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ABSTRACT

Participants in a discourse sometimes fail to understand one another,
but, when aware of the problem, collaborate upon or negotiate the
meaning of a problematic utterance. To addressnonunderstanding, we
have developed two plan-based models of collaboration in identify-
ing the correct referent of a description: one covers situations where
both conversants know of the referent, and the other covers situations,
such as direction-giving, where the recipient does not. In the mod-
els, conversants use the mechanisms of refashioning, suggestion, and
elaboration, to collaboratively refine a referring expression until it is
successful. To address misunderstanding, we have developed a model
that combines intentional and social accounts of discourse to support
the negotiation of meaning. The approach extends intentional ac-
countsby using expectationsderiving from social conventionsin order
to guide interpretation. Reflecting the inherent symmetry of the nego-
tiation of meaning, al our models can act as both speaker and hearer,
and can play both the role of the conversant who is not understood or
misunderstood and the role of the conversant who fails to understand.

1 INTRODUCTION

A common attitude in artificial intelligence research is
that the tasks that are so difficult for our computers
to perform—often, seemingly impossible—are trivial for
people. Language, for example, seems effortless for peo-
ple, and yet after 40 years of research in computational
linguistics, we are still far from a complete solution.

But in fact, language understanding is often difficult for
peopletoo. Much that iswritten or said is not understood.
Sometimes this is due to inattentiveness or difficulty in
hearing. But sometimes the causes are more fundamen-
tal. A scientific or technical paper that expresses complex
ideas can be hard to understand simply because of the dif-
ficulty of the material. And even simpleideas can be hard
to understand if they are poorly written or expressed; high-
quality language generation is very difficult for people.

Nevertheless, people are, in general, quite successful in
their use of language. That's because they have strategies
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for coping with their linguistic limitations. If they can’t
understand what is being said to them, they seek clarifica-
tion and try to work thingsout. And people are very good
at noticing when a conversation has gone awry as aresult
of one party misunderstanding the other, figuring out the
exact nature of the problem, and saying the right thing to
recover from the error.

It would be unreasonable, then, to expect computers
to aways understand language perfectly. But what we
should expect isthat computers have the flexibility to deal
with the consequences of this imperfection. Like peo-
ple, they should have the ability to recognize problemsin
understanding and to correct them.

2 NOT UNDERSTANDING AND
MISUNDERSTANDING

Participants in a dialogue bring to it different beliefs and
gods. These differences can lead them to make different
assumptions about one another’s actions, construct differ-
ent interpretations of discourse objects, or produce utter-
ances that are either too specific or too vague for othersto
interpret asintended. Thismay lead to not understanding
or to misunderstanding.

By not understanding, we mean a participant’s failure
to find any complete interpretation of an utterance. This
could mean finding no interpretation at al for some or al
of the utterance or it could mean finding more than one
interpretation and not being able to choose between the
aternatives. An important aspect of not understanding is
that the participant is aware that it has happened.

By contrast, the participant is not aware, at least ini-
tially, when misunderstanding has occurred. In misun-
derstanding, the participant obtains an interpretation that
she believes is complete and correct, but which is, how-
ever, not the one that the other speaker intended her to
obtain.! It ispossiblethat a misunderstanding will remain
unnoticed in a conversation and the participants continue
to talk at cross-purposes. Alternatively, the conversation
might break down, leading one participant or the other to

IMisunderstanding should not be confused with misconception. A mis-
conception is an error in the prior knowledge of an participant. McCoy [26],
Calistri-Yeh [5], Pollack [33, 34], and others have studied the problem of how
one participant can, in conversation, determine the misconceptions of another
in order to correct them.



determine that a misunderstanding has occurred.

It is thus useful to divide misunderstanding into two
types: sef-misunderstandings are those that are both
made and detected by the same participant, and other-
mi sunder standings are those that are made by one par-
ticipant but detected by another. Self-misunderstandings
arise when a participant finds that he cannot incorporate
an utterance into the discourse consistently, unless he in-
terprets one of the other’s earlier utterances differently.
Other-misunderstandings occur when a participant recog-
nizes that if one of his own acts had been interpreted
differently, the other’s utterance would have been the ex-
pected response to it. The participant might then attempt
to changetheother’sinterpretation. For example, hemight
restate his message, or explicitly tell the other that she has
misunderstood; or he might do nothing (cf [4]), perhaps
in order to avoid socia awkwardness.

In our research, we have considered both misunder-
standing and not understanding, trying a somewhat differ-
ent approach to each.

3 NOT UNDERSTANDING A REFERENT

3.1 Referring as collaboration

The linguistic task of referring to some object or idea
can involve a collaboration between the speaker and the
hearer. Thespeaker hasthe goal of having the hearer iden-
tify the object that the speaker hasin mind. The speaker
attempts to achieve this goa by constructing a descrip-
tion of the object that she thinkswill enable the hearer to
identify it. But since the speaker and the hearer will in-
evitably have somewhat different beliefs about the world,
the hearer might not beableto identify the object fromthis
description—that is, not understand the reference. Often,
in such cases, the speaker and hearer will collaborate in
making a new referring expression that accomplishes the
reference.

