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Imp l i c i t  C o n s e q u e n t i a l i t y 

A n d r e w J  Stewar t  (andrew@psy.gla.ac.uk ) 

Marti n J  Pickerin g (martin@psy.gla.ac.uk ) 

Anthon y J  Sanfor d (tony@psy.gla.ac.uk ) 

Departmen t  o f  Psycholog y 
Universit y  o f  Glasgow ,  Glasgow ,  G12 ,  Scotland ,  U K 

Abstrac t 

This paper examines the way in which high level 
semanti c informatio n influence s th e productio n an d 
comprehensio n o f  pronouns .  I t  report s a  ne w typ e 
of  ver b semanti c processin g bias .  W e examin e th e 
effect s o f  thi s bia s o n languag e comprehension . 

Introduction 

Experimenta l  wor k o n pronou n resolutio n place s particula r 
focu s o n th e influenc e o f  a  typ e o f  hig h leve l  informatio n 
referre d t o a s implici t  causalit y ( G a m h a m ,  Traxler ,  Oakhil l 
& Gemsbacher ,  1996 ;  Garve y &  Caramazza ,  1974) . 
Implici t  causalit y i s  a  semanti c bia s associate d wit h 
particula r  verb s whic h affect s clausa l  integration . 

(I) John blamed Bill because he broke the window. 

(2) John fascinated Bill because he was interesting. 

In Example (I) there is a preference to interpret the 
pronou n a s referrin g t o th e characte r  'Bill '  (Nou n Phras e 2 ) 
wherea s i n Exampl e (2 )  ther e i s a  preferenc e t o interpre t 
th e pronou n a s referrin g t o th e characte r  'John '  (Nou n 
Phras e I) .  Th e implici t  causalit y congruenc y effec t  i s th e 
findin g tha t  i t  take s longe r  t o rea d a  sentenc e whe n i t 
contain s a n endin g inconsisten t  wit h th e ver b bia s tha n a n 
endin g consisten t  wit h th e ver b bia s (Caramazza ,  Grober , 
Garve y &  Yates ,  1977 )  (Example s (3 )  an d (4 )  below) . 

(3) John blamed Bill because he hated Bill. 

(4) John fascinated Bill because he was interested by 
John . 

However, implicit causality is not the only semantic 
bia s associate d wit h th e proces s o f  clausa l  integration .  I n 
thi s pape r  w e examin e a  n e w typ e o f  bia s whic h w e refe r 
t o a s implici t  consequentiality .  I n th e sam e wa y tha t 
event s hav e causes ,  the y als o hav e consequences .  Cause s 
of  a n even t  occurrin g a t  t  aris e a t  som e poin t  prio r  t o t . 
Conversely ,  consequence s aris e a t  som e poin t  followin g t . 
I n th e sam e wa y tha t  differen t  type s o f  event s ca n hav e 
differen t  type s o f  causes ,  differen t  type s o f  event s ca n als o 
hav e differen t  type s o f  consequences .  Recal l  Exampl e (1) . 
The ac t  o f  N P l  ('John' )  blamin g N P 2 ('Bill' )  i s  usuall y 
precede d b y th e characte r  occupyin g th e N P 2 ('Bill' ) 
positio n doin g somethin g t o brin g abou t  thi s outcome . 
Thi s locu s o f  caus e give s rise  t o th e implici t  causalit y 

effect .  Exampl e (5 )  belo w describe s a n even t  an d th e 
consequence s following .  Intuitively ,  th e ac t  o f  N P l 
('John' )  annoyin g N P 2 ('Bill' )  i s  als o usuall y followe d b y 
some consequenc e affectin g th e characte r  occupyin g th e 
N P2 ('Bill' )  position .  W e propos e thi s i s  a n exampl e o f 
an implici t  consequentialit y  bias . 

I n Exampl e (5) ,  wha t  follow s from  'John '  annoyin g 
'Bill '  i s  'Bill '  complainin g abou t  it . 

(5) Because John annoyed Bill, he complained to the art 
teacher . 

But there is no restriction as to which character may 
experienc e th e consequence s o f  th e event .  I n Exampl e (6) , 
th e sam e subordinat e claus e i s  followe d b y a  consequenc e 
focusin g o n th e first  mentione d character ,  'John' . 

(6) Because John annoyed Bill, he was punished by the 
ar t  teacher . 

We expect to find an implicit consequentiality 
congruenc y effec t  simila r  t o th e implici t  causalit y 
congruenc y effect .  I n othe r  words ,  w e expec t  readin g tim e 
t o th e disambiguatin g region ,  i.e .  th e regio n followin g th e 
pronoun ,  i n (6 )  t o b e rea d mor e slowl y tha n th e equivalen t 
regio n i n (5 )  i f  i t  i s  th e cas e tha t  th e ver b 'annoy ' 
possesse s a  stron g biei s t o focu s o n th e characte r 
occupyin g th e secon d N o u n Phrase . 

