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I s th e Phonologica l  L o o p Articulator y o r  Aud i tory ? 
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Departmen t  o f  Psychology ,  Carnegi e Mello n University ,  Pittsbuî h ,  P A 1521 3 

prahlad@cs.cmu.eclu ,  brian@an(ircw.cmu.ed u 

A b s t r a c t 

The paradigm of immediate serial recall (Baddeley, 
1986 )  ha s bee n use d extensivel y i n investigatio n o f 
workin g memory ,  bu t  it s relatio n t o an d implica -
tion s fo r  th e natur e o f  phonologica l  processin g hav e 
seldo m bee n examined .  W e sho w tha t  findings  fro m 
thi s domai n ca n b e interprete d i n tw o ways ,  an d relat e 
thes e tw o interpretation s t o a  simpl e mode l  o f  phono -
logica l  processing .  O n e interpretatio n emphasize s 
th e availabilit y  o f  infonnatio n from  "output "  phono -
logica l  processin g t o "input "  phonologica l  process -
ing ,  whil e th e alternativ e accoun t  stipulate s n o suc h 
connections .  O n th e basi s o f  a n experimenta l  stud y 
designe d t o choos e betwee n th e tw o accounts ,  w e 
tentativel y conclud e tha t  th e interpretatio n suggest -
in g output-inpu t  connectivit y i s supported .  Estab -
lishmen t  o f  thi s resul t  woul d b e o f  considerabl e in -
terest ,  sinc e i t  indicate s tha t  processe s i n languag e 
productio n ca n impac t  directl y o n processe s i n lan -
guag e perception . 

Introduction 

I n immediat e seria l  recal l  (ISR )  tasks ,  th e subjec t  i s pre -
sente d wit h sequence s o f  unrelate d verba l  item s (suc h a s 
digit s o r  words) ,  an d i s require d t o recal l  th e sequenc e 
i n correc t  order ,  immediatel y followin g it s presentation . 
Presentatio n o f  th e lis t  m a y b e eithe r  auditor y o r  visual . 
Th e subjec t  m a y b e require d t o respon d eithe r  i n speech , 
or  i n writing ,  o r  i n som e othe r  fashion . 

Thi s tas k domai n ha s playe d a  centra l  rol e i n develop -
ment  o f  th e workin g memor y mode l  o f  Baddele y (1986) . 
I n thi s model ,  th e componen t  o f  workin g memor y dealin g 
wit h auditory-verba l  short-ter m memor y i s wha t  ha s bee n 
terme d th e "articulator y loop" ,  an d mor e recently ,  th e 
"phonologica l  loop" .  Thi s syste m i s suppose d t o underli e 
th e performanc e o f  IS R tasks . 

Th e articulator y loo p syste m i s comprise d o f  th e fol -
lowin g element s (Baddeley ,  1990) .  (1 )  A  phonologica l 
inpu t  stor e withi n whic h memor y trace s wil l  fad e i f  no t 
revive d withi n 1- 2 seconds .  (2 )  A n articulator y contro l 
proces s ("articuliUor y rehearsal" )  whic h serve s tw o func -
tions :  (a )  maintainin g memor y trace s withi n th e phono -
logica l  store ,  b y mean s o f  subvoca l  rehearsal ,  an d (b ) 
providin g fo r  visuall y presente d item s t o b e fe d int o th e 
phonologica l  store ,  provide d the y ar e capabl e o f  bein g 
encode d phonologicall y an d subvocalized .  Subvoca l  re -
hearsa l  i s a  proces s whic h operate s i n rea l  time ,  wit h lon g 

word s takin g longe r  tha n short . 
A majo r  questio n concernin g th e curren t  fonnulatio n 

of  th e "loop "  i s th e natur e o f  th e proces s tha t  refreshe s 
store d represenuitions .  A s w e wil l  argue ,  th e accepte d in -
terpretation s o f  th e dat a a s evidenc e fo r  a n "articulatory " 
proces s ar e somewha t  problematic' .  Moreover ,  althoug h 
thi s mode l  posit s a n informationa l  flow  fro m a n outpu t 
phonologica l  proces s t o a  phonologica l  representationa l 
system ,  i t  seem s t o hav e bee n assume d tha t  thi s i s a  spe -
cialize d "articulator y rehearsal "  proces s no t  havin g an y 
necessar y relatio n t o norma l  articulator y processes .  I n 
any case ,  ther e ha s been ,  a s Monsel l  ha s noted ,  ".. .  a 
curiou s reluctanc e t o specif y wit h an y precisio n .. .  [its ] 
relatio n t o idea s abou t  th e lexico n ... "  (Monsell ,  1987 , 
p.283) . 

I n thi s paper ,  w e first  relat e th e phenomen a o f  IS R 
t o possibl e model s o f  phonologica l  processing ,  showin g 
tha t  th e standar d interpretatio n o f  th e dat a implie s th e 
availabilit y o f  informatio n fro m "output "  phonologica l 
processin g t o "input "  phonologica l  processing^ .  W e the n 
show,  however ,  tha t  ther e ar e alternativ e account s o f  th e 
data ,  an d describ e a n experimen t  designe d t o discriminat e 
betwee n th e alternatives . 

The articulatory loop 

A numbe r  o f  phenomen a hav e motivate d an d influence d 
thinkin g abou t  th e "articulator y loop" .  O f  these ,  th e fol -
lowin g ar e mos t  pertinen t  t o th e presen t  discussion .  Not e 
tha t  th e effect s ar e discusse d her e wit h respec t  t o pre -
sentatio n o f  recal l  stimul i  throug h th e auditor y modalit y 
only . 

