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Computer Science Department
3531 Boelter Hall
University of California
Los Angeles, CA, 90024

Abstract

Participants in plan-oriented dialogs often state
beliefs about plan applicability conditions, en-
ablements, and effects. Often, they provide
these beliefs as pieces of mostly unstated chains
of reasoning that justify their holding various
beliefs. Understanding a dialog response re-
quires recognizing which beliefs are being jus-
tified and inferring the unstated but neces-
sary beliefs that are part of the justification.
And producing a response requires determining
which beliefs need to be justified and construct-
ing the reasoning chains that justify holding
these beliefs. This paper presents a knowledge-
structure approach to these tasks. It shows
how participants can use general, common-
sense planning heuristics to recognize which
reasoning chains are being used, and to con-
struct the reasoning chains that justify their
beliefs. Our work differs from other work on
understanding dialog responses in that we focus
on recognizing justifications for beliefs about a
participant’s plans and goals, rather than sim-
ply recognizing the plans and goals themselves.
And our work differs from other work on pro-
ducing dialog responses in that we rely solely
on domain-independent knowledge about plan-
ning, rather than on domain- or task-specific
heuristics. This approach allows us to recog-
nize and formulate novel belief justifications.

1 Introduction

In discourse processing, two major problems are under-
standing the underlying connections between successive
dialog responses, and producing coherent, cooperative
dialog responses. In many plan-oriented dialogs, re-
sponses supply pieces of reasoning chains justifying be-
liefs about why one action should be executed instead
of another, about whether a plan has a particular en-
ablement or effect, and so on. In these dialogs, under-
standing a response involves recognizing its underlying
reasoning chain and the beliefs it justifies. And, in these
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dialogs, producing a response involves formulating an
appropriate reasoning chain for a belief in need of justi-
fication.

As an example, consider the following dialog fragment.

1) X: The Al lab members should clean the lab.
2) Y: But cleaning interferes with research.

3) X: If we don’t clean the lab, who will?

4) Y: We should pay someone to clean the lab.
That way we can do our research.

(5) X: Where do we get the money?

(6) Y: From the fund used to pay salaries.

(7) X: But then we can’t hire as many RAs.

(8) Y: I'd rather have a clean office.

(9) X: Then why not clean it up yourself? I’d rather
pay an RA than a janitor.

(
(
(
(

In each utterance X and Y present one or more beliefs,
usually as part of a short chain of reasoning justifying
or contradicting a belief appearing earlier in the dialog.
In (1), X starts by stating a belief that lab members
should clean the lab. In (2), Y responds with a belief
that lab members cleaning interferes with their doing
research. This belief justifies Y’s unstated belief that
the lab members shouldn’t clean the lab. Y’s underlying
reasoning is that they shouldn’t clean the lab because
it interferes with their preferred plan of doing research.
In (3), X justifies his original belief with the belief that
the lab members are the only ones who can clean the
lab. X’s underlying reasoning is that they should clean
it because there’s no other way to achieve their goal of
keeping it clean. And, in (4), Y states a belief that the
lab members should pay someone to clean the lab, and
justifies it with the belief that paying someone doesn’t
interfere with doing research. Y’s underlying reason-
ing is that they should pay someone because doing so
doesn’t interfere with their goal of doing research, un-
like their cleaning the lab themselves. The remainder of
the dialog follows the same pattern. In each response, X
and Y must recognize which beliefs the other is justifying
and the unstated reasoning underlying that justification.
And X and Y must also determine which of their beliefs
need to be justified and select an appropriate set of justi-
fying beliefs. But how can they accomplish these tasks?



This paper presents a knowledge-structure approach
to participating in dialogs involving belief justifications.
We show how a dialog participant can use general,
common-sense planning heuristics to infer the relation-
ship between stated beliefs and beliefs discussed earlier
in the dialog, as well as to construct justifications for
their beliefs.

2 Representing Dialog Responses

What types of plan-oriented beliefs appear in the re-
sponses in our example dialog? And how can these be-
liefs be represented?

