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Abstract 

Anaphors, such as definite noun phrases and pronouns, are important contributors to discourse 

coherence .  Anaphor a resolutio n i s th e proces s o f  determinin g th e referen t  o f  a n anapho r  i n a  dis -

cours e o r  dialogue .  Model s o f  discours e an d sentenc e comprehensio n hav e m a d e differen t  claim s 

abou t  th e tempora l  relationshi p betwee n th e occurenc e o f  th e syntacti c an d semanti c analyse s o f  th e 

sentenc e an d th e proces s o f  anaphor a resolution .  Th e end-of-sentenc e hypothesi s hold s tha t 

anaphor a resolutio n occur s a t  th e en d o f  th e sentence ,  afte r  th e syntacti c an d semantic  analyse s ar e 

completed .  Th e immediac y assumptio n hold s tha t  anaphor a resolutio n occur s a s soon.a s a n 

anapho r  i s encountere d an d i s complete d a s m u c h a s possibl e befor e furthe r  word s ar e processed . 

The cognitiv e la g hypothesi s assume s tha t  anaphor a resolutio n start s whe n th e anapho r  i s encoun -

tere d bu t  i s  complete d whil e processin g furthe r  word s i n th e sentence .  A  stud y i s  describe d tha t 

trace s th e activatio n o f  a  referen t  b y it s anapho r  ove r  a  complet e sentence .  I t  demonstrate s tha t 

anaphor a resolutio n doe s no t  awai t  th e complet e syntacti c an d semantic  interpretation s o f  th e sen -

tence .  A n anapho r  start s activatin g it s  referen t  a s soo n a s th e anapho r  i s  encountere d an d th e 

referen t  stay s activate d unti l  th e en d o f  th e sentence .  Thi s resul t  support s a  particula r  versio n o f  th e 

immediac y assumption .  Thi s i s  als o interprete d i n term s o f  a  limite d cach e tha t  store s th e item s 

currentl y i n focu s an d tha t  i s update d a t  sentenc e o r  claus e boundaries . 

Introduction 

Temporal Characteristics of Anaphora Resolution 

An importan t  aspec t  o f  discours e comprehensio n models ,  whethe r  i n cognitiv e psycholog y o r  i n com -

putationa l  linguistics ,  i s th e assume d tempora l  characteristic s o f  anaphor a resolution .  T w o specifi c 

question s t o b e answere d are :  1 )  W h e n doe s anaphor a resolutio n occu r  durin g th e comprehensio n o f 

a sentence ? 2 )  W h e n doe s i t  occu r  i n relatio n t o th e syntacti c an d semanti c analyses ? Thi s stud y 

provide s preliminar y evidenc e o n thes e questions . 

Ther e ar e thre e mai n hypothese s regardin g th e tempora l  relationshi p betwee n th e syntacti c an d 

semanti c analyse s o f  th e sentenc e an d anaphor a resolution .  Th e end-of-sentenc e hypothesi s hold s 

tha t  anaphor a resolutio n occur s a t  th e en d o f  th e sentence ,  afte r  th e syntacti c an d semanti c analyse s 

ar e complete d (Beve r  &  Hurtig ,  1975) .  Th e immediac y assumptio n hold s tha t  anaphor a resolutio n 

occur s a s soo n a s a n anapho r  i s encountere d an d i s  complete d a s m u c h a s possibl e befor e furthe r 

word s ar e processe d (Jus t  &  Carpenter ,  1980) .  Th e cognitiv e la g hypothesi s assume s tha t  anaphor a 

resolutio n start s whe n th e anapho r  i s encountere d bu t  i s complete d whil e processin g furthe r  word s i n 

th e sentenc e (Ehrlic h &  Rayner ,  1983) .  A  simila r  issu e ha s arise n i n designin g natura l  languag e 

interfaces ,  wit h a  tendenc y t o m a k e synta x an d semantic s wor k "i n tandem "  (e.g .  Cascade d A T N , 

Psi-Klon e (Bobro w &  Webber ,  1980)) .  I n mos t  natura l  languag e understandin g systems ,  though , 

anaphor a resolutio n occur s afte r  th e syntacti c an d semanti c analyse s o f  th e sentenc e ar e complete d 

(e.g .  se e Sidner ,  1984) . 

