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1.0 Introduc tion. 

Over  th e pas t  te n year s ou r  researc h grou p ha s gathere d a 
grea t  dea l  o f  evidenc e o n speec h product io n throug h th e mediu m o f 
experimental l y el ici te d slip s o f  th e tongu e (e.g. ,  Baars ,  i n 
press ;  Mot ley ,  Camde n &  Baar s 1 9 8 3 ) .  Fo r  curren t  purpose s w e wi l l 
discus s tw o kind s o f  s l ips ,  spoonerism s an d word-exchang e s l ips . 
We ca n el ic i t  spoonerism s wit h a  variet y o f  p roper t ies ,  e.g . 

(*) (1) bad goof - gad boof (nonlexical) 
(2 )  bar n doo r  -  bar n doo r  ( lexical ) 

(* )  (3 )  vic e ner y -  nic e ver y (nonsyntact ic ) 
(4 )  ner y vic e -  ver y nic e (syntact ical l y OK ) 
(5 )  lic e neg s -  nic e leg s (sexua l  comment ) 
(6 )  ree l  fejekte d -  fee l  reje c te d (depresse d comment ) 

Word-exchange slips can be elicited, to create slips like: 

(*) (7) "She touched her nose and picked a flower." 
"Sh e picke d he r  nos e ... "  (social l y embarass lng ) 

(* )  (8 )  "Sh e hi t  th e bal l  an d sa w he r  husband. " 
"Sh e hi t  he r  husban d ... "  (aggressiv e af fect ) 

(* )  (9 )  "Th e teache r  tol d th e myth s an d dismisse d th e s tor ies . " 
"Th e teache r  dismisse d th e myths . . . "  (har d to 

pronounc e )  . 
(* )  (10 )  "Sh e looke d a t  th e bo y an d talke d soft ly. " 

"Sh e talke d a t  th e bo y an d looke d soft ly. " 
(semantical l y  anoma lous ) . 

(* )  (11 )  "I s th e gra y se a belo w th e blu e sky? " 
No,  th e blu e sk y i s belo w th e gra y sea .  ( false ) 

As one can see, experimentally Induced slips give us great 
contro l  ove r  relat ivel y norma l  speech . 

Two general phenomena have been observed. First, the 
likelihoo d o f  a  generical l y acceptabl e sli p I s Increase d b y 
primin g wit h material s relate d t o it .  Second ,  th e rat e o f  sl ip s 
tha t  ar e designe d t o violat e generi c regular i t ie s i s lowere d 
compare d t o contro l  s l ips .  Th e primin g phenomen a ma y simulat e th e 
formulatio n s  tag e o f  a  norma l  speec h plan ,  whil e th e dro p I n 
rule-violat in g slip s ma y reflec t  a n mi  smatc h ed i  tin g capabi l i ty . 
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1. 1 Empir ica l l y s imulat in g th e formulat io n o f  a  speec h p lan . 

Motley and Baars (1979) showed that semantic priming 
increase s th e rat e o f  phonolog ica l l y prime d s l ips .  Th e inf luenc e 
of  pr imin g i s no t  l imite d t o l inguist i c fac to rs .  I t  certa in l y 
inc lude s th e speaker ' s physica l  an d socia l  env i ronment .  Thu s 
Mo t ley ,  Baar s &  Camde n (1979 )  showe d tha t  subject s wh o wer e le d 
t o expec t  th e poss ib i l i t y  o f  a n electr i c shock ,  mad e mor e slip s 
l ik e sha d bo k -  ba d shock ,  whi l e mal e subject s wh o wer e ru n b y a n 
espec ia l l y a t t ract iv e femal e exper imente r  wer e mor e l ikel y t o 
make sl ip s l ik e lak e mu v -  mak e love .  Recent ly ,  Jabbou r  an d Baar s 
(1984 )  demonstrate d tha t  moo d ca n affec t  th e l ikel ihoo d o f  s l ips . 
The Vel te n Moo d Induct io n procedur e (Vel ten ,  1966 )  wa s use d to 
estab l is h a  depresse d mood ,  an d i n consequence ,  th e rat e o f  slip s 
l ik e dee l  fow n -  fee l  down ,  an d juzz a wer k -  wa s a  j  er k increase d 
s ign i f i can t ly . 