In our example dialog there are beliefs about whether
or not a particular plan should be executed, whether or
not a particular plan is the best way to achieve a goal,
whether or not one action is more desirable than another,
whether or not two actions somehow conflict, whether or
not an actor has a particular goal, and whether or not
a plan has a particular enablement or effect. We repre-
sent these beliefs using belief (A4,R), where A is the actor
(either X or Y) and R is one of the planning relation-
ships shown below in Table 1 (or their negations, which
aren’t shown, but are denoted as not-R). Here, A denotes
an actor, S denotes a state (a description of properties
of objects), P denotes a plan (a sequence of operators
that, when executed, effects a state change), E denotes
an event (an actor’s execution of a particular plan), and
F denotes a filler that can be either a state or an event.

Table 1: Planning relationships in our example dialog.

Relationship Semantics

do(A,P) A carries out the steps in P
causes( F,F) F has F’ as one of its effects
enables(F',F’) F is necessary for F’to occur
interferes(F,F’)  F cannot occur if F does
hasgoal(A,F) F is a goal of actor A
prefers(A,F,F’)  Fis more desirable than F’
applies(E,F) E should occur to achieve F

should-do(A,E) A should execute E

Essentially, this representation combines elements of
other systems that process utterances involving plan-
oriented beliefs [4, 5, 9, 15] and extends their representa-
tions to include beliefs about planning choices and pref-
erences. More details on this representation can be found
in [11], along with examples of its use to represent the
plan-oriented beliefs in user/advisor dialogs. Here, how-
ever, we 1llustrate our representation for plan-oriented
beliefs by using it to represent the first few responses in
our example dialog.

In (1), X’s response contains the single belief that the
lab members should clean the lab.

should-do(labbies, clean)
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In (2), Y states the belief that the lab members clean-
ing interferes with their doing research. This belief is
part of a short reasoning chain that justifies Y’s unstated
belief that lab members shouldn’t clean the lab (a belief
that directly contradicts X’s originally stated belief).

not-should-do(labbies,clean)
1 justifies
interferes(do(labbies, clean), do(labbies,research)
prefers(labbies,do(labbies,research),do(labbies,clean))

Y’s other unstated belief is that the lab members prefer
doing research to cleaning. Why can X safely infer that
Y holds this belief? Because if Y doesn’t hold it, Y’s
belief that cleaning the lab interferes with doing research
isn’t a reasonable justification for the lab members not
cleaning the lab. To justify not doing an action, that
action must conflict with a more desirable action, not
one that’s less desirable.

In (3), X’s stated belief is that no one other than the
lab members can clean the lab. This belief is at the
bottom of a lengthier reasoning chain.

should-do(labbies,clean)

1 justifies
has-goal(labbies, keep lab clean)
applies(do(labbies, clean), keep lab clean)
T justifies
causes(do(labbies,clean), keep lab clean)
not-causes(do(other,clean) keep lab clean)

The point of X’s reasoning chain is to justify the belief
that the lab members should clean the lab. The justifi-
cation for this belief is a pair of unstated beliefs: that
the lab members want a clean lab, and that cleaning the
lab is the best way to achieve this goal. This latter belief
1s, in turn, justified by another pair of beliefs: X’s ex-
plicitly stated belief that there’s no one else to keep the
lab clean, and X'’s unstated belief that the lab members
cleaning the lab results in a clean lab.

Finally, in (4), Y provides a pair of beliefs out of a
slightly more complex reasoning chain.

applies(do(labbies, clean), keep lab clean)

1 justifies
causes(do(labbies,pay ) keep lab clean)
causes(do(labbies,clean),keep lab clean)
preferred(do(labbies,pay),do(labbies,clean)

1 justifies
interferes(do(labbies,clean),do(labbies,research)
not-interferes(do(labbies,pay),do(labbies,research)
has-goal(labbies,do(labbies,research))

This reasoning chain justifies Y’s stated belief that the
lab members should pay someone to keep the lab clean.
This belief is justified by a set of unstated beliefs: that
both paying someone and cleaning the lab themselves
results in a clean lab, and that the lab members prefer
paying someone to cleaning. This latter belief is justified
by Y’s stated belief that paying someone doesn’t inter-
fere with doing research, and by Y’s unstated beliefs that



the lab members have a goal of doing research, and that
cleaning the lab interferes with this goal.

