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Abstrac t 

Speech is produced incrementally. The Incremental Parallel 
Formulato r  (D e Smedt ,  1996 )  i s  a  computationa l  mode l  o f 
grammatica l  encodin g tha t  take s thi s notio n o f  incrementalit y 
int o account .  I t  predict s tha t  th e orde r  an d time-scal e wit h 
whic h conceptua l  fragment s activat e lexica l  segment s affec t 
th e syntacti c shap e o f  a n utterance .  W e derive d prediction s 
firo m thi s mode l  an d teste d thes e i n tw o onlin e experiments .  I n 
thes e experiments ,  participant s describe d compute r  animation s 
i n whic h tw o object s move d i n upwar d o r  downwar d direc -
tions .  W e manipulate d th e availabilit y  o f  piece s o f  th e con -
ceptua l  inpu t  b y withholdin g eithe r  th e informatio n abou t  th e 
movement  direction ,  o r  abou t  th e identit y o f  on e o f  th e object s 
fo r  variou s amount s o f  time .  Th e experiment s showe d tha t 
bot h th e typ e an d th e tempora l  availabilit y  o f  conceptua l  in -
formatio n strongl y affec t  th e syntacti c shap e o f  a n utterance . 

Introduction 

Accordin g t o Level t  (1989 )  thre e processin g module s fo r 
fluen t  sp)eec h productio n ca n b e distinguished :  th e Concep -
tualizer ,  th e Formulator ,  an d th e Articulator .  Thes e module s 
wor k i n a n incrementa l  fashio n o n differen t  part s o f  a n utter -
anc e simultaneously .  Th e vie w tha t  sjjeaker s produc e spoke n 
languag e incrementall y ha s n o w becom e c o m m o n groun d i n 
th e psycholinguisti c communit y (e.g. ,  Levelt ,  1989) .  O n th e 
modelin g side ,  thi s ha s resulte d i n th e formulatio n o f  severa l 
computationa l  model s o f  grammatica l  encoding ,  on e o f 
whic h i s th e Incrementa l  Paralle l  Formulato r  (IPF ;  D e 
Smedt ,  1996) .  A  centra l  predictio n o f  thi s mode l  i s tha t  th e 
orde r  an d time-scal e wit h whic h conceptua l  fragment s be -
c o me availabl e t o th e speake r  exer t  a n influenc e o n th e syn -
tacti c forma t  o f  a n utterance .  W e teste d thi s predictio n i n 
tw o experiment s i n whic h w e aske d participant s t o describ e 
simpl e compute r  animations . 

Tli e Incrementa l  Paralle l  Formulato r  ha s it s root s i n Seg -
ment  G r a m m a r  (e.g. ,  Kempen ,  i n preparation) .  Th e buildin g 
blocks  o f  Segmen t  G r a m m a r  ar e segments :  smal l  structure s 

of  lexica l  origi n tha t  hav e a  roo t  nod e an d a  foo t  nod e wit h 
an ar c i n between .  Th e ar c specifie s th e syntacti c functio n o f 
a segment ,  th e roo t  an d th e foo t  nod e represen t  syntacti c 
categories .  Th e constructio n o f  syntacti c structure s take s 
plac e i n th e so-calle d Unificatio n Spac e (se e als o Kempe n & 
Vosse ,  1989) ,  wher e th e root s o f  segment s ca n unif y wit h 
roo t  node s (b y bifurcation )  o r  wit h foo t  node s (b y concate -
nation )  o f  othe r  segments . 

A n importan t  genera l  principl e i n incrementa l  languag e 
productio n ha s bee n formulate d b y Hoenkam p (1983 ,  p .  18 ) 
as follows :  "Wha t  ca n b e uttered ,  mus t  b e uttere d immedi -
ately" .  I f  w e exten d thi s principl e t o th e proces s o f  gram -
matica l  encoding ,  w e ca n formulat e th e followin g processin g 
assumptio n fo r  unification :  "Wha t  ca n b e unified ,  mus t  b e 
unifie d immediately' . 

Conside r  th e applicatio n o f  thi s processin g assumptio n t o 
th e followin g example .  Imagin e a  speake r  w h o i s aske d t o 
describ e a  scen e i n whic h a  circl e move s i n upwar d direc -
tion .  Th e conceptua l  inpu t  wil l  activat e th e followin g lexica l 
segment s i n th e Unificatio n Space : 

(1 ) 
(2 ) 
(3 ) 
(4 ) 
(5 ) 
(6 ) 

NP, 
NP, 
S 
ADVP -
S 
S 

head 
-  de t 
--  HEA D —• 

head 
--  SUBJ —-
-  M OD —• 

n (circle ) 
ar t  (the ) 
ver b (move ) 
adv (up ) 
NP 
ADVP 

By unificatio n o f  th e segment s (i.e. ,  b y bifurcatio n o f 
segment s (1 )  &  (2) ,  an d o f  segment s (3) ,  (5 )  &  (6) ,  an d b y 
concatenatio n o f  segment s (5 )  &  (1,2) ,  an d o f  segment s (6 ) 
& (4)) ,  th e speake r  ca n utte r  th e simpl e sentence :  "Th e cir -
cl e move s up "  (denote d a s S ,  hereafter) .  N o w suppos e tha t 
th e speake r  see s a n animatio n displayin g a  circl e an d a  trian -
gl e bot h movin g upwar d simultaneously .  I n thi s case ,  th e 
speake r  ca n eithe r  sa y "Th e circl e move s u p an d th e triangl e 
moves up "  ( a Sentenc e Coordinatio n o r  S C ) ,  o r  th e speake r 
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can sa y "Th e circl e an d th e triangl e mov e up "  ( a Nou n 
Phras e Coordinatio n o r  N P C ) .  T o describ e th e scen e b y 
means o f  a n N P C ,  th e conceptualize r  wil l  activat e th e fol -
lowin g additiona l  segments : 

