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Lexica l  Acces s an d Seria l  Orde r  i n Sentenc e Productio n 

Joseph Paul Stemberger 
Carnegie-Mello n Universit y 

Seria l  orderin g i n th e perceptio n an d productio n o f  languag e i s a 
phenomenon tha t  i s n o longe r  take n fo r  grante d i n cognitiv e science .  I n 
th e seria l  model s tha t  wer e i n vogu e unti l  recently ,  i t  i s  a  simpl e 
enoug h phenomenon ,  an d a  relativel y eas y thin g t o encode .  I n th e 
paralle l  interactiv e model s tha t  ar e currentl y receivin g muc h attention , 
however ,  i t  turn s ou t  t o b e a  ver y difficul t  thin g t o encod e (McClellan d 
and Rumelhar t  1981 ,  Rumelhar t  an d Norma n 1982 ,  Del l  an d Reic h 1980) . 
Problem s aris e i n mos t  model s despit e th e relativ e simplicit y o f  th e 
task s tha t  the y model ;  i n perception ,  seria l  orderin g i s availabl e i n 
th e input ,  whil e i n th e productio n o f  word s i n typin g an d speech ,  th e 
seria l  orde r  i s availabl e a s a  schem a mad e availabl e b y eac h accesse d 
word .  Th e orderin g o f  word s i n sentence s i s a  fa r  mor e difficul t 
serial-orderin g task ,  becaus e sentence s ar e no t  store d a s units ;  th e 
speake r  canno t  tak e a  semantic/pragmati c representatio n o f  th e sentenc e 
and us e i t  t o acces s a  schem a fo r  tha t  particula r  sentence .  Rather , 
s/h e mus t  us e mor e genera l  strategie s fo r  orderin g th e words .  I n thi s 
paper ,  I  wil l  presen t  on e possibl e solutio n t o th e proble m o f  ho w word s 
ar e ordere d i n th e productio n o f  sentences .  Ther e ar e severa l  distinc t 
problem s tha t  mus t  b e solved :  accessin g exactl y th e righ t  numbe r  o f 
word s fo r  th e sentence ,  gettin g thos e word s i n th e righ t  order ,  an d wha t 
t o d o whe n a  wor d appear s mor e tha n onc e i n th e sentence .  Thes e problem s 
wil l  b e discusse d i n turn . 

First, exactly the right number of words must be accessed. This is 
not  guarantee d b y th e semanti c representation .  Conside r  a  sentenc e suc h 
as I t  ha s a  ver y nic e taste/flavor .  I n thi s case ,  ther e ar e tw o word s 
whic h ar e virtuall y synonymou s i n th e context .  O n th e basi s o f  meaning , 
i t  i s  likel y tha t  bot h word s coul d b e accessed ,  an d th e speake r  woul d 
say both ,  on e afte r  th e other .  Ho w ca n thi s b e prevented ? We mus t 
hypothesiz e tha t  th e speake r  create s a  specifi c  numbe r  o f  positions ,  o r 
SLOTS,  fo r  a  sentence .  We ca n vie w word s a s bein g associate d wit h thes e 
slots ,  wit h th e prohibitio n tha t  onl y on e wor d wil l  normall y b e 
associate d wit h a  singl e slot .  Al l  th e word s tha t  ar e activate d b y th e 
semantics/pragmatic s wil l  b e i n competitio n wit h eac h othe r  an d inhibi t 
eac h other .  Th e slot s provid e a  sourc e o f  activatio n t o a  wor d tha t 
enable s i t  t o overcom e th e Inhibitio n fro m othe r  words .  Ther e wil l  thu s 
be a s man y word s accesse d a s ther e ar e slot s providin g thi s sourc e o f 
activation . 

These slots can be used to determine the serial ordering of the 
accesse d words .  We ca n assum e tha t  th e slot s ar e controlle d i n a 
hierarchica l  fashio n tha t  correspond s t o surfac e syntacti c phras e 
structures .  Fo r  example ,  ther e woul d b e unit s suc h a s S  tha t  contro l 
th e acces s an d orderin g o f  unit s suc h a s N P an d VP .  Slot s suc h a s N  an d 
V contro l  th e acces s an d orderin g o f  words .  Al l  seria l  orderin g ca n b e 
derive d fro m suc h hierarchica l  structure ,  i n a  wa y simila r  t o th e typin g 



