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Preface

This volume contains the proceedings of the Fourth Workshop on the Semantics and Pragmatics of Dia-
logues, held at Géteborg University on June 15-17, 2000. This workshop is part of a series of workshops
whose aim is to bring together researchers working on the semantics and pragmatics of dialogues in fields
such as artificial intelligence, formal semantics and pragmatics, computational linguistics, and psychology.
The first of these workshops, MUNDIAL 97, was organized by Anton Benz and Gerhard Jager and took
place in Miinich in March 1997; the two subsequent workshops took place in Twente and Amsterdam,
respectively. The increasing number of submissions (54 papers were submitted to this year’s workshop)
suggests that these workshops provide a stimulating forum for this kind of work.

Part of what makes these workshops so attractive is their success in attracting stimulating invited speak-
ers. We are extremely grateful to this year’s speakers - Jens Allwood, Herbert Clark, Paul Dekker, and
Ronnie Smith - for accepting our invitation and contributing their insights to this year’s meeting.

While receiving a large number of submissions is encouraging and ensures that this year’s workshop
will be yet again of high quality, it also makes the selection task very difficult. We wish to thank the
members of the Program Committee, who ended up reviewing more papers than originally expected, and
in a shorter time, managing nevertheless to produce highly informative reviews:

Cecile Balkanski (LIMSI-CNRS, France); Johan Bos (U Saarlandes, Germany); Jonathan
Ginzburg (King’s College London, UK); John Gurney (Army Research Lab, US); Masato
Ishizaki (JAIST, Japan); Gerhard Jaeger (ZAS Berlin, Germany); Yasuhiro Katagiri (ATR,
Japan); Jan van Kuppevelt (IMS Stuttgart, Germany); lan Lewin (SRI, UK); Diane Litman
(AT&T, USA); Johanna Moore (U Edinburgh, UK); Joakim Nivre (Gothenburg University);
Hannes Rieser (U Bielefeld, Germany); David Sadek (France Telecom); Len Schubert (U
Rochester, USA); and Henk Zeevat (U Amsterdam, Netherlands)

Thanks also to Philippe Bretier (France Telecom), Mark Core (U Edinburgh), and FE. Panaget (France
Telecom) for additional reviews. As in previous editions of the workshop, we decided to accept fewer
papers so as to give the authors more time for presentation; thus, only 22 papers were accepted. However,
because of the large number of high quality submissions, we also decided to accept a few more papers as
posters. The review process was blind, to increase the fairness of reviewing.

This year’s workshop is organized in collaboration with the TRINDI project, LE4-8314. We also wish
to thank Goteborg University for the use of their facility, and especially the local organizers - Robert
Andersson, Maria Bjornberg, Robin Cooper, Elisabet Engdahl, Staffan Larsson and Katarina Magnusson -
for doing most of the hard work involved in organizing such an event.

Massimo Poesio and David Traum (Program Chairs)
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Parameters of Dialog analysis

Jens Allwood

Department of Linguistics, Goteborg University
Box 200, SE-405 30 Goteborg, Sweden
jens@ling.gu.se

Abstract

The notion of “dialog” as well as the related notions of “dialog analysis” and “dialog theory” have
become increasingly popular in recent years. The popularity of the notion of “dialog” includes several
disciplines such as philosophy, linguistics, computer science, psychology, sociology, anthropology, literary
studies etc. The goal of this paper is to give an overview of some possible parameters of dialog analysis.
These parameters can then be used to locate different approaches to dialog in relation to each other. The
parameters will first be brielfly characterized and then some of them will be commented on more in depth.

Uptake and its Role in Conversation

Herbert Clark

Stanford University
Stanford CA 94305, USA
herb@psych.stanford.edu

Abstract

Mlocutionary acts have been viewed in two main ways. In the first, which originated with Searle, they
are acts that speakers perform autonomously. In the second, proposed by Austin, they are acts performed
by speakers in coordination with their addressees. In my terminology, they are participatory acts, which are
one individual’s parts of joint acts. By now Searle’s view is standard, and Austin’s is almost forgotten. The
essential difference between them is this: In Austin’s view the content of an illocutionary act is determined
in part by the addressee’s uptake, whereas in Searle’s view it is not. I review a range of phenomena from
spontaneous conversation as evidence for Austin’s view and against Searle’s. What finally counts, I argue,
is not what speakers mean, but what they are jointly taken to mean.
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Trying to Understand Misunderstanding: How Robust Can Spoken
Natural Language Dialogue Systems Be?

Ronnie Smith

Department of Computer Science, East Carolina University
Greenville, NC 27858, USA
rws@cs.ecu.edu

Abstract

A ubiquitous problem with AI systems is the difficulty in “knowing that you don’t know.” Spoken
natural language dialog systems are not exempt from this dilemma. This talk will overview several different
studies that have been undertaken in order to make dialog systems behave more robustly in the presence
of miscommunication. The studies use data collected via experimental interaction with the Circuit Fix-It
Shop, a dialog system originally constructed to test the validity of a model for integrated dialog processing
that is continuing to be used as a testbed for evaluating the effectiveness of techniques for the prevention,
detection, and repair of miscommunication in human-computer dialog.
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Support for Update Semantics (House Version)

Paul Dekker

ILLC/Department of Philosophy
Faculty of Humanities
University of Amsterdam
dekkeréhum.uva.nl

Abstract
In this paper classical systems of update semantics are studied from the wider perspective of information exchange. We present indepen-
dent compositional statements of the content of, update with, and support for first order expressible sentences. It is shown that a proper
update with the contents of supported utterances is safe, in the sense that it does not corrupt the information distributed over the interlocu-
tors. The pragmatic outlook on update and support also allows us to escape from some of the objections that has been raised against first
order analyses of natural languages connectives, notably that of conditionals as material implication. The adopted outlook furthermore
provides inspiration for a plausible analysis of functional dependencies and of certain cases of what has been called quantificational and

modal subordination.

1. Introduction

Dynamic Semantics (DS) is a branch of linguis-
tics originating from the model-theoretic and referentially-
based work of Montague and his followers. The character-
istic feature of dynamic semantics is that it systematically
takes into account certain pragmatic aspects of interpreta-
tion. In the original versions of dynamics semantics, the
object of study is the (dynamic) logic of the effects which
the utterance of indicative sentences may bring about in an
utterance situation (Discourse Representation Theory, File
Change Semantics, Dynamic Predicate Logic, Update Se-
mantics); in other versions also the logic of the satisfaction-
conditions and pre-conditions are systematically studied
(Situation Semantics, Epistemic Semantics).

In this paper we adopt a more systematic outlook on
the semantics and pragmatics of assertions in natural lan-
guage, one that takes into account both update effects on
the side of the hearer, as well as the information which
a speaker can be said to be committed to in support for
her assertions. The main inspiration for this paper comes
from (Grice, 1975; Grice, 1978; Stalnaker, 1978; Stalnaker,
1998). Technically, it elaborates upon the work of (Kamp,
1981; Heim, 1982; Groenendijk and Stokhof, 1991; Velt-
man, 1996).

We will proceed as follows. In the next section we
introduce crucial notions and issues (semantic as well as
pragmatic) in the context of a simple fragment of natural
language which has the expressive power of propositional
logic. In section 3 we lift the discussion to the first order
level, and show how the relatively trivial results and ob-
servations from the propositional logic can be preserved,
in a non-trivial way, at the first order level. Section 4 dis-
cusses a conceptual issue which automatically arises at the
first order level. Maybe surprisingly, this doesn’t have to do
with the dynamics of first order interpretation—which has
been given a natural explanation in section 3—, but with
the absence of it in certain contexts. The insights gained
in this section constitute motivation for a natural extension
of the empirical scope of the first order system with func-
tional dependencies, which is sketched in section 5. In the
concluding section we summarize the results.

2. The Exchange of Propositions

In this section we introduce the basic notions which
this paper focuses on, that of the ‘content of’, ‘update with’
and ‘support for’ assertions. The concepts are introduced
for a fragment of natural language which can be analyzed
in terms of that of propositional logic.

2.1. Propositional Semantics

Let us assume we have a language of proposition
logic built up from a set of proposition letters by means of
negation and conjunction. Interpretation is stated relative to
amodel M = (W, V), consisting of a set of possible worlds
W and an initial valuation function V', which assigns sets
of worlds to proposition letters.

Satisfaction is defined relative to such a model M
and aworld w e W:

Definition 1 (Propositional Satisfaction)
o wkypiffweV(p)

wEp g iffw, oy ¢
whEM AP iffw =y gandw Epr ¢

Obviously, these are the standard satisfaction conditions.

In terms of the satisfaction conditions we can spell out the
contents of our sentences as the sets of possible worlds in
which the sentences are true:

Definition 2 (Propositional Contents)
o the content of ¢ in M, [d]ar, is {w | w Eunr ¢}
It is completely straightforward to see that the contents of

our sentences could as well have been spelled out indepen-
dently and in a compositional fashion, for:

Observation 1 (Composition of Contents)

o [-d]m =W\ [¢]m
¢ Adlm =[] N [¥]

Clearly, this little propositional system has a classical,
Boolean semantics.



2.2. Pragmatics of Assertion

Let us now see how our propositional system lan-
guage can be used to characterize aspects of propositional
information exchange. Agents are assumed to exchange in-
formation about the (actual state of the) world, and the in-
formation they have can be modeled by means of the sets
of possible worlds which might be the actual one for as far
as the agents know.

So what can we say that an agent @ may pick up when
somebody else asserts a particular sentence ¢ (and if a ac-
cepts the assertion)? Obviously, this is the update of the
information ¢ which he already had with the information
which he gets:

Definition 3 (Propositional Updates)
o the update of ¢ with ¢ in M, [¢]ar(t), is t N [¢]ar

After accepting ¢, an agent is taken to believe the world to
be as he thought it was before the update, and also as it is
said to be by the utterance of ¢.

Let us now take a look at the other party in the game of in-
formation exchange, and see how the speaker’s information
relates, or must relate, to what she says to be the case. One
of the main goals of the game of information exchange is
that agents exchange true information, so one of the major
principles is that the speaker’s information state s support
the contents of her utterances:

Definition 4 (Propositional Support)
e ssupports ¢ in M, s =ar ¢, iff s C [P nr

If one says that the actual world is a ¢-world, then one
ought not to conceive it possible that the actual world is
not a ¢-world.!

2.3. Coherent Information Exchange

The present propositional notions of content, update
and support are closely and coherently related. Update and
support can also be specified independently, and in a com-
positional fashion:

Observation 2 (Compositional Updates)

o [=lm(t) = t\[P]m(t)
[ Al () = [$]ar([D] (1))

Observation 3 (Compositional Support)

o sy gifforno@ Cs' Csis' f=p ¢
slEGAYiffs |=p dands =pr

This is appealing, because it shows that we can study the
logic of update and support separately and in a formally
transparent fashion, without having to worry about the im-
plications of this for the philosophically well-motivated no-
tion of linguistic content.

IThis notion of support may serve to implement Grice’s max-
ims of quality. It can also be used to specify Hamblin’s notion of
commitment: a speaker can be said to be committed to having the
information supporting what she says.
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It is also easily seen that the update with a supported as-
sertion is safe. The information which an agent has after
the update with a supported assertion is contained in the
joint information which he and the speaker had before the
assertion:

Observation 4 (Supported Updates)
o if s = dthensNit C [P]ar(2)

This fact guarantees that a proper exchange of propositional
information does not corrupt the information exchanged.
Thus, if the interlocutors start out with correct informa-
tion, and only exchange supported information, then each
of the player’s information after the exchange is correct,
too. Surely, this is a key property of a sound system of
information exchange.

2.4. Pragmatics of Conditionals

In this paper implication is, as usual, defined in terms
of negation and conjunction: ¢ — ¢ =4r (¢ A—p). Thus:

Observation 5 (Implication satisfaction)

o wl=py ¢ Yiff, if w =p ¢ thenw f=pr ¥

Several objections have been raised against such a material
implication analysis of conditional sentences, one of these
being that it is too weak. An implication is already satisfied
by w if the antecedent clause is not satisfied. When we take
pragmatic matters into account, however, such an objection
loses its bite.

Consider the support a speaker may have. If it is true
that if s |=ps ¢ then s [=p 1, it does not yet follow that
s Em ¢ — 1. More is required to make the latter point
true, viz., that Vw € s: if w |=pr @ then w =5 9. This
is a stronger requirement with an intensional flavor. State
s supports ¢ — 1 if s has evidence for some trans-world
dependency between ¢ and 1.

This point can be appreciated further when we con-
sider the following two related facts:

Observation 6 (Role Switches)

e o E¢iff [§](c) =0

* o= ¢ 9iff[¢](o) =¥
Support for a negation ~¢ consists in evidence against an
attempted update with ¢. Similarly, support for an implica-
tion consists in support for the consequent which is func-
tionally dependent on an update with the antecedent. No-
tice that this functional dependence should not be a trivial
one. Grice’s quantity maxims exclude evidence for —¢ or
1) to support an utterance of ¢ — 1.

When we consider a fragment of natural language which
can be modeled by a language of propositional logic, the
notions of content, update and support are seen to be co-
herently related. Content of, update with, and support for
the utterance of a propositional sentence can be defined
separately, and any one of these notions can be defined in
terms of another. Besides, exchange of information can be
defined in a safe way. What about a fragment of natural
language with the expressive power of first order predicate
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logic? The next section discusses what are appropriate no-
tions of content, update and support when we are concerned
with the utterance of sentences with indefinite elements (in
particular pronouns, and indefinite noun phrases)?

3. First Order Exchange

In this section we sketch the semantics and pragmat-
ics of a first order language, built upon three assumptions,
relatively well-motivated in the philosophical literature (cf.,
e.g., (Stalnaker, 1998)). First, indefinite noun phrase (mod-
eled by means of existentially quantified phrases) are gen-
erally used with referential intentions; second, anaphoric
pronouns may refer back to the individual which a preced-
ing indefinite was intended to refer to; third, both kinds of
terms are linearly ordered in discourse. The set up of this
section mirrors that of the previous one. We first specify
a satisfaction semantics for a first order language (which
includes pronouns), and then we develop suitable notions
of content, update and support. (The observations, defini-
tions and results of this section are extensively discussed in
(Dekker, 2000).)

3.1. Satisfaction of First Order Assertions

Let us assume a language built up from variables,
pronouns (p,, P2, . . .) and relational constants by means of
negation, existential quantification and conjunction. Vari-
ables are dealt with in the usual way by means of variable
assignments and pronouns look back in the discourse for
preceding antecedents. A pronoun p; is interpreted as co-
referential with the ¢-th existential found when going back
in the discourse from the place where the pronoun occurs.
Relative to a sequence e, a pronoun p; selects the i-th indi-
vidual e; from that sequence, thus indicating that it is co-
referential with the i-th potential antecedent in preceding
discourse.

Formulas are interpreted relative to sequences of in-
dividuals satisfying both their existentials and pronouns.
(For a start, we neglect ‘worldly’ information.) Given that
existentials (associated with indefinites) are used with refer-
ential intentions, and since these occur in a linear order, the
‘length’ n.(¢) of a formula ¢ is that the number of existen-
tial quantifiers in ¢ not in the scope of a negation. Satisfac-
tion is defined, furthermore, relative to a first order model
M = (D, E) consisting of a domain of individuals D and
an interpretation £ for the non-logical constants. It is de-
fined as follows:

Definition 5 (First Order Satisfaction)
o el=ng R IfE ([E]ge, ..., [t]g,e) € E(R)

el Jup  iffe-l Pt fen ¢
e’:M,g ¢ iff ~3¢c € D™M9): ce }:M,g¢
eFmg dAY iffel=n,y Y and e-n(y) Fury ¢

where e-m is the sequence e, 41, €m+t2, - - -

This satisfaction semantics is dynamic in that it accounts
for inter-sentential anaphoric binding. Due to its treatment
of existentials, pronouns, and its dynamic notion of con-
Jjunction, the following two formulas are equivalent:

Observation 7 (Dynamic Conjunction)

o dx{Dx A y(Py A Fzy)) AJz(Tz A Spipez) <
A3z (Dz A Jy(Py A Fzy) A (Tz A Szp12)) &
A23z3y(Dz A Py A Fzy ATz A Szyz)

This mirrors the natural language equivalence between:

(1) A diver found a pearl. She sold it to a tourist.
(2) A diver sold a pearl she found to a tourist.

Our satisfaction semantics also accounts for a worn-out ex-
ample like the famous ‘donkey-sentence’:

(3) If a farmer owns a donkey he beats it.
(4) Every farmer beats every donkey he owns.

since, e.g.,

Observation 8 (Dynamic Implication)

o (Fzd(z) = ¢(p1)) & Va(d(z) = ¢(2))

The interested reader is referred to (Dekker, 2000) for a
further exposition of this system.

3.2. First Order Contents and Updates

In the propositional system of section 2 formulas
were defined to be satisfied by certain possible worlds, and
in the first order system by certain sequences of individuals,
in an extensional manner. The two definitions can be com-
bined by resorting to intensional models M = (W, D, I),
which consist of a set of worlds W, a domain of individuals
D, and an interpretation function I such that forall w € W:
My, = (D, I,) is an (extensional) model:

Definition 6 (First Order Contents)
o [Blrg ={we | eFm.,g ¢}

The first order contents of a formula ¢ are given by (Heim,
1982)’s satisfaction sets, sets of worlds and sequences of in-
dividuals which jointly satisfy the conditions imposed upon
them by ¢.

Although our first order notion conjunction from sec-
tion 3.1 has been seen to be dynamic, it can be understood
to derive from a (Boolean) form of intersection:

Observation 9 (Conjunction is Boolean)

o [ AYImg = [WImg N [+0(D)][P)M,g

In this observation [+n(¢)]7 indicates the update of the sat-
isfaction set T with the fact that +n(v) more terms have
been used after the satisfaction set 7 = [@]aq,y has been
established, i.e., after the assertion of ¢.

With the notion of conjoining contents at hand, first order
updates can be specified as follows:

Definition 7 (First Order Updates)
o [¢lrm,(r) = [$Irr,g N [+n(P))T

Under this definition, the update notion of conjunction turns
out to be a form of composition:

Observation 10 (Conjunction as Composition)

o [¢AhIrmg(r) = [h]am,o ([8]r,6(7))



Interestingly, the dynamics of conjunction (and that of
interpretation more in general) thus can be seen to re-
side in the temporal order of updating with the succes-
sive conjuncts. Conversely, the dynamic notion of con-
junction (composition) is seen to be based on an underlying
(Boolean) notion of intersection.

Our notions of content and update are not merely de-
rived notions, for

Observation 11 (First Order Compositionality)

¢ both the contents of and the dynamic update with a
first order formula ¢ can be defined independently and
compositionally

The definitions are given in (Dekker, 2000). As a matter of
fact, it appears to be immaterial whether one adopts a clas-
sical or an update notion of meaning as the basic one if one
sets out to deal with intersentential anaphoric relationships

3.3. Compositional Support and Coherence

Like we said in the introduction to this section, a
speaker is assumed to use indefinites (and other terms, for
that matter) with referential intentions. When we turn to
the support for first order utterances, these intentions have
to be dealt with explicitly.

Indefinite terms (like definite ones) are assumed to
be supported by specific subjects in the speaker’s state of
information. These states of information which an agent
a has about sequences of individuals are modeled by sets
of worlds and sequences of individuals, viz., the worlds w
which a thinks might be the actual one, with the sequences
of individuals e as the individuals which she has informa-
tion about (her subjects). A speaker’s information state,
thus, can also be modeled as a Heimian satisfaction set.

In order to indicate that a speaker has a certain sub-
ject in mind when uttering an indefinite or pronoun, we use
links [ which relate the terms she utters to the subjects of
her information state. Given that the (uttered) terms are lin-
early ordered, these links can be specified as sequences of
subjects of the speaker. Thus, e.g., a link ¢7 for an utterance
of a formula ¢ indicates that the last term in ¢ is supposed
to be supported by the i-th subject of the speaker, and the
one but last term by her j-th subject.

First order support can now be defined as follows:

Definition 8 (First Order Support)

* 0 Emgy ¢ iff o C[1[dlr,g

In this definition, [I]7 translates the information 7 =
[#] 1,4 has about n(¢@) subjects into information about the
corresponding subjects of ¢ (given by [), and that infor-
mation is supposed to be supported by ¢’s subjects. (See
(Dekker, 2000) for more discussion.)

Under the present definition, support for a dynamic
conjunction corresponds to its dynamic satisfaction, for:

Observation 12 (First Order Conjunction Support)

® 0 FEMgr dAYiffo Epr g Y and o = as g i—n(y) ¢

The linking functions / can be seen to mediate between sat-
isfying sequences of individuals and supporting subjects.
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Support for two anaphorically related terms actually con-
sists in support for the two terms by one and the same sub-
ject so that

Observation 13 (Anaphoric Support)

[ 3es ’:M,g,l 3:1,'(25 A Fp1 iff o ’:M,g,l 3:1:((}5 A Fa:)

Like the notions of content and update, that of support can
be stated independently:

Observation 14 (Compositional Support)

o the support for a first order formula ¢ can be defined
independently and compositionally

(The definition is spelled out in (Dekker, 2000).) Actually,
it turns out to be immaterial whether one adopts a support
or another (satisfaction, update) notion of meaning as basic.

Now that we have defined (related) notions of first order
update and support, we may turn back to the issue of safe
information exchange, this time at the first order level. Its
characterization is somewhat more involved:

Observation 15 (Supported First Order Updates)

o ifo [=a,g0 ¢, then (o N [m]r) C [I][¢]an,g(7)

provided that I' = [ U (m o —n(¢)) be a function

There is no room, here, to discuss the details of the side
conditions, but, basically, it amounts to this. An update of
7 with an utterance of ¢ is safe, if the utterance is supported
by ¢ under a link [, and if pronouns unresolved in ¢ are
justly matched with subjects in 0. Notice that if ¢ itself
is resolved, that is, if ¢ contains no unresolved pronouns,
the situation is entirely similar to that of the propositional
setting. If ¢ is not resolved however, then the hearer should,
of course, take care in resolving pronouns in the right way.
We, again, refer to (Dekker, 2000) for further discussion.

3.4. Support for Dynamic Implications

In section 2.4 we have seen that the support for an
implication consists in more than the simple truth or sat-
isfaction of a material implication, even though it is even-
tually based on a material satisfaction analysis. Thus one
argument against the material implication semantics of con-
ditionals was made harmless. At the first order level, one
more argument against this analysis is countered, as our no-
tion of support also solves what has been known as “Peirce’
Puzzle” (Read, 1992).

The following two formulas are equivalent in ordinary
predicate logic:

(5) Jz(g(z) ¢ p(x))

(6) Izd(z) + Vai(z)

Peirce considered the following sentence:

(7) There is some married woman who will commit sui-
cide in case her husband fails in business.

Although (7) is of the form (5), it seems to express a much
stronger statement than (8), which is of the, deemed equiv-
alent, form (6):

(8) Some married woman will commit suicide if all mar-
ried men fail in business.
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Peirce therefore proposes an alternative analysis, as to
which (7) states that there is some married woman who un-
der all possible courses of events would commit suicide if
her husband would fail, again, with a stronger interpretation
of the embedded conditional.

However, upon a material implication analysis of
conditionals, the support (not satisfaction-) conditions of
(7) are the same as those Peirce argues for. For (7), under
an analysis as in (5), to be supported, the speaker must have
a woman in mind such that upon all courses events which
the speaker conceives possible, that woman commits sui-
cide in case her husband fails. That is, again under Gricean
assumptions, (7) requires a speaker to acknowledge a de-
pendence between failure and suicide, relative to a woman
which the speaker has in mind. (Likewise, (8) also ex-
presses a dependence, but a different one, and not relative
to some specific woman.)

4. Dynamics of Dialogue
4.1. Blocking Issues

Under the pragmatic perspective adopted in this pa-
per, it is no mystery why indefinites and pronouns in-
teract in the dynamic way they do. Like definite noun
phrases, indefinites noun phrases are used with referen-
tial intentions, and anaphoric pronouns simply pick up the
referents intended to be associated with their antecedents.
This has been characterized using sequences of individu-
als in a Tarskian fashion. The dynamics of conjunction
has been seen to reside in the (assumed) linear construc-
tion of discourse. Basically, conjunction is intersection, but
dynamic conjunction in addition acknowledges the order
of terms (the order of referential intentions) in a discourse.
These principles are independently motivated on pragmatic
grounds.

Thinking of it, it is not so much the dynamics of in-
definite reference and anaphoric co-reference that is con-
ceptually puzzling, but the lack of it when indefinites figure
in certain constructions: under a negation, in the antecedent
of conditionals, in the restriction of quantifiers, and also in
interrogatives and imperatives. If, as we think, anaphoric
potential derives from referential intentions, then why do
these referential intentions vanish in these negative (and
other) contexts??

In this section we attribute the blocking effects of the
mentioned constructions to their typical role in discourse
and dialogue. As we will see in the next section, a proper
acknowledgment of the typical role of these constructions
in discourse and dialogue also gives us a natural handle on
the type of dependencies which indefinites in these con-
structions do give rise to.

4.2. Negation as a Role Switcher

We think the blocking effects of negations and other
constructions can be understood well when we take into ac-

“Surely this ‘generalization’ requires some qualification. In-
definite noun phrases can be used ‘specifically’ in all of the men-
tioned contexts—under a negation, in the restriction or scope of
adnominal and adverbial quantifiers, etc. However, we think that
the majority of indefinites in these contexts is not ‘specific’ in this
sense.

count their typical role in actual dialogues and the thematic
structure of such dialogues. A negation Not S may serve to
answer the issue—raised explicitly or implicitly—whether
S is true. For instance, consider an utterance of (9):
(9) Farly doesn’t run a sushi bar.

Typically, such an utterance does not serve to state of Farly
and of some sushi bar that the first doesn’t run the last. It is
much more likely that it states—possibly in answer to the
question whether Farly runs a sushi bar—that he doesn’t,
that is, that there is no such bar which Farly runs.’ Gener-
ally, then, a speaker need not have a particular sushi bar in
mind when uttering (9), and the reason may be that, intu-
itively, the existence of such a sushi bar is not part of what
the speaker claims to have evidence for. Rather, the exis-
tence of such a bar appears to be part of the issue which the
speaker addresses—negatively in example (9)—, or even
part of what the hearer might have claimed just before. So
actually, when somebody utters (9), she is normally not
coming up with a sushi bar herself, but she is claiming to
have evidence against the existence of such a bar, were any-
body else thinking of the possibility of there being one, or
even of thinking of claiming there actually to be one.

As a matter of fact, this intuition is already implicitly
spelled out in our definition of negation support. For it turns
out that the first observation in (6) also holds for our first or-
der system:

Observation 16 (First Order Role Switch)

o o | g it [¢](0) = L*
State o supports —¢ iff the update with ¢ is absurd, that is,
iff o has evidence against ¢. Notice that the support for —¢
can be thus, spelled out in terms of an update with ¢, and
that updates with indefinites do not presuppose referential
intentions with the updater.

4.3. Implication as a Double Role Switcher

The conception of negation as a role switching de-
vice has a further pay off when we consider the pragmatics
of conditionals ¢ — 1), which are defined in terms of nega-
tion (and conjunction). For instance, the evidence which
a speaker may bring to bear upon her assertion of a condi-
tional sentence can be seen to consist in her evidence for the
consequent of the conditional, were she to accept anybody
else’s evidence for the antecedent.

Also this observation is implicitly accounted for, as,
evidently, the second observation in (6) holds as well in our
first order system:

30One has to be careful with these types of sentences, because
alternative interpretations are easily made available by emphasiz-
ing, e.g., Farly, or run. We here assume the utterance to carry
what may be called a ‘neutral’ intonation.

4We here assume ¢ to be resolved.

5The indicated role switch is of course reminiscent of the one
adopted in systems of game-theoretical semantics (GTS, cf., e.g.,
(Hintikka and Sandu, 1997)). In GTS, the truth of ¢ is defined
in terms of the existence of a winning strategy for a ‘verifier’. A
verifier is supposed to come up with evidence for ¢ and be able
to supply witnesses for (indefinite) terms in ¢p. However, when it
comes to a negation —¢, the verifier gets the role of the ‘falsifier’
of ¢, who has to refute any attempt to verify ¢ by somebody else.



10 GOTHENBURG PAPERS IN COMPUTATIONAL LINGUISTICS 00-5

Observation 17 (First Order Double Role Switch)
o o = (¢~ o) iff A: [g] (o) b= 9°

Not only does this provide motivation for the often attested
existential closure over the indefinites in the antecedent of
a conditional, but it also suggests the speaker’s evidence
for the consequent clause to be functionally dependent on
the possible witnesses for these indefinites. As we will see
below, the functional type of support which the speaker can
be required to have for indefinites in the consequent clause
can be cashed out by subsequent pronouns, if these are also
read functionally.

4.4. Background and Focus in Discourse

In the preceding discussion the typical impact of
negations (and implications) has been spelled out in terms
of the different roles of the speaker and a hearer. In GTS,
these roles have been qualified as that of an (initial) verifier
and that of an (initial) verifier, but we think the pragmatic
division of labour at issue is more general than that.

Coherent discourses and dialogues generally con-
sist of assertions which have an (explicit or implicit)
‘background’ or ‘topic’ part, and an (explicit) ‘focus’.’
Typically—that is, if context or intonation have no interfer-
ing effects—one could say that e.g., the contents of negated
sentences, the antecedents of implications, and the restric-
tions on quantifiers constitute a background or topic, which
the speaker is not automatically supposed to support, but
which she is supposed to react upon. It is the focus part of
her utterance which she can be required to have support for,
possibly in functional dependence on such a background.

Given this it is no mystery that, by default, indefi-
nites in the background part of an assertion do not intro-
duce possible referents for pronouns used in subsequent ut-
terances. Since the speaker need not be required to support
that part of her utterance, these indefinites fall beyond her
‘pragmatic jurisdiction’ so to speak, and they are not as-
sumed to be used with referential intentions. Indefinites in
focus, however, do require speaker’s support, and generally
are associated with referential intentions. However, since
the focus may be functionally dependent on a background,
the referential intentions associated with indefinites in fo-
cus may be functional, too.

5. Functional Dependencies

In the preceding section we already indicated that
support for, and satisfaction of, the consequent of an im-
plication can be functionally dependent on that of its an-
tecedent. However, so far, the possible witnesses of indef-
inites in the consequent, or, rather, the possible witness-
Junctions, did not appear in the satisfying sequences or sup-
porting states themselves. In this section we show that a
more principled account of the dependencies is not only

The whole implication is assumed to be resolved.

Ct., e.g., (Jackendoff, 1972; Karttunen and Peters, 1979; von
Stechow, 1991; Rooth, 1992, Ch. 6) for a number of formally
quite different analyses of this distinction, which we, however,
think are really close in spirit to the one we have in mind. Notice
that, when we use the term ‘focus’, we do not mean ‘contrastive
focus’ here.

possible, but also desirable. We here restrict ourselves to
stating the relevant satisfaction conditions. Corresponding
notions of update and support can be obtained by suitable
generalizations.

5.1. Transparent Universal Quantification
Consider the following well-known example:

(10) Harvey courts a girl at every convention. She usually
comes to the banquet with him. (after Karttunen)

Surely this sentence may serve to state something about
a particular girl which Harvey courts at every convention,
but—knowing Harvey—it is probably not about one partic-
ular girl. Thus, (10) may serve to state that, at every con-
vention, there is a girl Harvey courts, and which he takes to
the banquet with him. Which girl that is is of course func-
tionally dependent on which convention we consider, and
this is where functional witnesses come in.

An utterance of the first sentence of (10) can be taken
to involve a reference to possible functions g, which asso-
ciate girls which Harvey courts with the conventions he vis-
its. Therefore, the utterance of the second sentence can be
taken to refer back to these and to state that for most ¢, if ¢
is a convention which Harvey visits, then g(c) accompanies
Harvey to the banquet of c.

Such readings can be derived compositionally by
combining the techniques from, e.g., (Jacobson, 1999) with
the account of anaphoric relationships sketched in this pa-
per. Consider the following notion of universal quantifica-
tion:

Definition 9 (Transparent Universal Quantification)

o wfe |, Yz iff Vd € D: wf(d)e Fqya/a ¢
(with f : D — D™9))

This definition of universal quantification is transparent as
it it doesn’t invoke any existential closure over the indefi-
nites in ¢, their witnesses being given by the function f in
the satisfying sequence, relative to the possible values of z.
Upon this definition (and assuming an extension of our lan-
guage with function variables), we can state the following
equivalence:

Observation 18 (Dynamic Skolem Quantifiers)

o VaIyd(z,y) & 3fVyd(z, f(z))

This Skolem equivalence is special, since it is dynamic: the
witness function f is accessible for subsequent pronouns.
For example (10) this means that the pronoun “she” can be
associated with a suitable antecedent.

5.2. Transparent Implication

As has already been indicated, conditional sentences
also license functional anaphoric dependencies. Consider:

(11) If abook is printed with Kluwer it has an index. It can
always be found at the end. (after Heim)

Support for an utterance of the first sentence of (11) may
consist of a witness function f, assigning indices to books
printed with Kluwer. If the speaker has such a function in
mind, then she may refer back to it with a pronoun when
she subsequently utters the second sentence. The second
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utterance then is assumed to be about books printed with
Kluwer, too, and expresses that, always, if b is a book
printed with Kluwer, then f(b) can be found at the end of
b.

The satisfaction of implications can be adjusted in
the following principled, and pragmatically motivated way:

Definition 10 (Transparent Implication Satisfaction)

e wfe | (¢ — ¢) iff Ve € D™ if wee = ¢ then
wf(c)ce = 1 (with § : D™ — Dn(¥))

Also with this definition, we escape existential closure over
indefinites in the scope (consequent) of the implication.
The indefinites are supposed to be satisfied by the values
of the satisfying function f, relative to the possible values
of the indefinites ¢ in the antecedent.

That this notion of implication is really transparent
can be seen from the following equivalence:

Observation 19 (Dynamics Skolem Implication)

o (Fag(z) = Y(y)) & I7Czd(z) = »(f(p1)))

Again, the witnesses supporting indefinites in the conse-
quent are available for subsequent anaphoric pronouns, as
long as these can be conceived to be functionally dependent
upon possible witnesses for indefinites in the antecedent.

The interpretation of implications in our framework
is a strong one (as it is in most systems of dynamic seman-
tics) in the sense that it amounts to universal quantifica-
tion over the possible value of indefinites in the antecedent
clause. A sophisticated use of the witness functions f, how-
ever, allows us to generate weak and asymmetric readings
as well, both in a transparent fashion.

5.3. Transparent Beliefs

Techniques similar to the ones discussed above can
be used to approach the interpretation of indefinites in
modal and belief contexts. Consider two typical examples
of so-called modal subordination:

(12) Mary thinks there is a burglar in the house. She thinks
he came in through the chimney.
(13) A wolf might come in. He would eat you first.

When asserting (12) the speaker can be taken to refer
to what constitutes Mary’s representation of possible wit-
nesses of a possible burglar in her belief state; similarly,
the witness for a wolf can be seen to be dependent on the
possibilities in which a wolf comes in. In either case, the
witness is available as a referent for a subsequent pronoun,
if that pronoun can be interpreted as functionally dependent
upon the same parameters, viz., Mary’s belief state, or the
possibility that a wolf comes in.

We here refrain from spelling out the exact details
of a suitable definition of the satisfaction of these modal
statements, as it involves some technical complications. We
refer to (Dekker and van Rooy, 1998) for further discussion.

5.4. Specific Indefinites

A last issue which we want to touch upon here is
the phenomenon of specific indefinites, cf., e.g., (Abusch,
1994; Reinhart, 1997; Kratzer, 1998). As we already
said above, indefinites sometimes do escape from contexts
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which normally constitute a background, and which sys-
tematically forbid genuine quantifiers to be raised from
there. Here are a couple of representative examples:

(14) If a certain linguist shows up, we are supposed to be
particularly polite, but do you remember who? (Rein-
hart)

(15) Max did not consider the possibility that some politi-
cian is corrupt. (Kratzer)

(16) If three relatives of mine die, I will inherit a house.
(Ruys)

(17) If each student improves into two subjects, then no-
one will fail the exam. (Schlenker)

We will not discuss, here, how such indefinites exactly
manage to escape these contexts. (Apparently, it has to do
with information structure.) Rather, we are concerned with
the pragmatic or semantic impact of the readings obtained.

As Kratzer observes, the specific readings of the above ex-
amples are quite a bit pragmatically infected, but we think
they are infected more than has generally been acknowl-
edged. For both upon a wide scope indefinite interpretation,
and upon a choice function analysis, the above sentences
seem to suffer from the same problem as the one addressed
by Peirce. Consider, for instance, example (14). Upon both
analyses the example can be seen to be satisfied as long as
we can pick up any linguist who doesn’t show up. Intu-
itively, this is not correct. Upon a specific interpretation,
an assertion of (14) ought to be made with a particular lin-
guist in mind, relative to whom our expected politeness is
functionally dependent upon the possibility of her showing
up. As the reader may remember from the discussion in
section 3.4, no such problem will arise within our pragmat-
ically oriented framework. Our notion of support requires
the speaker to dispose of precisely that kind of information.

Conclusion

In this paper we have studied meaning and interpre-
tation from a pragmatic point of view. We have sketched a
systematic and coherent account of the content of, update
with, and support for sentences of a first order logic. Our
general perspective on information exchange has allowed
us to deal with intersentential anaphoric binding, from all
three perspectives.

We have shown that our notions of content, update
and support each can be defined independently, and in terms
of one another. We have also shown under which conditions
first order information exchange is safe, crucially relying
upon updates with supported assertions. We have argued
that a pragmatic notion of support indeed undermines some
of the objections which has been leveled against the seman-
tic account of conditionals as material implications. The
pragmatic outlook upon the use of indefinites has finally
inspired a more principled analysis of the support of indef-
inites in background focus structures, one which enabled a
straightforward extension of our empirical scope.

With regard to the last issue more has to be said
though. In order for pronouns to be interpreted function-
ally, the background of the antecedent indefinites has to be
recovered, and we have said nothing about how this can
be achieved. The theses (Geurts, 1995; Frank, 1997; van
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Rooy, 1997; Stone, 1998) provide some recent, dynamic,
analyses of this type of reconstruction.
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Abstract
We argue that the key to the solution of both the theoretical problem of working out a realistic picture of the “hearer’s (permanently
changing) information state” (abbr. HIS) within the framework of Discourse Representation Theory (DRT; van Eijck and Kamp, 1997)
and the empirical problem of a wide range of classical formal-semantic puzzles (concerning the creation (or retrieval?) of referents for
pronouns and definite descriptions in universal and belief contexts and in other special cases) lies in one and the same discovery: HIS
is essentially to be regarded as a discourse representation structure, a gigantic “lifelong” DRS fumished with a partially ordered set of
worlds, a (multiple) cursor (pointing to temporal, spatial and rhetorical reference points) and a meaning function. The structure we
propose is based on three denumerably infinite set of pegs (in Landman’s (1986) sense), those of referents, predicatenames and
worlds, whose inner structures and the rich system of connections among them are to be defined by simultaneous recursion (see the

Appendix after References).

1. Dynamic perspective on semantics

Our starting-point is DRT (e.g. Kamp, 1981; Heim,
1983; van Eijck & Kamp, 1997), which we consider to be
a successful attempt to extend the sentence-level
Montagovian model-theoretic semantics (Dowty et al,
1981), which had not only failed to exceed this level but
had also been unsuccessful in the treatment of certain
types of anaphoric relations, to the discourse level. Its
essence lies in the discovery that the failure of the
immediate interpretation of sentences / discourses in the
static Montagovian world model is to be attributed to the
fact that the discourse under interpretation is permanently
becoming part of the world in which it is being
interpreted; thus a level of discourse representation must
be inserted in between the language to be interpreted and
the world model serving as the context of interpretation.
This dynamic perspective of DRT can be captured by
regarding the content of DRSs as a “(partial) function
mapping information states to information states” (Zeevat,
1991:17).

Nevertheless, the picture of HIS in DRT and related
dynamic theories (e.g. Groenendijk & Stokhof, 1990,
1991) is oversimplified and in certain areas simply
counter-intuitive: practically (total) models are used as
information states. In this approach atomic statements
(e.g. ‘Peter loves Mary’) are to be held to be fests, which
means that an assertion heard is supposed to be either
corroborated or rejected. The typical case is excluded: to
regard an assertion as a new piece of information for the
hearer. (Another basic problem of DRT —the one
concerning the compositional transition between syntax
and DRS— is discussed in Alberti (1998, 1999))

Hearers, counter to the oversimplified picture sketched
above, practically always have a partial knowledge. And
nothing other than DRS serves the purpose of representing
partial knowledge.

2. Lifelong DRS

The hearer’s permanently changing information state
can be defined by simultaneous recursion (see the table in
Appendix).

We essentially regard this definition as a
generalization of the (also simultaneously recursive)
definition of DRSs given in van Eijck & Kamp (1997); or
this original definition may be regarded as one suitable for
discourses with an empty mutual background knowledge
shared by speaker and hearer. This stipulation on
background knowledge mentioned may often serve (or
have served so far) as a useful working hypothesis —
especially when DRT is compared to the Montagovian
model-theoretic semantics— but it is undoubtedly far
from being a realistic picture of discourses. Now it is high
time, hence, to turn to the general situation on the basis of
experiences and results obtained by studying the restricted
area in the last two decades.

First of all, three denumerably infinite sets of pegs
should be assumed to be at the hearer’s disposal: those of
referents (R), predicate names (P) and worlds (W). They
are ‘pegs’ (Landman, 1986) in the sense that before use
they contain no information, they are only carriers of
information. The inner structure of these sets and the rich
system of connections among them are due to six (partial)
functions/relations:

"'The expression “Lifelong DRS” is due to an anonymous reviewer of an earlier article of mine on the topic (Alberti 1996/1999), who
was selected by Anna Szabolcsi, the guest-editor of Acta Linguistica Hungarica. 1 would like to thank both of them for the expression.

The Hungarian Széchenyi Professorial Scholarship (1999-2002) has made it possible for me to write this article. I am also grateful
to the Netherlands Institute for Advanced Studies in the Humanities and Social Sciences (NIAS, Wassenaar) and the Hungarian
National Scientific Research Fund (grant no. OTKA F026658) for their contribution to my (travel) costs.
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1. The extension of predicates is a partial function
ext :P — Pow(R*) from predicates to the powerset of
referent sequences (* denotes the Kleene star).?

il. Another partial function ref : R — Pow(PxR¥*)
(veferent function) assigns each referent in its domain a set
of sequences consisting of a predicate name and referents;
an element of Pow(PxR*) is essentially a basic kind of
DRS.

iil. Relation prc (precedes or <) is a partial ordering in
WxW with a least element, denoted by v (the basic
world).

iv. wrl: (P UR) = W is also a partial function (world
Junction); it assigns a predicate name or a referent a
world.

v. There is a cursor, a partial function cur : {W,R} —
WUR*, which chooses an active world (cur(W)) and a
sequence of referents playing distinguished roles in
different respects in the current state of the hearer’s

(permanently changing) information state: cur(R)=
(Curtemporal(R): curspalial(R)a Cllihetorical(R); +..).
vi. There is also a meaning function: a partial

function mea : P — Pow(PxR¥*).
name to a DRS (meaning postulates).

