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C o n c e p t u a l  Accessibilit y  a n d Seria l  O r d e r  i n G r e e k S p e e c h Produc t io n 

Holl y P .  B r a n i g a n (holly@psy.gla.ac.uk ) 
Departmen t  o f  Psychology ;  5 3 Hillhea d Stree t 

Glasgo w G 1 2 8QF ,  U K 

Eleonora Feleki 
Centr e fo r  Cognitiv e Science ;  2  Buccleuc h Plac e 

Edinburg h E H 8 9 L W ,  U K 

Abstrac t 
Curren t  theorie s o f  languag e productio n disagre e abou t 

th e wa y i n whic h conceptua l  accessibilit y  influence s syn -
tacti c processin g (e.g .  Bock ,  1987 ;  D e Smedt ,  1990) .  W e 
presen t  theoretica l  argument s tha t  th e assumptio n o f  highl y 
incrementa l  processin g ca n onl y b e reconcile d wit h theorie s 
i n whic h conceptua l  accessibilit y  influence s wor d order .  W e 
repor t  a  sentenc e recal l  experimen t  i n Moder n Gree k tha t 
provide s empirica l  suppor t  fo r  thi s position .  Ou r  result s 
demonstrat e tha t  Gree k speaker s prefe r  t o plac e conceptu -
all y accessibl e entitie s i n earl y wor d orde r  positions ,  irre -
spectiv e o f  grammatica l  function ,  contrar y t o previou s 
findings  fo r  Englis h (Boc k &  Warren ,  1985 ;  McDonald , 
Bock &  Kelly ,  1993) .  W e interpre t  ou r  result s a s evidenc e 
fo r  highl y incrementa l  processing . 

Introduction 

Speaker s ar e face d wit h th e tas k o f  producin g fluent ,  well -
forme d speec h unde r  tim e constraints .  M a n y researcher s 
hav e suggeste d tha t  speaker s achiev e thi s b y processin g 
differen t  aspect s o f  th e utteranc e incrementall y an d i n par -
alle l  (e.g. ,  D e Smedt ,  1990 ;  Ferreira ,  1996 ;  K e m p e n & 
Hoenkamp,  1987 ;  Levelt ,  1989) .  I n thi s wa y speaker s ca n 
star t  generatin g a n utteranc e a s soo n a s a  minima l  amoun t 
of  inpu t  i s  available ,  rathe r  tha n havin g t o wai t  unti l  al l 
element s o f  th e utteranc e hav e bee n retrieved ;  an d ca n be -
gi n t o articulat e a n utteranc e befor e al l  aspect s o f  it s 
structur e hav e bee n processed .  I f  th e huma n productio n 
syste m wer e no t  incremental ,  conversatio n woul d consis t 
of  burst s o f  speec h punctuate d b y silence s a s th e speake r 
planne d th e nex t  utterance .  Thi s emphasi s o n processin g 
partia l  informatio n represent s a n importan t  poin t  o f  contac t 
betwee n languag e productio n an d othe r  aspect s o f  huma n 
cognitio n (e.g .  Marslen-Wilson ,  1973) . 

Incrementa l  account s o f  languag e productio n predic t  a n 
importan t  rol e fo r  informatio n accessibility :  Readil y acces -
sibl e informatio n wil l  underg o processin g mor e quickl y 
tha n les s readil y accessibl e information .  Thu s variation s i n 
informatio n accessibilit y ar e hypothesize d t o pla y a n im -
portan t  par t  i n determinin g th e characteristic s o f  th e utter -
anc e tha t  i s  ultimatel y produce d (Bock ,  1982 ;  D e Smedt , 
1990 ;  Levelt ,  1989) .  Thi s pape r  examine s tha t  hypothesi s 
wit h referenc e t o syntacti c structure .  W e begi n b y exam -
inin g evidenc e tha t  th e conceptua l  feature s o f  a  messag e 
influenc e it s eventua l  syntacti c realization .  W e the n asses s 

criticall y h o w curren t  model s o f  productio n accoun t  fo r 
suc h effects .  W e wil l  argu e tha t  model s i n whic h concep -
tua l  accessibilit y i s  primaril y associate d wit h th e assign -
ment  o f  grammatica l  function s ar e incompatibl e wit h th e 
assumptio n o f  highl y incrementa l  processing .  Instea d w e 
argu e fo r  model s i n whic h conceptua l  accessibilit y  ha s a 
direc t  influenc e o n wor d order .  I n th e remainde r  o f  th e 
paper ,  w e repor t  a n experimenta l  investigatio n o f  Moder n 
Gree k tha t  provide s empirica l  suppor t  fo r  a  lin k betwee n 
wor d orde r  an d conceptua l  accessibility ,  contrar y t o previ -
ous findings  fo r  Englis h (Boc k &  Warren ,  1985 ;  M c D o n -
ald ,  Boc k &  Kelly ,  1993) .  W e interpre t  ou r  result s a s sup -
por t  fo r  highl y incrementa l  model s o f  languag e production . 