model  o f  Rumelhar t  an d Norma n (1982) .  We mus t  assum e tha t  ther e i s a 
threshol d fo r  th e executio n o f  a  word ,  an d tha t  word s reac h tha t 
threshol d on e b y one ;  executio n i n thi s orde r  consitute s seria l 
ordering .  I n th e Rumelhart-Norma n model ,  word s provid e a  templat e tha t 
determine s th e activatio n level s o f  th e letter s t o b e typed . 
Specifically ,  th e lette r  a t  th e beginnin g o f  th e wor d keep s al l  late r 
letter s inhibited ,  th e secon d lette r  keep s al l  late r  letter s inhibited , 
and s o on .  Th e resul t  i s  a  patter n o f  activatio n wher e th e initia l 
lette r  i s  highes t  i n activation ,  an d th e activatio n level s declin e th e 
late r  i n th e wor d th e lette r  i s  located .  I n production ,  th e activatio n 
level s o f  al l  th e letter s graduall y rise ,  an d eac h i s type d a s i t 
reache s a  threshold .  Thus ,  th e letter s ar e type d i n th e prope r  order . 
Thi s schem e wil l  b e adapte d fo r  synta x wit h tw o changes :  contro l  i s 
hierarchical ,  an d th e syste m use s onl y activatio n fo r  seria l  ordering , 
not  inhibition .  Some unit s ar e differentiall y  activated ,  an d henc e 
reac h th e executio n threshol d earlie r  tha n others .  I n execution ,  a 
larg e burs t  o f  activatio n i s give n t o th e highes t  node ,  S .  Tha t  nod e 
passe s activatio n o n t o it s daughte r  nodes ,  bu t  passe s th e activatio n a t 
a faste r  rat e t o on e daughte r  tha n th e other ;  usuall y N P get s th e 
activatio n a t  th e highes t  rat e i n English .  N P passe s th e jol t  o f 
activatio n o n t o it s daughters ,  wit h DE T gettin g activatio n a t  a  faste r 
rat e tha n ADJ ,  an d ADJ a t  a  faste r  rat e tha n N .  Thes e node s wil l  als o 
pas s th e activatio n o n t o th e associate d lexica l  items .  Thus ,  th e 
lexica l  ite m tha t  reache s executio n threshol d firs t  wil l  b e th e 
determiner ,  the n th e adjective ,  the n th e noun ,  the n th e verb ,  an d s o on . 
I n thi s way ,  th e lexica l  item s o f  th e sentenc e wil l  reac h th e threshol d 
fo r  activatio n on e a t  a  time ,  i n th e righ t  order .  Feedbac k fro m node s 
and word s t o thei r  associate d highe r  node s i s obviousl y important .  Thi s 
feedbac k wil l  serv e t o increas e th e activatio n level s o f  th e associate d 
highe r  nodes ,  an d tha t  extr a activatio n wil l  b e passe d o n t o th e late r 
daughte r  nodes .  Sinc e a  syste m o f  thi s sor t  mus t  b e se t  u p s o tha t  th e 
amount  o f  activatio n passe d b y a  singl e connectio n decrease s wit h a n 
increasin g numbe r  o f  connection s comin g int o a  nod e (or ,  equivalently , 
tha t  th e threshol d o f  suc h a  nod e i s increased) ,  i t  wil l  b e th e cas e 
tha t  a  nod e wit h man y daughter s wil l  ge t  les s feedbac k i n a  uni t  tim e 
tha n a  nod e wit h fe w daughters .  A s a  result ,  it s  activatio n leve l  wil l 
ris e mor e slowl y an d pas s o n les s activatio n t o bot h highe r  node s an d 
late r  lowe r  nodes .  Th e activatio n o f  late r  nodes ,  then ,  an d thei r 
associate d lexica l  items ,  i s slowed .  Thus ,  throug h feedback ,  th e syste m 
i s sensitiv e t o th e lengt h o f  embedde d material ;  late r  materia l  wil l  b e 
slowe d u p i f  ther e i s a  lo t  o f  materia l  i n th e subjec t  NP ,  fo r  example , 
and wil l  no t  ten d t o b e execute d early . 

This leads us to the second problem. Given that a specific number 
of  slot s ar e activate d an d tha t  al l  th e righ t  word s ar e accessed ,  ho w 
ca n w e ensur e tha t  th e word s becom e associate d wit h th e righ t  slots ,  s o 
tha t  the y appea r  i n th e righ t  order ? I t  i s  necessar y an d usefu l  t o 
assume tha t  syntacti c slot s hav e condition s o n them .  Eac h conditio n ca n 
be viewe d a s a  featur e tha t  wil l  giv e a  certai n amoun t  o f  activatio n t o 
specifi c  type s o f  words .  Thi s extr a sourc e o f  activatio n fo r  word s wil l 
make i t  mor e likel y tha t  a  particula r  kin d o f  wor d wil l  b e accessed . 
For  example ,  a n N  nod e give s activatio n t o nouns ,  makin g i t  ver y likel y 



