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Abstract

Predictions were made about the types and
the number of 1inferences to be found in
the verbal protocols of subjects reading
difficult to understand texts. The pred-
ictions were made on the basis of two al-
ternative models of inference generation,
the backward bottom—up inference and the
forward bottom-up inference. It was also
hypothesized that plan-goal and script
inferences would be stored longer in STM
than coreference and role identification
inferences. This implies that plan-goal
and script inferences are more 1likely to
be reported than coreference and role
identification inferences. The protocol
analyses support the backward bottom-up
inference model and support the assumed
length of storage in STM of the different
types of inferences.

1.0 Introduction

The study of the generation of infer-
ences 1in text comprehension is important
because it is believed to be one of the
main mechanism by which a cohesive text
representation is built. While inferences
are not to be equated with expectations,
it has not always been clear how infer-
ences interact with top-down processing.

Some researchers have proposed a for-
ward bottom-up inference model. The
inferences generated at the input of a
sentence are strictly determined by the
local information in the sentence and they
are unconstrained by the context (Rieger,
1975; Thorndyke, 1976). In Thorndyke's
model (1978), diverse forward bottom-up
inferences are generated from each new
input sentence. Their number depends on
the presentation rate of the text, the
difficulty of the text, the purpose in
reading, etc. Some of these inferences
could then be compatible with an incoming
sentence, facilitating its comprehension.

Other researchers have proposed back-
ward, constrained models (Haviland and
Clark, 1974; Kintsch and van Dijk, 1978;
Wilensky, 1978). The inferences generated
from the input sentence are constrained by
the previous sentences. The inferences
are produced specifically nghgétablish_:;
coherence relation between Ebg'ggmantié
representation of the current sentence and
the representaffbﬁ_gf the text. The t}EE
and number of inferences generated are

constrained by the context.

Consider a simplified illustration of
Wilensky's algorithm to explain events
(1978). The inferences generated from an
event are possible plans for that event.
Those plans are checked to see whether one
of these plans 1s a known plan, or is a
plan for a know goal, or is a plan for a
known theme, or 1s an instrumental plan
for a know plan. Constraints are provided
by already asserted or inferred themes,
goals or plans, and by the fact that ac-
tions must be explained relative to them.

Experimental evidence seem to be
somewhat more in favor of a backward, con-
strained generation of inferences. The
results of Thorndyke's experiment (1976)
were proposed as a support for a forward
bottom—up 1inference model. However, this
experiment might suffer an identifiability
problem. Using previously experimentally
derived 1inferences, a recognition test
with those inferences and sentences of the
texts is given. It is found that the
false alarm rate for compatible inferences
is greater than for 1ncompatible infer-
ences. However, such predictions can be
derived as well from a backward bottom-up
inference model than from a forward
bottom—up inference model. A backward
inference model will predict that the com-—
patible inferences, that is, those which
establish coherence, become part of the
text representation and are likely to be
falsely recognized as text sentences (see
Keenan,McKoon and Kintsch, 1in Kintsch,
1974). Incompatible inferences, which do
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not establish coherence, do not become
part of the text representation and are
not likely to be falsely recognized.

In an experiment by Miller and
Kintsch (1980), subjects have to produce
continuations for a sentence presented by
itself, in a specific context establishing
clearly a main topic, or in a non-secific
context suggesting many topics. It is
predicted and found that the subjects in
the no or non-specific context will rely
on the local constraints provided by the
target sentence to produce these continua-
tions. On the other hand, it is predicted
and found that subjects in the specific
context condition will produce continua-
tions related to the main topic. Any
model of inference generation, backward or
forward, will predict the continuations to
be determined by the local constraints in
the no or non-specific contexts. However,
a forward inference model cannot account
for the fact that the continuations pro-
duced in the specific context condition
are all related to the main topic (con-
strained), while a backward inference
model predicts just that.

2.0 Method and Predictions

The study to be presented makes pred-
ictions over the types and the number of
inferences likely to be found in the ver-
bal protocols of subjects reading diffi-
cult-to—-understand texts. These predic-
tions are based on the two alternative mo-
dels of inference generation, the forward
and the backward models, they are based on
assumed or known properties of the memory
storage of inferences, and they are based
on the theory of verbal reports (Ericsson
and Simon, 1980).