(7 ) 
(8 ) 
(9 ) 

NP, 
N P,  -
S/N P -

head 
.. .  de t 

.. .  O P 

n 
art 
con j 

(triangle ) 
(the ) 
(and ) 

Segment  (9 )  i s a  specia l  kin d o f  segmen t  tha t  require s 
some furthe r  comment .  A s K e m p e n (i n preparation )  pro -
poses ,  a  fe w segment s hav e th e specia l  statu s o f  Operator . 
Thes e specia l  segment s accommodat e fo r  conjunction s (an d 
and but )  an d negation s (.no t  an d nor) .  A s th e doubl e categor y 
of  th e roo t  (S/NP )  o f  segmen t  (9 )  indicates ,  w e introduc e a 
specia l  syntacti c segmen t  her e tha t  ca n b e regarde d a s a  'ge -
neri c syntacti c conjunctor' .  Tha t  is ,  i t  ca n unif y tw o sen -
tence s o r  tw o nou n phrases .  I n th e forme r  case ,  th e operato r 
i s nothin g mor e tha n jus t  a n ordinar y conjunctio n betwee n 
tw o fiil l  sentences .  I n th e latter ,  i t  combine s tw o nou n 
phrases .  Th e resul t  o f  grammatica l  encodin g wil l  the n b e a n 
NPC.  W e furthe r  assum e tha t  thi s specia l  segmen t  shoul d 
not  b e allowe d t o unif y wit h onl y on e othe r  segmen t  a t  th e 
time .  Tha t  is ,  fo r  a  coordinatio n t o tak e place ,  segmen t  (9 ) 
require s tw o root s o f  th e sam e categor y t o b e availabl e a t  th e 
same tim e (i.e. ,  tw o S-node s o r  tw o NP-nodes). ' 

So far ,  w e hav e onl y considere d a  situatio n i n whic h al l 
segment s ar e availabl e a t  th e sam e time .  W h a t  woul d happe n 
i f  w e systematicall y dela y th e availabilit y  o f  som e part s o f 
th e conceptua l  input ? Thi s wa s teste d i n ou r  first  experiment . 

Experiment 1 

Participant s wer e aske d t o describ e simpl e compute r  ani -
mation s a s fas t  an d a s accuratel y a s possible .  Th e animation s 
displaye d tw o geometrica l  object s makin g movement s i n 
eithe r  upwar d o r  downwar d directions .  Th e object s eithe r 
moved i n th e sam e directio n (conjunc t  movements )  o r  i n 
opposit e direction s (disjunc t  movements) .  Bot h object s ap -
peare d o n th e scree n simultaneously .  Immediatel y followin g 
thei r  appearance ,  on e o f  th e object s (e.g. ,  a  circle )  starte d t o 
move,  wherea s th e othe r  on e (e.g. ,  a  triangle )  starte d t o 
move wit h som e delay .  A s a  resul t  o f  thi s Movemen t  Onse t 
Asynchron y (hencefort h M O A ) ,  th e conceptua l  informatio n 
associate d wit h th e movemen t  directio n o f  th e objec t  movin g 
secon d wa s withhel d fro m th e grammatica l  encode r  b y 
M OA millisecond s relativ e t o tha t  o f  th e objec t  movin g first. 
I n term s o f  IPF ,  th e Conceptualize r  wil l  activat e lexica l 

'  I n addition ,  ther e i s a  secon d constraint .  Th e conceptualize r  ha s t o 
indicat e tha t  th e tw o object s triggerin g thei r  respectiv e segment s 
move i n th e sam e direction .  Otherwise ,  th e tw o NP s might ,  errone -
ously ,  als o b e unifie d durin g th e grammatica l  encodin g o f  a  de -
scriptio n o f  a n even t  i n whic h tw o object s mov e i n differen t  direc -
tions .  This ,  o f  course ,  woul d resul t  i n a n inappropriat e structur e (a n 
NPC),  becaus e onl y a n S C i s a n adequat e descriptio n fo r  suc h a n 
event . 

segment s (1 )  -  (6 )  t o verbaliz e th e even t  i n whic h a  circl e 
moves upward .  I n th e mea n time ,  segment s (7 )  an d (8 )  ar e 
als o activated .  Th e movemen t  o f  th e triangl e canno t  ye t  b e 
conceptualize d becaus e i t  i s  stil l  stationar y a t  thi s point .  I f 
we no w appl y th e principl e "wha t  ca n b e unified ,  mus t  b e 
unifie d immediately" ,  the n unificatio n o f  segment s (1 )  (6 ) 
yield s a  ful l  sentence :  "Th e circl e move s up" .  A t  th e sam e 
time ,  segment s (7 )  an d (8 )  ar e als o unified ,  resultin g i n a 
nou n phrase :  "th e triangle" .  Afte r  M O A milliseconds ,  th e 
triangl e ha s als o starte d t o m o v e upward .  Th e conceptualize r 
ca n n o w activat e th e conjuncto r  an d (re)activat e segment s 
(3 )  (6) ,  thereb y unifyin g tw o ful l  sentences ,  yieldin g a n 
SC:  "Th e circl e move s u p an d th e triangl e move s up" .  Ha d 
ther e bee n n o dela y betwee n onse t  o f  th e movement s (i.e. , 
M OA =  0  ms) ,  a  situatio n a s describe d i n ou r  earlie r  exam -
pl e woul d hav e resulted .  Th e grammatica l  encode r  migh t 
hav e ha d segmen t  (9 )  availabl e befor e unificatio n o f  th e firs t 
sentenc e ha d bee n complete d an d th e speake r  woul d hav e 
uttere d a n N P C .  A s a  consequence ,  w e expec t  a  decreas e i n 
th e proportio n o f  N P C s wit h increasin g M O A . 

