  immediat e seria l  recal l  o f  list s o f  k n o w n wor d 
forms .  I n attemptin g this ,  th e mode l  build s o n man y previ -
ou s idea s (Burges s &  Hitch ,  1992 ;  Grossberg ,  1978 ;  Hartle y 
& Houghton ,  i n press ;  Houghton ,  1990) ,  eac h o f  whic h ad -
dresse s certain ,  bu t  no t  all ,  aspect s o f  th e targe t  phenomena . 

Th e mode l  i s depicte d i n Figur e 1(a) .  Ther e ar e thre e cru -
cia l  level s o f  representation .  Th e Phonem e Laye r  i s a  leve l  o f 
outpu t  phonolog y a t  whic h phoneme s ar e represented .  A t  thi s 
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(a )  (b ) 
Figur e 1 :  A  mode l  o f  wor d learnin g an d immediat e seria l  recall ,  (a )  Architectur e o f  th e model ,  (b )  Sequencin g mechanisms . 

level ,  fo r  example ,  ther e ar e representation s o f  th e phoneme s 
/a/ ,  /t/ ,  an d s o on .  Second ,  ther e i s a  leve l  a t  whic h wor d 
form s ar e represente d (th e Phonologica l  C h u n k Layer) .  A t 
thi s level ,  ther e ar e representation s fo r  wor d forms ;  thes e rep -
resentation s ar e share d b y inpu t  an d outpu t  phonology .  A 
thir d leve l  represent s semanti c and/o r  contextua l  informatio n 
abou t  wor d forms ,  an d i s designate d th e Semantics/Contex t 
Layer .  Informatio n abou t  th e meanin g o f  th e wor d for m do g 
i s represente d a t  thi s level ,  a s als o informatio n abou t  context s 
of  usag e i n whic h th e wor d for m do g ha s bee n encountered . 
I n fact ,  semantic s i s viewe d loosel y a s a  specia l  cas e o f  con -
text . 

Thes e level s o f  representatio n ar e relate d vi a connectio n 

weights .  T h e Semantics/Contex t  Laye r  i s bidirectionall y con -
necte d t o th e Phonologica l  C h u n k Layer ,  s o tha t  represen -
tation s a t  thes e tw o level s influenc e eac h othe r  interactively . 
Th e Phonologica l  C h u n k Laye r  ha s connectio n weight s t o th e 
P h o n e me Layer .  Productio n o f  a  wor d for m i s a  seriall y  or -
dere d process ,  therefor e th e representatio n o f  a  wor d for m a t 
th e Phonologica l  C h u n k Laye r  ha s t o b e abl e t o produc e a 
specifi c  sequenc e o f  phoneme s a t  th e P h o n e m e Layer .  Eac h 
of  thes e level s o f  representatio n i s comprise d o f  a  poo l  o f 
units ,  eac h o f  whic h receive s inpu t  fro m othe r  units ,  sum -
mate s it s input ,  an d produce s a n outpu t  whic h i s a  sigmoida l 
functio n o f  it s s u m m e d input .  T h e mode l  als o incorporate s 
a syllabl e templat e betwee n th e P h o n e m e Laye r  an d C h u n k 
Layer ,  whic h function s a s a  parser ,  assignin g syllabl e struc -
tur e t o th e incomin g strea m o f  phonemes ,  an d als o imposin g 
syllabl e structur e o n th e outpu t  o f  wor d form s fro m th e sys -

te m (Hartle y &  Houghton ,  i n press) . 
Ther e i s a  genera l  sequencin g mechanis m (designate d a s 

th e Sequenc e M e m o r y )  tha t  provide s immediat e m e m o r y fo r 
sequence s o f  wor d forms .  T h e Sequenc e M e m o r y ha s con -
nection s t o th e Phonologica l  C h u n k Layer ,  whic h enabl e i t  t o 
repla y a  sequenc e o f  activation s tha t  hav e occurre d recentl y 

at  th e Phonologica l  C h u n k Layer .  T h e connectio n weight s 
fro m th e Sequenc e M e m o r y ar e subjec t  t o decay ,  an d there -
for e th e m e m o r y fo r  specifi c  sequence s i s short-lived .  Th e Se -
quenc e M e m o r y i s th e presen t  model' s versio n o f  ihephono -