The starting-point of the simultaneously recursive
definition of HIS as a sextuple <ext, ref, prc, wrl, cur,
mea> is fixing a one-member base: <, J, T, D,
cur(W)=v, > where J denotes the empty set. We
propose seven kinds of recursive steps (Appendix); their
names are intended to refer to their operation: expansion
(of extensions) of predicates (EXP), introduction of a new
predicate (INP), cursor move (CUM), introduction of a
new referent into the active world (IREA) and a new
world (IREN),  referent assignment to a (generalized)
DRS (RED). Observe the first four components of HIS
(the LDRS) define a DRS: the usual box structure
corresponds to the tree of worlds, and function wrl is
responsible for linking referents to boxes. The recursive
steps are to capture different linguistic and extralinguistic
ways of gathering information at the hearer’s disposal.
The linguistic ways will be sketched below, and will be
described as (certain combinations of) special cases of the
above listed recursive steps.

It maps a predicate

3. Where is the referent?

Subsections 3.1-5. provide an informal sketch of the
treatment of a couple of famous semantic puzzles in the
approach based on defining HIS as a Lifelong DRS. The
first subsection demonstrates the use of RED and the
cursor-moving operation (CUM).

3.1. Referents, predicates, and then referents
again

(1) shows the bidirectional connection between

referents and predicates. On the one hand, we describe

properties (‘12 € pretty’), classes (‘rl € boy’) and

relations (“(rl,12) € ext(fove)’) of referents by means of

2 The mapping ext(love) = {{rp,rm), {rmtp), (Ip,ta)}, for instance,
can be understood as follows: there is a HIS in which love € P,
and the 1’s are referents (corresponding to, say, persons named
Peter, Mary and Ann), and the given hearer is assumed to know
that Peter and Mary love each other, and Peter lo ves Ann, too.
As HIS expresses partial knowledge, the hearer is not assumed to
be sure that other people do not love each other.

predicates. On the other, we can also refer to “products”
of this linguistic activity (RED) by means of referents
(‘admitted(r1,r3,:2)’ where 13 is assigned to the situation
expressed by the first sentence; and ‘surprise(r4,r5)’
where  ‘friend-of(r5,r1)’ and  r1ef(r4)  essentially
corresponds to the DRS expressing the information of the
second sentence (according to a preferred reading)).

0 The boy loves a pretty Dutch girl. He admitted IT
to her. Hisfriend wassurprised by IT.

The sentence in (2a) below describes a strange custom
whose (Davidsonian) referent ry. belongs to, say, the basic
world (v), whereas the farmer (r9 and the donkey (r4), and
then the merchant (ry,) belong to “later” worlds: wrl(rsc)=v,
wrl(rg=wl, wrl(tg)=wl, wrl(t)=w2, where v<wl<w2,
according to partial ordering pre. The alternative
continuations (2b-d) can “activate” different worlds (v, wl
(+w3), w2, respectively) due to conjunctions, adverbs etc.,
which determines accessibility of referents (EXP, CUM,
IREA, IREN and RED are concerned).

(2) a. If a farmer owns a donkey, HE sells IT to a
merchant.
b. .. Mary is
CUSTOM.
¢. ... Or HE hires IT out to A FOREIGNER.
d. .. Although HE usually gets little money from
HIM.

The participants of sentence (2b) belong to world v,
including the referent of ‘this strange custom’ identical
with the Davidsonian argument 1y, of sentence (2a).
Sentence (2¢), with ‘or’ as its first word, “accepts”
participants of wl (the farmer and the donkey) but, instead
of world w2, it evokes a world w3, which the merchant
(rm) does not belong to but in which there is a ‘foreigner’:
v<wl<w3 (where w2 and w3 are incommensurable
elements according to partial ordering prc), and
Wil(Toreigner)=W3. Continuation (2d) makes the cursor
choose world w2 (cur(W)=w2) due to the adverbial
expression ‘usually’ referring to the generalizing / generic
content of the conditional sentence in (2a); and it is in this
world w2 that the merchant can be retrieved (by the
pronoun ‘him’).

The most important law illustrated by these examples
is that a referent r belonging to a world w can be referred
to in worlds w’ such that w’>w. The farmer, for instance,
but not the merchant, can be referred to in world w3
because v<w3, but w2 and w3 are incommensurable
worlds.

(3a-c) show the same strategy in different areas: the
first sentences “activate” a world (distinct from the basic
world v), which remains active due to
temporal/aspectual/etc. tools. These tools “retain” us in
the world of the game (3a), of the typical convention
where Harvey is present (3b), and of the speaker’s wishes

3c).
(3) a. Every player chooses a pawn.
square one. (canonical scenario)
b. Harvey courts a girl at every convention, SHE is
usually very pretty. (univ. quantifier)
c. 1 wish Mary had a car. Peter could drive IT / THE
CAR too. (modal expression)

surprised at THIS STRANGE

HE puts IT on

There may be even explicit references to worlds to be
activated, as is shown below in (4) (CUM, IREN). ‘The
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first case’ refers to a potential world with a secretary
while ‘the second case’ makes another potential world
active, which the gardener belongs to (the task of making
coffee referred to by ‘it’ is assumed to belong to v). These
two alternative (incommensurable) worlds are introduced
due to the disjunctive structure in the first sentence.

(4 We ought to employ either a secretary or a
gardener. In the first case THE SECRETARY
would make coffee from now on, whereas in the
second case IT would be Mary’s task but THE
GARDENER should sweep the yard.

3.2. Where is the referent that does not exist?

Due to RED, as in the case of (1), HIS after working
up sentence (5a) below may contain the referent that ‘this
victory’ in continuation (5b) is intended to retrieve. In
continuations (5c-¢), ‘this victory’ refers to different —
underspecified— situations.

In (5¢) ‘the victory of our team A over the Spanish
team’ —with no femporal anchor— is referred to.
Sentence (5d) is about ‘the victory of one of our teams
over the Spanish team.” Finally, ‘this victory’ in (5¢)
refers to ‘an arbitrary victory of one of our teams over

anybody.’
(5) a. Yesterday our team A won a victory over the
Spanish team,
b. ... THIS VICTORY is marvelous.
¢. ... Did not THIS VICTORY happen the day before

yesterday?

d. .. I wish our team B could replicate THIS
VICTORY today.

e. .. 1 wish our team B could replicate THIS

VICTORY over the English today.

Operation RED enables us to create all the appropriate
referents by means of the “generalization function” G
mentioned in Appendix: G is to replace certain referents
with “variables.” More precisely, referents not used up
earlier can be used as “variables,” because such referents
have not been individualized by any kind of information
so predicating something of them is no more than making
existential statements about them, and these existential
statements are to be regarded as logical etailments of
sentence (5a). Thus no new information is applied in the
course of the replacement of referents carried out by
partial function G — in harmony with the fact that no new
information is at the hearer’s disposal relative to his/her
information state just after working up sentence (5a).

In the case of continuation (5d), for instance, where
‘the victory of one of our teams over the Spanish team’ is
referred to, partial function G is to replace the referent
belonging to team A with a non-individualized referent,
which is a legitimate operation because statement (5a)
implies that ‘a team (of ours) has won a victory over the
Spanish team.” The relevant entailment of (5a) in the case
of continuation (5e) is that ‘a team (of ours) has won a
victory over another team,” and concomitantly partial
function G is to substitute variable-like referents for both
the referent of team A and that of the Spanish team.

Case (5¢) shows that temporal referents must not have
been ignored. Here the role of G amounts to substituting a
variable-like referent for the referent belonging to the
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particular point of time when team A is assumed by the
speaker to defeat the Spanish team.’

By now the case illustrated by continuation (5b) has
become “extreme.” Here partial function G required to
calculate the reference of ‘this victory’ on the basis of the
Davidsonian referent belonging to statement (5a) is to
choose to be an empty function (whose domain is empty).*

HIS after working up the first sentence ((6a) below) in
the following discourses contains no referent for a priest /
dog. We claim, however, that the priest’s referent can be
created — by extending the mentioned stage of HIS
without exploiting (really) new information, due to
regarding HIS as a Lifelong DRS. That is what makes
case (6) similar to the phenomenon illustrated by (5); but
now not logically derivable existential entailments will be
applied.

Here our starting-point is that it is a plausible
assumption that a marriage is associated with a potential
priest, but not with a dog, at least in Christian cultures. (6)
warns us that this “association” does not amount to a
logical  implication but a  licensed piece of
cultural/encyclopedic knowledge (Kalman, 1990), since it
is not claimed in (6a) that the marriage was a religious
one.

(6) a. Joe got married yesterday.
b. ... THE PRIEST spoke very harshly.
c. ... *THE DOG barked very loudly.

Operation SPED enables us to create the priest’s
referent, by applying it to the following pair of associated
DRSs: <‘x gets married,” “y organizes x’s marriage where
y is a priest”> e ASS, where ASS is one of the elements
of the set P of predicates. This formula roughly means that
if somebody gets married, it is typical that a priest
organizes the ceremony. Note, however, that we do not
regard it as being excluded that the same hearer’s
information state contains the following statement
simultaneously: if somebody gets married, it is typical that
aregistrar organizes the ceremony.

As for technical details, here we need a “specifying
function” S (see Appendix), which is to substitute Joe’s
particular referent for the “general” x (here variable-like
referents are used again). This operation is permitted
because the first member of the associated pair of DRSs
mentioned above is considered to be true by the hearer
with Joe’s referent in the role of x (Joe got married
indeed); and the crucial element of the result of the
operation is as follows: the hearer (already) thinks that
there is a priest who organized Joe’s marriage in the
precise sense of ‘thinking’ that this priest has a referent
belonging to the basic world of HIS (or at least to a world
preceding the fictive world that referent x belongs to).

One might think that (6¢) can serve as a well-formed
continuation of (6a) in an appropriate context. Suppose,
for instance, that (the hearer knows that) Joe has a dog
which barks loudly whenever it feels that its owner is in
danger... This piece of information is to be regarded as
part of some interpersonal knowledge at the hearer’s
disposal. It may be formulated by means of associated
pairs of non-specific DRSs in the extension of relation

3 This temporal referent should be replaced in cases (5d,e) as
well.
*1f G(r) is not defined, referent r is not to be replaced.
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ASS, too; so the referent of the dog can be produced as the
priest’s one above.

The only difference lies in the source/ nature of
“mediating” information. The exploited information
belongs to a supposed interpersonal knowledge in the case
of (6¢), to the hearer’s cultural/ encyclopedic knowledge
in the case of (6b), and it is worth mentioning here that
logical consequences were used in the case of the
phenomenon illustrated by example (5). All these three
kinds of information, together with the sort of information
that can be referred to as ‘lexical,” should be assumed to
be stored in HIS in similar format, perhaps separated from
each other, but all kinds should be accessible in the course
of processing a discourse from sentence to sentence. In
this way a wide range of phenomena is accounted for
where “non-existing” referents should be “retrieved,” or
rather produced; and not only a certain referent is
introduced as a result of our approach but the hearer
commits him-/herself to a whole story that the given
referent is a participant of (K4lmén 1990).”

3.3. Cursor

The temporal reference point changing from sentence
to sentence, whose introduction (to DRT) is proposed by
Kamp & Reyle (1993: 5.2.2), is very easy to capture in
LDRS. It can be defined as a “cursor” pointing to the
currently active temporal referent. We are going to argue
that it would be useful to use at least four cursors, or lesser
cursors with multiple values.

First of all, we need a world cursor, a function that
assigns the set W of worlds a distinguished world, which
can be called to be ‘active’ in the current state of HIS. As
was mentioned in passing in subsection 3.1., antecedents
of expressions in a sentence processed are to be sought
among referents belonging to the active world or
preceding worlds. The movement of this cursor can be
described (and restricted) according to the partial ordering
pre of worlds. Certain linguistic factors seem to make the
cursor remain at a world or turn to another world adjacent
to the last active world according to the partial ordering of
worlds

There are extralinguistic factors, however, that seem to
make the cursor choose a world independently of its last
value. When two people enter into conversation with each
other, for instance, they should “activate” the worlds in
their LDRSs carrying their shared interpersonal
knowledge. It can be accounted for in this way why a
question like “What about Peter” cannot be interpreted in
certain situations whilst it is perfect in other situations

% An anonymous reviewer of an earlier version of this paper has
considered this method of producing referents to be too
productive (at least from a practical point of view). What I
accept is that some additional tool is required but I retain that the
kinds of phenomena discussed in the subsection require HIS to
contain the pieces of information of different nature stored in
some way or another. The additional tool can be some kind of
(also permanently changing) weighing sensitive to the

(frequency or temporal distribution of) use of associative
connections in the domain of relation ASS. Thus a model of
oblivion should be worked out. Continuation (6¢) is well-
formed, for instance, only if the hearer happens to be clearly
aware of the interpersonal piece of information that Joe has a
single special dog. Cultural/encyclopedic pieces of knowledge,
however, belong to a more stable sphere of the content of HIS.

without any special introductory discourse. The problem
is not that the given hearer knows no Peter or more Peters;
practically every hearer can be assumed to know several
Peters. This fact, however, does not imply that the
question discussed will always be ill-formed. The question
will obviously prove to be perfect if, and only if, a single
referent named Peter happens to belong to the active
world of the conversation.

Revealing rules of movement of the world cursor
requires much future research, of course. What is claimed
here is that furnishing traditional DRSs with a cursor
pointing to a distinguished “box” is a promising idea; and
what makes this picture realistic is that DRSs with this
cursor are assumed to belong to the hearer interpreting a
discourse, and not to the discourse itself, which is the
essence of the LDRS approach.

Let us return to the kind of cursor corresponding to
Kamp & Reyle’s (1993) temporal reference point.
Discourse (7a) below, similar to one analyzed by the
authors mentioned above (p526), serves as an illustration
of our approach. Now we need a cursor whose values are
temporal reference points. It can be defined as a function
from the set R of referents which chooses one referring to
a point of time, which can be denoted by curemp(oraty(R)-

(7) a. A man entered the White Hart. Bill served him a
beer. The man paid.

After processing the first sentence, which describes an
event, the cursor takes the referent ruer of the point of
time when the man entered the pub as its value. Then let
Tserve denote the time of the event of Bill’s serving him a
beer. Kamp & Reyle’s (1993) statement on discourses
consisting of events can be paraphrased in the framework
of LDRS as follows: the temporal referent of the new
event (chronologically) follows the active temporal
referent. In the case discussed, hence, Tepter = CUTtemp(R) <
Tserve. FOT the third sentence, then, Gerve Will serve as an
active temporal reference point, and we obtain on the
basis of the generazation mentioned above: Igepye =
CUTierp (R) < Tpay.

Other kinds of relevant reference points can be
obtained by a straightforward generalization of the cursor
function demonstrated above. Let cur(R) be defined as a
vector of referents with the active temporal value as its
first element. Then a spatial reference point may occupy
the second position, to be denoted by curgpaial(R). We can
formulate rules such that, after processing a sentence
describing a movement, the referent of the place
associated with the goal thematic role will serve as the
spatial cursor value. In example (7a), thus, the event
described by the second sentence is understood to take
place in the pub named White Hart, which is the goal of
the entering event described in the first sentence. That is,
the beer mentioned in the second sentence is served in this
pub (at least that is the default reading). The paying event
that the third sentence describes is also to be understood to
take place in the same pub (according to the preferred
reading) because the second sentence triggers no shift in
active spatial referent (suppose the man getting the beer
has a beneficiary role in the serving situation, and not a
goal role).

Topic shift, illustrated below in (7b) by a Hungarian
example (P1éh, 1982), is a further phenomenon that can be
accounted for by means of the referent cursor. This third
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element of cur(R) can be called the ‘active rhetorical
referent’ (Currhet(orical)(R))-

(7) b. Anna; megverte Marit;. A kovetkezd percben proj«;
! AZy+ sirni kezdett. Aztin pro, hazament.
Anna  hit Mari-acc. The following minute-in
pro/that weep-inf began. Then home-went.
‘Ann hit Mary. In the following minute she burst
into tears. Then she went home.’

The “dropped” pronoun in the second sentence is to be
interpreted as referring to the person referred to by the
topic / subject of the first sentence whereas the explicit
demonstrative pronoun can refer to the other participant
mentioned in the first sentence, yielding “topic shift.” The
referent of the dropped pronoun (pro) in the third sentence
is unambiguously determined by the particular form of the
second sentence: it is identical with the referent of the
subject of the second sentence; thus there is no topic shift
between the second and the third sentence.

These observations are easy to account for by means
of the rhetorical cursor value. After processing the first
sentence, the referent belonging to its subject / topic is to
be chosen to play the role of the active rhetorical referent.
As for fixing the referent of the subject of the second
sentence, the following general rule seems to be valid: a
dropped pronoun retrieves the active rhetorical referent
whilst the task of a demonstrative pronoun is just the
opposite: its referent is to differ from the active rhetorical
referent, causing topic shift. This is a straightforward case
of division of labor between alternative linguistic
expressions. The interpretation of the third sentence
corroborates the rule formulated above: there is no topic
shift, i.e. the referent of its dropped pronoun is identical
with the active rhetorical referent after processing the
second sentence, which, however, depends on the choice
between the two versions in the subject position of the
second sentence.

3.4. Each other’s belief referents

We follow Zeevat (1991: 20) in assuming that
“...making the assumption that one can refer to private
objects and that the idea of a private model can be worked
out suffices for dealing with most of the classical belief
puzzles. The contribution of DRT in this respect is to
supply a theory about the structure of this private model
and a set of rules for the evolution of this private model
under the influx of new information.” LDRS is obviously
an attempt to work out the “private model” Zeevat is
speaking about.

Let us study the following famous example of Geach’s
in order to illustrate one of the most stubborn kind of
belief problems. The problem lies in the fact that it is
difficult to account for the coreference between ‘a witch’
and ‘she’ in a traditional logic because neither witch exists
so neither has a “normal” referent.

(8)  Hob thinks that a witch poisoned his pig and Nob
thinks that SHE killed his goat.

In our approach, the hearer may have a world
(presumably not the basic one) where Hob’s witch’s
referent can be found and it may be assumed to coincide
with that of Nob’s witch, since it is a straightforward
assumption that their beliefs rely on the same rumor.
Furthermore, people can be assumed to be able to link
each other’s corresponding referents together in
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conversations. The game named Quiz or Twenty
Questions serves as clear evidence: two people begin to
speak about something entirely unknown to one of them.
Almost the only thing they know is that they are speaking
about the same entity; that is, new pieces of information
should be associated with one and the same referent,
marked out at the beginning, throughout the whole game.

Let us highlight the crucial element of our approach
based on regarding hearers’ information states as LDRSs.
As was shown in 3.1., “verbal products,” created in the
course of talking to each other, can be referred to as easily
as perceived entities of the real world around us; and the
same holds true of hearers’ information states: referents in
them can also be referred to. A HIS is like a painting or a
map in this sense: its details can be talked about.

3.5. Meaning function and Qualia Structures

Pustejovsky’s (1995, 129) long record is intended to
illustrate the promising possibility for embedding his
Qualia Structures (or something similar) —together with
the explanatory capacity of this theory— in LDRSs.

©)  John bought A LONG RECORD.

What Pustejovsky questions is that the semantic
content of the expression in question is to be captured by
the (simplified) logical formula long(x)record(x), which
a simple DRS representing the content of the expression
could be based on, too. We are arguing that Pustejovsky’s
argumentation according to which the given meaning of
long is not reasonable to store in a constant (core) lexicon
can be reconciled with an LDRS-compatible approach in
which the human sentence-to-sentence processing is
assumed to “generate” temporary extended lexicons
relative to which the above mentioned simple formula can
be retained.

Suppose the proper meaning of long is not at the
hearer’s disposal at a certain point (HIS1) of working up
sentence (9): (s)he tries to construct the appropriate DRS
from pieces like ‘bought(rl,r2),” ‘record(r2),” ‘long;(r2),’
but there is no proper index i. Hence, HIS1 has to be
extended to another HIS (without exploiting new
information), as in the cases discussed in section 3.2.
Although now it is not a referent that is being sought /
produced, firstly a referent can be found on the basis of a
piece of cultural information: that of the playing time of
the record, for which, say, ‘long;;(r3)’ is semantically
well-formed, where ‘playing-time-of(r3,r2).” Note that a
certain property of polysemy helps find the predicate we
have happened to mark with 17: the phonetic form of this
predicate is identical with that of the (still) unknown one.

And now the hearer knows not only what is long but
what the intended meaning of long; has been. (S)he may
assign a new predicate peg to this predicate, denoted by,
say, longjs7, and (s)he may define mea(longi47) on the
basis of long,; and the connection discovered (INP).
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4. Summary

It has been argued in this article that the key to the
solution of both the theoretical problem of working out a
realistic picture of the hearer’s (permanently changing)
information state within the framework of Discourse
Representation Theory and the empirical problem of a
wide range of classical formal-semantic puzzles lies in
one and the same discovery: HIS is essentially to be
regarded as a discourse representation structure, a gigantic
Lifelong DRS furnished with a partially ordered set of
worlds, a (multiple) cursor (pointing to temporal, spatial
and rhetorical reference points) and a meaning function.

LDRS can be regarded as a generalized version of
DRS and can (also) be defined by simultaneous recursion.
Three denumerably infinite sets of peg-like elements are
assumed to be at the hearer’s disposal as a starting-point
(in addition to an empty LDRS,, corresponding to the
moment of the ideal hearer’s birth): those of referents,
predicate names and worlds. The inner structure of these
sets and the rich system of connections among them are
due to six (partial) functions/relations; their definitions are
based on the simultaneously recursive technique
mentioned above (Section 2 and Appendix).

Section3 has provided a sketchy review of the
treatment of a couple of famous semantic puzzles in the
approach based on defining HIS as a Lifelong DRS.

Subsection 3.1. has been devoted to the discussion of
problems concerning +/— accessibility of referents from
given (partly fictive) worlds evoked by certain parts of
discourses.

3.2, has dealt with questions concerning the retrieval,
or rather construction or calculation, of “non-existing”
referents on the basis of logical, lexical, cultural/
encyclopedic and/or interpersonal pieces of “mediating”
information, all kinds to be assumed to be stored in HIS in
similar format and to be accessible in the course of
processing a discourse from sentence to sentence.

3.3. has contained arguments for the introduction of a
cursor pointing to the active world, distinguished temporal
and spatial reference points, and an “active rhetorical
referent” playing a crucial role in accounting for topic-
shift phenomena.

In 3.4. we have argued that most of the classical belief
puzzles can be treated in LDRS due to our approach
according to a person’s information state, including
her/his beliefs and wishes, is like a painting or a map in
the sense that its details can be talked about and referred
to by referents (of no special status).

Finally, 3.5. has demonstrated the possibility for
embedding a  Pustejovskyan  (1995)  multistratal
“generative lexicon” in our extended theory of discourse
representation,
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000C DO TV.LOD

INP

ext(p) = {rir2.rn}

wrl(p) = cur(W)

permitted : cur(W)zcur(W)
an(R)#ur(R), depending on
pand its distinpuished arg’s

mea(p) (already) exists

there are relations in P to
provide information on
associated phon. forms
CUISOT Moves
backwards...

CUM

4, INTRODUCTION OF A
NEW REFERENT INTO THE
ACTIVE WORLD

cur'(W) and cun(W) are
adjacent acc. to partial order pre
R e m

wrl'(r) does not exist

...or forwards due to
+linguistic factors

IREA

incommensurable acc. to

) = cur W)

wrl'(r) does not exist,

wrl' (W) is empty

6. REFERENT
ASSIGNMENT TO A

(GENERALIZED) DRS

I11...FLarge)E €X' (P1),

Tk 1. Tiarg(pioE €Xt" (k)

REFERENTINTO ANEW rtial ord \
WORLD partial order prc
IREN cur'(W) < cur(W) = w,ad| wrl(r) = cur(W)

they are adjacent acc. to prc

S

Wil(G(r,)) do not exist

GcR” is a partial function
(GNid=D): "generalizing
function"

RED

7. SPECIFICATION OF AN

G(r1,1. T1arge1) € €XE(P1),

<gqs>€ ext’(ASS), and3S:

ref(r)=G({pir1,1...T1arg(p1)
ooy PKIK, 1. --rk,arg(pk)})

ref (@={pqiTai1.- Tatagan s
Paxlak,1..-Tak arg(pak)}

wrl(G(ry)) = cur(W)

S' (which replaces only

formula ASS(q,s) belongs
to mea(p)

(where id is the identity
function of set R)

S(tg1,1--Tq1 zepq)E ext'(pql)
ASSOCIATED DRS St 1 Tokcampa) € X (Pa) 1ef” ($)={PsiTs1.1...TsLargtpst, "variables")
<.y Psmlsm,i...Tsmargpsm) }»
SPED S(s11.- Tot arpips1) € €XU(Ps1)y s “appropriate” S (which now SCR s
S{tsn . Tenanpem)E €XHPan)s replaces certain "variables” "specifying" function
b § o8 with non-tsedrefrertsinau(W))

Appendix. Table 1: (sinultaneously recursive) definition of LDRS (Lifelong Discourse Representation Structure)
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Abstract
Referring expressions are thought to be tailored to the needs of the listener, even when those needs might be very costly to assess, but
tests of this claim seldom manipulate listener’s and speaker’s knowledge independently. The Map Task enables us to do so. We
examine two ‘tailoring’ changes in repeated mentions of landmark names: falling clarity of word articulation and rising accessibility of
referring expression. Clarity results replicate Bard et al. (2000). Standardized word duration fell for speaker-Given listener-New items
(Expt 1). Hence it was unimportant whether the listener heard an earlier mention. Reduction between mentions was no greater when it
could be inferred that the listener could see the named item (Expt 2), and no less when the listener explicitly declared that they could
not (Expt 3). Hence it was unimportant whether the listener could see the landmark. Reduction was unaffected by whether the repeater
could see the mentioned landmark (Expt 4). Articulation thus depends only on what the speaker has heard previously. In contrast,
accessibility was more sensitive both to listener (Expt 1) and speaker knowledge (Expt 4). The results conform most closely to a Dual
Process model: fast, automatic, word-by-word processes let the speaker’s own experience prime articulation, while computationally

costly assessments of listener knowledge control influence referring expression design where competing tasks permit.

1. Introduction

Speakers are said to design their utterances to suit the
needs of their listeners, insofar as those needs can be
known (Ariel, 1990; Clark and Marshall, 1981; Gundel,.,
Hedberg, and Zacharski,, 1993; Lindblom, 1990).
Certainly there is variation in form. Clarity of
pronunciation varies with predictability from local context
(Hunnicutt, 1985; Lieberman, 1963) and with repeated

mention (Fowler and Housum, 1987). Forms of referring -

expression differ in elaboration with the more readily
interpreted, those having more accessible antecedents,
syntactically simpler (a blacksmith's cottage v if) (Ariel,
1990, Fowler, Levy, and Brown, 1997; Gundel, J.K.,
Hedberg, N., and Zacharski, R., 1993; Vonk, Hustinx,
and. Simmons, 1992). Yet maintaining an incrementally
updated model of what the listener knows, including the
established common ground, and of what the listener
needs to know is a considerable cognitive task. Because
speaker’s and listener’s knowledge overlap and because it
may be impossible to assess the listener’s knowledge
accurately, it is suggested that speakers often default to an
account of their own knowledge as a proxy for the
listener’s (Clark and Marshall, 1981). In fact, many
discussions of this topic simply assume that the two are
the same: they describe or manipulate the speaker’s
knowledge without independently manipulating the
listener’s (see Keysar, 1997).

This paper presents two attempts to examine the
hypothesis that referring expressions are genuinely
tailored to the speaker’s model of the addressee. One deals
with the articulation of individual words, the other with
the form of referring expressions. They have different
implications for psychological models of dialogue.
Current models of the production of language indicate that
noun phrase structure and articulation are generated within
units of different sizes, phonological phrases or tone

groups on the one hand and phonological words, lexical
words, or syllables on the other (Wheeldon and Lahiri,
1997; Levelt and Wheeldon, 1994). Speech appears to be
produced in a cascade, with smaller units being prepared
for articulation as the succeeding larger unit is being
designed. Thus, incrementally updating a listener model in
order to articulate each phonological word would impose
a much heavier computational burden on a speaker, than
updating it phrase by phrase.

We will first present hypotheses which the literature
offers us for the way in which speakers manage the task of
modeling listeners while planning and producing speech.
Then we will report two studies which test these
hypotheses on materials from a single corpus. Both make
the same comparisons. Bard et al. (2000) excised a
balanced sample of spontaneously uttered words, and
measured their intelligibility to naive listeners as well as
their duration. The new results in the present paper report
duration and accessibility of all suitable referring
expressions in the corpus. Finally, we will discuss the
implications of the comparison for the nature of listener
modeling in on-line utterance generation.

2. Modeling listener knowledge while
speaking

The literature offers several versions of the hypothesis
that what we say is tailored to the needs of our listeners.
They can be arranged in order of the computational
demands they would impose on speakers.

Lindblom’s H-and-H Hypothesis (1990) makes the
heaviest demands. It posits that speakers adjust the
articulation of spoken words to the knowledge which the
listener can currently recruit to decoding the speech
signal. Thus, speakers hyper-articulate when listeners lack
such auxiliary information and hypo-articulate when
redundancy is high. There is ample evidence that
linguistic environments which provide more redundancy
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contain word tokens articulated with greater speed and
less precision. (Bard and Anderson, 1983, 1994; Fowler
and Housum, 1987; Lieberman, 1963; Samuel and
Troicki, 1998). The question is whether this relationship
depends on the speakers updating and consulting a model
of the listener’s current knowledge each time they prepare
the prosodic character of a phonological word or the
articulation of its syllables. Though the H-and-H view
does not preclude defaulting to the speaker’s own
knowledge, it is framed under in terms of genuine listener
knowledge. To adjust articulation on line to a non-default
account of listener knowledge, speakers should observe
listeners continuously for signs of misunderstanding or
disagreement. Wherever speaker’s knowledge and
listener’s knowledge differ, listener’s knowledge should
take precedence. In effect the H-and-H Hypothesis
corresponds to a Negligible Defaulting Hypothesis.

The second alternative arose from a consideration of
how speakers might manage the many tasks involved in
generating appropriate utterances in dialogue. Brown and
Dell (1987) propose a modular division between the initial
formulation of utterances, a process based on speaker
knowledge, and the monitoring and revision of output,
processes based on a model of listener knowledge, or
more precisely, of common ground. Called the
Monitoring and Adjustment Hypothesis by Horton and
Keysar (1996), this model defaults first and pays later — if
necessary. Because responsibility for tailoring utterances
to the listener’s needs is shared by the interlocutors
(Carletta and Mellish, 1996), the speaker’s attention can
initially be devoted to utterance planing rather than to
listener modeling. Faultless utterances, those for which
speaker- and listener-knowledge are alike, are produced
quickly and accurately. Poorly designed utterances can be
revised in response to explicit requests from the listener,
which are received well after the initial planning of the
faulty utterance is complete. If the Monitoring and
Adjustment Hypothesis holds, post-feedback utterances
should reflect any aspects of listener-knowledge which the
feedback has conveyed. Otherwise, listener-knowledge
should be irrelevant to production.

The third proposal deals with co-presence, middle- or
long-term characteristics of listeners which affect likely
overlap with speakers’ own knowledge. Various kinds of
‘co-presence’ in social or regional background (Isaacs &
Clark, 1987; Fussell & Krauss, 1992), physical location
during the interaction (Schober, 1993), or recent
experiences (Schober & Clark, 1989; Wilkes-Gibbs &
Clark, 1992; Brennan & Clark, 1996) are taken into
account. Although this work is usually interpreted as
showing that the ‘initial design’ (Horton & Keysar, 1996)
of conversational speech is sensitive to listeners’ needs, it
does not directly address on-line processes. Since most
discussions of this notion focus on lasting characteristics
of listeners, we assume that it is also intended to reduce
the number of occasions in a dialogue when a speaker
must update a model of the listener. If so, speakers should
attend to evidence for and against co-presence, and
defaults could hold for some undefined time after positive
evidence. We will call this the Co-presence Default
Hypothesis.

Finally, Bard et al. (2000) develop a suggestion of
Brown and Dell (1987) which we will call the Dual
Process Model. Tt proposes a division between fast and
automatic processes, which have no computational cost,

and slower, more costly processes requiring inference or
attention. The former include priming, an unconscious
process that allows the performance of an activity or the
recognition of a stimulus to reduce the reaction time for or
the duration of a behaviour. (Balota, Boland, and Shields,
1989; McKoon and. Ratcliff, 1980; Mitchell and Brown,
1988; O’Seaghdha, 1997.). Only the speaker’s own
experience is effective in priming. The latter include all
those complex forms of reasoning usually implicated in
the ability to construct a model of the listener. In
competition with this set are the computations which
underlie the ability to plan a dialogue or keep track of a
shared task. When there is competition for time and
attention, the second set of processes may suffer (Horton
and Keysar, 1996), leaving the speaker with only cost-free
defaults in the form of his own knowledge.

Of these four hypotheses, the second and third make
roughly the same predictions for speakers' ability to tailor
form of referring expression and word articulation to the
listener’s needs. Where speaker and listener have different
pertinent knowledge which the speaker might access,
Monitoring and Adjustment would predict that both form
of expression and articulation will reflect the speaker's
own knowledge until some corrective feedback points out
the discrepancy. Co-presence tells us that long- or mid-
term information is available for the whole language
production process.

The other two hypotheses might distinguish between
the two measures. . H-and-H, the Negligible Defaulting
Hypothesis, makes no comment on units larger than
words. What is essential is that an account of listener
needs is available for each lexical or phonological word.
This could be provided in two ways. In the more
complex, speakers must conduct two parallel series of
updates on the listener model: word-by-word while
uttering one phrase and simuitaneously, as if that phrase
were complete, while constructing the next, Thus different
states of listener knowledge would have to be modeled at
the same time. This alternative seems so demanding that
to preserve the essential predictions of H-and-H, word-by-
word operations would have to take precedence, leaving
phrase-by-phrase operations either impoverished or non-
existent. Thus word intelligibility and duration should be
the more sensitive to listener needs. In the simpler
arrangement, the redundancy of each word would be
assessed as part of the design process preceding the
construction of their phrase. Thus clarity and accessibility
should be equally sensitive to the listener's knowledge,
because they are designed around the same reasoning
about that knowledge.

The Dual Process Hypothesis makes a straightforward
prediction. Here, the critical issue is the scale or duration
of the process and not the stage when it occurs. Under the
time pressures imposed by real conversations, smaller
scale processes involved in articulatory design of
phonological words should seldom allow scope for costly
interaction with the listener model, and would have to be
controlled by speaker knowledge. Larger-scale processes,
like planning an NP, could cycle slowly enough to permit
updating the listener model, drawing inferences from it,
and the like. Accordingly, form of referring expression
could be more sensitive than duration to any records of
listener knowledge which speakers maintain. This
hypothesis does not predict uniformly good tailoring of
referring expressions to listener knowledge, however,
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because the task of updating the listener model may have
an inherently low priority.

3. Studies of intelligibility and accessibility

3.1. Given-ness and referring expressions

To test the foregoing hypotheses, we made use of the
effects of Given status. Word tokens in expressions
introducing New items are longer and clearer than those
referring to Given items (Fowler and Housum, 1987).
Forms of referring expression are known to differ in
elaboration so that changes with repeated mention are
usually abbreviations (a blacksmith's cottage....if) which
can be assigned a place in a scale of referential
accessibility (Ariel, 1990, Gundel.,, Hedberg, and
Zacharski, 1993 ) To compare the two systems, we used a
corpus of spontaneous speech designed to vary what each
interlocutor could see, coded to what each had mentioned
or heard mentioned, and to what feedback each had given
the other. Thus it was possible to select items which were
Given to one or both interlocutors on the basis of what
each saw, said or heard in the dialogue. Table X
summarizes the comparisons which formed the basis of 4
experiments.

3.2. Method

3.2.1. Materials

All materials were drawn from the HCRC Map Task
Corpus (Anderson et al., 1991), 128 unscripted dialogues
from 64 pairs of Glasgow University undergraduates
communicating routes defined by labeled cartoon
landmarks on schematic maps of imaginary locations.
Instruction Giver's and Follower's maps for any dialogue
matched only in alternate landmarks. Participants knew
that their maps differed but not where or how. In no case
could either player see the other’s map. The corpus was
balanced for familiarity of participants and for ability to
see the interlocutor's face. Each participant served as
Instruction Giver for the same route to two different
Followers and as Instruction Follower for two different
routes.

Digital stereo recordings with one channel per speaker

were segmented at word boundaries. All the words of any
expression referring to a landmark were coded for the
appropriate landmark, tagged for part-of-speech, and
parsed.
Bard et al. (2000) excerpted individual words from
references to the labeled schematic landmarks around
which the route is defined in cases where both mentions
used at least some of the same open class words (the rift
valley...the rift valley; the rift valley...the valley). Except
where the design of the experiment dictated otherwise,
items were restricted to the Instruction Giver’s initial
encounter with a map and were balanced for familiarity of
interlocutors and for the availability of a visual channel.
Items forming part of disfluencies or interrupted by
overlapping speech were excluded.

The present study examined all expressions which
refer to landmarks that were mentioned more than once
within a dialogue, with the exception of those which were
ambiguous as to accessibility. Note that the items for
which duration measures are suitable, like those assessed
for intelligibility, must include the same words in both

23

Score Definition Examples
0 numeral + noun one mountain
indef art + sequence a mountain
1 def article + nominal the mountain
possessive + my one
possess pron | mine
2 deictic pron | that
deictic adj + nominal this mountain
3 other pron it

Table 1. Accessibility scale for referring expressions

mentions. Repetitions using different words in different
mentions (the rift valley...it), may only be assessed via
accessibility.

3.2.2. Dependent variables

Intelligibility loss. Individual open class items from
matching repeated mentions were excerpted from context,
as were control tokens of the same landmark names read
in lists by the original speakers. A standard set of
phonetic conventions was used to determine the positions
of word boundaries (Laver et al., 1989). All words were
overlaid with noise and presented to panels of 9 to 15
naive informants for identification. The tokens of a word
were distributed among informants by Latin square.
Intelligibility is the percentage of listeners identifying a
word. Intelligibility loss is the difference between the
intelligibility of the clearer read token and of the more
reduced running speech token of the same word. (See
Bard et al. for further details.)

Duration loss. Both studies used normalized duration
(Campbell and Isard, 1991). The normalization makes use
of the distributions of lengths typical of each phoneme and
assigns to each word token a value k representing its
position in the expected log length distribution for words
of its dictionary phoneme composition and stress pattern.
The k-score makes it possible to compare length-relative-
to-expected-length for words of quite different
composition. All comparisons were based on the
difference between the k-durations of a read control form
and the corresponding item in running speech.

Accessibility. The 27 items with relative clauses in
their first mentions were excluded because of a conflict in
coding schemes. All other first and second mentions of
landmarks (N = 1136) were classed by accessibility on the
scale displayed in Table 1.

3.3. Experiment 1: Listener identity

3.3.1. Design
Experiment 1 examines introductory mentions of the

same shared landmarks in Givers’ two trials with the same
map. In the first trial, the landmark was New to the
discourse for both players. In the second, it was Given for
the speaker, an Instruction Giver who had mentioned it
before, but New to each successive listener (hence the
value ‘no’ in each of the ‘how Given status is achieved —
by listener” cells in Table 6). The identity of the listener
and the state of progress through the map route were both
route pre-printed on their maps. Thus, if the Negligible
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Introduction Repetition
Measure i 5 Measure Sclf Other
Word articulation: Word articulation:
Intelligibility loss 0.072 0.182 Intelligibility loss 0.081 0.081
k-duration loss 0.498 0.558 k-duration loss 0.127 0.192
Referring expression form: Referring expression form:
Accessibility 0.466 0.552 Accessibility 0.878 0.745

Table 2. Effects of re-introductions to new listeners on
articulatory clarity (intelligibility or length loss relative to
citation form) and on form of referring expression
(accessibility).

expressions are tailored to the listener’s needs even when
these differ from the speaker’s, then introductory
mentions of the same landmark should not differ in
clarity: no Given-ness effect should be warranted because
the named entities are not Given for the listener. Similarly,
accessibility of referring expressions should not change.
The Monitoring and Adjustment prediction is for changes
in both, because the listener in the second trial has had no
opportunity for feedback. The Dual Process prediction is
that intelligibility will be insensitive to the listener’s
knowledge and fall, because it depends on the speaker’s
previous mention. Only accessibility ought to reflect the
listener’s knowledge and remain unchanged.

3.3.2. Results

Table 2 begins with the intelligibility results of Bard et
al.: second introductions show significant loss of
intelligibility relative to first introductions (i.e., a greater
difference between the carefully pronounced form read in
a list and the token produced in running speech). The
present study also finds changes in articulation: second
introductions are significantly shorter than first (i.e.,
increasingly different from citation forms) for 239 pairs of
words on repeated introductions, (F5(1, 238) = 12.48; p <
0.0005). In contrast, accessibility does not increase on
average over 116 pairs of introductory mentions
(F»(1,115) < 1). Thus, duration appears to reflect the
Given status of the item for the speaker, while form of
referring expression reflects the fact that the freshly
introduced landmark is New for each listener. Greater
sensitivity in form of referring expression is predicted
only by the Dual Process Hypothesis.

3.4. Repeater identity: inferred Ilistener
knowledge
3.4.1. Design

Experiment 2 compared repeated mentions of shared
landmarks within and between speakers. As Table 6
shows, in self-repetitions the second token refers to a
landmark which is Given to the repeating speaker because
he or she has seen the item, and both uttered and heard the
original mention. The landmark’s status vis-a-vis the
listener is less certain. In other-repetitions, the second
token is Given to the current speaker only by virtue of
having been heard before, but Given to current listener
who has mentioned the item, heard it mentioned, and must
have been able to see the landmark to introduce it at all.

Table 3. Effects of self- v other-repetition on change in
articulatory clarity (intelligibility and duration loss
relative to citation form) and in form of referring
expression (accessibility) with repeated mention

Negligible Defaulting should promise that either
articulation or both articulation and form of referring
expression will be show greater change in such cross-
speaker repetitions, because an updated account of the
listener’s knowledge should include the inference that the
item was Given to that player in those three ways. In
contrast, Monitoring and Adjustment predicts no effect of
original speaker on any measure, because no corrective
feedback is involved. Co-presence will make the same
prediction if we assume that it is satisfied by common
experience of the discourse (a ‘yes’ in both ‘Heard’
columns in Table 6) without inferring what the listener
can currently see. Dual Process predicts that any effect
will be found in accessibility, which is designed over
intervals long enough to permit inferences to be made.