Unti l  now ,  w e hav e argue d a s i f  th e processe s o f  concep -
tualizatio n an d unificatio n ar e deterministic .  Tha t  is ,  w e as -
sumed tha t  no t  onl y th e spee d wit h whic h th e even t  i s  con -
ceptuall y encode d i s constant ,  bu t  als o th e spee d wit h whic h 
lexica l  an d syntacti c segment s ar e activated .  Thus ,  goin g 
fro m a n M O A o f  0  millisecond s u p t o a  certai n M O A o f  n 
milliseconds ,  speaker s woul d produc e onl y N P C s ,  an d a t 
M O As longe r  tha n n  millisecond s onl y SCs .  However ,  thi s 
i s no t  a  realisti c assumption .  Becaus e bot h th e tim e neede d 
t o conceptualiz e object s an d thei r  movements ,  an d th e tim e 
neede d fo r  segment s t o b e unifie d wil l  probabl y var y aroun d 
some mea n value ,  on e woul d no t  expec t  a  sudde n transitio n 
fro m N P C s t o SC s a t  a  certai n M O A .  Rather ,  on e woul d 
expec t  a  gradua l  decreas e i n th e proportio n o f  N P C s fo r  de -
scribin g conjunc t  movement s wit h increasin g M O A .  Thi s 
predictio n presuppose s tha t  speaker s d o no t  wai t  unti l  th e 
movement  directio n o f  th e secon d objec t  become s availabl e 
too ,  bu t  star t  utterin g a s soo n a s possible .  I n othe r  words ,  w e 
expec t  tha t  th e grammatica l  encode r  doe s no t  hav e t o wai t 
unti l  al l  conceptua l  informatio n abou t  th e to-be-describe d 
even t  i s processe d befor e a  (partial )  resul t  i s  passe d o n t o 
phonologica l  encodin g an d articulation .  I f  thi s i s indee d th e 
case ,  the n utteranc e onse t  latencie s shoul d no t  b e affecte d b y 

MOA. 
Thu s far ,  w e hav e onl y discusse d th e effec t  o f  th e tempo -

ra l  availabilit y  o f  conceptua l  fragment s o n utteranc e forma t 
(eithe r  S C o r  N P C )  an d neglecte d utteranc e onse t  latencie s 
(i.e. ,  th e tim e betwee n onse t  o f  th e animatio n an d onse t  o f 
th e utterance) .  However ,  utteranc e onse t  latencie s wil l  allo w 
us t o loo k a t  th e tempora l  developmen t  o f  incrementa l 
grammatica l  encodin g als o a t  a  mor e fine-grained  level .  Le t 
us assum e tha t  th e grammatica l  encode r  start s constructin g 
th e firs t  nou n phras e (b y bifurcatio n o f  segment s (1 )  &  (2) ) 
as soo n a s th e correspondin g objec t  become s available .  Th e 
tim e neede d fo r  unificatio n o f  thi s nou n phras e (NP, )  wil l 
var y aroun d som e mea n value .  If ,  o n a  give n trial ,  N P ,  i s 
complete d early ,  the n th e likelihoo d tha t  th e informatio n 
abou t  th e movemen t  directio n o f  th e objec t  movin g secon d i s 

737 



alread y availabl e shoul d b e rathe r  low .  A s a  consequence , 
N P,  wil l  probabl y b e unifie d wit h th e othe r  availabl e seg -
ment s i n th e Unitieatio n Space ,  thu s yieldin g th e firs t  simpl e 
sentenc e (S, )  i n a n SC .  If ,  b y contrast ,  N P ,  i s complete d 
relativel y late ,  the n th e likelihoo d tha t  informatio n abou t  th e 
movement  directio n o f  th e objec t  movin g secon d shoul d b e 
higher .  A s a  result ,  th e probabilit y  tha t  a n N P C i s con -
structe d wil l  b e higher .  Thus ,  take n together ,  withi n a  give n 
M O A,  th e proportion s o f  N P C s shoul d b e highe r  lo r  a  subse t 
of  response s tha t  hav e relativel y lon g utteranc e onse t  laten -
cie s compare d t o a  subse t  o f  response s wit h relativel y shor t 
utteranc e onse t  latencies .  Thi s woul d als o sho w tha i  th e 
e\entua l  utteranc e forma t  (S C o r  N P C )  i s determine d b y 
bot h M O A an d utteranc e onset .  I n orde r  t o quantif y thi s pre -
dictio n w e wil l  divid e al l  description s (irrespectiv e o f  typ e 
of  utterance )  o f  conjunc t  movement s fo r  a  give n participan t 
and M O A int o tw o equall y larg e sets :  on e se t  containin g al l 
response s wit h utteranc e onse t  latencie s tha t  wer e shorte r 
tha n th e media n latenc y fo r  a  give n participan t  an d M O A 
(fas t  responses) ,  an d on e se t  wit h response s wit h latencie s 
slowe r  tha n th e media n (slo w responses) .  W e wil l  refe r  t o 
thi s divisio n o f  response s accordin g t o thei r  latencie s a s th e 
facto r  Speed .  Thus ,  w e woul d expec t  tha t  th e resultin g facto r 
Speed yield s highe r  proportion s o f  N P C s i n th e se t  o f  slo w 
response s tha n i n th e se t  o f  fas t  responses .  Furthermore ,  thi s 
differenc e shoul d becom e large r  wit h increasin g M O A. 