Determinants of Syntactic Processing in 
P r o d u c t i o n 

I t  i s  generall y accepte d tha t  languag e productio n begin s 
wit h th e speake r  decidin g t o expres s a  meaning .  Thi s pre -
linguisti c messag e trigger s th e retrieva l  o f  appropriat e lexi -
cal  concept s an d thei r  associate d lemma s (th e syntacti c 
componen t  o f  lexica l  entries ;  Levelt ,  Meye r  &  Roelofs ,  i n 
press ;  se e als o K e m p e n &  Huijbers ,  1983) .  Syntacti c 
structur e i s the n generate d fro m th e syntacti c informatio n 
containe d withi n th e lemma s (Kempe n &  Hoenkamp , 
1987) .  Unde r  thes e assumptions ,  syntacti c processin g 
shoul d b e affecte d b y tw o factors :  th e relativ e accessibilit y 
of  th e lemma s themselves ;  an d th e relativ e accessibilit y o f 
th e syntacti c informatio n containe d withi n them .  Evidenc e 
fro m syntacti c primin g effect s i n productio n (Bock ,  1986 ; 
Boc k &  Loebell ,  1990 ;  Hartsuike r  &  Kolk ,  1998 ;  Pickerin g 
& Branigan ,  1998 )  support s th e secon d hypothesis ;  wha t 
evidenc e i s ther e t o suppor t  th e first? 

I n fact ,  ther e i s  considerabl e evidenc e tha t  syntacti c 
processin g i s  influence d b y conceptua l  feature s tha t  ar e 
plausibl y associate d wit h l e m m a accessibility .  Fo r  exam -
ple ,  man y researcher s hav e foun d a  tendenc y fo r  speaker s 
of  Englis h t o produc e passiv e sentence s whe n th e patien t  o f 
an actio n i s animat e and/o r  huma n (Coope r  &  Ross ,  1975 ; 
Ferreira ,  1994 ;  McDonal d e t  al ,  1993 ;  Sridhar ,  1988) . 
Boc k an d Warre n (1985 )  (se e als o Bock ,  1987 )  propose d 
an explici t  lin k betwee n variation s i n syntacti c structur e 
and variation s i n wha t  the y terme d conceptua l  accessibil -
ity ,  o r  'th e eas e wit h whic h th e menta l  representatio n o f 
some potentia l  referen t  ca n b e activate d i n o r  retrieve d 
fro m memory '  (p.50) .  W e interpre t  thi s a s th e accessibilit y 
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of  a  lexica l  concep t  an d it s associate d lemma .  Boc k an d 
Warre n suggeste d tha t  som e entitie s ar e conceptuall y mor e 
accessibl e tha n other s becaus e the y tak e par t  i n mor e con -
ceptua l  relations ,  an d henc e ca n b e retrieve d throug h mor e 
routes .  Fo r  example ,  entitie s tha t  ar e animate ,  concret e o r 
prototypica l  ar e mor e predicabl e tha n item s tha t  ar e inani -
mate ,  abstrac t  o r  non-prototypica l  (Keil ,  1979) . 

H o w ar e variation s i n conceptua l  accessibilit y  realize d 
as variation s i n syntacti c structure ? W e ca n identif y tw o 
possibilities .  First ,  conceptuall y accessibl e item s migh t  b e 
associate d wit h highe r  grammatica l  functions ,  suc h tha t 
easil y retrieve d item s ten d t o becom e subjects .  I n tha t  case , 
th e preferenc e fo r  passiv e structure s wit h animat e patient s 
woul d reflec t  a n associatio n betwee n animac y an d subjec -
thood .  Alternatively ,  conceptuall y accessibl e item s migh t 
be associate d wit h earl y wor d orde r  positions ,  suc h tha t 
easil y retrieve d item s ten d t o preced e les s easil y retrieve d 
items .  I n tha t  case ,  th e preferenc e fo r  passiv e structure s 
wit h animat e patient s woul d reflec t  a n associatio n betwee n 
animac y an d firs t  positio n i n th e sentence . 

Conceptual Accessibility and Grammatical 
F u n c t i o n A s s i g n m e n t 

Boc k (1987 ;  se e als o Boc k &  Warren ,  1985 )  argue d fo r  th e 
first  o f  thes e alternatives .  Sh e propose d tha t  conceptua l 
accessibilit y  influence s a n initia l  stag e o f  syntacti c proc -
essing .  Durin g thi s stage ,  grammatica l  function s ar e as -
signe d followin g Keena n an d Comrie' s (1977 )  N P accessi -
bilit y  hierarchy .  Th e subjec t  functio n i s assigne d first,  the n 
th e direc t  objec t  function ,  an d s o on .  Becaus e th e lemma s 
associate d wit h conceptuall y accessibl e item s ar e retrieve d 
mor e quickly ,  the y ten d t o clai m highe r  grammatica l  func -
tions .  Thu s conceptuall y accessibl e item s prefe r  t o appea r 
as subjects .  However ,  conceptua l  accessibilit y  doe s no t 
directl y influenc e wor d order .  Instead ,  wor d orde r  i s de -
termine d a t  a  subsequen t  stag e o f  processing ,  an d i s influ -
ence d b y th e accessibilit y  o f  th e relevan t  wordform s (mor -
pho-phonologica l  conten t  o f  a  lexica l  entry) .  Boc k sug -
geste d tha t  an y apparen t  lin k betwee n conceptua l  accessi -
bilit y  an d wor d orde r  arise s fro m th e fac t  tha t  -  i n Englis h 
at  leas t  -  highe r  grammatica l  function s ten d t o preced e 
lowe r  grammatica l  functions .  Fo r  example ,  th e subjec t  o f 
an Englis h sentenc e appear s a t  th e beginnin g o f  th e sen -
tence ,  precedin g th e direc t  object .  Thi s mean s tha t  gram -
matica l  functio n effect s ca n easil y b e misinterprete d a s 
wor d orde r  effects .  Boc k argue d tha t  whe n th e effect s o f 
grammatica l  functio n ar e excluded ,  ther e i s n o independen t 
preferenc e t o plac e conceptuall y accessibl e item s i n earl y 
wor d orde r  positions .  W e wil l  ter m Bock' s (1987 )  mode l 
th e grammatica l  functio n model . 

