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ON-LESf E P R O C E S S I NG 

OF P R A G M A T IC ITvfFERENCE S 

CoUeen M. Seifert, Scott P. Robertson, 
and Joh n B .  Blac k 

Cognitive Science Prognun 
Yal e Universit y 

Cognitiv e scienc e researcher s hav e propose d a  wid e 
variet y o f  inference s an d inferenc e mechanism s tha t  m a y 
be use d i n comprehendin g stories .  Inference s ar e 
concepts ,  o r  link s betwee n concepts ,  whic h ar e no t 
explicitl y  state d i n a  tex t  bu t  whic h ar e presen t  i n th e 
fina l  memor y representation .  M a n y previou s 
psychologica l  experiment s o n inference s hav e bee n unabl e 
t o distinguis h betwee n inference s tha t  ar e generate d 
during  comprehensio n (on-line )  an d thos e tha t  ar e 
constructe d late r  (fo r  example ,  during  summarizatio n o r 
questio n answering) .  T h e experiment s presente d her e 
contras t  fou r  type s o f  pragmati c inference s t o determin e 
whethe r  the y ar e usuall y generate d on-line . 

Pragmati c inference s ar e a  clas s o f  inference s tha t 
resul t  fro m th e applicatio n o f  worl d knowledg e t o 
informatio n i n a  text .  Knowledg e structure s typicall y 
employe d i n th e productio n o f  pragmati c inference s 
(especiall y fo r  narratives )  ar e goa l  structures ,  plannin g 
mechanbms,  an d script s (Schan k &  Abelson ,  1077 ; 
Wilensky ,  1078) .  A  numbe r  o f  psychologica l  experiment s 
hav e demonstrate d th e us e o f  individua l  schemati c 
structure s i n producin g pragmati c inference s (e.g .  Bower , 
Blac k &  Turner ,  1070 ;  Graesser ,  Gordon ,  &  Sawyer , 
1070 ;  Smit h & .  Collins ,  1081) ,  bu t  hav e no t  show n th e on -
lin e operatio n o f  a  combinatio n o f  knowledg e structure s 
involve d i n pragmati c inferenc e generation .  I n th e tw o 
studie s discusse d here ,  w e wil l  presen t  evidenc e tha t  1 ) 
knowledge-base d inference s abou t  goab ,  plans ,  an d 
action s ar e m a d e daring  readin g an d 2 )  inference s abou t 
consequen t  o r  associate d state s o f  th e worl d ar e no t  m a d e 
during  reading .  W e wil l  als o giv e indirec t  evidenc e fo r 
on-lin e forwar d inferencin g o f  plan s fro m goals . 

Knowledg e o f  goal s an d plan s organize s otherwis e 
disconnecte d tex t  elements ,  an d thu s i t  i s  importan t  tha t 
the y b e inferre d earl y i n th e comprehensio n proces s 
(Owens ,  Bower ,  &  Black ,  1070 ;  Smit h &  Collins ,  1081) . 
Lower  leve l  inferenc e types ,  lik e stor y actions ,  ar e use d t o 
ni l  i n informatio n specifie d b y alread y activ e schemat a 
(Bower ,  Blac k &  Turner ,  1070) .  Stat e information , 
however ,  whil e potentiall y  inferable ,  i s  no t  predicte d t o 
be generate d a a par t  o f  th e comprehensio n process . 
Ther e i s considerabl e evidenc e tha t  physica l  state s tha t 
ar e antecedent s o r  consequence s o f  action s ar e no t  a 
centra l  par t  o f  narrativ e representation s (Black ,  1080 ; 
Graesser ,  1081 ;  Kemper ,  1082 ;  Lehnert ,  Robertson ,  & 
Black ,  i n press ;  Robertson ,  Lehnert ,  &  Black ,  1081) .  Fo r 
example ,  whe n someon e sit s dow n i n a  restaurant , 
informatio n abou t  th e positio n o f  table s an d chair s i s no t 
typicall y accessed . 

T o tes t  fo r  on-lin e inference s o f  th e speciHe d types ,  w e 
measure d subjects '  readin g time s fo r  targe t  sentence s 
whic h require d a  pragmati c inferenc e fo r  coherence .  I n 
th e Hrs t  experimen t  w e wrot e sixtee n shor t  (1 7 line ) 
storie s eac h containin g a  goal ,  a  pla n fo r  achievin g tha t 
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goal ,  a  se t  o f  connecte d actions ,  an d associate d states . 
Eigh t  o f  th e storie s wer e «cnp < base d (e.g .  goin g t o a 
restaurant ,  goin g t o th e movies) ,  th e othe r  eigh t  wer e 
pla n bate d (e.g .  robbin g a  store ,  gettin g directions) .  Eac h 
stor y include d inferenee-atatement a whic h explicitl y 
describe d th e goal ,  th e plan ,  a n act ,  an d a  state . 
Followin g eac h o f  thes e statement s wa s a n eight-syllabl e 
target-gtatemen t  whic h require d th e precedin g 
informatio n t o b e inferre d i f  i t  wa s no t  alread y presen t  i n 
memory.  Fo r  example ,  sentenc e 2  whe n rea d alon e 
require s tha t  th e goa l  state d i n sentenc e 1  b e inferred ; 
sentenc e 3  require s a n inferenc e o f  th e pla n state d i n 
sentenc e 2 ;  sentenc e 6  m a y requir e a n actio n inferenc e 
(sentenc e 4 )  bu t  no t  a  stat e inferenc e (sentenc e S) .  (Ou r 
storie s wer e no t  a s compac t  a s thi s exampl e suggests. ) 