1. The pbonological similarity effect. In immediate se-
rial  recal l  o f  list s o f  words ,  sequence s o f  simila r  sound -
in g word s ar e recalle d i n correc t  orde r  muc h les s fre -
quentl y tha n sequence s o f  dissimila r  word s o f  compa -
rabl e frequenc y an d lengt h (Baddeley ,  1986) . 

2.  T h e irrelevan t  speec h effect .  Immediat e seria l  recal l 
of  auditoril y  presente d stimul i  i s disrupte d b y th e pre -
sentatio n o f  irrelevan t  spoke n materia l  tha t  th e subjec t 

'  I t  appear s wel l  establishe d tha t  thi s proces s canno t  b e artic -
ulator y i n th e sens e o f  involvin g th e speec h musculature ;  rather , 
"articulatory "  connote s tha t  th e proces s i s someho w involve d 
i n phonologica l  productio n plannin g (Baddeley ,  1990) ,  an d i t 
i s i n thi s sens e tha t  w e wil l  us e th e ter m "articulatory "  o r  "out -
put" .  We wil l  argue ,  however ,  tha t  accepte d interpretation s ar e 
problemati c eve n wit h respec t  t o thi s narrowe r  sens e o f  th e term . 

^As ha s bee n previousl y suggeste d b y Monsel l  (1987) . 
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i s free  t o ignore .  Th e importan t  disruptiv e characteris -
tic s o f  th e unattende d materia l  appea r  t o b e phonologi -
cal ,  wit h nonsens e syllable s bein g jus t  a s disruptiv e a s 
meaningfu l  word s (Baddeley ,  1990) . 

3.  T h e wor d lengt h effect .  Immediat e serii J  recid i  per -
formanc e o f  wor d sequence s deteriorate s ;t s th e con -
stituen t  word s i n th e sequenc e becom e longer . 

4.  T h e concuiren t  articulatio n effect .  W h e n th e sub -
jec t  i s require d t o articulat e a n irrelevan t  soun d durin g 
lis t  presentation ,  immediat e seria l  recal l  i s  markedl y 
impaire d (Baddeley ,  1990) .  Wit h auditor y presen -
tation ,  th e phonologica l  similarit y effec t  i s  stil l  ob -
serve d unde r  concurren t  articulation ,  whil e th e irrel -
evan t  speec h effec t  seem s t o b e somewha t  preserved ,  a t 
leas t  unde r  certai n condition s (Hanle y an d Broadbent , 
1987) .  Unde r  concurren t  articulatio n th e wor d lengt h 
effec t  i s abolishe d i f  concurren t  articulatio n i s require d 
durin g bot h lis t  inpu t  an d recal l  (Baddele y e t  al. ,  1984) . 

Thes e phenomen a hav e a  standar d interpretatio n i n 
term s o f  th e workin g m e m o r y model .  Th e relevan t  par t 
of  thi s interpretatio n fo r  presen t  purpose s i s tha t  ther e i s 
an "articulator y rehearsal "  process ,  i.e. ,  a n articulation -
base d proces s tha t  ca n b e invoke d t o "refresh "  phonolog -
ica l  representation s o f  th e recal l  items .  Thi s interpreta -
tio n i s take n t o b e supporte d b y th e effec t  tha t  concurren t 
articulatio n ha s o n immediat e seria l  recal l  performance : 
concurren t  articulatio n i s presume d t o impai r  recal l  per -
formanc e becaus e i t  make s articulator y o r  "output "  pro -
cesse s unavailable ,  o r  les s available ,  fo r  rehearsal . 

Processing spoken words 

Befor e explorin g th e implication s o f  immediat e seria l 
recal l  fo r  view s abou t  th e phonologica l  processin g o f 
singl e spoke n words ,  w e nee d t o specif y a  framework 
withi n whic h t o thin k abou t  suc h processing .  Thi s sec -
tio n present s a  bare-bone s mode l  tha t  make s a s fe w as -
sumption s a s possible .  I t  i s  intende d t o provid e a  skeleta l 
architectur e tha t  shoul d b e uncontroversial .  Th e mode l 
i s show n i n Figur e 1 .  It s basi c "processing "  system s ar e 
assumed t o b e th e Auditor y Perceptua l  Syste m an d th e 
Articulator y System .  Resultin g from  thes e processin g 
activitie s ar e "inpu t  phonologica l  representations" ,  an d 
"outpu t  phonologica l  representations"^ ,  wit h th e forme r 
bein g mor e closel y relate d t o th e Auditor y Syste m an d 
th e latte r  mor e closel y relate d t o th e Articulator y Sys -
tem.  "Inpu t  phonologica l  processing "  lead s t o activatio n 
of  a  "lexica l  phonologica l  representation" .  Not e tha t  thi s 
coul d involv e processin g activit y i n bot h th e Auditor y 
and Articulator y systems ,  bu t  wit h th e Auditor y Syste m 
assumed t o b e th e startin g poin t  i n suc h activity .  "Out -
put  phonologica l  processing "  i s assume d t o begi n wit h a n 
evoke d "lexica l  phonologica l  representation" ,  an d t o en d 
wit h th e productio n o f  a  spoke n word ;  thu s th e Articula -
tor y Syste m i s th e ultimat e outpu t  poin t  i n suc h process -
ing ,  bu t  again ,  th e processin g coul d involv e activit y o f 
bot h th e Auditor y an d Articulator y systems . 

^Correspondin g t o wha t  Monsel l  ha s terme d th e "domains " 
of  inpu t  phonolog y an d outpu t  phonology . 