1- This research was performed at the University of Colorado, Boulder, as part of the author's 

doctora l  dissertation .  Walte r  Kintsch ,  Pete r  Poison ,  Alic e Healy ,  Richar d Olson ,  an d Andrje z Eh -

renfeuch t  ar e kindl y thanke d fo r  thei r  hel p wit h thi s research . 
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Short-ter m m e m o r y an d cach e m a n a g e m e n t 

The desig n o f  thi s stud y an d th e inteqjretatio n o f  it s  result s ar e base d o n a  mode l  o f  discours e 

comprehensio n b y Kintsc h an d va n Dij k  (1978) .  A  sketc h o f  a n enhance d versio n o f  thi s mode l  i s 

presented . 

M e m o r i e s Th e memor y o f  th e syste m i s divide d int o thre e components :  a  small ,  ver y 

fas t  memor y calle d short-ter m memor y (STM) ;  a  relativel y large r  mai n o r  operatin g memor y (OM) ; 

a vas t  stor e o f  genera l  worl d knowledg e calle d long-ter m memor y (LTM) . 

The tota l  S T M contain s onl y 7* 2 chunk s a t  an y on e tim e (Simon ,  1974 ;  Miller ,  1956) .  S T M i s itsel f 

divide d int o tw o othe r  memorie s t o whic h thes e chunk s ar e allocated .  First ,  th e buffe r  i s use d t o 

stor e th e incomin g claus e o r  sentenc e befor e furthe r  processing .  Second ,  th e cach e i s use d t o hol d 

over ,  fro m on e sentenc e o r  claus e t o th e next ,  th e informatio n necessar y t o provid e globa l  an d loca l 

coherence .  I t  contain s a  subse t  T  o f  th e previou s mos t  topica l  tex t  item s an d a  subse t  R  o f  th e mos t 

recen t  tex t  items .  Retrieva l  time s fro m short-ter m memor y ar e ver y fast .  Item s store d i n th e cach e 

ar e i n focu s (Guindon ,  1985) . 

The operatin g memor y i s conceptuall y tha t  subse t  o f  th e worl d knowledg e i n long-ter m memor y 

whic h i s deeme d relevan t  t o th e processin g o f  th e curren t  par t  o f  th e text .  I t  als o contain s th e 

growin g structur e correspondin g t o th e tex t  rea d s o far .  I t  contain s th e les s topica l  an d les s recen t 

informatio n fro m th e text .  Operatin g memor y an d long-ter m memor y ca n contai n a  ver y larg e 

number  o f  entities .  However ,  retrieva l  time s ar e muc h longe r  tha n fo r  short-ter m memory .  Item s 

not  i n focu s ar e i n operatin g memor y (Guindon ,  1985). 

C a c h e M a n a g e m e n t  Anaphor a resolutio n proceed s i n a  numbe r  o f  partiall y  concur -

ren t  steps .  A s a  ne w sentenc e i s rea d int o th e buffe r  an d a n anapho r  i s encountered ,  it s referen t  i s 

searche d i n th e cache .  I f  th e referen t  i s no t  foun d i n th e cache ,  operatin g memor y i s searched .  I f 

th e referen t  i s foun d i n operatin g memory ,  i t  i s  reinstate d i n th e cach e an d i s no w i n focus .  Th e 

cach e managemen t  strateg y i s applie d a t  eac h sentenc e o r  claus e boundaries .  A s a  consequence , 

onc e a n ite m i s i n focu s i t  wil l  sta y activate d unti l  a t  leas t  th e en d o f  th e sentenc e o r  clause . 