The remaining dialog responses have a similar repre-
sentation.

This representation for dialog responses leaves X and
Y with two specific tasks. First, they must infer each
other’s hidden reasoning chains from their stated beliefs.
This involves inferring which beliefs are being justified,
along with the unstated beliefs that form a necessary
part of that justification. And second, they must form
the reasoning chains they provide as a response. This
involves pulling together a small set of justifying beliefs
from their potentially large collection of domain-specific
plan-oriented beliefs.

3 Representing Planning Heuristics

Our approach to inferring and forming these reasoning
chains rests heavily on two assumptions. The first is that
dialog participants use general, common-sense planning
heuristics to justify their beliefs. The other is that these
heuristics can be represented as collections of abstract
planning relationships. Because these heuristics are used
to justify beliefs, we call them justification patterns.
The first few dialog utterances use several of these
heuristics. In (2), for example, Y uses one to justify a
belief that the lab members shouldn’t clean the lab.

An actor shouldn’t do an action if it interferes
with an action the actor prefers.

This heuristic is represented as:

JP:PREVENTS-PREFERRED-ACTION

not-should-do(A4,E)
1 justifies
interferes(do(A,E),do(A,E’))
prefers(A,do(A,E’),do(A4,E))

Y’s response instantiates this JP with the actor as the
lab members, the action as cleaning the lab, and the
preferred action as doing research.

In (3), X uses a pair of these heuristics. X uses the
first to justify the belief that the lab members should
clean the lab.

An actor should do an action if it’s the most
appropriate action for a goal.

This heuristic is represented as:

JP:BEsT-PLAN-FoOR-GoAL

should-do(A4,E)
T justifies
has-goal(A4,F)
applies(do(A4,FE),F)

X’s response instantiates this JP with the actor as the
lab members, the action as cleaning the lab, and the goal
as keeping the lab clean. X uses the other heuristic to
Justify the belief that the lab members cleaning the lab
is the best way to keep it clean.

521

An actor should execute an action for a goal if
no other actor can execute that action.

This heuristic is represented as:

JP:ONLY-AcTION-WITH-EFFECT

applies(do(A4,E),F)
1 justifies
causes(do(A,E),F)
not-causes(do(other-A,E),F)

X’s response instantiates this JP with the actor as the
lab members, the action as cleaning the lab, and the
effect as keeping the lab clean.

Finally, in (4), Y uses two other heuristics. The first
is used to justify his belief that paying someone is the
best way to keep the lab clean.

An actor should execute an action for a goal
if it’s preferred to an alternative that also
achieves the goal.

This heuristic is represented as:

JP:PREFERRED-PLAN-WITH-EFFECT

applies(do(A4,F),F)

1 justifies
causes(do(4,F),F)
causes(do(A,E’),F)

prefers(A,do(A,E),do(A,E"))

Y’s response instantiates this JP with the actor as the
lab members, the preferred action as paying someone,
and the goal as keeping the lab clean. Y uses the other
heuristic to justify the belief that paying someone is pre-
ferred to cleaning the lab themselves.
An actor prefers one action over another if it
doesn’t interfere with a goal and the other does.

This heuristic is represented as:

JP:OTHER-PLAN-PREVENTS-(GOAL

prefers(A,do(A,E),do(A,E’))
1 justifies
interferes(do(A,E’), F)
not-interferes(do(A, E), F)
has-goal(A4,F)

Y’s response instantiates this JP with the actor as the
lab members, the preferred action as paying someone,
the other action as cleaning the lab, and the goal as
doing research.