logica l  stor e postulate d b y th e workin g m e m o r y mode l  (Bad -
deley ,  1986) .  T h e basi c mechanis m I  adop t  fo r  suc h sequenc e 
m e m o ry i s th e avalanch e (Grossberg ,  1978) .  A  varian t  o f 
thi s mechanis m ha s bee n incorporate d i n Houghton' s (1990 ) 
Competitiv e Queuein g ( C Q )  architecture ,  an d use d i n it s C Q 
for m b y Burges s &  Hitc h (1992) ,  Hartle y &  Houghto n (i n 

press) ,  an d others . 
A n avalanch e i s compose d o f  a n arra y o f  units ,  a s show n 

fo r  th e Sequenc e M e m o r y i n Figur e 1(a) .  A  crucia l  propert y 
of  a n avalanch e i s tha t  a  wav e o f  activatio n propagate s alon g 
thi s poo l  o f  units ,  activatin g the m i n a  specifi c  an d replica -
bl e sequence .  Presentatio n o f  a  sequenc e o f  wor d form s t o 
th e syste m i s modele d a s a  sequenc e o f  activation s o f  th e ap -
propriat e wor d for m unit s a t  th e Phonologica l  C h u n k Layer . 
Concurrentl y wit h th e sequenc e o f  activation s a t  th e Chun k 
Layer ,  th e wav e o f  activatio n propagate s alon g th e Sequenc e 
M e m o ry avalanche ,  an d a t  eac h tim e step ,  connectio n weight s 
fro m th e avalanch e unit s t o th e C h u n k Laye r  ar e adjuste d b y 
a Hebbia n process .  Thi s mean s tha t  eac h Sequenc e M e m-
or y avalanch e uni t  encode s whateve r  patter n o f  activatio n wa s 

presen t  ove r  th e C h u n k Laye r  a t  th e tim e step(s )  whe n tha t 
avalanch e uni t  wa s active .  T h e proces s o f  recal l  require s 
tha t  th e wav e o f  activatio n mus t  trave l  alon g th e avalanch e 
onc e again .  W h e n i t  does ,  eac h avalanch e uni t  wil l  recre -
at e it s encode d patter n o f  activation s ove r  th e C h u n k Layer , 
provide d th e connection s weight s fro m th e avalanch e t o th e 
C h u n k Laye r  hav e no t  decaye d to o much . 

Figur e 1(b )  depict s severa l  tim e step s o f  processin g durin g 
presentatio n o f  a  sequenc e o f  input s t o th e C h u n k Layer .  Th e 
figure  show s th e wav e o f  activatio n propagatin g alon g th e Se -
quenc e M e m o r y avalanch e unit s ove r  severa l  tim e step s o f 
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presentation .  A t  eac h tim e step ,  Hebbia n adjustmen t  occur s 
on th e connectio n weight s fro m th e avalanch e t o th e Chun k 
Layer .  A t  recall ,  reinstantiatio n o f  th e wav e o f  activatio n ove r 
th e avalanch e unit s wil l  lea d t o productio n o f  th e sequenc e o f 

Chunk Laye r  activations . 
Thus th e Sequenc e M e m o r y ( S M )  show n a t  th e to p o f  Fig -

ur e 1(a )  i s implemente d a s a n avalanch e tha t  encode s se -
quence s o f  wor d forms .  I n addition ,  eac h nod e a t  th e Phono -
logica l  Chun k Laye r  als o represent s a n avalanche .  Thu s 
phonemes ar e boun d t o a  Chun k Laye r  avalanch e i n muc h 
th e sam e wa y a s Chun k Laye r  node s ar e boun d t o th e S M 
avalanche .  Thi s constitute s a  secon d leve l  o f  sequencing , 
whereb y th e Chun k Laye r  representatio n o f  a  particula r  wor d 
for m ca n encod e an d reproduc e th e seria l  orderin g o f  it s  con -
stituen t  phonemes . 

