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ABSTRACT

In the course of understanding a text, a suc-
cession of decision points arise at which readers
are faced with the task of choosing among alterna=-
tive possible interpretations of what they're
reading. Careful analysis of a wide range of sam—
ple texts reveals that such decisions are often
based on complex evaluations of the interpretation
being constructed, and sometimes cause the reader
to construct and discard a number of intermediate
inferences before settling on a final interpreta-
tion for a text.

This paper describes Judgmental Inference
theory as a proposed scheme of evaluation metrics
and mechanisms, derived from examination of infer-
ence decisions arising during text understanding.
A series of programs, ARTHUR, MACARTHUR and JUDGE
are briefly described, which incorporate some of
the metrics and mechanisms of Judgmental Inference,
enabling them to understand texts more complex than
those that can be handled by other understanding
systems.

1.0 Introduction

Many national newspapers carried front-page
versions of the following story early this year:

[1] A Nicaraguan soldier, who last year made a
public statement alleging Cuban, Ethiopian and
Nicaraguan military aid to Salvadorian leftist
querrillas, today publicly retracted his story
at a State Department news conference.

Why did the Nicaraguan soldier make the statements
he made, a year ago and now? Why did the State
Department hold these two news conferences? It is
possible that the State Department had some reason
for holding the news conference, iptending the
Nicaraquan soldier to recant; but most readers
assume that the State Department had different in-
tentions that were not fulfilled, for reasons out
of their control. Indeed, most readers don't even
consciously think of the former interpretation,
even though it is a logical possible alternmative
explanation of the events,

Our analysis of examples like this has led to
the identification of decision points at which hu=
man understanders are faced with the task of
choosing particular inferential paths fram among an
array of possible alternatives. These inference
decisions are based on complex evaluation metrics
for judging the appropriateness of a particular
inference, and on mechanisms for constructing and
Ievising interpretations during understanding.
Judgmental Inference theory (Granger [1982]) con—
sists of a set of evaluation metrics and mechanisms
derived from examination of inference decisions
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arising during text understanding. This paper de-
scribes how some of these judgmental metrics and
mechanisms are applied during understanding.

We view this work as compatible with and com—
plementary to research that focuses primarily on

as Schank and Abelson [1977], Wilensky [1980],
Charniak [1980]. By examining the occurrences of
inference decisions during understanding, we intend
to provide a look at the mechanisms by which such
representations are chosen, constructed, judged,
confirmed and/or discarded during the processing of
a text,

2.0 Illustration of understanders' decisions
2.1 Evaluating and supplanting inferences
Consider the following example:

[2] Rathy and Chris were playing golf. RKathy hit
a shot into the rough. She wanted to let her
good friend Chris win the game.

Most readers assume that the reason Kathy hit her
shot into the rough was to increase her opponent's
chances of winning, out of friendship. However,
consider the following:

[3] Ken and Carl were playing golf. FKen hit a
shot into the rough.

Fram reading just this two-sentence version, people
infer that Ken and Carl both were playing to win,
and that Ken's bad shot therefore was accidental
and will hinder his goal of winning the game.
However, after readers have read the third sentence
that appears in version [2], they appear to have
changed this initial interpretation a great deal.
It is not just that Kathy doesn't want to win the
game, but also that she probably made her bad shot
on purpose, not accidentally. Virtually all read-
ers arrive at this interpretation by the end of

this example, by supplanting some of their initial
inferences with new ones (see Granger [1980]).

2.2 Evaluation metrics of cohesion and parsimony

Why do people arrive at this different inter-
pretation about Kathy's action in this example?
The answer is far from obvious. In particular,
there is no question of logical consistency herej
the interpretation that Kathy hoped to lose the
game but that her bad shot was nonetheless acci-
dental is just as logically consistent as the one
that people actually infer, namely that her bad
shot was intentional, not accidental.

It turns out that the scope of this phenamenon
is very wide: people often arrive at interpreta-
tions that appear to involve the supplanting of
initial inferences, even when that extra work is
not necessary on grounds of logical consistency.
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(A large number of additional text examples of this
phenomenon are given in Granger [1980] and [1982].)

The decision to reject an initial inference,
then, must depend on an evaluation of the repre-
sentation based on some metric other than logical
consistency. One such evaluation metric that was
(implicitly) incorporated into previous theories of
inference generation (e.g. FRumelhart [1981],
Crothers [1978], Bower, Black and Turner [1979],
Schank (1973]) we hﬂve termed the "cohegion met-
ric®. The cohesion metric requires that every
statement in a text be connected to at least one
other, resulting in all the pieces of the text
representation being tied together via either ref-
erential, causal or intentional connective infer-
ences.

Cohesion by itself is not sufficient to eval-
uate the goodness of a text representation, how—
ever, Another evaluation metric, identified in our
previous work (Granger [1980]), measures the
parsimony of a representation, with respect to the
goals that motivate the events in the text. For
instance, consider the following example:

(4] Doug went to a gas station. BHe robbed it and
got away with $50.

(a) Doug went to the gas station intending to
get gas, and then he changed his mind and
decided to rob the station instead;

(b) Doug went to the gas station intending to
rob it.

