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A Speec h Base d Connectionis t  Mode l  o f  H u m a n Shor t  T e r m M e m o r y 

Dr .  Dimitrio s Bairaktaris ^  Prof .  Keit h Stenning ^ 

Human Communication Research Centre. 
Universit y  o f  Edinburgh , 

2 Buccleuc h Place , 
Edinburg h EH 8 9LW ,  ScoUan d 

tel :  (+44 )  3 1 6504450 ,  facsimile :  (+44 )  3 1 6504587 , 
diinitris(S)uk.ac.ed.cogsci ,  keith@uk.ac.edcogsc i 

Abstrac t 

In recent years connectionist modelling of Short 
Ter m Memor y ( S T M )  ha s bee n a  popula r  subjec t  o f 
researc h amongs t  cognitiv e psychologists .  Th e direc t 
implication s i n natura l  languag e generatio n an d 
processing ,  o f  th e speec h base d phenomen a observe d 
i n immediat e recal l  S T M experiments ,  mak e th e 
developmen t  o f  a  psychologicall y plausibl e S T M 
model  ver y attractive .  I n thi s pape r  w e presen t  a 
connectionis t  Shor t  Ter m Stor e (STS )  whic h i s 
develope d usin g bot h traditiona l  S T M theorie s o f 
interferenc e an d deca y trace .  Th e propose d stor e ha s 
al l  th e essentia l  characteristic s o f  huma n shor t  ter m 
memory.  I t  i s  capabl e o f  on-lin e storag e an d recal l  o f 
tempora l  sequences ,  i t  ha s a  limite d span ,  exhibit s 
clea r  primac y an d recenc y effects ,  an d demonstrate s 
word-lengt h an d phonologica l  similarit y effects . 

Introductio n 

Short Term Memory (STM) has been a major subject 
of  investigatio n fo r  cognitiv e psychologist s sinc e th e 
SO's .  Initia l  experiment s estabUshe d tha t  S T M ha s a 
limite d storag e capacity ,  o r  spa n (Mille r  19S6) .  I t 
was late r  show n tha t  whe n spa n i s  exceeded , 
immediat e S T M recal l  performanc e i s impaire d i n a 
ver y specifi c  way .  Onl y th e fû t  few .  primacy ,  an d 
th e las t  few ,  recency ,  memor y item s ca n b e recalle d 
at  som e significan t  leve l  o f  accurac y (Postma n & 
Philip s 1965) .  Subsequen t  experiment s establishe d 
tha t  spa n i s  affecte d whe n memor y item s ar e 
phonologicall y similar .  Thi s featur e o f  S T M i s 
know n a s th e Phonologica l  Similarit y Effec t  (PSE ) 
(Baddele y 1966) .  Later ,  i t  wa s als o show n tha t  th e 
lim e take n t o articulat e a  memor y ite m ha s a  negativ e 
effec t  o n span . 
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Recal l  peifcmnanc e i s reduce d whe n longe r  word s 
ar e store d i n S T M (Baddele y e t  al .  1975) .  Thi s S T M 
featur e i s know n a s th e W o r d Lengt h Effec t  ( W L E ) 
and togethe r  wit h P S E suggest s tha t  fo r  writte n 
verba l  materia l  S T M acces s involve s som e for m o f 
speec h processing .  Furthe r  experiment s usin g 
articulator y suppression ,  durin g bot h S T M storag e 
and recal l  phasie s (Baddele y 1990) .  hav e show n tha t 
ther e exist s a  rout e fo r  S T M acces s whic h involve s 
phonologica l  encodin g wit h th e possibl e us e o f  a 
lexicon .  Thi s immediatel y relate s S T M pofonnanc e 
t o languag e generatio n processin g task s an d make s 
th e modellin g o f  S T M a  ver y attractiv e tas k indeed . 
Ther e ar e tw o m a j w S T M the(xies .  On e claim s tha t 
spa n i s  limite d mainl y du e t o interference ;  mor e 
recen t  memor y trace s affectin g earlie r  ones .  Th e 
othe r  claim s tha t  forgettin g occur s becaus e memor y 
trace s deca y throug h time .  Interferenc e theor y ha s 
bee n supporte d b y a  numbe r  o f  mathematica l  S T M 
model s suc h a s (Murdoc k 1983 )  (Schweikei t  1986 ) 
and doe s confor m wit h psychologica l  data . 
However ,  mathematica l  model s fai l  t o provid e a n 
accoun t  fo r  som e o f  th e speec h base d characteristic s 
of  S T M rcca U experiment s (Brow n &  Hulm c 1991) . 
Trac e deca y a s appltie d i n th e wrakin g roenKxy  mode l 
of  S T M (Baddele y 1990 )  provide s a n accoun t  t o a U 
speec h base d aspec t  o f  S T M recal l  bu t  fail s  i n a t  leas t 
tw o ways .  I t  doe s no t  provid e a n explici t 
computationa l  mode l  o f  S T M whic h wil l  facilitat e 
testabl e theoretica l  predictions ,  whil e th e articulator y 
loo p rehearsa l  mechanis m i s no t  completel y 
consisten t  wit h recen t  experimenta l  evidenc e 
(Baddele y 1986 )  (Howar d &  Frankli n 1990) . 
Pioneerin g wor k o n S T M connectionis t  modellin g 
was don e b y Grossber g (1976 )  an d wa s fiirthe r 
strengthene d wit h th e connectionis t  the(X 7 reviva l  o f 
th e earl y SO' s resultin g i n a  numbe r  o f  connectionis t 
S T M model s whic h conformed ,  t o som e degree .  wiU i 
psychologica l  evidence .  S o m e o f  thes e model s 
adopte d th e interferenc e theor y (Wan g &  Arbi b 
1991 )  an d other s th e trac e deca y theor y (Brow n 
1989 )  (Burges s &  Hitc h 1992) .  W e discus s thes e 
model s an d som e genera l  S T M modellin g issue s 
nex L 
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Connectionis t  M o d e l s o f  S T M 