Each type of planning relationship—whether a plan
should be executed for an action, whether one action
is preferred to another, and so on—is associated with a
small set of JPs. Our example dialog contains twelve dif-
ferent justification patterns spanning six different plan-
ning relationships.

4 Recognizing Belief Justifications

To understand each other’s responses, dialog partici-
pants must find a chain of instantiated justification pat-



terns that connect stated beliefs to beliefs that have al-
ready appeared in the dialog. Essentially, our approach
is to perform a breadth-first search through the space of
possible reasoning chains that begin with a stated belief
and end with a belief that’s directly related to the dialog
(matches or negates a belief stated or inferred earlier).
The premise is that a participant presents a belief either
to justify one of their earlier beliefs or to contradict a
belief of another participant.

We illustrate the details of the search algorithm by
showing how X understands Y'’s response in (4). Its in-
put is simply the set of stated beliefs. Here, that means
the input is a pair of beliefs: Y’s stated beliefs that the
lab members should pay someone to clean the lab, and
that paying someone doesn't interfere with their doing
research.

applies(do(labbies,pay),keep lab clean)
not-interferes(do(labbies,pay) do(labbies,research))

The first step is to determine whether any of these
stated beliefs are directly related to the dialog, and, if
they are, to mark them as understood. Here, X notices
that Y's first belief (that the lab members should pay
someone to keep the lab clean) contradicts one of X’s
earlier beliefs (that the lab members should clean the
lab themselves). That means X has now understood Y’s
first belief, which leaves X to worry only about why Y
presented the other belief.

The next step is to form an initial set of potential
reasoning chains by finding and instantiating JPs that
can contain that belief. One relevant JP is JP:OTHER-
PLAN-PREVENTS-GOAL, so X instantiates this JP, re-
sulting in this potential reasoning chain:

prefers(labbies,do(labbies,pay),do(labbies,clean))
1 justifies
interferes(do(labbies, £’),do(labbies research))
not-interferes(do(labbies,pay) do(labbies,research))
has-goal(labbies,do(labbies,research))

There are also other JPs that correspond to Y’s stated
beliefs, and these JPs are also instantiated and added
to the set of potential reasoning chains (but because of
space limitations we haven’t shown them here).

The next step is to match the beliefs in each of these
potential reasoning chains against earlier dialog beliefs.
When a match i1s found, the corresponding reasoning
chain is further instantiated with that information. The
idea is that the most likely reasoning chains are the ones
partially composed of beliefs already in the dialog. In our
example, X notices that one belief in the above reasoning
chain matches a belief Y stated earlier. This belief, that
some action interferes with doing research, corresponds
to Y’s earlier belief that cleaning interferes with doing
research, so X instantiates the reasoning chain with this
information.
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prefers(labbies,do(labbies,pay),do(labbies, clean))
1 justifies
interferes(do(labbies,clean),do(labbies,research))
not-interferes(do(labbies,pay),do(labbies,research))
has-goal(labbies,do(labbies,research))

The final step is to try to recursively connect one of
these potential reasoning chains to the dialog. X checks
whether any of them justify a belief that directly con-
nects to the dialog. The belief justified by our exam-
ple reasoning chain (that the lab members prefer paying
someone to cleaning the lab themselves) doesn’t appear
in the dialog. It does, however, fall within another set
of JPs. One of these is JP:PREFERRED-PLAN-WITH-
ErFrecT, which X then instantiates and adds to our ex-
ample reasoning chain.

applies(do(labbies,pay), F)

1 justifies
causes(do(labbies,pay), F')
causes(do(labbies,clean), F)
prefers(labbies,do(labbies,pay),do(labbies,clean))

1 justifies
interferes(do(labbies,clean),do(labbies,research))
not-interferes(do(labbies,pay),do(labbies,research))
has-goal(labbies,do(labbies,research))