One attractive theoretical proposal to model these effects 
I s a  "spreadin g act iva t io n ne twork" ,  wit h d i f feren t  subnetwork s 
represent in g th e d i f feren t  level s o f  cont ro l .  Del l  an d Reic h 
(1980 ,  1981 )  hav e develope d a  compute r  s imulat io n o f  jus t  suc h a 
networ k wi t h tw o level s o f  con t ro l ,  phonologica l  an d lex ica l . 
Thei r  mode l  generate s spooner ism s a s wel l  a s correc t  responses . 
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1. 2 Empir ica l l y s imulat in g th e edi t in g o f  a  speec h p lan . 

Not all manipulations of the slip task Increase the rate of 
s l ips .  B y designin g slip s tha t  v io lat e som e leve l  o f  cont ro l ,  an d 
compar in g i t  wit h matchin g rule-governe d s l ips ,  w e hav e foun d a 
number  o f  case s wher e th e rat e o f  ru le-v io la t in g slip s drop s 
prec ip i tous ly ,  sometime s eve n t o zer o (Baars ,  1977 ;  Baars ,  Motle y 
and MacKay ,  1 9 7 5 ) .  (Al l  starre d sl ip s (* )  l iste d abov e vio lat e 
suc h generi c ru les. ) 

1.2 1 Bottom-u p flo w o f  con t ro l . 

In general, we have discussed these effects as a kind of 
edi t in g (Baars ,  Mot ley ,  &  MacKay ,  1975 ;  Mot ley ,  Camde n &  Baars , 
1 9 7 9 ) .  Th e not io n o f  edi t in g ha s tw o specia l  impl icat ions . 
Conside r  a  sli p lik e (1 )  above .  Thi s i s a  spooner ism ,  i.e .  a n 
exchang e o f  consonan ts ,  a n erro r  a t  th e leve l  o f  phonem e 
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sequencing .  However ,  th e rat e o f  thes e error s i s Inf luence d b y 
whethe r  th e resul t in g phonem e strin g consis t s o f  rea l  word s o r 
nonsens e sy l lab les .  I f  i t  I s  lex ica l ,  th e sli p occur s muc h mor e 
frequent ly .  Thus ,  th e l ikel ihoo d o f  a  chang e I n phoneme -
sequencin g I s affecte d b y It s consonanc e wit h lexica l 
regular i t ies .  Bu t  i n th e norma l  l inguist i c h ie rarchy ,  th e lex ica l 
leve l  i s  abov e th e phonemi c level .  Thi s Implie s tha t  th e f lo w o f 
contro l  i n speec h product io n ca n g o "bot tom-up "  fro m a  lowe r 
structura l  leve l  t o a  highe r  one . 

The same argument can be made in the editing of word-
exchang e er ro rs ,  whic h tak e plac e a t  th e leve l  o f  word-sequencin g 
(syn tax) .  Th e probabi l i t y  o f  suc h slip s i s ver y muc h affecte d b y 
th e semanti c an d pragmati c outcom e o f  th e word-exchang e 
whethe r  i t  create s a  semanti c anomaly ,  a  fals e s tatement ,  o r  a 
statemen t  tha t  i s  social l y embarassin g (Baars ,  1977 ;  Baar s & 
Mattson ,  1 9 8 1 ) .  Again ,  a  word-sequencin g sli p i s affecte d b y 
structurall y highe r  level s o f  contro l . 

All these results imply that the flow of control in speech 
plannin g i s no t  str ict l y top-down .  I t  mus t  b e possibl e t o hav e 
informatio n flo w i n th e opposit e di rect ion .  Thi s contradict s som e 
suggestion s tha t  speec h product io n i s exclusivel y top-dow n (e.g . 
Garret t ,  1976 ;  Fay ,  1 9 8 0 ) ,  an d i s i n accor d wit h f inding s fro m 
spontaneou s s l ips ,  whic h als o suppor t  th e presenc e o f  bottom-u p 
flo w o f  contro l  (e.g .  Harley ,  1 9 8 4 ) . 