On hearin g a  word ,  acousti c inpu t  arrivin g i n th e Au -
ditor y Syste m result s i n activatio n o f  th e word' s lexi -
cal  phonologica l  representation .  Thi s represenLitio n pro -
vide s inpu t  tha t  th e Articulator y Syste m ca n conver t  int o 
a sequenc e o f  articulator y gestures ;  thi s provide s th e basi s 
fo r  repetitio n o f  a  word .  Volitiona l  productio n o f  a  wor d 
begin s wit h activatio n o f  a  particula r  lexicji l  phonologi -
cal  representatio n (fo r  example ,  a s a  resul t  o f  activatio n 
from  semantics) .  Thi s representatio n feed s forwar d to -
war d th e Articulator y System ,  whic h eventuall y produce s 
th e appropriat e sequenc e o f  articulator y gestures . 

I t  i s assume d tha t  hearin g a  non-wor d result s i n activa -
tio n o f  a  phonologica l  representatio n tha t  o f  cours e doe s 
not  correspon d t o an y know n wor d bu t  nevertheles s ca n 
provid e a  basi s fo r  articulation ,  i.e. ,  fo r  repetition .  Learn -
in g a  ne w wor d involve s developin g a  lexica l  phonologi -
cal  representatio n o f  th e word . 

Thi s minimalis t  mode l  provide s fo r  th e basi c abilitie s 
necessar y i n th e processin g o f  singl e words ,  whil e makin g 
as fe w debatabl e assumption s a s possible .  Fo r  example ,  i t 
i s  neutra l  wit h respec t  t o th e degre e o f  discretenes s o r  in -
teractivit y o f  "input "  an d "output "  processing .  I t  assume s 
tha t  ther e i s a  flow  o f  informatio n from  "input "  phono -
logica l  processin g t o "output "  phonologica l  processing , 
whic h hardl y seem s controversial .  O f  course ,  th e mode l 
i s greatl y underspecified .  Nevertheless ,  i t  provide s th e 
basi c conceptua l  structur e withi n whic h exploratio n o f 
mor e specifi c  quesion s ca n proceed . 

Finally ,  th e conceptio n o f  short-ter m storag e adopte d 
her e need s t o b e clarified .  Short-ter m storag e i s viewe d 
as a  proces s i n whic h "representations "  ar e entere d int o a 
"loop "  o f  activations ,  maintenanc e o f  whic h require s tha t 
representation s mus t  b e re-entere d int o th e loop ,  whic h 
require s tha t  the y b e "refreshed" .  Th e detail s o f  thi s pro -
cessin g ar e no t  importan t  fo r  presen t  purposes ;  the y ar e 
discusse d i n mor e detai l  i n (Gupta ,  1992) ,  an d ar e func -
tionall y simila r  t o thos e employe d i n (Burges s an d Hitch , 
1992) .  Th e point s t o not e ar e tha t  (a )  evoke d represen -
tation s ca n (bu t  d o no t  automatically )  for m inpu t  t o th e 
short-ter m memory ,  (b )  th e short-ter m m e m o r y ca n tem -
poraril y  lear n sequence s o f  stimul i  appearin g a s input ,  an d 
(c )  th e m e m o r y o f  sequence s decay s rapidl y unles s th e in -
put s t o th e syste m ar e re-presented ,  i.e .  "refreshed" .  I t  i s 
als o assume d tha t  presentatio n o f  a n inpu t  t o a  short-ter m 
syste m ca n onl y occu r  whe n a  stimulu s i s no t  simultane -
ousl y enterin g th e associate d long-ter m representationa l 
system .  I t  i s interestin g t o not e tha t  thi s syste m appear s 
simila r  t o Hebb' s notio n o f  short-ter m m e m o r y a s rever -
beratio n i n a  "close d loop "  (Hebb ,  1949) . 

"Input" and "output" phonological 

process in g a n d i m m e d i a t e seria l  recal l 

The specifi c  questio n focusse d o n i n thi s pĉ ie r  i s  th e ex -
ten t  t o whic h informatio n abou t  th e product s o f  "output " 
phonologica l  processin g migh t  b e availabl e t o "input " 
phonologica l  processing .  A  variet y o f  kind s o f  evidenc e 
hav e traditionall y bee n adduce d i n suppor t  o f  th e exis -
tenc e o f  suc h a n outpu t  —>•  inpu t  flow.  A m o n g thes e ar e 
dat a o n speec h monitoring ,  o n repetitio n priming ,  o n sub -
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Figur e 1 :  Basi c mode l  o f  th e processin g o f  singl e spoke n 
words . 

lexica l  influence s o f  productio n o n perception ,  an d th e 
dissociatio n betwee n receptiv e an d productiv e vocabu -
lar y i n languag e learnin g (Monsell .  1987) . 

T h e standar d interpretatio n o f  immediat e seria l  re -
cal l  effect s reviewe d abov e i s tha t  ther e i s a n "output -
process "  mediate d "refresh "  o f  "inpu t  phonological " 
representations'* .  V iewe d agains t  th e outlin e mode l  o f 
Figur e 1 ,  thi s ca n b e see n a s implyin g tha t  "output "  phono -
logica l  processin g ca n provid e informationa l  inpu t  t o "in -
put "  phonologica l  processing ,  i.e. ,  i t  implie s th e existenc e 
of  "output-input "  connection s complementin g th e "input -
output "  connection s alread y s h o w n i n th e figure. 

I f  th e abov e interpretatio n o f  th e IS R dat a i s correct , 
therefore ,  result s from  thi s tas k domai n provid e clea r  indi -
cation s regardin g th e broa d architectur e o f  th e "phonolog -
ica l  processing "  system .  Thei r  relevanc e t o phonologica l 
processin g has ,  o f  course ,  bee n recognize d previously ,  no -
tabl y b y Monsell ,  w h o suggeste d tha t  rehearsa l  involve s 
cyclin g informatio n betwee n inpu t  an d outpu t  phonolog -
ica l  buffers ,  usin g th e sam e processe s tha t  ar e involve d 
i n th e usua l  processin g o f  word s an d nonword s (Monsell , 
1987) .  T h e domai n o f  IS R ha s als o bee n use d t o inves -
tigat e th e relatio n o f  th e "phonologica l  store "  postulate d 
b y th e workin g m e m o r y mode l  t o phonologica l  represen -
tation s involve d i n th e norma l  inpu t  processin g o f  word s 
( B e m d t a n d Mi tchum ,  1990) . 