In an important series of experiments, Clark and his
colleagues—especialy Wilkes-Gibbs—have shown that
conversants will often engage in a kind of negotiation
in order for one of them to understand a reference that
the other wishes to make [6, 8]. In their fundamental
experiment, Clark and Wilkes-Gibbsgave pairsof subjects
each a copy of a set of hard-to-describe tangram figures.
The subjects’ task was to arrange their sets in the same
order, and to do so by conversation alone; neither could
see the other’'s set. The subjects were thus obliged to
construct descriptions for each tangram that they hoped
the other could interpret correctly; for example, the one
that looks like an angel with a stick.

Clark and Wilkes-Gibbsfound that typically the partici-
pant trying to describe atangram pattern would present an
initial referring expression. The other participant would
then pass judgment on it, either accepting it, rejecting it,
or postponing his decision. If it was rejected or the de-
cision postponed, then one participant or the other would

refashion the referring expression. This would take the
form of either expanding the expression by adding further
qualifications or replacing the origina expression with a
new expression. The referring expression that resulted
from thiswas then judged, and the process continued until
thereferring expression was acceptabl e enough to the par-
ticipants for their current purposes. The fina expression
was contributed to the participants common ground.

This excerpt from Clark and Wilkes-Gibbs'sdataillus-
trates rejection, replacement, and acceptance:

Examplel
1 A: Okay, and the next one is the person that looks

like they’re carrying something and it’s sticking out
to the left. It lookslike a hat that’s upside down.

2 B: Theguy that's pointing to the left again?

3 A: Yeah, pointingto theleft, that'sit! [laughs]

4  B: Okay.

Inthisdialogue, B implicitly regjects A’'sinitial presentation
by replacing it with a new referring expression in line 2,
the guy that’s pointing to the left again. A then accepts
the refashioned referring expression in line 3.

This kind of reference negotiation is not found only
in laboratory settings. A particularly clear instance can
be seen in the following exampl e from the London—Lund
Corpusof English conversation[42, S.2.4a:1-8], inwhich
the conversants collaborate simultaneously on the phrases
that weird creature and over there.

Example2

1 A: What'sthat weird creature over there?
In the corner?

[ affirmative noise]

It'sjust afern plant.

No, the oneto theleft of it.

That'sthetelevision aerial. It pullsout.
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3.2 A moded of collaboration on referring

Heeman and Hirst have presented a computational model
of thiskind of collaboration; it covers theagent who makes
the initia referring expression, that is, the initiator, and
the agent who is to understand the expression, the recip-
ient. In thismodel, the initiator has the goal of referring
to something, and constructs a plan, in the form of a se-
guence of surface speech actions, totry to achieveit, given
a set of beliefs about what the recipient believes. There-
cipient, seeing only the surface speech actions, tries to
infer the plan in order to understand the reference. Thus,
referring expressions are represented by plan derivations,
and an unsuccessful referring expressionisaninvalid plan
in whose repair the agents collaborate. This collabora-
tion takes place through the use of plans that judge and
refashion the expression.

Because the model uses plans to represent referring
expressions and for the agents' collaboration itself, two



copies of the model can converse with one another, each
copy aternating between the roles of speaker and hearer.2
Acting as a hearer, the system performs plan inference on
each set of actions that it observes, and then updates the
state of the collaboration. It then switches to the role of
speaker in order to reply. Asthe new speaker, the system
looksfor agoal that it can adopt, and then constructsaplan
to achieve it. Next, presupposing the other participant’s
acceptance of the plan, it updates the state of the collab-
oration. It repeats this until there are no more goals to
adopt. The surface actions of the constructed plans form
theresponse of thesystem. The systemthen switchesback
totheroleof hearer and waitsfor aresponsefromthe other
copy.

In the rest of this section, we give a brief overview of
the model; details may be found in references [20, 21].

3.3 Plansfor referring

We extend the earlier approaches of Cohen [9] and Ap-
pelt [2] in planning not only the occurrence of areferring
expression but also, at the same level, its content. We use
asurface speech action, s-refer, to expressthe speaker’s
intention to refer, and a surface speech action, s-attrib,
for each attribute that the referent can be described in
terms of. Constraints on these actions express the condi-
tions under which they can be used; for instance, that it
be mutually believed that the object has a certain attribute
[7, 31, 30].

These speech actions are the building blocks that refer-
ring expressions are made from. Acting as the mortar are
intermedi ate plansthat encode the knowledge of how ade-
scriptioncan alow ahearer toidentify an object, and these
ensurethat the referring expression includes sufficient de-
scriptors that the hearer can (in the speaker’s opinion)
identify the referent (cf Dale [12], Reiter [37]). Thein-
termediate plans do this by having mental actions as steps
in their decomposition. These menta actions determine
which objects could be believed to be the referent of the
referring expression. The mental actions are performed
on the potential referents, and the constraints are evalu-
ated, and so the referent can be determined in a manner
analogousto constraint satisfaction.

Following Pollack [34], our plan inference process can
infer plans in which, in the hearer’s view, either a con-
straint does not hold or a mental action is not executable.
In inferring a plan derivation, the system as hearer first
findsthe set of plan derivationsthat account for the primi-
tive actions that were observed, reasoning about the other
participant’s (believed) beliefs. Second, it evaluates each
of these derivations by attempting to find an instantia-
tion for the variables such that all of the constraints hold
and the mental actions are satisfiable with respect to the

2The model is implemented in Prolog. Input and output are in the form
of surface-level descriptions of speech acts; for example, s-accept represents
the acceptance of a referring expression, and might be realized in a complete
natural language system as okay.

hearer’s beliefs about the speaker’s beliefs. If the hearer
is able to satisfy the constraints, then he will have under-
stood the plan and be able to identify the referent, since a
term corresponding to it will have been instantiated in the
inferred plan. Otherwise, he has a constraint that is unsat-
isfiable, making thisderivation ill-formed and the referent
unresolvable. After al derivations have been evaluated,
if there isjust one valid plan then the hearer will believe
that he has understood (and will have identified the ref-
erent). Otherwise, if thereis one invalid derivation, the
constraint or mental action that isthe source of theinvalid-
ity is noted, and will be used by the hearer in his attempt
to fix the non-understanding.?