One particular area in connectionist theory which is 
closel y relate d t o S T M modellin g i s tha t  concerne d 
wit h th e proble m o f  seria l  order .  I n it s simple r  fon n 
th e proble m o f  seria l  orde r  manifest s itsel f  i n lis t 
learnin g an d recall ,  a  tas k ver y simila r  t o tha t  o f 
immediat e recal l  S T M experiments .  I s i t  possibl e fo r 
a connectionis t  networ k t o lear n a  sequenc e o f 
pattern s an d recal l  the m i n thei r  origina l  order ? 
Variou s solution s hav e bee n give n t o thi s proble m 
(Jorda n 1986 )  (Elma n 1988 )  (Norri s 1990 ) 
(Houghto n 1989 )  (Bairaktah s 1992) .  I t  i s  essentia l 
fo r  an y S T M mode l  t o perfor m th e seria l  orde r  task . 
For  example .  Brow n (1990 )  use s th e solutio n 
propose d i n Norri s (1990 )  t o construc t  hi s S T M 
model .  Burges s an d Hitc h us e th e solutio n o f 
Houghto n (1990 )  fo r  thei r  sequenc e storag e an d 
generation ,  whil e W a n g &  Arbi b (1991 )  S T M mode l 
i s  a  improve d variabo n o f  Houghton' s solution . 
I n genera l  mos t  o f  th e S T M model s i n th e literatur e 
perfor m wel l  i n th e sequenc e generatio n task . 
Performanc e start s breakin g dow n whe n the y ar e 
teste d agains t  S T M performanc e criteri a suc h a s 
span ,  primac y an d recency ,  W L E an d PSE .  Fro m al l 
th e connectionis t  S T M model s onl y Burges s & 
Hitch' s (1992 )  make s a n attemp t  t o addres s al l  th e 
abov e criteria .  Thei r  mode l  i s base d o n th e trac e 
deca y theor y o f  S T M bu t  a  majo r  par t  o f  it s 
dynamica l  behaviou r  depend s o n th e existenc e o f 
rando m nois e rathe r  tha n decay .  I n brief ,  thei r  mode l 
doe s wel l  wit h span ,  primac y an d W L E ,  bu t  fail s t o 
demonstrat e recency ,  P S E an d i t  i s  no t  C24)abl e o f  on -
lin e lis t  learning . 
A clos e stud y o f  th e Burges s &  Hitc h mode l  reveale d 
tha t  th e majorit y o f  th e problem s wit h thei r  mode l 
wer e du e t o th e fac t  tha t  the y faile d t o distinguis h 
betwee n a  Shor t  Ter m Memor y an d Shor t  Ter m Stor e 
(STS) .  T o identif y a  separat e ST S embedde d i n S T M 
i s clearl y consisten t  wit h th e workin g memor y 
(Baddele y 1986 )  framework.  Suc h a n approach ,  als o 
favoure d b y Brow n &  Hulm e (1991) ,  provide s th e 
advantag e o f  separatin g th e proces s o f  generatin g th e 
phonologica l  cod e fro m th e actua l  storag e an d 
retrieva l  o f  memor y items .  Thi s pape r  describe s a n 
STS mechanis m whic h ha s a n accuratel y define d 
phonologica l  interfac e t o th e mai n S T M mechanism . 