tha t  a  nou n wil l  gai n enoug h activatio n t o b e accessed ,  an d makin g i t 
harde r  fo r  verb s t o gai n enoug h activatio n t o b e accessed .  Othe r 
feature s o n node s probabl y includ e tense ,  aspect ,  person/number/gende r 
marking ,  an d case .  Thi s additio n t o th e mode l  ensure s eve n mor e 
accurat e acces s o f  words ,  bu t  doe s no t  ensur e complet e accuracy .  Fo r 
example ,  i f  tw o word s shar e man y o f  th e sam e features ,  suc h a s tw o noun s 
do ,  i t  doe s no t  guarante e tha t  th e righ t  wor d wil l  b e associate d wit h 
th e righ t  slot .  Further ,  i t  doe s no t  guarante e tha t  a  nou n (e.g . 
destruction )  wil l  no t  b e accesse d b y mistak e fo r  on e o f  th e nou n 
position s whe n th e targe t  ver b i s closel y relate d semanticall y (e.g . 
destroy) . 

To ensure absolutely that a word is associated with the proper 
syntacti c slot ,  w e mus t  posi t  th e existenc e o f  a  ver y specia l  typ e o f 
feature .  Thi s featur e wil l  cod e word s an d slot s fo r  som e typ e o f  rol e 
(Boc k 1982) .  Thi s rol e may b e meaningful ,  suc h a s th e semanti c o r 
syntacti c rol e o f  th e informatio n i n question .  I t  i s  possible ,  however , 
tha t  i t  may jus t  b e a n arbitrar y featur e tha t  i s assigne d t o a  give n 
chun k o f  th e semantic/pragmati c structur e o n a  nonc e basis .  I n an y 
event ,  rol e code s whic h unit s g o together ,  includin g whic h slo t  goe s 
wit h whic h word .  Ever y unit ,  whethe r  a  wor d o r  a  slot ,  mus t  hav e severa l 
copies ,  differentiate d b y role .  Rol e wil l  functio n lik e an y othe r 
feature ;  i f  th e nou n slo t  i s  role-1 ,  fo r  example ,  i t  wil l  giv e mor e 
activatio n t o role- 1 noun s tha n t o an y othe r  nouns ,  generall y ensurin g 
tha t  th e role- 1 nou n wil l  b e accesse d i n tha t  position .  Th e extr a 
activatio n t o lexica l  item s tha t  come s fro m thi s rol e featur e wil l  thu s 
ensur e tha t  th e word s tha t  ar e chose n wil l  no t  onl y b e th e righ t  numbe r 
and o f  th e righ t  syntacti c categorie s an d inflecte d i n th e prope r  way , 
but  wil l  als o b e o f  th e righ t  role .  Figur e 1  illustrate s ho w thi s 
scheme migh t  wor k i n th e contex t  o f  a  simpl e sentenc e lik e th e do g at e 
th e apple ;  arrow s represen t  connection s tha t  pas s activation ,  whil e 
fille d circle s represen t  inhibitor y connections .  A n associate d chun k o f 
materia l  o n th e semanti c leve l  wil l  giv e som e activatio n t o a  lo t  o f 
lexica l  units .  However ,  th e mos t  highl y activate d unit s wil l  b e thos e 
tha t  ar e connecte d wit h th e mos t  activate d semanti c units ,  her e th e 
copie s o f  th e word s do g an d apple ;  inhibitio n betwee n pair s o f  lexica l 
unit s wil l  remov e al l  othe r  noun s fro m th e competition .  Activatio n fro m 
th e rol e unit s o n th e semanti c leve l  wil l  giv e th e role- 1 cop y o f  do g 
and th e role- 2 cop y o f  appl e th e highes t  level s o f  activation ,  an d al l 
othe r  copie s o f  thes e word s wil l  b e inhibited .  I n paralle l  wit h thi s 
activity ,  syntacti c node s hav e als o bee n accessed .  Th e role- 1 N  nod e 
wil l  becom e linke d t o a  role- 1 noun ,  her e dog ,  whil e th e role- 2 N  nod e 
wil l  becom e linke d t o a  role- 2 noun ,  her e apple .  Thes e N  node s wil l  b e 
linke d t o highe r  syntacti c node s i n suc h a  wa y tha t  th e role- 1 nod e an d 
it s associate d lexica l  uni t  wil l  preced e th e role- 2 nod e an d it s 
associate d lexica l  unit .  Thus ,  thi s syste m wil l  acces s th e righ t 
lexica l  units ,  associat e the m wit h th e righ t  syntacti c positions ,  an d 
assig n the m th e correc t  seria l  order . 