I n sum ,  w e hypothesiz e tha t  wit h increasin g M O A ,  th e 
chanc e tha t  a  speake r  describe s a  conjunc t  movemen t  b y 
means o f  a n N P C wil l  graduall y decrease .  Furthermore ,  th e 
proportio n o f  N P C s wil l  b e lowe r  fo r  fas t  tha n fo r  slo w re -
sponses . 

Method 

Participant s Twent y undergraduat e student s a t  th e Univer -
sit y o f  Nijmege n participate d i n th e experiment . 

Design Participants were asked to describe 120 short anima-
tion s i n whic h tw o geometrica l  objects ,  positione d t o th e lef t 
and th e right  o f  th e cente r  o f  a  compute r  screen ,  mad e phi -
movement s i n eithe r  upwar d o r  downwar d directions .  O n 
ever y trial ,  participant s sa w a  combinatio n o f  tw o object s 
selecte d fro m a  se t  containin g a  circle ,  a  triangle ,  a  square , 
and a  cross .  Al l  possibl e combination s o f  tw o object s oc -
curre d equall y often ,  excludin g pair s o f  identica l  objects . 
Ther e wer e 4 8 critica l  trial s i n whic h th e object s mad e con -
junc t  movement s (2 4 upwar d an d 2 4 downward) .  I n addi -
tion ,  ther e wer e 4 8 distracto r  trial s i n whic h th e object s 
m a de disjunc t  movement s (2 4 trial s wit h th e lef t  objec t 
movin g upwar d an d th e right  downwar d an d 2 4 trial s wit h 
reverse d directions) .  Movemen t  Typ e (conjunc t  o r  disjunct ) 
was crosse d wit h M O A .  Ther e wer e fou r  differen t  M O A s :  0 
m s,  3(X )  m s ,  50 0 m s ,  an d 7(X )  m s ,  whic h wer e equall y  dis -
tribute d ove r  lef t  an d righ t  objects .  I n additio n t o thes e 9 6 
trials ,  2 4 fille r  trial s (1 2 upwar d an d 1 2 downward )  wer e 
adde d i n whic h th e object s starte d t o m o v e i n th e sam e di -
rectio n withou t  dela y (i.e. ,  th e M O A wa s 0  ms) .  Thes e trial s 
wer e adde d t o induc e participant s t o us e N P C s i n thei r  de -
scription s wher e applicable . 

Procedur e Participant s wer e instructe d t o describ e th e ani -
mation s o n th e scree n a s fas t  an d accuratel y a s possible .  Thi s 
instructio n provide d tw o example s possibl e animations .  Fo r 
conjunc t  movements ,  th e exampl e was :  I f  yo u se e a  cros s 
movin g u p an d a  triangl e movin g up ,  yo u say :  "th e cros s 
an d th e triangl e mov e up" .  Fo r  disjunc t  movements ,  th e 
exampl e was :  I f  yo u se e a  circl e movin g u p an d a  squar e 
movin g down ,  yo u say :  "th e circl e move s u p an d th e squar e 
moves down" .  Th e instructio n di d no t  explicitl y  stat e t o us e 
onl y N P C s fo r  describin g conjunc t  movement s an d onl y SC s 
fo r  disjunc t  movements .  Participant s wer e als o instructe d t o 
complet e thei r  utteranc e a s naturall y a s possible ,  withou t 
makin g correction s o r  re-startin g thei r  utterances .  Partici -
pant s wer e fre e t o choos e th e objec t  the y wante d t o mentio n 
firs t  (eithe r  th e lef t  o r  th e righ t  object) . 

Results and Discussion 

As vali d N P C utterance s w e score d al l  response s lik e "Th e 
circl e an d th e triangl e (both )  mov e up" .  A s vali d S C utter -
ance s w e score d al l  response s lik e "Th e circl e move s u p 
(and )  th e triangl e (also )  move s u p (too)" .  Moreover ,  S C 
utterance s containin g ellipse s (e.g. ,  "Th e circl e move s u p 
an d th e triangl e too "  o r  "Th e circl e move s u p an d th e trian -
gl e down" )  wer e als o treate d a s vali d responses .  Apar t  fro m 
th e typ e o f  utterance ,  w e als o score d hesitations ,  self -
correction s an d errors .  Al l  response s containin g an y o f  thes e 
dysfluencie s (8.5 % i n total )  wer e exclude d fro m furthe r 
analyses . 

To determin e th e effec t  o f  th e facto r  Speed ,  w e compute d 
th e media n o f  th e utteranc e onse t  latencie s fo r  description s 
of  conjunc t  movement s fo r  eac h M O A an d subjec t  sepa -
rately .  Next ,  th e proportion s o f  N P C s belo w (fas t  responses ) 
and abov e (slo w responses )  th e media n wer e computed . 

Table 1: Proportions of NPCs 

on Critica l  Trial s b y M O A an d Spee d i n Experimen t  1 . 

M OA i n m s 

Speed 0 300 500 700 
.236(.271 ) 

.41 2 (.384 ) 

Fast  .950(,134 )  .597(.40I )  .354(.322 ) 

Slo w .97 5 (.082 )  .63 3 (.408 )  .49 8 (.385 ) 
Note .  Standar d deviation s i n brackets . 