Spreading activation networks do support a flow of control 
i n bot h direct ion s (Del l  &  Reich ,  1981 ;  Rumelhar t  &  McClel land , 
1982) .  Indeed ,  Del l  &  Reic h (1981 )  hav e show n tha t  a  compute r 
simulatio n o f  a  spreadin g act ivat io n mode l  wit h phonologica l  an d 
lexica l  level s ca n simulat e th e "edit ing "  result s o f  Baars , 
Motley ,  an d MacKa y ( 1 9 7 5 ) ,  namel y th e findin g tha t  lexica l  slip s 
ar e mad e fa r  mor e ofte n tha n matche d nonsens e s l ips .  Del l  &  Reic h 
argue ,  i n ef fect ,  tha t  spreadin g act ivat io n i s al l  tha t  i s  neede d 
t o accoun t  fo r  th e "edit ing "  result s describe d s o far . 

1.2 2 Ed i  tin g involve s mismatc h detect ion . 
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To sho w tha t  edit in g i n th e sens e define d her e occur s i n 
speec h product ion ,  w e neede d t o demonstrat e no t  onl y tha t  bot tom -
up flo w o f  contro l  occurs ,  bu t  als o tha t  th e speec h product io n 
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syste m ca n detec t  mismatche s betwee n a  speec h pla n an d prio r 
c r i te r ia .  Mot ley ,  Camde n &  Baar s (1982 )  repor t  tha t  fo r  a  tas k 
e l ic i t in g sexual l y express iv e slip s (lak e mu v -  mak e luv ,  bic e 
nodd y -  nic e body )  ,  ther e i s a  larg e an d immediat e ris e i n th e 
e lec t r ica l  ski n res is tanc e o n sexua l  sli p trial s eve n i f  th e sli p 
i  s  n o t  a c tual l y mad e •  O n neutra l  contro l  t r ia ls ,  ther e i s n o suc h 
e f fec t .  Sinc e th e E lect ro-Derma l  Respons e (EDR )  i s on e o f  th e 
standar d measure s o f  th e Or ient in g Respons e a  predictabl e 
phys io log ica l  concomi tan t  o f  surpr ise ,  nove l ty ,  an d mismatc h wit h 
expecta t ion s thes e resul t s sugges t  tha t  a  mismatc h wa s 
detecte d eve n whe n th e sli p wa s successfu l l y avoided . 

1. 3 Modula r  d issoc ia t ion . 

abov e result s unadorne d tha t sugges t 

A resul t  fro m Baars ,  Motle y an d MacKa y (1975 )  support s thi s 
observat io n eve n wit h respec t  t o ou r  wi l l ingnes s t o spea k 
nonsense :  whe n subject s i n th e spooneris m tas k sa w onl y nonsens e 
wor d pair s (som e o f  whic h coul d sli p int o genuin e wor d pa i rs , 
whi l e other s onl y change d int o othe r  nonsens e sy l lab les )  the y 
stoppe d edi t in g fo r  lexica l  s ta tus :  n o longe r  wa s ther e an y 
d i f ferenc e i n th e rat e o f  lexica l  v s .  nonsens e s l ips .  I t  i s  a s i f 
th e lex ica l  edi t in g cr i ter io n droppe d ou t  a s a  who le .  However , 
in t roducin g lexica l  item s int o th e tas k contex t  (a s fi l le r  i tems ) 
re instate d lexica l  edi t in g t o it s previou s leve l .  Thi s kin d o f 
d iscret e "modula r  d lssoc ia ton "  o f  a n entir e edi t in g syste m seem s 
al ie n t o th e spir i t  o f  spreadin g ac t iva t ion ,  i n whic h ever y 
knowledg e sourc e ca n sprea d polymorphousl y t o ever y other . 