3.4 Plansfor collaborating

If the initial referring expression is not understood, then
the conversants will collaborate in its repair. Plan repair
techniques can be used to refashion the expression and the
parts of the plan that are removed or added can be com-
municated to the other participant using discourse plans.
Thus we model a collaborative dialogue in terms of the
changes that are being made to the plan derivation.

The first step in repairing an ill-formed plan is to com-
municate the source of the error to the other participant.
So, thisgoal is given to the plan constructor. If the failure
is because the hearer can find no objects that he believes
match the referring expression, then it is overconstrained
and the godl isreject-plan. Soif the referring expres-
sionweretheweird creature, and the hearer couldn’t iden-
tify anything that he thought weird, he might say What
weird thing?, thus indicating that problems arose at the
surface speech action corresponding to weird. If severa
objects seem to match, the referring expression is under-
constrained, and the goal will be postpone-plan, which
might be expressed as atentatively spoken Okay?.

In ether case, the hearer or the other will refashion
the expression in the context of the rejection or postpone-
ment. In keeping with Clark and Wilkes-Gibbs, we use
two discourse plansfor refashioning: replace-plan and
expand-plan. The first is used to replace some of the
actionsin the referring expression plan with new ones (as
inline2 of Example 1 above), and the second isto add new
actions. Replacements can be used if thereferring expres-
sion either overconstrains or underconstrainsthe choice of
referent, whilethe expansion can be used only in the latter
case.

The decompoasition of the refashioning plans encodes
how a new referring expression can be constructed from
theold one. Thisinvolvesthreetasks: first, asinglecandi-
date referent is chosen; second, the referring expressionis
refashioned; and third, thisis communicated to the hearer
by way of s-actions, whichwasalready discussed.* The

3We have not explored ambiguoussituations, those in which more than one
valid derivation remains, or, in the absence of validity, more than one invalid
derivation.

4Another approach would have been to separate the communicative task



first step involves choosing a candidate. If the speaker of
the refashioning is the person who initiated the referring
expression, then this choice is obviously pre-determined.
Otherwise, the speaker must choose a possible candidate.
Goodman [18] has addressed this problem for the case of
when thereferring expression overconstrainsthe choice of
referent. He uses heuristicsto relax the constraints of the
description and to pick one that nearly fitsit. This prob-
lemisbeyond the scope of thisresearch, and so we simply
choose one of the referents arbitrarily (but see Heeman
[20] for how a simplified version of Goodman's algorithm
that only relaxes a single constraint can be incorporated
into the planning paradigm).

The second step isto refashion the referring expression
so that it identifies the candidate chosen in the first step.
Thisisdone by using plan repair techniques [19, 45, 46].
Our techniqueisto identify apart of the plan that includes
the constraint in error, to construct a replacement for it,
and then to substitute the replacement into the old plan.
This substitution undoes any decisions that were in the
removed part that affect other parts of the old derivation.
This technique has been encoded into our refashioning
plans, and so can be used for both constructing repairs and
inferring how another agent has repaired a plan.

Once the refashioning plan is accepted, the common
ground of the participantsisupdated withthe new referring
expression. Sotheeffect of therefashioning planisthat the
hearer will believethat the speaker wantsthe new referring
expression plan to replace the current one. Thisis done
regardless of whether the referring expression plan isin
fact valid. If itis, however, valid, then the referent can
be understood, prompting the hearer to adopt the goal to
communicate this with the speaker, leading to the surface
speech action of accept-plan. Otherwise, the process
will repeat, but thistimewith the new referring expression.

Table 1 shows two copies of the system engaging in a
(simplified!) version of Example 2.

4 COLLABORATION ON REFERRING TO
OBJECTSTHAT ARE NOT MUTUALLY
KNOWN

41 Referringin direction giving

A crucia assumptionof Clark and Wilkes-Gibbs swork—
and of Heeman and Hirst's model—isthat the hearer of the
initial referring expression already has some knowledge
of the referent in question. In Clark and Wilkes-Gibbs's
experiments, it is one of the given tangram figures; in Ex-
ample 2, it is an object in the room that both speakers
can see. However, a speaker sometimes has to refer to an
object that isnot previously known to the hearer. One par-
ticular situationinwhich thisarisesisin giving directions.
For example, the speaker might give a direction like the
following:

fromthe first two (cf Lambert and Carberry [24]).

Example 3
1 A: Gostraight ahead until you get to a funny-looking
building.

Therecipient has to understand the reference well enough
that when helater reaches the building, hewill recognizeit
astheintended referent. Althoughthistypeof referenceis
different from thekind of referring action that Heeman and
Hirst modelled, conversants can nevertheless collaborate
to achieve an understanding of them. This can be seen in
thefollowing portion of atel ephoneconversation recorded
by Psathas[36, p. 196].