The mode l  assume s th e existenc e o f  wor d recognitio n pro -
cesses ,  inpu t  fro m whic h cause s activatio n o f  on e Phonem e 
Laye r  nod e a t  a  time ,  an d on e Chun k Laye r  nod e a t  a  time , 
at  eac h tim e poin t  i n processing ,  durin g presentatio n o f  wor d 
forms . 

Simulations 

Simulatio n o f  wor d learning .  A s a n exampl e o f  wor d 
learnin g i n th e model ,  le t  u s conside r  ho w th e nove l  wor d 
for m /zaet /  i s  learne d (i t  ma y b e helpfu l  t o refe r  t o Fig -
ur e 1(a )  a s needed) .  Learnin g occur s durin g presentatio n o f 
th e wor d form ,  a s follows .  Propagatio n o f  activatio n alon g 
th e Sequenc e M e m o r y ( S M )  avalanch e unit s i s initiated .  A t 
tim e ste p 1 ,  th e phonem e uni t  fo r  /z /  i s  activate d (a t  th e 
Phoneme Layer) .  Th e appropriat e Syllabl e Templat e nod e 
i s activated .  A  ne w nod e i s allocate d a t  th e Phonologica l 
Chunk Layer .  A  ne w nod e i s als o allocate d a t  th e Seman -
tics/Contex t  Layer .  Th e followin g automati c processe s occur : 
(1 )  Hebbia n adjustmen t  o f  Chun k - ¥ Phonem e weights ,  an d 
Chunk - f  Templat e weights .  (2 )  Hebbia n adjustmen t  o f  S M 
- ^  Chun k weights .  (3 )  Hebbia n adjustmen t  o f  Chun k f > Se -
mantics/Contex t  weights .  (4 )  Deca y o f  Chun k - ^  Phonem e 
weight s an d Chun k - ¥ Templat e weights .  (5 )  Deca y o f  S M 
- ^  Chun k weights . 

At  th e nex t  tim e step ,  th e phonem e uni t  fo r  /z /  i s  inacti -
vated ,  an d th e phonem e uni t  fo r  /ae /  i s activated .  Th e sam e 
automati c processe s tak e place .  Thi s procedur e i s repeate d a t 
presentatio n of/t/ .  Thes e processe s provid e th e basi s fo r  wor d 
learning .  Not e tha t  ther e ar e tw o aspect s o f  learning .  First , 
learnin g increase s th e Chun k f 4 Semantics/Contex t  weights . 
For  nove l  words ,  thes e weight s ar e develope d o n th e fl y dur -
in g presentation ,  an d wil l  b e lowe r  tha n thos e tha t  hav e de -
velope d (ove r  multipl e exposures )  fo r  know n words .  Second , 
learnin g result s i n th e developmen t  o f  Chun k -» •  Phonem e 
weight s an d Chun k - ¥ Templat e weights .  Fo r  nove l  wor d 

forms ,  thes e weight s ar e als o develope d onlin e durin g pre -
sentation .  Ther e i s n o differenc e i n th e magnitud e o f  thes e 
weight s fo r  know n an d nove l  wor d forms .  However ,  fo r 
known words ,  thes e weight s ar e assume d t o hav e saturated , 
and neithe r  increas e no r  deca y durin g presentation .  Fo r  nove l 
wor d forms ,  thes e weight s ar e subjec t  t o decay .  Thu s know n 

word s hav e highe r  Chun k f- ^  Semantics/Contex t  tha n d o non -
words ;  an d th e Chun k - f  Phonem e weight s an d Chun k - > 

Templat e weight s d o no t  change ,  fo r  know n words ,  wherea s 
the y deca y fo r  nonwords .  Thes e tw o effect s characteriz e th e 
differenc e betwee n word s an d nonword s i n th e model . 

Not e als o tha t  th e automati c processe s describe d abov e oc -
cur  irrespectiv e o f  whethe r  /zaet /  i s  a  know n o r  nove l  wor d 
form .  Tha t  is ,  processin g durin g presentatio n o f  a  know n 
wor d for m i s identica l  t o tha t  durin g presentatio n o f  a  non -
wor d -  excep t  that ,  a s note d above ,  fo r  th e alread y know n 

word ,  th e Chun k - ^  Phonem e weight s an d Chun k - ^  Tem -
plat e weight s wil l  neithe r  increas e no r  decay . 