Overvie w o f  th e On-lin e Activatio n Techniqu e an d th e Stud y 

A techniqu e calle d on-lin e activatio n wa s develope d t o trac e th e activatio n o f  a  referen t  b y a n 

anapho r  durin g a  whol e sentence .  Th e techniqu e i s on-lin e becaus e th e activatio n i s measure d a t 

variou s shor t  intervals .  I t  i s a n activatio n techniqu e becaus e th e recognitio n latenc y o f  a n ol d tes t 

wor d i s measured ;  th e anapho r  actin g a s a  prim e an d th e tes t  wor d bein g th e referent .  Thi s allow s a 

direc t  measur e o f  th e activatio n o f  a  specifi c  referen t  b y a n anaphor . 

Usin g th e on-lin e activatio n technique ,  subject s rea d passage s i n whic h a n anapho r  referre d t o a n 

anteceden t  whic h wa s no t  i n focus ,  tha t  is ,  th e anteceden t  wa s no t  i n th e cache .  Th e anteceden t  wa s 

remove d fro m focu s b y introducin g a  topi c shift .  A n exampl e tex t  i s  presente d i n Tabl e 1 .  Onl y on e 

of  th e sentence s 5 a an d 5 b wa s presente d i n a  tex t  durin g th e study .  Th e passage s wer e presente d 

usin g rapi d seria l  visua l  presentatio n (RSVP) ,  on e wor d a t  a  tim e i n th e cente r  o f  a  CRT .  Th e 

presentatio n tim e wa s 30 0 mse c pe r  word . 

I n additio n t o readin g eac h text ,  th e participant s wer e als o give n th e tas k t o recogniz e whethe r  som e 

speciall y marke d words ,  presente d surreptitiousl y withi n th e text ,  ha d appeare d befor e i n th e tex t  o r 

not .  Thes e speciall y marke d word s ar e calle d tes t  words .  Som e o f  th e tes t  word s wer e old ,  som e 

wer e new .  I n eac h text ,  on e o f  thes e tes t  word s wa s th e referen t  o f  th e anaphor .  A t  som e poin t 

befor e o r  afte r  th e anapho r  wa s presente d o n th e CRT ,  it s referen t  wa s presente d fo r  recognitio n an d 

recognitio n time s an d error s wer e collected .  Th e dela y betwee n th e onse t  o f  th e anapho r  an d th e 

onse t  o f  th e tes t  wor d i s calle d th e stimulu s onse t  asynchron y (SOA) .  Th e selecte d SOAs spanne d 

th e whol e sentence ,  a s ca n b e see n i n Tabl e 1 .  Th e anapho r  i s actin g a s a  prime ,  whic h shoul d 

activat e o r  reinstat e th e referent ,  tha t  is ,  brin g th e referen t  i n th e cach e wit h it s fas t  retrieva l  time . 

The recognitio n tim e fo r  th e referen t  tes t  wor d indicate s whethe r  th e referen t  i s i n th e cach e (i.e . 
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fast )  o r  i n operatin g memor y (i.e .  slow) .  I n addition ,  ther e wer e tw o type s o f  primes ,  a s show n i n 

sentence s 5 a an d 5 b i n Tabl e 1 .  Th e prim e coul d b e eithe r  semanticall y relate d an d referentia l 

(S+R+)  a s i n 5a ,  o r  semanticall y relate d an d non-referentia l  (S+R- )  a s i n 5b .  Th e S+R -  conditio n 

act s a s a  contro l  conditio n wher e reinstatemen t  o f  th e referen t  i s  no t  expected .  Th e S+R -  conditio n 

i s no t  referential ,  becaus e o f  th e us e o f  a n indefinit e articl e (e.g .  "a" )  an d a n adjectiv e incompatibl e 

wit h th e referent ,  bu t  semanti c primin g i s th e sam e a s i n S+R + 

Table 1 

Example of an experimental text 

Antecendent/tes t  word :  thermomete r  Anaphor :  instrumen t 

1 — 

2 — 

3 ~ 
4 ~ 
5a-
5b-

SOA location s 

The assistan t  wa s preparin g solution s fo r  a  chemistr y experiment . 