W h at  doe s no t  appea r  t o hav e receive d m u c h previou s 
critica l  examination ,  however ,  i s  th e validit y o f  th e basi c 
interpretatio n o f  th e IS R data .  Althoug h thi s receive d in -
terpretatio n i s i n term s o f  a n output-process-base d refresh , 
th e dat a d o no t  i n fac t  uniquel y suppor t  suc h a n interpreta -
tion .  Thi s i s relevan t  because ,  i f  th e dat a ca n b e accounte d 
fo r  withou t  assumin g input-outpu t  connections ,  the n on e 
of  th e source s o f  suppor t  fo r  suc h connection s i s removed . 

Logically ,  th e effect s o f  concurren t  articulatio n coul d 
hav e an y o r  al l  o f  th e followin g components :  (1 )  depletio n 

^ A logica l  possibilit y  i s  tha t  outpu t  phonologica l  processe s 
refres h outpu t  phonologica l  representations ;  howeve r  thi s pos -
sibilit y  i s  difficul t  t o maintai n i n ligh t  o f  huma n speakers '  si -
multaneou s translatio n an d speec h shadowin g abilities .  Thi s 
suggest s tha t  th e phonologica l  representation s involve d i n "re -
hearsal "  ar e "input "  rathe r  tha n "output "  representations .  Fo r 
fulle r  discussion ,  se e (MonseU ,  1987 ;  Shallic e an d VaUar ,  1990 ; 
Gupta ,  1992) . 

o f  "outpu t  processing "  resource s tha t  woul d otherwis e 
hav e bee n (more )  avjiilabl e fo r  rehearsal ,  (2 )  depletio n 
(becaus e o f  havin g t o perfon n a  secondiu ^  task )  o f  a 
genera l  processin g capacit y tha t  i s involve d i n immediat e 
seria l  recall ,  an d (3 )  creatio n o f  auditor y stimuli ,  whic h 
underg o phonologica l  codin g jui d thu s interfer e wit h th e 
actuji l  seria l  recal l  stimul i  -  ;i n irrelevan t  speec h effect . 

T h e standar d interpretiitio n o f  IS R daU i  attribute s th e 
effect s o f  concurren t  articulatio n t o th e first  o f  th e abov e 
factors :  th e depletio n o f  articulator y resources .  Th e sec -
on d facto r  abov e ha s als o bee n exatnined .  I n a  contro l 
conditio n fo r  genera l  processin g load ,  subject s wer e give n 
th e concurren t  tas k o f  finger-tapping  instea d o f  concur -
ren t  articulation ;  thi s contro l  tas k ha d littl e o r  n o effec t 
o n S T M perfonnanc e (Bjiddeley ,  1990) .  Assumin g ih M 
finger-tiipping  i s i n fac t  th e appropriat e control ,  thi s woul d 
see m t o rul e ou t  th e effec t  o f  processin g loa d a s th e facto r 
underlyin g concurren t  articulatio n effects .  Tha t  leave s th e 
thir d facto r  above :  th e auditor y interferenc e tha t  migh t  b e 
create d b y concurren t  ;irticulation . 

A n accoun t  o f  th e concurren t  articulatio n effec t  can ,  i n 
fac t  b e provide d i n term s o f  a  mode l  tha t  assume s onl y 
"input-proces s refresh "  o f  inpu t  representations ,  an d tha t 
attribute s th e effect s o f  concurren t  articulatio n t o audi -
tor y interferenc e -  essentially ,  a n irrelevan t  speec h effect , 
create d b y th e subjects '  o w n irrelevan t  concurren t  articu -
lations .  Unlik e th e "output-process "  refres h account ,  thi s 
accoun t  doe s no t  implicat e "output-input "  connectivity' . 
I n wha t  follows ,  w e outlin e bot h th e "output-refresh "  an d 
"input-refresh "  accounts ,  discussin g thei r  explanation s o f 
th e variou s effect s obtaine d i n IS R tasks . 

T h e articulator y account .  Accordin g t o wha t  w e wil l 
ter m th e articulator y account ,  "rehearsal "  i n immediat e 
seria l  recal l  involve s th e refreshin g o f  inpu t  phonologi -
cal  representation s (lexica l  phonologica l  representations , 
i n term s o f  Figur e 1 )  b y a n outpu t  phonologica l  process ; 
thes e representation s for m th e inpu t  t o a n associate d short -