Simulation s o f  wor d learnin g wer e se t  u p t o mode l  a  cued -
recal l  task .  Te n two-syllable ,  three-syllable ,  an d four-syllabl e 
wor d form s wer e used ,  take n fro m th e Children' s Tes t  o f  Non -
wor d Repetitio n (Gathercol e e t  al. ,  1994) .  3 0 simulation s 
wer e ru n a t  eac h wor d length .  Durin g presentatio n o f  eac h 
set  o f  wor d form s (i.e. ,  al l  th e wor d form s a t  a  particula r  wor d 
length) ,  wor d learnin g occurred ,  a s describe d above .  A s par t 
of  thi s process ,  a  semantic s nod e wa s create d fo r  eac h wor d 
form .  Afte r  al l  th e wor d form s ha d bee n presente d once ,  cue d 
recal l  wa s tested .  Th e semantic s node s associate d wit h eac h 
wor d i n th e se t  wer e activated ,  on e a t  a  time ,  representin g th e 
cuein g o f  a  wor d wit h it s semantics .  Interactiv e activatio n 
the n resulte d i n th e activatio n o f  chun k nodes .  A t  eac h tim e 
ste p durin g recall ,  activation s o f  th e semantics/contex t  units , 
th e chun k units ,  an d th e phonem e unit s wer e updated .  Cor -
rec t  recal l  o f  a  wor d woul d requir e tha t  th e correc t  sequenc e 
of  phoneme s b e produced . 

Al l  th e word s wer e learne d o n th e first  presentation .  A t 
al l  thre e wor d lengths ,  performanc e wa s perfec t  o n th e ver y 
first  cue d recal l  trial .  Thu s th e mode l  exhibit s wor d learn -
in g performanc e correspondin g t o huma n subjects '  abilitie s 
t o lear n word s withi n a  ver y fe w presentation s (Carey ,  1978 ; 
Dollaghan ,  1985) . 

Simulatio n o f  nonwor d repetition.  Th e automati c pro -
cesse s tha t  occu r  whe n a  nove l  wor d for m i s presente d t o 
th e syste m hav e alread y bee n describe d a s par t  o f  th e fore -
goin g discussio n o f  wor d learning .  Testin g whethe r  tha t 
nove l  wor d ha s bee n learne d involve s testin g whethe r  th e 
Semantics/Contex t  - > Chun k weight s ar e sufficientl y stron g 
t o produc e th e correc t  Chun k Laye r  patter n o f  activation , 
i n th e absenc e o f  an y suppor t  fro m th e Sequenc e Memory , 
whose weight s ar e assume d t o hav e decaye d beyon d th e poin t 
wher e the y ca n contribut e t o th e chun k retrieva l  process ;  an d 
whethe r  th e retrieve d Chun k Laye r  patter n ca n spel l  ou t  it s 
constituen t  sequenc e o f  phoneme s a t  th e Phonem e Layer . 
Testin g immediat e repetitio n o f  th e nonword ,  b y contrast ,  in -

volve s testin g whethe r  th e S M - ^  Chun k weight s ar e stil l 
stron g enoug h t o allo w retrieva l  o f  th e correc t  Chun k Laye r 
patter n o f  activation ,  an d henc e activatio n o f  th e correc t  se -
quenc e o f  phoneme s a t  th e Phonem e Layer . 

Simulation s wer e ru n o f  immediat e repetitio n o f  th e sam e 
30 nonw6rd s use d i n th e wor d learnin g simulations ,  wit h 3 0 
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Figur e 2 :  Performanc e o n IS R o f  list s o f  know n words ,  (a )  Percen t  list s correctl y recalled :  simulation ,  an d behaviora l  dat a (Guildfor d & 
Dallenbach ,  1925) .  (b )  Seria l  positio n curve s (simulation) . 

attempt s t o repea t  eac h se t  o f  1 0 nonwords .  Repetitio n per -
formanc e wa s 1 0 0 % correc t  a t  al l  thre e syllabl e lengths .  Thi s 
correspond s t o essentiall y  error-fre e performanc e i n norma l 

adul t  huma n subjects .  Th e error s tha t  adult s d o mak e i n non -
wor d repetitio n ar e du e t o uncertaintie s i n th e perceptio n o f 
nonwords ,  rathe r  tha n tha n t o an y difficult y i n bein g abl e t o 
repea t  them .  Th e mode l  ha s n o analogu e o f  imperfec t  per -
ception ,  an d s o doe s no t  mak e an y error s i n repetition ,  eve n 
of  unfamilia r  wor d forms . 