T wo sentenc e recal l  studie s provide d empirica l  suppor t 

fo r  th e grammatica l  functio n model .  I n thi s task ,  partici -

pant s ar e presente d wit h sentence s tha t  the y subsequentl y 

attemp t  t o recall .  M a n y studie s hav e show n tha t  th e for m i n 

whic h participant s recal l  th e origina l  sentence s reflect s th e 

norma l  biase s o f  productio n (se e Boc k &  Irwin ,  1980) .  B y 

manipulatin g th e feature s o f  th e sentence s tha t  ar e pre -

sented ,  an d examinin g h o w thi s affect s participants '  recal l 

of  th e sentences ,  i t  i s  possibl e t o dra w inference s abou t  th e 

natur e o f  th e productio n system .  I n bot h o f  th e relevan t 

studies ,  th e experimenta l  manipulatio n wa s t o presen t  sen -

tence s containin g pair s o f  noun s tha t  varie d i n conceptua l 

accessibility .  Boc k an d Warre n (1985 )  employe d concrete -

nes s a s a n inde x o f  conceptua l  accessibility ,  whils t  M c D o n -

al d e t  a l  (1993 )  employe d animacy .  Bot h studie s foun d tha t 

participant s tende d t o recal l  sentence s i n a  for m tha t  al -

lowe d th e mor e conceptuall y accessibl e entit y t o appea r  i n a 

highe r  grammatica l  functio n tha n th e les s accessibl e entity . 

For  example ,  participant s recalle d a n activ e sentenc e a s a 

passiv e sentenc e whe n th e patien t  wa s th e mor e accessibl e 

entity ,  thereb y promotin g th e accessibl e entit y t o subject . 

However ,  i n N P conjunctions ,  wher e bot h noun s ha d th e 

same grammatica l  function ,  ther e wa s n o tendenc y fo r  re -

cal l  i n a  for m tha t  allowe d th e mor e accessibl e entit y t o 

preced e th e les s accessibl e entity .  Thes e findings  appea r  t o 

suppor t  th e hypothesi s tha t  variation s i n conceptua l  acces -

sibilit y  ar e associate d wit h variation s i n grammatica l  func -

tio n assignmen t  bu t  d o no t  influenc e wor d order . 

The Grammatical Function Model: Restricted 
Inc remen ta l i t y 

However ,  bot h th e grammatica l  functio n mode l  an d th e 
empirica l  findings  o n whic h i t  i s  base d appea r  t o si t  uneas -
il y  wit h th e assumptio n o f  highl y incrementa l  processing . 
First ,  i t  i s  unclea r  h o w th e mode l  ca n accoun t  fo r  th e sys -
temati c variation s i n wor d orde r  foun d i n m a n y languages , 
i n whic h lowe r  grammatica l  function s m a y preced e highe r 
grammatica l  functions .  Fo r  example .  Moder n Gree k allow s 
an Object-Verb-Subjec t  ( O V S )  ordering .  Unde r  th e gram -
matica l  functio n model ,  a  phras e mus t  receiv e a  grammati -
cal  functio n befor e i t  receive s a  seria l  position ,  an d th e first 
functio n t o b e assigne d i s alway s th e subjec t  function . 
Ther e ar e thu s onl y tw o way s i n thi s mode l  t o accoun t  fo r 
an object' s appearanc e precedin g th e subject .  First ,  th e 
subject' s wordfor m migh t  b e les s accessibl e tha n tha t  o f  th e 
object ;  i n tha t  case ,  th e objec t  migh t  'overtake '  th e subjec t 
at  thi s stag e o f  processing .  Bu t  i n a n extensiv e serie s o f 
studies ,  McDona l d e t  a l  (1993 )  foun d n o evidenc e tha t 
wordfor m accessibilit y  influence s seria l  ordering .  Th e al -
ternativ e i s t o sacrific e incrementality ,  s o tha t  i n som e cir -
cumstance s th e processo r  assign s th e subjec t  functio n bu t 
doe s no t  the n plac e th e subjec t  i n th e earlies t  seria l  posi -
tion .  Instead ,  i t  wait s unti l  th e objec t  functio n ha s bee n 
assigned ;  i t  the n assign s th e objec t  phras e th e earlies t  posi -
tio n instead .  Suc h a  positio n i s certainl y possible .  Bu t  i t 
woul d mea n tha t  th e speaker ,  despit e havin g th e subjec t 
phras e read y t o articulate ,  woul d hav e t o buffe r  i t  unti l  th e 
objec t  phras e subsequentl y becam e ready .  Thu s ther e i s n o 
way i n th e granmiatica l  functio n mode l  fo r  speaker s t o 
promot e fluency  b y exploitin g th e wor d orde r  variation s 
availabl e i n thei r  languag e t o produc e a n accessibl e ite m 
whil e the y ar e retrievin g o r  processin g a  les s accessibl e 
item .  Rather ,  th e productio n o f  suc h non-canonica l  sen -
tence s woul d see m i n th e grammatica l  functio n mode l  t o 
inherentl y entai l  disfluency . 