The belief justified by this reasoning chain (that the
lab members paying someone is the best way to achieve
some goal) corresponds to a belief that appeared earlier
in the dialog (Y's stated belief that paying someone is
the best way to keep the lab clean), so X instantiates the
reasoning chain with this information.

applies(do(labbies,pay) keep lab clean)
T justifies
causes(do(labbies,pay) keep lab clean)
causes(do(labbies,clean),keep lab clean)
prefers(labbies,do(labbies,pay),do(labbies,clean))
T justifies
interferes(do(labbies,clean),do(labbies,research))
not-interferes(do(labbies,pay),do(labbies,research))
has-goal(labbies,do(labbies,research))

At this point X has found a reasoning chain that connects
Y stated beliefs to the dialog.

Once a participant finds a reasoning chain that con-
nects a stated belief to the dialog, he determines whether
the beliefs it contains are shared. This is done by com-
paring his long-term domains-specific beliefs against the
beliefs in the reasoning chain. Doing so fully instantiates
the reasoning chain and brings to light any contradictory
beliefs, which subsequent responses can then address. In
our example, X notices that he fails to share a pair of
beliefs in this reasoning chain: the belief that the lab
members should pay someone to clean the lab, and the
belief that the lab members paying someone results in
a clean lab. That latter belief is addressed in X’s next
response, when he points out that there’s no money to
pay someone.



In the dialogs we’ve examined, we’ve observed no rea-
soning chain longer than four JPs, so the search termi-
nates unsuccessfully if it can’t find a connection to the
dialog involving four or fewer JPs.

5 Formulating Belief Justifications

To provide a response, dialog participants must be able
to form a reasoning chain justifying one of their be-
liefs. Our approach once again makes use of the general
planning heuristics, this time performing a breadth-first
search through the space of possible reasoning chains
that might be used to justify a particular belief.

The search for a justification starts with a particular
belief to justify. Consider, for example, how Y forms his
response in (2). Y wants to justify a belief that contra-
dicts X’s belief that the lab members should clean the
lab.

not-should-do(labbies,clean)

The first step is to form an initial set of possible
justifying reasoning chains by instantiating all the dif-
ferent JPs that can justify the input belief. Here,
one of those JPs is JP: PREVENTS-PREFERRED-ACTION,
which, when instantiated, results in this reasoning chain.

not-should-do(labbies, clean)
1 justifies
interferes(do(labbies,clean),do(labbies, E”))
preferred(labbies,do(labbies, E') ,do(labbies,clean))

Other JPs for this belief are also instantiated, so there is
actually a small set of possible reasoning chains (but due
to space limitations we haven’t shown any of the others
here).

The next step is to instantiate each of these reason-
ing chains with beliefs already in memory. This task is
accomplished by matching beliefs in the reasoning chain
with beliefs already mentioned in the dialog and with
long-term domain-specific beliefs. Whenever a matching
belief is found, the reasoning chain is further instanti-
ated. Our example JP suggests that Y search for a pair
of beliefs: that the lab members cleaning interferes with
some action, and that this action is preferred to clean-
ing. Y finds beliefs that cleaning conflicts with doing
research, and that research is preferred to cleaning, re-
sulting in the reasoning chain Y presents in (2).

Here, we’ve assumed that the matching beliefs are eas-
ily found. But it’s not always possible to successfully
instantiate JPs with beliefs already in memory, which
means that those beliefs that aren’t held in memory must
be themselves justified. Consider Y’s task in forming his
response in (4). There Y is initially trying to justify a
belief that there’s a better way to keep the lab clean than
for the lab members to clean it themselves.

applies(do(labbies,E ) keep lab clean)
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One way to justify this belief is JP:PREFERRED-PLAN-
WiTH-EFFECT, which Y instantiates as:

applies(do(labbies,E ), keep lab clean)

T justifies
causes(do(labbies, E),keep lab clean)
causes(do(labbies, E’) keep lab clean)

prefers(labbies,do(labbies, E),do(labbies, E’))