Simulatio n o f  immediat e seria l  recall .  Immediat e seria l 
recal l  wa s simulate d b y presentin g sequence s o f  wor d form s 
t o th e model ,  an d the n examinin g recall ,  whe n th e Sequenc e 
Memory avalanch e wa s re-activate d immediatel y followin g 
presentation .  Figur e 2(a )  show s th e simulate d proportio n o f 
list s correctl y recalle d a t  eac h lis t  length ,  a s wel l  a s th e huma n 
dat a (Guildfor d &  Dallenbach ,  1925) .  Figur e 2(b )  show s sim -
ulate d seria l  positio n curve s fo r  IS R o f  list s o f  know n words , 
fo r  lis t  length s 1  throug h 7 .  Fo r  lis t  length s 5  an d above , 
th e curve s sho w th e characteristi c primac y an d recenc y ef -
fects .  Not e tha t  th e model' s performanc e i s  perfec t  fo r  lis t 
length s 1  throug h 4,  a s show n i n Figur e 2(a) ;  therefor e i n Fig -
ur e 2(b) ,  th e seria l  positio n curve s fo r  thes e fou r  lis t  length s 
sho w 1 0 0 % correc t  performanc e a t  al l  seria l  positions ,  an d 
ar e superimposed . 

I t  shoul d b e note d tha t  wha t  th e mode l  simulate s i s seria l 
recal l  abilitie s tha t  ar e automati c an d non-strategic .  Thes e ar e 
th e abilitie s involve d whe n subject s repor t  "readin g out "  th e 
recal l  sequenc e fro m memory ,  a s the y commonl y d o fo r  list s 
of  u p t o 5  digits .  Suc h memor y involve s n o rehearsal .  I t  cor -
respond s t o th e initia l  par t  o f  th e seria l  recal l  curve ,  wher e 
performanc e i s almos t  perfec t  fo r  u p t o approximatel y 5  dig -

it s (Guildfor d &  Dallenbach ,  1925) .  A s ca n b e see n fro m 
Figur e 2(a) ,  th e model' s performanc e drop s belo w tha t  o f  hu -
man subject s fo r  list s beyon d lengt h 4 .  Thi s reflect s th e fac t 
tha t  huma n performanc e beyon d lis t  lengt h 4  o r  5  i s increas -

ingl y dependen t  o n strategie s tha t  ar e no t  incorporate d i n th e 
curren t  model . 

Word Learning and Serial Recall: The 

Relat ionshi p 

We hav e see n tha t  th e model' s performanc e o f  immedi -
at e seria l  recal l  (ISR) ,  nonwor d repetitio n ( N W R ) ,  an d wor d 
learnin g ( W L )  i s i n agreemen t  wit h huma n behaviora l  data . 
Let  u s no w examin e th e relationshi p betwee n thes e abilitie s 
i n greate r  detail .  Ther e ar e fou r  structura l  component s o f  th e 
model :  (1 )  th e Sequenc e Memor y (SM) ;  (2 )  th e Chun k Layer ; 
(3 )  th e Phonem e Laye r  an d Syllabl e Templat e (whic h I  clas -
sif y  a s on e component) ;  an d (4 )  th e Semantics/Contex t  Layer . 
The model' s performanc e i n ISR ,  N W R,  an d W L depend s o n 
th e effectivenes s o f  th e mapping s betwee n thes e components . 