He measure d th e temperatur e o f  a  solutio n usin g a  thermometer . 

The experimen t  woul d tak e a t  leas t  fou r  hours . 

Ther e woul d the n b e a  te n hou r  wai t  fo r  th e reactio n t o finish . 

The thi n instrumen t  wa s no t  givin g th e expecte d reading . 

A broke n instrumen t  wa s no t  givin g th e expecte d reading . 

A schem a o f  th e procedur e i s show n i n Tabl e 2 .  Th e word s surrounde d b y star s ar e th e tes t  words . 

Table 2 

S c h e ma o f  th e procedur e fo r  thre e S O A s 

SOAs 

Tim e 

Ti 

Ti+ 1 

Ti+ 2 

Ti+ 3 

Ti+ 4 

Ti+ 5 

Ti+ 6 

Befor e 

anapho r 

The 
thi n 

•thermometer * 

instrumen t 

was 
not 

givin g 

350 mse c 

afte r  anapho r 

The 
thi n 

instrumen t 

'thermometer * 

was 
not 

givin g 

1250 mse c 

afte r  anapho r 

The 
thi n 

instrumen t 

was 
not 

givin g 

•thermometer ' 

Give n tha t  recognitio n latencie s ar e muc h shorte r  fo r  item s i n th e cach e tha n i n th e operatin g 

memory an d give n tha t  a n anapho r  reinstate s a  referen t  no t  i n focu s b y bringin g th e referen t  i n th e 

cach e fro m operatin g memory ,  th e followin g patter n o f  recognitio n latencie s ca n b e derived .  A 

patter n supportin g th e end-of-semenc e hypothesi s woul d b e a  decreas e o f  recognitio n latencie s fo r 

th e referen t  observe d onl y a t  th e en d o f  th e sentence. A patter n supportin g th e immediac y assumptio n 

woul d b e a  rapi d decreas e o f  recognitio n latencie s fo r  th e referen t  a s soo n a s th e anapho r  i s encoun -

tere d an d reachin g it s pea k befor e th e nex t  word s ar e processed .  A  patter n supportin g th e cognitiv e 

la g positio n woul d b e a  decreas e i n recognitio n latencie s startin g soo n afte r  th e anapho r  i s encoun -

tere d an d reachin g it s pea k a  fe w word s later . 

Metho d 

Participants The participants were 36 undergraduate psychology students. 

Material s Ther e wer e 6 0 texts :  3 6 experimental ,  1 8 filler ,  an d 6  practice .  Th e 

experimenta l  text s containe d a s a  referen t  a n instanc e o f  a  clas s (e.g .  thermometer )  t o b e use d late r 

as a  tes t  word ,  an d a s a n anapho r  th e clas s nam e (e.g .  instrument) .  A n exampl e o f  th e materia l  wa s 
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presente d i n Tabl e 1 .  Ther e wer e tw o primin g conditions ,  S+R + a s i n sentenc e 5a ,  an d S+R -  a s i n 

sentenc e 5b .  Durin g th e presentatio n o f  eac h text ,  tw o o r  thre e tes t  word s wer e presented ,  on e 

experimenta l  an d on e o r  tw o fillers .  Th e fille r  word s wer e presente d a t  semi-rando m location s i n th e 

text .  Ther e wa s a n equa l  numbe r  o f  ol d an d ne w tes t  word s i n th e entir e experiment . 

Procedur e Th e experimen t  wa s compute r  controlle d usin g real-tim e routine s o n th e 

V A X / V MS 11/78 0 o f  th e Compute r  Laborator y fo r  Instructio n i n Psychologica l  Researc h a t  th e 

Universit y o f  Colorado .  Th e text s wer e presente d usin g RSVP,  wit h eac h wor d presente d i n th e 

cente r  o f  th e scree n fo r  30 0 msec .  Tw o o r  thre e tes t  words ,  surrounde d b y stars ,  wer e presente d a t 

differen t  location s withi n eac h text .  Th e participant s wer e aske d t o recogniz e whethe r  th e tes t  word s 

wer e ol d o r  new ,  a s fas t  a s possibl e an d withou t  makin g mistakes .  Afte r  eac h text ,  th e participant s 

wer e give n feedbac k o n th e numbe r  o f  mistake s the y ha d made . 

