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Abstrac t 

Prediction s wer e made abou t  th e type s an d 
th e numbe r  o f  inference s t o b e foun d i n 
th e verba l  protocol s o f  subject s readin g 
difficul t  t o understan d texts .  Th e pred -
iction s wer e made o n th e basi s o f  tw o al -
ternativ e model s o f  inferenc e generation , 
th e backwar d bottom-u p inferenc e an d th e 
forwar d bottom-u p inference .  I t  wa s als o 
hypothesize d tha t  plan-goa l  an d scrip t 
inference s woul d b e store d longe r  i n ST M 
tha n coreferenc e an d rol e identificatio n 
inferences .  Thi s implie s tha t  plan-goa l 
and scrip t  inference s ar e mor e likel y t o 
be reporte d tha n coreferenc e an d rol e 
Identificatio n inferences .  Th e protoco l 
analyse s suppor t  th e backwar d bottom-u p 
inferenc e mode l  an d suppor t  th e assume d 
lengt h o f  storag e i n ST M o f  th e differen t 
type s o f  inferences . 

1. 0 Introductio n 

The stud y o f  th e generatio n o f  infer -
ence s i n tex t  comprehensio n i s Importan t 
becaus e i t  i s  believe d t o b e on e o f  th e 
main mechanis m b y whic h a  cohesiv e tex t 
representatio n i s built .  Whil e inference s 
ar e no t  t o b e equate d wit h expectations , 
i t  ha s no t  alway s bee n clea r  ho w infer -
ence s interac t  wit h top-dow n processing . 

Some researchers have proposed a for-
ward bottom-u p inferenc e model .  Th e 
inference s generate d a t  th e inpu t  o f  a 
sentenc e ar e strictl y determine d b y th e 
loca l  informatio n i n th e sentenc e an d the y 
ar e unconstraine d b y th e contex t  (Rieger , 
1975;  Thorndyke ,  1976) .  I n Thorndyke' s 
model  (1978) ,  divers e forwar d bottom-u p 
inference s ar e generate d fro m eac h ne w 
inpu t  sentence .  Thei r  numbe r  depend s o n 
th e presentatio n rat e o f  th e text ,  th e 
difficult y o f  th e text ,  th e purpos e i n 
reading ,  etc .  Some o f  thes e Inference s 
coul d the n b e compatibl e wit h a n incomin g 
sentence ,  facilitatin g it s comprehension . 

Othe r  researcher s hav e propose d back -
ward ,  constraine d model s (Havllan d an d 
Clark ,  1974 ;  Kintsc h an d va n Dijk ,  1978 ; 
Wilensky ,  1978) .  Th e inference s generate d 
fro m th e inpu t  sentenc e ar e constraine d b y 
th e previou s sentences .  Th e inference s 
ar e produce d specificall y t o establis h a 
coherenc e relatio n betwee n th e semanti c 
representatio n o f  th e curren t  sentenc e an d 
th e representatio n o f  th e text .  Th e typ e 
and numbe r  o f  inference s generate d ar e 
constraine d b y th e context . 

Consider a simplified illustration of 
Wilensky' s algorith m t o explai n event s 
(1978) .  Th e inference s generate d fro m a n 
even t  ar e possibl e plan s fo r  tha t  event . 
Those plan s ar e checke d t o se e whethe r  on e 
of  thes e plan s i s a  know n plan ,  o r  i s a 
pla n fo r  a  kno w goal ,  o r  i s  a  pla n fo r  a 
known theme ,  o r  i s a n instrumenta l  pla n 
fo r  a  kno w plan .  Constraint s ar e provide d 
by alread y asserte d o r  inferre d themes , 
goal s o r  plans ,  an d b y th e fac t  tha t  ac -
tion s mus t  b e explaine d relativ e t o them . 

Experimental evidence seem to be 
somewhat  mor e i n favo r  o f  a  backward ,  con -
straine d generatio n o f  inferences .  Th e 
result s o f  Thorndyke' s experimen t  (1976 ) 
were propose d a s a  suppor t  fo r  a  forwar d 
bottom-u p Inferenc e model .  However ,  thi s 
experimen t  migh t  suffe r  a n identlflabilit y 
problem .  Usin g previousl y experimentall y 
derive d inferences ,  a  recognitio n tes t 
wit h thos e inference s an d sentence s o f  th e 
text s i s given .  I t  i s  foun d tha t  th e 
fals e alar m rat e fo r  compatibl e inference s 
i s greate r  tha n fo r  incompatibl e infer -
ences .  However ,  suc h prediction s ca n b e 
derive d a s wel l  fro m a  backwar d bottom-u p 
Inferenc e mode l  tha n fro m a  forwar d 
bottom-u p inferenc e model .  A  backwar d 
inferenc e mode l  wil l  predic t  tha t  th e com -
patibl e inferences ,  tha t  is ,  thos e whic h 
establis h coherence ,  becom e par t  o f  th e 
tex t  representatio n an d ar e likel y t o b e 
falsel y recognize d a s tex t  sentence s (se e 
Keenan,McKoo n an d Kintsch ,  i n Kintsch , 
1974) .  Incompatibl e inferences ,  whic h d o 
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not  establis h coherence ,  d o no t  becom e 
par t  o f  th e tex t  representatio n an d ar e 
not  likel y t o b e falsel y recognized . 