Î t  migh t  b e objecte d that ,  withi n th e workin g memor y 
model ,  ther e ar e severa l  convergin g line s o f  evidenc e fo r  th e 
existenc e o f  "output-proces s refresh" .  Consequently ,  i t  migh t 
be argued ,  eve n i f  th e individua l  phenomeno n o f  concurren t  ar -
ticulatio n wer e amenabl e t o a n "auditor y interference "  account , 
suc h a n accoun t  woul d no t  accommodat e th e variou s othe r  dat a 
tha t  ca n b e accounte d fo r  i n term s o f  "articulator y rehearsal" . 
T wo point s ar e wort h makin g i n thi s regard .  First ,  a  larg e com -
ponen t  o f  th e dat a usuall y adduce d i n suppor t  o f  articulator y 
rehearsa l  derive s fro m IS R wit h visua l  presentation .  However , 
th e relevan t  interpretation s o f  thes e dat a ar e cruciall y depen -
dent  o n a  variet y o f  assumption s abou t  ho w visually-presente d 
verba l  stimul i  underg o "phonologica l  coding" ,  an d ar e thu s fa r 
fro m secure .  I n particular ,  i t  ha s bee n show n tha t  phonologi -
cal  encodin g o f  visua l  stimul i  ca n occu r  eve n unde r  concurren t 
articulatio n (Besner ,  1987) ,  an d thi s render s th e workin g mem-
or y mode l  accoun t  o f  IS R wit h visua l  presentatio n problematic , 
eve n i f  furthe r  assumption s ar e made ,  a s u i  (Baddeley ,  1986) . 
Second ,  i f  onl y th e dat a fro m IS R wit h auditor y presentatio n ar e 
take n int o account ,  then ,  a s show n below ,  al l  th e IS R phenomen a 
dicusse d abov e ca n b e accounte d fo r  withi n a n "input-proces s 
refresh "  model . 
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ter m m e m o r y system^ .  I n thi s account ,  th e IS R tas k nor -
mall y involve s suc h output-process-mediate d rehearsal , 
and irrelevan t  concurren t  articulatio n affect s IS R perfor -
mance becaus e i t  reduce s th e availabilit y  o f  th e .ulicula -
tor y resource s neede d t o perfor m thi s refresh .  Accordin g 
t o thi s account ,  phonologica l  similarit y effect s woul d oc -
cu r  i n th e loca l  ( S T M )  loop .  Sinc e phonologicall y simila r 
word s woul d hav e simila r  representations ,  the y woul d b e 
mor e confusabl e tha n phonologicall y dissimila r  words , 
amongst  th e rapidly-forme d an d rapidl y decayin g asso -
ciation s o f  th e S T M .  Th e wor d lengt h effec t  woul d re -
flect  th e fac t  tha t  longe r  word s tak e longe r  i n thei r  outpu t 
processing ,  a s a  resul t  o f  whic h thei r  transmissio n tim e 
aroun d th e globa l  feedbac k loo p woul d b e greate r  tha n fo r 
shorte r  words .  Consequently ,  longe r  word s woul d b e re -
freshe d les s frequentl y tha n shorte r  word s woul d be ,  an d 
th e short-ter m associativ e S T M weight s deca y more .  Th e 
irrelevan t  speec h effec t  woul d aris e becaus e i t  reduce s th e 
number  o f  tim e slot s availabl e fo r  entr y o f  phonologica l 
syste m representation s int o th e loca l  loo p fo r  rehearsal . 
Thi s i s  because ,  a s note d above ,  thi s enterin g o f  represen -
tation s int o a  short-ter m stor e i s assume d possibl e onl y 
when a  stimulu s i s no t  enterin g th e associate d long-ter m 
store .  Thus ,  althoug h unattende d stimul i  d o no t  them -
selve s ge t  entere d int o th e S T M loop ,  the y reduc e th e 
opportunitie s fo r  recal l  stimul i  t o b e s o entered .  Con -
curren t  articulatio n i s viewe d a s reducin g th e availabilit y 
of  outpu t  processin g mechanisms .  Outpu t  processin g fo r 
"refresh "  purpose s ca n therefor e onl y b e undertake n i n 
betwee n repetition s o f  th e concurrentl y articulate d item . 
Thi s ha s th e effec t  o f  reducin g th e opportunitie s fo r  recal l 
stimul i  t o b e refreshed ,  an d thu s entere d int o th e S T M 
loop . 

Not e tha t  bot h irrelevan t  speec h an d articulator y sup -
pressio n reduc e th e opportunit y fo r  refreshe d representa -
tion s t o ente r  th e S T M loop ,  bu t  fo r  differen t  reasons ,  rep -
resentin g differen t  "bottlenecks" .  Wit h irrelevan t  speech , 
th e bottlenec k i s a t  th e poin t  o f  entr y o f  refreshe d rep -
resentation s int o th e S T M loop ,  whil e unde r  articulator y 
suppression ,  th e bottlenec k i s i n th e refres h proces s it -
self .  Not e als o tha t  articulator y suppressio n coul d hav e 
an irrelevan t  speec h effec t  a s well . 

Under  concurren t  articulation ,  ther e shoul d b e n o 
chang e i n th e phonologica l  similarit y effect ,  sinc e rep -
resentation s ar e stil l  subjec t  t o phonologica l  confusabil -
il y  Reductio n o f  th e wor d lengt h effec t  occur s becaus e 
word s ca n onl y b e refreshe d betwee n concurren t  articula -
tions .  Th e effec t  o f  thi s i s t o fix  th e refres h rat e o f  stimul i 
at  a  constan t  rate ,  irrespectiv e o f  whethe r  the y ar e lon g 
or  short ,  s o tha t  wor d lengt h effect s wil l  b e abolishe d . 
Finally ,  irrelevan t  speec h migh t  resul t  i n a  furthe r  deteri -

"It should be noted that this account is essentially a transla-
tio n o f  th e standar d "articulator y loop "  accoun t  int o th e frame-
wor k o f  ou r  simplisti c phonologica l  processin g model . 

'Assum e th e suppressio n respons e take s X  msecs ,  an d i s re -
peate d a t  th e rat e o f  onc e ever y second .  The n i n ever y second , 
ther e i s a  fixed  100 0 — X  =  Y  mse c perio d durin g whic h t o per -
for m rehearsa l  o f  a  recal l  wor d vi a outpu t  processing .  I t  seem s 
realisti c t o assum e tha t  Y  i s onl y lon g enoug h fo r  articulator y 
processin g o f  on e word ,  s o that ,  inespectiv e o f  it s  length ,  onl y 

oratio n i n perfonn;ince ,  give n tha t  i t  wil l  ten d t o impos e a 
secon d bottleneck .  However ,  whethe r  ther e i s a n additiv e 
effec t  o r  no t  wil l  depen d o n th e relativ e synchron y o f  th e 
irrelevan t  speec h an d th e suppressio n responses . 

