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Previou s attempt s t o discove r  a  complexit y effec t  ha d 

confounde d thes e tw o type s o f  representation .  T o tes t 

th e distinction ,  Centne r  predicte d tha t  cue d recal l  o f 

noun s fro m a  connectivel y comple x representatio n 

shoul d b e bette r  tha n fro m eithe r  a  non-connectivel y 

comple x o r  a  simpl e representation .  Thes e prediction s 

wer e born e ou t  b y th e result s o f  he r  experiments . 

Abstract :  Thi s pape r  describe s th e us e o f  on-liri e process -

in g o f  anaphori c referenc e t o explor e th e structur e o f 

sentenc e representations .  O f  centra l  concer n i s whethe r 

or  no t  th e representatio n o f  verb s i s componential .  Th e 

differentia l  amount s o f  processin g require d b y subject s 

t o resolv e reference s t o object s an d simpl e o r  comple x 

action s wa s use d t o provid e insight s int o th e natur e o f 

th e interna l  representatio n o f  sentences .  T w o condi -

tion s wer e created ;  on e i n whic h componentia l  effect s 

occurred ,  an d anothe r  i n whic h the y di d not .  I t  wa s 

conclude d tha t  processin g demand s dictate d th e natur e 

of  th e representation ,  an d tha t  eithe r  a  wholisti c o r 

componentia l  m o d e o f  representatio n coul d b e use d 

on-lin e wit h equa l  facility . 

Introduction 

This paper will examine the issue of semantic decom-

positio n i n th e contex t  o f  th e on-lin e processin g o f 

sentences .  Th e concep t  o f  semanti c decompositio n ha s 

widesprea d appea l  fo r  linguist s (Jackendoff ,  1976) , 

compute r  scientist s (Wilks ,  1977 ;  Schank ,  1975) ,  an d 

psychologist s (Norman ,  Rumelhart ,  an d th e L N R 

Researc h Group ,  1975 ;  Gentner ,  1981) .  Centne r  (1981 ) 

point s ou t  tha t  a  decompositiona l  approac h allow s on e t o 

account ,  withi n on e framework ,  fo r  subjectiv e similarit y 

i n meaning ,  substitutabilit y  i n paraphrases ,  an d confus -

abilit y  i n long-ter m memory . 

However, in spite of its theoretical elegance, the psycho-

logica l  realit y o f  semanti c decompositio n ha s no t  foun d 

much empirica l  suppor t  (Kintsch ,  1974 ;  Thorndyke , 

1975) .  Gentne r  (1981 )  claim s tha t  thi s i s du e t o inade -

quacie s i n th e typ e o f  hypothese s tha t  hav e bee n formul -

ated ,  rathe r  tha n i n th e theor y itself .  Th e typica l 

hypothesi s assume s tha t  a  decompositionall y comple x 

concep t  require s mor e processin g t o construc t  an d it s 

element s ar e mor e difficul t  t o retrieve .  Gentne r 

distinguishe s betwee n tw o type s o f  decompositiona l 

complexity ,  connectiv e an d non-connective .  I n a 

connectivel y comple x representatio n ther e i s a  greate r 

number  o f  semanti c relation s betwee n th e element s 

representin g th e noun s i n th e phras e o r  sentence .  I n a 
non-connectivel y comple x representatio n ther e ar e 
fewe r  redundan t  connection s betwee n thes e elements . 

I n ligh t  o f  Centner' s re-definitio n o f  decompositiona l 

complexity ,  th e purpos e o f  thi s stud y wa s t o fin d 

evidenc e fo r  semanti c decompositio n durin g th e on-lin e 

processin g o f  sentences .  I n keepin g wit h th e finding s 

of  Tyle r  an d Marslen-Wilso n (1977 )  an d Marslen-Wilso n 

and Tyle r  (1980) ,  i t  i s assume d tha t  al l  usefu l  source s o f 

informatio n ar e utilise d on-lin e durin g th e processin g o f 

a sentenc e o r  phrase .  Neithe r  syntacti c no r  semanti c 

processin g ar e considere d autonomous .  Bot h processe s 

interac t  freel y a s the y continuousl y updat e th e meanin g 

representatio n o f  th e linguisti c input . 