Example 4

1 A: Yajuststay on 2A, until yaget to Lowell Street.

2 B: Isit marked?

3 A: Yeah, | think there's a street sign there, it's an
intersection with lights.

4  B: Okay.

In thisdialogue, B has not understood the reference to the
intersection at Lowell Street, and so suggests that the in-
tersection might be marked. A replieswith an elaboration
of theinitial expression.

Edmonds [15] has presented a computational model of
this type of collaboration that draws from Heeman and
Hirst’s model. The domain is that of giving directions
for someone unfamiliar with an area to get to a particular
place. In this section, we give an overview of Edmonds’'s
model.

The basis of the modd is that the hearer can accept
a referring expression plan if (1) the plan contains a de-
scription that is useful for making an identification plan
that the hearer can execute to identify the referent, and
(2) the hearer is confident that the identification plan is
adequate.

The first condition, originally described by Appelt [1],
is important because the success of the referring action
depends on the hearer formulating a useful identification
plan. We take the referring expression plan itself to be
the identification plan. The menta actions in the inter-
mediate plans encode only useful descriptions. For the
second condition to hold, the hearer must believe that the
identification plan is good enough to uniquely identify the
referent when it becomes visible. This involves giving
enough information by using the most visually prominent
or salient attributes of the referent.

Each agent associates a numeric confidence value with
each of the attributes in the referring expression, and by
composing these,®> computes a level of confidence in the
adequacy of the complete referring expression plan that
can beinterpreted as ranging from low confidence to high
confidence. If the overall confidence value exceeds some
set value, the agent’s confidence threshol d, then the agent

5The present composition function is simple addition. One could envision
more complex systemsto compute confidence such as an algebra of confidence
or anon-numeric system.



Table 1: Example of referent negotiation.

A: Seetheweird creature.

s-refer(Entity)
s-attrib(Entity, X -assessment (X,weird))
s-attrib(Entity, AX-category(X,creature))

B: Inthecorner?

s-postpone(pl)

s-actions(pl, [s-attrib(Entityl, \X-category(X,corner)),
s-refer(Entityl),
s-attrib-rel(Entity,Entityl,AX-AY -in(X,¥))1)

A: No, onthetdevision.

s-reject(p56, [s-attrib-rel(Entity,Entityl,AX -AY -in(X,¥))]1)
s-actions(p56, [s-attrib-rel (Entity,Entity2,AX-AY-on(X,Y)),
s-refer(Entity2),

s—attrib(Entity, AX:category(X,television))])

4 B: Okay.
s-accept(pl142)

believes the plan is adequate. That is, if the agent isthe
initiator, she believes that the other will be able to under-
stand the reference; if the agent is the other, he believes
that he has understood the reference.

Now, the confidence val ue of each attributeisequival ent
to its salience within the context of the referring expres-
sion. Salience, for our purposes in direction-giving, is
primarily visua prominence, but can aso involve identi-
fiability, familiarity, and functional importance [14, 25].
One approach isto encode the salient propertiesin astatic
hierarchy as Davis [13], and Reiter and Dale [38] have
done. But, idedly, salience should depend on the con-
text surrounding the referent. For example, the height
of atall building would normally be salient, but not if
it were surrounded by other tall buildings. This com-
putation would be quite complex, so we have adopted a
middle ground between the simple context-independent
approaches, and a full-blown contextual analysis. The
middle ground involves taking the type of object into ac-
count when choosing attributes and landmarks that relate
toit. For example, height and architectural style can be
very salient features for describing a building, but not for
describingan intersectionfor whichhavingasignor traffic
lightsisimportant. Thisapproach still allowsusto encode
saliencein ahierarchy, but it is dependent on the referent.

Table 2 is an example of a simple salience hierarchy
that an agent might have. The hierarchy is actually a set
of partia orderings of attributes, represented by lambda
expressions, indexed by object type. In the table, the
confidence value of using architectural style to describe
a building is 4. The confidence value of a tall building
is 3, and so this attribute is less salient than architectura

style. The other rows (for describing intersections) follow
similarly.

4.2 Construction and inference of referring plans

The salience hierarchy is used in both plan construction
and plan inference.

In plan construction, salience is used for constructing
initial referring expression plans, eaborating on inade-
guate plans, and for suggesting possible elaborations to
plans by allowing an agent to choose the most salient
properties of the referent first. The agent constructs an
initial referring expression plan in amost the same way
as in Heeman and Hirst’s system. Mental actions in the
intermediate plans of areferring expression plan alow the
speaker to choose the most salient attributes that have not
yet been chosen, and constraintsin the surface speech ac-
tions make sure the speaker believes that each attributeis
true.® For example, to construct the reference to the build-
ing in Example 3, the speaker consulted her salience hier-
archy (in table 2) and determined that architectural style
is salient. Hence, she described the building as funny-
looking. This single attribute was enough to exceed her
confidence threshold.

During plan inference, the salience hierarchy is used
when judging arecognized plan. Mental actionsin thein-
termediate plans determine the confidence values of each
attribute, and add them up. A fina constraint in the plan
makes sure the overall confidence sum exceeds the con-
fidence threshold of the agent. This means that judging

61n Heeman and Hirst’s model, an attribute hasto be mutually believedto be
used. Here, mutual belief is not possible because the hearer has no knowledge
of thereferent, but mutual belief is an intended effect of using this plan.