So far ,  w e hav e argue d tha t  th e actua l  architectur e o f  th e 
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grammatica l  functio n mode l  entail s restricte d incremental -
it y unde r  som e circumstances .  I n addition ,  on e aspec t  o f 
th e empirica l  finding s tha t  underpi n th e mode l  implie s re -
stricte d incrementality .  Thi s i s th e failur e t o fin d seria l 
orderin g effect s associate d wit h conceptua l  accessibilit y  i n 
N P conjunctions .  Recal l  tha t  th e absenc e o f  suc h effect s 
was th e crucia l  evidenc e fo r  th e model' s linkag e betwee n 
conceptua l  accessibilit y  an d grammatica l  function .  Thi s 
finding  pose s a  proble m fo r  incrementalit y because ,  i n a n 
incrementa l  processor ,  th e first  elemen t  t o complet e proc -
essin g a t  on e leve l  shoul d b e th e first  t o underg o processin g 
at  th e nex t  stage .  Hence ,  i n a n N P conjunction ,  th e con -
ceptuall y mor e accessibl e entit y shoul d underg o lemm a 
retrieva l  befor e th e les s accessibl e entity .  I t  shoul d there -
for e als o underg o an d complet e wordfor m processin g firs t 
(assumin g tha t  bot h conjunct s ar e o f  equa l  wordfor m ac -
cessibility ,  whic h wa s controlle d fo r  i n th e experiment s 
unde r  discussion) .  Unde r  th e grammatica l  functio n model , 
i t  shoul d therefor e consistentl y clai m th e earlies t  seria l 
position .  Th e failur e t o find  suc h orderin g effect s ca n onl y 
be explaine d b y assumin g restricte d incrementality ,  i n 
whic h orde r  o f  acces s doe s no t  determin e orde r  o f  proc -
essing . 

F ro m thi s conclusion ,  w e ca n dra w on e o f  tw o alterna -
tiv e implication s fo r  th e grammatica l  functio n model .  N P 
conjunction s coul d b e 'normal '  structure s tha t  ar e processe d 
lik e an y othe r  structure .  I n tha t  case ,  evidenc e abou t  th e 
w ay i n whic h the y ar e processe d i s goo d evidenc e abou t 
th e norma l  processe s o f  production ,  bu t  w e mus t  conclud e 
tha t  th e productio n syste m i s onl y restrictivel y incremental . 
Alternatively ,  N P conjuncfion s migh t  b e abnorma l  struc -
ture s tha t  ar e processe d quit e differentl y fro m othe r  struc -
tures .  I n tha t  case ,  failur e t o find  seria l  orderin g effect s i n 
thes e structure s doe s no t  necessaril y  mea n tha t  th e produc -
tio n syste m i s restrictivel y incrementa l  unde r  norma l  cir -
cumstances ,  merel y tha t  i t  i s  restrictivel y incrementa l  whe n 
processin g N P conjunctions ;  bu t  the n evidenc e fro m suc h 
unusua l  structure s canno t  b e take n a s evidenc e abou t  th e 
norma l  working s o f  th e system . 

Conceptual Accessibility, Serial Order and In-
c r e m e n t a l  Process in g 

Althoug h w e ar e no t  awar e tha t  th e specifi c  problem s de -
scribe d i n th e previou s sectio n hav e bee n previousl y iden t  i -
fied,  a  numbe r  o f  researcher s hav e propose d alternativ e 
model s o f  productio n whic h avoi d th e restricte d incremen -
talit y entaile d b y th e grammatica l  functio n model .  Thes e 
model s diffe r  i n details ;  however ,  the y al l  allo w conceptu -
all y mor e accessibl e entitie s t o clai m earl y seria l  positions , 
irrespectiv e o f  grammatica l  functio n (e.g .  D e Smedt ,  1990 ; 
K e m p en &  Hoenkamp ,  1987 ;  Levelt ,  1989) .  Fo r  example , 
i n K e m p e n an d Hoenkamp' s (1987 )  model ,  lemma s ar e 
assigne d grammatica l  function s befor e the y clai m a  seria l 
position ;  bu t  function s ar e no t  necessaril y  assigne d ac -
cordin g t o a  hierarchy ,  an d whicheve r  l emm a receive s a 
grammatica l  functio n first  claim s th e earlies t  availabl e 
position .  Thu s a n objec t  ca n clai m a n earl y seria l  positio n 
befor e th e subjec t  functio n ha s bee n assigned .  I n thi s 
model ,  earl y seria l  position s ar e thu s mediate d vi a a n ini -
tia l  stag e o f  grammatica l  functio n assignment .  B y contrast . 