Anaphora 

The processing of anaphoric references was used as a 

too l  t o explor e th e structur e o f  th e interna l  representa -

tio n o f  sentences .  Linguistically ,  th e anaphor a use d ca n 

be define d a s 'surface' ,  rathe r  tha n 'deep '  (Hankame r  & 

Sag,  1976 ;  Sag ,  1979) .  Th e specifi c  pro-for m employe d 

was th e wor d "it" .  Thi s ca n b e mad e refe r  t o a  particula r 

object ,  a s i n th e sentence-pai r  "Joh n rea d Mary' s essay . 

I t  annoye d him. "  Then ,  simpl y b y changin g th e fina l 

pronoun ,  thus :  "Joh n rea d Mary' s essay .  I t  annoye d 

her" ,  th e referen t  o f  th e "it "  i s  n o longe r  Mary' s essay , 
but  th e actio n o f  Joh n readin g Mary' s essay . 

The point of resolution of the "it" anaphoric reference 

i n thi s typ e o f  sentence-pai r  i s  th e occurrenc e o f  th e 

fina l  pronoun .  Therefore ,  a  measur e o f  th e lengt h o f 

tim e i t  take s t o proces s th e fina l  pronou n shoul d provid e 

a measur e o f  th e eas e wit h whic h th e "it "  referenc e i s 

resolved .  Thi s i n tur n shoul d depen d o n th e natur e o f 

th e representatio n bein g accesse d i n th e resolution .  I f 

th e representatio n i s wholisti c an d non-verb-central ,  suc h 

as A C T (Anderson ,  1976) ,  the n ther e shoul d b e n o 

differenc e i n th e eas e wit h whic h objec t  an d actio n refer -

ence s ar e resolved .  I f  th e representatio n i s decompos -

itional ,  suc h a s M A R G I E (Schank ,  1975 )  o r  th e L N R 

model  (Norman ,  Rumelhart ,  etal. ,  1975) ,  i t  shoul d tak e 
longe r  t o resolv e a n actio n referenc e tha n a n objec t 

reference .  Thi s i s becaus e o f  th e diffus e wa y i n whic h 

verb s ar e represente d i n suc h a  system .  Furthermore , 

i f  th e actio n referre d t o i s a  connectivel y comple x one , 

i t  shoul d tak e longe r  stil l  t o resolv e a  referenc e t o it . 

Also ,  i f  Gentne r  i s correct ,  reference s t o object s i n a 



connectivel y comple x representatio n shoul d b e resolve d 

mor e rapidl y tha n i f  th e representatio n wer e simple . 

A third possibility is that the representation of verbs is 

wholistic ,  bu t  tha t  the y ar e represente d differentl y fro m 

noun s (Kintsch ,  1974 ;  Huttenloche r  &  Lui ,  1979) .  I n 

thi s cas e ther e shoul d b e a  differenc e i n th e eas e wit h 

whic h objec t  an d actio n reference s ar e resolved ,  bu t 

ther e shoul d b e n o effec t  du e t o ver b complexity . 

Th e followin g experimen t  wa s designe d t o tes t  th e abov e 

hypotheses . 

Method 

Subjects: Thirty-one students of St Patrick's College 

of  Educatio n serve d a s voluntar y subject s fo r  thi s 

experiment . 

Materials and Design: Eight pairs of core sentences 

wer e constructed .  The y wer e simila r  i n for m t o th e 

sampl e sentence-pai r  give n earlier .  Th e names ,  actions , 

objects ,  an d outcome s wer e varied .  However ,  al l 

sentence-pair s wer e constructe d s o tha t  eithe r  th e pro -

nou n "h im "  o r  "her "  woul d b e meaningfu l  a s th e las t 

wor d o f  th e sentence-pair .  Fro m thi s cor e o f  eight ,  si x 

group s o f  eigh t  sentence-pair s wer e generated .  The y 

consiste d o f  th e following : 

(1) Eight sentence-pairs in which the verb in the first 

sentenc e wa s conceptuall y simple ,  an d i n whic h th e "it " 

i n th e secon d sentenc e referre d t o th e objec t  o f  th e verb . 