Findin g evidenc e fo r  biase s arisin g a s a  resul t  o f 
knowledg e abou t  consequence s o f  event s i s  interestin g fo r 
a numbe r  o f  reasons .  Traditiona l  explanation s o f  th e 
implici t  causalit y phenomeno n hav e suggeste d tha t  verb s 
possessin g suc h biase s hav e a  ta g encode d a t  th e ver b roo t 
correspondin g t o tha t  particula r  verb' s bia s (Garve y & 
Caramazza ,  1974) .  Findin g tha t  a n individua l  ver b 
possesse s differen t  type s o f  biase s dependin g o n th e 
contex t  i n whic h tha t  ver b occur s weaken s thi s manne r  o f 
explanatio n a s i t  require s a s m a n y tag s t o encod e biase s a s 
ther e ar e biases .  Additionally ,  indicatio n o f  a n influenc e 
on processin g o f  genera l  knowledg e abou t  th e tempora l 
contex t  i n whic h event s i n th e worl d typicall y occu r 
immediatel y raise s th e questio n o f  h o w (an d when )  suc h 
knowledg e come s t o bea r  a  processin g influence .  A n 
alternativ e t o a n accoun t  proposin g tha t  biase s ar e encode d 
as lexica l  tag s i s a n accoun t  focusin g o n a  mor e genera l 
mechanis m informe d b y knowledg e abou t  typica l  event s i n 
th e world . 
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O ne proble m pervasiv e i n th e literatur e examinin g 
implici t  causalit y i s on e o f  a  lac k o f  employmen t  o f 
relevan t  experimenta l  controls .  I t  i s  wel l  documente d tha t 
sentence s containin g continuation s followin g th e pronou n 
tha t  ultimatel y resolv e wit h referenc e t o th e characte r 

inconsisten t  wit h th e bia s tak e longe r  t o rea d (Caramazz a 
et  al ,  1977) .  However ,  i t  m a y b e th e cas e tha t  suc h 
sentence s simpl y describ e les s plausibl e events .  I n 

Stewart ,  Pickerin g an d Sanfor d (1998 )  w e addresse d thi s 
questio n an d reporte d tha t  implici t  causalit y congruenc y 

effect s ar e independen t  o f  plausibilit y  effects .  I n ou r 
examinatio n o f  implici t  consequentialit y  belo w w e 
emplo y plausibilit y  control s o f  th e sam e typ e a s w e hav e 
use d previously . 

So,  ther e ar e tw o mai n goal s motivatin g thi s paper . 
Th e first  i s  on e o f  examinin g whethe r  biase s othe r  tha n 
th e implici t  causalit y bia s documente d i n th e literatur e 
exist .  Th e secon d i s concerne d wit h th e tim e cours e o f  th e 
influenc e o f  th e semanti c bia s o n reading .  Thi s i s 
motivate d b y genera l  issue s concernin g th e structur e o f  th e 
cognitiv e architectur e an d focuse s o n th e tim e cours e o f 
biase s influencin g processing .  M u c h wor k o n othe r 
aspect s o f  languag e processin g ha s bee n guide d b y Fodor' s 
modularit y thesi s (Fodor ,  1983) .  Th e basi c proposa l  o f 
modularit y  i s tha t  initia l  processin g proceed s i n a  restricte d 
manner  informe d b y onl y a  subse t  o f  al l  th e informatio n 
tha t  wil l  ultimatel y com e t o bea r  a  weigh t  o n th e fina l 
processin g outcome .  I n parsin g i t  i s  considere d tha t  som e 
degre e o f  processin g informe d purel y b y syntacti c 
informatio n precede s processin g informe d b y semanti c 
factor s (Frazier ,  1987) .  Drawin g a n explici t  analog y 
betwee n th e parsm g literatur e an d th e processin g o f 
pronouns ,  w e propos e tha t  i f  th e par t  o f  th e languag e 
syste m associate d wit h interpretin g pronoun s behave s i n a 
modula r  o r  restricte d manne r  w e woul d expec t  t o find a 
delaye d influenc e o f  hig h leve l  semanti c factor s suc h a s 
implici t  consequentiality .  Unde r  a  restricted  processin g 
accoun t  initia l  processin g wil l  procee d wit h reference  onl y 
t o lo w leve l  information .  Befor e a n answe r  t o thi s 
questio n ca n b e broached ,  however ,  w e nee d t o satisf y 
ourselve s tha t  implici t  consequentialit y  doe s exis t  a s a 
bia s whic h influence s languag e processing .  Experimen t  1 
followin g examine s subject s sensitivit y t o implici t 
consequentialit y  informatio n whe n engage d i n a  languag e 
productio n task . 

Experiment 1 

Our  first  experimen t  wa s performe d t o insur e tha t  implici t 
consequentialit y  informatio n doe s influenc e languag e 
processin g i n th e manne r  tha t  w e suggest .  Specifically , 
we propos e tha t  som e verb s focu s o n th e characte r 
occupyin g th e first  Nou n Phrase ,  whil e other s lea d t o a 
focu s o n th e characte r  occupyin g th e secon d Nou n Phrase . 