The auditory account. According to an auditory ac-
count ,  ther e woul d b e som e kin d o f  "menta l  echo "  o f  th e 
auditoril y  presente d stimuli .  Thi s woul d b e analogou s t o 
th e visuj J imager y tha t  subject s hav e reporte d usin g wit h 
visuall y presente d stimul i  (Baddele y e t  al. ,  1975) .  Th e 
"menu U ech o loop "  consist s o f  th e "replaying "  o f  audi -
tor y image s o f  stimuli ,  resultin g i n th e refreshin g o f  thei r 
inpu t  phonologica l  representations .  Importantly ,  i n thi s 
account ,  thi s menta l  ech o proces s doe s no t  depen d i n an y 
w ay o n outpu t  processin g mechanisms .  Phonologica l 
similarit y effects ,  a s i n th e articulator y account ,  woul d 
occu r  i n th e loca l  phonologica l  loop .  I n thi s view ,  th e 
proces s o f  "replaying "  a  stimulu s take s longe r  fo r  longe r 
words .  Consequently ,  th e lexica l  phonologica l  represen -
tation s o f  longe r  word s ar e refreshe d les s frequently  tha n 
thos e o f  shorte r  word s woul d be ,  an d th e short-ter m as -
sociativ e weight s deca y faster .  Th e wor d lengt h effec t 
woul d the n reflec t  th e fac t  tha t  longe r  word s tak e longe r 
t o echo .  A s a  result ,  thei r  transmissio n tim e aroun d th e 
"ech o loop "  woul d b e greate r  tha n fo r  shorte r  words ,  an d 
so longe r  word s woul d b e refreshe d les s frequently  tha n 
shorte r  words .  Th e accoun t  o f  th e irrelevan t  speec h effec t 
woul d b e identica l  t o th e on e i n th e articulator y mode l 
above :  th e irrelevan t  speec h effec t  woul d aris e becaus e 
i t  reduce s th e numbe r  o f  tim e slot s availabl e fo r  entr y o f 
lexica l  phonologica l  representation s int o th e S T M loo p 
fo r  rehearsal .  Concurren t  articulatio n i n thi s accoun t 
woul d b e viewe d a s causin g a n irrelevan t  speec h effect .  I t 
woul d therefor e reduc e th e opportunitie s fo r  recal l  stim -
ul i  t o b e entere d int o th e S T M loop ,  exactl y a s i n th e 
irrelevan t  speec h effect .  Unde r  articulator y suppression , 
ther e shoul d b e n o chang e i n th e phonologica l  similar -
it y  effect .  Th e wor d lengt h effec t  woul d b e abolishe d o r 
reduce d becaus e th e irrelevan t  speec h effec t  create d b y 
articulator y suppressio n woul d impos e a  bottlenec k o n 
when refreshe d representation s coul d b e entere d int o th e 
S T M loop ,  an d thi s woul d ten d t o affec t  lon g an d shor t 
word s equally .  Presentatio n o f  irrelevan t  speec h migh t  o r 
migh t  no t  resul t  i n furthe r  deterioratio n i n performance , 
dependin g o n th e exten t  t o whic h i t  wa s synchronize d 
wit h th e suppressio n responses . 

Discriminating between the accounts 

Th e obviou s questio n i s h o w t o discriminat e betwee n th e 
tw o accounts .  I t  i s  usefu l  t o begi n b y examinin g th e 
differin g analyse s o f  concurren t  articulatio n mor e closely . 

one wor d ca n b e rehearse d pe r  tim e period .  I n cas e shor t  word s 
ar e shor t  enoug h tha t  tw o ca n b e rehearse d i n tim e perio d Y ,  o r 
i n cas e lon g word s ar e lon g enoug h tha t  the y ca n b e onl y par -
tiall y  rehearse d i n tim e perio d Y ,  the n ther e coul d stil l  b e wor d 
lengt h effects ,  an d s o th e accoun t  ca n accommodat e th e possibil -
it y  mentione d i n (Baddeley ,  1986 ,  p.83-84 )  o f  som e remainin g 
wor d lengt h effec t  eve n unde r  articulator y suppression . 
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As note d earlier ,  th e effect s o f  concurren t  articulatio n 
ca n b e analyze d int o thre e components :  (1 )  us.ig e o f  gen -
eni l  resource s resultin g fro m havin g t o pertbr m a  moto r 
task ,  (2 )  creatio n o f  auditor y interference ,  an d (3 )  usag e 
of  articulator y resources . 

I n explainin g th e impac t  o f  concurren t  jirticulatio n o n 
ISR ,  bot h th e articulator y an d auditor y account s ar e con -
sisten t  wit h effect s du e t o genera l  resourc e competition , 
an d auditor y interference .  Wher e the y diffe r  i s  i n whethe r 
the y allo w fo r  a  rol e fo r  articulator y resourc e competition . 
Th e luliculator y accoun t  postulate s articulator y resourc e 
competition ,  sinc e i n thi s view ,  IS R draw s o n articulator y 
resources .  Th e auditor y accoun t  disallow s articulator y 
resourc e competition ,  sinc e i n thi s view ,  n o articulator y 

processe s ar e involve d i n ISR . 
Thi s suggest s a  mean s o f  discriminatin g betwee n th e 

tw o accounts .  Accordin g t o th e auditor y account ,  i f  w e 
contro l  fo r  component s (1 )  an d (2 )  abov e o f  concurren t 
aniculatio n wit h a  non-articulaior y task ,  the n IS R per -
formanc e unde r  thi s non-articulator y contro l  tas k wil l  b e 
equivalen t  t o IS R unde r  concurren t  articulation .  Th e ar -
ticulator y account ,  o n th e othe r  hand ,  predict s tha t  IS R 
unde r  thi s contro l  tas k wil l  b e superio r  t o tha t  unde r  con -
curren t  articulation . 