The mode l 

We will divide the description of our nxxlel in two 
parts .  Firs t  w e wil l  giv e a n accoun t  o f  it s suti c 
characteristic s an d the n w e wil l  describ e it s dynami c 
behaviou r  a s a n S T S module .  Th e networ k mode l  o f 
S TS i s show n i n Exhibi t  1 . 

Shor t  Ter m M e m o r y 

Phonologica l  Encodin g 

EihibiQ. Two layer Short Tenn StOTC. 

It comprises two layers of units, an input layer where 
th e phonologica l  cod e o f  th e memor y item s i s 
clampe d an d th e S T M laye r  wher e th e actua l  memor y 
item s ar e stored .  Th e tw o layer s o f  unit s ar e fiill y 
connecte d wit h bidirectiona l  connections .  Th e S T M 
laye r  node s ar e als o fuU y interconnecte d wit h 
excitator y connections .  Simila r  S T M models ,  whic h 
emphasiz e differen t  aspect s o f  S T M ,  hav e bee n 
previousl y describe d i n th e literatur e (Zipso '  1991 ) 
(Wang e L a l  1991) .  Th e phonok>gica l  encodin g laye r 
i s provide d wit h a  sufficien t  numbe r  o f  node s i n 
orde r  t o stor e al l  th e significan t  feature s o f  th e 
memcMy item .  I t  i s  assume d tha t  a  pre-processo r  i s 
availabl e f w th e generatio n o f  th e phonologica l  code . 
Such a  simpl e pre-processo r  netwcx k i s describe d i n 
Burges s &  Hitc h (1992) .  I t  mus t  b e mad e clea r 
howeve r  tha t  th e generatio n o f  th e phonologica l  cod e 
i s a  comple x proces s whic h possibl y require s th e 
generatio n o f  intermediat e phoneti c code s (Besne r 
1987 )  a s wel l  a s th e us e o f  a  lexico n (Monsel l  1987) . 
I t  shoul d als o b e mentione d tha t  th e qualit y o f  th e 
phonologica l  cod e use d b y th e S T M laye r  i s subjec t 
t o modalit y effect s an d variou s receptio n condition s 
suc h a s aniculator y suppressio n (Howar d e L al . 
1990) .  W e ar e currentl y developin g a  mode l  whic h 
deal s explicitel y wit h th e generatio n o f  th e 
phonologica l  code . 
Each nod e i n th e inpu t  laye r  store s a  featur e o f  th e 
item' s phonok)gica l  cod e i n a  binar y for m an d i n suc h 
a wa y tha t  phonologicall y simila r  item s hav e simila r 
codes .  Th e inpu t  node s pfX)pagat e thei r  value s t o th e 
S T M laye r  wher e a  differen t  iKxl e i s allocate d t o th e 
representatio n o f  ever y m e m o r y item .  Th e 
connection s betwee n th e inpu t  an d th e S T M laye r  ar e 
modifie d usin g a  hebbia n learnin g rul e i n orde r  t o 
retain  th e phonologica l  cod e o f  ever y memor y item . 
I t  i s  show n i n Bairaktari s (1991 ,  1992 )  tha t  usin g a 
modifiabl e threshol d technique ,  a  one-to-on e 
correspondenc e betwee n S T M node s an d m e m wy 
item s ca n b e achieve d withou t  th e us e o f  intr a laye r 
inhibitor y connection s (Grossber g 1976) .  T o avoi d 
limitin g th e system' s capacit y artificially ,  S T M node s 
ar e allocate d t o th e memor y item s dynamicall y 
(Bairaktari s  1991) .  Fo r  a  networ k wit h j  inpu t  node s 
th e S T M nod e activatio n A j  an d outpu t  O j  ar e 
compute d a s follows : 
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Oi  =  Aii f  A i > T i a n d O i - 0 i f A j S T i 