3.4.2. Results

Table 3 shows that changes in articulatory clarity were

the same in self- and other-repetition. Like the
intelligibility results of earlier experiments, k-duration fell
relative to citation form controls with repeated mention
(mention: Fy(1,691) = 63.75, p < 0.0001) but showed no
difference between the 263 other-repetitions and the 430
self-repetitions. (mention x prior speaker: n.s.).
Accessibility for 90 other-repetitions and the 430 self-
repetitions. behaved in the same way (F,(1,269) = 177.12,
p < 0.0001; mention x prior speaker: n.s.). Once more the
listener’s experience was not the critical factor, and
repetitions of any mention which the speaker has heard are
treated alike..

3.5. Feedback: signalled listener knowledge

3.5.1. Design

Experiment 3 provides a more direct test of the effects
of listener knowledge. When one speaker introduces an
unshared landmark, the listener, who lacks it, may provide
corrective feedback indicating the discrepancy between
the players’ maps. Sometimes, however, that listener fails
to find or signal the discrepancy. To test for the effects of
feedback on second mentions, we use repeated mentions
by the same speaker with and without accurate intervening
feedback from the listener.

It is difficult to see how a cooperative speaker, in the
usual sense, could ignore such overt evidence. We assume
that Negligible Defaulting and Co-presence joint
Monitoring and Adjustment predicting that feedback will
make a difference to the nature of subsequent mentions. In
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Visibility to listener Visibility to speaker
Measure Not denied | Denied Measure Seen Unseen
Word articulation: Word articulation:
Intelligibility loss -0.080 0.080 Intelligibility loss 0.151 0.181
k-duration loss 0.070 0.140 k-duration loss 0.114 0.183
Referring expression form: Referring expression form:
Accessibility 0.470 0.410 Accessibility 0.745 0.240

Table 4. Effects of feedback about listener's ability to see
an entity on changes in articulatory clarity (intelligibility
and duration loss relative to a citation form) and in form
of referring expression (accessibility) with repeated
mention.

fact, the repetitions with feedback are the only ones where
Monitoring and Adjustment does predict an effect of
listener knowledge. In all these cases, cooperative
behaviour would yield a more restricted effect of
repetition where the listener has denied ability to find the
object, -- that is, less change in intelligibility or
accessibility across repetitions. Only Dual Process, which
holds that feedback may be unimportant, could account
for failure to mitigate of the effects of repetition on form
and articulation.

3.5.2. Results

Table 4 begins with results from Bard et al. Which
require further comment. Intelligibility loss vis-a-vis a
clear control form should have increased more where
listeners offered no negative feedback and less where they
denied having the named object on their maps. In fact, the
reverse was true, with a significant interaction of mention
and feedback because of increased intelligibility with no-
denial repetitions and decreased with denial. However,
the root of the difference lay in the first mentions, not the
second, whose absolute intelligibility scores were
indistinguishable. In the present study, no such
complication is found. For the 73 repeated words with
intervening denial and the 122 without, k-duration loss
increased with repetition significantly and equally
(mention: Fy(1, 193) = 9.45, p = .0024; mention x denial
n.s.). Form of referring expression showed the same
pattern: the change toward more accessible referring
expressions on second mention was no more limited for
the 44 cases with intervening denials than for the 86
without (F»(1,128) = 18.49, p <.0001; mention x denial:
n.s.). Feedback that should block defaulting does not do
so. Only what the repeater has seen, heard, and said seems
to play arole.

3.6. Repeater knowledge

3.6.1. Design
What the repeater knows is the subject of Experiment
4, in particular what the speaker can see. Here only cross-

speaker repetitions were used, but now the landmark in
question might be shared by both speakers or absent from
the repeater’s map. As Table 6 shows, the original
introducer, the listener at the point of second mention, can
see the item, has mentioned it, and has heard it mentioned.
The repeater has also heard it mentioned. Experiments 2

Table 5. Effects of speaker's ability to see named entity on
change in articulatory clarity (intelligibility and duration
loss relative to a citation form) and in form of referring
expression (accessibility) with repeated mention.

and 3 have already shown that the original introducer’s
ability to see the named item does not bear on the manner
of repeated mention. What we ask here is whether the
speaker’s visual knowledge of the named entity is also
unimportant or whether articulation and form or referring
expression are influenced by this kind of knowledge. If
what the repeater can see is an important addition to
speaker-Given status, then intelligibility loss across
repeated mentions will be greater for shared landmarks,
where the speaker has more knowledge of the entity than
for unshared.

The Negligible Default Hypothesis predicts no effect
of what the speaker can see, because the more important
listener knowledge is constant across conditions. Co-
presence would seem to make the same prediction.
Monitoring and Adjustment allows for speaker knowledge
having direct effects on articulation or referring
expression design. Dual Process makes the assumption
that articulation is keyed to speaker knowledge by fast
priming processes. It is not clear whether visual stimuli
prime word duration. Thus far, illustrations have all been
via perceiving or producing the repeated word. Duea
process does allow for slower, costly access to additional
information, and so would allow for effects of speaker
knowledge on accessibility.

3.6.2. Results

Table 5 shows the effects of repetition. Bard et al.
found a robust effect of repetition on intelligibility loss
vis-a-vis citation forms, but no tendency toward greater
change where the repeater could see the landmark. The
present results have the same interpretation: k-duration
falls with repeated mention (mention: F,(1, 224) = 12.37,
p < .0005) but there is no significant difference between
the outcome for the 144 shared repetitions and the 82
unshared (mention x introducer: 7.s.).

In contrast, form of referring expression shows the
speaker-centric result. Second mentions are made in more
accessible forms in both cases (mention: Fy (1,138) =
24.67, p < .0001), but the increase is greater for the 90
cases where the repeater can see the landmark than for the
50 where he or she cannot. (mention x sharing: F»(1,138)
= 6.48, p < .02). This outcome is certainly not indicative
of careful adjustment to listeners alone. Nor does it
indicate overall attention to speaker knowledge as a proxy
for listener knowledge. It conforms best to the notion that
different processes design the form and articulation of
referring expressions with the former sensitive to a wider
range of information.
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4. Discussion

Table 6 summarizes the results reported here and in
Bard et al. (2000). Each of the experiments tests for an
effect on repeated mentions of some aspect of speaker or
listener knowledge. Experiment 1 pitted the speaker’s
experience in having seen the mentioned landmark,
mentioned it, and heard it mentioned against the new
listener’s ignorance of the item as the landmark was
introduced in a second trial with a map. Experiment 2
pitted the speaker’s own experience in seeing and hearing
against the listener’s under two conditions, when those
listeners to the repetition had produced the original
mention so that it might be inferred that they could see the
landmark, and when they had not. Experiment 3 pitted the
speaker’s experience of seeing, saying, and hearing
against the listener’s declared inability to see the item in
question. Experiment 4 kept the listener’s knowledge
constant as well as the speaker’s experience in hearing a
prior mention, but manipulated the speaker’s ability to see
the landmark.

In all these cases, as the shaded cells of Table 6 show,
the repeating speaker had heard the original mention. In
all cases the measures of word articulation were sensitive
only to what the speaker had heard. These are exactly the
results found by Bard et al. (2000) for a balanced but
restricted sample of materials and with intelligibility as
dependent variable. Thus, reductions in articulatory detail
with repeated mention are conditioned by what the
repeaters have heard mentioned. There is no indication
that models of the listener are consulted except insofar as

they conform exactly to the speaker’s memory for what he
or she has heard.

Form of referring expression showed a different
pattern. It behaved like articulation in being insensitive to
information which should have been of use in updating a
model of the listener: either an indication that the listener
could see the landmark under discussion or a direct
statement to the effect that he or she did not (Experiments
2 and 3). Yet it did show two effects which articulation
did not. In Experiment 1 accessibility of referring
expression did not increase with re-introductions to new
listeners. In this case, form of referring expression was
tailored to the listener’s needs. In Experiment 4,
accessibility was enhanced more for repeated mentions of
landmarks which the speaker could see than for repeated
mentions of items which the speaker had only heard
mentioned. Thus, accessibility is more sensitive than
articulation but not in a way which support claims for the
tailoring of referring expressions to listeners’ needs.

Why should accessibility have these characteristics?
The current results indicate that form or referring
expression does not respond on-line to changes in co-
presence, whether via feedback or inference. Nor does
accessibility, which seems to be designed before
articulation, show the characteristics that Monitoring and
Adjustment would predict for initial design. In Dell and
Brown’s account, early processes like design of referring
expressions should, if anything, be less sensitive to
listener knowledge than later processes like articulation
This certainly is not the case here: referring expressions
patterned like duration when the two should have differed.

. How Given status achieved
Effects on repeated mention
(by dependent variable) By speaker By listener

Bxperi

xperiment Referring .

art&?&fi on expression Said Sees Heard Said Sees Heard
form
11_:d1fferent Speaker Listener yes yes no no no
isteners
———————————
2: same/ o yes yes
different Speaker Speaker €s (inferred) yes
p P / yes ¥y

speakers / no /?

o no
3: 4/ . (declared)
negative Speaker Speaker yes yes no / ves yes
feedback Y

(inferred)

4.speaker Speaker yes
+/— sees Speaker (additional) no no/yes yes (inferred) yes

Table 2. Speaker-knowledge and listener-knowledge effects on repeated mentions of landmark names. Word
articulation results in terms of intelligibility (Bard et al, 2000) agree with current results of standardized word duration
(k). Shaded cells indicate conditions in common across all experiments where repeated mentions lost clarity. Form of
referring expression in terms of accessibility shows additional sensitivity to conditions in the doubly boxed cells. (yes =
condition holds; no = condition does not hold; / = contrast manipulated in experiment).
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Furthermore, referring expressions patterned differently
from duration where the two should have been alike in
reflecting the speaker’s knowledge.

We would argue that Map Task speakers demonstrated
the effects of competing demands on their attention, as the
Dual Process Hypothesis predicts. Unlike the fast
automatic processes which atfect articulation and are
keyed to speaker memory, slower processes compete for
attention with the task in hand. Consequently only the
factors grossly related to that task -- who is participating
and what is on the speaker's own map -- have a noticeable
effect.

We have argued elsewhere (Bard et al., 2000) that the
difficulty of the communicative task may well influence
the degree to which speakers appear to be modeling their
listeners. We noted the Map Task is more difficult than
other tasks where more cooperative behaviour is reported.
For example, the tangram task involves a fixed set of
shapes and players usually know that the match between
their shapes will be complete and that none will have to be
re-used. Hence the problem becomes easier with every
trial. In contrast, the Map Task does not make it clear at
the outset how many landmarks will determine each route,
how many are on the map but irrelevant, how many match
between players’ maps, how many are duplicated on a
single map, and how many have to be revisited as the task
advances. If listener modeling competes for attention with
task management, we might well expect the Map Task and
the more complex of everyday communicative tasks to
show little tendency toward tailoring for the listener. It
remains to be seen whether direct manipulation of
extended communicative tasks will change speakers’
priorities (see Horton and Keysar, 1996, for a simple
example). It also remains to be seen whether speakers will
be more sensitive to fine differences in listener knowledge
in any task if some kind of external record-keeping eases
the computational burden. The Dual Process Hypothesis
predicts that both task and memory load should have
effects on the design of referring expressions, but that
neither should affect the articulation of individual words.
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Abstract
When designing multimodal dialogue systems allowing speech as well as graphical operations, it is important to understand not only
how people make use of the different modalities in their utterances, but also how the system might influence a user’s choice of
modality by its own behavior. This paper describes an experiment in which subjects interacted with two versions of a simulated
multimodal dialogue system. One version used predominantly graphical means when referring to specific objects; the other used
predominantly verbal referential expressions. The purpose of the study was to find out what effect, if any, the system’s referential
strategy had on the user’s behavior. The results provided limited support for the hypothesis that the system can influence users to adopt

another modality for the purpose of referring.

1. Introduction

1.1. The problem

When participants in a dialogue refer to specific
objects on successive occasions, they typically converge
towards using the same terms in their referential
expressions (Brennan and Clark 1996). Such lexical
convergence in human-human interaction has a
counterpart in human-computer interaction in the sense
that human dialogue participants tend to adopt the terms
of the system when referring to various concepts (Brennan
1996).

In this paper, we set out to investigate whether there is
a more general form of convergence in human—computer
interaction in multimodal dialogue systems. In the systems
that will be of interest to us here, both the user and the
system have the option of using either graphical
operations or verbal expressions (or both) as they refer to
specific objects in the dialogue. Given that users can
choose to communicate by using speech or by using a
pointing device to select objects on the screen, the
question was to what extent they would be affected by the
system’s behavior as they constructed references.

1.2. Motivation

Apart from being a problem which is interesting in its
own right, we believe that the results obtained from such
an investigation will have important practical
consequences for the design of multimodal human—
computer dialogue systems. In order to create a system
that performs well, it is crucial to have a good
understanding of how the system should behave, so as to
increase the chances of correctly interpreting the user’s
input. In particular, if we can find a systematic
correspondence between the feedback strategy of the
system on the one hand, and the user’s choice of modality
in her utterances on the other (i.e. what the user expresses
in words and what she expresses by means of graphical
operations), a lot can be gained. The present study is a
step towards pursuing this goal.

1.2.1. Modality switching as an error handling
strategy

Errors can occur on all levels of a dialogue system, but
in domains where many of the words in the recognition
lexicon are similar sounding, or where there is a large
morphological overlap, the problem of recognition errors
may become especially difficult. Experiments by Oviatt
and VanGent (1996) have shown that there is a tendency
for users to switch from one modality to another when
their interaction with a multimodal system becomes
problematic. In these semi-simulated experiments, users
were subjected to errors which required them to repeat
their input up to six times. Many users went from speech
to graphical input after already having repeated and
rephrased their spoken input to the system several times. It
appears as if people use modality switching to recover
from errors after having been subjected to a series of
failures in communication by a noncooperative system.

It should be interesting to examine whether it is
possible for a cooperative system to promote the use of
one modality rather than another without explicitly asking
the user to alternate or ceasing to ‘understand’ the user’s
input. Ultimately, the goal would be to design a
multimodal system with the ability to predict and prevent
the occurrence of longer error sequences. A low
confidence score from the speech recognizer or an error
indication from another part of the system could be used
by the dialogue manager as a signal to encourage a user to
switch to the graphical input mode. In this way, it would
perhaps be possible to avoid a succession of errors and a
resulting spiral of miscommunication.

1.3. The setting

This research has been carried out within the Adapt
project, whose principal aim is to study various aspects of
multimodal human-computer interaction in the context of
an apartment-secking domain. The practical goal of the
project is to create a multimodal dialogue system which
will help users find an apartment in the city of Stockholm.

The apartment domain is highly useful for studying
multimodal interaction. An apartment is a complex object
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that has properties suitable for graphical presentation (e.g.
its location in the city), as well as properties suitable for
verbal presentation (price, description of interior details,
etc). Furthermore, it is not always obvious which modality
is preferable for a referential construction.

For the purpose of the experiment described here, we
use a simulation system where the key functionalities of
the intended system are handled by a “wizard” (namely,
analysis of multimodal user input, dialogue management
and multimodal response generation).

2. Background

2.1. Lexical entrainment

In spontaneous human-human dialogue, participants
frequently use referential expressions as a way of making
the interaction efficient and concise. Clark and Wilkes-
Gibbs (1986) have demonstrated that participants in a
dialogue collaborate in the making of references. This
collaborative effort is a sort of negotiation, where one of
the interlocutors suggests a way of using a noun phrase to
refer to a certain object, and the other accepts, rejects or
postpones the decision. Once the participants have found a
mutually acceptable way of referring to the object in
question, they tend to use the term agreed on. Garrod and
Anderson (1987) have established that people who
repeatedly refer to the same objects in a dialogue often
start using the same terms. They called this phenomenon
lexical entrainment. Brennan and Clark (1996) have
argued that lexical entrainment can be understood in terms
of shared conceptualizations that are established between
people engaged in conversation. After a conceptual pact
has been established, speakers are sometimes
overinformative in subsequent references instead of
introducing a new term.

Brennan (1996) has argued that there is a phenomenon
corresponding to lexical entrainment in human—computer
interaction. Human dialogue participants tend to mimic
the terms introduced by a spoken language system,
something Brennan calls lexical convergence. Since
computer programs generally are not constructed to
negotiate about terminology, entrainment in Brennan and
Clark’s sense is not really possible in human—computer
interaction. However, there appears to be a unidirectional
influence by which the terminology of a natural language
system is likely to influence the user’s choice of
vocabulary.

2.2, Multi-modal
systems

Multimodal interfaces are potentially more flexible,
powerful and effective than unimodal interfaces.
Experiments in map-based simulation environments have
demonstrated that a pen/voice interface can be more
efficient and user-friendly than either a speech-only
interface (Oviatt 1997) or a graphics-only interface
(Cohen, Johnston et al. 1998). Studies of how users
integrate the different input modes in multimodal dialogue
systems have been previously reported in (Oviatt and
Olsen 1994; Oviatt and VanGent 1996; Oviatt, DeAngeli
et al. 1997). In a study where speech or pen input could be
used to interact in a simulated map system (Oviatt,
DeAngeli et al. 1997), it was demonstrated that people use
the spoken and written modalities in a complementary

human-computer dialogue

way, rather than provide redundant information.
Adaptable multimodal systems offer many possible
advantages over unimodal interfaces, such as greater
expressive power. However, if these systems are to
become useful, we need to put greater efforts into
studying how people use different modalities and alternate
between them.

3. Method

3.1. Hypotheses

Our conjecture when embarking on this experiment
was that when both system and user may choose the
modality in which to construct a reference, the system
will, to some extent, affect the user to enter into “modality
convergence” with itself. More specifically, we were
interested in testing two hypotheses with respect to
modality convergence:

“Strong convergence”: the user converges on the
system’s behavior while abandoning his previously
adopted modality behavior.

“Weak convergence”: the user converges on the
system’s behavior while retaining and integrating it with
his previously adopted modality behavior.

Essentially, the weak hypothesis states that the system
can “entrain” the user to adopt new behaviors. The strong
hypothesis additionally states that the user can be
retrained and made to abandon old behaviors.

We take it that it would be possible to achieve strong
convergence if the system is suitably “uncooperative”, for
example, if it explicitly tells the user to switch modality or
if it ceases to understand a certain behavior. However,
rather than trying to affect the user by putting restrictions
on the system’s capabilities, we were interested in
investigating to what extent a cooperative system could
influence the user’s behavior merely by changing its own
way of constructing references.

The experimental task used to test these hypotheses
involves the construction of deictic references to specific
apartments on a map. Subjects who referred to apartments
had the option of using either graphical or verbal means,
or both. The question was then to what extent the subjects’
construction of deictic (and other) references would be
influenced by the behavior of the system.

3.2, Simulation system

The basic vehicle for the experiment was a Wizard-of-
Oz simulation tool which provided information about
available apartments in downtown Stockholm. The tool
included a map showing names of streets, major
neighborhoods, parks, etc., an overview map allowing the
user to scroll the detailed map, and an animated agent
speaking with a synthesized voice (see Figure 1). For each
displayed icon, limited information about the
corresponding individual apartment was provided in the
row of a table. Here, the apartment’s address, size and
listed price were displayed. Icons on the map that
represented apartments at adjacent or identical positions
were only allowed to overlap to a limited extent in order
to keep them simultaneously visible to the user.
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Figure 1. The graphical user interface.

The user’s input was sent to the wizard interface where
a human operator controlled the system’s response. Much
care was devoted to design the wizard interface to allow
rapid system response times (typically between one and
two seconds), thus giving users the impression of a fully
functional system. The wizard chose his answer from a
button menu, where information about specific apartments
from the database was included in one of a number of
possible answer templates.

To investigate convergence effects, the experiment
focused on two equivalent ways of forming deictic
references using different modalities, namely, graphics
(point-and-click) and verbal expressions. To this end, the
simulations mimicked two versions of a system, called
System G (“graphics-oriented”) and System S (“speech-
oriented”), which behaved identically except for the way
the deictic references were constructed. Thus, both
versions used square-formed icons to indicate apartment
positions on the map. The icons were color-coded so that
each displayed icon had a unique color. The sole
difference between the two simulated systems was that
System G, while using a deictic utterance (“This
apartment has a tiled stove”), let the corresponding icon
on the map “shake” in a highly perceptible way for a fixed
number of seconds (1.5, to be exact). In contrast, System
S constructed apartment deictic references by using a
verbal expression that exploited the color-coding (“The
yellow apartment has a tiled stove™), but without shaking
or otherwise changing the appearance of the icon in any
way. Throughout the dialogues, the two systems retained
their way of referring to the individual apartments.

Because of the difficulty of verbally distinguishing a
large number of colors, and in order to help focus the
dialogues on a limited number of objects which could be
systematically compared, both of the simulated systems
displayed at most seven apartment icons at any given
time. Thus, as long as the current set of apartments to
match the user’s constraints was larger than seven, no
icons were shown on the map. The animated agent would
then prompt the user to narrow down the search by saying
something like, “There are too many apartments to show.
Are there any particular features you’d like your
apartment to have?”

To make it straightforward for the user to associate
table rows with the corresponding apartment icons, each
row was preceded by a color-coded icon similar to the one
on the map.
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3.3. Experiment

To collect the data needed to test the hypothesis, a
between-subjects design was selected. 16 participants
were randomly assigned to a task/system sequence and
each completed two tasks. For each task order (A-B, B-
A), there was a corresponding system order (G-S, S-G),
resulting in four unique sequences of two tasks (AG-BS,
BG-AS, AS-BG, BS-AG), aimed at counterbalancing
sequence effects. Each of these sequences was completed
by eight persons, and a total of 32 dialogues were thus
recorded.

Each task involved finding an apartment that fulfilled
certain criteria. In solving the tasks, the subjects were
invited to take their time looking around, and to contrast
individual apartments in order to arrive at a suitable
alternative. Before subjects started an experimental
session, they were asked to try the functionalities of the
system. In this way, the experimenter could make sure
each user knew how to carry out the various operations.

As can be seen in Figure 2, task A and B both included
a map of Stockholm where different areas had been
shaded. These were the designated areas in which the
users were to look for an apartment in their respective
scenarios. In addition, the number of rooms the apartment
should have and an approximate time period for the
construction of the building were indicated on scales.
Pictures of interior and exterior details were also added to
each task. The subjects were informed that these details
(stucco and a balcony, for instance) were merely
suggestions, and that they were free to ask the system
about other things that might interest them.

Subjects were instructed that they could communicate
with the system using an open microphone and two
graphical operations with respect to the map, namely, the
selection of a position by point-and-click and the selection
of a rectangular area of arbitrary size. The subjects’
graphical operations were echoed in the same way by the
two system versions; in particular, a point-and-click on an
apartment icon was echoed by highlighting the icon. 16
subjects, all volunteers, participated in the experiment.
Eight of the subjects were female and eight were male,
and their ages ranged from 17 to 55. The subjects were all
native speakers of Swedish, and while a few of them were
staff at the Department of Speech, Music and Hearing,

= g,

Figure 2. The scenarios, A on the left and B on the right.
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none were working in the field of speech technology. All
subjects reported to be familiar with computers, most of
them regularly used word processing software and
browsed the web, but only a couple claimed to have any
significant programming skills. Each experiment session
(including the introduction to the system and the post-
experimental interview) lasted for approximately 30
minutes. During the post-experimental interviews,
subjects were asked to give feedback on the interface and
comment on their own modality choices during the
dialogues. Finally, the experimenter verified that all
subjects had been unaware of the fact that they had been
interacting with a Wizard-of-Oz simulation rather than a
real system. Those subjects who had been recruited from
outside the department were rewarded with a movie
voucher.

4, Data coding and analysis

4.1. Coding

Figure 3 shows an excerpt from a typical dialogue
obtained during the experiment. A dialogue normally
proceeds as follows: The subject begins by indicating a
city area and providing a number of preferences in order
for the system to come up with a set of matching
apartments. The subject then asks the system about
various features of the individual apartments displayed.
This procedure may be iterated for a number of areas.

The dialogue excerpt shown in Figure 3 begins at the
point where the system has just displayed a set of
apartment icons on the map (with accompanying
information in the table, as seen in Figure 1). The subject
uses color references with a deictic function when he
shifts focus from one apartment to another (that may or
may not have been referred to previously in the dialogue).

(User.44) Does the black apartment have a
ceiling with stucco? /subject uses
mouse to select the black apartment/

(Sys.45) The black one has stucco

(User.45) Does the black one have a balcony?

(Sys.46) Yes

(User.46) Does the black one have a terrace?

(Sys47) I don’t know

(User.47) When was the building constructed?

(Sys.48) The black house was built in 1928

(User.48) When was it refurbished?

(Sys.49) In 1994

(User.49) Is it a quiet apartment?

(Sys.50) I don’t know

(User.50) Which floor was that on?

(Sys.51) The black apartment is on floor one

(User.51) Facing the street or the back?

(Sys.52) The street

(User.52) The red apartment which floor?

(Sys 53) The red apartment is on floor two

Figure 3. A translated excerpt from one of the dialogues,
using System S. Focus shifts are indicated using bold fonts.

After a focus shift, subjects typically use pronominal
expressions to refer to the apartment under discussion. To
a lesser extent, subjects continue to make use of
constructions with a deictic function during turns
subsequent to focus shifts. (Examples of this occur in
Figure 3 at turns User.45 and User.46.) In these cases,
however, they typically retained the particular reference
construction used at the focus shift.

Our data analysis thus showed that the critical points at
which modality convergence can be investigated
correspond to focus shifts. The coding was therefore
guided by the need to track user references to apartments
made at these points. The references occurring at user
turns other than focus shifts were not tagged.

References at focus shifts were tagged along two
dimensions:

1. A category for each primitive type of reference
construction used by the subject. We distinguished
between four types:

e g - graphical reference (that is, point-and-click);

e ¢ — color reference (for example, “the yellow
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one”, “the black apartment”);

e a — address reference (a street name optionally
followed by a street number, such as
“Swedenborgsgatan 7);

¢ m — miscellaneous (for example, “this one”, “the
apartment with a sauna”).

2. A tag indicating whether the focus shift was initiated
by the user or the system (user-init and system-init,
respectively).

As an example of this, the dialogue excerpt shown in
Figure 3 contains two focus shifts which are tagged as
follows:

e (User.44) cg; user-first
e (User.52) c; user-first

The notation “cg” means that the subject used an
integrated color and graphical reference by making a
point-and-click operation in connection with a verbal
utterance. Each reference categorized as “cg” was counted

[P

and one “g”, in addition to being counted as

€62

as one “c
one “cg”.

Focus shifts that occur initially in the dialogues, before
the system has had any chance of entraining the subjects,
have not been included in the count. However, we still
coded them, since they could tell us something about the
subjects’ a priori preferences with respect to reference
constructions at focus shifts.

4.2. Analysis

As previously stated, our main objective was to
investigate if and how the subjects were influenced by the
system in their way of referring to individual apartments.
System G consistently referred to apartments using a
graphical operation; system S consistently used color
codes; hence we were primarily interested in the subjects’
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behavior in this regard, which was reflected by the values
of the “g” and “c” categories. Two “g” values were
calculated for each subject, one for the number of “g”
references in dialogue 1 and one for the number of “g”
references in dialogue 2. Analogously, two “c” values
were calculated for each subject.

In order to enable meaningful comparisons between
subjects, we normalized each “g” value (“c” value) by
dividing it with the total number of coded references in
that dialogue. We used the notation “gNorm” (“cNorm”)
to refer to the normalized “g” values (“c” values).

As described in Section 3.3, the 16 test subjects were
divided into four groups, each group corresponding to a
unique sequence of scenario-system pairs (AG-BS, BG-
AS, AS-BG, and BS-AG). The first test performed was to
investigate whether the scenario had any significance for
the behavior of the subjects. We therefore compared the
values for the “gNorm” and “cNorm” parameters for the
AG-BS group with those of the BG-AS group, and
similarly for the AS-BG and BS-AG groups. As we found
no significant differences, we collapsed the AG-BS and
BG-AS groups into one group called G-S (corresponding
to the eight subjects who used system G first and system S
second). The AS-BG and BS-AG groups were collapsed
into another group called S-G (corresponding to the eight
subjects who used system S first and system G second).

The next step was to compare the values of the
parameters “gNorm” and “cNorm” between and within the
G-S and S-G groups. More specifically, we were
interested in the relations indicated by the arrows in Table
1 below. The horizontal arrows in the table correspond to
possible changes in referential behavior within the same
group, but between the subject’s first and second dialogue.
The vertical arrows correspond to possible differences
between the two groups either in the subjects’ first
dialogue, or in their second dialogue. In Table 1-4 below,
“D1” and “D2” denote the first and second dialogue,
respectively.

Table 2 shows the relations that should hold for the
data to support the weak convergence hypothesis of
Section 3.1. The value of the “gNorm” parameter should
be higher for the G-S group than for the S-G group in
dialogue 1, since at that point in time the S-G group had
not yet been subjected to “graphical” behavior from the
system. Similarly, within the S-G group, the “gNorm”
value should be higher in dialogue 2 (when the system
starts to behave “graphically”) than in dialogue 1. An
analogous line of reasoning gives the required relations
indicated in the “cNorm” part of Table 2.

Table 3 shows the additional relations, apart from
those of the weak convergence hypothesis, that should
hold for the data to support the strong convergence
hypothesis. The value of the “gNorm” parameter should
be higher for the S-G group than for the G-S group in
dialogue 2, since in the second dialogue the system
behaved “graphically” towards the S-G group but not
towards the G-S group. Similarly, within the G-S group,
the “gNorm” value should be higher in dialogue 1 (when
the system behaves “graphically”) than in dialogue 2. An
analogous line of reasoning gives the required relations
indicated in the “cNorm” part of Table 3 below.

Table 1 Relevant data relations
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gNorm cNorm
D1 D2 D1 D2
G-S ? « ? ? « ?
! ! ! !
S-G ? o ? <« ?
Table 2. Relations that would support the weak
convergence hypothesis
gNorm cNorm
D1 D2 D1 D2
G-S ? ? < ?
> <
S-G ? < ? ?

Table 3. Additional relations that would support the strong
convergence hypothesis

gNorm cNorm
D1 D2 D1 D2
G-S ? > ? ?
< >
S-G ? ? > ?
5. Results

The most important results of the experiment are

summarized in Table 4 below.

Table 4. Mean values for the “gNorm” and “cNorm”

arameters
gNorm cNorm
D1 D2 D1 D2
G-S 0.16 0.32 0.04 0.48
S-G 0.04 0.03 0.13 0.21

If we begin by examining the four relations relevant
for testing the weak convergence hypothesis (cf. Table 2),
we see our data supports the hypothesis in three cases.
Only the decrease from 0.04 to 0.03 for the S-G group’s
“gNorm” parameter is inconsistent with the hypothesis
(but on the other hand, the total number of graphical
references is indeed very small in those dialogues). The
other three relevant relations are consistent with the weak
hypothesis. However, only the increase from 0.04 to 0.48
for the G-S group’s “cNorm” parameter proved to be
statistically significant using a correlated t-test (t(7)= -
3.39, p<0.012), as well as a Wilcoxon signed rank test
(W,=1, p<0.028). We therefore conclude that we have
found limited support for the weak convergence
hypothesis.

In contrast, the strong convergence hypothesis is not
supported at all by the data. Of the four relations indicated
in Table 3, only the difference between the two groups for
the “cNorm” parameter for the second dialogue (0.48 vs.
0.21) is consistent with the strong hypothesis, however not
significantly so. There is even an almost significant
difference (t(14)=2.12, p<0.053) between the two groups
for the “gNorm” parameter for the second dialogue (0.32
vs. 0.03), something which speaks against the strong
hypothesis.
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The strong hypothesis is also contradicted by the
tendencies within the groups between the first and second
dialogues. The group which started out using System S
increased their proportion of color references in their
second dialogue (from 0.13 to 0.21), even though the
system had changed its behavior. The same tendency
could be shown for the group that started out using
System G (0.16 to 0.32), i.e. the subjects amplified the
behavior adopted in their first dialogue rather than
allowing themselves to be “retrained”.

The group who started using System G had a higher
proportion of graphical references during both dialogues
when compared to the other group (almost significantly so
in the second dialogue, as discussed above). This might be
seen as a “delayed” convergence effect from their first
dialogue. However, a closer look at the data reveals that
out of the 17 graphical references by this group in the
second dialogue, ten are integrated with color (“cg”).
Thus, the increased use of graphics did not occur at the
expense of color references, but rather “hand in hand”
with these.

Looking at the subjects’ behavior across the two
dialogues, what we have said above might be summarized
as follows: Rather than the subjects replacing one type of
behavior with another as an effect of modality
convergence, their “converging” behavior in the first
dialogues was amplified in the second dialogues. In
addition, they showed clear potential for taking up and
integrating a new form of converging behavior in one of
the second dialogues, namely, with the system that used
color references.

Another way of formulating this is that the added
proportions of color and graphical references increased
from dialogue 1 to 2 for both groups. In other words, there
was a tendency for subjects to gradually converge to the
two kinds of reference construction that the system used,
(“c” and “g”) at the expense of the other kinds of
reference construction (“m” and “a”, mentioned in Section
4.1 above).

An interesting observation is that none of the subjects
had color (“c) as their a priori preference in their first
dialogue; still, color ended up being the altogether most
used reference construction.

6. Discussion

Our post-experimental interviews indicated that the
function of mouse clicks was not entirely obvious to the
subjects. One subject said: “l preferred to speak since
what I could do with the mouse seemed so limited” and
another reported: “He [the animated agent] understood
what I said, but not what I meant by clicking”. The post-
experimental interviews also revealed that the graphical
input mode was perceived by several subjects as being
less efficient and concise: “The question one asks with a
mouse click seems rather undefined”, “I preferred to
speak, it was easy”, “It was faster (I think) to speak
directly to the animated agent.”

Intuitively, it seems that in order for the system to
maximize its chances of successfully entraining the user,
the manifestatons of the input and output reference
constructions should be as similar or "symmetric" as
possible. In our experiment, such a symmetry was trivially
achieved for verbal references (through the spoken
manifestations of the user and system), but less so for

graphical references: User clicks on apartment icons were
echoed by highlighting the selected icon, whereas the
system’s graphical references were indicated by shaking
the icon. Because of this, the connection between the
graphical output and input might not have been obvious to
the subjects. One way of clarifying this connection might
be for the system to produce a characteristic short sound
as each icon is highlighted. The same sound could then be
repeated as the user clicks on one of the icons on the
screen.

Furthermore, it is worth noting that the dialogues,
generally speaking, were quite short. Since the tasks given
were deliberately vague, some of the subjects chose to
speak about no more than a couple of different
apartments. A tendency in our data was that those subjects
who persisted in interacting with the system for a longer
time were more likely to be affected by the system’s
behavior. Longer dialogues would most certainly have
given us more datapoints, and possibly also more clear-cut
entrainment effects.
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Abstract
In this paper we consider the consequences for dialog modeling of a new proposal of cooperation based on the concepts of group utility,
goal adoption and anticipatory coordination. On the one hand, the model accounts for the contextual occurrence of communicative acts
during cooperative activity; on the other hand, it models grounding phenomena in dialog, seen as a cooperative activity, without explicitly

prescribing them.

1. Introduction

One of the main aims of the definitions of cooperation
is to explain when and why the members of a group have
to communicate with each other. In particular, the atten-
tion has been focused on those parts of dialogs which have
the function of coordinating helpful behavior (Grosz and
Kraus, 1996) and the conclusion of the group’s activity (Co-
hen and Levesque, 1991).

In (Cohen and Levesque, 1991), the definition of coop-
eration is built out of a number of examples which show
how communication can be used to establish the right mu-
tual beliefs among the agents. The role of communication
in those examples is to ensure that the activity of the group
is not jeopardised by a relevant divergence among the par-
ticipants’ mental states, especially for what the achieve-
ment of the joint goal is concerned. In order to ensure that
the group ends its activity in a felicitous way, (Cohen and
Levesque, 1991) add to the definition of joint intention a
number of subsidiary goals: in particular, when the joint
goal has been achieved, each agent has the goal that the
other partners be aware of this situation; typically, but not
necessarily, these goals are achieved via communication,
thus explaining dialogic phenomena like notifications.

In this work we describe the consequences for dialog

modeling of extending and generalizing the intuition of
(Cohen and Levesque, 1991) that the lack of coordination
leads to a worse performance of the group. We claim that
coordination via communication can be explained by a sort
of means-ends reasoning which aims at not decreasing the
group performance.
In this way, it is possible to achieve the separation between
the definition of cooperation and communication claimed
by (Castelfranchi, 1998): communication and the related
goals of making the knowledge mutual among the group
members are just instrumental to the group joint action and
not prescribed by it.

In order to do so we need two conceptual instruments
for measuring the expected result of the group’s action and
for predicting what the partners are going to do. These two
forms of reasoning are becoming increasingly exploited in
the multiagent field; in particular, decision theory is used
for making an agent choose the most promising course of

action while having a look at the benefit of the whole group
(Hogg and Jennings, 2000); on the other hand, game theo-
retic concepts are used for predicting the behavior of the
other agents and choosing a suitable action accordingly
(Ndiaye and Jameson, 1996), (Gmytrasiewicz and Durfee,
1995), (Boellaet al., 2000).

The main ideas underlying the new definition of coop-
eration are the following ones: first, when a member of the
group chooses an action, he has to take into account the
benefit of the whole group and not only the utility achieved
for himself. Second, the benefit for the group must be com-
puted by taking into account how the agent’s choices affect
the choices of other agents; that is, an agent has to pre-
dict which actions the partners will choose after the exe-
cution of the selected actions (anticipatory coordination):
he can do so, since in the contest of a group he knows (at
least partially) the tasks assigned to the other partners of the
group. Finally, an agent should consider whether to adopt
the goals of his partners in order to provide them with help
(not only material help, but also information); see (Castel-
franchi, 1998) for the importance of adoption in modeling
interaction among agents.

From this sketch of the model it is possible to under-
stand why it is not necessary to include into the definition
of cooperation goals concerning the achievement of a mu-
tual belief, nor the goal to communicate with the partners.
However, the model can explain the occurrence of commu-
nication during cooperative interaction, even if it is not ex-
plicitly prescribed. In particular, communicative acts aim-
ing at enhancing the coordination among the members of a
group are be performed depending on the utility they yield
with respect to their cost. Notifications that a partner’s goal
has been achieved (or is unachievable) are motivated by the
adoption of his goal to know whether the these conditions
apply to the goal he is committed to: under some circum-
stances, this behavior can be useful from the group’s per-
spective, because it prevents the partner from wasting re-
sources. At the same time, agents can communicate to to
signal the intention to adopt a goal of a partner, or to avoid
conflicts in the use of shared resources: in the following
we will detail the utility-driven reasoning underlying these
phenomena.

On the other hand, the model can be applied as well to
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communication itself, seen as a cooperative activity: once
two agents are involved in a communicative interaction,
they choose subsequent dialogue moves in the light of the
group utility they are expected to yield. Under this per-
spective, acknowledgements of understanding, repetitions,
repairs and other dialog management actions are the result
of a trade-off between the joint goal to ensure mutual un-
derstanding among the participants and the cost of these
actions in terms of the resources they require.

2. The Definition of Cooperation

A group of agents G R composed of agents Gy, ..., G,
cooperates to a shared plan! for « with an associated recipe

R® composed of steps ﬁf’il, ooy BEEm when:?

1. each step % has been assigned to an agent G; in GR
for its execution;

2. each agent G; of the group GR has the single agent
intention to perform his part 57 of the shared plan
for o formed on the basis of the recipe R*;

3. the agents of G R have the mutual belief that each one
(G;) has the intention to perform his part 8% of the
shared plan for o;

4. all agents mutually know that they share a utility func-
tion GF' based on a weighted sum of the utility of the
goal which the shared plan aims at and of the resource
consumption of the single agents; each agent, when he
plans his own part of the shared plan, has to consider
also this global utility as part of the his individual util-
ity function F;;

5. when an agent (&; becomes aware that a partner G
has a goal ¢ that stems from his intention to do his
part ,8;,” . G; will consider whether to adopt it; if G;
believes that the adoption of ¢ produces an increase of
the utility GF' of the whole group, then he adopts that
goal;

6. each agent remains in the group as long as the value of
the utility function G'F can be increased by executing
his part of the shared plan for @ or by adopting some
of the goals of the partners.

Here, we don’t address the problem of group formation:
we assume that a group is already at work, with different
tasks assigned to the various members of the group.
Moreover, the definition of cooperation presented above
presupposes an appropriate model for planning, which in-
cludes the mechanism of anticipatory coordination.

'Actually, we assume here that the initial shared plan has a
particular structure; i.e., it is a one-level plan composed of a top-
level action («v) decomposed into a sequence of steps. In a general
plan, each step could in turn have been expanded into substeps,
and so on recursively.

2The notation By * refers to the I-th step of the recipe R, a
step which has to be executed by agent G;.

3. The Anticipatory Coordination Planning

In order to plan and select actions, we exploited a deci-
sion theoretic planner, DRIPS (Haddawy and Hanks, 1998).
DRIPS is a hierarchical planner which merges some ideas
of decision theory with probabilistic planning techniques.
Plans are organized along decomposition and abstraction
hierarchies and have non-deterministic effects which pro-
duce a probability distributions over the action outcomes.
A utility function is used for evaluating how promising a
given plan is. The utility function does not compute just
the payoff of the possible outcomes of the plan: it is com-
puted starting from simpler utility functions associated with
the goals of the agent.?

However, the planner itself is not sufficient for our pur-
poses. In fact, since the agent’s world is populated by other
agents, the consequences of an action may affect the subse-
quent behavior of other agents. So, in case of interaction,
an agent has to consider the consequences of his behavior
with respect to what the other agents will do afterwards:
in order to evaluate the real expected utility of the plan, he
must explore the outcomes that may result from the differ-
ent reactions of other agents.

Moreover, as stated above, when an agents comes to
know a goal of a partner, the agent considers whether to
adopt it as part of his intentions: he does so, if the adoption
of the partner’s goal as a new intention amounts to an in-
crease of the global utility notwithstanding the decrease of
his partial utility due to the overhead of helping the partner.

The construction of a plan is carried out by an agent G;
in a stepwise fashion: if G; is in charge of step %" of the
recipe R® shared with G;* for achieving goal «, he first has
to find the best recipe for 8% (let’s say RY, with steps 7};{1,
'yﬂgfé, cooy Y45, ), and then he can start refining 43", . The
approach of DRIPS to this process is to expand A% in all
possible ways (i.e. applying to the current state S all exist-
ing recipes); then, it proceeds onward and expands the new
partial plans. The search goes on in paralle], but the search
tree is pruned using the utility function (applied to the state
resulting from the potential execution of the recipe): so,
the utility function acts as a heuristic able to exclude some
possible ways (recipes) to execute an action.