Th e questio n i s detenninin g th e righ t  controls .  Accord -
in g t o Baddele y {\9%6) ,  finger-tapping  i s a n appropriat e 
contro l  fo r  th e genera l  resourc e demand s o f  concurren t 
articulation .  A n appropriat e contro l  fo r  th e auditor y in -
terferenc e create d b y concurren t  articulatio n shoul d b e 
exposur e t o repeate d utterance s o f  th e sam e speec h soun d 
tha t  i s articulate d durin g concurren t  articulation .  C o m -
binin g thes e wit h IS R create s a  tas k tha t  shoul d discrim -
inat e betwee n th e tw o hypotheses .  I n thi s task ,  subject s 
woul d hav e t o perfor m IS R whil e (i )  concurrentl y tappin g 
a finger,  an d (ii )  hearin g repeate d utterance s o f  a  speec h 
sound .  I f  genera l  resourc e demand s an d auditor y interfer -
enc e hav e bee n controlle d for ,  the n thi s tas k differ s fro m 
performanc e o f  IS R unde r  concurren t  articulatio n onl y i n 
it s usag e o f  articulator y resources . 

Figur e 2  show s th e predicte d relatio n betwee n IS R spa n 
siz e unde r  concurren t  articulatio n (Conditio n A )  an d IS R 
spa n siz e unde r  th e concurren t  contro l  tas k (Conditio n 
B ) ,  unde r  eac h o f  th e tw o accounts .  Th e auditor y accoun t 
predict s n o dififerenc e betwee n conditions ,  whil e th e artic -
ulator y accoun t  predict s wors e performanc e i n Conditio n 
A. 

Experimental procedure 

T o tes t  thes e predictions ,  w e devise d a n experimen t  base d 
on th e logi c jus t  outlined .  Subject s i n thi s experimen t 
wer e 3 6 undergraduat e student s a t  Carnegi e Mello n Uni -
versity ,  w h o participate d i n th e experimen t  fo r  cours e 
credit . 

Ther e wer e tw o condition s i n th e experiment .  I n bot h 
conditions ,  th e subjects '  primar y tas k wa s t o recal l  se -
quence s o f  digit s tha t  wer e presente d t o the m auditorily . 
I n addition ,  subject s wer e require d t o perfor m th e follow -
in g secondar y tasks .  I n Conditio n A ,  subject s wer e aske d 
t o articulat e th e wor d th e whil e performin g th e recal l  task . 
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Figur e 2 :  Predicte d spa n sizes .  T h e articulator y accoun t 
predict s tha t  spa n siz e wil l  b e lowe r  i n IS R unde r  concur -
ren t  articulatio n (Conditio n A ) ,  tha n i n IS R wit h concur -
ren t  finger-tapping  an d auditor y interferenc e (Conditio n 
B ) .  Th e auditor y accoun t  predict s tha t  ther e wil l  b e n o 
difference . 

I n Conditio n B ,  subject s wer e require d t o ta p thei r  finger 
whil e performin g th e recal l  task ;  i n thi s condition ,  sub -
ject s wer e als o playe d a  recordin g o f  repeate d utteranc e 
of  th e wor d the . 

For  th e immediat e seria l  recal l  task ,  th e stimul i  wer e 
auditoril y  presente d sequence s o f  digits .  Sequence s var -
ie d i n lengt h fro m fou r  digit s t o eleve n digits ,  wit h on e 
tria l  consistin g o f  presentatio n o f  on e sequenc e o f  a  par -
ticula r  length .  Fo r  example ,  a t  lis t  lengt h four ,  on e tria l 
consiste d o f  auditor y presentatio n o f  a  sequenc e o f  fou r 
digit s suc h a s three ,  eight ,  two ,  five.  Ther e wer e eigh t  tri -
al s a t  eac h lis t  length .  Presentatio n o f  th e list s bega n wit h 
sequence s o f  fou r  digits .  I f  a  subjec t  recalle d i n correc t 
seria l  orde r  five  o r  mor e o f  th e eigh t  sequence s (trials ) 
at  a  particula r  lis t  length ,  th e nex t  highe r  lis t  lengt h wa s 
introduced .  A t  th e beginnin g o f  trial s o f  eac h lis t  length , 
th e subjec t  wa s tol d wha t  th e lengt h o f  sequence s woul d 
be .  T h e longes t  lis t  lengt h fo r  whic h a  subjec t  correctl y 
recalle d five  o r  mor e sequence s wa s take n a s th e measur e 
of  tha t  subject' s digi t  span . 

Presentatio n o f  eac h digi t  sequenc e (trial )  wa s com -
pute r  controlled .  O n e toke n o f  eac h o f  th e digit s on e 
throug h nin e spoke n b y a  femal e nativ e speake r  o f  Amer -
ica n Englis h wa s recorde d a s digitize d soun d o n a  Macin -
tos h computer .  R a n d o m sequence s o f  thes e token s wer e 
generated ,  an d presente d auditoril y unde r  compute r  con -
trol ,  a t  th e rat e o f  on e digi t  pe r  second .  Subject s wer e 
seate d facin g th e compute r  screen ,  o n whic h a  cros s ap -
peare d afte r  presentatio n o f  eac h sequence .  Subject s wer e 
instructe d t o repea t  th e sequenc e orally ,  i n order ,  a s soo n 
as th e cros s appeared .  T h e experimente r  wrot e d o w n 
th e subjects '  responses ,  withou t  providin g an y feedbac k 
abou t  thei r  accuracy .  Inititatio n o f  eac h tria l  wa s con -
trolle d b y th e experimenter ,  w h e n th e subjec t  wa s ready . 