Just as in the "golf" example [3], this example can
be interpreted in two different ways, both of which
are not only logically consistent, but also refer-
entially and causally cohesive, since Doug had to
get to the gas station before he could rob it, re-
gardless of his intentions in performing those ac—
tions.

Therefore, the cohesion metric does not dif-
ferentiate between these two alternative interpre—
tations, but people do: they universally seem to
generate interpretation (b), which consists of a
single goal (getting money from the gas station),
and in fact they rarely even consciously notice the
possibility of (a), which consists of two separate
goals each explaining one of Doug's actions. The
evaluation metric of parsimony essentially tests
that an interpretation be maximally parsimonious
with respect to the number of goals used to explain
the events in the story; i.e., the fewer separate
motives inferred to account for the story events,
the better.

(Note: an evaluation of an unparsimonious
interpretation will not always result in the deci-
sion to supplant inferences; sometimes readers
leave "loose ends® in their interpretation, to be
resolved later. See Granger [1982] for a discus-
sion of loose ends.)

2.3 Shaping interpretations of behavior

We have identified some further evaluations
that understanders perform, beyond cohesion and
parsimony, which arise when a reader is led to
"doubt® any part of his interpretation of a text.
Such doubts can be instilled either by information
presented in the text, or by "extra-textual" fac-
tors (see Granger ([198l1]) which may steer the
reader away from an otherwise plausible interpre-
tation. Examples of such "doubt-factors®" include
the reader's knowledge of the reliability of the
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text source (e.g., the difference between the New
York Times and the National Enquirer); knowledge
of an actor's deviousness (e.g., a car salesman
vs. a priest); relative boredom or interest, i.e.,
the reader's desire to pursue possible alternative
interpretations va. just settling on a default in-
terpretation that's "good enough". An easy way to
induce a doubt factor in a reader is to simply tell
him that his initial interpretation is incorrect;
i.e., explicitly ask for a new and different in-
terpretation of a text.

It turns out that readers are very capable of
producing a series of such alternative interpreta-
tions of texts when they're continually told their
initial interpretation is incorrect. For instance,
following is a story adapted from a newspaper text,
along with a series of interpretations informally
elicited from a subject:

[S] The Pakistani ambassador to the United States
made an unscheduled stop in Albania on his way
home to what an aide of the ambassador de-
scribed as "a working vacation”.

Ql) wWhy did the ambassador go to Albania?
Al) It looks like he was on vacation — he went

-

to Albania first and then to home, I guess
Q2) No, that's not the real reason. Why did he
go to Albania?

@3) Still not it, but try again; why did he go
A3) Ok, maybe, well he's an ambassador, S0 he

.+« 50 it could have been a meeting, like
'Ehuttle diplm. wee but it was Sup~
posed to be a secret, so that's why they
said it was unscheduled.

These different interpretations of (5] are
each based on different interpretations of the
actor's reasons for doing what he did. It is nat-
ural that different behavior interpretations should
give rise to different text interpretations; most
current theories of text representation focus pri-
marily on representation of the events described in
the text, rather than on a more "syntactic" analy-
sis of the structure of the text itself.

Our analysis of this and similar examples has
revealed a large class of inference evaluations
people perform based on their attempts to decide
what kind of behavior an actor has performed, for
instance:

1. "simple®™ goal pursuit, e.g., "John was hungry,
so he ate a hamburger®;

2. "complex" goal pursuit, (i.e., goal interac-
tions; see Wilensky [1979]) — e.g., “John
wanted to see the football game but he also had
a paper due the next day" (goal conflict);

3. deceptive or intentionally misleading behavior,
e.g.s "Clark wanted Lois to think he was drunk,
s0 he smiled and fell off the barstool onto the
ground™;

4, accidental (non-goal-directed) behavior, e.g.,
"Jack smiled and fell off the barstool onto the
ground” (1) ;



5. impromptu reactions to unplanned-for contin-
gencies, e.dg., "Bill threw himself under the
jeep when he saw the man pull a qun”,

Our classification scheme for dividing up the
gamut of possible interpretations of behavior
(e.g., intentional vB. unintentional at the top
level, subdividing intentional behaviors into sim-
ple, deceptive, pre—planned, impromptu, etc., and
unintentional behavior into various types of fail-
ures such as skill failure, information failure,
etc,) is described in detail in Granger [1982]. We
call each of these subdivisions an
interpretation-"shape”, since categorizing an
actor's behavior into one of these classes will
result in a particular shape of the representation
graph constructed, and because re-interpreting an
actor's behavior results in re-shaping the repre-
sentation.

We have implemented two computer programs,
ARTHUR and MACARTHUR, which incorporate the evalu~
ation metrics of cohesion, parsimony, and shapes to
produce interpretations of texts that cannot be
handled by other text-understanding systems.
Granger [1982] gives sample output of the operation
of these programs on some of the text examples
discussed above,

3.0 Additional categories of inference decisions
3,1 "Suspicious” understanding

It is often impossible for an understander to
identify the "correct” interpretation shape for an
actor's behavior. Por instance, consider the fol-
lowing version of a story that was on the front
page of a number of national newspapers earlier
this year:

[6] A report by the New York State Racing and
Wagering Board released today states unequiv-
ocally that leading jockeys conspired to "fix"
at least 13 races in the mid-1970's, and that
the jockeys have been "patently unbelievable”
in denying their involvement in the scheme.