In order to implement the ideas presented in the previ-
ous section, we had to make the evaluation of the heuris-
tics somewhat more complex. Therefore, we have modified
the DRIPS algorithm for allowing anticipatory coordina-
tion. In particular, since the planning agent has to predict
the reactions of the partners, he must be endowed with the
(assumed) knowledge concerning his partner’s beliefs and
utility functions. Moreover, we assume that the knowledge
about actions is shared among all the group members.

The method we employed is the following:

¢ Using DRIPS (playing the role of G;), we expand the
current state S according to all alternative recipes for
(%%, thus producing the states S1, Sa, ..., Sy (where
7 is the number of different recipes for 5%;).

3This aggregation of simpler utility functions in a global one is
possible only if some independence assumptions hold (see (Had-
dawy and Hanks, 1998)).

4For simplicity we have assumed a single partner G.
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e This set of states is transformed in the set of the same
states as viewed by G;, S1, S5, ..., S;.

¢ On each state S, (1 < m < 1), we restart the plan-
ning process from the perspective of his partner G;
(i.e. trying to solve his current task 3;"7).

o This produces a set of sets of states SS' = {{5] ;, ...,
Lacb {9200 Sa b {Sn, 100 Shn, 1)

e The group utility function is applied to these
states, and the best state of each subset is identi-
fied: SSl/)est:{Si,best(l)’ Sé,best(z)’ e S;Lr,best(nr)}'
These states are the ones assumed to be reached by
G’s best action, for each of the possible G; initial
moves.

o The group utility function is applied to the states
Sk pest(k) (1 < k < r)from Gy’s point of view. This
models the perspective of G; on what could happen
next.

e The best one of these states is selected
(Smaxlbest(mw)). This corresponds to the selec-
tion of the best recipe for 85" of G; (i.e. R™%).

Note that the algorithm above is just a modification of
a two-level min-max algorithm: actually, it is a max-max,
since at both levels the best option is selected, although at
the second level it is evaluated from G;’s perspective. As
in min-max, G;, when predicting G ; behavior, assumes that
his partner is a rational agent, i.e. that he will choose the
plan that gets the highest utility for the group.

The problem of simulating another agent’s planning is
very difficult. For instance, in some situations, G could
not be aware of R® effects. In our implementation, we
adopted the simplification that the initial state is shared by
the agents, while, during the planning phase, G;’s knowl-
edge of a state is updated in G;’s beliefs by an action of
G; only with the effects which are explicitly mentioned
as believed by G (e.g., the result of a communicative ac-
tion having G; as receiver). However, the treatment of the
changes of the beliefs of the partner would deserve a more
accurate model, as the one proposed for multiagent systems
by (Hideki and Hirofumi, 2000).

Some more words must be devoted to the probability

that an effect holds after the execution of a recipe R®. Note
that if a recipe R* of G; makes a proposition Prop true
only with probability p(Prop) the simulation of G;’s plan-
ning phase must be carried on starting from both “possible”
worlds resulting from the execution of R” (i.e. one where
Prop is true and one where Prop is false).
Therefore, we simulate separately (see figure 1) what G;
would plan if Prop were true and if Prop were false; since
also G;’s recipes may involve uncertain effects, we adopted
the solution of multiplying the probability of the different
outcomes of G';’s actions with the probability of G;’s ini-
tial states in order obtain the set of worlds representing the
possible outcomes of G;’s reactions to the plan R”.

SUsing as @ ;s initial world one where Prop has p(Prop) prob-
ability to be true, would correspond to the situation in which G
is planning with uncertainty about Prop.
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4. Consequences for Dialog

4.1. Communication as a Consequence of
Cooperation

Consider the situation where an agent has just discov-
ered that the goal of the group is impossible to achieve: he
has two alternatives, banned the idea to go on with the now
impossible shared plan; he can choose to give up the shared
plan and do something else. Otherwise, he can consider
adopting some of his partners’ goals; banned again the idea
of helping the partners in doing their part (remember that
the shared plan is impossible to achieve, so no help can be
fruitful), there remain, however, other goals available for
adoption: if the partners still have the intention to achieve
the joint goal, they consequently have the goals of knowing
whether they succeeded or are prevented from achieving
their aim (as it follows from the definition of (individual)in-
tention in (Cohen and Levesque, 1991)). In order to choose
among the alternatives of leaving the group and of commu-
nicating to the partners the impossibility of achieving their
aims, the agent resorts to anticipatory coordination. This
consists of simulating what the partners will (presumably)
do in both situations: in the first case, being not aware of
the new state of affairs, the partners will go on in doing their
part; but if the agent chooses to inform them that the shared
plan has become impossible, he predicts that they will give
up the (now useless) joint action (provided that communi-
cation is successful).

The same holds for the information that the joint goal has
been achieved. Consider, for example, the situation where
two agents, G; and G;are looking for a particular piece of
a jigsaw: in order to speed up the search, they divide the set
of pieces into two parts, and each one searches one part. If
the agent G; finds the piece, he will inform the partner G,
to prevent him from searching all his part unsuccessfully.
Or, if he comes to know that the piece has gone lost, the
model predicts as well that he will inform the partner (pro-
vided, in both cases, that the cost of communicating for G;
does not override the resources wasted by G; in his useless
search).

The same reasoning applies to the goals that the partners
are in charge of, and to the goals that are instrumental to the
achievement of these goals. Each time an agent knows that
a partner has a goal, he can infer that the partner will also
have the subsidiary goals of knowing if he succeeded. If he
comes to know (without any further cost) that the partner’s
goal holds, in his next planning phase he has to consider
whether to adopt the partner’s goal of knowing if the goal
holds; if he adopts this goal, he will communicate to the
partner that the goal holds, an action that adds a little over-
head to the group utility.

For example, if G; and G; have the shared goal of prepar-
ing tea, and G is in charge of boiling the water, G; may
come to know that the water is boiling before G; does. At
this point, Gi; can inform the partner that his goal holds, by
performing a communicative act (“The water is boiling™),
or he can go on with his activity, without informing G;.

In terms of utility, when the agent considers the alternative
of going on with his own plan and not adopting the partners’
goal, he may discover that the group utility would be lower,
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/* in input the one-level plan of agent G; (gi) for Bgﬂ (plan-x-1i-k), the identifier of

agent G; (gj),

plan-shared-actions(Gi,
begin

the step in charge of Gj, i.e.

Plan-x-i-k, Gj, action-j-m,

B’ (action-j-m) and an initial world*/

initial-world)

/* refinement of plan-x-i-k by selecting an alternative or adding
the decomposition of an action belonging to the plan */
refined-plans := refine-plan (plan-x-i-k, gi, initial-world);
final-worlds := nil;
/* for each possible outcome of each possible alternative */
for-each plan in refined-plans
begin

/* outcomes of a plan of G; from the initial worlds

(their probability sums to one)*/

for-each world in resulting-worlds(plan, initial-world)
begin

/* save the probability of the outcome of plan */

prob := world.prob;

/* simulate G; planning from an outcome of plan as it were the only

possible one */

world.prob := 1;

primitive-plans-j := plan{action-j-m, gj, world);

/* select best plan from G;’'s point of view: (: considers only

G;'s best alternative */
chosen-plan-j := best-plan-EU(primitive-plans-j, g3j, world);
resulting-worlds := resulting-worlds(chosen-plan-j, gj, world);
/* restore the probability of the outcomes w that come after world */

for-each w in resulting-worlds

begin w.prob := w.prob * prob; end

/* the probability of worlds in final worlds will sum to one */

final-worlds := final-worlds + resulting-worlds;
end
/* assign to each G;’s alternative the expected utility from G;’s perspective */
plan.EU := compute-EU(plan, final-worlds, gi);

end
/* eliminate plans that are not promising */

return{eliminate-plans (refined-plans, gi));

end

Figure 1: The function of the planner that given a plan, performs a step of refinement and discharges unpromising alterna-

tives.

even if his own utility would be greater: the partners, being
not aware of the relevant conditions, would waste their time
going on in their activity or, at best, looking whether they
succeeded or not.

In the previous example, if (; does not warn G that the
water is boiling, the consequence is that G¢; will have to
check again, while the water could evaporate and time
could be wasted.

Communication is related to adoption also in a differ-
ent sense; if an agent decides to adopt a goal of a partner,
it can be useful for the group to communicate his inten-
tion to the partner. Although in many cases this intention
can be easily inferred by the beneficiary by observing the
adopting agent’s actions, under some conditions it could be
impossible for the adopting agent to display his adoption
other than communicating it. If this is the case, the utility
of communicating becomes higher than the utility of not

communicating, since, even if communication adds a little
overhead, the second alternative could result in a most dis-
advantageous situation where two agents (the adopting one
and the beneficiary) waste resources - or even conflict - by
trying to achieve the same task.

Consider the example where G; and (; cooperate to
change a light bulb: one of them, G;, will climb the lad-
der, while the other, (7, is in charge of fetching a new light
bulb. If G; switches off the light (because he is nearer to the
switch, for example) while G; is away, and he knows that it
was (3;’s duty to do it, he should warn the partner (“I have
already switched off the light for you!”). In fact, if G; is
not aware that G; has already switched off the light, he may
repeat the action, with the result of closing the circuit again,
with potentially bad consequences for G;: in this case the
overhead added by the communicative action is clearly ir-
relevant if compared to the consequence it could provoke,
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for both the beneficiary and the group.

Since agents share a group utility function, we can pre-
dict that they will (try to) avoid conflicts with other agents’
intentions; in fact, performing an action that interferes with
the plans of other team members decreases the utility of the
whole team. But if they are aware of this possibility, they
may resort to communication for coordinating the choice of
single agents’ plans (“Don’t start painting the ceiling just
now, I need the ladder to change the light bulb!”). The
trigger of communication relies again on the utility func-
tion: if the partner is likely to choose an action that leads
to the shared plan failure due to a conflict with the agen-
t’s intentions, the best strategy is to add a little overhead to
communicate to the partner what he has planned to do.

In all the cases we have examined, the agent has to trade
off the cost of communicating against the potential conse-
quences of not communicating: i.e., communication is not
compulsory, but that it is produced only if it is convenient to
do so. In this way, the requirement of a more flexible com-
munication posed by (Tambe, 1997) is solved by referring
to the notion of utility for the whole group. If communica-
tion is expensive, it is not convenient for the group to waste
resources in communicating. The same holds if communi-
cation is not reliable (the message gets lost) or slow: there
is a probability that communication has not the desired ef-
fect (or it gets it too late). An important consequence is
that, if an agent decides that is better (for the group) not to
communicate, his choice does not disrupt the group: in fact,
communication is not explicitly mentioned in our definition
of cooperation.

Moreover, the utility-based model of cooperation allows
to release the assumption of perfect communication: when
evaluating the expected utility of a a communicative action,
the agents takes into account the probabilities that it doesn’t
bring about the expected result. If the action fails, however,
its repetition is not automatic: again, repetition is subject
to utility evaluation and this evaluation cannot but take the
previous failure into account.

4.2, Communication as Cooperation

The model of cooperation we propose can predict
the occurrence of grounding phenomena when the group
shared goal is constituted by the exchange of information
itself. Once the shared goal of communicating has been es-
tablished, the goal of reaching the mutual understanding is
assumed as a natural consequence of it, stemming from the
communicative competence of the group members: for the
dialog to proceed coherently, in fact, the interactants need
to share the same interpretation of the previous part of the
interaction, or better, the mutual belief must hold that their
respective interpretations are reasonably aligned.

The requests for acknowledgement of understanding, for
example, are useful for the group only when the content
to be conveyed is sufficiently relevant for the success of
the exchange and there are not irrelevant probabilities that
it has not been correctly conveyed. Otherwise, if the cost
of the action of requesting for an acknowledgement - and
the related cost of acknowledging by the interlocutor, in
the speaker’s anticipation of his reaction - is expected to be
higher than the benefit it produces, the action is not exe-
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cuted, in favor of other, implicit grounding means (see the
Principle of least effort in grounding presented in (Clark,
1996)).

The following exchange could seemingly take place in the
light bulb example discussed above, due to the importance
of the content conveyed by G in the first turn:

G;:Be careful, I have already switched off the light
Gj:Pass me the light bulb, please
G;:Did you understand what I said?.

Here, the explicit request for acknowledgement by G; in
the third turn is motivated by the relevance of the content
of the turn to be conveyed, which has not been explicitly
acknowledged by G; in his reply (second turn).
Spontaneous acknowledgments of understanding by the
interlocutor constitute the interlocutor’s adoption of the
speaker’s goal of knowing if he succeeded in his commu-
nicative act (e.g. “I have already switched off the light”
“T see”). Again, if the cost of the interlocutor adopting
this goal is not balanced - according to the interlocutor’s
utility evaluation - by the utility of the outcomes it may
produce, the acknowledgment is disregarded in favour of
other, implicit grounding means and the conversation pro-
ceeds smoothly (compare the previous example with the
following exchange, that we take to happen during an ev-
eryday conversation: “Do you know that John got mar-
ried?” “What is the name of the wife?”).

At the same time, the utility function, since it accounts for
the reliability of communication, allows to model the fre-
quency of acknowledgments and request for acknowldge-
ments in certain interaction modalities, like telephone con-
versations.

The explanation of grounding that we have introduced

so far is in line with the fact that interactants rarely ac-
knowledge (or request to acknowledge) acknowledgements
and notifications themselves: while in nested acknowledg-
ments the relevance of the communicative acts decreases
or at least remains the same, the probability that it doesn’t
succeed becomes lower, and the resource consumption in-
creases.
Moreover, the utility function allows for accounting for the
choice of actions that satisfy several goals at the same time,
to different degrees: for this reason, the contextual prefer-
ence for a smoother continuation of the dialog with respect
to explicit grounding can be modeled.

In general, the lack of interpretation problems is, by it-
self, a symptom that there is a common interpretation, i.e.,
that participants’ interpretations are reasonably aligned.
This does not mean that the interpretation is really the same,
but only that the potential differences fall within the stan-
dard individual differences. In absence of specific signs of
misalignement, this normally makes the intrinsic utility of
any active effort to check the interpretations’ alignement
very low, because this effort would not be compensated by
the low risk of having to engage in a negotiation phase in
the following, in order to restore the lost alignement.

On the contrary, the loss of dialog coherence normally
means that a misunderstanding has occurred, i.e., that at
least one of the two speakers has chosen a wrong interpre-
tation of a turn (see (Ardissono et al., 1998) for a deeper
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analysis). If a participant realizes that a misunderstanding
has occurred, he will compare the alternative of perform-
ing arepair action for addressing and solving the misunder-
standing (Schegloff, 1992) with the alternative of going on
with the next turn, without executing any extra action. If the
comparison between the two alternatives ends in favour of
the former one, the participant will act in order to find out
who is the misinterpreting agent, and correct the wrong in-
terpretation. Intuitively, the utility function here embodies
the idea that a misunderstanding is addressed if it is deemed
relevant, and is at risk of posing difficulties for the subse-
quent interaction.

1. if G; realizes that his ¢; is the misinterpreting agent,
he will plan a request for repair (“No, I mean that...”);
G, in turn, is expected to repair his interpretation as
requested, and notify the execution of the repair to G;
(“Oh, ok ..”).

2. if (; realizes that he has misinterpreted G;, he will
plan arepair and the notification to B that now he holds
the right interpretation (“Oh, you meant that ...”).

While it is outside the scope of this work to explain how
shared goals are established in a general way, the model of
cooperation that we propose provides a framework where
the establishment of the shared goal of communicating can
be explained. When communicative acts are performed
within the context of a group cooperating to a non linguis-
tic shared goal, their occurrence is motivated by the utility
they yield with respect to the shared goal. Under these cir-
cumstances, we postulate that the performance of a com-
municative act by one of the group participants normally
sets up the shared goal of communicating.

Finally, we exploit a utility-based reasoning to explain

the establishment of communicative cooperation outside
the context of a group cooperating to a shared goal (Boella
et al,, 1999): when an agent is requested to cooperate, he
is relatively free to refuse cooperation, but, even if he does
s0, he normally cooperates at the communicative level, by
informing the partner about his refusal. In fact, an agent
usually has the goal of not offending his partner and the
refusal of communicative cooperation is interpreted as an
offensive behavior: a notification is a low-cost action, and
its omission could result in a repetition of the request or in
a solicitation of feedback (rather expensive actions for the
partner).
For example, if an agent G; is asked by another agent GG to
tell him the time, and G;’s clock is broken, he will probably
cooperate, at least conversationally, and reply with a com-
municative act of justification such as “I’m sorry, my watch
is broken”, instead of ignoring the request and letting G;
believe that his request has been ignored or refused.

The anticipation of the hearer’s reaction, even if a log-
ical and not decision-theoretic framework, has been pro-
posed in (Ardissono et al., 1999) for dealing with the choice
of polite forms of speech-acts.

5. Related Work and Conclusions

As we stated in the introduction, decision and game
theoretic concepts are being increasely used in modeling

multi-agent situation, even if they still present some lim-
itations, like, for example, the difficulty of estimating the
utility functions. In particular, the idea of taking into ac-
count the benefit of the group has been advanced in (Hogg
and Jennings, 2000), but in that work the advantage of the
group does not take into account anticipatory coordination.
On the other hand, (Gmytrasiewicz and Durfee, 1995) ex-
ploit the prediction of what the other agents will do in a
manner which is very similar to our approach, but they do
not have a notion of group utility and goal adoption. In
the subsequent paper (Gmytrasiewicz and Durfee, 1997)
the consequences of their approach for dialog is considered.

Grosz and Kraus (Grosz and Kraus, 1996) propose a
formal specification of the noti on of sharing a plan. They
introduce the operator Intend-that in order to account for
the commitment of each group member to the shared plan;
from the intention-that the plan be performed, the agents
derive that they have to avoid conflicts and to coordinate
the group’s behavior through communication. In addi-
tion, the definition of shared plans prescribes that agents
intend that their partners are able to do their part in the
plan. In our model, we have tried to obtain a similar ef-
fect by means of the interaction of the shared utility func-
tion with the mechanism of goal adoption. In particular,
conflicts are avoided since a plan that interferes with the
partners’ actions normally makes the utility of the group
decrease. The goal adoption mechanism makes an agent
consider whether, by adopting the partners’ goals, a gain
for the group is achieved.

Finally, the ideas of goal adoption and anticipatory co-
ordination have been put forth by (Castelfranchi, 1998) and
exploited for the definition of cooperation in (Boella et al.,
2000) and (Boetla, 2000). A similar approach is used for
modeling obligations in multi-agent systems in (Boella and
Lesmo, 2000). The role of goal adoption and cooperation
in communication has been analysed in (Ardissono et al.,
2000); similar concepts have been used in (Boella et al.,
1999) for dealing with obligations in dialog.
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Abstract

Building on work by Groenendijk and Stokhof, we develop a theory of question and answer interpretation for first-order formalisms.
The proposed framework is less fine-grained than its higher-order ancestor, but instead offers attractive implementational properties as it
deals with the combinatorial explosion problem underlying Groenendijk and Stokhof’s original theory. To incorporate the treatment of
questions and answers in a larger setting, we use an extension of Discourse Representation Theory to cover typical contextual phenomena
such as anaphora and presupposition. The actual interpretation of the dialogue representation is done via a translation to first-order logic.
A prototype implementation, using state-of-the-art theorem proving and model building facilities, supports the idea that this first-order
approximation of the interpretation of questions and answers is indeed a useful one.

1. Introduction

This paper discusses the treatment of questions and an-
swers in automatic dialogue understanding. Questions re-
quire answers, so an inference mechanism that determines
whether an utterance is an appropriate answer to a ques-
tion under discussion should be an elementary part of a
dialogue system. Such a component obviously improves
human-machine conversation.

We describe a theoretical account and its computational
implementation of the interpretation of questions and an-
swers in dialogue. Our first aim is to arrive at a formal def-
inition of what counts as a proper answer to a posed ques-
tion. Our second aim is to transfer the analysis of ques-
tions and answers into a framework that deals with other
context-sensitive phenomena, such as pronouns and presup-
positions. Our third aim, finally, is to implement these ideas
in a prototype dialogue system.

More precisely, we show how first-order logic can be
used to model questions and answers (building on work
by Groenendijk and Stokhof), and present a computa-
tional framework, where state-of-the-art theorem provers
and model builders perform the inferences required to de-
termine the appropriateness of (possible) answers to ques-
tions. The entire framework is embedded in an extension of
Discourse Representation Theory.

2. Modeling Questions

Questions are traditionally analyzed as sets of their pos-
sible answers (Hamblin, 1973; Karttunen, 1977). For in-
stance, the question “Who likes Paris’, in a domain with
two individuals Tim and Kim, denotes the set containing
the answers:

(1) { “Tim likes Paris’, ‘Tim does not like Paris’,
‘Kim likes Paris’, ‘Kim does not like Paris’ }

These approaches are too weak to capture certain as-
pects of quantification, as they do not contain answers like
‘Everybody likes Paris’, or ‘Only Kim likes Paris’ (see Hig-
ginbotham (1996) for further discussion). Groenendijk and

Stokhof (1984) argue that questions partition the logical
space into mutually exclusive and jointly exhaustive sets of
possible worlds which represent the different ways in which
a question can be answered. Under this view, questions de-
note sets of sets of propositions. For ‘Who likes Paris?’, we
have the answer set:

(2) {{ ‘Tim likes Paris’, ‘Kim likes Paris’ },
{ “Tim does not like Paris’, ‘Kim does not like Paris’ },
{ ‘Tim likes Paris’, ‘Kim does not like Paris’ },
{ “Tim does not like Paris’, ‘Kim likes Paris’ } }

This approach adds more structure to the interpreta-
tion of questions and therefore offers a more sophisticated
way for classifying answers. Following Groenendijk and
Stokhof, answers remove those fields in the partition of a
question with whom they are inconsistent. A partial an-
swer is an answer inconsistent with at least one member
of the question’s partition, and consistent with all others.
For instance, the answer ‘Kim likes Paris’ is only incon-
sistent with two members of the partition in (2). How-
ever, ‘Tim has red hair’ is not an answer as it is consistent
with all fields in (2). A question is finally resolved (us-
ing Ginzburg’s (1995) terminology) if only one consistent
field is left. The answers ‘Only Tim likes Paris’ or ‘No-
body likes Paris’ are resolving answers, because they are
consistent with only one field of partition (2).

We will use Groenendijk and Stokhof’s approach for
implementing questions and answers but modify it on two
points. First, because we want to make use of first-order in-
ference, we take propositions to denote truth-values instead
of functions from states to truth-values. Second, comput-
ing the partitions in Groenendijk and Stokhof’s theory is
subject to a combinatorial explosion problem. To deal with
this, we simplify the structure of partitions.

2.1. The Combinatorial Explosion Problem

From a computational perspective, the original ap-
proach of Groenendijk and Stokhof faces a serious prob-
lem. The size of partitions of single wh-questions grows ex-
ponentially in the size of the question’s domain (by domain
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Example

Consistency Checks
3) @) (5 (6) | Result

‘Where do you want to go? I go everywhere. ’

‘Where do you want to go? I go to Paris’
‘Where do you want to go? I go nowhere’
‘Where do you want to go? I go somewhere’
“Where do you want to go? I start in London’
‘Where do you want to go? Paris is beautiful’
‘Where do you want to go? Paris is a country’

‘Where do you want to go? I don’t go to Paris.’

yes yes no  no | proper answer
no yes yes yes | proper answer
yes yes yes 1o | proper answer
N0 N0 yes yes | proper answer
yes yes yes 1no | proper answer
yes yes yes yes | improper answer
yes yes yes yes | improper answer
no no no no | improper answer

Figure 1: Illustration for determining proper answers to wh-questions.

we understand the individuals syntactically determined by
the wh-clause, such as locations for ‘where’, persons for
‘who’, and so on). To check for consistency with every
field of a wh-partition would mean making 2" inferences
(n being the size of the domain) which is computationally
not feasible, except for toy domains.

To solve this problem, we assume that wh-questions
are—much like quantifiers in natural language—segmented
into a domain and a body. For wh-questions the domain is
defined as above and is assumed to be nonempty, and the
body is the property that should hold for the inquired mem-
bers of the domain.

The general strategy pursued for interpreting answers is
as follows: By using the domain and body of a question Q,
it is possible to construct formulas of first order logic that
coarsely describe Q’s partition. Taking these formulas to
represent the “semantics” of Q, we then determine whether
a proposition A is a proper answer by checking for consis-
tency of A and Q. The next sections describe this in more
detail.

2.2. First-Order Semantics of Questions

Suppose that a wh-question Q is translated into a for-
mula with domain D, body B, and principal variable refer-
ent x. Then an answer A is defined as proper for a question
Q if at least one of the propositions (3)—(6) is consistent,
and at least one of them is inconsistent.

(3) Vx[D(x)— B(x)] & A
@) 3Ix[D(x) & B(x)] & A
(5) IK[D(x) & -B(x)] & A
(6) ~Ix[D(x) & B(x)] & A

Compared to the original ideas in Groenendijk and
Stokhof (1984), these four formulas reduce arbitrarily large
partitions for single wh-questions to partitions with only
three fields. Formula (3) characterizes the answer that the
body of the question holds for every individual in the ques-
tion domain, (4) and (5) are compatible with possible an-
swers that state that at least one individual either does or
does not have this property, and (6) represents the answer
that no individual in the question domain has the property
expressed by the body (Figure 1 gives some examples).
Thus, a proper answer resembles a partial answer (in the

sense of Groenendijk and Stokhof) on such a reduced parti-
tion. Assume, for example, a model with three individuals
a, b, and ¢ and a unary property P. The partition for the
question ‘Who is P?’ would have eight fields standing for
the possibilities that either a, b, and ¢ are P, only a, b, or ¢
is P, nobody is P or that P holds of either a and b, a and c,
or b and c. A graphical representation of such a partition is
depicted in the left part of Figure 2. The four first-order for-
mulas in (3)-(6), on the other hand, describe a partition of
three fields for the same question and domain, as illustrated
by the right part of Figure 2.

000

X X

"‘

Figure 2: Two partitions for a wh-question with domain
size 3, according to Groenendijk and Stokhof (left), and
our simplified analysis (right). Note that since the two par-
titions have the same general structure, the right partition is
included in the left partition by means of Groenendijk and
Stokhof’s partition-inclusion operator C.

Of course, the modified analysis means a loss of fine-
grainedness with respect to Groenendijk and Stokhof’s
original work, because it is not able to determine strong
exhaustiveness of answers for wh-questions. For instance,
our analysis would classify both ‘Only a is P’ and *a is P’
as proper answers to the question “‘Who is P?’, but does not
recognize that the former is strongly exhaustive, and the lat-
ter is not. Whether such a fine distinction is required is de-
batable. Ginzburg discusses several examples where strong
exhaustiveness seems to be an inappropriate resolvedness
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criterion (Ginzburg, 1996).

The important feature of our new analysis is that it copes
with the combinatorial explosion problem, and thereby
opens the way to computational implementation. More-
over, we believe that the approach naturally extends to
yes/no and choice-questions. For yes/no-questions, the four
formulas in (3)—(6) collapse into two by equivalence. The
remaining formulas represent the answers ‘yes’ and ‘no’,
which in turn model the bipartitions for yes/no-questions
assumed by Groenendijk and Stokhof. This means that in
the case of yes/no-questions, a proper answer can be iden-
tified with a strongly exhaustive answer.

3. Questions and Answers in DRT

The previous section outlined our analysis of questions
and the interpretation of answers. This section describes
how we can embed it in a framework for dialogue analy-
sis, namely Discourse Representation Theory (Kamp and
Reyle, 1993). This shift does not mean that we say farewell
to first-order logic. In fact, for the interpretation of Dis-
course Representation Structures (DRSs, the representa-
tions used in DRT), we use a translation to first-order for-
mulas.

Originally, DRT focuses on discourse, and puts forward
concrete proposals to deal with anaphora and presupposi-
tion. To deal with specific dialogue phenomena, we use
some of the extensions to DRT as proposed by (Poesio
and Traum, 1998), to wit the integration of dialogue acts
in DRSs and operations on DRSs for modeling grounding
acts. The implementation of grounding slightly deviates
from Poesio & Traum (see below). The treatment of ques-
tions and answer is a novel extension to Poesio & Traum’s
model.

3.1. Defining Dialogue Representations

Using DRSs for the analysis of dialogue requires at least
three simple extensions to the basic syntax of DRSs. First,
we have DRS-merging for two DRSs K and K’ resulting
in a new DRS (K;K'). Second, questions are represented
by the DRS (K?K’), where K and K’ are DRSs, represent-
ing the domain and body of a question, respectively. Third,
DRS-conditions can be formed by 7:K, where 7 is a dis-
course referent and K a DRS. This latter extension asso-
ciates discourse referents with DRSs, and hence allows us
to connect discourse referents with questions and answers.
A sortal ontology on discourse referents assures that dis-
course referents for questions or answers are disjoint from
other entities in the domain of interpretation. This ontolog-
ical information, and other supportive background know!-
edge, is assumed to be part of the main DRS in the follow-
ing discussion.

3.2. Building Dialogue Representations

A new utterance is translated to a DRS K and ap-
pended to the dialogue representation by conditions ‘x:K’
and ‘P(x)’, where x is a fresh discourse referent associated
with K, and P a relation symbol specifying sortal informa-
tion (e.g., whether it is a question or a proposition). Fur-
ther, there is a condition ‘under-discussion(x)’ that marks
that x is currently under discussion. Additional conditions
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are introduced stating the dialogue act associated with the
utterance. As basic dialogue acts we have ‘ask’, ‘reask’,
‘check’, and ‘assert’.

Context-dependent phenomena are dealt with as de-
scribed in (Blackburn et al., 1999), using Van der Sandt’s
resolution algorithm (Van der Sandt, 1992). Anaphoric and
presuppositional elements are resolved with respect to the
DRS of the dialogue so far, generating a set of potential
readings. From this set those readings are chosen that obey
the acceptability constraints: they should be consistent and
informative.

Consider as example the dialogue in (7) with two par-
ticipants A and B.

(7) A: ‘Where do you want to start?’
B: ‘T am leaving from Paris’.

The DRS for this mini-dialogue, from A’s perspective,
after hearing B’s answer, is given in (8), where discourse
referent y maps to participant A and x to B.

qpxyu

ask(y,x,q)

question(q)
obliged-to-address(x,q)
e

z

-~

~—

& location(z) §tart(e,x)
(8) 1n(e,z)
assert(x,p)
proposition(p)
paris(u)

f

P leave(f,x)
from(f,u)
under-discussion(p)

The main DRS in (8) contains two conditions of the
form 7:K, where the first occurrence represents the ques-
tion, and the second an assertion.! These embedded DRSs
are subordinated to the main DRS. This means that free
variables appearing in them are actually bound by discourse
referents occurring in the main DRS. To illustrate this idea,
the proper name ‘Paris’ caused global accommodation of
its discourse referent u (following Van der Sandt), which
appears in the main DRS. This discourse referent binds the
free occurrence of u in the DRS annotated by p in (8).

The main DRS represents the ‘common ground’, and
is therefore subject to the process known as grounding
(Traum, 1994). An optimistic instance of grounding is one
where the hearer assumes that (s)he understood the utter-
ance in the way it was intended, and as a result takes this
information for granted (provided no contradictions arise).
A pessimistic (or cautious) grounding scenario is one where
the hearer is not sure what (s)he heard, does not accept the
new information, and perhaps starts a clarification dialogue.
This grounding behavior involves the speaker in a similar
way.

"Note that temporal and modal information is left out from
these examples. Events are represented by discourse referents.
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Technically, the content of grounded utterances is ac-
commodated to the main DRS, resembling an acceptance
of the utterance. Coming back to our example (7), the DRS
in (9) shows the situation after grounding the assertion ‘I
am leaving from Paris’.

q p X y u f
ask(y,x,q)
question(q)
e
z
q:( ; ? start(e,x) )
location(z) in(e,z)

9) assert(x,p)
proposition(p)
f

P-| leave(f,x)
from(f,u)
paris(u)
leave(f,x)
from(f,u)

The content of ungrounded utterances stays at the sub-
ordinate level until its status is clarified. Note that the ac-
tual content of questions is never ‘grounded’, only the con-
tent of propositions undergoes this kind of accommodation.
This model of grounding is less elaborated than the one pro-
posed by Poesio and Traum (1998) for DRT, but it suffices
for our purposes.

Assuming that each new utterance is constructed by
assigning fresh occurrences of discourse referents, it can
be shown that clashes of duplicate discourse referents will
never appear. As free variables in ungrounded DRSs are al-
ready bound by discourse referents declared in the universe
of the main DRS, grounding will never introduce new free
occurrences. Hence this grounding mechanism is safe from
a computational semantic perspective.

3.3. Interpreting Dialogue Representations

The representations for dialogues that we use form an
intermediate level of representation required for its inter-
pretation, according to the principles of DRT. Interpretation
of DRSs is required in our model to implement the con-
sistency tests as formulated for the rules for questions and
answers, but also for applying acceptability constraints put
forward by the resolution algorithm for pronouns and pre-
suppositions. To perform these inferences on DRSs, we ap-
peal to the standard translation to expressions of first-order
logic (Kamp and Reyle, 1993; Blackburn et al., 1999).2 The
translation is defined by the function (.)f° by the clauses
presented in Figure 3.

This translation is meaning preserving (a DRS is consis-
tent or inconsistent if and only if its first-order translation
has the same property) and the computational overhead in-
volved in translation is negligible (the translation is linear
in the size of the input).

The standard translation is not defined for our three ex-
tensions of the DRS language, i.e. conditions of the form

“Some alternative translation are available (Van Eijck and
De Vries, 1992; Muskens, 1996).

7:K, and DRSs of the form (K;K'), or (K?K'). First, for
DRSs of the form (K;K') we use merge-reduction along the
lines in (Muskens, 1996) to obtain standard DRSs. Merge-
reduction is the process of combining the universes of K
and K’ and their conditions respectively. This can be done
safely as long as the intersection of the universes of K and
K’ are disjoint and no free variables in K are bound by dis-
course referents in K'. Second, DRS-conditions of the form
7:K represent ungrounded utterances. We do not want to in-
clude ungrounded information in any inference tasks, and
therefore do not need to extend () for this type of condi-
tion. Third, DRSs of the form (K?K') represent questions,
and are only interpreted with respect to possible answers.
This is done by transferring the insights on question parti-
tions for first-order logic to DRSs. Recall from the previous
discussion that possible answers are grounded before they
are subject to the process whether they constitute a proper
answer. Hence, given an answer A and main DRS M, M
contains the information of A after grounding. For a ques-
tion (D?B), we then arrive at the following four consistency
tests:

(10) M; )
D=B

(11) M;(D;B))

(12) (M;(D; )
-B

(13) (M;

—(D;B)

Applying these schemata to (9), where we want to check
whether the proposition associated with discourse referent
p is a proper answer to the question annotated by marker q,
we get the following instantiations for (10)—(13):

gpxyuf

ask(y,x,)
question(q) o
(14) ( assert(x,p) |z N )
proposition(p) start(e,x)
paris(u) in(e,z)

leave(f,x)
from(f,u)

location(z)

gpxyuf

ask(y.x,q)
question(q) ; e
(15) ( assert(x,p)
proposition(p)
paris(u)
leave(f,x)
from(f,u)

~—

)

start(e,x)
in(e,z)

location(z)
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x1. . .xn
B!
( )fo = Fxy---Ixy, ((71)fa A A (%n)fO)
Tm
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(x1=x2)° = x1=xp
(K = (KT
(K1 V Ky)fe (K)o v (Ky)fe
X1 Xn
y
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Figure 3: Translation of DRS to first-order expressions (Blackburn et al., 1999).

gpxyuf

ask(y.x,q)
question(q) 7 c
assert(x,p) : . D)
proposition(p) location(z) start(e,x)
paris(u) in(e,z)

leave(f,x)
from(f,u)

(16) (

gqpxyuf

aSk(y,X,Q)
question(q) o
(17) (| assert(x,p) : ~ 2 ' )
proposmon(p) location(z) ’ §tart(e,x)
paris(u) in(e,z)

leave(f,x)
from(f,u)

~—

After applying merge-reduction to (14)—(17) these re-
sulting DRSs can be fed to the standard translation arriv-
ing at ordinary first-order representations. For instance, the
DRS (14) is reduced to (18) and translated to the first-order
formula (19):

gpxyuf

ask(y,x,q)
question(q)
assert(x,p)
proposition(p)
paris(u)

(18)

[
Z

= start(e,x)
in(e,z)

location(z)

leave(f,x)
from(f,u)

(19) 3q@p(Ix(FyGuF(ask(y,x,q) & (question(q) &
(assert(x,p) & (proposition(p) & (paris(u) &
(Vz(location(z)— Je(start(e,x)&in(e,z))) &
(leave(f,x) & from(f,u)))))N)N)

If the resulting first-order formula is satisfiable, the
DRS is consistent. If the negation of the resulting for-
mula is a theorem, the DRS is marked as inconsistent.
Of course, these inferences have to be supported by back-
ground knowledge. This background knowledge is a set
of axioms derived from ontological information (an isa-
hierarchy of concepts in the domain) and domain knowl-
edge (such as leaving from a location implies starting in
that location). Given the proper background knowledge,
we find out that (14), (15), and (16) are consistent, and (17)
is inconsistent. As at least one of the tests is consistent, and
one of them is inconsistent, the question has been properly
answered.

4. Implementation

The ideas presented above are implemented in one of
the research prototypes developed in the Trindi Project
(Traum et al., 1999a). MIDAS, as the system is called, cov-
ers the domain of route services, and aims to provide the
user with a description of a route on the basis of a starting
point, destination, and time. The implementation follows
the model of dialogue moves and information state revision
(Traum et al., 1999b). Utterances are treated as updates to
the current state of the dialogue. This section describes the
basic architecture of the system, how the information state
(the DRS of the dialogue) is updated during dialogue pro-
cessing, and how the inference tasks are implemented.

4.1. Basic Architecture

The system components of MIDAS are a parser, seman-
tic construction, dialogue move engine, generator, and syn-
thesizer. The start of the system initializes the information
state, by loading a plan with actions it intends to perform.
In the route service domain, these are questions that ask
the user where (s)he wants to go, when (s)he wants to go,
where (s)he wants to start, and so on. New utterances are
analyzed by the parser, on the basis of which the seman-
tic construction component builds a DRS. This DRS is in-
tegrated within the actual information state, by resolving
pronouns, ellipsis, and presuppositions. Next, the dialogue
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move engine updates the current information state by ap-
plying a set of update rules to it. On the basis of this new
information state, the system generates new utterances and
feeds these to the synthesizer. Then the system waits for
input of the user and the whole process is repeated until all
intended actions are performed.

4.2. Information State Updates

The dialogue move engine from MIDAS changes the
information state by either adding or removing information
from it. These changes are triggered by update rules. Up-
date rules consist of a name and three parts: a set of binders,
a set of preconditions, and a set of effects. For any binding
such that all the preconditions of an update rule holds, the
dialogue move engine applies the effects to the information
state. This iterative process continues until no further rules
apply.

Figure 4 shows some of the update rules of MIDAS.
Here we use the flat notation for DRSs, where [U|C1] stands
for a DRS with discourse referents U and conditions C.
*K::D’ binds the discourse referents in D with those in K.
Further, ‘KD C” is short for ‘DRS K contains conditions C”
under the current binding, and ‘K2 C” is short for ‘DRS K
does not contain conditions C’. The operations K+=C' add
conditions C' to DRS K, and the operation K—=C remove
conditions C' from DRS K. Note that these operations are in
the scope of the binders. The function ‘consistent’ returns
true if its argument (a DRS) is consistent and false if it is
inconsistent. @ maps a list of boolean values to true if at
least one member of the list is true, and one is false. The
function ‘consistent’ calls the external inference component
(see next section).

The rule for optimistic grounding has as preconditions
that there is an asserted proposition under discussion, and
that MIDAS is in optimistic mood. The effects add the con-
tent of the proposition to the main DRS, and cancel the sta-
tus of being under discussion: after grounding the assertion,
it is being dealt with. The rule for pessimistic grounding
activates a check-question. The other rules deal with up-
dating the intentions, and asking, addressing, or repeating
questions.

The last update rule in Figure 4 deals with answer de-
termination. One of the preconditions for this rule is the
presence of a question that the user is obliged to answer.
The other preconditions determine whether the main DRS
contains a proper answer, by appealing to the consistency
checks. If this is the case, the obligation expires. The next
section describes how the consistency-checks are done in
practice.

4.3. Inference

To implement inference, MIDAS makes use of current
automated deduction techniques for first-order logic. As
these, mostly, do not work on DRSs directly, we use the
translation to first-order predicate logic with equality (Fig-
ure 3). The basic kind of inference we are interested in is
checking for consistency. A formula is consistent if it is
satisfiable, or if its negation is a theorem. Therefore, not
only theorem provers are useful, but also model builders
for detecting satisfiability.

MIDAS requires inference at two stages within process-
ing the dialogue. First, the resolution component (deal-
ing with anaphora and presupposition) generally produces
several analyses, of which only the consistent ones are
taken for further consideration (this is done by using the
same techniques as in the DORIS system (Blackburn et al.,
1999)). Second, the update rule for answer determination
requires consistency checking of four formulas. So, gen-
erally, for both of these stages, we have many independent
inference tasks for which we want an answer soon (to meet
real-time constraints). Moreover, for each problem we need
to find out whether it is a theorem or whether it is satisfi-
able, so it makes sense to call a theorem prover and a model
builder in parallel.3

By making use of MathWeb (Franke and Kohlhase,
1999), inference problems can be solved in parallel in a
competitive distributive framework, using local intra-nets
or the Internet to spread the inference tasks on different
machines. Currently, MathWeb runs inference services via
the Internet at around 20 machines in Saarbriicken, Ed-
inburgh, and Budapest. Of the inference arsenal offered
by MathWeb, MIDAS uses the theorem provers Bliksem
(De Nivelle, 1998), SPASS (Weidenbach et al., 1996), FD-
PLL (Baumgartner, 2000), and Otter (McCune and Pad-
manabhan, 1996), and the model builder MACE (McCune,
1998). It should be noted here that FDPLL and SPASS han-
dle satisfiable problems, too.

As for answer determination, each question-answer pair
results in four inference problems that are send to Math-
Web. Computing times vary from 300-5000 msecs on each
problem, where non-answers (300-1200 msecs) take less
effort than proper answers (5005000 msecs). For a set of
four problems, MathWeb uses in average a total time of
around 1.7 times the time of one problem (including Inter-
net latency times, which are very low in general). These
results clearly show the benefits of the MathWeb concept
to distributed inference.

5. Conclusions and Future Work

We avoid the inherent combinatorial explosion in Groe-
nendijk and Stokhof’s theory of questions and answers by
reformulating their approach in first-order logic and tak-
ing questions to denote partitions with only three different
fields. We have illustrated this approach for wh-questions,
and future work aims at extending the approach to deal with
yes/no-questions and choice-questions.