The choic e o f  ver b wa s determine d b y th e schem e pro -

pose d i n Centne r  (1981) .  Wher e possible ,  suitabl e 

simple/connectivel y comple x verb-pair s whic h sh e use d 

wer e als o employe d i n thi s study . 

(2) Same as (1), except that the verb was replaced with 

it s  connectivel y comple x counterpart . 

(3) Same as (1), except that the reference was to the 

actio n i n th e firs t  sentence ,  rathe r  tha n th e object . 

(4) Same as (2) except that the reference was to the 

actio n i n th e firs t  sentence . 

(5) Eight sentence-pairs containing a simple main verb, 

fo r  whic h th e subjec t  wa s aske d t o provid e eithe r  "him " 

or  "her "  a s th e appropriat e continuation . 

sentence s wer e o f  th e sam e syntacti c for m an d tha t  the y 

containe d th e sam e verb .  Th e name s an d gende r  o f  th e 

individual s wer e varied ,  a s wer e th e object s o f  th e verb . 

However ,  th e object s wer e kep t  a s simila r  a s possible . 

For  instance ,  "essay "  i n th e sampl e sentenc e wa s 

replace d b y " p o e m "  o r  "article" . 

Procedure 

Each subject was required to read all of the 48 sentence-

pair s fro m a  compute r  controlle d display .  Th e sentenc e 

wer e presente d i n tw o parts .  Th e firs t  par t  consiste d 

of  al l  o f  th e pai r  excep t  th e fina l  pronoun .  I n th e cas e 

of  th e sampl e sentence-pair ,  th e subjec t  firs t  sa w "Joh n 

rea d Mary' s essay .  I t  annoyed" .  Afte r  readin g this , 

th e subjec t  presse d a  key .  Thi s cleare d th e screen , 

starte d th e timer ,  an d displaye d on e o f  thes e thre e form s 

of  wor d combination : 

(l)hi m 

had 

(2 )  hu t 

her 

(3 )  he r 

hi m 

A schemati c representatio n o f  th e presentatio n paradig m 

i s give n i n Figur e 1 .  I n th e cas e o f  word-pai r  (1 )  an d (2) , 

onl y on e wor d o f  eac h pai r  coul d meaningfull y complet e 

th e sentence .  Dependin g o n th e gende r  o f  th e acto r  i n 

th e firs t  sentenc e th e pronou n coul d caus e th e "it "  i n 

th e secon d sentenc e t o refe r  eithe r  t o th e objec t  o r  t o 

th e actio n i n th e firs t  sentence .  I n (1 )  an d (2 )  th e 

alternativ e wor d alway s bega n wit h " h "  an d wa s neve r  a 

meaningfu l  continuatio n o f  th e fina l  sentence . 

The purpose of condition (3) was to discover what was 

th e preferre d referen t  i n eac h o f  th e eigh t  simpl e an d 

eigh t  comple x sentence-pairs .  I t  wa s assume d tha t  b y 

th e tim e th e subject s encountere d th e fina l  pronou n 

the y wer e alread y predispose d t o a  particula r  referent . 

Word-pai r  (3 )  wa s designe d t o provid e a n approximat e 

measur e o f  thi s predisposition .  Thi s woul d permi t  th e 

separatio n o f  th e subjects '  response s int o tw o categories . 

One containin g thos e response s wher e th e subjec t  ha d 

correctl y anticipate d th e referen t  o f  "it" ,  an d on e 

containin g thos e response s wher e th e referen t  ha d bee n 

falsel y anticipated .  O f  course ,  thi s categorizatio n coul d 

onl y b e approximate ,  sinc e i t  assume d tha t  subjects ' 

response s t o (3 )  wer e consisten t  wit h thei r  previou s 

anticipations .  Th e usefulnes s o f  thi s categorizatio n 

wil l  becom e mor e obviou s i n th e discussion . 