In an experiment by Miller and 
Kintsc h (1980) ,  subject s hav e t o produc e 
continuation s fo r  a  sentenc e presente d b y 
Itself ,  I n a  specifi c  contex t  establishin g 
clearl y a  mai n topic ,  o r  I n a  non-seclfl c 
contex t  suggestin g many topics .  I t  I s 
predicte d an d foun d tha t  th e subject s i n 
th e n o o r  non-specifi c  contex t  wil l  rel y 
on th e loca l  constraint s provide d b y th e 
targe t  sentenc e t o produc e thes e continua -
tions -  On th e othe r  hand ,  i t  i s  predicte d 
and foun d tha t  subject s i n th e specifi c 
contex t  conditio n wil l  produc e continua -
tion s relate d t o th e mai n topic .  An y 
model  o f  inferenc e generation ,  backwar d o r 
forward ,  wil l  predic t  th e continuation s t o 
be determine d b y th e loca l  constraint s i n 
th e n o o r  non-specifi c  contexts .  However , 
a forwar d inferenc e mode l  canno t  accoun t 
fo r  th e fac t  tha t  th e continuation s pro -
duce d i n th e specifi c  contex t  conditio n 
ar e al l  relate d t o th e mai n topi c (con -
strained) ,  whil e a  backwar d Inferenc e 
model  predict s jus t  that . 

2. 0 Metho d an d Prediction s 

The stud y t o b e presente d make s pred -
iction s ove r  th e type s an d th e numbe r  o f 
inference s likel y t o h e foun d i n th e ver -
bal  protocol s o f  subject s readin g diffi -
cult-to-understan d texts .  Thes e predic -
tion s ar e base d o n th e tw o alternativ e mo -
del s o f  inferenc e generation ,  th e forwar d 
and th e backwar d models ,  the y ar e base d o n 
assumed o r  know n propertie s o f  th e memor y 
storag e o f  inferences ,  an d the y ar e base d 
on th e theor y o f  verba l  report s (Ericsso n 
and Simon ,  1980) . 

Nine subjects were trained to make 
thlnking-alou d an d retrospectiv e report s 
on thei r  inference s o n twelv e practic e 
texts .  I t  wa s emphasize d tha t  the y shoul d 
not  tr y t o repor t  al l  th e Inference s tha t 
the y coul d eventuall y make ,  bu t  onl y re -
por t  th e inference s the y wer e makin g auto -
matically ,  withou t  effort .  However ,  the y 
wer e als o Instructe d tha t  som e text s migh t 
be harde r  tha n other s an d tha t  I t  woul d b e 
norma l  t o fin d th e productio n o f  infer -
ence s mor e difficul t  i n thos e cases ,  bu t 
stil l  t o repor t  them . 

The text s use d wer e "Paul' s Outing " 
(Collins ,  Brow n an d Larkln ,  1977) ,  "Th e 
Crowd" ,  a n adaptatio n o f  a  tex t  use d b y 
Bransfor d an d Johnso n (1973) ,  an d "Noon , 
Downtown" ,  a  shor t  humourou s narrative . 
I n al l  th e texts ,  th e las t  sentenc e indi -
cate d clearl y th e topi c o f  th e text .  Th e 
tex t  "Th e Crowd "  i s mor e descriptiv e tha n 
narrative . 

For an Inference to be reported, it. 
must  b e store d i n ST M an d durin g a  minima l 
amount  o f  tim e (Ericsso n an d Simon ,  1980) . 
Inference s likel y t o b e reporte d ar e 
Inference s o f  plan s an d goals ,  an d infer -
ence s o f  script s (Schan k an d Abelson , 
1977) .  I n th e protocols ,  explici t  infer -
ence s o f  plan s an d goal s woul d b e like : 
"Th e drive r  wen t  underneat h th e truc k t o 
repai r  it." .  Explici t  inference s o f 
script s woul d b e like :  "Thi s i s goin g t o 
be abou t  traffic. "  o r  "H e seem s t o g o t o a 
movie." . 