De Smed t  (1996 )  discusse d a  mode l  i n whic h a  l emm a ca n 
clai m a  seria l  positio n befor e i t  ha s bee n assigne d a  gram -
matica l  function .  Fo r  example ,  th e firs t  l e m m a t o b e re -
trieve d ca n clai m th e earlies t  seria l  positio n befor e th e 
processo r  ha s committe d t o whic h grammatica l  functio n i t 
wil l  fulfi l  i n th e utterance .  A s i n K e m p e n an d Hoenkamp' s 
model ,  a n objec t  ca n thu s clai m a n earl y seria l  positio n 
befor e th e subjec t  functio n ha s bee n assigned .  Bu t  i n thi s 
model ,  earl y seria l  position s ar e directl y associate d wit h 
conceptua l  accessibility .  Althoug h thes e model s diffe r  i n 
thei r  architectura l  details ,  th e importan t  poin t  i s  tha t  the y 
al l  propos e tha t  conceptua l  accessibilit y  influence s seria l 
order .  W e therefor e ter m the m seria l  orde r  models .  I n thes e 
models ,  varian t  wor d order s suc h a s O V S promot e fluency 
throug h incrementa l  production ,  b y allowin g speaker s t o 
encod e a  readil y accessibl e objec t  whil e the y ar e retrievin g 
a les s accessibl e subject .  Thi s contrast s sharpl y wit h th e 
grammatica l  functio n model ,  wher e suc h varian t  wor d or -
der s promot e disfluency . 

Conceptual Accessibility Effects on Syntactic 
S t ruc tu r e i n G r e e k 

Clearly ,  ther e ar e theoretica l  reason s fo r  preferrin g th e se -
rial  orde r  models :  The y allo w highl y incrementa l  process -
ing ,  whic h w e hav e argue d t o b e greatl y advantageou s fo r 
speakers .  I n particular ,  the y provid e a n accoun t  o f  ho w 
speaker s o f  language s wit h flexible  wor d order s migh t  ex -
ploi t  varian t  order s a s a  mean s o f  promotin g fluency.  Bu t 
ther e i s limite d empirica l  evidenc e t o suppor t  th e seria l 
orde r  models .  Kelly ,  Boc k an d Kei l  (1985 )  foun d evidenc e 
i n Englis h fo r  a  lin k betwee n prototypicalit y an d seria l 
order ,  usin g th e sam e recal l  tas k a s Boc k an d Warre n 
(1985 )  an d McDonal d e t  a l  (1993) .  Sridha r  (1988 )  foun d 
cross-linguisti c evidenc e usin g a  "simpl y describe '  para -
dig m (cf .  Osgood ,  1971 )  o f  a  tendenc y t o produc e wor d 
order s tha t  allowe d conceptuall y accessibl e entitie s (i n hi s 
terms ,  mor e salien t  entities )  t o appea r  first.  Prat-Sal a 
(1997 )  employe d a  pictur e descriptio n tas k an d foun d a 
tendenc y i n Spanis h an d Catala n fo r  conceptuall y accessi -
bl e entitie s t o preced e les s accessibl e entities .  However , 
thes e experiment s hav e othe r  possibl e explanation s (e.g . 
lexica l  confounds) . 

We therefor e se t  ou t  t o examin e whethe r  ther e i s evi -
denc e fo r  a  lin k betwee n conceptua l  accessibilit y  an d wor d 
orde r  whe n suc h alternativ e explanation s ca n b e excluded . 
Our  experimen t  employe d M o d e m Greek ,  a  languag e al -
lowin g a  wid e rang e o f  structure s tha t  separat e seria l  orde r 
fro m grammatica l  function .  Boc k an d he r  colleagues '  wor k 
relie d cruciall y o n N P conjunctions ,  sinc e thes e ar e almos t 
th e onl y structur e i n Englis h wher e grammatica l  functio n 
and seria l  orde r  ar e separable .  However ,  conjunction s ar e 
unusua l  structure s (e.g .  Chomsky ,  1965) .  Fo r  example , 
the y m a y b e multiply-heade d structure s (Gazdar ,  Klein , 
Pullu m &  Sag ,  1985) .  Thu s i t  i s  possibl e tha t  the y ar e 
processe d i n unusua l  ways .  I n Moder n Greek ,  b y contrast , 
wor d orde r  variation s ca n b e foun d fo r  norma l  declarativ e 
sentences .  Fo r  example ,  th e subjec t  o f  a  sentenc e ca n ap -
pear  precedin g o r  followin g th e verb ,  an d precedin g o r 
followin g th e direc t  object .  Ou r  experimen t  focuse d o n th e 
subject-verb-objec t  ( S V O )  an d object-verb-subjec t  (OVS ) 
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orders .  A s i n Boc k an d colleagues '  experiments ,  partici -
pant s hear d an d attempte d t o recal l  sentence s lik e thos e i n 
(1 )  i n whic h th e animac y o f  th e tw o noun s fulfillin g th e 
subjec t  an d direc t  objec t  function s wa s systematicall y ma -
nipulated : 

(la) Sta dimokratika politevmata, o poiitis sevete to sin-
dagma. 
i n democrati c regime s th e citizen^o ^  respect s th e iaw^c c 
'I n democrati c regimes ,  th e citize n respect s th e law ' 

(lb) Sta dimokratika politevmata, to sindagma sevete o 
poiitis . 
i n democrati c regime s th e law^^ c respect s th e citize n no m 
'I n democrati c regimes ,  th e citize n respect s th e law ' 

(Ic) Sta dimokratika politevmata, to sindagma sevete ton 
politi . 
i n democrati c regime s th e la w ̂ô ,  respect s th e citizen̂ c c 
'I n democrati c regimes ,  th e la w respect s th e citizen ' 

(Id) Sta dimokratika politevmata, ton politi sevete to sin-
dagma. 
i n democrati c regime s th e citizen̂ ^ ^  respect s th e law^o M 
'I n democrati c regimes ,  th e la w respect s th e citizen ' 

The logic of the experiment was simple: If conceptual ac-
cessibilit y  affect s seria l  order ,  the n w e woul d expec t  par -
ticipant s t o recal l  sentence s i n a  for m tha t  allowe d th e con -
ceptuall y mor e accessibl e entit y t o appea r  first,  irrespectiv e 
of  grammatical  function .  Thu s sentence s lik e (lb )  shoul d 
be recalle d a s (la) ,  an d sentence s lik e (Ic )  shoul d b e re -
calle d a s (Id) . 