Nine subjects were trained to make
thinking-aloud and retrospective reports
on their inferences on twelve practice
texts. It was emphasized that they should
not try to report all the inferences that
they could eventually make, but only re-
port the inferences they were making auto-
matically, without effort. However, they
were also instructed that some texts might
be harder than others and that it would be
normal to find the production of infer-
ences more difficult in those cases, but
still to report them.
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The texts used were "“Paul's Outing”
(Collins, Brown and Larkin, 1977), “"The
Crowd", an adaptation of a text wused by
Bransford and Johnson (1973), and "Noon,
Downtown", a short humourous narrative.
In all the texts, the last sentence indi-
cated clearly the topic of the text. The
text "The Crowd” is more descriptive than
narrative.

For an inference to be reported, it
must be stored in STM and during a minimal
amount of time (Ericsson and Simon, 1980).
Inferences likely to be reported are
inferences of plans and goals, and infer-
ences of scripts (Schank and Abelson,
1977). 1In the protocols, explicit infer-
ences of plans and goals would be like:
"The driver went underneath the truck to
repair it.”. Explicit inferences of
scripts would be like: "This is going to
be about traffic.” or "He seems to go to a
movie.".

Inferences of plans and goals are
likely to be reported because they are the
ma jor coherence relations in the text re-
presentation of narratives. They need to
be stored long enough in STM (short term
memory) to build the cohesive text repre-
sentation and they become a permanent part
of the text representation. Inferences of
scripts are likely to be reported because
the scripts are used to interpret a cer-
tain number of sentences and are the basis
of the text representation.

Inferences not likely to be reported
are coreference relations and role iden-
tifications. Coreference relations are
the determination of the referent of a
pronoun or a definite description. They
are often made automatically, on the basis
of the structure of the text, without re-
quiring STM to store intermediate computa-
tions, and therefore, are not likely to be
reported. Role 1identifications are the
recognition that a story character or ob-
ject correspond to a script character or
object. The recognition is made on the
basis of functional or categorical infor-
mation provided by the text. Presumably,
this is  accomplised through direct
pattern-matching and therefore does not
use STM to store intermediate results and
cannot be reported. However, if the in-
ferred coreference or role identification
reveals itself to be inadequate, it 1is
likely that the reader will report the in-
adequacy and will report the new assign-
ment .



For each text, a set of inferences
were a priori derived and predicted to ap-
pear explicitly, either frequently or in-
frequently, in the protocols.

It is predicted that the most fre-
quent explicit inferences will be those of
plans and goals, and scripts. A related
prediction is that the most frequently im-
plicit inferences will be those of co-
references and role identifications. By
implicit, it is meant that the protocol
in icates rather certainly that the infer-
ence was made but only indirectly. For
example, suppose two of the sentences
were: "Paul plunked down $5 at the win-
dow....but he refused to take 1it.".
Suppose also that the protocol contains
something 1like: "Well, I couldn't under-
stand why John wouldn't take the change.”.
It 1s clear that the reader made the co-
reference relation  between "he”  and
"John".

According to the backward bottom-up
inference models, plan—-goal inferences
should be reported only after the event
they help to explain is read, and in most
cases, only one coherence relation should
be reported for that event. According to
the forward bottom-up 1inference models
(Thorndyke, 1976), numerous inferences

could be reported when a sentence is read,
potentially explaining an event in a
future sentence.

The protocols were analysed in terms
of the types and frequency of the expli-
citly and implicitly reported inferences.
A simple consistency checking was per-
formed on the classification of the infer-
ences using a third of the protocols (9
out of 27). The consistency estimate was
about .95.

In every case of a reported coherence
relation, 1t has been reported after the
event it explained, and in only one case
has there een ore than one coherence re-
lation proposed (there were two). This is
consistent with a backward bottom-up
inference model.

Table 1 presents the types, predicted
frequencies and observed frequencies in
the protocols of the a priori determined
inferences.

The overall frequency of the predict-
ed frequent inferences is .65, and of the
unfrequent ones is .ll1.

As was predicted, plan-goal and
script inferences are much more ferquently

reported than coreference or role identif-
ication inferences.