Inferences of plans and goals are 
likel y t o b e reporte d becaus e the y ar e th e 
majo r  coherenc e relation s i n th e tex t  re -
presentatio n o f  narratives .  The y nee d t o 
be store d lon g enoug h i n ST M (shor t  ter m 
memory)  t o buil d th e cohesiv e tex t  repre -
sentatio n an d the y becom e a  permanen t  par t 
of  th e tex t  representation .  Inference s o f 
script s ar e likel y t o b e reporte d becaus e 
th e script s ar e use d t o interpre t  a  cer -
tai n numbe r  o f  sentence s an d ar e th e basi s 
of  th e tex t  representation . 

Inferences not likely to be reported 
ar e coreferenc e relation s an d rol e iden -
tifications .  Coreferenc e relation s ar e 
th e determinatio n o f  th e referen t  o f  a 
pronou n o r  a  definit e description .  The y 
ar e ofte n made automatically ,  o n th e basi s 
of  th e structur e o f  th e text ,  withou t  re -
quirin g ST M t o stor e intermediat e computa -
tions ,  an d therefore ,  ar e no t  likel y t o b e 
reported .  Rol e identification s ar e th e 
recognitio n tha t  a  stor y characte r  o r  ob -
jec t  correspon d t o a  scrip t  characte r  o r 
object .  Th e recognitio n i s mad e o n th e 
basi s o f  functiona l  o r  categorica l  infor -
matio n provide d b y th e text .  Presumably , 
thi s i s accomplise d throug h direc t 
pattern-matchin g an d therefor e doe s no t 
use ST M t o stor e Intermediat e result s an d 
canno t  b e reported .  However ,  i f  th e in -
ferre d coreferenc e o r  rol e identificatio n 
reveal s itsel f  t o b e Inadequate ,  i t  i s 
likel y tha t  th e reade r  wil l  repor t  th e in -
adequac y an d wil l  repor t  th e ne w assign -
ment  . 
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For  eac h text ,  a  se t  o f  inference s 
were a  prior i  derive d an d predicte d t o ap -
pear  explicitly ,  eithe r  frequentl y o r  in -
frequently ,  i n th e protocols . 

It Is predicted that the most fre-
quent  explici t  inference s wil l  b e thos e o f 
plan s an d goals ,  an d scripts .  A  relate d 
predictio n i s tha t  th e mos t  frequentl y im -
plici t  inference s wil l  b e thos e o f  co -
reference s an d rol e identifications .  B y 
implicit ,  i t  i s  mean t  tha t  th e protoco l 
i n icate s rathe r  certainl y tha t  th e infer -
ence wa s made bu t  onl y indirectly .  Fo r 
example ,  suppos e tw o o f  th e sentence s 
were :  "Pau l  plunke d dow n $ 5 a t  th e win -
dow... .  bu t  h e refuse d t o tak e it." . 
Suppose als o tha t  th e protoco l  contain s 
somethin g like :  "Well ,  I  couldn' t  under -
stan d wh y Joh n wouldn' t  tak e th e change." . 
I t  i s  clea r  tha t  th e reade r  mad e th e co -
referenc e relatio n betwee n "he "  an d 
"John" . 

According to the backward bottom-up 
inferenc e models ,  plan-goa l  inference s 
shoul d b e reporte d onl y afte r  th e even t 
the y hel p t o explai n i s read ,  an d i n mos t 
cases ,  onl y on e coherenc e relatio n shoul d 
be reporte d fo r  tha t  event .  Accordin g t o 
th e forwar d bottom-u p inferenc e model s 
(Thorndyke ,  1976),  numerou s inference s 
coul d b e reporte d whe n a  sentenc e i s read , 
potentiall y  explainin g a n even t  i n a 
futur e sentence . 

The protocols were analysed In terms 
of  th e type s an d frequenc y o f  th e expli -
citl y  an d implicitl y  reporte d inferences . 
A simpl e consistenc y checkin g wa s per -
forme d o n th e classificatio n o f  th e Infer -
ence s usin g a  thir d o f  th e protocol s ( 9 
out  o f  27) .  Th e consistenc y estimat e wa s 
about  .95 . 

In every case of a reported coherence 
relation ,  i t  ha s bee n reporte d afte r  th e 
even t  I t  explained ,  an d i n onl y on e cas e 
has ther e ee n or e tha n on e coherenc e re -
latio n propose d (ther e wer e two) .  Thi s i s 
consisten t  wit h a  backwar d bottom-u p 
inferenc e model . 