I n th e model ,  th e effectivenes s o f  thes e mapping s depend s 
on th e strength s o f  connectio n weight s betwee n thes e compo -
nents ,  an d th e magnitud e o f  th e weight s i n tur n depend s o n 
th e rat e o f  weigh t  chang e (th e learnin g rate )  fo r  eac h o f  thes e 
set s o f  connections .  Thes e learnin g rate s ar e parameter s o f 
th e mode l  tha t  hav e bee n se t  s o tha t  th e mode l  approximate s 
norma l  adul t  huma n performance ,  a s describe d i n th e variou s 
simulation s s o far .  Th e learnin g rate s wil l  b e denote d b y a 
fo r  th e weight s fro m th e Chun k Laye r  t o th e Phonem e Laye r 
and Syllabl e Template ,  togethe r  designate d a s th e Chun k - ^ 
Phoneme weights ;  9  fo r  th e S M - ¥ Chun k weights ;  an d 7  fo r 
th e Chun k <- ^  Semantics/Contex t  weights . 

To understan d ho w N W R,  W L ,  an d IS R migh t  b e differen -
tiall y  dependen t  o n th e variou s component s o f  th e model ,  th e 
effectivenes s o f  eac h componen t  wa s varied ,  b y varyin g th e 
associate d learnin g rate .  I n al l  simulation s describe d earlier , 

th e value s o f  learnin g rate s wer e a  =  0.43, 5 =  1.06, 7 — 
0.3 .  Th e valu e o f  eac h o f  thes e learnin g rat e parameter s wa s 
no w varied ,  on e a t  a  time .  Fo r  example ,  Figur e 3(a )  show s th e 
effec t  o f  varyin g a ;  th e seve n combination s o f  learnin g rat e 
shown wer e obtaine d b y combinin g seve n differen t  level s o f 

a wit h th e fixed  value s 5  =  1.06, 7 — 0-3 .  Th e seve n learnin g 
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Figur e 3 :  Effec t  o f  variou s learnin g rate s o n Nonwor d Repetition ,  Wor d Learning ,  an d Immediat e Seria l  Recall ,  (a )  Effec t  o f  learnin g rat e a 
of  weight s fro m Chun k Laye r  t o Phonem e Laye r  an d Syllabl e Template ,  (b )  Effec t  o f  learnin g rat e 7  o f  bidirectiona l  weight s betwee n Chun k 
Laye r  an d Semantics/Contex t  Layer ,  (c )  Effec t  o f  learnin g rat e 9  o f  weight s fro m S M t o Chun k Layer . 

rat e combination s i n Figure s 3(b )  an d (c )  wer e constructe d i n 
analogou s fashion ,  varyin g eithe r  7  o r  0  respectively ,  i n com -
binatio n wit h fixed  value s o f  th e othe r  tw o parameters . 

For  N W R,  eac h dat a poin t  represent s th e proportio n o f  4 -
syllabl e nonword s repeate d correctly ,  average d ove r  3 0 sim -
ulation s o f  N W R a t  th e particula r  combinatio n o f  learnin g 
rates .  Fo r  W L ,  eac h dat a poin t  represent s th e proportio n o f 
nove l  4-syllabl e wor d form s produce d correctl y i n cue d re -
call ,  average d ove r  3 0 simulation s a t  th e particula r  combina -
tio n o f  learnin g rates .  Fo r  ISR ,  eac h dat a poin t  represent s th e 
proportio n o f  list s o f  5  know n word s correctl y recalled ,  aver -
aged ove r  3 0 simulations . 

As ca n b e see n fro m Figur e 3 ,  nonwor d repetitio n i s de -
penden t  o n th e rat e o f  chang e (q )  o f  weight s fro m th e Chun k 
Laye r  t o th e Phonem e Laye r  an d Syllabl e Template .  H o w -
ever ,  i t  i s unaffecte d b y th e othe r  learnin g rates .  Wor d learn -
in g i s sensitiv e t o a ,  an d als o t o th e rat e o f  chang e (7 )  o f  bidi -
rectiona l  weight s betwee n th e Chun k Laye r  an d th e Seman -
tics/Contex t  Layer .  However ,  i t  i s  unaffecte d b y th e rat e o f 
chang e {6 )  o f  weight s fro m th e S M t o th e Chun k Layer .  Im -
mediat e Seria l  Recal l  i s dependen t  o n al l  thre e rate s o f  weigh t 
change .  Thes e dependencie s ar e summarize d i n Tabl e 1 . 