Method 
Participant s an d Material s Ou r  participant s wer e thirty -
tw o nativ e Gree k speakers .  W e constructe d thirty-tw o 
item s lik e thos e i n (la-d) ,  eac h comprisin g a  prepose d ad -
verbia l  phras e an d a  mai n claus e tha t  containe d a  transitiv e 
verb ,  a n animat e nou n an d a n inanimat e noun .  Th e animat e 
and inanimat e noun s wer e matche d fo r  frequenc y ove r  th e 
ite m se t  a s a  whole .  (Becaus e frequenc y table s ar e unavail -
abl e fo r  Moder n Greek ,  w e compare d frequencie s fo r  th e 
Englis h translatio n equivalent s o f  th e targe t  nouns ,  usin g 
th e C E L E X databas e [Baayen ,  Piepenbronc k &  Gulliver , 
1995]. )  Fo r  animat e nouns ,  th e mea n frequenc y wa s 39.2 2 
per  millio n words ;  fo r  inanimat e nouns ,  i t  wa s 38.6 6 pe r 
millio n words .  Ther e wa s n o significan t  differenc e i n fre -
quenc y o n a  paire d sample s T-tes t  (t(31 )  =  0.054 ,  p  =  .95) . 

Each ite m ha d fou r  versions ,  eac h containin g th e sam e 

adverbia l  phrase ,  ver b an d nou n phrases ,  a s i n (la-d) .  Th e 

fou r  version s o f  eac h ite m wer e constructe d b y crossin g 

Subjecthoo d (animat e vs .  inanimat e subject )  wit h W o r d 

Orde r  ( S V O vs .  O V S ) .  Henc e th e animat e nou n appeare d 

as th e subjec t  i n tw o version s (l a an d lb) ,  an d a s th e direc t 

objec t  i n tw o version s (I c an d Id) ;  an d i n sentence-initia l 

positio n i n tw o version s (l a an d Id) ,  an d i n sentence-fina l 

positio n i n tw o version s (l b an d Ic) .  I n additio n w e con -

structe d 1 6 filler  sentences ,  comprisin g a  prepose d adver -

bia l  phras e an d a  mai n claus e o f  variou s types . 

Procedure The sentences were presented on audiotape in 
eigh t  blocks ,  eac h containin g fou r  experimenta l  sentence s 
and tw o fille r  sentences .  Th e orde r  o f  sentence s withi n 
eac h bloc k wa s randomized ;  th e resultin g orde r  wa s hel d 
constan t  acros s al l  fou r  lists .  A  three-secon d paus e sepa -
rate d eac h recorde d sentenc e i n eac h block .  Th e numbe r  o f 
sentence s presente d i n eac h block ,  an d th e duratio n o f  th e 
paus e betwee n eac h sentence ,  wer e determine d o n th e basi s 
of  a  pilo t  stud y involvin g eigh t  participant s w h o di d no t 
tak e par t  i n th e mai n study .  Afte r  eac h bloc k o f  sentences , 
participant s wer e prompte d fo r  ora l  recal l  usin g th e intro -
ductor y adverbia l  phrases ;  withi n eac h promp t  block ,  th e 
prompt s appeare d i n a  differen t  orde r  fro m th e corre -
spondin g sentence s i n th e sentenc e block .  A  bloc k o f  si x 
practic e sentence s wa s presente d befor e th e mai n experi -
ment . 

Scoring Participants' responses were recorded on audio-
tape .  Thi s represent s a  mino r  methodologica l  chang e fro m 
previou s sentenc e recal l  experiments ,  wher e participant s 
wrot e thei r  responses .  W e aske d participant s t o recal l  sen -
tence s orall y becaus e w e fel t  tha t  thi s woul d b e mor e in -
formativ e abou t  spoke n languag e production .  Participants ' 
response s wer e score d a s correc t  (sam e functio n assign -
ment  an d wor d orde r  a s th e origina l  sentence) ;  inversio n 
(sam e functio n assignmen t  a s th e origina l  sentenc e bu t  th e 
alternativ e wor d order) ;  o r  erro r  (anythin g else) .  A s i n 
Boc k an d colleagues '  experiments ,  w e use d a  measur e tha t 
expresse d th e strengt h o f  th e tendenc y t o recal l  a  sentenc e 
i n a  differen t  for m t o tha t  presented ,  whe n th e semanti c 
conten t  wa s correctl y remembered .  Thu s w e performe d 
analyse s o f  varianc e o n proportion s representin g th e num -
ber  o f  inversions ,  i.e .  sentence s recalle d i n thei r  alternativ e 
for m ((la )  recalle d a s (lb )  an d vic e versa ,  (Ic )  recalle d a s 
(Id )  an d vic e versa) ,  relativ e t o th e tota l  numbe r  o f  correct s 
plu s inversion s i n eac h conditio n fo r  eac h subjec t  an d item . 