There are several other kinds of such modular dissociation. 
The mos t  obviou s i s th e existenc e o f  slip s themselve s bot h 
sl ip s o f  th e tongu e an d sl ip s o f  act ion .  Slip s ar e act ion s tha t 
woul d no t  hav e happene d i f  th e prope r  sourc e o f  knowledg e ha d 
bee n brough t  t o bea r  o n th e speec h plannin g proces s befor e 
execu t ion .  The y represen t  a  fai lur e o f  Interna l  communicat io n 
betwee n th e knowledg e sourc e an d th e plannin g process .  Bu t  onl y a 
momentar y fa i lu re :  th e evidenc e i s goo d fo r  ou r  commonsenslea l 
assumpt io n that ,  w e woul d avoi d mos t  slip s i f  w e jus t  too k mor e 
tim e to  thin k abou t  ou r  speec h pla n (Del l ,  i n p r e s s ) .  S l ips , 
then ,  Involv e a  momen tar y d issoc iat io n betwee n tw o component s o f 
th e plannin g process .  Bu t  thi s d isconnect io n i s muc h mor e 
t ransi tor y tha n th e d issociat io n o f  lexica l  edit in g ment ione d 
above . 
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But  perhap s th e mos t  s igni f ican t  exampl e o f  modula r 
d issociat io n come s durin g th e proces s o f  acqui r in g a  sk i l l .  A s 
th e skil l  become s mor e an d mor e pract iced ,  I t  tend s t o becom e 
mor e an d mor e autonomou s an d dissociate d fro m detai le d vo luntar y 
contro l  (LaBerge ,  1980 ;  Shlffr l n &  Schneider ,  1 9 7 7 ) .  I n add i t ion , 
and especial l y importan t  fo r  ou r  theoret ica l  approac h ( 2 . 0 ) , 
seria l  processin g tend s t o chang e t o paral le l  process ing . 

The notion that much processing is done by special-purpose 
module s i s becomin g increasingl y popula r  (e.g .  Fodor ,  1983 ; 
Baars ,  1 9 8 3 ) .  I t  ha s a  numbe r  o f  empir ica l  source s o f  suppor t , 
bot h psychologica l  (e.g .  Swinney ,  e t  a l ,  1982 )  an d 
neurophysiologica l  (Mountcast ie ,  1980 ;  Geschwind ,  1 9 7 9 ) .  Fur ther , 
compute r  scient ist s hav e bee n invest igat in g th e propert ie s o f 
paralle l  distr ibute d systems ,  whic h consis t  o f  co l lect ion s o f 
special-purpos e module s tha t  ca n eithe r  cooperat e o r  compet e t o 
perfor m som e tas k (Redd y &  Newel l ,  1 9 7 4 ) . 

A number of action errors collected by Reason (1984a) 
sugges t  tha t  overpract ice d component s o f  act ion s ca n becom e quit e 
autonomous .  Thus : 

"I Intended to place my hairbrush in its usual place by the 
bookcase .  I  pu t  m y boyfr iend' s l ighte r  ther e Instead. " 

"I had an appointment at the dentist's, but went to the 
doctor' s instead. " 

"I went into my room intending to fetch a book. I took off 
my r ings ,  looke d i n th e mirro r  an d cam e ou t  agai n wi thou t  th e 
book. " 

Reason (1984b) calls the low-level components that can be 
exchange d wit h others ,  o r  droppe d a s a  who le ,  th e act io n 
"schemata" ,  an d suggest s tha t  the y ar e mostl y unconsciou s 
component s whic h "ca n b e independentl y act ivate d an d behav e i n a n 
energeti c an d highl y competi t iv e fashio n t o tr y t o gra b a  piec e 
of  th e act ion. " 

Since it is a relatively unitary "chunk", it is likely that 
a modul e ca n b e calle d upo n a s a  whol e to  perfor m it s funct ion . 
I f  w e ar e skil le d bicycl e r iders ,  w e d o no t  wan t  t o lea p o n a 
bicycl e onl y to  fin d tha t  w e hav e to  brin g togethe r  ou r  spatia l 
orientat io n ab i l i t ies ,  ou r  moto r  contro l  funct ion s fo r  th e fee t , 
legs ,  an d arm s (separately ,  o f  c o u r s e ) ,  ou r  balanc e mechanism , 
visua l  ab i l i t ies ,  etc .  Rather ,  w e woul d lik e t o cal l  upo n a 
singl e "bicycl e ridin g processor" ,  whic h wil l  unit e an d organiz e 
al l  th e necessar y component s o f  bicycl e r id ing . 