Table 2: A salience hierarchy.

salient-attribute(4, building,
salient-attribute(3, building,
salient-attribute(3, intersection,
salient-attribute(2, intersection,sign,

AX-architectural-style(X,Style)).
AX-height(X,tall)).
AX-called(X,Name)).
AX-AY-has(X,Y)).

salient-attribute(2, intersection,traffic-lights, AX-AY-has(X,Y)).

the adequacy of areferring expression plan falsout of the
regular plan evaluation process. For example, after rec-
ognizing the reference in Example 3, the hearer evaluates
the plan. Assuming he believes the salience information
in table 2, he computes the confidence value of 4. If this
valueexceeds his confidencethreshold, then hewill accept
the plan. If not, he will believe that there isan error at the
constraint that checks his confidence threshold.

4.3 Suggestion and elaboration

If the hearer is not confident in the adequacy of the plan,
he uses an instance of postpone-plan to inform the ini-
tiator that heisnot confident of itsadequacy (which causes
the initiator to raise her own confidence threshold). Now,
although he cannot refashion the expression himself, he
does have the ability to help the initiator by suggesting
a good way to expand it; suggestion is a conversational
move in which an agent suggests a new attribute that he
deems would increase his confidence in the expression’s
adequacy if the expression were expanded to include the
attribute. Continuing with the example, if the hearer were
not confident about the adequacy of the funny-looking
building, he might suggest that the initiator use height (as
well asarchitectural style), by asking Isit tall?. From this
suggestiontheinitiator might expand her expressiontothe
tall funny-looking building. So, in our sense, a suggestion
isanillocutionary act of questioning; along with actually
suggesting a way to expand a plan, the agent is asking
whether or not the referent has the suggested attribute.

To decide what suggestion to make, the agent uses an
instance of suggest-expand-plan, which has a mental
action in its decomposition that chooses the most salient
attribute that has not been used already.

However, only the initiator of the referring expression
can actually elaborateareferring expression, because only
she has the knowledge to do so. Depending on whether
the hearer of the expression makes a suggestion or not,
the initiator has two options when elaborating a plan. If
no suggestion was made, then she can expand the plan
according to her own beliefs about the referent’s attributes
and their salience. On the other hand, if a suggestion was
made, she could instead attempt to expand the plan by
using the attribute suggested.

The decomposition of expand-plan calls the plan
constructor with the goa of constructing a modifiers

schema, and with the suggested attribute as input. The
plan constructor attempts to find a plan with the surface
speech actions for the attribute in its yield, but this might
not be possible. In any case, the speaker constructs an
expansion that will make the plan adequate according to
her beliefs.’

The response to a suggestion depends, obviously, on
whether or not the suggestionwas used to expand the plan.
The speaker can (1) affirm that the plan wasexpanded with
the suggestion by using the s-affirm speech act; (2)
affirm that the suggestion was used, along with additional
attributes that weren't suggested, by using s-affirm and
s-actions; or (3) deny the suggestionwith s-deny, and
inform the other by s-actions as to how the plan was
expanded.

By using the expansion and suggestion moves, the two
agentscollaborateon refashioningthereferring expression
until the recipient of the directionsis confident that it is
adequate.

44 Example

We have implemented the model in Prolog. Table 3 shows
two copies of the system engaging in asimplified version
of Example 4.

5 MISUNDERSTANDING

5.1 Misunderstanding and repair

Participants in a conversation rely in part on their expec-
tations to determine whether they have understood each
other. If aparticipant doesn’t notice anything unusual, she
may assume that the conversationis proceeding smoothly.
But if shehears somethingthat seemsinconsi stent with her
expectations, she may hypothesize that there has been a
misunderstanding, either by herself or the other, and pro-
duce a repair—an utterance that attempts to correct the
problem.

One common type of repair involves correcting another
speaker’s interpretation of the discourse. In the simplest
case, a speaker makes an utterance displaying her misun-
derstanding in the turn immediately following the one she
misunderstood. If the other speaker then recognizes the
misunderstanding and initiates a sequence to resolve the

"Recall that she raised her confidence threshold as a result of the hearer's
postponement move, so now she must meet the new threshold.



Table 3: Example of suggestion and elaboration.

1 A: GototheLowell Street intersection.
s-goto(Entity)
s-refer(Entity)

s—attrib(Entity, AX:category(X,intersection))

s-attrib(Entity,AX-called (X, ’Lowell Street’))

2  B: Doesit have asign?
s-postpone(pl)

s-suggest(pl, [s-attrib-rel(Entity,Entity2,AX-AY-has(X,Y)),

s-refer(Entity2),

s—attrib(Entity2,AX-category(X,sign))])

3 A Yes, itdoes, andit dso hastraffic lights.

s-affirm(pl, [s-attrib-rel(Entity,Entity2,AX-AY -has(X,Y)),

s-refer(Entity2),

s—attrib(Entity2,AX-category(X,sign))])
s-actions(pl, [s-attrib-rel(Entity,Entity3,AX.-AY-has(X,Y)),

s-refer(Entity3),

s—attrib(Entity3,AX-category(X,traffic-lights))])

4 B: Okay.
s-accept (p123)

misunderstanding, this is a third-turn (or third-position)
repair, so caled because therepair isinitiated in the third
turn of the top-level sequence, counting from the misun-
derstood utterance. Consider Example 5 from Coulthard
and Brazil [11]. Inthisexample, B hasrespondedtolinel
with an acknowl edgement, interpreting line 1 asan inform.

Example5
1 A: Sothemeeting’son Friday.
2 B: Thanks.