Results 
The mea n proportio n o f  inversion s i n eac h conditio n i s 
show n i n Figur e 1 .  Analyse s o f  varianc e treatin g bot h par -
ticipant s an d item s a s rando m effect s reveale d a  mai n ef -
fec t  o f  W o r d Orde r  (F,(l,31 )  =  40.92 ,  p  <  .001 ;  F,(l,31 )  = 
96.87 ,  p  <  .001) :  Participant s wer e mor e likel y t o recal l 
sentence s i n th e alternativ e for m t o tha t  originall y  pre -
sente d whe n thi s resulte d i n th e preferre d S V O orde r  tha n 
when i t  resulte d i n O V S orde r  ( 4 1 % vs .  6 % ) . 

Mor e importantly ,  however ,  thi s tendenc y interacte d 
wit h Subjecthoo d (F ,  (1,31 )  =  8.75 ,  p  <  .006 ;  F ,  (1,31 )  = 
7.38 ,  p  <  .01) .  Inspectio n o f  th e result s showe d tha t  partici -
pant s wer e mor e likel y t o recal l  S V O sentence s a s O V S 
sentence s whe n th e subjec t  wa s inanimat e an d suc h a n in -
versio n woul d resul t  i n th e animat e entit y appearin g first, 
tha n whe n th e subjec t  wa s animat e an d suc h a n inversio n 
woul d resul t  i n th e inanimat e entit y appearin g first  ( 1 0 % 
vs .  2 % ) .  Equally ,  participant s wer e mor e likel y t o recal l 
O VS sentence s a s S V O sentence s whe n th e subjec t  wa s 
animat e an d suc h a n inversio n woul d resul t  i n th e animat e 
entit y appearin g first ,  tha n whe n th e subjec t  wa s inanimat e 
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an d suc h a n inversio n woul d resul t  i n th e inanimat e entit y 
appearin g first  ( 4 7 % vs .  3 6 % ) .  Planne d comparison s con -
firmed  tha t  ther e wer e significan t  effect s fo r  bot h S V O an d 
O VS sentence s (al l  p  <  .001) .  N o othe r  effect s achieve d 
significance . 

y Animat e 
subjec t 

•  Inanimat e 
subjec t 

S VO O V S 

Origina l  orde r 

Figure 1: Percentage of sentences recalled with inverted 
wor d order ,  b y condition . 

(Column s represen t  origina l  [uninverted ]  wor d order ) 

Discussion 
Thes e result s provid e stron g evidenc e tha t  conceptua l  ac -
cessibilit y  ca n affec t  wor d order :  Participant s preferre d t o 
recal l  sentence s i n a  for m tha t  allowe d th e conceptuall y 
mor e accessibl e entit y t o preced e th e les s accessibl e entity , 
irrespectiv e o f  grammatica l  function .  Thi s tendenc y wa s 
foun d bot h fo r  th e preferre d S V O orde r  an d fo r  th e dis -
preferre d O V S order .  Thu s animat e entitie s tende d t o ap -
pea r  first  eve n whe n the y fulfille d th e grammatica l  func -
tio n o f  object .  Thes e result s argu e agains t  th e grammatica l 
funcfio n mode l  o f  conceptua l  influence s o n syntacti c proc -
essing ,  whic h predicte d tha t  participant s shoul d prefe r  t o 
recal l  animat e entitie s a s subject s bu t  tha t  animat e entitie s 
shoul d exhibi t  n o independen t  tendenc y t o appea r  i n earl y 
seria l  positions .  Instead ,  the y provid e stron g suppor t  fo r 
what  w e hav e terme d seria l  orde r  models ,  i n whic h th e 
relativ e accessibilit y  o f  l emma s exert s a  relativel y direc t 
influenc e o n wor d orde r  decision s (e.g .  D e Smedt ,  1990) . 
M o r e importantly ,  b y disconfirmin g th e grammatica l  func -
tio n model ,  ou r  result s argu e agains t  th e restrictiv e incre -
mentalit y tha t  w e hav e show n tha t  mode l  t o entail .  Rather , 
our  result s argu e fo r  highl y incrementa l  syntacti c structur e 
generation ,  i n whic h th e processo r  achieve s fluency  b y 
workin g o n informatio n a s an d whe n i t  become s available . 

Of  course ,  w e canno t  b e sur e fro m thes e result s whethe r 
th e influenc e o f  conceptua l  accessibilit y  i s  mediate d b y 