Method 

The tas k wa s a n off-lin e productio n tas k requirin g subject s 
t o complet e fi-agments  o f  th e sor t  'Becaus e Joh n love d 
Mary,...' .  Th e tw o character s wer e differentiate d b y gende r 
t o allo w u s t o unambiguousl y scor e whethe r  pronomina l 
referenc e wa s t o th e first  o r  secon d mentione d character . 

Subject s 
Twenty-tw o Englis h speakin g subject s participated . 

Stimuli 
Experimenta l  booklet s wer e constructe d containin g 11 0 

sentenc e fragments .  W e examine d th e sam e 5 0 verb s 
whos e implici t  causalit y biase s ha d bee n examine d b y 

Stewar t  (1998) .  Eac h ver b appeare d i n a  sentenc e o f  th e 
for m : 

Because Sue VERBED John,... 

Names were varied. Each booklet contained 60 filler 

material s o f  a  simila r  structur e t o th e abov e fragment . 
Each ver b appeare d onl y once .  Th e gende r  o f  th e tw o 
character s i n eac h sentenc e wer e different . 

Procedure 
One rando m orde r  wa s use d fo r  hal f  th e booklet s whil e th e 
revers e o f  thi s wa s orde r  use d fo r  th e othe r  half .  Subject s 
wer e simpl y instructe d t o provid e a  sensibl e continuatio n 
t o th e sentenc e fragments . 

Results 

The ending s fo r  eac h experimenta l  sentenc e wer e scOTe d o n 
th e basi s o f  whethe r  th e mai n claus e initiall y  containe d a n 
anapho r  referrin g t o th e first  o r  secon d nou n phrase .  Othe r 
type s o f  continuation s wer e score d a s 'Others' .  Th e tabl e 
belo w contain s th e 1 6 mos t  strongl y biasin g verb s (th e 
ful l  lis t  o f  5 0 verb s ca n b e obtaine d fro m th e authors) . 

Table 1 : Completion type for 16 biasing verbs 

Ver b 

dreade d 

appreciate d 

adore d 

admire d 

loathe d 

resente d 

despise d 

like d 

aggravate d 

annoye d 

scolde d 

coniuse d 

punishe d 

flattered 

thanke d 

congratulate d 

NPl 
17 
17 
21 
22 
19 
18 
18 
19 
0 
6 
0 
0 
I 
0 
0 
2 

NP2 
I 
3 
1 
0 
2 
2 
2 
1 
20 
15 
21 
20 
21 
19 
22 
19 

Other s 

4 
2 
0 
0 
1 
2 
2 
2 
2 
1 
1 
2 
0 
3 
0 
1 

Discussio n 

The dat a gathere d b y Experimen t  1  certainl y indicat e tha t 
subject s ar e sensitiv e t o implici t  consequentialit y  biase s i n 
languag e production .  A  particula r  subse t  o f  verb s posses s 
implici t  consequentialit y  biase s whic h focu s o n th e 
characte r  occupyin g th e first  Nou n Phras e an d a  particula r 
subse t  posses s biase s focusin g o n th e characte r  occupyin g 
th e secon d Nou n Phrase .  Ou r  initia l  questio n o f  whethe r 
we coul d find  semanti c biase s whic h influence d productio n 
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i n th e sam e w a y tha t  implici t  causalit y influence s 
productio n ha s bee n answered . 

We no w tur n t o th e secon d questio n addressin g th e issu e 
of  th e manne r  i n whic h suc h biase s exer t  a n influenc e o n 
processing . 

Experiment 2 
Experimen t  1  provide d evidenc e fo r  implici t 
consequentialit y  biase s influencin g languag e production . 
I n Experimen t  2  w e examin e th e w a y i n whic h suc h biase s 
influenc e languag e comprehension .  Assumin g tha t  th e 

languag e syste m ha s develope d t o tak e advantag e o f  th e 
statistica l  regularitie s i n th e linguisti c environment ,  w e 
expec t  t o find  evidenc e tha t  comprehender s ar e sensitiv e t o 
implici t  consequentialit y  biase s i n a  manne r  simila r  t o 
languag e producers .  Th e bia s act s a s a  potentiall y 
informativ e cu e wit h respec t  t o whic h characte r  th e 
pronou n refers .  However ,  th e bia s i s no t  a s stron g a s a 
gende r  cu e whic h effectivel y rule s ou t  pronomina l 
referenc e t o a  potentia l  anteceden t  differin g i n gende r  from 
a gende r  marke d pronoun . 

We examin e th e behaviou r  o f  implici t  consequentialit y 
informatio n i n th e contex t  o f  th e presenc e an d absenc e o f  a 
gende r  cue .  I n th e presenc e o f  a  gende r  cue ,  w e propos e 
th e relativ e influenc e o f  implici t  consequentialit y  wil l  b e 
reduce d a s th e pronomina l  anteceden t  ca n b e identifie d 
usin g gende r  informatio n (Exampl e 5) . 

(5) Because John punished Sue, she started to cry. 