I n th e secondiff y tas k i n Conditio n A ,  subject s wer e re -
quire d t o concurrentl y an d repeatedl y articulat e th e wor d 
the ,  throughou t  presentatio n o f  eac h sequenc e o f  digits , 
unti l  th e poin t  w h e n spoke n recal l  began .  A t  th e beginnin g 
o f  th e condition ,  subject s wer e playe d a  recordin g o f  th e 
wor d th e bein g repeate d ever y 50 0 msec ,  an d practice d ar -
ticulatin g th e i n synchron y wit h th e recording .  The y wer e 
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aske d t o maintai n tha t  sam e rat e o f  articulatio n durin g th e 
actuji l  experimenta l  procedure . 

I n th e secondar y tas k i n Conditio n B ,  subject s wer e 
require d t o concurrentl y ta p th e inde x finger  o f  thei r  dom -
inan t  hand ,  throughou t  presentiitio n o f  e<'ic h sequenc e o l 
digits ,  unti l  th e poin t  whe n spoke n recid l  begjin .  A t  th e 
same time ,  a  recordin g wa s playe d o f  th e wor d th e bein g 
repeate d ever y 50 0 msec ,  whic h subject s wer e instructe d 
t o ignore .  However ,  the y wer e instructe d t o la p thei r 
finger  a t  th e sam e rat e a s th e repetition s o f  the .  Th e 
recordin g wa s turne d o n b y th e experimente r  a t  th e star t 
of  eac h trial ,  an d wa s turne d of f  a s soo n a s th e cros s ap -
peare d o n th e compute r  screen ,  indicatin g tha t  th e subjec t 
shoul d respond . 

The experimenta l  desig n wa s a  within-subject s re -
peate d measure s design .  Eac h subjec t  performe d th e IS R 
tas k unde r  Conditio n A  a s wel l  a s unde r  Conditio n B . 
Each subjec t  wa s randoml y assigne d t o on e o f  th e tw o 
possibl e treatmen t  orders . 

Results and analysis 

As note d above ,  subjects '  digi t  spa n i n eac h conditio n wa s 
take n t o b e th e greates t  lis t  lengt h a t  whic h the y performe d 
correctl y o n five  o r  mor e o f  th e eigh t  trials . 

Mean digi t  spa n i n Conditio n A  (concurren t  articula -
tion )  wa s 5.89 ,  whil e mea n digi t  spa n i n Conditio n B  (fin -
ger  tappin g +  irrelevan t  speech )  wa s 6.97 .  Th e differenc e 
was highl y significan t  (F(l ,  35 )  =  48.09, p <  0.0001) . 

Thi s resul t  i s consisten t  wit h th e prediction s o f  th e ar -
ticulator y account ,  bu t  no t  th e auditor y account .  Tha t 
is ,  th e result s suppor t  th e notio n tha t  depletio n o f  artic -
ulator y resource s play s a  rol e i n th e effec t  o f  concurren t 
articulatio n o n immediat e seria l  recal l  performance .  This , 
i n turn ,  support s th e ide a tha t  "rehearsal "  durin g norma l 
IS R doe s involv e "output-based "  phonologica l  processin g 
resource s tha t  refres h inpu t  phonologica l  represenations ; 
and this ,  i n it s  turn ,  support s th e existenc e o f  outpu t  —>• 
inpu t  connectivit y i n phonologica l  processing . 

Of  course ,  thi s interpretatio n o f  ou r  result s  i s cruciall y 
dependen t  o n tw o assumptions .  First ,  w e hav e assume d 
tha t  th e finger  tappin g tas k i n Conditio n B  o f  ou r  ex -
perimen t  i s i n fac t  a n appropriat e contro l  fo r  th e gen -
era l  processin g loa d impose d b y concurren t  articulatio n 
i n Conditio n A .  Second ,  w e hav e assume d tha t  exposur e 
t o repeate d utterance s o f  th e i n Conditio n B  i s a  goo d 
contro l  fo r  an y auditor y interferenc e effect s o f  concurren t 
articulatio n i n Conditio n A .  W e ar e currentl y pursuin g 
furthe r  researc h t o tes t  bot h thes e assumptions . 

Discussion 

I n thi s paper ,  w e hav e attempte d t o relat e immediat e seria l 
recal l  t o possibl e model s o f  phonologica l  processing .  Th e 
standar d interpretatio n o f  thes e phenomen a implie s th e 
availabilit y  o f  informatio n fro m "output "  phonologica l 
processin g t o "input "  phonologica l  processing ,  bu t  ther e 
i s a n alternativ e accoun t  o f  th e sam e phenomen a tha t 
does no t  impl y th e existenc e o f  suc h a  flow.  Finding s 
fro m th e IS R paradig m ma y therefor e provid e som e o f  th e 

cleares t  indication s bearin g o n th e issu e o f  phonologicji l 
input/outpu t  relation s 

We presente d th e result s o f  ii n experimenta l  stud y 
:ume d a t  distinguishin g th e tw o accounts ,  <tn d tent̂ aivel y 
conclude d tha t  th e result s suppor t  th e receive d interpreUi -
tion ,  whic h implie s outpu t  —•  //ipw f  connectivit y  i n phono -
logici d processing .  O f  course ,  a  numbe r  o f  question s re -
mai n unresolved ,  an d w e ar e currentl y pursuin g furthe r 
researc h t o furthe r  tes t  th e Jiccounts ,  a s wel l  a s th e as -
sumption s o f  ou r  experiment . 
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