grammatica l  functio n i n som e way .  Ther e ar e tw o aspect s 
t o thi s point .  Firstly ,  conceptuall y accessibl e entitie s migh t 
hav e a n affinit y fo r  highe r  grammatica l  functions ,  i n addi -
tio n t o earl y seria l  positions .  Clearly ,  ou r  experimen t  ex -
clude s th e possibilit y  tha t  conceptuall y accessibl e entitie s 
ar e advantage d onl y wit h respec t  t o grammatica l  functions ; 
but  i t  canno t  determin e whethe r  ther e i s a  grammatica l 
functio n effec t  o f  som e sort .  Futur e wor k coul d addres s thi s 
proble m b y usin g structure s whic h involv e variation s i n 
grammatica l  functio n tha t  ar e independen t  o f  earl y wor d 
orde r  positions .  Fo r  example ,  i f  ther e i s indee d a  prefer -
enc e fo r  conceptuall y accessibl e entitie s t o clai m highe r 
grammatica l  functions ,  independen t  o f  seria l  order ,  the n 
speaker s shoul d prefe r  t o recal l  a  sentence-fina l  obliqu e 
objec t  i n a  passiv e sentenc e a s a  sentence-fina l  subjec t  i n a 
semanticall y equivalen t  O V S sentence .  Secondly ,  ou r  ex -
perimen t  doe s no t  allo w u s t o distinguis h betwee n tw o pos -
sibl e architecture s fo r  syntacti c processin g i n languag e 
production ,  on e i n whic h seria l  orde r  ca n b e assigne d im -
mediatel y a  l e m m a ha s bee n retrieved ,  possibl y befor e i t 
has receive d a  grammatica l  function ,  a s discusse d b y D e 
Smedt  (1996) ;  versu s a n architectur e i n whic h a  lemm a 
must  b e assigne d a  grammatica l  functio n befor e i t  claim s a 
seria l  position ,  a s i n K e m p e n an d H o e n k a m p (1987) .  I n th e 
firs t  architecture ,  conceptua l  accessibilit y  woul d hav e a 
ver y direc t  impac t  upo n seria l  order ;  i n th e secon d archi -
tecture ,  it s  impac t  woul d b e mediate d b y a n initia l  stag e o f 
functio n assignment .  I n theory ,  suc h a n intermediat e stag e 
of  processin g coul d m u d d y th e ultimat e relationshi p be -
twee n conceptua l  accessibilit y  an d seria l  order .  However , 
th e ver y incrementalit y o f  th e processo r  make s i t  difficul t 
t o distinguis h empiricall y betwee n th e tw o possibilities ,  a t 
leas t  usin g thi s experimenta l  method .  W e therefor e leav e 
thi s a s a  questio n fo r  futur e research . 

A final  importan t  questio n concern s th e difference s be -
twee n ou r  findings  an d thos e o f  Boc k an d colleagues ,  wh o 
faile d t o find a  lin k betwee n conceptua l  accessibilit y  an d 
seria l  order .  D o thes e difference s reflec t  differen t  process -
in g architecture s fo r  Englis h versu s Greek ,  o r  i s ther e som e 
othe r  explanation ? I t  i s  obviousl y possibl e tha t  stric t  wor d 
orde r  an d mor e flexible  wor d orde r  language s ar e associ -
ate d wit h differen t  processin g architectures ,  an d tha t  th e 
latte r  allo w mor e highl y incrementa l  processing ;  bu t  thi s 
seems unlikely .  Rather ,  i t  seem s plausibl e tha t  th e differ -
ence s ca n b e attribute d t o th e structure s studied .  Recal l  tha t 
Boc k an d colleagues '  experiment s cruciall y relie d upo n M P 
conjunctions .  Thes e structure s diffe r  i n a n importan t  wa y 
fro m thos e tha t  w e studied .  Specifically ,  non-conjunctiv e 
NPs involv e retrieva l  o f  a  singl e nou n lemma ,  whic h con -
trol s syntacti c elaboration .  Henc e a s soo n a s th e processo r 
has retrieve d jus t  th e nou n lemma ,  i t  ca n c o m m e n c e syn -
tacti c processing .  I n contrast ,  N P conjunction s requir e th e 
processo r  t o retriev e tw o nou n lemmas ,  on e fo r  eac h con -
junct .  Crucially ,  th e syntacti c elaboratio n o f  th e conjunc -
tiv e phras e i s determine d b y th e syntacti c feature s o f  bot h 
conjuncts .  Fo r  example ,  agreemen t  i s determine d wit h ref -
erenc e t o bot h conjuncts .  I n syntacticall y elaboratin g a n 
N P conjunction ,  therefore ,  th e processo r  need s t o mak e 
referenc e t o th e syntacti c informatio n containe d i n bot h 
lemmas .  A s such ,  i t  seem s plausibl e tha t  conjunction s ar e 
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not  processe d incrementall y lik e othe r  phrases .  W e sugges t 
tha t  whe n processin g a  conjunctiv e phrase ,  th e processo r 
temporaril y  suspend s full y incrementa l  processing ,  an d 
delay s som e syntacti c processin g unti l  th e lemma s associ -
ate d wit h bot h conjunct s hav e bee n successfull y retrieve d 
and th e informatio n tha t  the y contai n ca n b e use d t o con -
strai n th e syntacti c structur e tha t  i s  generated .  I f  N P con -
junction s ar e no t  processe d incrementall y lik e othe r 
phrases ,  i t  i s  no t  surprisin g tha t  the y d o no t  exhibi t  order -
in g effect s relate d t o th e accessibilit y  o f  eac h conjunct . 

To conclude ,  ou r  result s confir m a  hypothesize d rol e fo r 
conceptua l  accessibilit y  i n determinin g seria l  order .  W e 
interpre t  ou r  result s a s evidenc e fo r  highl y incrementa l 
syntacti c structur e generation ,  i n whic h informatio n acces -
sibilit y  strongl y influence s th e behavio r  o f  th e processor . 
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