To conside r  wha t  thes e dependencie s indicate ,  i t  i s  wort h 
reiteratin g wha t  th e variation s i n "learnin g rates "  repre -
sent .  Th e Chun k - > Phonem e mappin g represent s long-ter m 
phonologica l  knowledg e (knowledg e abou t  th e seria l  orde r  o f 
phonemes withi n words) .  Th e effectivenes s o f  thi s knowl -
edge i s represente d b y th e strengt h o f  connectio n weight s 
i n thi s componen t  o f  th e model .  I n th e model ,  th e strengt h 
of  thes e connectio n weight s depend s o n th e learnin g rat e q . 
Variatio n i n th e learnin g rat e paramete r  a  i s thu s a  short -
hand fo r  variatio n i n th e strengt h o r  effectivenes s o f  long -
ter m phonologica l  knowledg e i n th e system .  Similarly ,  vari -
atio n o f  th e learnin g rat e paramete r  7  represent s variatio n i n 
th e strengt h o f  long-ter m knowledg e abou t  th e semantic s o f 

Abilit y 

Nonwor d repetitio n 
Word Leamin g 
Immediat e Seria l  recal l 

1 Abilit y  i s affecte d by :  | 
Chunk 
-> • 
Phoneme 
leam -
in g rat e 
(a ) 
n/ 
V 
>/ 

Contex t 
<-> 
Chunk 
learn -
in g rat e 
(7 ) 
X 
V 
V 

SM ^ 
Chunk 
leam-
in g rat e 
i6 ) 

X 
X 
/̂ 

Tabl e 1 :  Analysi s o f  dependencie s i n th e model :  Factor s influenc -
in g Nonwor d Repetitio n ( N W R ) ,  Wor d Leamin g (WL) ,  an d Imme -
diat e Seria l  Recal l  (ISR) . 

word s i n th e system .  Variatio n i n th e learnin g rat e paramete r 
6 represent s variatio n i n th e inheren t  capacit y o f  th e short -
ter m Sequenc e Memory . 

The dependencie s i n Tabl e 1  thu s indicat e tha t  IS R abil -
it y  i s affecte d b y th e effectivenes s o f  long-ter m phonologica l 
knowledge ,  long-ter m semanti c knowledge ,  an d short-ter m 
phonologica l  stor e capacity .  Wor d learnin g abilit y  i s affecte d 
by th e strengt h o f  long-ter m phonologica l  knowledg e an d 
long-ter m semanti c knowledge .  Nonwor d repetitio n abilit y 
i s affecte d b y th e strengt h o f  long-ter m phonologica l  knowl -
edge . 

Conclusions 

Thes e result s sugges t  a  mor e precis e specificatio n o f  th e re -
lationshi p betwee n N W R,  W L ,  an d ISR .  I n th e model ,  thes e 
abilitie s ar e relate d becaus e the y ar e al l  dependen t  o n th e ef -
fectivenes s o f  th e Chun k - ^  Phonem e mapping .  Tha t  is ,  th e 
model  ascribe s th e relationshi p betwee n thes e thre e abilitie s 
t o thei r  c o m m o n relianc e o n long-ter m phonologica l  knowl -
edg e abou t  phonem e seria l  ordering . 

Thu s on e o f  th e way s i n whic h wor d learnin g an d immedi -
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at e seria l  recal l  ar e relate d i s throug h thei r  c o m m o n relianc e 
on thi s long-ter m phonologica l  knowledge .  I n additio n (se e 