3 A: No, I'masking you.

However, A intended line 1 to beyes-no question (presum-
ably with an inform as the expected reply). Recognizing
B’s misunderstanding, A produces a third-turn repair in
line 3, telling B what action A had intended inline 1. A
could have also told B theintended goal (e.g., “No, | want
you to tell me”)

Another type of repair involves producing a new re-
ply to aturn that one has apparently misunderstood. If
a conversant hears an utterance that seems inconsistent
with her expectations (perhaps because she has misun-
derstood some previous utterance) and the inconsi stency
leads her to reinterpret an earlier utterance and produce a
new responsetoit, thisisafourth-turn(or fourth-position)
repair [39]. Such repairs not only display the alternative
interpretations, but also indicate some of the information
that may underlie a participant’s decision to favor one of
them over another. Consider the fragment of conversation
between a mother and her child (named Russ), shown in
Example 6 [43].

Example 6

Mother: Do youknow who'sgoingto that meeting?
2 Russ. Who?
3 Mother: I don't know.

N

Russ:  Oh. Probably Mrs McOwen and probably
Mrs Cadry and some of the teachers.

Inthisdialogue, Russinitialy interpretsline 1 as express-
ing Mother’'sdesireto tell, that is, asapretelling or prean-
nouncement, but finds thisinterpretation inconsistent with
her next utterance. In line 3, instead of telling him who's
going (asonewould expect after pretelling), Mother claims
that she does not know (and therefore could not tell). Russ
recovers by reinterpreting line 1 as an indirect request,
which his line 4 attempts to satisfy. This example aso
demonstrates agents’ reluctance to repair the problemsin
the utterances of others [41]; although Mother might have
produced athird-turn repair at line 3, the manifestation of
a misunderstanding provided her with an expectable op-
tionthat allowed her to avoid having to produce an explicit

repair.

5.2 Thenead for both intentional and social
infor mation

Any dialogue system must account for the detection and
repair of misunderstandings. But to consider possible
misunderstandings in addition to intended interpretations
would explode the number of alternatives that an inter-
preter would need to consider, unless there were adequate



constraints. However, predominant computationa ap-
proachesto dial ogue, which are based onintention, already
have difficulty constraining the interpretation process.
Proposed sociological accounts are more constrained, but
none are computational. Some synthesis of intentional
and socia accounts of discourseis required.

In intentional accounts, speakers use their beliefs and
goalsto decide what to say; when hearers interpret an ut-
terance, they try to identify goals that might account for
it. Thissort of reasoning is difficult to constrain because,
although beliefs can narrow the search for an interpreta-
tion, there is no principled way of constraining the depth
of the search. For each motivation that a hearer considers,
he must also consider any higher-level motivationsthat it
might support. To make such an approach workable, many
simplifying assumptions have to be made, including the
assumption that previous parts of the conversation have
been understood correctly. However, thereis another way
to address mi sunderstanding that avoi dsthisunconstrained
inference of goas: use expectations deriving from socia
conventions (rather than intention) to guideinterpretation.

In sociological accounts provided by Ethnomethodol-
ogy, both coherent discourse interactions and repairs of
misunderstandings are normal activities guided by socia
conventions[17, 40]. There are conventionsregarding the
expected range of responses to every action, for example.
People then can assume that others are behaving as ex-
pected, unless they have reason to believe otherwise. In
this way, the conventions give speakers a guide to pos-
sible interpretations. Reasoning is also limited, because
conventionsdo not depend on the psychol ogical character-
istics of particular participants. What these accounts lack
that computational accounts provide is an explanation of
how people can identify the convention that is relevant,
especially when there is no pre-existing expectation.

5.3 A synthesis

In our work (described more fully in references [27, 28])
we have developed a model of interaction that addresses
the possibility that the participants might differ about the
speech act that is performed by some utterance, without
requiring extended reasoning about the speaker’s goals.
According to the model, speakers form expectations on
the basis of what they hear, and thus monitor for differ-
ences in understanding. If necessary, they also reinterpret
utterances in response to new information and generate
repairs. Beliefs about the discourse context and conven-
tionsfor interaction are used to select speech acts that are
appropriate for accomplishing the speakers’ goals. Inter-
pretation and repair attempt to retrace this selection pro-
cess abductively—when speakers attempt to interpret an
observed utterance, they try to identify the goal, expec-
tation, or misunderstanding that might have led the other
agent to produceit.

The model uses both intentional and social sources of
knowledge. Intentional information is captured by two re-

lations: one between utterances (input forms) and speech
acts, and one between utterances and the attitudes that
they express. These relations are the basis for decid-
ing whether a set of utterances is consistent. To cap-
ture socially-derived expectations, the theory includes a
relation on the speech acts—for each act, which acts are
expected to follow. It aso contains an axiomatization of
speakers knowledgefor generating appropriate utterances
and for detecting and repairing misunderstandings. The
model demonstrates how these decisions depend on inter-
actions among discourse participants beliefs, intentions,
previously expressed attitudes, and knowledge of social
conventions.