Th e proportion s o f  N P C s o n th e critica l  trial s (se e Tabl e 
1)  wer e subjecte d t o a  4  ( M O A )  x  2  (Speed )  analysi s o f 
variance .  Th e mai n effec t  o f  M O A wa s significan t  fo r  th e 
linea r  contrast ,  f"(l,19) = 122.16 ;  p  <  0.01 ,  an d fo r  th e quad -
rati c contrast ,  f"(l,19 )  =  6.08 ;  p  <  0.05. ^  I n addition ,  th e 
mai n effec t  o f  Spee d an d th e interactio n effec t  betwee n 

"  W e teste d th e linear ,  quadratic ,  an d cubi c polynomia l  contrasts . 
Therefore ,  th e degre e o f  freedo m o f  th e numerato r  i s alway s equa l 
t o 1 ,  eve n i f  a  facto r  ha s mor e tha n tw o levels .  I n th e remainder ,  w e 
wil l  onl y repor t  th e F-ratio s associate d wit h th e linea r  contrasts . 
Unles s explicitl y  stated ,  th e test s o n th e quadrati c an d cubi c con -
trast s wer e no t  significant . 
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M OA an d Spee d wer e significant ,  f(l,19 )  =  18.571 ;  p  < 
0.0 1 an d F(l,19 )  =  4.61 ;  p  <  0.05 ,  respectively .  A n analysi s 
of  varianc e o n utteranc e onse t  latencie s o f  N P C s o n conjunc t 
movement s (se e Tabl e 2 )  yielde d n o significan t  cfl'cc i  o f 
M O A,  F(l,19 )  <  1 ,  showin g tha t  participant s di d no t  .sy.sieni -
aticall y postpon e thei r  utterance s wit h increasin g M O A. 

Table 2: Average Utterance Onset Latencies (UOL) 

fo r  N P C s o n Critica l  Trial s b y M O A i n Experimen t  1 . 

M OA i n m s 

0 300 500 700 
U O L i n ms 862(148 )  886(153 )  901(143 )  862(143 ) 

Note .  Standar d deviation s i n brackets . 

The result s o f  th e experimen t  ar e i n lin e wit h th e predic -
tion s outline d above .  The y state d tha t  ther e shoul d b e a  sys -
temati c decreas e i n proportion s o f  N P C s wit h increasin g 
M O A,  an d tha t  th e proportio n o f  N P C s woul d b e smalle r  i n 
th e se t  o f  fas t  response s tha n i n th e se t  o f  slo w responses . 
The result s strongl y sugges t  tha t  th e tempora l  relatio n be -
twee n th e poin t  i n tim e a t  whic h conceptua l  fragment s ar e 
activate d an d utteranc e onse t  affect s utteranc e format .  Th e 
result s furthe r  sho w tha t  acros s M O A s ,  7 0 % o f  al l  utteranc e 
onse t  latencie s wer e longe r  tha n th e longes t  M O A o f  70 0 
ms.  Thi s implie s tha t  th e averag e utteranc e onse t  latencie s i n 
th e se t  o f  slo w response s ar e presumabl y longe r  tha n thei r 
respectiv e M O A.  Nevertheless ,  w e se e a  decreas e i n propor -
tion s o f  N P C s als o fo r  th e slo w se t  o f  response s a t  M O A = 
300 m s an d M O A =  50 0 ms .  Thi s implie s tha t  eve n whe n 
utterance s wer e initiate d afte r  onse t  o f  th e secon d move -
ment ,  th e grammatica l  encode r  ha s o n a  relativel y substan -
tia l  proportio n o f  trial s committe d itsel f  t o a n SC .  Thi s 
commitment ,  moreover ,  appear s no t  t o b e revise d anymor e 
withi n th e tim e fram e betwee n onse t  o f  th e secon d move -
ment  an d initiatio n o f  th e utterance .  Thus ,  a  possibl e revi -
sio n o f  th e syntacti c forma t  o f  th e utteranc e unde r  construc -
tio n seem s highl y unlikely ,  perhap s eve n impossible ,  eve n 
when additiona l  conceptua l  informatio n become s availabl e 
befor e speec h onset . 

Thi s conclusio n i s als o i n lin e wit h th e observatio n tha t  th e 
proportio n o f  N P C s fo r  th e utterance s i n th e se t  o f  fas t  re -
sponse s wa s lowe r  tha n i n th e se t  o f  slo w responses .  On e 
possibl e accoun t  o f  thi s effec t  i s  a s follows :  Th e grammati -
cal  encode r  passe s informatio n t o phonologica l  encodin g an d 
articulatio n a s soo n a s a  commitmen t  ha s bee n mad e fo r  a n 
SC o r  a n N P C .  A s a  result ,  th e proportio n o f  N P C s shoul d b e 
lowe r  fo r  fas t  tha n fo r  slo w responses .  Unde r  thi s view ,  th e 
grammatica l  encode r  forward s informatio n t o late r  process -
in g stage s a s soo n a s a  commitmen t  t o a n S C o r  a n N P C ha s 
been made .  Fro m tha t  poin t  onward ,  th e encode d structur e 
can onl y b e expande d furthe r  t o th e right ,  bu t  i t  canno t  b e 
revise d anymore . 