However, when such a gender contrast is lacking we 
argu e th e degre e t o whic h implici t  consequentialit y 
influence s processin g wil l  b e maximise d a s i t  provide s a 
stron g cu e a s t o whic h characte r  i s referre d t o b y th e 
pronou n (Exampl e 6) . 

(6) Because John punished Bill, he started to cry. 

So, we have defined the conditions under which we 
expec t  t o find  implici t  consequentialit y  informatio n 
exertin g a  processin g influence .  Precisel y whe n thi s 
influenc e wil l  occu r  depend s o n whe n th e reade r  interpret s 
th e pronoun .  I f  th e reade r  trie s t o interpre t  th e pronou n a s 
soo n a s i t  i s  encountere d w e expec t  t o find  evidenc e fo r  th e 
implici t  consequentialit y  congruenc y effec t  o n th e readin g 
tim e dat a associate d wit h th e fragmen t  endin g i n th e 
pronoun .  I f  it s  influenc e i s delaye d w e expec t  t o find  th e 
implici t  consequentialit y  congruenc y effec t  o n readin g 
tim e secon d fragment  o f  th e sentence . 

Method 

Subjects 
Thirt y tw o Englis h speakin g subject s participated . 

Stimuli 
We manipulate d pronomina l  ambiguity ,  ver b bia s an d 
referent .  Th e pronou n coul d eithe r  b e referentiall y 
ambiguou s o r  marke d fo r  gende r  t o unambiguousl y refe r  t o 
one o f  th e tw o participants .  Ver b bia s coul d eithe r  b e 

N Pl  o r  N P 2 biasing .  Referen t  coul d eithe r  b e first  o r 

secon d mentione d character . 

Ther e wer e 3 2 set s o f  experimenta l  materials . 

Unambiguous pronoun /NPl verb/ Referent character 1 
Becaus e Harol d dieade d Joanne ,  h e steadfastl y 

refuse d t o g o bac k t o school . 

Unambiguous pronoun / NPl verb / Referent character2 
Becaus e Joann e dreade d Justin ,  h e wa s tol d t o tr y 

actin g les s aggressively . 

Ambiguous pronoun / NPl verb / Referent characterl 
Becaus e Harol d dieade d Justin ,  h e steadfastl y 

refuse d t o g o bac k t o school . 

Ambiguous pronoun / NPl verb / Referent character2 
Becaus e Harol d dreade d Justin ,  h e wa s tol d t o tr y 

actin g les s aggressively . 

There were also 96 filler items. There were 32 
experimenta l  item s create d usin g th e 1 6 verb s whic h 
Experimen t  1  indicate d exhibite d stron g implici t 
consequentialit y  biases .  Eac h subjec t  sa w eac h ver b twice . 
Pretesin g ensure d tha t  regardles s o f  whethe r  th e sentenc e 
resolve d i n a  manne r  consisten t  o r  inconsisten t  wit h th e 
implici t  consequentialit y  bias ,  th e plausibilit y  o f  th e 
describe d event s wer e equivalent .  Thi s contro l  ensure s tha t 
a simpl y plausibilit y  differenc e betwee n eac h conditio n 
canno t  accoun t  fo r  an y readin g tim e difference s w e m a y 
find.  Th e material s wer e als o carefull y controlle d fo r 
length .  Th e experimen t  wa s divide d int o tw o halve s wit h 
a brea k halfwa y through .  Th e first  occurrenc e o f  eac h ver b 
was i n th e first  hal f  o f  th e stud y an d th e secon d occurrenc e 
i n th e secon d half . 

Procedure 
Th e experimen t  wa s ru n o n a n Appl e Macintos h compute r 
usin g th e PsyScop e experimenta l  softwar e (Cohen , 
MacWhinney ,  Flat t  &  Provost ,  1993) .  A  butto n bo x wa s 
connecte d t o th e compute r  whic h recorded  subjects ' 
response s wit h millisecon d accuracy .  A  fixation  poin t 
appeare d o n th e lef t  han d sid e o f  th e screen .  Subject s 
presse d a  butto n o n th e butto n bo x an d th e fixation  poin t 
was followe d b y presentatio n o f  th e first fragment  o f  th e 
sentence .  Thi s fragment  include d th e pronoun ,  e.g . 
'Becaus e Joh n blame d Mary ,  she' .  Onc e subject s rea d th e 
sentenc e the y presse d th e butto n again .  Th e secon d 
fragmen t  the n appeared .  Pressin g th e butto n agai n resulte d 
i n a  questio n appearin g afte r  ever y trial .  A  brea k o f  a 
m i n i m u m duratio n o f  3 0 second s occurre d halfwa y throug h 
eac h experiment . 

Eac h subjec t  participate d i n 1 0 practic e trial s simila r  i n 
structur e t o th e experimenta l  item s a t  th e star t  o f  th e 
experiment .  Th e experimen t  laste d roughl y 3 5 minutes . 
Befor e th e experimen t  subject s wer e provide d wit h bot h 
verba l  an d writte n instructions . 