Understanding (6] requires the recognition
that the observed behavior of jockeys can be very
difficult to classify as either "accidental™ or
"deceptive®. HBence, a jockey (or a jai-alai
player, boxer, etc.) may lose a competition without
an observer's being able to tell whether he did it
intentionally or accidentally.

These are special cases of the general problem
of detecting deceptive behavior by using knowledge
of "cover stories”. Same recent work in AI (e.g.,
Bruce and Newman [1978]) has pointed out that a
method of maintaining separate "belief spaces" for
different actors is crucial for understanding de—
ception. However, understanding deception can also
require a great deal more than this; in particu-
lar, a more subtle deceiver will typically try to
cause observers to infer for themselves same false
interpretation of his actions, thereby covering up
the real reasons. Political propaganda, adver-
tisements for products, and face-saving “white
lies™ are all examples of this kind of deception.
The ability to understand (and generate) complex
deceptive behavior such as this depends not only on
separate belief spaces, but also on the ability to
construct plausible altermative explanations for
events, The more plausible the alternative ex-
planation, the more likely the deception is to
succeed in misleading understanders.

A "suspicious” understander is one who can (at
least) construct alternative interpretations of
events, and then can attempt to decide among them,
typically by ogathering additional information.
Such information-gathering is based on finding a
possible motive, i.e., finding a plausible explan—
ation that the "obvious” explanation is intended to
cover, The JUDGE program, currently under con—
struction, is being designed to make use of knowl-
edge of the shapes of alternative interpretations
to detect plausible cover stories in the domain of
criminal investigation. For more descriptions of
cover stories and JUDGE, see Granger [1982], and
Granger and Eiselt [1982].

3.2 OUnderstanding accidents

We have also investigated the types of
accidental behavior that can be described in texts,
and the relations between accidental and goal-
directed behavicor. For example recall Ken, who
accidentally hit his golf shot into the rough.
Although his action of of striking the ball was
intentional, the causal outcome of the ball ending
up in the rough was unintended. We have classified
Ren's problem as a "gkill failgre”, i.e., an
intentionally-performed physical action which re—
sults in a non-intended outcome as a result of some
physical lack. There are a number of other types
of intention-accident pairs like this, such as
"information failure®", "too-shallow planning®, etc.
For a further discussion of accidents and how to
understand them, see Granger ([1982], and Meehan
[1981].

4.0 Conclusions and future research directions

4.1 wWhat we're proposing

We have observed that people's understanding
behavior is marked by an ongoing process of making
inference decisions. Among the decisions under-
standers implicitly make are:

1. 1Is the interpretation referentially and
causally cohesive?

2, Is the interpretation parsimonious with respect
to the actors' intentions?

3. Is there reason to doubt or be suspicious of
the shape of the initial interpretation?

4, Is there reason enough to revise the interpre-
tation (supplant, re—ahape etc) or should it
be left with "loose ends"?

The evaluation metrics and the construction and
revision processes of Judgmental Inference

are derived directly from our observations and
analyses of some of the classes of inference
decisions that readers are faced with during the
task of text understanding.

We view these theories as compatible with and
complementary to theories of text representations,
since we intend to describe the mechanisme by which
such representations are chosen, constructed,
judged, confirmed and/or discarded in the process
of understanding, Our theories have so far been
incorporated into two working computer programs,
ARTHUR and MACARTHUR, and are currently being used
as the design impetus for a new computer system
called JUDGE, and for a series of psychological and
neurophysiological experiments, briefly described
below, to test the correspondence of our thecries
to people's actual understanding behavior.

4.2 Minds, brains and processes
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A number of researchers in the neurosciences
(e.9., Arbib [1979], Geschwind [1980]) have pointed
out that brain research might help guide parts of
cognitive science and Al research, and vice versa.
One particular issue that has been pointed out
frequently is that "there is no evidence for the
existence of any all-purpose computer [in the
brain]. Instead, there seems to be a multiplicity
of systems for highly special tasks." (Geschwind
(1980], p.191). Our research on inference
decisions has indeed led us away fram viewing human
understanding behavior as arising fram a "general
purpose computer®; we have ended up instead
deriving a number of special-purpose mechanisms,
e.d., inference pursuit, evaluation, supplanting,
re=shaping, which comprise our "judgmental infer-
ence" model of understanding.

We are currently designing a mumber of
psychological and neurological experiments on in-
ference decisions, based on the predictions of our
model (see Granger [1982]); as well as attempting
to re-interpret some existing results (e.g.,
Fumelhart (1981], Crothers [1978], Hillyard and
Kutas [1980], Black [19B8l1]), in light of the model.

For instance, we are investigating the issue
of when people evaluate their interpretations
consciously vs unconsciously; our model currently
fails to account for such individual differences.
We hope to use the data fram such experiments to
find problems with our theories, and to refine the
model, thereby working eventually towards some

process models of cognition.
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