1. John was hungry. 
2.  Joh n hurrie d t o a  restaurant . 
3.  Joh n ordere d th e specia l  dinner . 
4.  T h e waitres s b rou^ t  th e food . 
5.  Joh n ha d silverware . 
S.  Joh n at e hi s mea l  i n a  hurry . 

Target-statements (e.g. sentence 3) were presented 
wit h thei r  associate d inference-statement s (e.g .  sentenc e 
2)  eithe r  presen t  o r  absent .  Eac h subjec t  receive d storie s 
wit h goal ,  plan ,  act ,  an d stat e inference-statement s 
absent ,  bu t  withi n an y on e stor y a  subjec t  ha d onl y on e 
hig h leve l  inferenc e typ e (goa l  o r  plan )  an d on e lo w leve l 
inferenc e typ e (ac t  o r  state )  lef t  oat .  Subject s rea d th e 
storie s on e lin e a t  a  tim e fro m a  C R T scree n an d thei r 
readin g time s fo r  th e target-statement s wer e recorded .  I t 
was assume d tha t  inferenc e generatio n woul d b e eviden t 
i n increase d readin g time s fo r  th e target-statement s i n 
th e inference-statemen t  absen t  conditions .  Afte r  th e 
readin g tas k an d a  shor t  intervenin g task ,  th e subject s 
wer e give n a  recognitio n tes t  (1- 7 scale )  whic h include d 
th e inference-statements .  Hig h recognitio n rating s fo r 
absen t  inference-statement s indicate s th e presenc e o f  th e 
inference s i n th e fina l  stor y representations . 

Tabl e 1  show s th e mea n readin g time s fo r  target -
statement s an d mea n recognitio n rating s fo r  inference -
statement s o f  th e differen t  type s i n th e presen t  an d 
absen t  conditions .  T h e analysi s o f  readin g time s showe d 
tha t  goa l  an d actio n target s too k longe r  t o rea d whe n 
thei r  inference-statement s wer e absent ,  bu t  thi s wa s no t 
th e cas e fo r  plan s o r  states .  Recognitio n result s showe d a 
specin c interactio n i n whic h state s wer e no t  falsel y 
recognize d whe n the y ar e lef t  ou t  o f  th e storie s whil e th e 
othe r  type s o f  inference-statement s were .  T h e readin g 
tim e dat a an d recognitio n dat a togethe r  suppor t  th e vie w 
tha t  goal s an d action s ar e inferre d on-lin e wherea s state s 
ar e not .  Plan s prove d problemati c an d wer e investigate d 
furthe r  i n a  secon d experiment . 



Tjrp t  o f 
Inftrtne * 

Ttrj« t  R T 

Inftranc* 
Abstn t  Prtsan t 

Inf*r«ne « RteognJtio n 

lBf»rtne« 
Absan t  Prastn t 

Coi l 
Pla n 
S U t * 
Act 

•  1.66 0 
1.62 6 
1.53 8 

•  1.59 5 

1.55 0 
1.60 1 
1.48 7 
1.44 8 

4.8 9 
4.9 5 

» 3.6 2 
4.7 5 

5.8 1 
6.0 9 
5 8 2 
S.0 6 

Tabl e 1 .  Mea n reading  time s (sec. )  an d recognitio n 
rating s fo r  th e differen t  inferenc e types . 

Thoug h th e readin g tim e differenc e fo r  plan s wa s no t 
significan t  i n th e firs t  experiment ,  th e hig h recognitio n 
ratin g fo r  absen t  plan s suggest s tha t  the y wer e inferre d 
at  som e point .  A  close r  loo k a t  th e material s reveale d a 
possibl e explanation :  knowledg e o f  th e goal s i n storie s 
wher e th e pla n inference-statement s wer e lef t  ou t  m a y 
hav e allowe d subject s t o infe r  th e plan s befor e thei r 
target-statement s wer e read .  Fo r  example ,  knowledg e o f 
th e goa l  "Joh n wa s hungry, "  m a y lea d t o a  prototypica l 
pla n expectation ,  i.e .  "goin g t o a  restaurant. '  I f  a 
prototypica l  pla n i s inferre d whe n a  goa l  i n read ,  th e 
presenc e o r  absenc e o f  th e pla n inference-statemen t  woul d 
not  hav e mad e an y difference . 