The key features of the model that distinguish it from
previous ones are the following:

e An account of the detection and repair of speech
act misunderstandingsand itsrelation to generation
and interpretation. Although there has been work
on identifying potential sources of misunderstand-
ing, none of it addressesthe problem of identifying
and repairing actual misunderstandings. Also, uni-
fying these tasks requiresthat linguistic knowledge
and processing knowl edge be kept distinct, improv-
ing the clarity of the model and permitting genera
knowl edge about language to be reused.

e An integration of the socialy-determined, struc-
tura conventions that have been identified by Eth-
nomethodol ogy with the use of belief and intention
that has been popularized within Artificia Intelli-
gence. Asaresult, the model does not do extended
inference about goals when it is not necessary.

e An account of the nonmonotonicity of discourse
reasoning. In particular, the interpretation of utter-
ances and the detection of misunderstandings are
both characterized as abduction problems; speech
act generation is characterized as default reason-
ing. Asaresult, al three processes can be specified
within a single theory of communicative interac-
tion.

e A reification of expectation. According to the
model, agents form expectations on the basis of
social conventions. They filter these expectations
by considering the consistency of the Gricean inten-
tions that they have expressed. By contrast, previ-
ous models of discourse attempt to eliminate inter-
pretations by using some (hecessarily incomplete)
set of felicity conditions.

e An axiomatization in Prioritized Theorist [35].
Theorist is adeclarative framework for default and
abductive reasoning. Thus, linguistic knowledge
and processing knowledge are kept distinct.



5.4 Thearchitecture of our mode

In the architecture that we have formulated, producing an
utteranceisadefault, deductive processof choosing both a
speech act that satisfies an agent’s communicative and in-
teractional goals and a utterance that will be interpretable
asthisact in the current context. Utterance interpretation
is the complementary (abductive) process of attributing
communicative and interactional goals to the speaker by
attributing to him or her a discourse-level form that pro-
vides a reasonabl e explanation for an observed utterance
in the current context. Expectations deriving from socia
norms delimit the range of responsesthat can occur with-
out additional explanation. The attitudes that speakers
express provide additional constraints, because speakers
are expected not to contradict themselves. We therefore
attributeto each agent:

e A set B of prior assumptions about the beliefs and
goal sexpressed by the speakers (including assump-
tions about misunderstanding).

e A set M of potential assumptionsabout misunder-
standings and meta-planning decisions that agents
can make to select among coherent aternatives.

e A theory 7 describing hisor her linguistic knowl-
edge, including principles of interaction and facts
relating linguistic acts.

DEFINITION 1: An interpretation of an utterance u to
hearer h by speaker s in discourse context ts is
aset M of instances of elements of M, such that

1. 7 U B UM isconsistent

2. TUBUM [ utter(s, h, u, ts)

3. T UB UM isnotin conflict with any stronger
defaults that might apply.®

DerINITION 2: It would be coherent for sto utter uindis-
course context tsif u isasolution to the following
default reasoning problem:

T UBUM™ - (Ju) utter(s, h, u, ts)
where M™?2 js a set of assumptions about meta-
planning decisionsin M, such that

1. 7 U BUM™jsconsistent

2. T UBUM™ = utter(s, h, u, ts)

3. TUBUM™®isnotin conflict with any stronger
defaults that might apply.

DEFINITION 3: A speaker Sl isexpected to do actionRin
dialogue TS whenever there is an action A that is
active in TS (because it was performed earlier), R
as the normal expected reply to A, and the linguis-
tic intentions of R are compatible with the active
suppositionsof TS,

8More precisely, 7 U B U M satisfies the priority constraintsof Prioritized
Theorist.

In addition, acts of interpretation and generation update
the set of beliefs and goal s assumed to be expressed dur-
ing the discourse. The current formalization focuses on
the problems of identifying how an utterance relates to a
context and whether it has been understood. The update
of expressed beliefsishandled in the implementation, but
outside the formal language.®

The following formulates our characterization of mis-
understanding and repair:

Other-misunder standing
Speaker s; might be attempting action a,, in dis-
coursetsif:
1. Earlier, speaker s, performed act ainended;
2. Actions aiyendged @Nd agmilar €aN be performed
using a similar surface form;
3. If s, had performed agiiar, then a,e, Would be
expected,;
4. s; may have mistaken ajnended TOr Agmilar -

Self-misunder standing
Speaker s; might be attempting action a,g, in dis-
coursetsif:
1. s; has performed action agpserved;
2. But, thelinguisticintentionsof a,e, areincon-
sistent with the linguisticintentions of agpgerved;
3. Aghserved @Nd aCtion Apengeq CaN be performed
using a similar surface-level speech act; and
4. s, may have mistaken anended fOr Qobserved-

Third-turn repair
Speaker s; should tell speaker s, that she intended
to perform ajnended iN discoursetsif:

1. s, has apparently mistaken an instance of act
intended TOr @Ct Agpserved; aN

2. s; may perform athird-turn repair (i.e., the act
that s; would expect to follow her intended
action has not aready been done and it would
be consistent for s; to tell s, that she intended
to perform aintended)-

Fourth-turn repair
Speaker s; should do action &,y in discourse ts
when:

1. s; has mistaken an instance of act ajpengeq 3S aN
instance of act Agpserved-
2. A reconstruction of the discourseis possible.

3. s; would expect to do aey in this reconstruc-
tion.

4. And, smay perform afourth-turn repair.

9A related concernis how an agent’sbeliefs might change after an utterance
has been understood as an act of a particular type. Although we have nothing
new to add here, Perrault [32] showshow default logic might be used to address
this problem.



5,5 Example

We have implemented the model in Prolog and the The-
orist [35, 44] framework for abduction with prioritized
defaults. Table 4 shows two copies of the system engag-
ing in Example 6.