Tabl e 1) ,  thes e tw o abilitie s ar e als o relate d throug h thei r  re -

lianc e o n th e Semantics/Contex t  f ^  Chun k mapping ,  i.e. ,  o n 
long-ter m semanti c knowledge .  Bot h th e Chun k —^  Phonem e 
mappin g an d th e Semantics/Contex t  f + Chun k mappin g rep -
resen t  fundamenta l  aspect s o f  phonological/linguisti c pro -

cessing ,  an d represen t  long-ter m knowledge . 
I t  i s  importan t  t o not e h o w thi s accoun t  differ s fro m on e 

tha t  ascribe s a  causa l  rol e t o th e workin g memor y model' s 

Phonologica l  Stor e (cf .  Gathercol e e t  al. ,  1992) .  I n th e 
presen t  model ,  th e relationshi p betwee n IS R an d W L arise s 
not  becaus e o f  th e Sequenc e Memory/Phonologica l  Store ,  bu t 
becaus e IS R i s dependen t  o n cor e phonological/semanti c pro -
cesse s tha t  underli e wor d learning .  A s w e hav e seen ,  wor d 
learnin g i s unaffecte d b y th e rat e o f  chang e 9  o f  weight s fro m 
th e S M t o th e Chun k Layer ,  wherea s IS R i s affecte d b y th e 
effectivenes s o f  th e Chun k —> Phonem e mapping ,  an d b y th e 
effectivenes s o f  th e Semantics/Contex t  f ^  Chun k mapping . 

I f  th e presen t  mode l  wer e t o incorporat e connectivit y fro m 
th e Sequenc e M e m o r y directl y t o th e Phonem e Layer ,  i t  i s 
likel y tha t  thi s woul d ai d th e effectivenes s o f  N W R,  W L ,  an d 
ISR .  Al l  thre e abilitie s woul d the n b e dependen t  o n a  mech -
anis m (th e Sequenc e Memory/Phonologica l  Store )  tha t  pri -
maril y subserve s ISR .  Thu s th e presen t  mode l  doe s no t  rul e 

out  th e possibilit y  o f  a  causa l  rol e fo r  th e phonologica l  stor e 
i n wor d learning .  Rather ,  i t  suggest s tha t  N W R,  IS R an d W L 
may b e relate d eve n i n th e absenc e o f  suc h a  connection . 

I t  i s  perhap s mos t  likel y tha t  thes e abilitie s ar e relate d i n 
bot h ways .  Thi s woul d hel p t o explai n th e finding s that , 
wherea s nonwor d repetitio n abilit y  i s  mor e predictiv e o f  vo -
cabular y abilit y  (tha n vic e versa )  a t  earlie r  ages ,  vocabular y 
abilit y  become s mor e predictiv e o f  nonwor d repetitio n abil -
it y  an d IS R abilit y  (tha n vic e versa )  b y abou t  8  year s o f  ag e 
(Gathercol e e t  al. ,  1992) .  Thi s woul d b e explicabl e i n th e 
presen t  mode l  i n tha t  wor d learnin g migh t  benefi t  fro m th e 
suppor t  o f  Sequenc e M e m o r y - ^  Phonem e Laye r  connection s 
mor e whe n th e effectivenes s o f  th e Chun k —^  Phonem e map -
pin g i s lo w tha n whe n i t  i s  high .  A  simila r  explanatio n ha s 
bee n propose d b y Gathercol e e t  al .  (1992) .  Th e presen t  mode l 
provide s a  computationa l  basi s fo r  seein g wh y thi s migh t  b e 
so. 

Of  course ,  wor d learnin g an d IS R ma y als o b e relate d 
throug h thei r  c o m m o n relianc e o n rehearsa l  mechanisms .  Ac -
cordin g t o thi s view ,  i n immediat e seria l  recall ,  rehearsa l  ca n 

hel p maintai n phonologica l  representation s o f  th e recal l  stim -
ul i  i n a n activ e state .  I n vocabular y acquisition ,  likewise ,  re -
hearsa l  ma y ai d th e formatio n o f  ne w phonologica l  represen -

tations ,  b y allowin g th e learne r  repeate d acces s t o th e wor d 
for m s o a s t o consolidat e th e ne w memory . 

I n conclusion ,  i n it s presen t  form ,  th e mode l  make s th e 
importan t  demonstratio n tha t  wor d learnin g an d immediat e 

seria l  recal l  ma y b e relate d a t  th e leve l  o f  cor e phonologica l 
processing .  Usin g th e mode l  t o investigat e ho w thes e abilitie s 
migh t  b e relate d vi a th e phonologica l  stor e an d vi a rehearsa l 

i s a  goa l  fo r  furthe r  research . 
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