(6 )  S a m e a s (5 )  excep t  tha t  th e mai n ver b wa s connect -

ivel y complex . 

In each of the above descriptions "same" means that the 

Havin g decide d o n th e appropriat e continuatio n th e 

subjec t  responde d b y pressin g a  ke v correspondin g t o 

eithe r  th e to p o r  botto m wor d position .  Thi s stoppe d 

th e time r  an d cause d th e nex t  sentence-pai r  t o b e 



displayed .  Th e proces s continue d until l  al l  4 8 sentence -

pair s ha d bee n read .  Th e se t  o f  respons e time s (i n 

centiseconds )  thu s produce d wer e assume d t o measur e 

th e amoun t  o f  processin g require d t o resolv e th e 

anaphori c references .  Thi s wa s expecte d t o b e a  fairl y 

accurat e measur e o f  th e amoun t  o f  processin g require d 

t o acces s th e interna l  representation . 

T1 L I 

2 Joh n analyse d Mary' s essay .  I t  annoye d 

3 

T 2 L I 

2 

3 

(T = Time; L= Line.) 

her 

hut 

Fig .  1 .  A  schemati c representatio n o f  th e presentatio n 

teciiniqu e use d i n th e experiment .  Onl y th e tex t  o f  th e 

sentenc e wa s visibl e t o th e subject . 

Analysis and Results 

Each subject contributed 2x2x8 response times of 

interest .  Thes e corresponde d t o th e tw o level s o f  ver b 

complexit y (Complexity )  b y th e tw o level s referenc e 
targe t  (Referent )  b y th e eigh t  sentences .  Thes e dat a 

wer e divide d int o tw o sets .  On e se t  containin g thos e 

observation s wher e th e subjec t  migh t  hav e correctl y 

anticipate d th e referent ,  an d on e containin g thos e 
observation s wher e th e subjec t  migh t  hav e falsel y 
anticipate d th e referent .  Membershi p o f  thes e categorie s 

was determine d b y th e response s give n fo r  sentenc e 

type s (5 )  an d (6) .  Eac h subject' s dat a matri x wa s the n 

average d ove r  th e sentenc e dimension .  Observation s 

outsid e th e rang e M E A N ± 2 . 5 * S D ,  wher e th e M E A N an d 
SD wer e calculate d ove r  th e 8 x 3 1 observation s withi n 

eac h Complexit y x  Referen t  treatmen t  cell ,  wer e 

excluded  fro m th e averaging .  Thi s yielde d tw o set s o f 

fou r  observation s pe r  subject . 

A 2 x 2 repeated measures analysis of variance was 

performe d o n eac h se t  o f  observations .  Onl y th e Refer -

ent  facto r  prove d significan t  i n th e analysi s o f  th e correc t 

anticipatio n data ;  F(1,30 )  =  17.81 ,  p  <  .001 .  However , 

bot h Referen t  an d Complexit y wer e significan t  i n th e 

analysi s o f  th e fals e anticipatio n data ;  F(1,30 )  =  12.69 , 

p =  .00 1 an d F(1,30 )  =  5.67 ,  p  =  .024 ,  respectively . 

Ther e wer e n o significan t  interaction s i n eithe r  analyses . 

I t  wa s considere d inappropriat e t o trea t  sentence s a s a 
rando m facto r  becaus e o f  th e wa y i n whic h the y v.er e 

constructed .  Therefore ,  n o quasi-F s wer e computed . 

Th e cel l  mean s fo r  eac h analysi s ar e give n i n Tabl e 1 . 

Anticipation Verb Complexity Referent 

objec t  actio n 

Correc t  Simpl e 92.6 8 105.9 4 

Comple x 92.8 5 108.3 4 

Incorrect Simple 100.00 110.47 

Comple x 103.5 1 121.0 2 

Table 1. Mean resolution latencies in centiseconds for 

th e 3 1 subjects . 