Desig n Ther e wer e 3 6 experimenta l  text s an d 1 8 experimenta l  conditions ,  al l  within -

subject .  Ther e wer e tw o primin g conditions :  1 )  semanticall y relate d an d referentia l  (S+R+) ;  2 ) 

semanticall y relate d an d non-referentia l  (S+R-) .  Th e non-referentialit y  o f  th e S+R -  conditio n wa s 

achieve d b y th e inclusio n o f  a n indefinit e articl e (e.g .  "a" )  followe d b y a n adjectiv e inconsisten t  wit h 

th e referent .  Ther e wer e nin e SOAs :  1 )  followin g th e articl e a t  th e beginnin g o f  th e sentenc e (e.g . 

"the "  o r  "a " ) ;  2 )  followin g th e adjectiv e or ,  i n othe r  words ,  immediatel y befor e th e prime ;  3 )  35 0 

msec afte r  th e onse t  o f  th e prime ;  4 )  65 0 mse c after ;  5 )  125 0 mse c after ;  6 )  followin g th e thir d 

wor d fro m th e en d o f  th e sentence ;  7 )  followin g th e secon d wor d fro m th e en d o f  th e sentence ;  8 ) 

followin g th e las t  wor d o f  th e sentence ;  9 )  60 0 mse c afte r  th e las t  wor d o f  th e sentence .  Th e las t 

fou r  S O A s wer e use d t o tes t  whethe r  specia l  integrativ e processe s occu r  a t  th e en d o f  th e sentence . 

The las t  S O A ,  60 0 mse c afte r  th e offse t  o f  th e las t  word ,  wa s include d t o tes t  whethe r  integrativ e 

processe s la g somewha t  afte r  processin g th e las t  wor d o f  th e sentenc e (se e Aaranso n &  Scarborough , 

1976) . 

Result s &  Discussio n 

Separat e analyse s treatin g subject s an d text s a s rando m variable s wer e performed .  Th e recognitio n 

latencie s fo r  eac h primin g condition s a t  eac h SOAs ar e presente d i n Figur e 1 . 

L 
A 
T 
E 
N 
C 
I 
E 
S 

(msec ) 

S+R+ • 

1180 -

T — I — I — I — I — I — I — I —r 
- 2 - 1 35 0 65 0 125 0 en d en d en d end + 

wrdi  wr d mse c mse c mse c - 2 - 1 60 0 
wrds wr d mse c 

SOA 

Figur e 1 .  Recognitio n latencie s fo r  referen t  tes t  word s a t  eac h S O A s i n eac h primin g conditions . 

As predicted, there was a strong effect of priming, with faster recognition latencies in the S+R+ 

conditio n tha n i n th e S + R -  condition ,  F(l,35) = 10.6 ,  p = .003 ,  M S e = 71910 2 b y subject s an d 
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F(l,35) = 10.7 ,  p = .002 ,  MSe = 93031 6 b y items .  Th e referen t  wa s no t  reinstate d i n th e cach e fro m 

operatin g memor y i n th e non-referentia l  condition ,  S+R- .  Thi s indicate s tha t  i n th e S+R -  conditio n 

th e precedin g syntacti c cu e (i.e .  a n indefinit e article )  an d th e precedin g semanti c cu e (i.e .  a n adjec -

tiv e incompatibl e wit h th e referent )  wer e sufficien t  t o quickl y rul e ou t  activatio n o f  th e referent .  Thi s 

i s consisten t  wit h a n on-lin e interactiv e mode l  o f  discours e comprehensio n wher e syntatic ,  semantic , 

and pragmati c analyse s ru n concurrentl y an d synergistically . 