However, it would be awkward in getting off the bicycle to 
fin d tha t  th e "bicycle-r idin g module "  coul d no t  decompos e an d 
reorganize ,  i n orde r  t o mak e part s o f  th e sam e modul e avai labl e 
fo r  us e i n standing ,  walk ing ,  an d running .  Fo r  thes e act ion s w e 
als o nee d spatia l  or ientat ion ,  moto r  cont ro l ,  ba lance ,  an d 
vis ion ,  jus t  a s w e d o I n ridin g a  b icycle .  An d i f  somethin g goe s 
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wron g wit h th e b icyc l e whi l e w e ar e r idin g i t ,  i t  i s  cer ta in l y 
impor tan t  t o fin d ou t  whic h componen t  o f  bicycl e r idin g mus t  b e 
checke d an d modi f ie d t o dea l  wit h th e problem . 

So it seems that we need two abilities that may seem at odds 
wi t h eac h o ther :  th e abi l i t y  t o cal l  upo n comple x funct ion s i n a 
uni tar y way ,  an d th e abi l i t y  decompos e an d reorganiz e thos e 
funct ion s whe n th e tas k o r  contex t  changes .  Module s ar e l ik e 
Chines e puzzl e boxes :  I n compute r  scienc e terms ,  the y ar e de f  ine d 
recurs i ve ly ,  s o tha t  a  modul e ma y consis t  o f  a  coal i t io n o f 
m o d u l e s ,  an d i n turn ,  th e or ig ina l  modul e ma y b e a  member  o f  a n 
eve n large r  coa l i t io n o f  module s whic h ca n als o b e viewe d a s a 
modu le .  We shoul d no t  expec t  t o def in e an y funct iona l  modul e 
independen t  o f  tas k an d con tex t ,  a l thoug h ther e wil l  b e som e 
task s an d context s tha t  occu r  s o commonl y tha t  the y ma y requir e 
th e serv ice s o f  a  re lat ivel y permanen t  contro l  system . 

1. 4 Th e nee d fo r  in ter-modula r  access . 

Module s canno t  b e leak-proo f .  A s w e hav e argue d above ,  i t 
must  b e possib l e t o decompos e modu les ,  an d t o recombin e the m int o 
large r  modu les .  Fur ther ,  eve n whe n a  modul e remain s s tab le ,  i t 
must  b e abl e t o accep t  inpu t  command s an d parameters ,  an d t o 
outpu t  command s t o e f fec to rs ;  i t  mus t  b e abl e t o accep t  feedbac k 
regard in g it s succes s o r  fa i lur e i n achievin g it s governin g goa l . 
And whe n i t  ma l func t ions ,  i t  mus t  b e possibl e t o f in d whic h 
par t icu la r  submodul e mus t  b e change d t o dea l  wit h th e problem . 
Thu s ther e i s a  nee d fo r  inter-modula r  access ,  an d w e argu e belo w 
tha t  consc iousnes s i s heavi l y involve d i n case s tha t  requir e 
nove l  mean s o f  access . 

A special case of inter-modular access is our ability to talk 
abou t ,  o r  ac t  upon ,  an y consciou s content .  I f  w e assum e tha t  a 
consc iou s conten t  i s th e resul t  o f  a  special ize d modu le ,  an d tha t 
speakin g i s als o contro l le d b y special ize d sys tems ,  th e quest io n 
ar ise s ho w th e speec h modul e gain s acces s to  th e consciou s 
con ten t .  Th e syste m archi tectur e propose d belo w (2.0 )  provide s 
on e answer .  I n genera l ,  w e clai m tha t  spe c ialize d module s ca n 
hav e acces s t o man y o thers .  However ,  nove l  acces s acros s module s 
load s centra l  l im i  te d capac i ty . 
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2. 0 Th e Globa l  Workspac e Syste m ( G W S ) :  A  syste m arch i tec tur e 
tha t  support s bot h Formulat io n an d Edi t ing . 