where P is the vector of the activations of the input 
nodes ,  W i s th e weigh t  matri x o f  th e connecuo n 
betwee n th e inpu t  node s an d S T M node s an d T  i s 
vecto r  o f  th e threshol d o f  th e S T M nodes .  Th e nod e 
allocation ,  threshol d settin g an d weigh t  modificatio n 
mechanism s ar e describe d i n mor e detai l  i n 
Bairaktari s (1991 .  1992) .  Whe n a n S T M nod e fire s 
it s outpu t  decay s throug h tim e a s follows : 

s 
Oi(t+l )  =  Oi(t )  (•\_Q.(.) y  wher e 6 ,  A .  ar c constant s 

The effect of the above decay rule is shown in 
Exhibi t  2  fo r  Oi(0 )  =  1, 5 =  X  =  0.6 . 
The weigh t  Zi j  o n th e connectio n betwee n node s i 
and j  i n th e S T M laye r  i s modifie d a s follows : 

Zij(t+l) = Zij(t) + Oi(t)Oj(t)(l) 

During the recall phase, where there no activation 
propagate d fro m th e inpu t  laye r  t o th e S T M layer , 
S T M node s comput e thei r  activatio n solel y o n 
feedbac k fro m othe r  S T M node s a s follows : 

Ai = ZjZjjOj 

It is assumed that every node receives a constant 
amount  o f  activatio n fro m backgroun d noise . 
However  no t  al l  th e node s fu-e d a t  th e presenc e o f 
backgroun d noise .  I t  i s  onl y th e nod e whic h 
represent s th e fu^ t  memor y item ,  an d ha s th e lowes t 
threshold ,  whic h wil l  fir e thu s initiatin g th e recal l 
phase : 

Ai(l )  =  K  wher e k  i s constant ;  typicall y k  =  0.1 5 
The trainin g regim e betwee n th e inpu t  laye r  an d th e 
S T M laye r  guarantee s tha t  ther e i s a  one-to-on e 
correspondenc e betwee n th e memor y item s an d th e 
S T M nodes .  I n recal l  mod e howevCT ,  mor e tha n on e 
S TM nod e ca n b e activ e a t  an y time .  Thi s mean s dia t 
th e syste m canno t  decid e abou t  di e exac t  recal l 
sequenc e o f  th e memor y items .  Th e relativ e outpu t 
of  nod e i  (trac e decay )  agains t  th e su m o f  outpu t  o f 
al l  th e node s (interference )  i n S T M i s th e probabilit y 
(Pi )  assigne d t o th e hypothesi s o f  th e syste m recallin g 
memory ite m i  a t  tim e t : 

Pi(t)=-M-

The proposed network architecture is very similar to 
th e mode l  o f  th e articulator y loo p describe d i n 
Baddele y (1986) .  Ther e ar e howeve r  tw o majo r 
difference s betwee n th e Baddele y approac h an d ou r 
model . 

EstubiL2 .  Outpu t  fro m S T M node s decay s throug h 
time . 