I t  shoul d b e noted ,  however ,  tha t  th e result s d o no t  ex -
clud e a n alternativ e option .  Accordin g t o thi s option ,  th e 
decisio n t o construc t  a n S C o r  a n N P C migh t  b e take n whil e 
phonologica l  encodin g and/o r  articulatio n o f  th e firs t  nou n 
phras e i s carrie d out .  Nevertheless ,  th e larg e proportio n o f 
SCs i n response s wher e utteranc e onse t  follow s th e onse t  o f 

th e secon d movemen t  strongl y suggest s tha t  onc e a  com -
mitmen t  fo r  a n S C i s taken ,  th e probabilit y  tha t  thi s com -
mitmen t  i s revise d t o a n N P C appear s t o b e lo w (o r  eve n 
zero) . 

I n sum ,  i t  appear s tha t  th e tempora l  availabilit y  o f  con -
ceptua l  fragment s and ,  consequently ,  o f  th e correspondin g 
segment s fo r  grammatica l  encoding ,  play s a  crucia l  rol e fo r 
th e eventua l  syntacti c forma t  o f  a n utterance .  Mor e specifi -
cally ,  th e late r  th e informatio n wit h respec t  t o th e movemen t 
directio n o f  th e objec t  movin g secon d come s int o pla y rela -
tiv e t o speec h onset ,  th e lowe r  th e probabilit y  tha t  speaker s 
produc e a n N P C . 

Thi s conclusio n wa s furthe r  teste d i n Experimen t  2 .  I n thi s 
experiment ,  th e identit y o f  onl y on e object ,  bu t  th e move -
ment  direction s o f  bot h objects ,  wer e availabl e fro m th e ver y 
beginnin g o f  th e animation .  Ther e ar e tw o possibl e hypothe -
si s i n thi s situation .  First ,  th e grammatica l  encode r  migh t  us e 
th e movemen t  informatio n abou t  bot h object s t o tak e a n 
'earl y decision '  o n whethe r  t o encod e a n S C o r  a n N P C i n 
absenc e o f  informatio n abou t  th e identit y o f  th e objec t 
movin g second .  I n thi s case ,  on e woul d expec t  th e propor -
tion s o f  N P C s i n thi s experimen t  no t  t o b e affecte d b y th e 
onse t  asynchron y manipulation .  Second ,  i f  th e coordinatin g 
segment  (9 )  ca n onl y yiel d a n N P C i f  bot h to-be-coordinate d 
segment s ar e availabl e (a s assume d b y IPF) ,  w e shoul d ob -
tai n th e sam e patter n o f  proportion s o f  N P C s a s i n Experi -
ment  1 . 

Experiment 2 

M e t h o d 

Participant s Sixtee n undergraduat e student s fro m th e sam e 
pool  a s i n Experimen t  1  too k par t  i n thi s experiment . 

Design The experiment was identical to Experiment 1 ex-
cep t  fo r  tw o changes .  First ,  instea d o f  havin g a n M O A ,  w e 
introduce d a n Objec t  Onse t  Asynchron y ( O O A ) .  A t  th e star t 
of  th e animatio n on e objec t  an d a  clou d o f  rando m dot s 
starte d t o mov e immediately .  Afte r  O O A ms ,  th e movin g 
clou d o f  dot s wa s replace d b y th e targe t  object .  Second ,  i n 
orde r  t o obtai n a  mor e fine-graine d pictur e o f  th e develop -
ment  o f  th e proportion s o f  N P C s acros s asynchronies ,  w e 
replace d th e 70 0 m s dela y b y a  40 0 m s delay .  Thus ,  th e fac -
to r  O O A ha d fou r  levels :  0  ms ,  30 0 ms ,  40 0 ms ,  an d 50 0 ms . 

Results and Discussion 

Al l  utterance s wer e score d i n th e sam e fashio n a s i n Ex -
perimen t  1 .  Al l  response s containin g dysfluencie s ( 1 2 % i n 
total )  wer e exclude d fro m furthe r  analyses .  Th e proportion s 
of  NPC s o n th e critica l  trial s (se e Tabl e 3 )  wer e subjecte d t o 
a 4  ( O O A )  X  2  (Speed )  analysi s o f  variance ,  whic h yielde d a 
significan t  mai n effec t  fo r  O O A,  F(l,15 )  =  8.93 ,  p  <  0.01 . 
The mai n effec t  o f  Spee d an d th e interactio n effec t  betwee n 
O OA an d Spee d wer e no t  significant ,  F(l,15 )  =  2.95 ,  p  > 
0.1 0 an d F(l,15 )  <  1 ,  respectively .  Averag e utteranc e onse t 
latencie s o n N P C s fo r  description s o f  conjunc t  movement s 
(se e Tabl e 4 )  showe d n o significan t  effec t  o f  O O A o n utter -
anc e onse t  latencies ,  F(l,15 )  =  1.49 ,  p  >  0.10 .  I t  appear s tha t 
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participant s di d no t  postpon e thei r  utterance s wit h increasin g 
O O A.  Ha d thi s bee n th e case ,  thi s coul d hav e implie d tha t 
the y waite d fo r  th e informatio n abou t  th e identit y o f  th e ob -
jec t  movin g secon d t o b e abl e t o produc e a n N P C . 

Table 3; Proportions of NPCs 

on Critica l  Trial s b y O O A an d Spee d i n Experimen t  2 . 

O OA i n m s 

Speed 0 300 400 500 
.814(.22I ) 

•80 1 (.288 ) 

Fast  .94 8 (.146 )  .83 3 (.184 )  .77 7 (.332 ) 

Slo w .967(.094 )  .938(.103 )  .88 1 (.159 ) 

Note .  Standar d deviation s i n brackets . 