103 3 



Result s 

Firs t  Fragmen t  Analysi s (e.g .  'Becaus e Joh n annoye d Bill , 
he' ) 

We performed 2 (Unambiguous pronoun vs Ambiguous 
pronoun )  x  2  (NP l  ver b v s N P 2 verb )  x  2  (Char l  v s 
Char 2 referent )  A N O V As wit h bot h subject s an d item s a s 
rando m factors .  N o mai n effect s o r  interaction s 
approache d significance .  W e performe d 2  (NP l  ver b v s 
N P2 verb )  x  2  (Char l  v s Char 2 referent )  A N O V As wit h 
bot h subject s an d item s a s rando m factor s fo r  jus t  th e 

unambiguou s pronouns .  N o mai n effect s o r  interaction s 
approache d significanc e (Fs<2) . 

Table 2 : Reading times for first fragment, subject means 
fo r  eac h conditio n wit h al l  time s i n msecs . 

Verb/Referen t 

NP l /Char l 

N Pl  /  Char 2 

NP2/Char l 

N P2 /  Char 2 

Ambi g Pr o 

233 2 

217 4 

239 1 

233 4 

Unambi g Pr o 

215 9 

220 1 

223 0 

235 5 

Secon d Fragmen t  Analysi s 
math s teacher.' ) 

(e.g .  'complaine d t o th e 

We performe d 2  (Unambiguou s pronou n v s Ambiguou s 
pronoun )  x  2  (NP l  ver b v s N P 2 verb )  x  2  (Char l  v s 
Char 2 referent )  A N O V As wit h bot h subject s an d item s a s 
rando m factors .  W e foun d a  mai n effec t  o f  ambiguit y 
(Fl(l,31)=24.64 ,  p<0.0001 ;  F2(1.30)=29.37 ,  p<0.0001) , 
reflectin g faste r  readin g time s followin g unambiguou s 
reference .  W e foun d a  mai n effec t  o f  ver b bia s 
(Fl(l,31)=23.09 ,  p<0.0001 ;  F2(l,30)=3.94 ,  p<0.06) , 
reflectin g faste r  readin g tim e followin g fragment s 
containin g N P 2 biasin g verbs .  W e foun d a n interactio n 
betwee n ambiguit y an d ver b bia s tha t  wa s margina l  b y 
item s (Fl(l,31)=4.55 ,  p<0.05 ;  F2(l,30)=2.96 ,  p<0.1) . 
We foun d a n ambiguit y x  referen t  interactio n tha t  wa s 
significan t  b y subject s onl y (Fl(l,31)=4.87 ,  p<0.05 ; 
F2<2) .  W e als o foun d a  vert )  bia s x  referen t  interactio n 
whic h agai n wa s significan t  b y subject s onl y 
(Fl(l,31)=5.39 ,  p<0.05 ;  F2(1,30)<1) .  Th e 3-wa y 
interactio n o f  ver b bia s x  referen t  x  ambiguit y wa s 
significan t  b y bot h subject s an d item s (Fl(l,31)=4.26 , 
p<0.05 ;  F2(l,30)=4.50 ,  p<0.05) .  W e examin e thi s 3-wa y 
interactio n i n detai l  below . 

Table 3 : Reading times for second fragment, subject 
means fo r  eac h conditio n wit h al l  time s i n msecs . 

Ver b /  Referen t 

N Pl  /  Char l 

N Pl  /  Char 2 

NP2 /Char l 

N P2 /  Char 2 

Amb i g Pr o 

221 0 

256 6 

235 5 

224 1 

Unambi g Pr o 

220 8 

205 5 

180 9 

178 9 

We explore d th e natur e o f  th e 3-wa y interactio n b y 
performin g analyse s o n th e Ambiguou s an d Unambiguou s 

Pronou n condition s separately .  W e shal l  firstl y focu s o n 
th e Ambiguou s Pronou n conditions . 

Ambiguous Pronoun Conditions 

We performe d 2  (NP l  ver b v s N P 2 verb )  x  2  (Char l  v s 

Char 2 referent )  A N O V As wit h bot h subject s an d item s a s 
rando m factors .  W e foun d a  significan t  ver b bia s x 
referen t  interactio n tha t  wa s margina l  b y item s 

( F 1(1.30=7.56 ,  p<0.01 ;  F2(l,30)=3.09 ,  p<0.1) . 

Unambiguous Pronoun Conditions 
We performe d 2  (NP l  ver b v s N P 2 verb )  x  2  (Char l  v s 
Char 2 referent )  A N O V As wit h bot h subject s an d item s a s 
rando m factors .  W e foun d a  mai n effec t  o f  ver b bia s 
( F 1(1, 3 0=23.74 ,  p<0.0001 ;  F2(l,30)=6.09 ,  p<0.05 ) 
correspondin g t o faste r  readin g tim e followin g a n N P 2 
biasin g verb .  Ther e wa s n o evidenc e o f  a  ver b bia s x 

referen t  interactio n (bot h Fs<0 -
We ca n interpre t  th e 3-wa y interactio n a s reflectin g a 

differenc e i n th e implici t  consequentialit y  congruenc y 
effec t  betwee n th e Ambiguou s an d Unambiguou s Pronou n 
conditions .  W e foun d a  congruenc y effec t  i n th e 
Ambiguou s Pronou n condition s (margina l  b y items )  bu t 
faile d t o find  on e i n th e Unambiguou s Pronou n 
conditions . 