At this point, Y searches memory for matching be-
liefs. Y finds one relevant belief from earlier in the dia-
log: cleaning the lab results in keeping the lab clean. Y
instantiates the reasoning chain with that information.

applies(do(labbies, E),keep lab clean)

T justifies
causes(do(labbies, E)) keep lab clean)
causes(do(labbies,clean),keep lab clean)
prefers(labbies,do(labbies, E),do(labbies,clean))

Y also finds a relevant belief in long-term memory: that
the lab members paying someone to clean the lab results
in keeping the lab clean.

applies(do(labbies,pay),keep lab clean)
1 justifies
causes(do(labbies,pay),keep lab clean)
causes(do(labbies,clean),keep lab clean)
prefers(labbies,do(labbies,pay),do(labbies,clean))

This leaves one belief that Y can’t find in memory: that
paying someone is preferred to cleaning the lab, so Y
must recursively try to justify it. The justification pat-
tern JP:OTHER-PLAN-PREVENTS-GOAL is relevant, so
Y instantiates it and adds it to the reasoning chain:

applies(do(labbies,pay) keep lab clean)
1 justifies
causes(do(labbies,pay),keep lab clean)
causes(do(labbies,clean) keep lab clean)
prefers(labbies,do(labbies,pay),do(labbies,clean))
T justifies
interferes(do(labbies,clean), F)
not-interferes(do(labbies,pay), F)
has-goal(labbies, F')

Y now searches memory for matching beliefs. Y finds
one relevant dialog belief: that the lab members cleaning
the lab interferes with doing research. And we assume
Y finds beliefs in memory that paying someone doesn’t
interfere with research, and that the lab members have
that as a goal. Y instantiates the reasoning chain with
this information, resulting in the reasoning chain pre-
sented in (4).

We actually use a bounded version of this search, lim-
iting potential reasoning chains to a length of four. If,
by that point, a dialog participant can’t find a fully-
grounded reasoning chain, he uses the one containing the
fewest ungrounded beliefs. Our rationale is that, in prac-
tice, responses rarely provide beliefs in reasoning chains
requiring more than three or four JPs to understand.



6 Current Status and Future Work

The model discussed in this paper has been implemented
as part of a Prolog program. That program currently
consists of two main components, a COMPREHENDER
and a CONSTRUCTOR. The input to the COMPREHEN-
DER is a representation for a set of stated participant
beliefs. The output is the belief being justified by these
stated beliefs, the completed reasoning chain that con-
nects this belief to the dialog, the JPs used to form that
chain, and a list of any unshared beliefs in that reason-
ing chain. The CONSTRUCTOR takes a belief to justify
as input and uses the same general planning heuristics to
formulate a justification for holding that belief. Its out-
put 1s the completed reasoning chain that justifies the
input belief, along with the JPs used to form that chain.

Currently, we're trying to determine how sufficient our
set of justification patterns is for participating in dialogs
discussing simple day-to-day planning. We're currently
looking at many variants of our Al lab dialog, search-
ing for the presence of other useful justification patterns.
And we’re using justification patterns for related tasks in
other plan-oriented domains, such as recognizing and re-
sponding to the misconceptions of novice computer users
(10, 11].

We are also working on improving our model’s perfor-
mance. One current problem is that the model assumes
that any input belief can be connected to the dialog with
a short sequence of justification patterns, and that infor-
mation from later utterances isn’t necessary to complete
the connection. But in many dialogs a sequence of re-
sponses gradually provide the pieces of a lengthy chain of
reasoning, which is impossible to understand until much
of the chain is in place. This implies that competing
possible justifications should be kept from utterance to
utterance, and not thrown away after processing each
new utterance, as our model now does. Similarly, when
constructing justifications we simply throw away those
reasoning chains that couldn't be completely instanti-
ated with beliefs in memory. But it would be better to
keep incompletely instantiated reasoning chains around,
since the needed beliefs may appear later in the dialog.
We’re now revising our model to account for this phe-
nomena.