Discussion 

The false anticipation data from the experiment are 

assume d t o b e a  mor e sensitiv e measur e o f  th e processin g 

involve d i n accessin g th e interna l  representation .  Thi s 

i s becaus e th e subjec t  mus t  resolv e th e referenc e fro m 

scratc h havin g anticipate d th e alternativ e one .  Th e 

significan t  Referen t  effec t  i n thes e dat a i s a n indicatio n 

tha t  verb s an d object s ar e represente d differently . 

However ,  almos t  th e sam e differenc e betwee n objec t 

an d actio n reference s ca n als o b e foun d I n th e correc t 

anticipatio n dat a (difference s o f  1 4 an d 1 5 csecs .  fo r 

correc t  an d fals e anticipation ,  respectively) .  Thi s mean s 

tha t  th e Referen t  effec t  i s  no t  a  functio n o f  referen t 

anticipation ,  eve n thoug h anticipatio n di d hav e a  signifi -

can t  influenc e o n respons e times ,  an d i n th e obviou s 

directio n (correc t  anticipation :  10 1 csecs. ,  fals e antici -

pation :  10 9 csecs. ;  t  =  3.12 ,  d f  =  30 ,  p  =  0.004) .  Th e 

possibilit y  tha t  reader s alway s chec k fo r  a n objec t 

referenc e first ,  an d the n proces s othe r  type s o f  referenc e 

i s rule d ou t  b y th e fac t  tha t  th e Referen t  effec t  i s 

equall y stron g unde r  bot h anticipatio n conditions . 

I f  thi s heuristi c wa s bein g use d ther e woul d eithe r  b e 

n o Referen t  effec t  i n th e incorrec t  anticipatio n data , 

or  a  considerabl y diminishe d one . 

The significant Complexity effect in the false anticipation 

dat a i s evidenc e fo r  th e componentia l  representatio n o f 

verbs .  However ,  th e effec t  wa s no t  exactl y a s predicte d 

fro m Centner' s formulation .  I t  wil l  b e recalle d tha t  th e 

connectivel y comple x verb s use d i n thi s stud y shoul d 

have ,  accordin g t o Centner ,  increase d th e accessibilit y 

of  th e element s representin g nouns .  I n othe r  words , 

objec t  reference s shoul d hav e bee n mor e rapidl y resolve d 

w h en th e representatio n wa s complex .  Th e result s d o 

not  bea r  thi s out .  Resolution s o f  objec t  an d actio n 

reference s wer e impede d b y th e complexit y o f  th e 
representation ,  althoug h i t  i s  obviou s fro m Tabl e 1  tha t 

th e bul k o f  th e Complexit y effec t  i s  du e t o th e differ -

enc e betwee n th e tw o kind s o f  actio n reference .  Thi s 



resul t  throw s som e doub t  o n th e notio n o f  connectiv e 

complexity . 

The disappearance of the Complexity effect in the 

correc t  anticipatio n dat a an d th e robustnes s o f  th e 

Referen t  effec t  i n bot h set s o f  dat a woul d see m t o 

indicat e tha t  th e resolutio n o f  reference s i n th e experi -

menta l  sentence s occur s i n tw o stages .  I n th e firs t  stage , 

prio r  t o th e displa y o f  th e fina l  pronoun ,  som e for m o f 

anticipator y processin g o f  th e subsequen t  referenc e 

take s place .  Thi s processin g primaril y benefit s actio n 

references .  I n th e cas e o f  a  potentia l  referenc e t o a 

comple x actio n i t  probabl y involve s th e creatio n o f  a 

highe r  orde r  nod e i n th e networ k t o whic h a  lin k ca n b e 

subsequentl y established .  Therefore ,  th e representatio n 

of  a  ver b ca n b e eithe r  componentia l  o r  wholistic , 

dependin g o n processin g demands .  Resolutio n take s 

plac e onl y afte r  th e fina l  pronou n ha s bee n encountered , 

and i s differentiall y  difficult .  Action  referenc e link s 

ar e mor e difficul t  t o establis h tha n objec t  referenc e 

links .  Hence ,  th e stron g Referen t  effec t  i n bot h set s o f 

data .  Thi s ma y b e du e t o th e differin g directionalit y o f 

link s betwee n ver b an d nou n element s i n th e representa -

tion . 
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