The las t  proble m t o b e solve d i s wha t  happen s whe n a  wor d appear s 
more tha n onc e i n th e sentence .  I t  canno t  b e th e cas e tha t  a  wor d i s 
simpl y linke d t o tw o slots .  I n th e seria l  orderin g schem e tha t  w e ar e 



assuming ,  suc h word s woul d win d u p bein g execute d onl y once ,  an d fa r  i n 
advanc e o f  wher e the y shoul d be ,  sinc e th e wor d wil l  simpl y su m th e 
activatio n comin g fro m th e tw o slot s an d reac h executio n threshol d 
early .  I t  i s  necessar y t o assum e tha t  ther e ar e severa l  copie s o f  th e 
wor d available ,  an d tha t  differen t  copie s wil l  ge t  accesse d fo r  th e 
differen t  position s i n th e sentence .  Sinc e w e assum e tha t  ther e ar e 
severa l  copie s availabl e wit h differen t  roles ,  thi s present s n o problem . 
The solutio n t o th e previou s proble m solve s thi s proble m a s well . 

The system as described here does not represent simply an arbitrary 
solutio n t o th e proble m o f  lexica l  acces s an d seria l  ordering .  Rather , 
i t  ha s bee n taylore d t o accoun t  fo r  dat a fro m error s whic h occu r 
spontaneousl y i n natura l  speech .  Stemberge r  (1982 )  review s man y o f  th e 
Importan t  propertie s o f  speec h errors .  First ,  error s wher e th e wron g 
wor d i s accesse d bu t  i s relate d t o th e targe t  wor d semanticall y o r 
phonologicall y generall y ar e constraine d b y th e feature s o n th e 
syntacti c slot ;  i.e. ,  the y ar e o f  th e sam e syntacti c categor y an d ar e 
inflecte d i n th e sam e way .  Second ,  word s ca n b e accesse d correctl y bu t 
i n th e wron g syntacti c position(s) .  Suc h word s ar e generall y o f  th e 
same syntacti c categor y a s th e word s tha t  the y replace ,  bu t  ar e ofte n 
not ;  th e semanti c activatio n o f  suc h word s mean s tha t  the y ca n 
occasionall y b e accesse d i n a  give n positio n withou t  th e hel p o f  al l  th e 
feature s o n th e slot .  Suc h word s ten d t o b e inflecte d lik e th e targe t 
word ,  however ,  eve n i f  the y ar e o f  a  differen t  syntacti c clas s fro m th e 
targe t  word .  Suc h accessin g error s lea d t o anticipations , 
perseverations ,  an d exchanges .  Exchange s ar e viewe d a s comple x errors , 
wher e tw o word s ar e accesse d i n th e wron g slots .  I t  i s  possibl e tha t 
exchange s occu r  mor e tha n migh t  b e expecte d b y chance .  I f  thi s i s th e 
case ,  the n w e mus t  assum e tha t  th e copie s o f  a  singl e wor d wit h 
differen t  role s hav e greate r  level s o f  inhibitio n betwee n the m tha n 
nonrelate d pair s o f  word s have ,  makin g i t  harde r  t o us e a  give n wor d 
twic e i n th e sam e sentence .  I f  a  correc t  wor d i s accesse d i n th e wron g 
slot ,  thi s wil l  mak e exchang e error s mor e likel y tha n chance ,  sinc e i t 
wil l  b e harde r  t o acces s th e wor d i n th e correc t  slo t  a s well .  Suc h 
inhibitio n wil l  mak e i t  mos t  likel y tha t  th e othe r  correc t  wor d wil l  b e 
accesse d i n th e othe r  slot .  However ,  occasionall y som e othe r  wor d 
entirel y may b e accesse d i n tha t  slot ,  generall y a  wor d tha t  i s relate d 
t o th e targe t  word ;  suc h error s ar e calle d "bumpe r  cars "  b y Stemberge r 
(1982) .  Variou s othe r  type s o f  error s ar e als o predicte d tha t  d o occur , 
suc h a s partia l  assimilation s an d sequentia l  blends .  A s th e mode l 
predicts ,  ther e ar e als o frequen t  errors ,  know n a s "shifts" ,  wher e tw o 
adjacen t  word s fli p aroun d an d ar e execute d i n th e wron g order ,  a s on e 
wor d reache s threshol d prematurely .  Thi s descriptio n o f  lexica l  acces s 
account s fo r  a  wide r  variet y o f  th e type s o f  speec h error s tha t  occu r 
durin g lexica l  acces s an d seria l  orderin g tha n an y othe r  mode l  propose d 
t o date . 

The problem of accessing words and putting them in the right order 
i s no t  trivial .  I  hav e presente d a  preliminar y solutio n t o th e problem , 
and on e tha t  account s fo r  muc h o f  th e know n dat a o n problem s tha t  aris e 
durin g lexica l  access .  Muc h wor k remain s t o b e don e o n workin g ou t  th e 
ful l  ramification s o f  thi s model ,  an d o n implementin g it . 
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FIGURE 1 :  Acces s o f  noun s i n th e sentenc e "th e do g at e th e apple" . 
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