Table 1 presents the types, predicted 
frequencie s an d observe d frequencie s i n 
th e protocol s o f  th e a  prior i  determine d 
inferences . 

reporte d tha n coreferenc e o r  rol e identif -
icatio n Inferences . 

Table 2 presents the frequencies of 
inference s explicitl y  generated ,  implicit -
l y  generate d an d o f  inference s fo r  whic h 
ther e i s n o indicatio n i n th e protocol s 
tha t  the y hav e bee n made .  Th e dat a ar e 
summed ove r  th e tw o method s becaus e whil e 
ther e i s a  sligh t  tendenc y fo r  mor e infer -
ence s t o b e reporte d i n th e thinklng-alou d 
reports ,  thi s i s no t  tru e fo r  al l  stories . 

Scrip t  an d plan-goa l  Inference s ar e 
more ofte n explici t  tha n implici t  o r  no t 
mentionned ,  whil e coreferenc e an d rol e 
Identificatio n inference s ar e mos t  ofte n 
implicit . 

The location and the number of in-
ferre d coherenc e relation s suppor t  a  back -
ward bottom-u p inferenc e model .  Th e gre -
ate r  frequenc y o f  reporte d plan-goa l  an d 
scrip t  inference s i s consisten t  wit h thei r 
assumed lengt h o f  storag e i n ST M an d LTM. 
The relativ e unfrequenc y o f  rol e identifi -
catio n an d coreferenc e inference s support s 
thei r  assume d automaticit y an d lac k o f  us e 
of  ST M t o stor e intermadiat e results . 

The somewhat less good fit of the 
dat a t o th e prediction s i n "Th e Crowd " 
migh t  b e du e t o th e fac t  tha t  "Th e Crowd " 
i s mor e descriptiv e tha n narrativ e an c 
tha t  th e model s fo r  inferenc e generatlo r 
wer e devise d fo r  narratives . 

Tabl e 1 
Observe d frequencie s o f  eac h instanc e 

of  th e predicte d inference s 
summed ove r  th e tw o method s 

NOON,  DOWNTOWN (eac h o n a  tota l  o f  5 ) 

Pitdicreo freijoooL, 
p- g caust -  p  H  p  I s p- g p ^  p- g 
5 3  4 1 4 2 3 M=. 6 

Predicted unfrequent: 
None o f  th e 6  instance s o f  coreference s 
has bee n observe d i n an y protoco l  M= . 0 

The overal l  frequenc y o f  th e predict -
ed frequen t  inference s i s .65 ,  an d o f  th e 
unfrequen t  one s i s .11 . 

As was predicted, plan-goal and 
scrip t  inference s ar e muc h mor e ferquentl y 

119 



PAUL' S OUTIN G (ove r  a  tota l  o f  6 ) 

Predicted frequent: 
p- g p- g p- g p- g 

5 5  6  5 M-  . 9 
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Predicte d unfrequent : 
cor  co r  rol e rol e rol e rol e caus e 

1 2 0  1 0 1  0 
rol e caus e 

0 2  M= . 1 

THE CROWD (ove r  a  tota l  o f  6 ) 

Predicted frequent: 
sc r  sc r  p- g sc r  sc r  caus e sc r 

1 3 4  2  4  1  3  M= . 5 

Predicted unfrequent: 
rol e rol e co r  rol e co r 

1 1 0 1 0 
imp l  Imp l 

2 1  M= . 2 

p- g =  plan-goa l  rol e = 
role-identlflcatio n 

sc r  =  scrip t  imp l  =  implicatur e 
M =  mea n 

Tabl e 2 
Type s an d frequencie s o f  inference s 

as a  functio n o f  storie s 
and methods . 

NOON,  DOWNTOWb 

EXPLICI T 
21 p- g 
0 co r 

PAUL' S OUTIN G 

EXPLICI T 
20 p- g 
3 co r 
2 rol e 
1 caus e 

THE CROWD 

EXPLICI T 
16(15 )  p- g 

5(4 )  rol e 
3 imp l 
1 caus e 

1(0 )  co r 

I 

IMPLICI T 
6(2 )  p- g 

12 co r 

IMPLICI T 
3(2 )  p- g 

9 co r 
12 rol e 

IMPLICI T 
7 rol e 
7 co r 
1(0 )  p- g 

NOT FOUND 
3(5 )  p- g 

NOT FOUND 
1(0 )  p- g 

NOT FOUND 
11(12 )  p- g 
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