Thu s far ,  w e hav e propose d tha t  speaker s d o no t  revis e 
syntacti c commitment s mad e onc e articulatio n i s  initiated . 
Thi s conclusio n i s  base d o n th e substantia l  proportion s o f 
SCs i n Experimen t  1 ,  eve n i n trial s wher e th e movemen t  o f 
th e objec t  movin g secon d start s befor e speec h onset .  B y 
introducin g a n O O A i n thi s experimen t  instea d o f  a n M O A 
(a s i n Experimen t  1) ,  participant s are ,  i n principle ,  provide d 
wit h sufficien t  informatio n a t  th e star t  o f  th e animatio n t o 
encod e a n N P C .  O n e coul d argue ,  therefore ,  tha t  participant s 
migh t  hav e use d a  strateg y suc h a s prolongin g th e first  par t 
of  a n utteranc e t o b e abl e t o produc e a n N P C wit h increasin g 
delay .  Obviously ,  suc h a  prolongatio n woul d no t  b e reflecte d 
i n utteranc e onse t  latencies ,  bu t  i n th e duratio n o f  th e first 
par t  o f  th e utterance . 

T o investigat e thi s possibility ,  w e measure d th e duratio n 
of  th e first  N P (NP, )  an d th e conjuncto r  u p t o th e beginnin g 
of  th e secon d N P (NP^ )  fo r  N P C s describin g conjunc t  event s 
(se e Tabl e 4) .  A n analysi s o f  varianc e yielde d n o significan t 
effect s fo r  th e linea r  an d cubi c contrasts ,  F(l,15 )  <  1  an d 
F(l,15 )  =  2.92, p >  0.10 ,  respectively .  Th e quadrati c contras t 
was onl y marginall y significant ,  F(l,15 )  =  3.85 ,  p  <  0.10 .  I n 
sum,  althoug h ther e wa s a  sligh t  tendenc y t o prolon g th e first 
par t  o f  th e utterance ,  thi s prolongatio n di d b y fa r  no t  com -
pensat e fo r  th e longe r  O O A (se e Tabl e 4) . 

Table 4: Average Utterance Onset Latencies (UOL) 

and Duration  o f  th e Firs t  Par t  o f  th e Utteranc e ( D U R ) 

fo r  N P C s o n Critica l  Trial s b y O O A i n Experimen t  2 . 

O OA i n m s 

0 300 400 500 
U O L i n m s 928(166 )  896(155 )  934(132 )  876(120 ) 

D U R i n ms 67 3 (111 )  67 1 (106 )  70 1 (142 )  66 7 (125 ) 

Note .  Standar d deviation s i n brackets . 

Th e result s provid e onl y partia l  suppor t  fo r  ou r  prediction s 
wit h respec t  t o th e effec t  o f  O O A.  Althoug h th e proportion s 
of  N P C s fo r  O O A s >  0  m s wer e considerabl y highe r  tha n i n 
Experimen t  1 ,  ther e stil l  wa s a  significan t  decreas e i n th e 
proportion s o f  N P C s wit h increasin g O O A.  Thi s wa s th e 
cas e eve n thoug h th e informatio n wit h respec t  t o movemen t 
directio n o f  bot h object s wa s availabl e fro m th e beginnin g o f 
th e animation .  However ,  thi s decreas e appeare d t o b e con -
siderabl y smalle r  tha n i n th e first  experiment .  A n analysi s o f 
varianc e comparin g Exf)erimen t  1  an d 2  wit h respec t  t o th e 

proportion s o f  N P C s fo r  th e M O A s / O O As o f  0  m s ,  30 0 ms , 
and 50 0 in s supporte d thi s observation .  Thi s analysi s yielde d 
significan t  mai n effect s o f  th e factor s Experiment ,  F(l,34 )  = 
10.31 ,  p  <  0.01 ,  M O A / O O A,  f(l,34 )  =  56.21 ,  p  <  0.01 ,  an d 
Speed ,  F(l,34 )  =  6.76 ,  p  <  0.05 .  Th e interactio n betwee n 
Experimen t  an d M O A / O OA wa s als o significant ,  f(l,34 )  = 
17.86 ,  p  <  0.01 .  N o othe r  interaction s reache d significance . 

Thes e result s impl y tha i  th e availabilit y o f  informatio n 
wit h respec t  t o th e movemen t  directio n o f  th e object s i s no t 
th e onl y informatio n tha t  determine s th e eventua l  syntacti c 
forma t  o f  th e descriptions .  Rather ,  th e tendenc y t o describ e 
conjunc t  movement s b y mean s o f  a n N P C seem s t o benefi t 
fro m earl y availabilit y o f  th e identit y o f  th e objec t  movin g 
second .  Ha d ther e been  n o suc h benefit .  Experimen t  2 
shoul d hav e yielde d th e sam e proportion s o f  N P C s fo r  al l 
OOAs. 