The steps for deciding the properness of an answer are
entirely based on first-order inference. This has compu-
tational advantages: many state-of-the art first-order infer-
ence services, such as theorem provers and model builders,
offer high speed and coverage. The price for such a reduced
analysis obviously is a loss of fine-grainedness in answer
evaluation (i.e. if we wanted to we would have to find other
means to detect (strongly) exhaustive answers), but so far
we are not aware of important practical consequences.

3Incidentally, first-order logic is not decidable. In theory, this
means that there is a chance that theorem provers for some input
(when given enough resources) will never return with an answer.
In practice, one uses time-constraints.
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Name:  Optimistic Grounding
Binders: M::[X,Y,PK]
Preconditions: M D [user(X), assert(X,Y,P), proposition(P), P:K, under-discussion(P), midas(Y), optimistic(Y)]
Effects: M+=K
M —=[]]under-discussion(P)]
Name:  Pessimistic Grounding
Binders: M::[X,Y,PK]
Preconditions: M D [user(X), assert(X,Y,P), proposition(P), P:K, under-discussion(P), midas(Y), pessimistic(Y)]
Effects:  M+=[Q]{question(Q), obliged-to-address(X,Q), Q:K, check(Y,X,Q), under-discussion(Q)]
M~—= [J[under-discussion(P)]
Name:  Update Intentions
Binders: M:[X,Q]
Preconditions: M D [question(Q), intend-to-ask(X,Q), answered(Q)]
Effects:  M—=[][intend-to-ask(X,Q)]
Name:  Ask a Question
Binders:  M:u[X,Y,Q]
Preconditions: M D [midas(X), user(Y), question(Q), intend-to-ask(X,Y,Q), unanswered(Q)]
M 2 [obliged-to-address(Y,Q)]
Effects:  M+=[J[ask(X,Y,Q), obliged-to-address(Y,Q), under-discussion{(Q)]
Name: Repeat a Question
Binders: M::[X,Y,Q]
Preconditions: M D [midas(X), user(Y), question(Q), obliged-to-address(Y,Q)]
M 2 [under-discussion(Q)]
Effects:  M+=[][reask(X,Y,Q), under-discussion(Q)]
Name:  Address a Question
Binders:  M::[X,Y,Q]
Preconditions: M D [midas(X), user(Y), ask(X,Y,Q), question(Q), under-discussion(Q)]
Effects:  M-+= [obliged-to-address(Y,Q)]
M —= [][under-discussion(Q)]
Name: Determine Answer to Question
Binders: M::[Q,D,B,Y]
Preconditions: M D [question(Q), Q:D?B, user(Y), obliged-to-address(Y,Q)]
@ ( consistent(M;[[D=>B]), consistent(M;(D;B)), consistent(M;(D;[|-B1)), consistent(M;[|~(D;B)1) )
Effects:  M—= [][obliged-to-address(Y,Q)]

M+= [][answered(Q)]

Figure 4: Example Update Rules from MIDAS. Note that ‘M’ stands for the main DRS.

We implemented the ideas in a prototype system un-
der the name of MIDAS. This dialogue system uses Dis-
course Representation Structures to serve as intermediate
structures to model the ongoing dialogue. Questions are in-
directly interpreted with their (possible) answers by trans-
lating them from the intermediate structure to first-order
logic. The required inference tasks are carried out by the
MathWeb society of inference agents.

Ginzburg (Ginzburg, 1995) has pointed out that to de-
cide whether a question is finally resolved for a dialogue
participant, one also has to take additional criteria into ac-
count. These constitute the goals associated with a question
and the questioner’s view of the world. In our approach,
these factors can be integrated by performing additional in-
ference tasks or by providing further axioms when checking
for consistency. In particular, the mental state of a dialogue
participant can be modeled by first order formulas that are
send as additional axioms to the inference machinery. Ac-

cording to Ginzburg, a resolving answer has to entail the
goals that a dialogue participant associates with a certain
question. Consider:

(20) A: ‘Where do you want to start?’
B: ‘Germany.’

In our approach, B would properly answer A’s question,
because Germany is a location, and that’s what A was ask-
ing for. But if A’s goal was to find out in which city B in-
tends to start, then B’s answer does not provide the informa-
tion A was looking for, although it is still a partial answer
to A’s question. In our view, an entailment relation between
the questioner’s goals and an answer should be modeled as
an additional constraint on determining resolving answers.
We argue that it is necessary to make a first coarse classifi-
cation of whether a proposition addresses a question under
discussion, before finally checking for resolvedness. Such
a second step, taking into account the goals of the ques-
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tioner for determining answers, would obviously improve
our analysis and is currently under investigation.
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Abstract
Mugch of the human-machine dialogue research in the literature tacitly assumes a “synchronous” dialogue model; user talks, system acts,
system replies. In particular, the user is not supposed to interrupt the system, neither when it talks nor acts. In this paper, we argue
that the synchronous model is not appropriate for most interesting real-life applications, but there is a need for asynchronous dialogue
models where the user has the possibility to interrupt the system at any time. By referring to two implemented asynchronous dialogue
systems, we try to pinpoint what implementation requirements such a dialogue model entails, and we also outline some of the theoretical

implications of asynchronous dialogue management.

1. Introduction

The standard model for dialogue management in spo-
ken language interfaces is based on the assumption of turn-
taking: user utterances and system utterances will proceed
in alternation. In the literature, this assumption is often
made so automatically that one isn’t even aware of it. Turn-
taking typically extends not just to utterances but also to
actions. If the system is capable of performing an action
(for example, looking up information in a database) in re-
sponse to a user command, then it is common to assume
that the system’s turn includes the relevant actions, and that
the user will not speak until they are complete. That is,
what is often assumed is something we will call the “syn-
chronous dialogue model”: user talks, system acts, system
replies.

Although this assumption is popular, there are plenty
of reasons for doubting that it is in general appropriate.
Empirical investigations show that the strict turn-taking
model often agrees badly with data from real conversations
(Thompson, 1996). As far as practical system-building is
concerned, it is now the case that many systems allow at
least a limited ability to break the synchronous dialogue
convention, and support so-called “barge-in” functionality:
the user is allowed to speak before the system has finished
talking, breaking it off in mid-stream.

In this paper, we will argue that “barge-in”, far from
being an isolated exception, is just the most common in-
stance of a range of obviously reasonable dialogue strate-
gies which break the synchronous convention. We will re-
fer to such strategies as “asynchronous”. We motivate our
arguments with two case-studies drawn from implemented

dialogue systems, each of which allows some degree of
asynchrony. The basic questions we are asking are the fol-
lowing:

e What practical reasons are there for wanting to support
asynchronous dialogue strategies in spoken language
dialogue systems?

¢ What demands does asynchronous dialogue manage-
ment place on system architecture?

In particular, we have found that the synchronous dia-
logue model does not account well for situations in which
users are talking to a system that takes any appreciable time
to do things. For instance, the system might be searching
for information over the Internet, or the system might be a
robot moving about in the physical world. In these cases,
situations will arise where the human wants to interrupt the
system not only when it is talking, but also when it is act-
ing. There are at least two good reasons why this might
happen!. The first is obvious: the human may not like what
the system is doing, and want it to do something else in-
stead. In particular, the human may want the the system to
switch to a new behavior, or they may want it temporarily
to suspend operations while it executes a new task.

The second reason is slightly more subtle, but becomes
apparent as soon as one starts experimenting with a prac-
tical spoken language system. Humans get bored easily:
even if the system is busy, they would still prefer to talk to
it if they can find something useful to say. For example,

'A third, which we will not discuss further, is that the human
may not even be aware that they are interrupting.
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they may want to give the system a new task that can be
executed in parallel with the current one, or after it.

The two points meet up when we consider how to or-
ganize confirmation strategies. There is generally a tension
here between two conflicting goals; telling the user what
you intend to do decreases the risk of a misunderstanding,
but carries the penalty of slowing down the dialogue and
consequently the execution of the task. An asynchronous
dialogue architecture allows the possibility of a compro-
mise, since the system can start executing the task and tell
the user what it is going to do simultaneously. As long
as choosing the wrong task is not actively dangerous, this
tends to be a good way to operate: the user relies on being
able to interrupt the system if necessary and correct it, but
loses no time if the system understood correctly.

Conversely, the system may want to interrupt the hu-
man. Something may come up which it considers more
important than its current task; alternately, it may be doing
several things at once, and need to keep the user informed
about their relative progress.

The rest of the paper is structured as follows. Section
2 describes our two sample applications, focusing on the
question of how they realize some of the functionalities
discussed above. Section 3 relates our findings to other
established frameworks for dialogue management and con-
cludes.

2. Two case studies

In this section, we present two case studies of sys-
tems that use asynchronous dialogue management strate-
gies. SMARTSPEAK (Boye et al., 1999) is a travel planning
system that fetches information from a web-server. Since
this takes appreciable time (typically around 20 seconds to
a minute), people want to be able to talk to the system while
they are waiting for the web-server to return. This means
that in general the system is in the middle of a new conver-
sation by the time the web-server gets back.

The Personal Satellite Assistant PSA (PSA, 1999;
Rayner et al., 2000) is a simulated version of a semi-
autonomous speech-enabled robot intended for deployment
on the International Space Station. The robot acts as a mo-
bile sensor: it can go to different places and measure sta-
tus variables such as temperature and pressure. Since the
robot, once again, takes non-trivial time to carry out com-
mands, the possibility arises that the user may want to in-
terrupt them. We now describe the architectures of these
two systems.

2.1. SMARTSPEAK

The architecture of the SMARTSPEAK system is based
on having a set of independent modules (or agents) com-
municate asynchronously by message passing. In particu-
lar this entails that the agents have no a priori decided ex-
ecution order; an agent starts executing when it receives a
message, and as soon as it has finished executing it is ready
to process the next message, regardless of the current state
of the other agents. Hence in principle all the agents could
run in parallel in different processes.”

%In the current implementation there are four constantly run-
ning processes, which handle speech recognition, speech synthe-

The Dialogue Manager (DM) is the heart of the system.
It can receive messages from the language analysis agents
(parsed utterances), and from the database agent (database
query results). The DM can send messages to the speech
synthesizer (system utterances) and to the database agent
(database queries). The DM maintains a dialogue state,
which is transformed as a result to each incoming message.
How the DM uses its dialogue state to interpret user utter-
ances, resolve references, select system utterances, etc., is
described in Boye et al. (1999).

The database agent (DA) receives messages (database
queries) from the DM. The DA first checks its local state
to see whether the query has been processed before, so that
the results are cached. If so, the DA immediately sends a
message back to the DM containing the results. If not, the
DA sends a message to the DM indicating that the query
will take some time to process, and then spawns a process
that contacts the travel database web server via the Internet.
When the search process returns its results to the DA, the
DA will send the results in a message to the DM.

The asynchronous communication between the DM and
the DA has several implications, most notably that it is pos-
sible that search results do not return to the DM in the same
order the queries were sent (e.g. when the results of the
second query were cached, but the results of the first query
were not). This of course creates complications for the DM,
but on the other hand the system can cope with dialogues
like the following:

(a) U: I want to go from Stockholm to Gothenburg on
Monday morning.

(b) S: I'm searching the database — it will take about 30
seconds. Do you want a single or a return trip?

(c) U: A return trip.

(d) S: When do you want to go from Gothenburg to Stock-
holm?

(e) U: On Tuesday afternoon.

(f) S: I have received information about trips from Stock-
holm to Gothenburg. There is atrain at ...

(g) U: Fine, I want to book that please.

(h) S: T have booked a train on Monday at ...I have re-
ceived information about trips from Gothenburg to
Stockholm. There is a train at . ..

As concerns the communication between the agents, the
following points are worth noting.

1. The user utterance (a) makes the DM send off a search
query to the DA.

2. The DA sends back a message that the search will take
some time, which triggers the DM to generate the first
sentence of utterance (b). The DM then initiates a con-
versation about a second topic (the return trip).

sis, database access, and everything else, respectively (where “ev-
erything else” essentially means language analysis and dialogue
management). In addition the database agent will spawn short-
lived processes; see the main text.
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3. The user utterance (e) makes the DM send off a second
query to the DA.

4. At some point between (b) and (f), the results con-
cerning the outbound trip are sent from the DA to the
DM. (The DM will not present the result as soon as
they come in, but will wait until it thinks the moment
is right.)

5. At some point between (¢) and (h), the results con-
cerning the return trip are sent from the DA to the DM.

Figure 1 shows the communication between the differ-
ent agents in graphical form.

Dialogue Database
User Manager Agent
Utt. (a)
Query | Search
"Query 1 will process 1
take time”
Utt. (b)
Utt. (c)
Utt. (d)
Utt. (e)
Query 2 Search
r, process 2
”Query 2 will
take time”
Results 1
Utt. ()
Results 2
utt. (g)
1 Utt. (h)

Figure 1: Agent communication in the Smartspeak example

2.2. PSA

The PSA system is configured as a set of independent
agents connected using the SRI Open Agent Architecture
OAA (Martin et al., 1998). In accordance with the usual
OAA design philosophy, each agent is an independent pro-
cess which maintains its own state. Agents communicate
by means of calls in Interagent Communication Language
(ICL), an extension of Prolog. Calls can be either syn-
chronous (execution of the calling agent suspends until the
call is complete, returning a value) or asynchronous (ex-
ecution of the calling process continues, and no value is
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necessarily returned). The agents that are of interest to us
here are the following:?

Speech recognition and parsing (SRP) The agent at-
tempts to recognize input speech, and if successful
produces an output semantic representation, which
is sent as an asynchronous message to the dialogue
manager agent.

Dialogue manager (DM) The dialogue manager is the
central agent: it receives semantic representation mes-
sages from the SRP, and decides on the next dialogue
action. There are a number of possibilities, of which
the most important are the following. (1) Convert
the semantic representation into an executable form (a
“script”), and pass it to the Action Manager as an asyn-
chronous message; (2) Send a request to the Action
Manager specifying a modification to the executing
script; (3) Send a request to the Generation agent to
create a confirmation question (this can be combined
with (1)), a clarification question, or some other verbal
response.

The Dialogue Manager’s behavior is explained in de-
tail in Rayner et al. (2000).

Action manager (AM) The Action Manager consists of
two interrelated pieces of functionality. The Execu-
tive subsystem receives scripts from the DM and exe-
cutes them. Scripts are complex structures composed
of atomic actions; execution is ultimately performed
by sending synchronous atomic action messages to
ROBOT.

The Action Manager also includes a second subsys-
tem, the Interrupt Blackboard, which is used to hold
state relevant to processing of interrupts and related re-
quests. Other agents can write to and read from the In-
terrupt Blackboard at any time, irrespective of whether
the Executive is busy.

Simulated PSA Agent (ROBOT) The back-end simulated
PSA application, which executes the action messages
produced by the AM.

Generation and speech synthesis (GSS) Turns  abstract

representations of utterances into speech.

The following simple dialogue illustrates how process-
ing works.

(a) U: Go to flight deck.

(b) S: I am going to flight deck. [Simultaneously starts
moving towards flight deck]

() U: Stop. [Robot stops]

(d) U: Measure temperature.

*In the interests of expositional clarity, we have omitted some
agents and collapsed others into single agents. In particular, the
Action Manager, which conceptually forms a single unit, is con-
cretely realized as two OAA agents.
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(e) S: The temperature at the current location is 19 degrees
Celsius.

() U: Continue. [Robot resumes moving to flight deck]

In terms of message traffic between agents, the critical
points are the following.

1. The user says (a). This causes SRP to send an asyn-
chronous message to the DM, which in turn sends mes-
sages to AM (the script to execute) and GSS (the con-
firmation question to ask). Both messages are asyn-
chronous, so SRP and DM are free to process new mes-
sages while AM and GSS are active.

2. The message sent to GSS causes it to say (b). AM sends
a synchronous message to ROBOT to start the simu-
lated move command.

3. When (c) is uttered, DM updates the state of AM’s In-
terrupt Blackboard to ask for an interrupt. ROBOT,
which is continually monitoring this blackboard, aban-
dons processing of its current command and returns
control to AM. Since the Blackboard has a stop mes-
sage posted, AM pauses and waits for further instruc-
tions.

4. The user utters (d). DM now sends a new script to AM.
Since AM is in a stopped state, it recursively invokes
a new copy of the command interpretation loop from
the interrupted point in the current execution. This ex-
ecutes the script (causing GSS to say (e)), and on com-
pletion returns control to the previous stopped state.

5. When the user utters (f), DM changes the state ofAM’s
Interrupt Blackboard from “stop” to “resume”. This
causes AM to continue from the stopped execution
state.

Figure 2 presents the processing described above in
graphical form; in order to highlight the correspondences
with Figure 1, we have hidden SRP and GSS, which do no
more than relay messages between the user and the other
agents.

In the next section, we compare the architectures of the
SMARTSPEAK systems and PSA systems with others de-
scribed in the literature, and attempt to draw some general
conclusions.

3. Conclusions: Architectures for
Asynchronous Dialogue Management

To sum up, asynchronous dialogue management allows
for the construction of spoken dialogue system that can act
and talk at the same time. In particular, such systems are
able to execute a command from the user, and at the same
time receive the user’s next command. We want to em-
phasize that this is not just a cute twist or a question of
efficiency, but is rather a fundamental requirement when
equipping real-time systems (like robots) with a spoken di-
alogue user interface. In many such applications, it will
be unavoidable that the system is busy doing something
when the user talks to it; hence for such applications the

Dialogue Action
User Manager Manager Robot
|
|
Utt. !
@ I Robot is
| .
Script 1 Move  ddle
instruction |
Utt. (b)
Robot
Utt. (c) moves
Interrupt
command
Utt. (d) Interrupt
| .
Script 2 Measure ! _RObOt 1
instruction | idle
Robot
Result measures
Result |
Utt. (e) |
| Robot is
tidle
Utt. () Resume :
command Move |
instruction !
Robot
moves

Figure 2: Agent communication in the PSA example

“synchronous” dialogue model tacitly assumed in much di-
alogue research is helplessly inappropriate.

Furthermore, although we have emphasized the practi-
cal implementation issues in this paper, asynchronous di-
alogue management also poses some difficult theoretical
problems which we have barely touched upon here (and
to the best of our knowledge, have received little attention
elsewhere). For instance:

e How should the system deal with a user command or-
dering the system to do action A, when it is currently
busy performing action B? There are a number of pos-
sibilities: the system may execute A and B in parallel,
or it may execute B after A is finished (sequential ex-
ecution), or it may abort B, or suspend B (in order to
resume B after A has finished executing). Or, finally,
the system may choose to ignore the user’s command
altogether. The question is under which circumstances
which alternative is preferable, and what criteria the
system can use to decide the appropriate course of ac-
tion.

¢ Assuming that there are several ongoing and/or sus-
pended activities, how does the system determine the
appropriate context in which to interpret the user’s ut-
terances, what are the preferred reference resolution
strategies, etc.?
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¢ How does the system schedule its utterances, so that
the resulting dialogue is comprehensible for the user?

Although a few researchers pay lip-service to the con-
cept of asynchronous dialogue management or handle some
special cases, there seems to be surprisingly little acknowl-
edgement that it is important. This is highlighted by the
influential DARPA Communicator project DAR (1999),
which is currently being used by a large number of re-
search site in the US and Europe. The current Commu-
nicator architecture derives from GALAXY-1I (Seneff et al.,
1998), and organizes the system as a number of stateless
“server” processes, controlled by a “script” run from a cen-
tral “hub” process. This architecture is not aimed towards
asynchronous communication between processes. For ex-
ample, Aberdeen et al. (1999) contrasts Communicator
with OAA as follows:

Both schemes provide for flexible flow of con-
trol. However while flow of control is explicitly
programmed in the Hub, in the OAA it is deter-
mined autonomously by interactions between the
agents ...In sum, the Communicator allows for
programmable but pre-determined flows of con-
trol while the OAA allows for dynamic but not
pre-determined flows of control.

We are not claiming that the examples in sections 2.1.
and 2.2. are startlingly novel or complex. The point we
want to make is that being able to deal cleanly with this
kind of thing makes certain demands on the architecture
of a spoken language dialogue system. The processing is
relatively simple because we have multiple asynchronously
acting agents, each of which has independent state and is
able to make requests of the other agents. In particular,
we have separate agents which contain dialogue state and
action state respectively. Each of these types of state con-
stitutes a context which needs to be maintained, and which
is essential to the interpretation of commands.

Although it would be possible to implement similar
functionality using a centralized architecture like Commu-
nicator, this would be much less straight-forward: in partic-
ular, we would have to reify action state as an object which
could be passed between the server taking the role of the
Action Manager and the Hub. One could do so, but we
feel that this is really somewhat beside the point. Our ba-
sic argument is that dialogue management is best concep-
tualized as a distributed and asynchronous process; if we
are prepared to grant this, it certainly seems natural to con-
clude that it will be easiest to represent it in a distributed
and asynchronous form.
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Abstract
We look at some real dialogue examples which can be analyzed as question accommodation. We argue that there is a need for a local

QUD (representing questions that are currently being addressed in the dialogue) and a global QUD representing (possibly among other
things) questions that have been addressed and that are available for reopening.

1. Introduction

In this paper we will look at some real dialogue examples
which can be analyzed as question accommodation, that is
the dialogue participant adds a question to QUD (“Ques-
tions Under Discussion”) which has not be explicitly raised.
We shall argue that there is a need for a local QUD (repres-
enting questions that are currently being addressed in the
dialogue) and a global QUD representing (possibly among
other things) questions that have been addressed and that
are available for reopening.

We shall first present a sketch of our notion of information
state. We will then discuss some examples which motivate
the distinction between local and global QUD.

2. Information states

We present the basic ideas of question accommodation and
some examples that we have presented in previous papers.
Our approach is based on a view of dialogue analysis in
terms of information states representing information about
the dialogue that a dialogue participant has. Accommoda-
tion has to do with the nature of information state updates.
The notion of information state we have proposed is basic-
ally a version of the dialogue game board which has been
proposed by Ginzburg (Ginzburg, 1996a; Ginzburg, 1996b;
Ginzburg, 1998). In TRINDI deliverables such as (Traum
et al., 1999; Engdahl et al., 2000) we represent informa-
tion states of a dialogue participant as a record of the type
shown in figure 2..

The main division in the information state is between in-
formation which is private to the agent and that which is
shared between the dialogue participants. The private part
of the information state contains a PLAN field holding a dia-
logue plan, i.e. is a list of dialogue actions that the agent
wishes to carry out. The plan can be changed during the
course of the conversation. The AGENDA field, on the other
hand, contains the short term goals or obligations that the
agent has, i.e. what the agent is going to do next. We have
included a field TMP that mirrors the shared fields. This
field keeps track of shared information that has not yet been

grounded, i.e. confirmed as having been understood by the
other dialogue participant. The SHARED field is divided
into three. One subfield is a set of propositions which the
agent assumes for the sake of the conversation. The other
subfield is for a stack of questions under discussion (QUD).
These are questions that have been raised and are currently
under discussion in the dialogue. The LU field contains in-
formation about the latest utterance.

This is a simple notion of information state which makes no
pretensions to completeness. We are using it as a baseline
for further extensions in implementations we are devel-
oping using the TRINDIKIT dialogue move engine tool-
box(Larsson et al., 1999)!, a toolbox which allows exper-
imentation with different definitions of information state
and update rules.

The QUD here is a local QUD. That is, it represents ques-
tions that have been explicitly introduced, treated as a stack.
In our current analyses we rarely, if ever, have more than
two questions on this stack and the cases where there are
two questions are normally such that an answer to the top-
most question on the stack will also be an answer to the
question beneath it, e.g. < Where does A wish to fly to,
Does A wish to fly? >. In such a case a single answer will
pop both questions off the QUD. In this paper we will ar-
gue that there should be a global QUD in addition to this
and that the two QUDs give rise to different dialogue beha-
viour. Our argument will be based on the nature of accom-
modation of questions to QUD.

3. Question accommodation

Dialogue participants can address questions that have not
been explicitly raised in the dialogue. In such cases, co-
herence is preserved if the agent is able to find a question
which is relevant at that point in the dialogue which can
then be accommodated onto the QUD. Here is an example?

'See the TRINDIKIT homepage:
www.ling.gu.se/research/projects/trindi/
trindikit.html

?from a dialogue collected by the Lund group in the SDS pro-
ject. We are quoting the transcription made in Goteborg by Jens
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(1) s$J (travel agent): // vilken
manad ska du édka

& what month do you want to
travel?

$P (customer): / ja: typ
den: 4&:h tredje fjarde april
/ nan gang didr / sa billigt
som méjligt

& yeah, about the, eh, third
or fourth of April, around
there. As cheap as pos-
sible.

The point here is that customer does more than answer the
question that the travel agent has introduced onto QUD,
namely what month does P (the customer) want to travel?.
The additional information as cheap as possible is an ellip-
sis and addresses a different question, something like How
muchdoes P want to pay?. Note that this question, or some-
thing like it, has to be adduced in order to interpret the el-
lipsis. There is no mention of price in the previous part of
the dialogue so this is not a matter of anaphoric interpret-
ation. Rather the communication here is depending on the
fact that both the customer and the agent know that price
is a relevant question when booking a flight. The strategy
we adopt for interpreting elliptical utterances is to think of
them as short answers (in the sense of Ginzburg, (Ginzburg,
1996a; Ginzburg, 1996b; Ginzburg, 1998) to questions on
QUD. The use of question accommodation enables us to
generalize the treatment to cases where the elliptical utter-
ance is not an answer to an overt question.

We have sometimes received the comment that it is unin-
tuitive to consider the offering of additional information as
answers to as yet unraised questions. Perhaps it is mis-
leading to use the word “question” rather than “issue” here.
The substitution of “issue” for “question” would be quite
consistent with the way we are viewing QUD. Perhaps it
sounds more intuitive to say that successful dialogues are
those in which the dialogue participants can figure out what
issues are being addressed rather than what questions are

Allwood’s group where it is identified as dialogue A820101. We
have added some annotations of our own, such as the English
translation, and removed some annotations that are not relevant
to the point at hand.

r [ PLAN STACKSET(ACTION) T 1
AGENDA STACK(ACTION)
BEL :  SET(PROP)
PRIVATE ! BEL SET(PROP)
QUD : STACK(QUESTION)
TMP :
LU SPEAKER PARTICIPANT
MOVES ASSOCSET(MOVE,BOOL)
r BEL : SET(PROP)
UD : STACK(QUESTION
SHARED Q Q )
. SPEAKER PARTICIPANT
L L MOVES ASSOCSET(MOVE,BOOL) i

being answered and that a knowledge of what issues are
being addressed can be essential for the interpretation of
ellipses. Equally it seems more intuitive to say that the
customer is raising the issue of price with her statement as
cheap as possible rather than raising the question. We will
nevertheless keep to the original terminology with QUD
rather than changing it to the perhaps less happy abbrevi-
ation IUD (for “issues under discussion”). QUD is after all
something you can chew on ... The substantive point here is
that we do not at the moment see any reason to distinguish
between issues and questions.

However, we do see reasons to keep track of questions that
have been raised and that may be raised again later in the
dialogue. Let us consider another similar dialogue.> The
dialogue begins as in (2).

(2) $B (travel agent):
& yes?
$A (customer): eh // jag un-
drar om eh // / / en resa till
phuket // den tolfte trettonde
december //

Japp ///

& er, I wonder if..., er, a
trip to Pukhet, 12th or 13th
December.

At the start for the conversation the travel agent does not
have a plan for the dialogue. She may have several plans in
the background for the kinds of tasks that she is capable of
such a booking a flight, changing the billing address on a
booking, booking hotels, rental cars etc. It is not until the
customer makes an initial contribution that the agent can
form a plan. The initial contribution by the customer here
seems to be fairly typical. It does not say exactly what the
customer wants, although we as competent dialogue agents
are so good at interpreting dialogues that it is not always
obvious that this is the case. But we can test this by embed-
ding the customer’s contribution in another constructed dia-
logue where it gets a different dialogue interpretation and
would suggest rather different dialogue plans. Consider (3).

3From the same collection as the previous one, no. A821702
in the Goteborg transcription.
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(3) Husband: What would you like for your
birthday, darling?
Wife: er, I wonder if..., er, a trip to Pukhet,
12th or 13th December.

Or (4)

(4) Secretary: There’s a line on the travel agent
invoice that I can’t match to any of your busi-
ness trips
Executive: er, I wonder if..., er, a trip to
Pukhet, 12th or 13th December.

Clearly, the activity (in something like Allwood’s sense
(Allwood, 1995)) can make a big difference to the way in
which we interpret utterances. This is because different is-
sues are being addressed, i.e. different questions are under
discussion. The travel agent, therefore, has to accommod-
ate questions onto QUD in order to be able to interpret the
customer’s contribution. She figures that this is an answer
to questions like Where do you want to go?, When do you
want to go? and that these are questions which are asso-
ciated with the plan she has for booking trips and, on our
analysis, she therefore loads this plan into her dialogue in-
formation state and thereby prepares to raise other relevant
issues to the task. The dialogue continues:

(5) $B (travel agent):
& yes
$A (customer) :
personer /
& four people
$B (travel agent):
11
& is it...
B accommodates: How many people will
travel?

ja //

[1 fyra ]1

[1 dr det

The travel agent has to accommodate the question How
many people will travel? in order to be able to interpret
Sfour people. She interrupts her own speech in order to ac-
knowledge the information as shown in (6)
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(6) $B (travel agent): vyes / &r
det charter du har sett dar
eller //

& Right...
you saw there or...

$SA (customer): [2 n+ Jja: ]2
& well... (expressing doubt)
$SB (travel agent): [2 eller
vad har ]2 ni tdnkt for
nadgonting /

& ...or what kind of thing
have you been thinking of?

$A (customer): nej det det /
jag tror att det blir foér dyrt
med hotell utan eh /

is it a charter

& no, it’'s...it’s, I think
it’1]l be too expensive with a
hotel but, er...

B accommodates: Will it be too expensive for
a hotel for this trip if it is booked together
with the plane?

At this point it seems that the travel agent has to accom-
modate the question indicated in (6) onto her QUD.

(7) $B (travel agent): < / > / ja
ni ska bara ha flyget /
& right, you just want a
flight?

The question the customer raised is answered by the travel
agent’s right in (7) and is thus popped off QUD. The agent
continues by raising the new closely related question Does
A just want a flight?. The customer acknolwedges this
question and answers it.

(8) %A (customer): Jja /

& yes
$B (travel agent): okej / [3
m: 13

& okay, mm, ..

At this point there is no question on QUD. But the customer
is not entirely satisfied with the exchange and raises the
second question again.

(9) S$A (customer): [3 ja for 13
/ vi / tror inte du ockséd det
att det blir valdigt eh hoéga
summor om man ska [4 // 14
& yes, because... we...
don‘t you also think that it
would be very, er, high costs
if you’re...
B has to reaccommodate the question: How
expensive will it be for a hotel for this trip if
it is booked together with the plane?
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There are two points we want to make about this utterance.
Firstly, it is necessary to raise the question again. It cannot
simply be addressed as a question already on QUD (that is,
local QUD). Neither the customer nor the agent could an-
swer this question at this point in the conversation by saying
Yes. But, secondly, the raising of the question has the fla-
vour of a second mention in that it is more reduced than
would have been possible with the original raising. If we
move the customer’s utterance in (9) back in the conversa-
tion and substitute it for her last utterance in (6), where she
first raises the question, it would not be successful. It would
be incoherent, even if we remove the tell-tale also.

We shall call her utterance in (9) a reraising of the question.
Note that such a reraising can have limits on how reduced it
can be. It would not have worked here if the customer had
only said: Don’t you also think (so).... There is not enough
information in this utterance to identify the intended ques-
tion among the other questions that have been under dis-
cussion. We therefore conclude that, in addition to local
QUD, a global QUD is needed which, possibly in addition
to other things, keeps track of questions that have been un-
der discussion. Reraisings have certain properties in com-
mon with definite descriptions in that they must provide
at least enough information to uniquely identify the inten-
ded question among the restricted set of those on the global
QUD.

4. Comparison with van Kuppevelt’s
approach

(van Kuppevelt, 1995) presents a theory which uses rop-
icality as the main organising principle of discourse struc-
ture, and according to which topic is a context-dependent,
question-based and dynamic notion. Topic and comment
are characterised in the following way:

(10) Topic: A discourse unit U — a sentence
or a larger part of a discourse — has the
property of being, in some sense, direc-
ted at a selected set of discourse entities
(a set of persons, objects, places, times,
reasons, consequences, actions, events or
some other set). This selected set of en-
tities in focus of attention is what U is
about and is called the topic of U

Comment: That which is newly asserted
of the topic of U

van Kuppevelt assumes a close relationship between topic
and comment, on the one hand, and (explicit and implicit)
questions on the other. The topic part of a sentence is re-
lated to a question, whereas the comment part contains the
answer. This is captured by van Kuppevelt’s basic assump-
tion as follows:

(11)  Basic assumption: Every contextually in-
duced explicit or implicit (sub)question @},
that is answered in discourse constitutes a
(sub)topic T},. T}, is that which is being ques-
tioned; a set of discourse entities from which
one is selected as an answer to (. Comment
Cyp is provided by this answer and names or
specifies the entity asked for

The inclusion of both explicit and implicit questions means
that no actual question need be present in the dialogue or
text, and that both situations — question present and ques-
tion not present — can be treated on a par. An implicit
question is assumed to be one “which the speaker anticip-
ates will arise in the listener’s mind on interpreting preced-
ing utterance”. The term contextual induction is used to
indicate that a certain unit of discourse brings about a new
(sub)question, and hence a new (sub)topic. A unit of dis-
course having this function is called a feeder, and is of-
ten topicless. In the following example, A’s first utterance,
which is the opening sentence of the dialogue, acts as a
feeder since it causes, or contextually induces, B’s (expli-
cit) question:

(12) Feeder: A: Yesterday evening a bomb
exploded near the Houses of Parliament

Question: B: Who claimed the attack?

Answer: A well-known foreign pressure
group which changed its tactics claimed
the attack

In a discourse, a topic-constituting question is then simply
an explicit or implicit question raised as the direct result of
a feeder.

A subtopic-constituting subquestion is hierarchically sub-
ordinate to some other question, and is essentially seen as
the result of an unsatisfactory answer to that question or
some other intermediate subquestion. van Kuppevelt for-
mulates two principles which govern the behaviour of sub-
questions. The first is the Principle of Recency, which de-
termines the order of subquestions in a given discourse. If a
hierarchy of a discourse topics is seen as a tree with the ini-
tial feeder as the root node, the Principle of Recency seems
to imply a depth-first strategy of topic development.

The second principle is the Dynamic Principle of Topic Ter-
mination which concerns the life-span of subtopics and top-
ics. van Kuppevelt notes that even if a new (sub)topic is
introduced, the old (sub)topic does not necessarily lose its
actuality (the notion of topic discussed here is not limited
to sentences but extends to discourse level). How to decide
when a topic is terminated? The principle is formulated as
follows:
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(13)  Dynamic Principle of Topic Termination: If
an explicit or implicit (sub)question Q) is
answered satisfactorily, the questioning pro-
cess associated with it comes to an end. As
a consequence, topic T}, loses its actuality in
discourse

This principle implies that as long as one of the conver-
sation participants, or the writer/speaker in the case of a
written or spoken monologue, is not satisfied with a cer-
tain answer (as indicated by more questions or answers to
implicit questions), the topic is still valid.

The termination of a (sub)topic results either in the con-
tinuation of a, non-terminated, topic higher up in the topic
hierarchy, or in a new feeder. According to van Kuppevelt’s
theory, then, it is not possible to return to some subtopic
after it has been terminated and the participants have en-
gaged in a new, non-subordinated, topic. If such a return to
a terminated subtopic, say @i, nevertheless does occur, this
can only be if the preceding answer, Ay — 1, functioned as a
new feeder. In principle, then, every answer in a discourse
can function as a feeder. Whether a given answer, not im-
mediately followed by an explicit or implicit question, ac-
tually is to be seen as a feeder presumably cannot be de-
termined until the end of the entire discourse, since feeder-
hood is only determined at the moment an answer/feeder is
followed by a question (otherwise the Principle of Recency
would be violated). van Kuppevelt also formulates a Subor-
dination Test for determining topic hierarchies. Put simply,
(4 is a subquestion of a preceding question @, if it is in-
appropriate to utter it if ¢}, has been closed. Otherwise, if
(4 is appropriately uttered in the same circumstances, ¢,
is a topic-constituting question. Question closure is tested
by the insertion a sentence like I now understand Q).

As far as we can see, van Kuppevelt’s approach puts a limit
on which questions can be reraised in terms of topic hier-
archies which we do not have in our theory. Instead we ex-
ploit the interaction between QUD, agenda and plan. What
we have tried to emphasize in this paper is that there is a dif-
ference in nature between raisings and reraisings of ques-
tions. A potential advantage of our theory from the compu-
tational point of view is that it does not rely on the notion
of feeder. It seems that feeders can best be recognized by
having analyzed a contribution as an answer to a question
and then reinterpreting the previous utterance as the feeder
that introduced it. But once you have recognized some-
thing as an answer to a question you do not actually need
to go back and find the feeder. Alternatively one could in-
terpret everything as a potential feeder for a large number
of questions. But this is computationally undesirable be-
cause it would mean that you would have to do a lot of
computation of potential questions that actually never get
taken up. This was a computational problem which we per-
ceived with Ginzburg’s original notion of QUD and which
we have tried to avoid in our work, while maintaining the
central ideas.
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Abstract
This paper describes issues that arose in our implementation of an interpreter for locative expressions in a spoken dialogue
system. The expressions involve complex adverbial modification, include imprecise and innacurate content, and reflect
conventional practices specific to the way English speakers refer to roads and highways. Our system utilizes semantic
features in the parser to perform disambiguation, and domain-specific reasoning to resolve variables in the logical form
to the correct referent. The functionality implemented to date was evaluated against a small corpus of naturally-produced

expressions, of which 46% were correctly interpreted.

1. Introduction

This paper describes issues that arose in our im-
plementation of an interpreter for locative expressions
in the TRIPS-911 spoken dialogue system (Ferguson
and Allen, 1998). In this system, the user is faced
with a city map (Figure 1) and he must act as the dis-
patcher in an emergency-response center. Unlike our
previous domain, in which the user could only refer to
named map locations such as cities, the detailed na-
ture of the new map necessitates that locations be de-
scribed rather than named. Map objects described dur-
ing atypical session include intersections (e.g. “where
Main and Oak cross™), road segments (e.g. “all of
Monroe between Main and Oak™), and regions of town
(e.g. “in the north of the city”). Even objects with
names, such as hospitals, may be described rather than
named by users that are unfamiliar with the map.

In building an interpretation component for these
expressions, our goal is to support natural language
use in which many different expressions can describe
the same object, and in which descriptive terms can be
embedded to an arbitrary degree. To interpret these
expressions requires first generating a logical form
that accurately represents the semantics of the sen-
tence, then using that logical form to constrain the
search for the correct referent(s) of the expression.

Many reference resolution studies start from the
logical forms, without considering the problem of re-
lating them to natural language utterances. In building
a practical dialogue system, these processes need to
work together in order to quickly and accurately in-
terpret the descriptions. This paper describes the en-
tire process from natural language utterance to logical
form to reference resolution. We first discuss some

Figure 1: Map used in the TRIPS-911 system

of the problems that exist in trying to interpret spoken
natural language descriptions of locations; after dis-
cussing the relevant background, we then describe the
interpretation process for locatives in our system, and
evaluate the portion of the design that has been imple-
mented to date.

2. Motivation

In preparing to develop a system to converse in
this new domain, we collected a set of human-human
problem solving dialogues involving emergency re-
sponse tasks such as plowing roads, dispatching med-
ical personnel, and repairing downed electrical lines
(Stent, 2000). One of the most interesting aspects of
these dialogues is the large variety of expressions that
were used to refer to map objects. We were impressed
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1) “the intersection of three eighty three and two fifty two A just below the airport”
2) “where Genesee, Brooks Road and three eighty three connect”

3) “at route thirty one at three ninety”

4) “the corner of Main street and East avenue downtown”

5) “at route two fifty two and the river”

Table 1: A variety of referring expression forms indicating junctions

1) “directly east of the inner loop a little bit”

2) “quite in the north”
3) “over near Gates”

4) “at three eighty three just past two fifty two A”
5) “the bridge near Gates where four ninety crosses the river there”

Table 2: Expressions involving imprecise descriptions and multiple constraints

by the richness of expressions we found in this cor-
pus compared to the previous domain, which used an
extremely simple (and fictional) map of a small island.
A cursory examination of the corpus showed that com-
plex locative expressions occur very frequently in this
domain, and that special reasoning needed to be de-
veloped in the system to cover them. This section
presents a few selected example phrases from our cor-
pus to show the difficulty of developing automated
methods to interpret these expressions.

References to streets, highways and junctions
where streets cross can take many forms, some of
which are shown in Table 1. These sentences demon-
strate many of the problems we must tackle in con-
verting all these different surface forms into the same
logical form. From these examples, we can see that
junctions can be indicated explicitly with nouns like
“intersection” or propositions like “cross” and “con-
nect”, and implicitly, using a conjunction in the con-
text requiring a location, such as the argument of the
preposition “at”. Junctions can involve just two or
sometimes more than two streets, or even a street and
another ribbon-shaped object such as a river.

Streets are often referred to by a proper name, such
as “Main Street”, so our intuition would be that streets
can be processed simply as proper names, but this
is too simplistic for a real application. Towns tend
to include several streets of the same name, for ex-
ample Genesee Avenue, Genesee Court, and Gene-
see Lane might all exist on the same map. When the
speaker of sentence 2 says simply “Genesee”, we have
to determine which street he means, either by applying
constraints from the remainder of the description (eg.
which street named Genesee intersects with Brooks)
or by applying a heuristic (prefer main roads over side
streets). Also, in sentence 2, Brooks Avenue is incor-

rectly referred to as Brooks Road. We would like the
system to be able to resolve this reference nonetheless.

Reference to highways in this domain have an
additional set of problems because highways in the
United States are typically given multi-digit numeri-
cal indicators. This introduces additional ambiguity,
because depending on the context the numeral 104
(pronounced ‘One oh four”) can be interpreted as the
highway 104, a time-point 1:04, maybe even an office
number or some other kind of entity. Selecting the
proper interpretation presents a challenge for a spoken
dialog system.

Expressions that describe the location of an ob-
ject on the map can be arbitrarily complex and often
use imprecise operators. Converting these operators
into well-defined functions in the interpretation pro-
cess is not straightforward. Table 2 shows several such
phrases from our corpus using the operators “east”,
“north”, “near” and “past”. These operators can be
further modified by vague adverbials such as “just”,
“slightly” or “directly”, which further limit the space
from which the referents can be selected.

In the following sections we present some of the
approaches we used to deal with the kind of descrip-
tions presented above.