What  sens e ca n w e mak e o f  thes e facts ? For tunate ly ,  ther e i s 
a ver y simpl e Interpretat ion .  Cognit iv e scient is t s hav e fo r  som e 
tim e worke d wit h syste m conf igurat ion s wit h propert ie s ver y muc h 
lik e thos e describe d above .  Thes e system s consis t  o f  mul t ip l e 
special ize d processors ,  whic h ar e b y themselve s quit e act iv e an d 
Independent ,  sometime s calle d "paralle l  d istr ibute d processors " 
(PDPs) .  Together ,  the y creat e a  "society "  o f  special ize d sys tems , 
eac h abl e t o handl e som e predetermine d typ e o f  problem . 

The trouble with a PDP society is that, although it can 
handl e routin e task s jus t  b y assignin g suc h task s t o th e 
appropriat e specia l is t ,  i t  ha s di f f icul t y i n solvin g ne w 
problems ^  whic h ar e bes t  approace d b y joinin g d i f feren t 
special t ies .  T o permi t  interact io n betwee n th e distr ibute d 
special ists ,  var iou s researcher s hav e adde d a  globa l  workspac e t o 
th e system ,  a  memor y whos e content s ar e broadcas t  t o al l 
processor s (e.g .  Redd y an d Newel l ,  1974 ;  Erma n an d Lesser ,  1975 ; 
Hayes-Roth ,  1 9 8 4 ) .  Recen t  wor k i n compute r  scienc e als o 
suggest s tha t  th e GWS syste m ma y provid e a  "genera l  f ramewor k fo r 
problem-solving "  (Hayes-Roth ,  1 9 8 3 ) .  Th e globa l  workspac e 
(sometime s calle d a  b lackboard )  i s reall y a  publ ici t y orga n fo r 
th e distr ibute d system .  I n pr inc ip le ,  i t  al low s an y processo r 
tha t  ca n gai n acces s t o th e globa l  workspac e t o pos e a  proble m to 
be solve d b y al l  th e othe r  processors .  (Whil e globa l  message s ar e 
availabl e t o al l  processors ,  the y ca n onl y b e interprete d b y 
thos e special ist s whic h ar e relevan t  t o th e conten t  o f  th e 
message. )  A  detaile d discussio n o f  It s funct iona l  pro s an d cons , 
and it s mod e o f  operat ion ,  ma y b e foun d i n Baar s (1983 ) . 

2. 1 Th e GWS theor y an d th e consciou s l imi ted-capaci t y componen t 
of  th e nervou s system . 
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2. 2 Th e GWS mode l  ca n incorporat e spread ing-ac t iva t ion ,  plu s 
d i ssoc ia t i on ,  cooperat io n an d compet i t io n betwee n modu les . 

A centra l  aspec t  o f  th e GWS archi tectur e i s th e abi l i t y 
of  man y d i f fe ren t  processor s t o cooperat e i n support in g som e 
g loba l  message ,  o r  t o compet e agains t  i t .  Cooperat io n betwee n 
d i f fe ren t  module s ma y occu r  b y spreadin g act ivat io n vi a th e 
g loba l  workspace .  Bu t  module s ca n ac t  a s a  who le ,  s o tha t  th e 
syste m support s modula r  assoc iat io n an d d issoc ia t io n wit h respec t 
t o an y g lobal l y displaye d p rocess .  An d o f  course ,  an y modu le ,  o r 
se t  o f  m o d u l e s ,  ca n ac t  s o a s to  compet e fo r  globa l  acces s wit h 
an y globa l  message ,  thereb y servin g to  "edi t "  th e globa l  message . 
Norman an d Shal l ic e (1980 )  refe r  t o thi s kin d o f  compet i t io n a s 
"content io n schedul ing" .  Indeed ,  w e coul d vie w cooperat io n an d 

as tw o d i f feren t  operat in g mode s o f  th e system , 
i s quit e possibl e fo r  thes e mode s t o al ternat e 

we suggeste d above ,  cooperat iv e interact io n throug h 
workspac e i s equ iva len t  t o th e Formulat io n o f  th e 

speec h pla n whic h i s neede d t o expla i n ou r  f inding s abou t  mu l t i -
leve l  pr imin g o f  sl ip s an d error - f re e speech ,  whil e compet i t io n 
betwee n module s correspond s to  th e Edit in g p rocess ,  fo r  whic h 
ev idenc e ha s bee n cite d above . 

compet i t io n 
a l thoug h i t 
rap id ly .  A s 
th e globa l 
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