I n a  secon d experiment ,  prototypica l  plan s i n ou r 
material s wer e change d t o les s typica l  plan s t o minimiz e 
forwar d inferencin g fro m th e goals .  I n addition ,  som e 
stor y title s wer e change d t o decreas e th e chance s o f 
inferrin g a  goa l  prio r  t o readin g th e goa l  target -
statements .  Also ,  actio n inference s wer e no t  include d i n 
th e secon d experimen t  sinc e thi s effec t  ha d alread y bee n 
clearl y demonstrated . 

Th e result s o f  th e modifie d experimen t  ar e show n i n 
Tabl e 2 .  T h e readin g tim e difference s fo r  goa l  an d pla n 
inference s increase d an d plan s no w becam e significant . 
We agai n faile d t o fu d evidenc e fo r  on-lin e stat e 
inferences .  Th e recognitio n dat a remaine d consisten t 
wit h thes e results ,  showin g a  hig h fals e alar m rat e fo r 
goal s an d plans ,  bu t  no t  fo r  states . 

Typt  o f 
Inftrtne t 

Goi l 
Pla n 
Stit * 

Tirgt t .  R T 

Znftrtne * 
Absan t 

•  1.76 4 
•  1.72 0 

1.53 6 

Prasan t 

1.61 3 
1.62 6 
1.49 0 

Infarane a Racognitio N 

Infarane a 
Absan t 

5.2 8 
5.6 9 

•  3.9 7 

Prasan t 

5.9 4 
6.2 7 
5.5 6 

Tabl e 3 .  Mea n readin g time s (sec. )  an d recognitio n 
rating s fo r  th e differen t  inferenc e types . 

Take n together ,  thes e experiment s suppor t  th e vie w 
tha t  som e pragmati c inferences ,  specificall y  goals ,  plans , 
and actions ,  ar e mad e durin g readin g whil e others , 
speciflcall y lo w leve l  states ,  ar e not .  I t  i s  especiall y 
importan t  t o not e tha t  hig h leve l  inference s abou t  goal s 
and plan s ar e mad e on-line .  Thi s resul t  i s  congruen t  wit h 
model s o f  languag e comprehensio n tha t  incorporat e 
stron g to p dow n use s o f  pragmati c knowledg e durin g 

understanding .  Activ e goa l  an d pla n schemat a serv e 
durin g readin g t o organiz e otherwis e disconnecte d 
concept s i n th e text .  W e als o obtaine d indirec t  evidenc e 
fo r  on-lin e forwar d inferencin g o f  prototypica l  plan s fro m 
goal s sinc e w e wer e onl y abl e t o demonstrat e tha t  plan s 
wer e inferre d i n a  backwar d manne r  fro m pla n inference -
statement s whe n the y wer e non-prototypica l  o f  a n activ e 
goal . 

I n term s o f  lo w leve l  actions ,  th e result s suppor t  th e 
vie w tha t  scrip t  an d pla n completio n inference s 
(remembe r  tha t  w e ha d bot h script-base d an d plan-base d 
stories )  foun d i n th e representatio n afte r  readin g ar e no t 
reconstructe d a t  tes t  time ,  bu t  ar e buil t  durin g reading . 
On th e othe r  hand ,  ther e wa s n o evidenc e tha t  inference s 
abou t  state s o f  th e worl d occu r  durin g comprehension , 
eve n thoug h w e kno w tha t  the y ar e availabl e afte r 
comprehensio n an d eve n during  comprehensio n i n 
respons e t o questio n probe s (Graesser ,  1081) .  O f  course , 
some type s o f  state s m a y b e ver y importan t  an d reliabl y 
inferre d i n som e text s (Owens ,  Bower ,  &  BLck ,  1079) ; 
however ,  th e theoretica l  clai m i s tha t  lo w leve l  state s i n 
genera l  ar e inferre d on-lin e les s ofte n tha n th e othe r  type s 
of  inference s studied . 

Thi s T m e tuning *  o f  dat a abou t  th e type s o f 
inference s mad e on-lin e provide s importan t  constraint s o n 
inferenc e models .  Sinc e pragmati c inference s ar e 
probabl e rathe r  tha n necessary ,  an d sinc e ther e i s s o 
much inferentia l  materia l  availabl e a t  an y give n tim e 
fro m worl d knowledge ,  direc t  measure s ar e neede d t o tel l 
when inference s ar e mad e an d whic h type s ar e made . 
Althoug h mos t  model s o f  languag e comprehensio n includ e 
an inferencin g component ,  i t  i s  importan t  t o examin e ho w 
differen t  classe s o f  knowledg e ar e differentiall y  utilize d b y 
th e comprehensio n process . 
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