Baddeley proposes that memory items are rehearsed 
and dynamicall y store d i n th e loo p betwee n th e 
phonologica l  encodin g an d th e S T M laye r  an d tha t 
spa n i s limite d purel y du e t o trac e decay .  Ou r  mode l 
store s th e memor y item s i n th e S T M node s whil e th e 
ite m sequenc e i s stored ,  maintaine d an d reproduce d 
by th e recurren t  connection s i n th e S T M layer . 
Rehearsa l  i s  possible ,  bu t  no t  essentia l  (Howar d e L 
al .  1990) ,  vi a th e bidirectiona l  connection s betwee n 
th e inpu t  laye r  an d S T M .  Furthermore ,  recal l  o f  di e 
memory item s depend s o n bot h trac e deca y o f 
individua l  memor y node s an d interferenc e firom  othe r 
memories . 
We wil l  no w describ e th e dynami c behaviou r  o f  th e 
pr(̂ x)se d mode l  T o simplif y th e description ,  w e wil l 
focu s o n th e dynami c behaviou r  o f  th e S T M laye r 
assumin g tha t  th e inpu t  laye r  provide s al l  th e 
appropriat e phonologica l  memor y traces .  A s i s 
describe d abov e whe n a  nod e i n di e S T M i s allocate d 
t o di e reiHesentatio n o f  a  memor y ite m it s outpu t  i s 
set  t o 1  an d i t  decay s thereafter .  Th e longe r  i t  take s 
fo r  th e secon d m e m wy ite m t o b e registere d i n th e 
S T M laye r  th e weake r  th e recurren t  outpu t  signa l 
fro m th e previou s memor y ite m becomes .  W h e n th e 
secon d memor y ite m i s allocate d a  nod e i n th e S T M 
layer ,  th e connectio n betwee n di e previousl y activ e 
S T M nod e an d th e curren t  on e i s modifie d a s show n 
i n (1) .  Modification s o n th e S T M recurren t 
connection s occu r  i n th e sam e wa y ever y tim e a  ne w 
memory ite m i t  added .  A  clos e inspectio n o f  Exhibi t 
(3 )  reveal s Uia t  b y Ui e tim e th e nint h memor y ite m i s 
registere d i n S T M th e outpu t  o f  th e firs t  ite m ha s 
diminishe d t o zero .  Thi s show s tha t  th e outpu t  deca y 
mechanis m applie d o n di e S T M nodes ,  impose s a n 
implici t  limi t  o n spa n whic h i s ver y clos e t o th e 
empirica l  7± 2 observatio n mad e i n Mille r  (1956) . 
Durin g recal l  th e nod e representin g th e fus t  memor y 
ite m become s activ e du e t o backgroun d nois e an d 
initiate s th e sequenc e generatio n process . 
Immediatel y afte r  di e fvs t  nod e al l  th e odie r  node s i n 
th e laye r  receiv e varyin g degree s o f  activatio n 
dependin g o n diei r  origina l  positio n i n th e sequoice . 
Dependin g o n whedie r  Uiei r  activatio n exceed s thei r 
prese t  direshold ,  the y activat e themselve s o r  no t  A 
wave o f  node s firin g i s sprea d duDug h di e layer . 
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EldlibiLi -  Outpu t  o f  S T M node s durin g recaU. 

Exhibit 3 shows the output of 7 STM layer nodes 
throug h time .  T h e origina l  encodin g correspond s t o a 
sequenc e o f  7  m e m o r y item s presente d a t  equa l  tim e 
intervals .  I n th e exampl e s h o w n 6  =  X  =  0. 6 an d k  = 
O.IS .  Exhibi t  3  demonstrate s a  cas e wher e mor e tha n 
on e nod e Hre s a t  th e s a m e time .  A t  tim e t  =  4 ,  node s 
5 a n d 6  fir e simultaneously ,  bu t  n o d e 5  ha s a 
relatively  stronge r  outpu t  tha n nod e 6 .  Therefor e th e 
relative  probabilit y o f  th e syste m recallin g m e m o r y 
ite m 5  a t  t im e 4  i s  highe r  tha n th e probabilit y o f 
recallin g ite m 6 .  I n general ,  th e probabilit y o f 
recallin g a  m e m o r y ite m X  a t  a  particula r  tim e Y .  i s 
equivalen t  t o th e relativ e outpu t  o f  th e n o d e 
representing  ite m X  a t  tim e Y ,  ove r  th e s u m o f  th e 
outpu t  f ro m al l  th e node s i n S T M a t  th e s a m e tim e Y . 
T o plac e thi s int o th e contex t  o f  S T M immediat e 
recal l  experiments ,  th e probabilit y  o f  recallin g ite m 1 
at  tim e 0 ,  ite m 2  a t  tim e 1 ,  ite m 3  a t  tim e 2  an d s o o n 
i s equivalen t  t o th e probabilit y o f  correctl y recallin g 
al l  th e m e m o r y item s i n thei r  origina l  position s i n th e 
sequence .  Exhibi t  4  s h o w s th e recal l  probabilitie s fo r 
ever y m e m o r y item ,  fo r  th e s a m e sequenc e o f  item s 
an d s a m e paramete r  setting s o f  exhibi t  3 . 