3. Background and Related Work

Much of the previous work in linguistics and psy-
cholinguistics on human production and comprehen-
sion of location descriptions have focused on gener-
ating proper scene descriptions (cf. (Retz-Schmidt,
1988)). We found little of that work to be helpful
in implementing an actual interpretation mechanism.
Mainly this is because our system does not resolve
spatially-located reference (objects located in a 3-D
space and requiring the calculation of reference points,
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relative scale, etc.). Our requirements are simply to
process locative expressions in a 2-D space from a
fixed perspective. Also, many studies start from a dis-
ambiguated logical form rather than from natural lan-
guage utterances, and do not relate their semantic the-
ories with the needs of a parser.

Based on the study of spatial prepositions in differ-
ent languages, Talmy (1983) identifies a set of possi-
ble spatial idealization schemas and properties that we
associate with objects, such as idealization to a point,
line or strip. He also enumerates the primary relations
that can connect the objects in a scene and the possi-
ble restrictions on their arguments. Herskovits (1986)
argues that simple relations are insufficient to explain
the way locatives are used. She uses a similar set of
schemas and properties and develops a formal geomet-
ric scene representation. In her theory, every preposi-
tion has an “ideal meaning” which is then transformed
into actual meaning with the aid of pragmatic princi-
ples such as relevance, salience, topicality and toler-
ance. In a sense, our approach is similar, because the
parser generates underspecified predicates in the sur-
face form that can be seen as idealized meanings, and
then the reference agent computes their actual mean-
ing based on pragmatic considerations. However, her
principles as described in the book are rather too vague
to treat computationally.

Creary et al. (1989) present a logic of location
predicates suitable to use in reference resolution. This
work represents locative constraints as expressions
over regions composed using intersection and inclu-
sion operations. Their representation is computation-
ally efficient and deals with scope ambiguity, per-
mutability and ommisibility of locatives. We use
a similar idea in our reference resolution algorithm.
However, Creary assumes a fully disambiguated log-
ical form, and therefore does not specify how to con-
vert utterances into logical forms. In our case, the
parser and reference resolution need to do extra work
disambiguating the surface predicates.

4. The interpretation process in the TRIPS
system

The TRIPS parser uses a chart-based best-first
parser loosely based on the HPSG grammar formal-
ism and described in (Allen, 1995). The parser re-
ceives a string of words from speech recognition or
the keyboard and then obtains a syntactic analysis and
a surface logical form. The final logical form includes
tokens representing the binding for each referring ex-
pression. The reference agent then returns the object it
believes the logical form refers to, along with the score
indicating its confidence in the resolution result. In
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this section, we first describe the process by which the
parser converts each referring expression into a logi-
cal form. Then we discuss how the reference resolu-
tion agent (RA) uses this logical form to resolve the
referring expression to the correct entities.

4.1. Generating a Logical Form

Since the TRIPS parser is connected to an inter-
active system, speed and accuracy is of the essence.
For the sake of efficiency, we would like to have as
much disambiguation as possible to be done on early
stages of interpretation, preferably during parsing, to
eliminate (slow) reasoning about implausible analy-
ses. On the other hand, we would like to keep the sys-
tem portable to other domains, and therefore need to
have a grammar and lexicon that are mostly domain-
independent. As a way to balance these criteria, our
system is heavily dependent on semantic selectional
restrictions' that work to keep the parsing complex-
ity down and to help disambiguate syntactic structure.
An alternative to this solution would be implement-
ing a statistical method to select among possible inter-
pretations. However, statistical methods require large
amounts of text for training, and this is not available
in our domain. Moreover, the constructs we encoun-
tered in our corpus are not often found in more formal
sources such as Wall Street Journal, precluding their
use for purposes of training at this time.

Therefore, in designing the lexical semantic repre-
sentation we have to worry not only about selecting a
semantic representation that would accurately express
the meaning of a word, but also about formulating the
selectional restrictions that are useful for disambigua-
tion. From the point of view of the system develop-
ment, we found that separating those two issues to
some extent helps to make lexicon maintenance and
development easier. In order to do that, each word
in the lexicon is characterized with a predicate, which
corresponds to the (deep) meaning of the word and can
be mapped to the corresponding entity in the domain
knowledge representation, and a set of semantic fea-
tures that express some basic lexical semantic proper-
ties of the word meaning that are used in formulating
selectional restrictions and disambiguation.

Our initial feature set included most of the Eu-
roWordNet top hierarchy features (Vossen, 1997),
with the value sets somewhat modified to suit our
needs. However, we discovered that these features
were inadequate to provide reasonable selectional re-

"While selectional restrictions have a variety of prob-
lems that make their use in a general case impossible, we
believe that they are a useful mechanism to control parser
complexity in a particular domain.
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at preposition

LF AT-LOC ;; the meaning predicate to be used in the logical form
SUBCATSEM (spatial-abstraction point) ;; the semantic restriction on the subcategorized NP

ARGSEM

LF AT-TIME
SUBCATSEM (function time-object)
ARGSEM (Aspect Bounded)

bridge noun
LF BRIDGE

(spatial-abstraction point) ;; the semantic restriction on the object modified by the PP

SEM ;; the semantic features associated with the word
(spatial-abstraction (OR point line)) (origin artifact)
(form geographical-object) (function location)

Brooks name

LF ROAD ;; for names LF carries the type of object to look for
NAME BROOKS-AVENUE ;; the constant corresponding to the object

SEM

(spatial-abstraction (OR point line strip)) (origin artifact)
(form geographical-object) (function location)

Figure 2: Parts of lexical semantic representation used to disambiguate “the bridge at Brooks”.

strictions on locative predicates, so we augmented the
set with spatial-abstraction and form features inspired
by the work of Talmy and Herskovits. The selection
of features is based on the idea that people abstract
the actual shapes of objects to a (small) set of abstract
geometric shapes, and these abstractions restrict what
locatives can be used in connection with the scene.

Consider the sentence “Go to the bridge at
Brooks”. Among other things, in interpreting that sen-
tence we need to decide that ar in this context has
locative meaning and that the prepositional phrase “at
Brooks” modifies the noun phrase “the bridge.”

Figure 2 contains partial definitions for the words
bridge, at and Elmwood.

The definition of the name Brooks states that it can
be visualized as a point (in our system, all geograph-
ical objects can). This helps the parser to distinguish
the AT-LOC sense of at from other possibilities, e.g.
AT-TIME3. Moreover, the definition of AT specifies

Mt is also possible for the “at” to modify the verb “go”.
In our domain this rarely happens and the lexical entry for
“go” is set up so that this interpretation is excluded for the
reasons similar to those discussed below

3our representation is set up so that the features corre-
sponding to physical objects, such as (spatial-abstraction
point) and features corresponding to abstract entities such
as (function time-object) are mutually exclusive, which al-
lows us to make this inference on the basis of information
highlighted in the picture

that it can only modify the objects that themselves can
be visualized as points, and the definition of the bridge
satisfies this condition. Thus, the parser sends the fol-
lowing objects to the RA to resolve the locative ex-
pression “the bridge at Brooks™:

x: (AND(TYPE x ROAD)
(NAMEOF x BROOKS-AVENUE) )
y: (AND(TYPE y BRIDGE) (AT-LOC y x))

There is still a problem with defining selectional
restrictions in terms of features in our system. Obvi-
ously, the granularity for spatial reference varies with
the task. Depending on the scale, any physical object
can be assigned almost any spatial-abstraction value.
Consider words like intersection or truck. In a differ-
ent domain, it is possible to imagine them visualized
as areas in space, with something located ACROSS or
OVER them. However, at the scale accepted in our do-
main, intersections and trucks are points, and such ex-
pressions do not often occur. If the selectional restric-
tions are loose enough to allow those other phrasings
in our domain, the ambiguity of spatial expressions
increases noticeably, requiring additional reasoning to
disambiguate the obtained logical forms. Therefore,
we selected a specific scale suitable for the domain,
even though this excludes some of the interpretations
allowable in other domains. Not surprisingly, this
rigid restriction sometimes results in excluding ex-
pressions that should be acceptable in our task. The
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solution could be to introduce softer selectional pref-
erences, which is planned as a part of our future work
in the system.

4.1.1. Pragmatic considerations

One can note that the feature-based representation
is not suitable for fully representing spatial proper-
ties of an object (cf. (Jackendoff, 1983)). In fact, it
is not the intended use of features in our system. A
small set of features is obviously not sufficient to ex-
press all possible distinctions needed to obtain a fully
disambiguated logical form. However, in the process
of developing the TRIPS system we found that using
a general knowledge representation that would allow
us to obtain a completely disambiguated logical form
before giving it to the reference resolution agent was
costly computationally, and was making our lexicon
too difficult to maintain. We use the semantic features
as a representation that provides the information to
cut down the number of possible sentence interpreta-
tions, and some basic properties often used by reason-
ing components, but that does not attempt to encode
all the distinctions needed for full disambiguation.

For example, the preposition from is often ambigu-
ous. For the phrase “an ambulance from Pittsford”, the
features of the word Pittsford are sufficient to elim-
inate the FROM-TIME sense of from. On the other
hand, this phrase can mean an ambulance currently lo-
cated in Pittsford, or an ambulance based in Pittsford,
and the distinction is determined mostly by context
and not by the form of the utterance. Therefore, it can-
not be expressed with the kind of selectional restric-
tions used by the parser. For these cases, the parser
outputs the predicate FROM, and the RA must decide
on whether the correct interpretation is ORIGIN or
AT-LOC, the domain predicates encoded in the gen-
eral knowledge base.

Another case that requires special reasoning to be
implemented in resolution is a practice of referring to
highways by their numbers mentioned earlier. Selec-
tional restrictions may be able to eliminate some of the
ambiguity, for example, “the bridge on 104” definitely
refers to a location. However, this is often not pos-
sible, for example, when “one oh four” is uttered as
a short answer to the previous question. In this case,
our parser will not select a type for numeric expres-
sions but will leave that disambiguation up to the RA,
which can use the context to determine the correct in-
terpretation.

Yet another complication resulted from our as-
sumption that street designations could be taken as

proper names*. As described in the motivation sec-

4Creary et al claim that the analysis of streets as proper
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tion, users can often use abbreviated names that are
ambiguous between a number of streets in the same
town, or make mistakes in street names. There-
fore, we treat street designations more like definite
descriptions than proper names. Lexical entries for
streets contain the full name, for example BROOKS-
AVENUE. If the speaker uses the entire correct name,
the parser interprets it as a name. If the user says
“Brooks Road” but only “Brooks Avenue” is in the
lexicon, the parser will generate a representation
(AND (TYPE x ROAD)(ASSOC-WITH x BROOKS-
AVENUE)) (where the predicate ASSOC-WITH de-
notes some association between objects) and let the
RA decide how the objects are associated. The RA
includes the heuristic that in our domain if two lo-
cations are associated, then they share at least some
space, and this allows it to make the inference that the
road in question is indeed Brooks Avenue. A more
difficult case is when objects of different types share a
name, (e.g. a street and a body of water named “On-
tario”) selectional restrictions may filter out some pos-
sibilities. But if more than one interpretation is left
and the tie cannot be resolved by the weights associ-
ated with grammar rules, the system may simply ar-
rive at an incorrect interpretation. Currently the prob-
lem is partially solved by trying the two most likely
parses and using interpretation confidence scores to
determine which object is a better referent. We plan
to modify the system in the future so that the parser
outputs a more general type for these cases, such as
(TYPE x LOCATION), allowing the RA to reason out
the correct referent.

4.2. Interpreting the logical form

Once a logical form representing the referring ex-
pression is selected, it is passed to the RA to be re-
solved. The logical form includes the semantic type of
the variable and the description constraints needed to
select the referent from among the objects of that type.
The RA has access to a geographical database contain-
ing all objects on the map, and each referring expres-
sion is resolved to one or more map objects. Simple
bindings can be resolved by table lookups, e.g. (AND
(TYPE w CITY) (NAME-OF w GATES)) is resolved
by finding an object of type CITY and named GATES
in the map database.

The RA contains domain-independent reasoning to
correctly interpret different referring expression forms
(eg. definite versus indefinite phrases), and has access
to a domain-specific reasoner. This domain-specific
reasoner is employed to determine which map objects
satisfy the predicates given in the logical form, a pro-

names is uncontroversial.
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cess that varies based on the task to which the sys-
tem is currently being applied. For the “ambulance
from Pittsford” example presented above, it will try to
locate both the ambulances currently in Pittsford and
those originating from Pittsford, and if more than one
entity is returned, will sort the results according to a
heuristic taking into account salience and contextual
factors.

Additionally, the domain-specific reasoner
is responsible for translating the more domain-
independent representation produced by the parser
into the representation that matches the way objects
are stored in a geographical database. For example,
in this domain the predicate MIDDLE (e.g.“in the
middle of Elmira™) actually means (NEAR (CENTER
ELMIRA)), not the epicenter of Elmira, and the
precision with which objects can be considered in
the middle of another object varies with the domain.
The domain-specific reasoner available to the RA
translates MIDDLE into its domain-specific use.
Other operators may need to be coerced based on
the internal representation used in the map. The
expression “the end of highway five ninety” produces
a logical form (END x highway-590). In our system,
the database contains information about the segments
that together constitute a road, but there are no facts
in the database in the form (END x y). Therefore the
domain reasoner must know that to find the END of a
road, you must find a point on the highway that is the
end of one road segment and that is not the beginning
of another segment.

Many locative predicates are interpreted as regions.
There are standard techniques to judge whether a point
belongs to a region (cf. Gapp (1994)). See Figures 3
and 4 for a simple example of region definitions that
represent several variants of the predicate NORTH-
OF defined in the geographical database, depending
on the shape of the reference object. As the first draw-
ing shows, the predicate NORTH-OF is not interpreted
strictly as describing a line running due north from
the reference object. The region is relaxed to within
plus or minus a few degrees, and objects in this re-
gion are considered to satisfy NORTH-OF. The pred-
icate (NORTH-OF x POLICE-STATION1) will be in-
terpreted as the set of objects that fall within this re-
gion using POLICE-STATIONTI as the reference ob-
ject. Some modifiers impact the shape of this region,
for example (DIRECTLY NORTH) narrows the width
of the region, and WAY requires matching objects to
be in the upper portion of the region. When the ref-
erence object is not a point, the NORTH-OF defines a
region along the northern boundary of the object.

Vague modifiers such as “just”, “slightly” or

N/ way -
_____ Just — - -0
X

Just north of X Way north of X

v

North of X Dlreclly north of X

Figure 3: Definition of NORTH if X is a point

Netthof X Neehof X

Figure 4: Definition of NORTH if X is a line or a re-
gion

“quite” are applied to objects in the list when assign-
ing the RA’s confidence in the object as the correct
referent. The confidence scores of objects that satisfy
the description ((SLIGHTLY NORTH-OF) x GATES)
would be assigned so that items close to Gates have a
higher confidence, while the objects satisfying (WAY
NORTH-OF) x GATES) would be sorted so that ob-
jects further away have the highest confidence.

4.2.1. Combining the constraints

Earlier we presented some examples where loca-
tive descriptions can contain an arbitrary number of
constraints. The RA processes these constraints in
bottom-up order based on the embedding, which typ-
ically corresponds to right-to-left order in the surface
expression. Table 3 contains a sample resolution for
“The bridge near Gates at four ninety and the river.”

A wide variety of expressions can be used to talk
about intersections (see Table 1 above). Many of these
constructions can be fully interpreted by the parser, in
which case it sends the RA a fully specified intersec-
tion description of the form (AND (TYPE z JUNC-
TION) (JUNCTION z y)), where y corresponds to a
set of objects forming the junction. In other cases,
additional reasoning is required. For example, in our
current implementation, it is difficult for the parser to
decide whether the word “and” creates the set with
a union of two streets, like “Go down Monroe and
Elmwood”, or refers to their common point, as in “it
is located at Monroe and Elmwood”. Therefore, the
fragment “STREET1 and STREET?2” is initially inter-
preted as a type UNION, corresponding to a set, but
the RA knows that in this domain, a union of two rib-
bonal objects corresponds sometimes to the point at
their intersection. As long as the parser can identify
the entity as some type of LOCATION rather than a
ROUTE or true set (as in the last line of Table 3), a
junction object will result. In cases where the junction
is described by a proposition (e.g. “where Genesee
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Action

Resolve x: (TYPE x RIVER)
Resolve y: (AND (TYPE y ROAD) (NAME-OF y 490))
Resolve z: (UNION z (x y))

Resolve w: (AND (TYPE w CITY) (NAME-OF w GATES))

Resolve v: (AND (TYPE v BRIDGE) (NEAR v w)
(AT-L.LOC v z))

Returns objects of type RIVER

Returns one item, the road named 490

The RA makes a set containing streetl and street2
Returns one object, the city Gates

Returns all bridges matching this form. Now that z is
described as the location of v, we know it is a JUNC-
TION. At this outermost level is an error signaled if
the result is still a set.

Table 3: Sample Resolution Process for the phrase:“The bridge near Gates at four ninety and the river”.

and Elmwood connect”) the agent would need to have
a set of rules that locate the intersection based on the
set of objects mentioned in the description.

5. Evaluation

For our evaluation, we examined 3 dialogues from
the Monroe corpus{(Stent, 2000}, and isolated out all
phrases that contained location descriptions. The dia-
logues included 559 utterances and the resulting list
of location descriptions contained 196 phrases (in-
cluding some duplication). We tested the portion
of our interpretation process implemented to date on
these expressions. In this evaluation, the expressions
were treated (and evaluated) as stand-alone expres-
sions rather than as connected text. Expressions that
were anaphoric in the original dialog were judged
as correct if the RA bound the variables to map ob-
jects matching the descriptive content of the expres-
sion. The current implementation includes parser cov-
erage for numeric highway names and underspecified
street names (such as “Genessee” for Genesee Av-
enue). The domain-specific reasoner for reference res-
olution at this time resolves logical forms for intersec-
tions, the end of roads and highways, map directions
NORTH/ABOVE, SOUTH/BELOW/UNDER, EAST,
and WEST, and FROM.

Table 4 contains the results of this evaluation. The
parser found a syntactic analysis and produced a logi-
cal form suitable for further interpretation in about 2/3
of the cases. Out of these, we found the correct refer-
ents for 92 expressions. Expressions that could not
be resolved typically involved unimplemented predi-
cates such as NEAR and various uses of the ASSOC-
WITH predicate. Not surprisingly, we are doing better
on short phrases that contain fewer modifiers. At the
same time, a reference resolution algorithm in the old
TRIPS system that could only look up the named loca-
tions that are defined in the lexicon could resolve only
47 of those expressions, so adding the special process-
ing for locatives is helpful in our system.

Number Words
of phrases | per phrase

Total 196 5.90
Correctly parsed 131 5.07
Acceptable partial parse 6 10.17
Incorrectly disambiguated 13 8.31
No parse found 46 7.02
Found correct referents 92 4.59

Table 4: Evaluation Results

6. Future Directions

Currently, we have only implemented a small num-
ber of predicates. Adding more functionality to the
RA, including implementing confidence sorting based
on the linguistic hedges is will be accomplished in the
near future.

An important problem to be solved is that many
locative descriptions produced by people are redun-
dant, and some constraints can be dropped without im-
peding understanding. Such locative expressions are
intended to give a human addressee a visual clue to lo-
cate the referent on the map, but are not strictly neces-
sary for the system to understand the reference. These
expressions should be applied as soft constraints on
the resolution process; handling them properly re-
quires discourse-level processing. For example, there
is only one Beahan Road on our map, but the descrip-
tions like “Beahan Road just below the airport” show
up quite often in the corpus. Since the name “Bea-
han Road” can be resolved uniquely, the system could
just stop there without checking the rest of the descrip-
tion. A better strategy would be to try to make sure
that the object that was found satisfies the rest of the
constraints. If this is not the case, this may indicate
that the user is confused or simply that the system’s
idea of ’just below the airport” differs from the user’s.
In that case, a clarification a move could be gener-
ated, something like “Is this the road you mean?” (the
road blinks). We could not implement this strategy
due to deficiencies in the system dialogue manager,
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but we are currently in the process of implementing a
new system architecture (Allen et al., 2000) that would
make such processing possible.

Another problem results from the fact that objects
on the map being used in the current task cause nearby
objects to become salient, and our current model of
context management does not account for this. For
example, in some of the tasks presented to the users in
the Monroe dialogues, they had to evacuate the people
from the North-West corner of the city. As soon as this
was established, often just by locating an object in that
area, people would start using expressions like “go to
the end of 390”. This expression is ambiguous, be-
cause the road has two ends, and neither has been pre-
viously mentioned. However, in those cases it appears
that the competitors outside of the region at which the
attention is centered are not salient and therefore these
references are understood as unambiguous. Therefore,
a reference resolution algorithm in this domain should
not only take into account recently mentioned objects,
but also incorporate information from other sources,
for example, the regions where the user tends to look
or regions adjacent to the objects on the map that have
been recently brought to the user’s attention in the
process of creating a plan. Extending the definition
of salience in this manner would help us to resolve
the anaphoric expressions similar to those mentioned
above, and is planned as an important part of our fu-
ture work.
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Abstract

The model we proposed based on the analyses of the functionalities of the overlapping utterances has focused on the
next speaker, or the hearer who starts the overlapping utterance . There remained room for further investigation as to
how the overlapped utterances interact with the overlapping utter ances. In the research reported here, Three types of
overla pping phenomena, viz., invited interruption, strategic interruption, and collaborative interruption are related to the
functionalities of the overlapped utterances. 36 students have been asked to classify the functionalities of the overlapped
utterances in 4 dialoges in Japanese Map Task Corpus, the coincidence rate of 82.6%. The classification revealed that
the funcitionalities of overlapping utterances are constrained by those of the overlapped utterances. We have proposed a
revised model of the interruption which reflects the correlation between the overlapped and overlapping utterances.

1. Introduction

The goal of this study is to propose a “hearer’s
model” in conversation, in such a way that it takes
into consideration the notion of “hearer” in order to
account more naturally for the conversational phe-
nomenon called “overlap,” namely that of one speaker
starting his/her utterance before the other speaker
ends his/her utterance. Overlaps do not necessarily
imply interruptions. One speaker can start talking
while the other is speaking, without interrupting the
interlocuter, who may continue on speaking or stop
talking yielding the turn to the one who interrupts. Or
one may acknowledge or backchannel while the other is
talking, in which case the resultant overlaps are clearly
meant not to interrupt the interlocuter’s utterance. All
that suggests a need for the analysis and explanation of
the overlapping phenomena in terms of the cognitive
model of the participants of dialog!. We start from
the model which has been widely accepted: i.e., the
model consisting of turn allocation rules as stipulated
in Sacks, Shegloff & Jefferson(1974)2. The turn alloca-
tion rules are to the effect that the current speaker(C)

!The same and similar kinds of phenomena have been
dubbed not only overlaps, but “simultaneous speech,”
“cospeech,” etc. Authors have distinguished diffenent
kinds of exemptions from different points of view and ,
though in this paper we begin with the brute fact of two
participants of a dialog speak at the same time

>The rules remain virtually the same since the time of
publication. The nature of rules is an arguable issue. One
way of interpreting the rules, which most of the serious
researchers subscribe to is that they are a set of normative
rules in the sense that the participants of conversation are
not cognitively but only by perceived abberations, made
aware of their presence.

selects who to be the next speaker(N)®. We call this
the CsN model. The intuition behind this model was
based on the analysis of the dialogs where the speak-
ers orderly take turns, and it was empirically sup-
ported by observations like Ervin-Tripp’s(Ervin-Tripp,
1979), viz., that less than 5% of the speech is “over-
lapping/overlapped.”

The CsN model entails an apparently feasible prin-
ciple: namely only one speaker speaks at a time in con-
versation. This “one-at-a-time” principle is a result of
accepting the assumption that, in “normal” conversa-
tions, turns are taken in an orderly manner. Given this

3The rules are
(1)For any turn, at the initial transition-relevance place of
an initial turn-constructional unit:
(a)If the turn-so-far is so constructed as to involve the use
of a ‘current speaker selects next‘ technique, then the party
so selected has the right and is obliged to take next turn to
speak; no others have such rights or obligations, and trans-
fer occurs at that place.
(b)If the turn-so-far is so constructed as not to involve the
use of a ‘current speaker selects next‘ technique, then self-
selection for next speakrship may, but need not, be insti-
tuted; first starter acquires rights to a turn, and transfer
occurs at that place.
(c)If the turn-so-far is so constructed as not to involve the
use of a ‘current speaker selects next‘ technique, then cur-
rent speaker may, but need not continue, unless another
self-selects.
(2)If, at the initial transition-relevance place of an ini-
tial turn-constructional unit, neither 1a nor 1b has oper-
ated, and, following the provision of lc, current speaker
has continued, tehn teh rule-set a-c re-applies at the next
transition-relevance place, and recursively at each next
transition-relevance place, until transfer is effected. {Sacks
et al., 1974),
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principle, overlaps are generally considered to be devia-
tions from the norm the occurences of which require re-
covery to the orderly course of turn-taking. Although
the overlaps take place often enough to be noticed to
be significant phenomena that deserve scrutiny?, they
have hardly been considered as among the normally
permissible forms of conversational interchange.

Now in the Japanese Map Task dialog corpus,
which has 128 map task dialogs recorded for about
22 hours, we observe that nearly 45 % of the 53,111
utterances are either overlapping or overlapped, or
both. Furthermore, Clark(Clark, 1994) points out that
the turn allocation rules failed to account for a num-
ber of strategies that are common in conversations.
It naturally follows that the rules proposed by Sacks
et al.(Sacks et al., 1974) are inadequate as a general
model as understood as a cognitive model, and thus, it
is necessary to revise or argment it with further rules
that would account for the overlaps. The cognitive
model of the “hearer” that we propose is viewed as
an addition to extend the turn allocation rules. We
have investigated 56 dialogs in the Japanese Map Task
Corpus, which is basically a replication in Japanese
of the Edinburgh HCRC Map Task Corpus, differing
from the HCRC, among other things, in that, in the
transcriptions, overlaps are marked with accurate time
stamps and that utterances of different speakers can be
played separately. We then classify 6173 overlaps into
the categories we borrow from Herb Clark’s proposal
with necessary modifications. Based the analysis of
the results of classifying the overlaps, we propose a
cognitive model of adialog in which the hearer plays
substantial part in the turn-taking system.

In this paper, we present three increasingly detailed
analyses of the overlapping phenomena from different
points of view. In Analysis 1, we classify the overlaps
into 5 categories, and argue these 5 categories can, in
turn, be viewed as constitutive of three types of inter-
ruptions. Analysis 1 makes it clear that overlaps are
not anomalous, and that the patterns of occurrences
of overlaps are neatly categorizable. In Analysis 2, we
focus on the next speaker’s “reasons” for beginning to
talk while the other still talking, and conclude that,
in a significant portion of overlaps, the next speaker is
“invited” to interrupt by the current speaker. In Anal-
ysis 3, wetag each overlapped utterance with a speech
act type and suggest that the other portion of over-
laps which have turned out not to be clearly invited
in Analysis 2 are still significantly associated with a
well-defined set of speech act types of the overlapped
utterances.

2. Phenomenal categories of overlaps

2.1. Clark’s classification

Clark(Clark, 1994) introduced six phenomenal cat-
egories to classify overlaps. His system of classify-

‘There have been sizable amount of literature which
discusses overlaps or simultaneous speech in the tradition
where people think in terms of the “one-at-a-time” princi-
ple(Jefferson and Schegloff, 1975),(Jefferson, ).

ing overlaps certainly offers an advanced standpoit
in understanding the overlapping phenomena. Roger
and others(D. B. Roger and Smith, 1988) developed a
comprehensive system for classifying interruptions, as-
suming that Clark’s classificatioin scheme consists of
6 phenomenal categories:namely (1)Acknowledgments,
(2)Collaborative completions, (3)Recycled turn begin-
nings, (4)Invited interruption, (5)Strategic interrup-
tions, (6)Nonlinguistic actions. Acknowledgements are
short interjections like “yes,” which have been also
called backchannels. Collaborative completions are ut-
terances deliberately begun in the middle of a turn-
constructional unit, contrary to Sacks and others’ rules
la and 1b. Recycled turn beginnings are the starts
of utterances made in order to signal they want the
next turn. Invited interruptions are such interruptions
made by the addressees in response to the invitios on
the part of the current speakers. Strategic interrup-
tions are interruptions by the next speakers which in-
terrupt current speakers mid-turn for other reasons
they consider legitimate. Nonlinguistic actions are a
variety of nonlinguistic signals used in conversation,
but they are typically accompany verbal behavior si-
multaneously, thereby defying analysis into turns.

2.2. Revised classification

In applying the categories to the actual data from
the Japanese Map Task Dialog Corpus, we wanted the
categories to be reliable with high inter-rater agree-
ment so revised Clark’s overlap classification into the
one with 5 categories which are shown below. We
suspect the reason that we did not achieve a high
enough inter-rater agreement was that the classifica-
tion scheme is basically a mixture of speech act types
and conversational strategies, thereby confusing the
raters in the preliminary rating tasks. The principle
of the revision is to take a two-step decision proce-
dure, in which speech act types, or the types of com-
municative functions, are judged for each relevant ut-
terance first and in which then strategies are taken
into consideration. The reliability of the new classi-
fication scheme was confirmed by checking the agree-
ment rates for a part of the overlaps in question. The
new classification consists of the following five cate-
gories, with a decision tree to help raise the objectivity
and consistency. (1) Early Response (2) Request for
Quick Response and Utterance providing New Infor-
mation (4)“acknowledgement marker”(5) Inarticulate
utterance.

2.2.1. Early Response

This is a type of utterance with which the person-
to-be-the-next-speaker responds to the current speaker
while the current speaker is still trying, sometimes in-
explicitly, to select the next speaker.

5

3Clark suggested that traditionally many acknowledg-
ments, such as yes, are not considered turns because a over-
lapping speaker doesn’t intend to take a turn, and criticizes
those who do not take acknowledgements as full-fledged ut-~
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We group acceptances and answers into one cate-
gory when they are uttered while the current speaker
is still speaking and call the categroy Farly Responses.
The following two excerpts server to illustrate the cat-
egory$.

(1) jini:0205/0206
0205:AA:eto migisita ni naruwake desu * ne hai
(Well) (it is on the light side)(isn’t it?)
0206:AB:
(Yes, it is.)

(2) j1n4:0090/0092

0090:AC:ki ni sotte teppen made itte kuda*sai
(along the tree) (to the top) (go) (please)

0092:AD: *hai

(Yes)

To be sure, in (1), AB’s utterance is an acknowl-
edgement because B starts his utterance before A fin-
ishs his confirmation, while, in (2), D’s utterance is a
a answer because C complete his/her order. Just be-
cause the current speaker’s speech act doesn’t finish
before next utterance, it does not follow that one is a
second pair part and the other is a no second pair part.
Viewed in this light, these two speech act types can be
regarded as the same type of speech act.

2.2.2. Requests for quick response

When the interlocutor interrupts the current
speaker to take turn by uttering the first pair part
of an adjacency pair in Schegloff’s sense, i.e., an in-
terjection, a question, a confirmation, a suggestion, a
request or an order, this overlapping utterance is con-
sidered to be a request for quick response. An example
is

(3) j1n2:0354-0366
0354:AE:tuirakugenba<128>teari*masen ka<128>
(acrash place) (is there?)

0355:AF:*ariasu arima*su
(I see it) (I see it)
0356:AE: ¥arimasu yo ne<720>
(sure, you see it)

Here with 0356, AE triggers off AF’s utter-
ance(0355) in order to confirm the landmark in his
map. This is different from Early Response in that the
overlapping utterance does not only respond to the
current speaker but initiate a new move in conversa-
tion.

terances. We take Clark’s criticism seriously and take such
acknowledgement into consideration. It should be noted
that yes are generally of two types, which we introduce as
Early Response and “Acknowledgement marker.”

%In what follows, the transcription texts are given in
latinized Japanese together with rough English glosses un-
derneath. Aligned asterisks indicate the approximate time
points where the overlapping utterances begin. The colon
separated indication right of the excerpts number read the
dialog ID and the utterance IDs with in the dialog.

*soudesu ne hai
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2.2.3. Uttrances providing new information

With an utterance providing new information, the
interlocutor overlaps the current speaker to take a
turn by a statement, a discourse marker or a self-
interrogation. In the excerpt (4) below, when AH an-
swers AG’s question(0097), with 0100 AG interrupts
his utterance to convey new information. In the ex-
cerpt (5), too, AJ provides new information. In our
classification, (4) and (5) are basically of the same
type, though later it will be shown that (5) has to be
given special attention”. It is to be noted that, in (5),
the first word of AG’s utterance(0336), “te”, completes
AT’s “t0o,” though AI utters the “te” himself.

(4) j1n1:0097-0100
0097:AG:eto  haioku no migigawa?
(well) (a deserted house’s) (right?)
0099:AH:sou desu ne  *hai
(that’s right) (yes)
0100: AG: *ni it<256>te <224>
(go there)
sorede haioku ni tuite

(and) (the deserted house) (you reach)

(5) j1n3:0333/0336
0333:AI: -wo too*te--
(through-)

*te<240>de sorede youturuni
(through-) (and) (in short)
hanntokeimawari ni iku to

(counterclockwise) (if you go)

0336:AJ:

2.2.4. “Acknowledgement markers”
“Acknowledgement markers,” which are brief utter-
ances that backchannel, complete or prompt for con-
tinuation, are uttered not by being invited by the cur-
rent speaker or by intending to take the next turn. The
term “Backchannel” can be defined, in this case, as the
utterance which appears during the current speaker’s
utterance in order that the hearer expresshis/her hear-
ing or understanding with the word “hai’,"uhm’ etc.

(6) jin1:0082-0083
0082:AK:de sitani tuki masi ta*ra<416>
(if you reach the bottom)
0083:AL: *hai
(uhm)
0082:AK:sositara kondo<128>--
(and) (then--)

In (6), AL merely responds to AK’s utterance by
way of an acknowledgement marker, “hai” in this ex-
cerpt, assuring him that he is listening to or follow-
ing him. Acknowledgement in this sense is different
from that in the first category in that utteraces in this
category do not merely accept or reply but prompt
the current speaker to keep speaking. Some “comple-
tions” do prompt the current speaker to keep speaking.
Next speaker obviously shows that he understands and
prompts the current speaker to continue.

It seems that, in Clark’s clsssification, overlapping ut-
terances of this kind are not treated as constitutive of a
consistent category
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Table 1: Incidents and Residuals of That Types of Speech Act of Overlapping Utterances Every Conditions of

Preceding Utterances

Types of speech act of overlapping utterances total
Conditions of preceding ut- || Invited Inter- | Strategic In- | Collaborative
terances ruption terruption Interruption
Selectedness 821 284 440 1545
Nonselectedness 456 721 1516 2693
[ total [ 1277 | 1005 | 1956 || 4238 |

(7) j1n1:0008/0010
0008:AM:--no sugusita ni oo¥tokyanpuzyou
( at bottom autocamp place)
0010:AN: *tokyanpuzyou
(to autocamping park)

Here in (7), AM and AN utter the same expression
at the same time. AN does not interrupt the current
speaker but is considered to show that he is following
AM by means of completing AM’s utterance.

2.2.5. Inarticulate utterance

Under this rubric, we group echoes, fillers and
laughs, because it is impossible to ask the raters to
judge the next speaker’s intention of the utterance.
Echoes are repetitions of what has been just spoken by
the interlocuter. Fillers are the expressions like “ee”
and “aa” in Japanese®.

3. Analysis 1

Analysis 1 attempts that classification of overlaps
and the relative occurrence of each category. In Anal-
ysis 1, 56 dialogues were tagged with respect to 6173
overlaps therein. The duration of each dialogue ranges
from 4’ 10” to 23’ 44", with the mean around 11’.
Twenty-one students on campus served to judge the
types of overlaps in the dialogues, each working is 8
dialogues. Their task was to listen to the digitized
sounds while reading the transcription around overlaps
and to classify each of them into the 5 types discussed
above, using a decision tree with each node presented
at a time on the computer screen for the yes/no answer.
Each dialogue was worked on by three students, and
the agreement rate was 83.2%. We use, for this study,
the 5136 overlaps whose classification were agreed on
by at least two students. The percentages of (1)Early
Response, (2)Request for Quick Response, (3)Utter-
ance providing New Information, (4) Acknowledgement
markers, and (5)Inarticulate utterances are 25%, 11%,
8.6%, 26%, and 13% respectively. The last category
has been excluded from analysis without the loss of
generality.

8We can not dicide whether H repeats G’s words to show
a confirmation or only to show an understanding.The rea-
son classified this category is that this repeating utterance
has two aspect of speaker’s speech act.One aspect is a con-
firmation or for the before utterance, the other is an un-
derstanding. The observer felt these difference is not clear
by utterance. One explanation for this difference may be
that a strength and a risen of a intonation . There is room
for further investigation.

These five phenomenal categories can be viewed
as divided into the following 3 types from a strate-
gic standpoint, where the existence of the current
speaker’s invitation and the existence of a real turn
taken by the interlocuter. The three types are (A)
Invited Interruption, (B) Strategic Interruption, and
(C) Collaborative Interruption. (1)Early Response is
of the type (A) in that the utterer of utterances of
this category is invited by the current speaker and
does not intend to stop the current speaker. (2) Re-
quest for Quick Response and (3) Utterance provid-
ing New Information are of the type (B) because the
speaker who begins to speak will eventually take the
next turn, whether the interruption is invited by the
current speaker or not. (4) Acknowledgement markers
are of the type (C), where utterances are not invited
by the current speaker or intend to deprive the cur-
rent, speaker of the next turn. It follows that the three
types of interruption account for the major cases of
overlaps and that it is well motivated to give separate
explanations for them.

It should be concluded from what has been said
above that overlaps have a number of functionality
in the dialogues, and we may go on from this to in-
fer that speech act types affect the variety of turn-
taking strategies. Thus we see that the turn-taking
model suggested by Sacks et.al.(ibid.), which necessar-
ily takes overlaps as deviations from the application
of their rules, fails to account for what role the hearer
plays in taking turns in conversation. We need a model
that takes into serious consideration the role played by
the hearer, or the next speaker.

This conclusion leads us to the next question why
the next speaker start to his/her speaking before the
current speaker stops his/her talk, and how the next
speaker decides on the time point at which he or she
begins to utter. Given that the current speaker tries
to select the next speaker, and then the next speaker
begins to speak, based on the projectability of next
turn, before the current speaker stops his/her talk,
there should be a marker for a next-speaker selection
around overlapped utterance. We are concerned with
this point in Analysis 2.

4, Analysis 2

Analysis 2 is about the same set of dialogues and
overlaps. In this analysis, the question is whether the
current speaker has selected the next speaker by invit-
ing responses from him /her at the point when the other
speaker starts. Students were asked to tell whether
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Table 2: Incidents of That Detailed Types of Speech Act of Overlapping Utterances Every Conditions of Preceding
Utterances

[ Answer | Acknowledgment [ Call | Question | Suggestion | Order | Completion | Backchannel |

| Selectedness | 265 | 50 [ 3 ] 90 ] 3 [ 18 ] 14 | 84 |
[ Non-selectedness [ 97 ] 108 | 1 ] 150 | 5 [ 15 ] 36 ] 363 |
| | 362 | 158 [ 4 | 240 | 8 [ 33 | 50 [ 447 ]
[ | Statement | Discourse Marker | Self-integration [ echo [ Filler | Admiration | Unclear ]
[ Selectedness | 46 | 1 | 3 [ 14 [ 11 ] 37 [ 14 ]
| Non-Selectedness | 108 | 11 [ 3 [ 66 [ 9 [ 100 | 30 |
| | 154 ] 12 | 6 [ 80 [ 20 [ 137 [ 44 ]

each preceding utterance invites the next speaker to
start, base on the following criteria: it invites the in-
terlocutor to interrupt either if it is a ‘first pair-parts’
in the sense of conversation analysis, if it has a question
intonation, or if it ends with a tag question. It is clear
that, if the utterance preceding the overlapping utter-
ance passes the criteria above, overlaps are expected
to occur according to the projectability or predictabil-
ity for next turn. Such techniques as eye-contact and
the use of certain particles do not seem to influence
the selection of the next speaker in the map task di-
alogues, so, in the criteria above, they are not taken
into account. So we have a list of overlaps with se-
lectedness, where the current speaker has selected the
next speaker by using a certain set of linguistic means,
and those with non-selectedness, where he/she has not
done so.

Now x? test was applied to see the statistical asso-
ciation between these two characteristics of the over-
lapped utterances and the 3 types of overlapping ut-
terances - (A) Invited Interruption, (B) Strategic In-
terruption, and (C) Collaborative Interruption, as we
have seen in Analysis 1. The result confirmed a
statistical significance of the incidence between the
conditions(x2(3)662.08,p<.001), justifying the use of
residual analysis. Table 1 is a result of a statistical
analysis applied to the incident of each utterances type.
As can be easily seen, (A) Invited Interruption signifi-
cantly increases in the selectedness condition, and (B)
Strategic Interruption and (C) Collaborative Interrup-
tion markedly grow in the non-selectedness condition.

It follows from what has been demonstrated
that only (A), Invited Interruption, especially An-
swer(Table 2),as like example (2) different from the
other types of overlaps statistically, is likely to take
place while a current speaker tries to select next
speaker using the techniques with which to select next
speaker such as a ‘first pair-part,” a question into-
nation or a tag question around the nearby TRPs.
(B)Strategic Interruption, such as Statement, Dis-
course Marker, and (C) Collaborative Interruption,
such as Backchannel, account for about 60% of all are
likely to occur in non-selectedness condition. If that
is the case, the next natural question would be: Can
these two types of overlaps be totally independent of
what the current speaker is talking or doing?

5. Analysis 3

Analysis 3 aims to explain the interruptions which
are not invited in the sense of Analysis 2 in terms of
the conversational strategies taken by the speaker of
the preceding, overlapped utterance. The strategies
in question are (a) Responding Strategy, (b) Open-
ing Strategy, and (c¢) Cooperating Strategy. It should
be obvious that the speech act types of utterances in
general are determined by the strategies taken by the
speaker. We naturally assume that the types of the ut-
terances that reply or respond to preceding utterances
are motivated by the Responding Strategy, and that
Opening Strategy elicits the utterances of the speech
act type of request and providing new information,
and that acknowledgement markers, namely backchan-
nels, completions and prompts, are due to Cooperating
Strategy of the speaker.

Using the same classification scheme, 36 students
have been asked to classify the speech act types of the
overlapped utterances in 4 dialogs that contained 547
overlaps. The duration of each dialog ranges from 7’
03” to 10’ 527, with a mean around 9’. The students
were each given the task of working on one-third of
each dialog, with the agreement rate of 82.6%.