Table 2 presents the frequencies of
inferences explicitly generated, implicit-
ly generated and of inferences for which
there 1is no indication in the protocols
that they have been made. The data are
summed over the two methods because while
there is a slight tendency for more infer-
ences to be reported in the thinking-aloud
reports, this is not true for all stories.

Script and plan-goal inferences are
more often explicit than implicit or not
mentionned, while coreference and role
identification inferences are most often
implicit.

The location and the number of in-
ferred cohecrence relations support a back-
ward bottom-up inference model. The gre-
ater frequency of reported plan-goal and
script inferences is consistent with their
assumed length of storage in STM and LTM.
The relative unfrequency of role identifi-
cation and coreference inferences supports
their assumed automaticity and lack of use
of STM to store intermadiate results.

The somewhat less good fit of the
data to the predictions in "The Crowd"
might be due to the fact that "The Crowd'
is more descriptive than narrative anc
that the models for inference generatior
were devised for narratives.

Table 1
Observed frequencies of each instance
of the predicted inferences
summed over the two methods

NOON, DOWNTOWN (each on a total of 5)

Predicrea frequent,
P8 CaUsSe p g P K PR PR P8
5 3 4 1 4 2 3 M= .6

Predicted unfrequent:
None of the 6 instances of coreferences
has been observed in any protocol M= .0
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PAUL'S OUTING (over a total of 6)

Predicted frequent:
P™8 P8 P8 P8
5 5 6 5 M= .9

Predicted unfrequent:
cor cor role role role role cause

1 2 0 1 0 1 0
role cause
0 2 M= .1

THE CROWD (over a total of 6)

Predicted frequent:
SCr SCr p—g SCr SCr cause scr
1 3 4 2 4 1 3 M= .5

Predicted unfrequent:
role role cor role cor
1 1 0o 1 0
impl impl
2 1 M= .2

[

p—g = plan—-goal role
role-identification
scr = script impl

M = mean

implicature

Table 2
Types and frequencies of inferences
as a function of stories
and methods.

NOON, DOWNTOWN

EXPLICIT IMPLICIT NOT FOUND
21 p-g 6(2) p-g 3(5) p-g
0 cor 12 cor

PAUL'S OUTING

EXPLICIT IMPLICIT NOT FOUND
20 p-g 3(2) p-g 1(0) p-g
3 cor 9 cor
2 role 12 role
1 cause
THE CROWD
EXPLICIT IMPLICIT NOT FOUND
16(15) p-g 7 role 11(12) p-g

5(4) role 7 cor
3 impl 1(0) p-g
1 cause

1(0) cor

120

Acknowledgment

I would like to thank Dr. Anders Er-
icsson for his useful advice and encour-
agement .

References

Bransford, J. D., Johnson, M. K.
Contextual Prerequisites for Understand-
ing: Some Investigations of Comprehen-
sion and Recall. Journal of Verbal

Learning and Verbal Behavior, 1972, A1,
717-726.

Collins, A. M., Brown, J. S., Larkin, K.
M. Inference in Text Understanding.
Technical Report No. 40. Bolt, Bera-
neck and Newman, 1977.

Ericsson, K. A., Simon, H. A. Verbal
Reports as Data. Psychological Review,
1980, 87, 215-251.

Kintsch, W. The Representation of Meaning

in Memory._—_Hillsdale, N.J.: Erlbaum,
1974.

Kintsch, W., van Dijk, T. A. Toward a
Model of Text Comprehension and Produc-
tion. Psychological Review, 1978, 85,
363-394. o

Miller, J. R., Kintsch, W.
Knowledge-based Aspects of  Prose
Comprehension and Readability.

Presented at the annual meeting of the
American Educational Research Associa-
tion, Boston, April 1980.

Rieger, C. Conceptual Memory and Infer-
ence. In R. Cs Schank (Ed.),
Conceptual Information Processing.
Amsterdam: North-Holland, 1975.

Schank, R. C., Abelson, R. P. Scripts,
Plans, Goals, and Understanding.
Lawrence Erlbaum, 1977.

Thorndyke, P. W. The Role of Inferences
in Discourse Comprehension. Journal of

Verbal Learning and Verbal Behavior,
1976, 15, 437-446.

Wilensky, R. Understanding  Goal-based
Stories. Research Report No. 140, De-

partment of Computer Science, Yale Un-
iversity, 1978.




	cogsci_1981_117-120