5.6 Other kinds of misunderstanding

Although the framework that we have developed is very
genera, we have developed within it the knowledge for
dealing with only certain types of misunderstanding at
the level of sentences and speech acts. Many other kinds
of misunderstanding occur when the conversants differ in
their beliefsasto what the plans of the other are, regarding
both the domain of the discourse and its structure.

We have characterized thetypesof discourse-model dis-
crepancy that can arise, and for most, have constructed or
found natural instances of examples[22]. Inexample 7,in
which the conversants are planning a party, B misunder-
stands A's ellipsisin line 7, (as do you want to ask Karin
to come to the party? instead of do you want to ask Karin
for the recipe?) and thinksthat atopic shift has occurred.

Example7
A: | wonder if we've forgotten anyone.

: Didyouinvitethe Mooneys?

: Mmhm.

: Can you get me the cake recipe?

. It's on the shelf above the stove.

. It'snot there.

: Do you want to ask Karin?

. lsn’t she going to be out of town?
A: No, | mean ask her for the recipe.

© o ~N o UAWN R
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To handle conversations, such as these, in which mis-
communication occurs due to discourse-model discrepan-
cies, a plan recognition scheme must be able to both de-
tect these discrepancies and make any necessary revisions.
Such abilitieswould al so enabl e the modeling of miscom-
muni cation arising from discrepanciesin the domain plans
conversants attribute to each other. In the following ex-
change, adiscrepancy arises concerning what domain plan
A’s questionisintended to help her fulfill:

Example 8
1 A: Where's cscl04 taught?

2 B: Sidney Smith Building, room 2118, but the class
isfull.

3 A: No, | teachit.

B assumesthat A'sdomain planisto take csc104; in fact,
her plan isto teach it.

Unfortunately, most existing plan recognition schemes
cannot be employed as the foundation of a model of these
sorts of miscommunication. Although techniques have
been developed to handle situationsin which agents' plan

librariesdiffer in somerespects, e.g., Pollack [34], Calistri-
Yeh [5], most current schemes have no mechanism for de-
tecting discrepanciesin, or for revising, the plansinferred.
Appelt and Pollack [3] suggested the use of weighted ab-
duction to model the nonmonotonic aspects of plan infer-
ence. Although the weighted axioms they define provide
limited coverage, the method itself isinteresting. Eller and
Carberry [16] proposed another mechanism that performs
detection and revision, based on the insight that dialogues
requiring plan inference revision are analogous to seman-
ticaly or syntactically ill-formed input. However, their
means of detecting aneed to revise'® islimited; it does not
make use of clues in the conversation itself and revision
initiated by such clues would appear to require another
mechanism. Further, the meta-rules they proposefor revi-
sion are procedural, and vary gresatly in their specificity. A
knowledge-level account of revision would be preferable.

But, more generaly, the question arises as to the ex-
tent to which it is necessary to infer the other conversant’s
goalsat al. Our abductive model synthesized intentional
and socia accounts. However, sociolinguists maintain
that expectation and socia accountability are sufficient by
themselves. This question isimportant because, if it were
possible to eliminate goa inference, then we would have
succeeded in finding a principled way to greatly constrain
theinterpretation of utterances. If not, it would still bethe
case that socia expectations could be used in constraining
and directing the search within the goal inference proce-
dures.

Our current model does not resolve the question of
whether goal inference is ever required, because it does
not cover non-literal utterances such as irony or sarcasm,
nor partially expressed propositions such as dllipsis and
fragmentary utterances. We are presently investigating
the generality of our approach by extending the model
to handle such cases, which many have claimed require
extended goal inference.

6 CONCLUSION

Participants in a dialogue are necessarily limited in the
amount of information that they can make explicit. Dis-
course participantscompensatefor thislimitation by using
the evidence provided by their utterances to verify each
other’s understanding of the conversation asit progresses.
To show his understanding and acceptance of an utterance,
ahearer may reply with an utterancethat is consistent with
the speaker’s expectations. Alternatively, if he disagrees
with the speaker’s displayed interpretation, he can initiate
arepair. In this way, participants negotiate the meaning
of utterances. Reflecting the inherent symmetry of this
negotiation, all our models can act as both speaker and
hearer, and can play both the role of the conversant who

0gpecifically, revision occurswhen their plan inference schemeis unableto
accommodate the next utterance without violating one of their constraints on
well-formed dialogue.



Table 4: Example of repair of misunderstanding.

1 ‘Mother’: Do you know who's going to that meeting?
surface-request(m, r, informif(r, m, knowref(r, wholIsGoing)))
2 ‘'Russ: Who?
surface-request(r, m, informref(m, r, whoIsGoing))
3  ‘Mother’: 1don't know.
surface-inform(m, r, not knowref(m, whoIsGoing))
4 ‘'Russ Oh. Probably Mrs McOwen and probably Mrs Cadry and some of the teachers.

surface-informref(r, m, whoIsGoing)

is not understood or is misunderstood and the role of the
conversant who failsto understand.

To address nonunderstanding, we have developed two
plan-based model s of collaborationin identifying the cor-
rect referent of a description: one covers situationswhere
both conversants know of the referent, and the other cov-
erssituations, such asdirection-giving, where therecipient
does not. In the moddls, conversants use the mechanisms
of refashioning, suggestion, and elaboration, to collabora
tively refine areferring expression until it is successful.

To address misunderstanding, we have developed a
model that combines intentional and social accounts of
discourse to support the negotiation of meaning. The ap-
proach extends intentional accountsby using expectations
deriving from social conventions in order to guide inter-
pretation.
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