As shown in Table 3, the number of occurrences
of acknowledgement markers is small, whereas the oc-
currences of acknowledgement marker account for ap-
proximately one-third of overlapping utterances. This
remarkable frequency makes it clear that the next
speaker can’t trigger off the utterances of this speech
act type.

We compared, with the x? test, the proportion of
the three types of speech acts of overlapping utter-
ances and the two types of speech acts of overlapped
utterances except for this category. The classification
revealed that the speech act types of overlapping ut-
terances are determined by those of the overlapped
utterances(x?(6)15.89,p<.001). Table 3 also gives the
incident of each utterances type. (B) Strategic Inter-
ruption increases in the (b) Responding Strategy, while
(C) Collaborative Interruption rises in the (B) Open-
ing Strategy.

Several things the tables do not reveal but which we
believe we have to take into consideration are (1) that
most of the respondinig utterances are those utterances
of the natural categories expected from the types of
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Table 3: Incidents of That Types of Speech Act of Overlapping Utterances Every Types of Speech Act of

Preceding Utterances

Types of Speech Act of Preceding Utterances

That Types of Speech Act of || Responding Opening Collaborative | etc. Total
Overlapping Utterances Strategy Strategy Strategy
Invited Interruption 17 95 0 14 126
Strategic Interruption 21 58 0 12 91
Collaborative Interruptions 14 114 0 6 134
etc. 15 51 2 7 73

| Total [ 67 [ 318 [ 2 [ 39 424 ]

the previous utterances. and (2) that the types of the
hearer’s utterances respond to or correspond to those
of the utteraces made by the person who is apparently
addressed to°.

This result makes it clear that utterances of the
two speech act types in the non-selectedness condition
are, to a certain extent, controled by the types of the
current speaker’s utterances, and hence the conversa-
tional strategies behind. That means that the other
speaker can not interrupt when current speaker’s ut-
terance is of the type associated with (c)Cooperating
Strategy, though overlaps of the (B) Strategic Inter-
ruption take place when the current speaker speaks
who takes (a)Responding Strategy,

6. The hearer’s model of turn taking

rtbreawWe can recognize from these three analyses
the extent to which the interaction between the types
of the communicative functions of overlapped and over-
lapping utterances results in turn taking with overlaps.
We are now in a position to propose a hearer’s model
in which the hearer starts to speak while the current
speaker is still talking. The model can be stated by
stipulating the three cognitive rules the hearer appar-
ently follows. The rules are expressed in such a way
that the next speaker(N) may, or is allowed to, start
talking even while the current speaker(C) is talking.

Rule(A) Next speaker(N) may start talking in the
middle of the current speaker(C)’s utterance, ei-
ther if N is selected or if N’s interruption is invited.

Rule(B1) Whether C invites N in the middle or not,
N may interrupt C’s utterance if C takes Respond-
ing Strategy. If C stops speaking, N takes the
turn.

Rule(B2) Whether C invites N in the middle or not,
N may utter an acknowledgement marker, if C
takes Opening Strategy. When this rule is applied,
the turn is not taken.

These rules conjointly explains most of the exam-
ples discussed above. But it is to be noted the explana-
tions here do not provide sufficient conditions for the

% Acknowledements account for more than a half of the
utterances that are obviously made for the purpose of self-
defence.

occurrences of overlaps but necessary conditions, due
to the nature of the rules we have introduced. We will
see how the 3 rules above explain how the hearer is
allowed to start talking even while the current speaker
is talking, thus overlaps taking place.

The type of overlaps illustrated by the ex-
cerpt (1) will take place when Rule(A) is applied.
AB(Next speaker) starts talking in the middle of the
AA(Current speaker)’s utterance, when AB’s interrup-
tion is invited. The type of overlaps illustrated by the
excerpt (2) can be explained by using the Rule(A), too.
AD(N) starts talking in the middle of the AC(C)‘s ut-
terance as he is being invited.

Rule(B1) explains the type of overlaps illus-
trated by the cecerpt (3). AE(0356)(N) interrupts
AF(0355)(C) in the middle of the his utterance, be-
cause AF understands in the middle of AE’s utterance
that he is requested to answer AE(0354) by the ut-
terance(0356), thereby taking the Responding Strat-
egy. The type of overlaps illustrated by the cecerpt
(4) will also take place because of the existence of
the Rule(B1). AG(0100)(N) interrupts AH(0099)(C)
in the middle of the his utterance, when AH(0099) an-
swers AG(0097).

The type of overlaps illustrated by the cecerpt (6)
will take place thanks to Rule(B2). AL(0083)(N) ut-
ters an acknowledgement marker, when AK(0082)(C)
takes the Opening Strategy and starts to provide new
information. Rule(B2) accounts for The type of over-
laps illustrated by the excerpt (7). AN(0010)(N) utters
an acknowledgement marker, when AM(0008) states
new information.

The type of overlaps illustrated by the excerpt (5)
is not necessarily explicable by way of the three rules
above alone. When AJ(0336)(N) interrupts AI(0333)
in the middle of the utterance, the utterance 0333is
not an acknowledgement marker in the sense defined
in this paper'C.

7. Discussion

The model for orderly turn taking derivable from
Sacks et al(Sacks et al., 1974) is one in which the cur-

9This is actually a “real” case of interruption in the
“realest” sense of the word. AJ’s interruption is irrespec-
tive of AI's attitudes. The set of rules we have proposed
can be said to put more stress of hte collaborative nature
of conversation and dialog.
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rent speaker selects the next speaker. The model pro-
posed in this paper, on the other hand, takes hearer’s
role seriously. What has been made our kind of
hearer’s model possible is obviously the distinctions
we have made between the speech act typs and the
communicative functions of utterances involved. The
rules mention the strategies the speakers might take,
and the strategies taken are determined by the kind
of communicative functions, or the speech act types
those utterances have.

The CsN model only mentions the selection by
the current speaker, regardless of what kind of speech
acts the speakers are performing. Jefferson(Jefferson,
1984a) apparently notices the nature of the CsN model
but does not seem to have taken a step in our direc-
tion. In the “one-at-a-time” priciple entailed by the
CsN model, each participant of a conversation is sup-
posed to independently determine whether he or she
starts to talk or not, and also who speaks next or no-
body. In the model proposed here, the paricipants are
somehow committed to a certain kind of collaborative
action, and the map task in particular. The nature
of task and the course of dialog jointly determine who
starts speaking when. The model explains, in short,
the fact that in such task oriented dialogs, there are a
large number of overlaps observed.

This model assumes the the set of turn allocation
rules we have identified as the CsN model is functional
in constructing the turns we obseverd taken in conver-
sation, and add a explanatory power for a certain kind
of conversations or dialogs in which overlaps abound.
In the course of the analyses and arguments it has
been suggested that such an abundance of overlaps has
something to do with the collaborative nature of the
map task, during the performance of which our target
dialogs have been recorded. The sparcity of forceful
interruptions on the part of the hearer in the map task
dialog corpora comes from the collaborative nature of
the task, but the fact that there still are some “real”
interruptions could be a problem for our model, as we
discuss below.

8. Conclusion and remaining problems

The model proposed in this paper explains the pat-
terns of overlaps tagged in the Japanese Map Task Di-
alog Corpus and those reported by Clark. Thus the
model accounts for the cases which can not be ex-
plained by the CsN model, providing a basis for the
theory that deals with the interaction between the par-
ticipants in a dialog in general. More particularly, it
suggests that conversation must be organized by not
only the current speaker but also the hearer and some-
times by both speakers collaboratively. Further inves-
tigation is necessary as to the conversational system
into which turn allocation rules for the current speaker
and this hearer’s model are to be integrated, and which
can consistently treat all other related phenomena.

The most nagging problem for the model proposed
is the timing and the motivation of the “real” inter-
ruptions, which is a subset of what we classified as the
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Strategic Interruption. The fact that most of the inter-
ruptions are explained by the model here means that
what has been vaguely classified as “interruptions”
are not very much of the interruption but results of
hearer’s collaborative efforts which, most of the time,
end up with the turns taken. Those “real” interrup-
tions are tough to handle for researchers as well as the
participants of the conversation on the spot.
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Abstract

This paper is part of a cross-cultural study on the differences in the principles governing English dialogues between native
speakers and Chinese speakers in a special context where both sides share some linguistic and cultural backgrounds. From the
findings, it distinguished the abstract cooperative code and the concrete maxims of the Cooperative Principle, holding that the
former is prescriptive and the latter descriptive. In view of form and function of speech codes, the paper points to the universality of
CP by showing that politeness can not override the action of the maxims in certain cross-cultural contexts.

Introduction

While discussions on the relationship between
language and culture started in China in the 1950s
(Luo, 1950), pragmatic studies of cross-cultural
communication started only in the 1980s (Huang,
1984; Yan & He, 1985). Such pragmatic studies since
then have largely concentrated their attention on listing
Chinese learners’ common ‘errors’ of interaction in
English or instances of misunderstanding and
miscommunication with native speakers in the name of
‘pragmatic failure’ following Jenny Thomas (1983).
Some discuss the problems in terms of cross-cultural
conflicts of pragmatic principles and maxims. Others
attribute the problems exclusively to Chinese speakers’
communicative incompetence in a second language.
Thus, remedies were suggested such as more emphasis
on communicative approaches in foreign language
teaching, or an inclusion of culture-related courses in
the curriculum, with few studies probing into the
workings of the pragmatic principles in real-situation
cross-cultural dialogues.

The present study aimed to find out how the
general Cooperative Principle (Grice, 1975) is
actualized in the choice of speech strategies and how
the specific maxims work in accounting for what is
actually said in such a particular context of verbal
interaction. An investigation was conducted of every-
day dialogues between individuals belonging to two
different groups of speakers: Chinese English-speakers
and native English-speakers, at a national university in
Beijing. The subjects stay in the same complex and
their daily dialogues are in both English and Chinese.
They have approximately the same degree of second
language proficiency, and presumably similar degrees
of awareness to linguistic and cultural relativity.
Instances of what would have been labelled as
pragmatic failure or miscommunication due to
inappropriate verbal behaviour or sociopragmatic

match of speech acts, as is defined by Thomas (1983),
have been observed in English data (from Chinese
English-speakers) in similar patterns in comparison
with Chinese data (from native English-speakers).
Unlike common assumptions and expectations alerted
by other existing studies in China, such risky or
problematic speech acts (i.e. either Chinese-culture
oriented ones in English data or the other way round)
successfully accomplished practical communicative
tasks in particular situations.

The Investigation

This investigation was a continuation of the
research that was first started in early 1995. The
university where the research was conducted, like many
other national universities in Beijing, has an English
Department and a Chinese Language Training Centre,
the former preparing Chinese students of English and
the latter training foreign students of Chinese, mostly
from America and Great Britain. There is much out-
class communication between students from the two
departments.

In everyday communication, the two types of
language students use either Chinese or English. Since
both types of students prefer to use their second
languages more for practice, the ratio of conversations
in Chinese and English is approximately half and half.
In both cases, similar patterns of verbal behaviour have
been observed. On the one hand, speech acts in second
languages seem to be strongly influenced by those in
the speakers’ first languages. On the other hand, with
limited knowledge of their cross-cultural interlocutors’
ways of saying and doing things, both types of speakers
tend to over-generalize. For instance, in the initial
stage, Chinese students of English tend to speak
English in a typical Chinese way and native English
speakers tend to speak Chinese in their own way. Some
native English speakers take ‘Have you had your
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meal?” as a common greeting among the Chinese
people and greet their Chinese schoolmates in this way
regardless of time and place. When speakers have got
more familiar with their second languages, they can
learn more ‘proper’ ways of saying and doing things,
but they still tend to go a bit too far because of
stereotypical assumptions and over-generalizations.
While Chinese speakers of English generally assume
that Americans are informal and British people are
more formal, native English speakers assume that the
Chinese are too indirect and sometimes unfathomable.
In spite of the cultural differences, the two types of
speakers have obviously been making efforts in seeking
common grounds. Therefore, instances of inappropriate
verbal behaviour as are found in cross-cultural
pragmatics and ELT studies (Huang, 1984; Hu, 1988,
1992, 1993) did not necessarily lead to pragmatic
failure or communication breakdowns.

After these two groups of speakers had known
each other for some more time, the frequency of
miscommunicataion was greatly reduced. However, the
so-called ‘inappropriate’ verbal behaviour on either
side did not significantly diminish. At the same time,
native English speakers arriving each year are
increasingly more proficient in the Chinese language
and Chinese students of English are better equipped
with English before they enter college. Then, the
communication was based on more common factors,
and new features started appearing in the process.
While typical ‘cultural mistakes’ and ‘pragmatic
failure’ were no longer evident as the speakers became
more communicatively competent in their second
languages, certain risky and problematic speech acts
had not been wiped out but seemed to be on the rise
due to cross-linguistic and cross-cultural pragmatic
factors. Therefore, a further attempt was made to
narrow down the data on English dialogues between
these two groups of speakers.

A long list was prepared consisting of the
reported instances of pragmatic failure due to
‘inappropriate verbal behaviour’, including Chinese
speakers’ ways of greeting, initiating conversations,
asking questions, giving and accepting advice, and

responding to thanks and compliments, etc.
Meanwhile, recordings were made of real
conversations through some Chinese volunteers

interacting with native English speakers. A comparison
showed that the listed instances of ‘inappropriate
verbal behaviour’ have positive pragmatic values in the
conversations  under  scrutiny.  Tracking-down
interviews in the native English-speaker group showed
that the transcribed items in question are acceptable
and communicable, with the comments that they are
‘intuitively nothing abnormal’.

The transcribed data were then put in
questionnaires and distributed among a separate body
of native speakers of English, who have an average of
two years’ experience of studying Chinese as a second
language. 95% valid responses are retrieved (38 out of

40) through one of their Chinese language instructors
and the results are as follows.

Initiating Talks

Ways of initiating talks consists of greetings
and asking questions, ranging from the most
impersonal chat to the more personal ‘How are you?’
and ‘Are you all right today?’, from ‘I haven’t seen you
for ages’ to “What have you been doing these days?’
and ‘Where have you been recently?’. The last two are
often regarded as being inquisitive and nosy by
Chinese scholars on cross-cultural communication.
However, not even a single native English speaker
marked asterisks on any that he/she would in all
instances regard as communicatively unacceptable. To
my question whether they would take the last two as
instances of invasion into their privacy, except for three
subjects giving comments ‘It depends’, all the rest
responded negatively. They commented that ‘One is
usually able to tell the difference between nosiness and
curiosity and chit-chat’, ‘A colleague you know well
can certainly ask these questions. But if someone you
barely know is in the intention of demanding details, it
is considered as rude’. The consensus is that these
questions are not likely related to nosiness or invasion
of privacy. The only minor exception is, ‘If the
questions are repeated, I would think he is being
inquisitive’.

Receiving Compliments

Typical Chinese responses to compliments on
one’s excellence in certain skills, one’s remarkable
accomplishment, or the like are “There is nothing
worthy of note”, “You are over-praising me”, “You
may be joking”, or “It is really difficult for me to do it
well”, “I have been really working hard on it”, etc.
These responses are typical Chinese sayings when
receiving compliments, and students are therefore told,
stereotypically, that they are associated with
impoliteness in respect to the hearer. While the first
three may carry strong implications of questioning the
judgement or evaluation of the one who compliments,
the last two may indicate a strong sense of immodesty
of the one who responds to the compliment. But results
of the questionnaires show that these responses are not
inherently impolite or arrogant in the specified contexts
of situation.

Two subjects reported that the Chinese
speakers are being humble and reserved. But all the
rest made the similar comments that the responses are
‘normal’, ‘acceptable’, and ‘no problem’ because the
speaker is, or is being, modest. One subject
commented, ‘One not familiar with Chinese customs
would generally find these responses [to compliments]
annoying or impolite at best. Generally “Thank you”
will suffice, or sometimes “Thank you, but it’s nothing
really””. Another subject’s comment was, ‘I understand
the Chinese customs of modesty, so I don’t get
offended. I continue to praise my students or friends if
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they are worth because in America it’s seen as being
supportive or helpful to praise.’

Receiving Thanks

In many cases, when a native speaker thanks
the Chinese English-speaker for his/her kindness or a
favour that has been done, the Chinese, out of his own
cultural norms, may respond with “This is what I
should do’, ‘Don’t mention it’ and “It’s really nothing”
(which are literal translations of Chinese utterances in
receiving thanks), although he is taught to respond with
“With pleasure’ or ‘I’m glad to be of help’, etc.

The majority of the subjects took the ‘This is
what I should do’ type responses as being ‘the same as
“You're welcome™, ‘communicatively OK’ and “very
polite ways to acknowledge an act of kindness”. One
subject wrote, “We do this in America. We say “Don’t
think about it”, “Not a problem”, so I am QUITE
USED TO IT’. All native speakers commented that the
first response is ‘great’ and ‘normal’, and that the
speaker was modest and polite. However, three
subjects thought a little differently on the first
response. Two responded that it ‘sounds a bit
awkward’ and ‘a bit too strong’, and one commented
that ‘it is unacceptable because it is too humbling, so
“Don’t mention it” is the best’. In tracking-down
interviews, all the three subjects admitted that they
would appreciate the favour done to them and knew
what politeness was meant in the responses. The one
who regarded it as unacceptable commented that when
she heard this, she was aware of the polite message
there. Only when a non-native English learner asked
her whether it was good English, she would reject it as
unacceptable.

Accepting Offers

During visits, when a native English speaker
as host shows hospitality and offers a Chinese visitor a
cup of coffee or a tin of sprite, the visitor often replies
‘Please do not take the trouble’ or ‘No, thanks’ when
he actually means to accept the kind offer. These are
typical Chinese responses to offers: The guest pretends
to save the host trouble making such offers, and the
host will appear even more hospitable if he insists.
While politely rejecting, the guest understands well that
the host will show further politeness and continue the
offer. In fact, he is still expecting the coffee or sprite to
be brought unless he repeats his utterance or explains
why he does not want to have any. As a norm, he will
make further polite protestations when coffee or sprite
is brought and then take it after being repeatedly urged.
However, among close friends, a simple ‘“Thank you’ in
Chinese would mean a happy acceptance.

Chinese speakers of English are taught not to
say anything in a typical Chinese way in English.
While most students avoid using ‘Please do not take
the trouble’ as a proper response to polite offers, a
significant number of students do use it. While they are
taught that a ‘No, thanks’ would definitely mean a
rejection, these students do use it when they really wish
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to accept the offer. However, all the native speakers of
English in my research commented that responses of
this type in given situations are ‘polite’ and ‘normal’,
although a few of them added that ‘Most Americans
prefer a more straightforward approach’. Typical
comments are ‘It is expected. If I do not hear it, T began
to think they do not appreciate my trouble’, ‘He is
being polite and only means it if he insists’, ‘One
should take the trouble, unless it makes the guest
uncomfortable. Or if they just don’t want it, they’ll
probably say it out directly’, ‘My friends in America
are the same. They say it and I still give them a cup of
coffee’, ‘I understand culturally why they do this’, and
‘T would just bring them a cup of coffee for fear that
they are just being polite’, etc.

This result is surprising because I myself used
to strongly believe that these responses are literal
translations of a Chinese version Qing Bie Keqi, and so
I had expected more opposing comments on these
utterances of accepting offers from native English
speakers.

Giving Advice or Showing Concern

A Chinese may say to a native English
speaker “You should really go and visit the beautiful
city of Harbin’ (before Christmas), “You must get
ready by . . . (before a winter holiday), and ‘Be
careful!” or ‘Look out!” (when climbing a mountain).

These typical Chinese ways of giving advice
or showing concern led to no controversy on the issue
whether the speakers are being imposing. Responses
range from a simple ‘No’ and ‘Gosh, no’ to the most
emphatic ‘No, not at all!!!’. One subject added T’'m
used to them, and I realize most Chinese never mean to
impose’, and another added ‘I’d appreciate such
information if it was with good reason’. Still others
commented ‘I’d think they are being helpful’, ‘That’s
normal everyday talk’, ‘Only pushiness and
repetitiveness in  this case are considered
unreasonable’.

In this particular context of exchange
involving cross-cultural speakers, possible problematic
implications on the side of the Chinese speakers of
English are comprehensibly and empathetically ruled
out by the native English speakers, especially those of
nosiness (in asking questions for phatic purposes) and
pushiness (in giving earnest advice). Significantly,
when the attention of these informants was deliberately
drawn to reconsidering the issues, the subjects made
notations that the risk of pragmatic failure or
misunderstanding is only a matter of degree. For
example, they reported that Chinese students initiate
talks with native English speakers by compliments or
questions. They use compliments on various subjects
just for phatic communion, as the native English
speakers often do. And the native speakers of English
understand that their Chinese interlocutors are
choosing the safest topics possible or available, so they
do not take their remarks at the face value. Incidentally,
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the native English speakers admitted themselves
sometimes deliberately communicating in a typical
Chinese way in either English or Chinese. Even if the
topic for compliment or initiation of a talk is not the
best chosen by the Chinese, no native English speaker
reported having been offended.

However, on the relation between
conversation implicature and politeness in certain
cases, there is a drastic difference between their
interpretations. For instance, He (1988: 84) rightly
interprets the following conversation

Student: Beirut is Peru, isn’t it?
Teacher: Rome is in Romania, I suppose.

as the teacher’s violation of Grice’s maxim of quality.
However, a few pages later his interpretation goes that
the teacher is being polite, in order not to hurt the
student’s feelings, for the teacher could have made a
direct comment ‘It’s absolutely ridiculous!’ (p. 101).

More than 90% of Chinese college freshmen
under an earlier survey took the latter interpretation for
granted, except for a few who thought that the teacher
is not necessarily polite. In contrast, the pattern is just
reversed among native speakers of English. Except for
only two, all the rest of the 38 subjects gave the
comments on the questionnaires that the teacher is not
being polite in whatever circumstances, but being
‘sarcastic’ and ‘rude’. Interviews with the two subjects
responding ‘Yes’ showed that they would think so only
if the teacher is speaking in a most humorous tone and
a friendly atmosphere with obvious intentions to cause
a hearty laugh. However, a survey from Chinese
sophomores produced a pattern similar to that of the
native English speakers.

What is significant is that, in this special
context, typical Chinese ways of talking in English are
mostly  accepted rather than rejected as
incommunicable or labelled as instances of Chinese
speakers’ communicative incompetence in their second
language.  Certain  unpleasant and  impolite
conversational implicature, which may otherwise have
arisen, has been reasonably cancelled because the
speech acts concerned are not inherently polite or
impolite without considering specific contexts of
situation.

Discussion

As communication is a two-way process, what
lies behind may be the functioning of a general code, or
what Leech calls ‘Interpersonal Rhetoric’ (Leech,
1983), which consists of Grice’s Cooperative Principle
and his own Politeness Principle with their respective
maxims. The general principle of co-operation serves
as a binding force between the interlocutors who,
whether conscious or unconscious, successfully bridge
the gap between what is intended and what is actually
said in each communicative event, in terms of the
speaker’s deliberate choice of speech strategies and the

hearer’s  cooperative  attempt to infer the
communicative intentions therein. The distinction of
pragmatic competence and performance brings us to
the discussion of a distinction between the abstract
‘code of cooperative behaviour’ which already
presumes politeness, and the concrete maxims in the
Cooperative Principle put forward by Grice.

Few works discussing Grice’s theory
distinguish the two related aspects of the Cooperative
Principle: a general principle and four maxims. For
example, Levinson (1983: 101-2) treats the general
principle and the maxims as the same in nature.
Likewise, Leech (1983) makes no point of treating the
‘principle’ and the ‘maxims’ differently, saying that the
maxims are ‘special manifestations’ of the principle.
But Grice originally implies a different status of the
principle and the ‘attendant’ maxims (Grice, 1975), or
as others may call them as ‘concomitant’ maxims
(Mao, 1994).

This distinction is closely related to the nature
of the Cooperative Principle with its maxims. By the
‘code of cooperative behaviour’ which ‘organizes the
way interlocutors interpret each other’s speech’, Grice
only emphasizes the interpretative efficacy of his
maxims for conversational implicature. This may partly
account for a negligence of the other related aspect of
Grice’s principle. For example, Leech, in a later work,
characterizes the maxims of the Cooperative Principle
as ‘purely descriptive’, ‘postulated for the purpose of
explaining observed behaviour’ (Leech, 1992: 261).
However, it is the abstract code that has normative, if
not moralistic, values on the speaker’s having to be
cooperative and assuming his interlocutor’s
cooperative act in order to accomplish a sensible
communication event. Against this backdrop, the so-
called ‘conflict’ of the individual maxims, or groups of
maxims in CP and PP in Leech’s discussion, can be
better explained as a matter of explicitness in
actualizing a cooperative (and polite) act in achieving
certain communicative goals.

Conclusion

In cross-cultural circumstances, where there
are always special problems, the normative and
prescriptive values of the abstract code of cooperation
and politeness may go beyond cultures. The
assumption of mutual cooperation and politeness
between conversation participants is the key point in
securing contextually appropriate encoding and
decoding of communicative intentions. Thus, it is the
social message being conveyed that actually counts,
and it is the good or bad intentions of the speaker that
determines whether a speech act is polite. In spite of
cultural differences, there seems to be implicit norms
for the cooperative principle to be observed and the
sub-maxims to be specifically actualized (with or
without violations). Thus, pragmatic functions that
contextual utterances serve can outweigh isolated
speech forms, whether superficially polite or impolite.
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Abstract
Our everyday use of the term situation suggests that it is unproblematic to decide what constitutes a situation in which language happens.
At the same time it seems to be important to account for what a situation is like since situational factors have been found to influence
systematically the properties of the language which occurs in that situation. We are investigating a corpus of (simulated) human-computer
interaction in which the simulated system’s utterances are produced independent of what the speaker says according to a fixed schema
with recurring phases. This way, what one communication partner utters is both intra- and interpersonally comparable. The corpus thus
provides a unique opportunity to study linguistic behaviour in a completely fixed situation in which even the contributions of one of
the speakers can be controlled. Although situational variables are kept constant in this corpus, the speakers’ linguistic behaviour varies
both intra- and interpersonally. Given the hypothesized strong connection between situation and linguistic behaviour, the variability of
the linguistic properties observable constitutes a problem. With respect to intrapersonal variation, the variability can be attributed to a
change in speaker attitude towards the system. In order to explain interpersonal variation, the corpus is checked for indicators of how
speakers conceptualize the situation. What speakers believe about their communication partners can be shown to correlate with aspects
of their linguistic behaviour. Instead of defining a situation by means of extra-linguistic variables, it is suggested to treat a situation as a

speaker category, that is, as a complex concept to which the speakers themselves can be shown to attend.

1. Introduction!

Everyone can answer questions like ‘what situation are
you in,” ‘in which situation do you record your corpora,’ or
‘what would be a situation in which this or that sequence
would make sense.” The term situation therefore seems
to be quite unproblematic. At the same time, discourse
and text typologies, the number of different ‘kinds’ of dia-
logues, for instance, map task -, appointment scheduling -,
or instruction - dialogues, as well as the obligatory section
on the corpus data used in empirical studies of discourse
suggest that the situation in which language happens has an
impact on the language used in this situation. Furthermore,
concepts like register and sublanguage assume an essential
relationship between situational factors and the linguistic
properties observable.

While situational factors seem to be of influence on
the language observable, what can be found regarding di-
alogues which are recorded in absolutely identical circum-
stances with 36 speakers (19 women, 17 men) is that there
is an enormous intra- and interpersonal variation as to their
linguistic behaviour. The, old yet unanswered, question to
be asked here is thus, if the situation influences the use of
language made by the speakers, why does their linguistic
behaviour differ so much, during time and between speak-
ers?

The focus in this study will be on what the speakers’ lin-
guistic behaviour can tell us about what they think the situa-

"The research for this paper was supported by the German Fed-
eral Ministry of Education, Science, Research and Technology
(BMBF) in the framework of the Verbmobil project under grant
number 01 IV 701 F7. The responsibility for the contents lies
with the author.

tion is about themselves. The corpus investigated provides
us with the unique opportunity to study the role of indi-
vidual speakers’ conceptualizations of what the situation is
like because one of the speakers’ linguistic behaviour is ab-
solutly identical — both through time and between speakers.
Thus in the current corpus not only the external variables,
participants, task, domain, activity type, etc., are kept con-
stant, but also what one of the participants contributes. In
particular, an automatic speech processing system is simu-
lated by a human ‘wizard’ (Fraser and Gilbert, 1991), and
its linguistic output is created according to a fixed schema
with fixed recursively recurring sequences (see section 3.).
Thus, while dialogues in general are interactively achieved
(Clark, 1996), the current corpus allows us to analyse con-
trolledly the contribution of a single speaker’s conceptual-
ization of what the situation is like.

2. The Impact of Situational Variables on
Linguistic Behaviour

On the basis of Firth’s contextual theory of meaning
(Firth, 1957), Halliday et al. (1964) develop the concept
of register, the “systematic variation by use in relation to
social context” (Lyons, 1977, p.584) to account for the fact
that particularly for language teaching it is essential to con-
sider that not all linguistic forms are equally well suited
to be used in all situations: “It is only by reference to the
various situations, and situation types, in which language
is used that we can understand its functioning and its ef-
fectiveness” (Halliday et al.,, 1964, p.89). The relation-
ship between situation and linguistic properties appropriate
in it are taken to be conventional: “Linguistic features of
registers can sometimes be seen to have language-external
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causes, (...) but otherwise they must be accepted as be-
ing in the same arbitrary type of relation to the situational
features they correlate with as, in general, linguistic items
are to the situational items they ‘mean’” (Ellis and Ure,
1969, p.251-259). Language variation ‘according to use’
can therefore be accounted for by creating a situation typol-
ogy and by associating conventionally particular linguistic
features to the different situation types.

With respect to the communication partner automatic
speech processing system, Krause and Hitzenberger (1992)
have proposed a register ‘computer talk’. They describe
‘computer talk’ quantitatively as a variety in contrast to
‘normal’ language by means of the increase and decrease
of particular linguistic features. That is, they propose that
the situation is determined by the particular communica-
tion partner automatic speech processing system, and that
knowing about this suffices to predict the linguistic prop-
erties that can be observed in the speakers’ linguistic be-
haviour in the communication with such systems, at least
in comparison with ‘normal’ speech.

In addition to the role of the communication partner, a
number of criteria have been identified that determine the
linguistic properties of speakers’ utterances, which are of
relevance to automatic speech processing. For this reason,
to increase the reusability of corpora as resources for the
development of such systems, dialogues were proposed to
be classified according to these criteria. The dialogue typol-
ogy suggested by the EAGLES group on Integrated Spoken
and Written Language Resources, for instance, suggests the
following criteria by means of which corpora can be classi-
fied (EAGLES, 1998):

o Number of Participants
¢ Task Orientation

e Applications Orientation

Domain Restriction (also: which domain)

Activity Types (cooperative negotiation, instruction,
etc.)

Human-Machine Participation

Scenario

- Speaker Characteristics (gender, age, geographi-
cal provenance, smoking habits, etc.)

- Channel Characteristics (spoken vs. written)

- Other Environment Conditions (special recording
conditions, such as Wizard-of-Oz)

Besides these practical considerations, the influence
of sitnational variables on language use are investigated,
for instance, in sociolinguistics (Fasold, 1990) and in ap-
proaches to linguistic variation (Chambers and Trudgill,
1998), as well as in the ethnography of communication
(Hymes, 1972). It can be concluded that there is a strong
connection between situational variables and the properties
of the language occurring in them. Dialogues that do not
differ with respect to the situational factors can conversely
be expected to be homogeneous regarding their linguistic
properties.

3. Corpus

The data are 36 dialogues of 18 to 33 minutes length
that were transcribed and prosodically, conversationally
and lexically annotated (Fischer, 1999a). Each dialogue
consists of 248 turns on the average,2 124 of which are ut-
tered by the human speaker.® Participants (19 women, 17
men) are between 17 and 61 years old and all native speak-
ers of German.*

As a methodology for controlling inter- and intraper-
sonal variation, a fixed dialogue schema has been cre-
ated which determines the utterances made by the system.
Thus certain sequences of system output have been defined
which are combined in a fixed order, all sequences oc-
curring at least twice. These recursively recurring dialog
phases make it possible to analyse the reactions to the same
sequences of utterances at different stages of the dialogue.
The system output is thereby completely independent of the
users’ utterances. For instance, the system may ask the user
to make a proposal for a day when to meet. Irrespective of
the user’s reaction, the system will then utter that the first
of January is a holiday, simulating a speech recognition er-
ror. After the next speaker utterance, the system will assert
that it is impossible to meet at four o’clock in the morn-
ing. This sequence may occur four times in each dialogue.
The impression the speakers have during the dialogue is
that they are talking to an automatic speech processing sys-
tem that repeatedly misinterprets their utterances, and that
sometimes fails to understand completely. Furthermore, the
system produces long pauses (30 secs.) and ‘wrongly syn-
thesized,’ not understandable, utterances.

Speakers are instructed to schedule ten appointments
with the system. Before speakers are confronted with the
(simulated) malfunctioning system, they are involved in a
‘test phase’ (ca. 20 turns) of which they are told that it
is necessary so that the system can adjust to the quality of
their voices. In this phase the wizard is, contrary to the
‘real’ dialogues, cooperative. After this phase, the speak-
ers are confronted with the fixed dialogue schema. Each
of the recordings is ended by a sequence of system output
‘I did not understand’ and is then interrupted by the exper-
imenter with the comment that the machine is obviously
‘hung up’. The speakers are then asked to answer some
questions about their satisfaction with the system, whether
they believe to have been emotionally engaged and whether
they have believed to be talking to a computer. None of the
36 speakers has reported that s/he has realized that the sys-
tem output was created by a human ‘wizard’. Afterwards

2The variation, in spite of the fixed dialogue schema, is due to
the fact that speakers sometimes wait until “the system has recov-
ered”, and thus the ‘wizard’ has to initiate a nonscheduled request
to propose a date in order to continue the dialogue.

3The 124 turns were divided into six phases of approximately
20 turns each for the quantitative analyses presented in the follow-
ing sections. Phase 0 refers to the cooperative phase.

“The transcription conventions are as follows: <B>> = breath-
ing, <P> = pause, +/ter=/+ = repaired and aborted utterance,
<uh> = hesitation. Speakers are named eOxx. Each turn is
furthermore labelled according to the subdialogue and phase in
which it occurs. For instance, €0585302 is the second turn uttered
by speaker €058 in subdialogue 5, phase 3.
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they are informed about the real purpose of the recording
(that is to elicit speech in the interaction with a malfunc-
tioning system). To sum up, the ‘situation’ in which the
corpus is recorded is the following:

o Number of Participants: 2

o Task Orientation: appointment scheduling

Applications Orientation: non-applications-oriented

Domain Restriction: appointment scheduling
o Activity Types: cooperative negotiation
o Human-Machine Participation: human-to-computer

Scenario

- Speaker Characteristics: 36 speakers; 19 women,
17 men; native speakers of German; mostly from
Northern Germany.

- Channel Characteristics: spoken

— Other Environment Conditions: Wizard-of-Oz
scenario; speakers are ‘alone with the system’
during the recording.

An exerpt from a dialogue that illustrates the lacking
cooperativity of the simulated system, producing its utter-
ances according to a fixed schema, and the speaker’s at-
tempts to schedule an appointment in spite of the communi-
cation partner’s uncooperative behaviour can be found be-
low:

)] €0582305: wie wir’s denn mit dem elften ersten,
von acht bis vierzehn Uhr? [how about the 11th of
January, 8am to 2 pm?]

s0582306: Freitag, der achte erste palt sehr gut.
[Friday the 8th of January suits me well.]

e0582306: elfter erster, du Riibe. [1Ith of January,
you turnip)

s0582307: die erste Mérzwoche ist schon belegt.
[the first week of March is already occupied]

€0582307: <Noise> <P> du brauchst mal einen
Systemadministrator. elfter Januar. [you need a
system administrator. 11th of January)

s0582308: ich habe den Termin fiir Sie notiert. [/
have noted down the appointment for you]

e0582308: welchen? <P> +/ob/+ welcher Ter-
min ist +/ter=/+ <uh> notiert fiir den elften Jan-
uar? [which one? <P> whether which time was
uh noted down for the 11th of January?]

The same sequence of system utterances causes the
speaker to behave completely differently at a later stage in
the dialogue:

) e0585305: <B> fiinfter Januar, zehn bis zwolf.
[5th of January, 10 to 12.]
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s0585306: Freitag, der achte erste pafit sehr gut.
[Friday the 8th of January suits me well.]

€0585306: fiinfter Januar, zehn bis zwdlf. [5th of
January, 10to 12.]

s0585307: die erste Médrzwoche ist schon belegt.
(the first week of March is already occupied)

€0585307: fiinfter Januar, zehn bis zwdlf. [S5th of
January, 10 to 12.]

s0585308: ich habe den Termin fiir Sie notiert. [/
have noted down the appointment for you]

e0585308: sichst du, man muB nur oft genug
sagen. [you see, one only has fo repeat often
enough)

4. Variation in Speakers’ Linguistic
Behaviour

It can be assumed that, given the laboratory conditions
of the recording and the predetermined behaviour of one
of the communication partners, the situation is stable. The
question to be answered now is whether speakers also be-
have similarly regarding the linguistic properties of their
speech. If not, we have to determine what the variation is
determined by. If language use is indeed determined by sit-
uational factors such as the ones listed in the discourse ty-
pology described in section 2., the linguistic properties ob-
servable may vary only with respect to the variables speak-
ers’ age and gender.

The 36 lexically, conversationally, and prosodically an-
notated dialogues are now analysed for the speakers’ intra-
and interpersonal variation.

4.1. Intrapersonal Variation

For all of the properties annotated, systematic intraper-
sonal variation can be found. Regarding the lexical mate-
rial used, there are items, such as wunderbar (‘wonderful’),
which mostly occur in earlier dialogue phases. Other items,
such as interessant ( ‘interesting’), mainly occur in the mid-
dle of the dialogues. Items involved in cursing, such as Gott
(‘Lord’) or Scheif ( ‘shit’), can only be found in later phases
of the dialogues.

Regarding conversational strategies, especially in later
phases of the dialogues, speakers may repeat their utter-
ances irrespective of the speech act uttered by the system.
Examples (1) and (2) illustrate how the speakers conver-
sational strategies change from metalanguaging, reformu-
lation and clarification questions to simple repetition, irre-
spective of what the system utters. A statistical analysis
of all of the dialogues shows that while in the cooperative
phase there are no repetitions at all, there are 137 occur-
rences of repetitions in phase two, that is, on the average,
3.81 of 20 turns in this phase are repetitions. Furthermore,
when we consider the reactions to a particular utterance,
for example, the system’s statement that holidays will be
in June and July (when the task is to find a date for an ap-
pointment in January), the likeliness that a speaker reacts
by means of a repetition increases from 14% when this ut-
terance occurs for the first time to 43% when itis uttered a
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third time towards the end of the dialogue. Likewise, if
the system produces a sequence of incomprehensible ut-
terances, the probability that the speakers will only repeat
their utterances is five times higher when it occurs for the
fifth time than when speakers are confronted with it for the
first or even the second time (Fischer, 1999b). While in
early phases of the dialogues speakers react directly to the
system’s output, that is, acknowledging what has been said
and reacting relevantly, for instance, by means of reformu-
lations and metacommunicational statements, they cease
to try out different conversational strategies when they are
more frustrated. Figure 1 displays the distribution of repe-
titions in the different phases for female and male speakers.

Turns with repetitions per person

8
7 #men
Owomen

6

5

4

3

2

1

0 i R : L =

Phase: 0 1 2 3 4 5

Figure 1: The Distribution of Repetitions throughout the
Dialogues

Similarly, besides strictly repeating their utterances af-
ter having given up on more cooperative strategies, speak-
ers often do not react to the system’s output any more
at all, producing conditionally irrelevant utterances them-
selves which do not relate to their partner’s contributions.
The distribution of these utterances is shown in Figure 2.

Irrelevant utterances per person

B —
#men
women

Figure 2: The Distribution of Irrelevant Utterances through-
out the Dialogues

As a phonological property, hyperarticulation has been
found to occur mainly in the later phases of the dialogues,
such that 70% of all instances of hyperarticulation occur in
the second half of the dialogues (Fischer, 1999b). Figure 3

shows the distribution of the prosodic peculiarities hyper-
articulation and pausing inside words within the different
phases of the dialogues.

60 1
& hyperarticulation

B pauses inside words

Figure 3: The Occurrence of Prosodic Peculiarities in Dif-
ferent Phases of the Dialogues

4.2. Interpersonal Variation

In addition to the result that speakers change their lin-
guistic behaviour systematically during time, there are fur-
thermore interpersonal differences between speakers. For
instance, speakers can be distinguished according to which
communicative strategy they prefer: There are some who
prefer to reformulate and to use metalanguage even in later
phases of the dialogues, and there are others who begin to
repeat their utterances much more readily. There is a neg-
ative correlation of -0.6 between the use of reformulations
and metalanguage on the one hand and repetitions on the
other.

Regarding lexical material, only 36% of the speakers
have been found to use swear words for the system, some
of them however produced as many as 14 instances of such
words.

Similarly, with respect to phonological and prosodic
properties, while the speakers on the average have been
found to produce 5.14 turns per dialogue which contain in-
stances of hyperarticulation, there is one speaker for whom
as many as 74 of such turns (of 124) can be found. This
relationship is illustrated in Figure 4.

Regarding age, no significant influence could be de-
termined. With respect to the variable speakers’ gender,
there are indeed systematic differences in their linguistic
behaviour. The swear words discussed above, for instance,
were produced by only three women but by ten men. Cor-
respondingly, women use much fewer communicative acts
in which they directly or indirectly evaluate the system’s
communicative behaviour. Thus, while in the speech of
the 19 women investigated only eight instances of such
evaluations could be found, 42 were identified for the 17
men. Prosodically, no significant gender-related differences
could be found. To sum up, however, the interpersonal vari-
ation observed cannot be solely attributed to differences in
gender or age.
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Number of turns with hyperarticulations

1847

ae013
" Craverage women
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Figure 4: The Interpersonal Variation regarding Hyperar-
ticulation for Female Speakers in Different Phases of the
Dialogues

4.3. Consequences of Intra- and Interpersonal
Variation for the Concept of Situation

Systematic intrapersonal variation could be found such
that cooperative behaviour is slowly replaced by uncooper-
ative linguistic behaviour. This is obvious for the conver-
sational strategies employed which aim at increasing un-
derstandability for the computer in earlier phases, such as
reformulation. However, also hyperarticulation, strong em-
phasis, syllable lengthening, inclusion of pauses etc. can
be interpreted as partner-oriented, cooperative, strategies
which aim at increasing the understandibilty of utterances
(Oviatt et al.,, 1998). This is supported by the fact that
speakers often cease to use these strategies after some time
when they have found out that they are not helpful. Be-
sides the varying attempts to increase understandability by
means of particular strategies, the systematic intrapersonal
variation can be attributed to a change in speaker attitude
(Fischer, 1999c). This interpretation is supported by the
fact that all subjects have reported afterwards that they were
emotionally engaged.