Question Response Time Analysis 
We performe d 2  (Unambiguou s pronou n v s Ambiguou s 
pronoun )  x  2  (NP l  ver b v s N P 2 verb )  x  2  (Char l  v s 
Char 2 referent )  A N O V As wit h bot h subject s an d item s a s 
rando m factors .  W e foun d a  mai n effec t  o f  ambiguit y 
(Fl(l,31)=55.83 ,  p<0.0001 ;  F2(l,30)=49.48 ,  p<0.0001 ) 
indicatin g faste r  questio n respons e time s followin g a 
sentenc e containin g unambiguou s reference .  W e foun d a 
mai n effec t  o f  ver b bia s (Fl(l,31)=8.57 ,  p<0.01) ; 
F2(l,30)=6.29 ,  p<0.05) ,  indicatin g faste r  respons e time s 
followin g a  sentenc e containin g a n N P 2 biasin g verb .  W e 
als o foun d a  mai n effec t  o f  referen t  tha t  wa s significan t  b y 
subject s onl y (Fl(l,31)=5.98 ,  p<0.05 ;  F2<2 )  reflectin g 
faste r  respons e time s followin g referenc e t o th e firs t 
mentione d character .  W e foun d a n ambiguit y x  referen t 
interactio n ( F 1(1,30=12.26 ,  p<0.005 ;  F2(l,30)=9.39 ; 
p<0.005 )  an d a n ambiguit y x  ver b bia s x  referen t 
interactio n significan t  b y subject s onl y ((Fl(l,31)=4.43 , 
p<0.05 ;  F2(l,30)=2.33 ,  p<0.14) . 

Table 4 : Question response times, subject means for each 
conditio n wit h al l  time s i n msecs .  Number s i n 
parenthese s correspon d t o respons e accurac y expresse d a s 
percentag e correct . 

Ver b /  Referen t 

NPl  /  Char l 

NPl  /  Char 2 

N P2 /  Char l 

N P2 /  Char 2 

Ambi g Pr o 

232 3 (80.5% ) 

2910(50.4% ) 

222 9 (90.5% ) 

250 8 (74.0% ) 

Unambi g Pr o 

2083(91.3% ) 

1824(92.9% ) 

173 0 (96.0% ) 

172 7 (93.7% ) 

Questio n Respons e Accurac y Analysi s 
For  th e questio n respons e accurac y dat a w e als o performe d 
2 (Unambiguou s pronou n v s Ambiguou s pronoun )  x  2 
(NP l  ver b v s N P 2 verb )  x  2  (Char l  v s Char 2 referent ) 
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A N O V As fo r  bot h subject s an d item s a s rando m factors . 
We foun d a  mai n effec t  o f  ambiguit y (F1(I,31)=103.51 . 
jxO.OOOl ;  F2(1,30)=51.79 ,  p<0.0001 )  reflectin g greate r 
respons e accurac y followin g a  sentenc e containin g 
unambiguou s reference .  W e foun d a  mai n effec t  o f  ver b 
bias(Fl(l,31)=26.78 ,  p<0.0001 ;  F2(l,30)=8.41 ,  p<0.01 ) 
reflectin g greate r  respons e accurac y followin g a  sentenc e 
containin g a n N P 2 biasin g verb .  W e als o foun d a  mai n 
effec t  o f  referen t  (Fl(l,31)=34.74 ,  p<0.0001 ; 
F2(1.30)=21.25,  p<0.0001 )  reflectin g greate r  respons e 
accurac y followin g a  sentenc e containin g reference  t o th e 
first  mentione d character .  T h e ambiguit y x  ver b bia s 
interactio n wa s significan t  ( F 1(1,31) = 14.72 ,  p<0.001 ; 
F2(1.30)=6.56 .  p<0.05) .  Th e ambiguit y x  referent 
interactio n wa s als o significan t  (Fl(l,31)=24.04 , 
p<0.0001 ;  F2 (  1,30) = 16.27 ,  p<0.0{)05) .  Th e 3-wa y 
interactio n o f  ambiguit y x  ver b bia s x  referen t  wa s 
significan t  onl y b y subject s (Fl(l,31)=4.90 ,  p<0.05 ; 
F2(1.30)=2.40 .  p<0.14) . 

Discussion 

The lac k o f  a n interactio n betwee n referen t  an d ver b bia s 
fo r  th e unambiguou s pronou n condition s i n th e fragmen t  1 
readin g tim e dat a indicate s tha t  implici t  consequentialit y 
does no t  influenc e processin g a s soo n a s a  pronou n i s read . 
Eithe r  processin g o f  th e pronou n i s delaye d unti l 
informatio n sufficien t  fo r  anteceden t  identificatio n i s 
encountere d o r  a n initia l  commitmen t  t o a  possibl e 
anteceden t  informe d b y lo w leve l  factor s i s  made . 