T h e abov e interpretatio n o f  th e netwoik' s dynamic s i s 
use d throughou t  th e simulatio n result s presente d i n 
th e followin g section . 

S imu la t io n Result s 

The proposed STM store was simulated for a variety 
of  differen t  paramete r  setting s befor e th e result s 
reporte d belo w wer e achieved .  Settin g th e k 
paramete r  o f  th e networ k prove d t o b e a  difficul t 
task ,  bu t  a t  th e sam e tim e a  numbe r  o f  'interesting " 
networ k behaviour s emerge d fro m th e simulatio n 
process .  Thes e behaviour s ar e cunentl y analyze d 
withi n th e contex t  o f  neuropsychological ,  patien t 
specific" .  S T M evidence .  Her e w e wil l  onl y refer  t o 
th e simulation s result s tha t  ar e relevan t  t o ou r  task ;  t o 
demonstrat e tha t  th e propose d mode l  conform s t o 
psychologica l  evidence .  I n al l  th e results  presente d 
below ,  K  =  0.15and 5 =  X  =  0.6 . 

Span-PrimacY - Rccgncy 
Exhibi t  4  show s tha t  th e mode l  demonstrate s clea r 
primac y an d recenc y effects .  Fo r  a  lis t  o f  7  item s th e 
networ k i s capabl e o f  recallin g a U th e item s i n thei r 
origina l  order ,  wit h greate r  confidenc e fo r  th e first 
and las t  lis t  item s an d smalle r  confidenc e fo r  th e 
intermediat e items .  A s i s show n i n Exhibi t  S .  th e 
networ k als o demonstrate s primac y an d recenc y 
effect s fo r  lis t  length s o f  1 0 an d 20 .  W h e n spa n i s 
exceeded ,  th e probabilit y  o f  correctl y recallin g 
intermediat e lis t  item s i s e^ectivel y 0 . 

Phonologica] .SimilaritY 
I n th e introductio n o f  th e pape r  i t  wa s mentione d tha t 
when th e memor y item s ar e phooologicall y simila r 
immediat e recal l  succes s rate s ar e decreased . 
Phonologicall y simila r  memor y item s wil l  produce d 
phooologicall y simila r  code s a t  Ib e inpu t  laye r  o f  ou r 
model  an d becaus e o f  th e hebbia n learnin g algcmth m 
betwee n th e inpu t  an d th e S T M laye r  activatio n wil l 
pas s no t  onl y t o th e nod e allocate d t o th e curren t 
memory ite m bu t  als o t o th e node s whic h represent 
phonologicall y simila r  items . 

1 '> *  I  t.̂O f  2  '  c « 3  I  « I ' ioi» ;  > * x t  'xie ; 
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Exhibi t  4 .  T h e probabilitie s o f  correctl y recallin g 7 
m e m o ry item s i n thei r  origina l  ordering . fxhibi t  5 .  Primac y an d recenc y effect s f w list s o f  1 0 
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Exhibi t  6 .  Phondogica l  Similarit y Effec t  whe n 
recallin g a  list s o f  S  phonologicall y simila r  an d 

dissimila r  items . 

Exhibi t  7  show s recal l  rate s l< x a  lis t  o f  S  items ,  fo r 
bot h th e standar d cas e o f  registering  a  n e w m e m o r y 
ite m a t  ever y ste p (Shor t  W o r d )  an d fo r  th e cas e 
wher e a  n e w m e m o r y ite m wa s registere d ever y thre e 
tim e step s instea d o f  on e (Lon g W o r d ) .  Exhibi t  7 
show s tha t  recal l  rate s ar e wors e fo r  lon g word s lis t 
tha n th e shor t  word s lis t  Primac y effec t  i s presen t  i n 
bot h cases ,  bu t  receiK y i s onl y presen t  fo r  th e shor t 
wor d lis t  case .  Absenc e o f  primac y fo r  th e lon g wor d 
lis t  cas e look s s o m e w h a t  inconsisten t  wit h th e 
psychologica l  evidence .  However ,  lookin g bac k a t 
th e origina l  wor d lengt h experiment s (Baddele y e t  a l 
1975 )  th e recenc y effec t  i n thei r  experimenta l  result s 
i s no t  ver y stron g either .  I n fac t  di e grap h o f  Exhibi t 
7 i s extremel y simila r  t o th e equivalen t  wor d lengt h 
effec t  grap h i n (Baddele y e L al .  1975) . 