General Discussion 

I n sum ,  w e hav e see n th e following .  First ,  th e eventua l  syn -
tacti c structur e o f  a  descriptio n o f  a  conjunc t  movemen t  cru -
ciall y depend s o n th e poin t  i n tim e a t  whic h informatio n 
abou t  bot h movement s become s available ,  a s indicate d b y 
th e stron g effec t  o f  M O A o n th e proportion s o f  N P C s i n 
Experimen t  1 .  Second ,  th e effec t  o f  Spee d i n Experimen t  1 
furthe r  qualifie s thi s conclusion .  I t  i s  no t  simpl y th e absolut e 
timin g o f  th e availabilit y o f  conceptua l  informatio n abou t 
th e movemen t  directio n o f  th e objec t  movin g secon d 
( M O A ) ,  tha t  determine s th e commitmen t  fo r  a n S C o r  a n 
N P C,  bu t  rathe r  th e tempora l  relatio n betwee n M O A an d 
utteranc e onset .  Third ,  a s soon  a s th e grammatica l  encode r 
has mad e a  commitmen t  t o a n SC ,  th e chanc e tha t  thi s com -
mitmen t  i s revise d durin g th e articulatio n o f  th e first  par t  o f 
th e descriptio n appear s t o b e low .  Fourth ,  althoug h ther e ar e 
indication s tha t  speaker s prolonge d th e articulatio n o f  th e 
first  par t  o f  thei r  description s wit h increasin g O O A 
(Experiment  2) ,  thi s prolongatio n wa s b y fa r  insufficien t  t o 
compensat e fo r  th e increas e i n O O A.  Fifth ,  th e immediat e 
availabilit y o f  informatio n wit h respec t  t o bot h movement s 
doe s no t  appea r  t o b e th e onl y forc e drivin g th e encodin g o f 
an N P C ,  becaus e w e foun d a  significan t  effec t  o f  O O A o n 
th e proportion s o f  N P C s i n Experimen t  2 .  Thi s resul t  ca n b e 
interprete d i n tw o ways . 

First ,  on e coul d assum e tha t  availabilit y o f  th e identit y o f 
th e objec t  movin g secon d i s a n independen t  forc e favorin g 
th e constructio n o f  NPCs .  Fo r  example ,  on e coul d assum e 
tha t  wit h th e availabilit y o f  tw o NPs ,  th e grammatica l  en -
code r  ha s a  tendenc y t o unif y the m i n a n N P C eve n i f  i t  i s 
unknow n whethe r  th e movement s t o b e describe d ar e con -
junc t  o r  disjunct .  Not e tha t  thi s i s i n fac t  th e stat e o f  affair s 
i n Experimen t  1 ,  wher e a t  th e star t  o f  a n animatio n partici -
pant s sa w tw o objects ,  bu t  onl y on e movement . 

Second ,  on e coul d assum e tha t  informatio n wit h respec t  t o 
th e identit y o f  th e objec t  movin g secon d i s a n additiona l 
forc e favorin g th e constructio n o f  N P C s whic h come s int o 
pla y onl y whe n i t  i s  know n tha t  on e i s dealin g wit h a  con -
junc t  movement .  I n othe r  words ,  th e grammatica l  encodin g 
proces s leadin g t o a n N P C i s starte d b y informatio n abou t 
th e presenc e o f  a  conjunc t  movement ,  bu t  ca n b e facilitate d 
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by th e earl y availabilit y  o f  th e identit y o f  th e objec t  movin g Levelt ,  W .  (1989) .  Speaking :  fro m intentio n t o articulation . 
second. '  Cambridge ,  M A :  M I T Press . 

To conclude ,  althoug h ther e i s considerabl e consensu s o n 
th e assumptio n tha t  th e grammatica l  structur e o f  uiI l  ranee s 
i s generate d i n a  piecemea l  fashion ,  ther e i s almos t  n o ex -
perimenta l  researc h o n th e precis e (temporal )  propertie s o f 
incrementa l  grammatica l  encoding .  Thi s i s du e t o th e fac t 
tha t  suc h investigation s woul d requir e th e simultaneou s 
measuremen t  o f  th e flo w o f  though t  formin g th e to-be -
formulate d conceptua l  inpu t  t o grammatica l  encodin g an d 
th e developmen t  o f  th e correspondin g syntacti c structure s 
ove r  time .  Obviously ,  thi s create s a  ver y difficult ,  i f  no t  un -
solvabl e empirica l  problem .  Therefore ,  w e instea d devel -
oped a n experimenta l  paradig m tha t  enable s u s t o manipu -
lat e th e temporal  availabilit y  o f  piece s o f  conceptua l  infor -
matio n an d thu s t o exer t  experimenta l  contro l  o n th e con -
ceptua l  input .  Wit h thi s ne w paradigm ,  w e wer e abl e t o 
sho w tha t  withholdin g informatio n abou t  eithe r  th e move -
ment  directio n o f  on e o f  tw o object s (Experimen t  1 )  o r  it s 
identit y (Experimen t  2 )  fo r  a  shor t  perio d o f  time ,  produce s 
systemati c effect s o n grammatica l  encoding.  Furthermore ,  a t 
some poin t  i n plannin g a n utterance ,  whic h presumabl y lie s 
befor e speec h onset ,  ther e seem s a  poin t  o f  n o retur n i n 
grammatica l  encoding .  M o r e specifically ,  th e probabilit y 
tha t  a  commitmen t  fo r  a  specifi c  syntacti c structur e (e.g. ,  a n 
SC)  i s revise d appear s t o b e low ,  eve n i n situation s i n whic h 
th e conceptua l  informatio n tha t  coul d trigge r  suc h a  revisio n 
becomes availabl e befor e utteranc e onset . 

We believ e tha t  th e experimenta l  paradig m applie d i n thi s 
stud y ha s potentia l  fo r  th e future :  O n e n o longe r  need s t o 
rel y solel y o n off-lin e dat a suc h a s speec h errors .  Rather , 
thi s approac h enable s researcher s t o investigat e th e clai m 
tha t  languag e i s produce d incrementall y unde r  ful l  experi -
menta l  contro l  i n onlin e tasks . 
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