Whil e th e interactio n wa s no t  significant ,  th e curve s indicat e that ,  i n th e S+R + condition ,  th e referen t 

was activate d earl y b y th e anapho r  an d staye d activate d unti l  th e en d o f  th e sentence .  Th e patter n o f 

recognitio n latencie s clearl y doe s no t  suppor t  th e end-of-sentenc e hypothesi s an d seem s t o suppor t  a 

particula r  versio n o f  th e immediac y assumption :  th e referen t  i s  activate d earl y afte r  th e anapho r  i s 

encountere d an d stay s activate d unti l  th e en d o f  th e sentence .  Initia l  integrativ e processe s a t  th e 

discours e leve l  -  identificatio n an d searc h o f  th e referen t  o f  a n anapho r  -  ar e immediate .  The y d o 

not  awai t  th e completio n o f  th e syntacti c an d semanti c analyse s o f  th e sentence .  Again ,  th e result s 

suppor t  a n on-lin e interactiv e syste m wher e syntax ,  semantics ,  an d pragmatic s cooperat e concur -

rently .  Moreover ,  thes e result s suppor t  th e hypothesi s tha t  cach e managemen t  i s applie d a t  claus e o r 

sentenc e boundaries .  Consequently ,  onc e a n ite m i s reinstate d i n th e cach e an d i s i n focus ,  i t  stay s 

activate d unti l  th e en d o f  th e sentenc e o r  claus e o r  unti l  th e nex t  topi c shift . 

References 

Aaranson, D. & Scarborough, H.S. Performance theories for sentence coding: Some quantitative 

evidence .  Journa l  o f  Experimenta l  Psychology :  Huma n Perceptio n an d Performance ,  1976,2,56 -

70. 

Bever ,  T.G .  &  Hurtig ,  R.R .  Detectio n o f  a  non-linguisti c stimulu s i s poores t  a t  th e en d o f  a  clause . 

Journa l  o f  Psycholinguisti c Research ,  1975 ,  4 ,  1 - 7 . 

Bobrow ,  D.G .  &  Webber ,  B.L .  Knowledg e representatio n fo r  syntacti c I  semanti c processing . 

Proceeding s o f  AAA! ,  Stanfor d University ,  1980 . 

Ehrlich ,  K.E .  &  Rayner ,  K .  Pronou n assignmen t  an d semanti c integratio n durin g reading :  Ey e 

movement s an d th e immediac y o f  processing .  Journa l  o f  Verba l  Learnin g an d Verba l  Behavior , 

1983 ,  22 ,  7 5 -  87 . 

Guindon ,  R .  Anaphor a resolution :  Short-ter m memor y an d focusing .  Proceeding s o f  th e Associa -

tio n fo r  Computationa l  Linguistic s Meeting ,  Chicago ,  1985 . 

Just ,  M.A .  &  Carpenter ,  P.A .  A  theor y o f  reading :  Fro m ey e fixation s t o comprehension . 

Psychologica l  Review ,  1980 ,  87 ,  32 9 -  354 . 

Kintsch ,  W .  &  va n Dijk ,  T .  A .  Towar d a  mode l  o f  tex t  comprehensio n an d production .  Psychologica l 

Review ,  1978 ,  85 ,  36 3 -  394 . 

Miller ,  G.A .  Th e magica l  numbe r  seven ,  plu s o r  minu s two :  Som e limit s o n ou r  capacit y fo r 

processin g information .  Psychologica l  Review ,  1956 ,  63 ,  8 1 -  97 . 

Sidner ,  C .  Focusin g i n th e comprehensio n o f  definit e anaphora .  I n M .  Brad y &  R .  C .  Berwic k 

(JEds.) ,  Computationa l  Model s o f  Discourse ,  Cambridge :  M I T Press ,  1984 . 

Simon ,  H.A .  H o w bi g i s a  chunk ? Science ,  1974 ,  183 ,  48 2 -  488 . 

29 7 


	cogsci_1985_293-297