Th e effec t  o f  phonologicall y simila r  m e m o r y item s 
on th e model' s recal l  rate s i s show n i n Exhibi t  6  fo r  a 
lis t  o f  5  simila r  an d 5  dissimila r  items .  Th e 
phonologicall y simila r  lis t  ha s lowe r  recal l  rate s tha t 
th e dissimila r  list ,  stil l  bot h list s maintai n th e 
characteristi c primac y an d recenc y effects .  A n clos e 
of  nod e ouq>ut s i n th e S T S revealed  tha t  item s wit h 
simila r  phonologica l  representation  ar e mor e likel y t o 
be recalle d i n thei r  reverse  lis t  order . 

Word Ungth Effect 
I n th e descriptio n o f  ou r  S T S mode l  i t  wa s mentione d 
tha t  fo r  th e generatio n o f  th e phonologica l  cod e pre -
processin g o f  th e ra w dat a ha s t o b e made .  I t  i s 
reasonabl e t o assum e tha t  th e tim e take n t o articulat e 
a m e m o r y ite m i s proportiona l  t o th e pre-processin g 
tim e require d t o generat e th e phonologica l  code . 
Thi s mean s tha t  lo t  longe r  word s i t  wil l  tak e longe r 
befor e ou r  mode l  i s  provide d wit h it s phonologica l 
code ,  an d fo r  shorte r  word s th e generatio n o f  th e 
equivalen t  phonologica l  cod e wil l  b e shorter .  I n 
orde r  t o simulat e th e tim e take n t o articulat e a  wor d 
i n ou r  model ,  w e modifie d th e numbe r  o f  tim e step s 
take n befor e tw o consecutiv e m e m o r y item s ar e 
clampe d a t  th e inpu t  units .  I n al l  th e simulation s 
describe d abov e a  ne w m e m o r y ite m wa s encode d i n 
th e S T M a t  ever y tim e step . 

Shor t  W(r i 

SoulPoat m 

Conc lus ion s 

A connectionist netwoil^ model of a short term 
memory stor e wa s presented .  Th e pr(q)0se d netwcn k 
architectur e comprise s a  full y  interconnecte d laye r  o f 
node s whic h interact s wit h th e cor e o f  th e Shor t  Ter m 
memory usin g a  laye r  o f  inpu t  unit s wher e th e 
phonologica l  cod e o f  th e memor y ite m i s clamped . 
The mode l  use s a  constructiv e learnin g algoith m 
whic h combine d wit h a  hebbian-typ e synapti c 
modificatio n rul e allow s on-lin e storag e o f  memor y 
items .  Th e propose d networ k i s differen t  t o earlie r 
S T M models ,  i n tha t  th e interpretatio n o f  it s 
dynamic s incorporate s bot h th e deca y trac e an d th e 
interferenc e S T M theories .  Simulatio n result s 
demonstrate d tha t  th e mode l  conform s t o som e o f  th e 
majo r  S T M psychologica l  evidence .  Th e basi c span , 
primac y an d recenc y S T M effects ,  ar e faithfull y 
reproduced  b y th e networ k model .  Thes e ar e th e 
standar d benchmar k S T M effect s tha t  hav e t o b e me t 
by al l  S T M models .  I t  i s i n th e interpretatio n o f  th e 
mai n speec h base d S T M effects ,  suc h a s wor d lengt h 
and phonologica l  similarity ,  tha t  ou r  mode l  make s a 
significan t  contribution .  I t  provide s a n explici t 
computationa l  accoun t  o f  th e abov e effect s b y 
accuratel y reproducin g th e psychologica l  data . 
Furthomore ,  i t  ca n explai n som e mor e subtl e speec h 
base d S T M effects ,  suc h a s phonemi c confusion , 
wher e non-adjacen t  phonologicall y simila r  lis t  item s 
ar e transpose d durin g recall . 
The propose d mode l  i s currentl y augmente d wit h th e 
developmen t  o f  a  networ k mode l  fo r  th e generaticM i 
ofthephonok)gicalcode .  Thi s i s intende d t o provid e 
a computatio n accoun t  fo r  som e o f  th e lexica l  acces s 
S T M effect s suc h rhym e an d pseudo-homophon e 
judgemen t 
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