Our  3-wa y interactio n foun d i n th e fragmen t  2  readin g 
tim e dat a indicate s tha t  th e poin t  a t  whic h implici t 
consequentialit y  firs t  exert s a n influenc e o f  processin g i s 
durin g integration .  Whethe r  suc h a n influenc e occur s i s a 
functio n o f  th e presenc e o r  absenc e o f  additiona l 
informatio n pertinen t  t o th e goa l  o f  interpretin g th e 
pronoun .  Th e 3-wa y interactio n correspond s t o a 
differenc e i n th e natur e o f  th e implici t  consequentialit y 
congruenc y effec t  betwee n th e Unambiguou s an d 
Ambiguou s Pronou n conditions .  W e foun d evidenc e fo r  a 
congruenc y effec t  fo r  th e Ambiguou s Pronou n condition s 
(margina l  o n F2s) .  N o hin t  o f  a  congruenc y effec t  wa s 
foun d i n th e cas e o f  th e Unambiguou s Pronou n 
conditions .  Th e mos t  obviou s explanatio n fo r  ou r  3-wa y 
interactio n i s  tha t  unde r  circumstance s wher e a  pronoun' s 
anteceden t  ca n b e identifie d usin g informatio n a t  a  leve l 
lowe r  tha n tha t  o f  semantic s (e.g .  gende r  information) , 
identificatio n wil l  procee d informe d solel y b y thi s 
morphosyntacti c information .  W h e n suc h unequivoca l 
informatio n i s  availabl e t o th e reader  i t  seem s reasonabl e 
tha t  othe r  factor s tha t  woul d b e informativ e i n th e absenc e 
of  suc h a  cu e ar e no t  calle d upo n t o ai d processin g o f  th e 
anaphor .  However ,  i n case s wher e ther e i s no t  a 
restrictio n a s t o whic h anteceden t  i s  appropriat e th e 
languag e processo r  take s advantag e o f  wha t  othe r  cue s ar e 
availabl e i n th e input .  Unde r  circumstance s o f  thi s type , 
th e implici t  consequentialit y  bia s i s  use d b y th e system . 

The questio n respons e tim e an d questio n accurac y dat a 
indicat e tha t  subject s responded  mor e slowl y an d wit h 
reduce d accurac y t o thos e question s followin g sentence s 
whic h containe d continuation s referrin g t o th e secon d 
mentione d characte r  inconsisten t  wit h th e N P l  biasin g 

verb .  W e didn' t  find  equivalen t  difficult y fo r  th e 

incongruen t  condition s wher e referenc e wa s t o th e fu-s t 
mentione d characte r  i n th e contex t  o f  a n NF* 2 biasin g verb . 
We sugges t  thi s i s du e t o th e first  mentio n privileg e 

whic h result s i n th e first  mentione d characte r  alway s bein g 
eas y t o acces s (Gemsbache r  &  Hargreaves ,  1988 ;  Neat h & 
Knoedler ,  1994) . 

General Discussion 

Th e basi c questio n w e pose d a t  th e outse t  o f  thi s pape r 
was whethe r  w e coul d find  ver b bia s effect s comparabl e t o 
implici t  causalit y effect s bu t  correspondin g t o implie d 
consequence s rathe r  tha n implie d causes .  W e hav e bee n 
successfu l  i n answerin g this .  Th e productio n dat a fi^om 
Experimen t  1  indicate s tha t  subject s ar e sensitiv e t o th e 
consequence s o f  event s describe d b y particula r  verb s an d 
us e thi s informatio n t o focu s o n on e participan t  rathe r 
tha n th e other .  I n languag e productio n implici t 
consequentialit y  exert s a n influenc e i n a  manne r  simila r  t o 
implici t  causality . 

Th e secon d questio n w e raise d focuse d o n th e poin t  i n 
tim e a t  whic h implici t  consequentialit y  informatio n exert s 
an influenc e o n processing .  Conside r  Exampl e (7 )  whic h 
contain s a n endin g inconsisten t  wit h th e ver b bia s : 

(7) Because Michael annoyed Kathryn, he was punished 
by th e ar t  teacher . 