Finally, we’re considering various extensions to our
model. So far our model suggests one way coherent jus-
tifications can be inferred and formed. But our model
says nothing about how to compare and evaluate dif-
ferent justifications. And it says nothing about which
pieces of the reasoning chains it forms should be pre-
sented as a response. Dialog participants, however, are
capable of forming a set of coherent justifications for
a beliefs and then determining which leads to the best
possible response. And dialog participants also rarely
present an entire reasoning chain. Instead, they selec-
tively present-one or two beliefs. Evaluating reasoning
chains and determining which beliefs to present seem to
require a detailed model of what beliefs dialog partici-
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pants hold, beyond the beliefs that are part of the rea-
soning chains they provide. We’re currently working on
mechanisms for building this model and then reasoning
on it to evaluate the newly-constructed beliefs justifica-
tions and to determine which of their beliefs to present.

7 Related Work

Our approach to recognizing and formulating dialog re-
sponses owes much to earlier research in story under-
standing and case-based planning [4, 15, 16, 6, 13]. These
systems use high-level, abstract knowledge structures to
represent and reason about the underlying theme of the
story and to understand their own planning errors. Typ-
ically, these knowledge structures consist of a set of ab-
stract planning relationships. Our approach is to use
somewhat similar structures for substantially different
tasks.

There are several classes of systems working on similar
problems. The first consists of systems that attempt to
understand the conceptual connections between dialog
responses. But these systems [3, 8, 7, 14, 1] primarily
focus on recognizing the participant’s plan and goals and
not on their beliefs about them, such as why one plan
should be used instead of another.

The other class of related systems deal explicitly with
belief justifications. SPIRIT [9] detects the mistaken
beliefs underlying bad plans of users of a computer mail
program. It infers the beliefs that led the user to a bad
plan, and produces a response that points out these er-
roneous beliefs. Our task differs in that we’re instead
trying to recognize the connections between explicitly
stated beliefs, and in that we’re also concerned with
providing responses that justify our beliefs. OpEd [2]
recognizes the belief justifications present in economic
editorials. But it takes a different approach, relying
on linguistic clues and domain-specific reasoning, rather
than on more general knowledge about planning. OpEd
is also unconcerned with formulating responses that in-
volve belief justifications. Abdul/Ilana [5] tries to par-
ticipate in arguments that require belief justifications.
But it uses a set of task- and domain-specific rules to
recognize and understand belief justifications. And it
concentrates on selecting from existing justifications for
its beliefs, rather than on forming those justifications in
the first place. Finally, our own earlier work [10, 11,
12], used a similar, but less general, approach to recog-
nize and respond to the misconceptions of novice com-
puter users. There we relied on significantly more com-
plex justification patterns and provided no method for
dealing with chains of reasoning.

8 Conclusions

Previous dialog systems have focused primarily on recog-
nizing a participant’s plans and goals. But participants
don’t simply present their plans and goals. Instead, they
present plan-oriented beliefs as part of mostly unstated



reasoning chains that justify their belicfs. To partici-
pate in a dialog, it’s necessary to recognize which rea-
soning chains they’re using and what beliefs they’re try-
ing to justify. And it’s necessary to determine which
beliefs need further justification and to formulate rea-
soning chains that justify these beliefs. This paper has
presented a knowledge-structure-based approach for ac-
complishing these tasks.

Our approach is attractive for several reasons. First,
it builds a model of many relevant but unstated partic-
ipant beliefs as a side-effect of trying to relate their ut-
terance to the dialog. It can then reason on this model
to help determine where exactly that participant went
wrong. Second, it understands belief justifications us-
ing the same general, common-sense planning knowledge
that it uses to formulate them. That’s means the sys-
tem is capable of understanding any belief justification
it constructs. And finally, it shows how novel belief jus-
tifications can be understood, so long as they’re formed
from general planning heuristics known to the partic-
ipants. That ability is especially important when in-
volved in dialogs between participants that hold differ-
ing beliefs, since the participants can’t be expected to
possess all possible justifications in advance.
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