Our production experiment indicated that the verb 
'annoy '  contain s a n implici t  consequentia l  bia s focusin g 
on th e secon d characte r  (i.e .  'Kathryn') .  However ,  th e lac k 
ofevidenc e o f  reader s detectin g th e anomal y i n readin g th e 
first  fragmen t  (u p t o an d includin g th e pronoun )  i n 
Experimen t  2  indicate s tha t  implici t  consequentialit y  isn' t 
use d b y th e syste m t o infor m processin g a s soo n a s a 
pronou n i s encountered .  W h e n th e pronou n i s encountere d 
i t  indicate s tha t  th e sentenc e i s goin g t o continu e i n a 
manner  inconsisten t  wit h th e ver b bias .  I f  ver b bia s 
informatio n wa s bein g use d a t  thi s poin t  w e woul d hav e 
expecte d t o hav e foun d evidenc e fo r  a n implici t 
consequentialit y  congruenc y effec t  i n th e fragmen t  1 
readin g tim e data .  Ther e wa s n o evidenc e fo r  this .  Th e 
earlies t  poin t  a t  whic h w e foun d th e congruenc y effec t  wa s 
i n th e patter n o f  dat a associate d wit h readin g th e secon d 
fragmen t  (i.e .  followin g th e pronoun) .  Wit h respec t  t o th e 
tim e cours e o f  th e influenc e o f  thi s information ,  finding  a 
delaye d influenc e i s consisten t  wit h th e literatur e 
examinin g th e manne r  i n whic h implici t  causalit y 
influence s processin g ( G a m h a m e t  al ,  1996 ;  Stewart , 
1998) .  Thi s seem s t o sugges t  tha t  eithe r  initia l 
processin g o f  a  pronou n proceed s i n a  restricte d manne r 
informe d solel y b y lo w leve l  factor s o r  processin g i s 
delayed . 

Th e 3-wa y interactio n suggest s tha t  implici t 
consequentialit y  informatio n onl y exert s a n influenc e 
when additiona l  cue s tha t  woul d unambiguousl y identif y 
th e pronomina l  referen t  ar e lacking .  Th e implici t 
consequentialit y  congruenc y effec t  wa s presen t  i n th e 
ambiguou s pronou n condition s (althoug h margina l  b y 
items )  bu t  absen t  i n th e unambiguou s pronou n conditions . 
W h en gende r  informatio n whic h woul d otherwis e hav e 
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uniquel y identifie d th e pronomina l  anteceden t  i s  lacking , 

implici t  consequentialit y  i s a  stron g cu e whic h th e syste m 

employ s t o facilitat e processing .  W h e n suc h informatio n 
i s present ,  implici t  consequentialit y  informatio n i s no t 
use d b y th e system .  W h e n implici t  consequentialit y 
informatio n i s used ,  a  persistenc e o f  th e effec t  i n bot h th e 

questio n answerin g tim e an d respons e accurac y dat a 
suggest s tha t  no t  onl y ma y th e relativ e incoherenc e 
presen t  i n sentence s containin g continuation s whic h clas h 
wit h a  verb s bia s lea d t o a  processin g difficulty ,  bu t  th e 
lac k of  coherenc e ma y als o carr y ove r  t o influenc e th e wa y 
i n whic h th e reade r  represent s th e describe d event . 
Response s queryin g a  representatio n lackin g stron g 
coherenc e ar e slowe r  an d exhibi t  reduce d accurac y compare d 
t o thos e queryin g a  representatio n possessin g a  stronge r 
cohesiv e structure .  So ,  w e propos e tha t  bot h readin g an d 
representationa l  problem s aris e a s a  resul t  of  a  reader 
encounterin g sentence s containin g informatio n 
inconsisten t  wit h a  particula r  verb' s implici t  consequentia l 
bias . 

The patter n o f  productio n dat a i n Experimen t  1  i s 
strongl y simila r  t o th e se t  o f  dat a foun d i n a n equivalen t 
stud y examinin g th e wa y i n whic h implici t  causalit y 
informatio n i s  use d i n languag e productio n (Stewart , 
1998) .  Comparin g th e verb s i n Experimen t  1  wit h thos e 
verb s reporte d i n Stewar t  (1998 )  i t  i s  clea r  tha t  a  particula r 
verb' s implici t  causalit y bia s canno t  b e use d t o predic t  tha t 
verb' s implici t  consequentialit y  bias .  Ther e i s n o obviou s 
relationshi p betwee n th e tw o set s o f  biases .  W e strongl y 
believ e tha t  biase s arisin g a s a  resul t  o f  focusin g o n eithe r 
cause s o r  consequence s of  particula r  event s shoul d onl y b e 
see n a s tw o example s draw n fro m a  large r  se t  of  possibl e 
biases .  I n thi s pape r  w e hav e demonstrate d th e influenc e 
of  a n implici t  consequentialit y  bia s bot h i n languag e 
productio n an d comprehension .  A t  it s  mos t  genera l  w e 
ca n defin e a  processin g bia s a s anythin g tha t  direct s th e 
languag e producer' s o r  comprehender' s focu s of  attention . 
An accoun t  proposin g tha t  suc h biase s ar e encode d a s 
lexica l  tag s appear s inadequat e t o accoun t  fo r  a  muc h mor e 
pervasiv e focu s effect .  W e believ e tha t  onl y throug h 
referenc e t o genera l  knowledg e an d readers'  awarenes s o f 
th e typica l  tempora l  context s i n whic h event s occu r  ca n a n 
explanatio n capabl e of  accountin g fo r  genera l  processin g 
biase s b e forthcoming . 
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