While intrapersonal variation can be attributed to
changing speaker attitude, regarding interpersonal variation
an explanation for the differing linguistic behaviour is still
missing. The claim made in this paper is that instead of
explaining the speakers’ use of linguistic properties on the
basis of extralinguistic aspects of the situation, that what
really determines their linguistic behaviour is how they UN-
DERSTAND the situation. The variable linguistic behaviour
observable is thus proposed to result from different ways of
conceptualizing the situation. This view is in accordance
with Gumperz (1982) who writes that instead of relying
“on a priori identification of social categories” (Gumperz,
1982, p.130), “linguistic diversity serves as a communica-
tive resource in everyday life in that conversationalists rely
on their knowledge and their stereotypes about variant ways
of speaking to categorise events, infer intent and derive ex-
pectations about what to ensue. All this information is cru-
cial to the maintainance of conversational involvement and
to the success of persuasive strategies” (Gumperz, 1982,
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p.130).

5. What Speakers Understand as the
Situation

The methods used to determine how speakers under-
stand the situation include first of all the analysis of the
assertions speakers make in the questionnaire they fill out
after the recording. Thus, some write in the questionnaire
that they have found the interaction amusing, explaining
that ‘he couldn’t annoy me, since it is a machine without a
soul,” while most speakers find it enervating and annoying.
This information can indeed be found to have consequences
for the linguistic properties of the dialogues: While speak-
ers who report to have been annoyed produce 47.68 turns
on the average which include instances of hyperarticula-
tion, syllable lengthening and pausing between syllables,
those who report to have been amused produce no more
than 13.25 turns on the average with such linguistic prop-
erties. This difference is significant (p < .05, two-sided).
Figure 5 illustrates this:

amused

annoyed i ‘

£ £ £ £ ; ’
0 10 2 30 40 50

Turns with prosedic peculiarities per person

Figure 5: Number of Turns Containing Prosodic Peculiari-
ties for Amused and Annoyed Speakers

Methodologically more importantly, however, speakers
display their understanding of what the situation is like in
their conversational behaviour (Sacks et al., 1974), by de-
signing their utterances for the communication partner. For
instance, the speaker in the following example displays in
her repetition that she believes increased loudness, a change
in her pattern of emphasis (indicated by capital letters), syl-
lable lengthening (<L>) and pauses between the words
(<P>) to increase the understandability of her speech:

3) e01 1“8204: am MONTtag, dem VIERten ersten, von
ZWOLF Uhr bis vierzehn Uhr. (on Monday, the
4th of January, from 12am to 2pm.)

s0118205: Mittwoch, der sechste erste, von acht
bis zehn Uhr ist schon belegt. (Wednesday, the 6th
of January, from 8 to 10 am is already occupied.)

e0118205: <B> <:<very loud> AM
MONtag: >, dem VIERten ERSten, von ZWOLF
bis VIERzehn UHR. (on Monday, the 4ih of
January, from 12am to 2pm.)
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s0118206: Donnerstag, von acht bis zehn Uhr ist
schon belegt. (Thursday, from 8 to 10am is already
occupied.)

e0118206: am Mo<L>nta<L>g, <P> dem
VIERten ERSten, <P> von ZWOLF bis
VIERzehn UHR. (on Monday, <P> the 4th of
January, <P> from 12am to 2pm.)

While this speaker even increases her strategy of syl-
lable lengthening during the dialogue, the instance of in-
creased loudness in this example remains the only one in
the dialogue. Furthermore, the speaker ceases to hyper-
articulate towards the end of the interaction. Thus, the
linguistic properties observable can be seen as strategies
speakers try out in the interaction with their communication
partner, and they cease to employ them when they realize
that they do not help. That is, by using particular strate-
gies, speakers display how they design utterances for their
recipients and thus they indicate their expectations about
their communication partners to them (Hausendorf, 1993),
as well as to the analyst (Sacks et al., 1974).

Besides this implicit information on what speakers’
may believe about the capabilities of their communication
partners, speakers may also comment on the system more
directly. In example (2), for instance, the speaker displays
his theory that repeating his utterance often enough will
lead to successful understanding. Likewise, in the follow-
ing example, the speaker explicitly announces his strategy
to speak very slowly:

“) €0375303: ja, aber ich rede jetzt von abends. so.
noch mal, ganz langsam. Montag, der elfte erste,
von <laugh> zwanzig bis zweiundzwanzig Uhr.
[ves, but I'm talking about the evening. so. once
again, very slowly. Monday, the 11th of January, 8
to 10 pm]

In example (5) the speaker shows that she expects the
system to be consistent in its utterances:

&) e0067303: ja, eben sagten Sie aber, da wire noch
was frei. [yes, but a minute ago you said that there
is still something free]

Besides expecting consistency, speakers assume the
system also to remember what has been said before:

(6) s0025304: Freitag, der fiinfzehnte erste, von
sechzehn bis achtzehn Uhr ist noch frei. [Friday
the 8th of January from 4 to 6 pm is still free]

€0025304: das sagt’ ich bereits, +/da/+ zu diesem
Termin kann ich nicht ...[[’ve already told you
that I have no time then]

Some time later in the dialogue, the speaker, in reaction
to the same proposal by the system, repeats that he has been
rejecting the proposal throughout the dialogue and thus dis-
plays that he expects his communication partner to recall
that he had already rejected that date:

@) s0025304: Freitag, der flinfzehnte erste, von
sechzehn bis achtzehn Uhr ist noch frei. [Friday
the 8th of January from 4 to 6 pm is still free]

€0025304: das geht schon die ganze Zeit bei mir
nicht ...[this has not been working for me the
whole time)

In contrast, in the following example, the speaker dis-
plays her understanding of the system’s behaviour as help-
ful:

®) ¢0323204: Dienstag,  vierzehnter erster
neunzehnhundertneunundneunzig, von achtzehn
bis zweiundzwanzig Uhr. (Tuesday the 14th 1999
from eighteen to twenty-two hundred hours.)

$0323205: Donnerstag von acht bis zehn Uhr ist
schon belegt. (Thursday from eight to ten is al-
ready occupied.)

€0323205: (...) am Donnerstag, den vierzehn-
ten ersten neunzehnhundertneunundneunzig,
achtzehn bis zweiundzwanzig Uhr. (on Thursday
the 14th 1999, eighteen to twenty-two hundred
hours.)

s0323206: ich habe den Termin fiir Sie notiert. (I
have noted down the appointment for you.)

€0323206: jetzt versteh’ ich. ich muf} deut-
lich sagen den Unterschied zwischen acht und
achtzehn. danke fiir den Hinweis. (row [ under-
stand. I have to say clearly the distinction between
eight and eighteen. thank you for the tip.)

In another instance, she suggests that the problems they
may have with each other may result from the fact that they
do not work with the same calendar. At the same time,
she treats the system as if it was another, embodied, human
being, having to have the calendar ‘in front of him:’

) €0322203: <B> Montag, der achtzehnte er-
ste neunzehnhundertneunundneunzig, von acht bis
dreizehn Uhr. haben Sie da Zeit? (<B> Monday
the 18th of January 1999 from 8am to 1pm. do you
have time then?)

$0322301: der siebte Februar ist ein Sonntag. (the
7th of February is a Sunday)

e0322301: jetzt haben wir uh grofle
MiBverstdndnisse.  <B> uh sind Sie nicht
auch haben Sie nicht den Plan von Januar vor
sich liegen? <P> wir miissen Termine im Januar
vergeben. (now we have uh great misunderstand-
ings. <B> uh aren’t you don’t you also have the
calendar for February in front of you? <P> we
have to schedule appointments in January.)

Her understanding of her communication partner as a
human being is mirrored in her linguistic behaviour which
mainly consists in reformulating and explaining her inten-
tions. Her understanding of her communication partner also
becomes clear through the following utterance:
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(10) e0324304: so, so. Sie verwechseln jetzt den
Wochentag mit der Uhrzeit. da haben wir ja beide
Probleme. vielleicht sind Sie Auslidnder. {oh well.
you are mixing up the day with the time. seems
we both have problems with that. maybe you are a
foreigner]

As a last example, speaker €004 switches from the for-
mal form of address in German to the informal one during
the interaction:

(1D e0043205: <B> ich wiirde dann gerne mit Thnen
diesen vier-stindigen Termin am Montag, den
achtzehnten Januar, um acht Uhr morgens verein-
baren. [/ would like to make this four-hour meeting
with you on Monday the 18th of January at 8am)

s0044101: ich habe den Termin fiir Sie notiert.
<P> bitte machen Sie einen Vorschlag. [I have
noted down the appointment for you <P> please
make a suggestion)

e0044101: konnten wir uns nicht am Sonntag, den
zehnten Januar, +/a/+ gegen Abend, achtzehn Uhr
treffen? [couldn’t we meet on Sunday the 10th of
January in the evening, 6pm?]

s0044102: dieser Termin ist schon belegt. [this
date is already occupied]

€0044102: und eine Woche spéter, Sonntag, der
siebzehnte Januar. [and a week later, Sunday, the
17th of January)

s0044103: ich habe Sie nicht verstanden. [I did
not understand)

e0044103: am Sonntag, den siebzehnten Januar,
hast Du denn da noch Zeit, um Dich mit mir zu tr-
effen, sagen wir vierzehn Uhr.[on Sunday, the 17th
of January, would you have still time to meet me,
say at 2pm)

The speaker’s linguistic behaviour is characterized by
reformulations and, correspondingly, the lack of repeti-
tions, assessments, and criticism. Thus, her conversa-
tional behaviour is cooperative till the end. Prosodically,
there are no more than three instances of particularly
strong emphasis on certain syllables, only two instances
of syllable lengthening, and no instances of hyperarticu-
lation or pauses inside words. Thus, her informal address
of her communication partner (note also the wir ‘we’ in
€0044101) corresponds to her treatment of the system as a
familiar person. This is furthermore mirrored in her follow-
ing suggestion:

e0045206: <B> konnen Sie denn Ihre Mit-
tagspause auch erst um vierzehn Uhr machen, so
daB wir uns dann treffen kénnen? [could you per-
haps take your lunch as late as 2 pm so that we
could meet then?}

(12)
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While she has switched to the formal form of address
again at this later stage of the dialogue, she pretends her
communication partner to eat lunch, that it has a particular
time when to eat lunch, and that it would mean a concession
for it to postpone it. Thus, she treats her communication
partner as if it was an embodied person.> This conceptu-
alization of her partner determines not only what the situa-
tion means to her, namely a cooperative negotiation of dates
when to meet, it also influences the lexical, conversational,
and prosodic properties of the language she uses.

6. Conclusions

In this paper it was shown that what a particular sit-
uation consists in is not entirely defined by external vari-
ables. Instead it depends also on how speakers conceptual-
ize the situation. The corpus investigated thereby provides
a unique opportunity to study the contribution of a single
speaker’s conceptualization of the situation. As a means of
identifying what speakers believe about the situation, data
from questionnaires were used as well as implicit and ex-
plicit information from the interactions with their commu-
nication partner. The different conceptualizations of the sit-
uation have been found to have correlates in the linguistic
behaviour observable. However, the conclusion cannot be
that if the conceptualization of the situation is taken into
account, the speakers’ linguistic behaviour could be com-
pletely predicted. Instead, the speakers have been found
to constantly define and, if necessary, redefine what they
understand the situation to consist in, depending on their
current hypotheses about their communication partners and
on their own emotional state.

Methodologically, the results from this study point to
ways of how to determine what a situation consists in, at
least for the speakers themselves: Since speakers constantly
display their understanding of the situation to their commu-
nication partners, as well as to the analysts (Sacks et al.,
1974), we just need to look at the speakers linguistic be-
haviour in order to determine what the situation is all about.
This would help us to construe the category sifuation not as
an a priori descriptive category based on our intuitions, but
as a speaker category, that is, as a complex concept to which
the speakers themselves can be shown to attend.
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Abstract
We study the dynamics of belief in cooperative task-oriented man-machine dialogues. We introduce a modal logic of action, belief and
intention, where intention has a non-normal modal logic. We focus on two aspects of speech acts: we define a semantics to take into
accounta feedback from the adressee of a speech act; we characterize indirect speech acts.

1. Introduction

Task-oriented man-machine dialogue is one of the most
important challenges for Al Participants in such dialogues
have one major common goal, viz. to achieve the task un-
der concern. Each of the participants has some informa-
tion contributing to the achievement of the goal, but none
of them can achieve it alone.

Cooperativity is a fundamental and useful hypothesis.
Informally, an agent is cooperative w.r.t. another one if the
former helps the latter to achieve his goals (cf. Grice’s co-
operation principles, as well as his conversation maxims
(Grice, 1989)).

Cooperativity does not always entail sincerity because
unsincerity may serve cooperativity (Longin, 1999). We
suppose here that each participant is sincere. This means
that his utterances faithfully mirror his beliefs: if a partici-
pant says “the sky is blue” then he indeed believes that the
sky is blue. Such a hypothesis entails that contradictions be-
tween the presuppositions of an utterance and the hearer’s
beliefs about the speaker cannot be explained in terms of
lies.

We finally suppose that utterances are public: all the
agents perceive the performance of an utterance (but might
misinterpret them).

The background of our work is an effective generic real-
time cooperative dialogue system which has been specified
and developped by the France Telecom R&D Center, as
an instantiation of a rational agent technology called AR-
TIMIS (Sadek et al., 1997, 1996). This approach consists in
first describing the agent’s behaviour within a logical theory
of rational interaction (Sadek, 1991a, 1991b, 1992, 1994),
and second implementing this theory by an inference engine
(Sadek et al., 1997; Bretier, 1995). The latter is the kernel
of ARTIMIS. For a fixed set of domains, this system is able
to accept nearly unconstrained spontaneous language as in-
put, and react in a cooperative way. The activities of the dia-
logue system are twofold: to take into account the speaker’s
utterances, and to generate appropriate reactions. The reac-
tive part is completely defined in the current state of both
the theory and the implementation. On the other hand, the
consommation of an utterance is handled only partially, in

particular its belief change part.

In the next sections we introduce the ingredients of our
BDI framework, summarizing (Herzig and Longin, 1999a).
First we define our multimodal language (Sect. 2.). Then
we give a simple theory of topics: we associate a set of
topics to every formula (its subject), every agent (his com-
petence), and action (its scope) (Sect. 3.). Then we define
a topic-based possible worlds semantics of dialogue acts,
with an appropriate semantics of intention and of the update
of the agents’ mental states after an action. It also integrates
(possibly non-linguistic) actions of feedback (Sect. 4.). Fi-
nally we sketch how indirect speech acts can be inferred in
that framework (Sect. 5.).

2. The multimodal language

As most of the authors, we work in a multi-modal
framework, with modal operators for belief, mutual belief,
intentionand action. Our language is that of first-order mul-
timodal logic without equality and without function sym-
bols.

Let AGT be the set of agents. For every i,j €
AGT, there are modal operators Bel;, Intend; and Bel, ;.
Bel; A is read “agent i believes that A”, and Intend;A
is read “agent ¢ intends that A”. Bellf;A abbreviates
Bel; AV Bel;~A. Bel, ;A is read “i and j mutual be-
lieve that A”. For example in a ticket selling scenario,
Bel, Dest(Gdteborg) expresses that the agent u believes
that the destination is Géteborg. !

Speech acts (Austin, 1962; Searle, 1969) are repre-
sented by tuples of the form (FORCE; ; A) where

e FORCE € {Assert, Inform, Request,
QueryYN, QueryWh} is the illocutionary force
of the act,

o 1,7 € AGT, and

¢ A is a formula (the propositional content of the act).

'In our ticket selling scenario, u is the user of a man-machine
dialogue system s.
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For example, (Inform, , Dest(Goteborg)) repre-
sents a declarative utterance of the user u inform-
ing the system s that his destination is Goteborg;
(QueryYN,, ; Bel, Price(150 €)) means « the user asks
the system if he believes the price is 150 € ».

Actions are either speech acts, or physical actions such
as (Give; ; salt) (the agent ¢ gives the salt to the agent j).
Let ACT be the set of all actions, containing in particular
all speech acts. With every @ € ACT we associate modal
operators Done, and Feasible,. Doney A is read “a has
just been performed, before which A was true”. Done, T
is read “a has just been performed”. Feasible, A is noth-
ing but the () A of dynamic logic (Harel, 1984), while
Doneq A is (@™ 1) A.

Bel  Dest(Goteborg) is an example of a formula.
Another one is Bel,(Dest(Goteborg) A Class(lst) —
Price(150 €)). The latter is also a nonlogical axiom (alias
domain law), allowing the system to deduce the price from
information about destination and class. Another meaning-
ful example is the formula Done(inform,,, p) Bel, p express-
ing the sincerity of u (which is also a domain law) : the
agent u has just informed the agent s that p, before that u
believed that p.

Atomic formulas are noted p,q,... or P(t1,...,%,).
Atm is the set of all atomic formulas. Formulas are noted
A B, ....

3. Adding topics

The competence of agents and the influence of speech
acts. Which mental attitudes of an agent can ‘survive’ the
performance of a speech act «? In our approach, we pro-
ceed in two steps: the hearer always accepts the indirect
and intentional effects, but not all of their consequences.
We consider that if there exists a relation of influence of o
towards an attitude, then the latter cannot be preserved in
the new mental state.

A topic-based approach. All this presupposes that we
are able to determine the competence of an agent and the
influence of a speech act. In our approach, we base both
notions on the concept fopics. This is a natural and intu-
itively appealing concept, and it allows us to fine-tune the
consommation of speech acts.

Topics are well studied in linguistics and philosophy
(Ginzburg, 1995; van Kuppevelt, 1995; Lewis, 1972). Ep-
stein (Epstein, 1990) associates to a formula its subject mat-
ter, and defines two formulas as being related if they have
some subject matter in common. Generalizing his idea, we
associate a set of topics to every agent ¢, speech act o, and
formula A. Then we consider that ¢ is competent at a topic
if and only if that topic is associated to ¢. And a speech act
« influences a topic if that topic is associated to o.

We have developped a metalinguistic theory of topics in
(Herzig and Longin, 1999a). We give a brief overview in
the rest of the section.

Themes and topics. Topics are themes in context. We
suppose that there is a nonempty set of themes, such as
destinations, classes, and prices in a ticket selling scenario.
Our notion of theme is very closed to the Epstein’s subject-

matter. But we need here a more subtil notion and we in-
troduce now the notion of context.

For 1 € AGT, ma; is called an atomic context. ma;
stands for “the mental attitude of agent ¢”. A context
is a possibly empty sequence of atomic contexts, noted
ma;,ima;, ... ma; . A theme t together with a context
¢ makes up a topic of information, noted c:t. For example,
may:price is a topic consisting in the user’s mental atti-
tude at prices, and mazmay:price is a topic consisting in
the system’s mental attitude at the user’s mental attitude at
prices.

The empty context is noted A. By convention

Xe=cl=c, M
Xt = 1. 2

Moreover, we require ma;:ma; = ma;. This identity
is justified by principles of introspection that are valid in
standard modal logics of belief.

Given a set of themes and a set of agents we note T the
associated set of topics.

The subject of a formula. The subject of a formula is the
set of topics the formula is about: subject(A) C T. For ex-
ample, subject(Bel, Class(1st)) = {ma,:class}, and ex-
presses that Bel, Class(1st) is about the system’s attitude
at classes.

By (1) and (2), every theme is a topic and then, e.g.
subject(Dest (Goteborg)) = {M:dest} = {dest}.

The competence of an agent. We suppose that we can
associate to each agent a set of topics, the topics he is com-
petent at: competence(s) C T. For example, in our ticket
selling scenario, the user is competent at destinations and
classes, but not at prices.

The scope of an act. The scope of an act « tells us
which mental attitudes of an agent are influenced by
this act: scope(e) C T. An act always influences
the hearer’s beliefs about the speaker’s attitude towards
the propositional content. Consider e.g. the speech act
where the user informs the system about the ticket price.
This speech act influences the system’s beliefs about the
user’s attitude towards prices. Hence maz: ma,:price €
scope((Inform, ; Price(150 €))). Formally, if ¢ €
subject(A) then

maj:mazt € scope((FORCE; ; A)) 3

for every illocutionary force FORCE. In the case of request,
these mental attitudes are typically the only ones that are
influenced.

Interactions. Is there a relationship between these func-
tions? We propose the following axiom for acts of the in-
formative type.

If oo =(Inform; ; A) and ¢ € themes(A) N competence(¢)
then t € scope(r) and maj:t € scope().
)
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Suppose e.g. the user informs the system about his des-
tination. As the user is competent at destinations, this in-
fluences the system’s factual beliefs about the destination.
And also about prices: a new destination means a new price.
Hence scope((Inform,, s Dest(Goteborg))) contains dest,
price, magdest and mag:price. Postulates for other illu-
cutionary forces are in (Longin, 1999).

4. Towards a semantics of dialogue acts

We aim at a semantics having both a complete ax-
iomatization and an associated automated deduction pro-
cedure. This has motivated several choices, in particular a
Sahlgvist-type possible worlds semantics (Sahlqvist, 1975),
for which general completeness results exist, and a notion
of intention that is primitive (contrarily to the complex con-
structions in the literature). Intentions have a non-normal
modal logic, reflecting that they are not closed under con-
junction and implication. They can nevertheless be reduced
to the Sahlqvist framework (Farifias del Cerro and Herzig,
1995).

Semantics is in terms of possible worlds models
(W, 8, D, V), where

o W is a set of worlds;
e D is the domain of objects;

e V is a valuation mapping variable and constant sym-
bols to elements of D, and associating to each possible
world w € W an interpretation V,, of predicate sym-
bols;

e S is a collection of structures on W, consisting of
- partial functions
Dy : W — W forevery o € ACT, %)
— mappings
B, W — 2% foreveryi € AGT  (6)
- and mappings
T, W — 22" foreveryi € AGT.  (7)

The B; are accessibility relations as usual. The set of
possible worlds B;(w) is called the belief state of i. The
partial functions D, correspond to deterministic accessibil-
ity relations. D, (w) represents the possible result of «v. The
Z; are neighbourhood functions (Chellas, 1980, Chap. 7).
Every set of worlds U € Z,;{w) stands for an intention of 3.

The satisfaction relation IF is defined as usual. A useful
abbreviation is [A] = {w € W : w |- A}, called the
extension of the formula A. Then

wlk P(ty, ... tn) -
if (Va(t1),- .-, Vo (tn)) € Vi (P);

the standard truth conditions for the connectives
of classical logic are still true;

®
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w |k Feasible, A

if Dy (w) is defined and Dy (w) € [A]; (10)
w Ik Done, A
i D=1 (w) is defined and D3 (w) € [A]; (V)
w Ik Bel; A if B; (w) C [A]; (12)
w - Intend; A if [A] € Ti(w). (13)

Contrarily to previous work of ours in (Herzig and
Longin, 1999a), our notion of intention is not necessar-
ily closed under logical truth, logical consequence, con-
junction, and material implication.? This is in accordance
with Bratman’s (1987), Cohen&Levesque’s (1990a; 1990b)
and Sadek’s (1992) analyses of intention. Contrarily to
these approaches, intention is primitive here, as in (Rao and
Georgeff, 1991) and (Konolige and Pollack, 1993). We thus
generalize the semantics in (Konolige and Pollack, 1993),
where only closure under logical consequence had been
given up. The only principle that is valid is

A=B
Intend; A = Intend; B

(14)

We have chosen this solution for three reasons. First,
building intention from other primitive notions such as
goals or desires leads to various sophisticated notions of
intention, with subtle differences between them. We have
kept here only those properties common to all of them, viz.
extensionality. Second, the definitions in the literature are
rather complex, and it is difficult to find complete auto-
mated theorem proving methods for them, while our analy-
sis enables more or less standard completeness techniques
and proof methods. Third and most importantly, we think
that our simplified notion of intention is sufficient in most
applications.

Indeed, we think that rather than the interaction of inten-
tions with goals or desires, it is their interaction with belief
which is crucial. For example, an agent 7 should abandon
his intention that A when he starts to believe that A. This is
guaranteed by the semantical constraint

U N B;(w) = 0 forevery U € Z;(w). (15)

Syntactically, this corresponds to validity of the axiom
schema

Intend; A — Bel;—A (16)

2Hence our semantics does not validate

A
Intend; A
A— B
Intend; A — Intend;B
Intend; A A Intend; B — Intend;(A A B)

Intend; A A Intend;(A — B) — Intend;B

which are all valid in any normal modal logic.
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This axiom together with the standard axiom for belief
Bel,mA — —Bel;A (17)
entails
Bel, A — —~Intend;A (18)

as expected.

Models must satisfy several other constraints. In par-
ticular, if an atom is independent of o then its truth value
should be preserved. Hence we would like to validate

A — —Doney—A if scope(a) Nsubject(A) =0 (19)
This is guaranteed by the semantical constraint

If Do (w) is defined and subject(p) N scope(a) = 0

then {p € Atm | w I p} = {p € Atm | Da(w) I p} @9

We have defined other constraints warranting preserva-
tion of beliefs and intentions that are independent of a given
act. We have also defined a topic-based belief adoption con-
straint stipulating that belief should amount to knowledge
in the case of competence; formally we thus validate the
axiom schema

Bel; A — Aif subject(A) C competence(q) (21)

The semantical constraint associated to the above axiom
is as following :

For every w € W and every agent i
there is some v € B;(w) such that
Atmyy (w, competence(i)) =
Atmyw (v, competence(?)).

(22)

This means that in the belief state of ¢ there is a “witness
world” mirroring the part of the actual world ¢ is competent
at.

Following Sadek (1991b), we associate with each
speech act its preconditions and effects. Consider e.g. the
informative act (Inform; ; A). It has the sincerity precondi-
tion Bel; A and the precondition of relevance to the context
= Bel; Bellf ;A. (Inform; ; A) has an intentional effect (in
the Gricean sense, viz. Intend; Bel; Intend; Bel ; A), an in-
direct effect (viz. the persistence of preconditions after the
performance of the speech act), and a perlocutionary effect
(expected effect).

Our agents being autonomous, the expected effect of
an act does not obtain systematically. This means that the
perlocutionary effect is not always consumed, in the sense
that the propositional content is not necessarily added to
the hearer’s belief state. In the case where the new men-
tal state (obtained by the admission of a speech act and the
consommation of his indirect and intentional effects) en-
tails the perlocutionary effect, then we say that the latter
has been consumed.

The indirect effect of precondition preservation is prob-
lematic in the case of the relevance precondition: it means
that the speaker believes that the expected effect of his
speech act has not been consumed by the hearer. Our idea is

to integrate a feedback from the hearer into the speech act.
Thus, the latter is considered to be completely performed
when the feedback has been consumed by the speaker.

In this perspective, we propose that the relevance pre-
condition should not be preserved, but should be (tran-
siently) replaced by a particular effect. This effect must
express that transitionally, the speaker doesn’t know any-
thing about the hearer’s attitude towards the propositional
content of his act. For example, after the informative speech
act (Inform; ; A), the speaker  ignores whether the adressee
J believes A, i.e. neither Bel,=Bellf ;A nor Bellf; Bel; A
should hold. This means that (Inform; ; A) should influence
the speaker’s mental attitudes towards those of the hearer
about the subject of A. Formally, if ¢ € themes(A) then

mai:maj;:t € scope((Inform; ; A)) (23)

Feedback actions are not necessarily speech acts. Being
about some proposition A, they take the form

(Feedbacky, s A).

Semantically, such actions are very similar to informative
speech acts. In particular they have the same scope:

scope((Feedback; ; A)) = scope((Inform; ; A)). (24)

They are related to dynamic logic test actions. Indeed, we
may consider that (Feedback ; ; A) amounts to testing truth
of the formula Bel, A.

5. Towards a formalisation of indirections

In this section we propose an analysis of indirect speech
acts in our framework. We illustrate our purpose by the case
of directive speech acts. Consider the following utterances:

1. Give me the salt!

I ask you to give me the salt!
You give me the salt.

You can give me the salt.
Can you give me the salt?

I want you to give me the salt.

AU S

You must give me the salt.

The main speech act is the act intended by its author. It can
be performed directly or indirectly. In the above utterances,
the main speech act is an order from the speaker s to the
hearer h to give him the salt. This main speech act is di-
rect in the cases of (1.) and (2.), and indirect in the cases
of utterances from (3.) to (7.). With respect to Searle’s
point of view of indirection notion, if the mean of the ut-
terance and the mean of the speaker match, the speech act
performed is purely direct, and indirect(ly performed) else
(Searle, 1979).

Let oy = (Request, j, p) be the speech act correspond-
ing to the utterance (1.). Suppose 8 = (Givey, , salt) is the
action requested in «;. (Hence the propositional content
p of ay is DonegT.) From Searle’s point of view, ¥,
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the preparatory precondition of ay, is Feasibleg T (viz. the
hearer can perform ). And its sincerity precondition U ,
is Intend ;Doneg T (s wants h to perform f3).

Roughly speaking, « (representing (2.)) can be identi-
fied with ;. More precisely, the latter is an implicit direct
speech act, while the former is an explicit direct speech act.
The main speech act of (1.) and (2.) being direct, their main
speech act is identified with ¢ (and ).

Suppose now the main speech act is obtained indirectly.
How can we infer it from the associated litteral act? Ac-
cording to Virbel (Virbel, 1999), a small set of rules is
enough to characterize a large set of indirect speech acts®.
For example, to obtain the main speech act of (1.) (viz. 1),
we can:

e assert its propositional content p (as in (3.))

o assert its preparatory condition (as in (4.))

e query about its preparatory condition (as in (5.))
e assert its sincerity condition (as in (6.))

o assert on the obligation to perform £ (as in (7.))

We thus have a set of simple and elegant properties of in-
direct speech acts. Utterances from (3.) to (7.) can be
respectively represented by the following speech acts:

o a3z = (Assert, , p),

o ay = (Assert; p 2o, ),

o a5 = (QueerNs’h San)s
o ag = (Assert, , U, ),

o a7 = (Assert, , MustPerform(h, B)).

When can we infer an indirect act o' from a direct
a? For example, consider as = (QueryYN, , ¥4,),
querying the preparatory precondition X, =
Feasibleg T. The precondition of context rele-
vance of ag is —Bellf, FeasiblegT. If h pre-
supposes that s has satisfied the preconditions of
a5, then  Bel,Doneo,—Bellf Feasibleg T holds.
Suppose now that we are in a situation where
Bel ), Doney Bel), Bel Feasibleg T holds in the memory
of the hearer. Then this type of indirection is characterized
by the inconsistency of the preservation of (a part of) the
memory with the preservation of the presuppositions. This
makes it possible to infer (at the meta-level) Doney, T
from Doneq, T.

We can generalize this approach to the other indirec-
tions, and we hope also to other classes of speech acts (such
as indirect assertive speech acts).

3A large set of (meta-)rules describing indirections can be
found in (Bretier, 1995). Although the Bretier’s approach and the
Virbel’s approach have been both developped separately the one
from the other, there are several similarities between them. We
adopt here the Virbel’s approach because it seams to us more gen-
eral
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Our analysis is compatible with our approach to belief
dynamics: all we have to do in the belief preservation and
adoption process is to take into account the set of precon-
ditions and effects. Thus, as the feedback is viewed as a
particular action, the hearer can admit it in the same way as
the other actions.

6. Conclusions

We have defined a multimodal logic of actions, beliefs,
and intentions, integrating both speech acts and physical
actions. We have provided a simple non-normal semantics
for intentions, and thus removed some problems concerning
closure of intentions under logical consequence and con-
junction,

We have also refined the analysis of speech acts towards
a two-step process, taking into account feedback actions.

Finally, we have sketched how to characterize indirect
speech acts within that framework.
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Abstract
The alleged opposition between dialogue games and plans and goals as approaches to the study of natural language dialogue is false;
the two approaches are complementary. On the one hand, plans and goals may function as a semantics to interaction patterns studied as
dialogue games. On the other hand, dialogue games are ‘compiled-out’ recipes for joint action. This claim is illustrated by a dialogue
model for inquiry and transaction that uses aspects of both approaches.

1. Introduction

Dialogue models of a more or less formal nature are needed
for the design and evaluation of natural language dialogue
systems. With respect to such models ‘dialogue engineers’
can design a system for a particular application and later as-
sess its performance with respect to the specifications (Hul-
stijn, 2000; Bernsen et al., 1998). Three aspects need to
be modeled: the information structure of the objects and
attributes that play a role in the application domain, the
task structure of the available actions and plans that play
a role in the application, and finally the interaction or di-
alogue structure that determines the linguistic form, and
order among utterances and the way they are related. In
this paper we look at the relationship between these aspects.
Different types of dialogue models take different aspects to
be the dominant one.

First we make some modelling assumptions (but see
section 5. below). A dialogue is considered to be a co-
herent sequence of utterances. The information conveyed
or requested by an utterance is called the semantic content.
An utterance consists of one or more phrases with a sin-
gle purpose or function: the communicative function of the
utterance. The function is usually related to the task, but
often some of the function is to maintain the interaction
process. Each utterance is analyzed as a dialogue act. A di-
alogue act is fully characterized by a semantic content and a
communicative function. Dialogue acts with an interaction-
related communicative function, are called dialogue control
acts (Allwood et al., 1992). Many dialogue acts do double
duty. Groups of utterances that naturally ‘belong together’
are called dialogue segments. The purpose of a dialogue
model is to structure a dialogue into meaningful segments,
and to find the relationships between utterances that explain
their coherence.

The first approach we consider is the plan-recognition
approach (Carberry, 1990; Litman and Allen, 1987). Here
the task structure is taken to be the dominant modeling as-
pect. Each utterance is understood as an attempt to convey
an intention of the speaker, which plays a part in a larger
plan to achieve some underlying goal that apparently moti-
vated the dialogue. Given a sufficiently detailed model of
plans and goals for the task at hand, this may then be used
to determine an appropriate response.

The second approach we consider is based on the obser-
vation that certain patterns of utterance types are frequent
in naturally occurring dialogue. For example, questions are
usually followed by an answer; greetings are returned; pro-
posals accepted or rejected. Such re-occurring interaction
patterns can be studied either in terms of discourse or di-
alogue grammars (Polanyi and Scha, 1984; Priist et al.,
1994; Jonsson, 1993) or in terms of conversational games
or dialogue games (Levin and Moore, 1978; Mann, 1988;
Carletta et al., 1997). In both the games and grammar ap-
proaches, rules describe admissible sequences of utterance
types and the way they are related.

In the dialogue system community these approaches are
presented as rivals, e.g. (Jénsson, 1993, ch 4). However,
recent developments in the theory of planning and action
explicitly consider joint actions, i.e. actions carried out by
different agents in cooperation. The need to cooperate cre-
ates a need to coordinate. Typical examples of joint actions
are carrying a piano or playing a duet. The success of a
joint action crucially depends on the combined success of
the actions of the participating agents, called participatory
actions. It is because of this mutual dependency that syn-
chronization and coordination is necessary. Coordination
can be achieved by conventions, by explicit agreement or
else by communication of some sort. Moreover, in various
publications Clark and others have argued that communica-
tion processes themselves can be seen as joint actions be-
tween speaker and hearer (Clark and Schaefer, 1989; Clark,
1996). So on the one hand coordination requires commu-
nication; one the other hand communication processes can
be seen as coordinated actions. Can we build a theory of
dialogue along these lines?

Current formal theories of joint planning and action
stress the importance of existing schematic joint plans
called ‘recipes’ and of conventional protocols to regulate
cooperation (Grosz and Kraus, 1996; Wooldridge and Jen-
nings, 1999). Now the idea is that the dialogue game rules
used to describe interaction patterns are precisely the kinds
of recipes for joint action that the theorists are looking
for, at least where it concerns human-human and human-
computer interaction. Moreover, a theory of joint actions
may serve as a motivation or ‘semantics’ to the interaction
patterns described as dialogue games. This is similar to hy-
brid architectures suggested in agent theory.
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The paper is organized as follows. In section 2 we look
at constraints for joint planning and commitment. Section
3 describes the key ideas of dialogue games. In section
4 we describe ideas of Clark to view communication as a
combination of joint actions, scheduled at different levels.
Under this view, a combination of the two approaches is
becomes very natural. Section 5 shows how a combination
of the two perspectives can be used to model dialogues for
inquiry and transaction (Hulstijn, 2000). The paper ends
with conclusions and related research.

2. Plans, Goals and Commitment

How are dialogue acts to be combined? Like any action, a
dialogue act can be characterized by its preconditions and
intended effect, sometimes extended with applicability con-
ditions, which determine if the action is applicable at all,
and failure conditions, which determine what must remain
the case, even if the action fails. Take a question for ex-
ample: the intended effect is to get to know the answer. A
precondition is that the responder knows the answer and is
willing to tell it. An applicability condition would be that
the responder is paying attention. A failure condition is that
even if the responder does not know the answer, at least the
contact between asker and responder is maintained. Why
does someone ask a question? The answer to the question
may be needed for the task. So like other actions, dialogue
acts are applied as part of a plan to accomplish some goal.
Therefore, the task-related communicative function of an
utterance, analyzed as a dialogue act, corresponds to the
role of the act in some plan.

From basic actions, more complex plans can be con-
structed by production rules and by connectives like ‘;* for
sequential composition, ‘||’ for parallel composition, ¢|* for
indeterministic choice and by renaming, substitution and
abstraction. How do you construct a plan to achieve a given
goal? Reasoning backwards, you can determine the actions
that would accomplish a goal, turn their preconditions into
sub-goals, and repeat the procedure until you have reached
the current state of affairs. This is a sketch of a naive al-
gorithm for means-end reasoning. Obviously, if the plan
involves actions of other participants the scheduling of sub-
tasks becomes much more complicated. There must be no
conflicts about shared resources.

Luckily, plans do not have to be re-calculated every
time. Agents may select a suitable plan from a plan-library.
The exact way a plan will be carried out can not always be
known in advance. In particular in dialogue situations, you
do not know how the other participants will respond. Di-
alogue is opportunistic, so it pays to have only a partial
and indeterministic specification of the actions to under-
take. Details can be filled in as the interaction progresses.
Also the order in which the different actions are to be car-
ried out may be left unspecified, unless there are some log-
ical constraints. Such previously calculated partial specifi-
cations of combinations of actions to reach some goal, are
called recipes (Grosz and Kraus, 1996). Recipes for joint
action typically contain roles to be assigned to the partici-
pating agents, and for each role a particular sub-task.

Once a plan is adopted, an agent will typically persist
in trying to achieve the goal of the plan until it is reached,

becomes unreachable or becomes undesirable. This aspect
of goals or intentions is called commitment (Cohen and
Levesque, 1990). It stabilizes behavior and makes agents
more reliable. This aspect is crucial for cooperating agents.
Commitments made to other agents are the ‘glue’ that keeps
joint actions together. There is a social obligation on agents
to keep their commitments. But also aspects like trust, com-
mon decency and the desire to be liked play a role.

A joint action is an action consisting of sub-actions,
called participatory actions, carried out by different agents
in cooperation. What are the essential characteristics of a
joint action? Bratman (1992} lists three constraints for what
he calls cooperative activity: (a) mutual responsiveness,
which can be compared to a particular aspect of coopera-
tivity, (b) commitment to the joint action, and (c) commit-
ment to mutual support, which forces agents to assist other
agents in their participatory actions. These constraints de-
fine what cooperative action is, but it remains unclear how,
for example, help is elicited or how mutual responsiveness
is established and maintained.

Grosz and Kraus (1996) describe a different set of con-
straints on plans for joint action, which they call shared
plans. In particular, (i) agents must do means-end reason-
ing involving joint actions, (ii) there must be decision pro-
cedures for selecting a recipe and for assigning agents to
roles and thus to tasks, (iii) there must be communication
procedures for reaching agreement, (iv) to assess their abil-
ities, agents must compute the context in which they plan
to carry out an action, and (v) the intended effects of sub-
actions must be consistent. Note that constraint (ii) and (iii)
refer to conventions for interaction, and that (i) and (iv) in-
volve reasoning about other agents’ likely behavior.

In the account of commitments of Wooldridge and Jen-
nings (1999) a joint commitment of a group of agents is
characterized by an immediate goal, a long-term motivation
goal, a set of preconditions and set of conventions p that de-
fines an interaction protocol. Each of these notions can be
given a formal semantics in terms of a modal logic. This
analysis stresses the fact that commitments are goals that
are meant to be kept, but only relative to a motivation and
as long as it is practical. The conventions specified by p in-
dicate, among other things, the circumstances under which
a commitment can be abandoned. A convention is modeled
as a list of production rules. Each time a trigger condition
is true, the agent will adopt the corresponding goal. In ef-
fect, these production rules constitute what we have called
a recipe above, although Wooldridge and Jennings do not
account for partiality. The parameter p can be filled in dif-
ferent ways. For example, it may contain sanctions upon
not keeping a commitment. Or to take a different example,
under a Cohen and Levesque-like account of commitments,
the immediate goal may only be dropped when the agent
believes that the motivation behind it has been achieved or
has become unachievable or undesirable, or else when the
agent believes that a better plan has become available. In
each of these cases, the agent is held to communicate these
changes of insight to the other participants.

So these accounts of joint action and commitment in-
volve communication. If we view communication pro-
cesses themselves as joint actions, what recipes are used?
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| Game | Tlocutionary Point | Goals-of-R | Conventional Conditions |

information | I knows 7¢ I knows ¢ R knows 7p

seeking

information | R knows ¢ R knows ¢ I knows ¢ ; R’s information and ¢

offering are consistent

information | I knows whether R knows ?¢ | Rinforms I of R’s knowledge about | I knows 7¢

probing 70

helping 1 is able to perform « 1 is able to perform « R is able to cause I to be able to per-
form ¢; I has the right to perform o

dispute R believes ¢ R justifies that I might not believe | I believes y; R does not believe ¢

©

permission | I knows that R grants the | R grants the right that I performs o« | I wants to perform «; I does not

seeking right that I performs o or not, and I knows this have the right to perform «; R can
grant the right to perform o

action R causes « to be performed R causes « to be performed R would not cause « to be per-

seeking formed in the normal cause of events

Figure 1: Examples of dialogue games (Mann, 1988; p515)

3. Dialogue Games and Grammars

Utterances do not need to be analyzed in terms of the under-
lying intentions. Looking at a corpus, an exchange of greet-
ings simply marks the beginning or end of an interaction;
acknowledgments just follow assertions. Such stereotypi-
cal sequences of dialogue acts are called interaction pat-
terns. It is possible to analyze a pattern as evidence of a
plan, and work out a cooperative reply in this way, e.g (Lit-
man and Allen, 1987). But many types of utterance seem
not to be consciously deliberated, but conventionally trig-
gered by the circumstances.

3.1. Dialogue Games

A useful metaphor for studying interaction patterns is that
of a dialogue game. Each participant plays a role and ex-
pects the others to play their respective roles. Each partici-
pant makes one of the moves that are appropriate for its role
at that stage in the game, which is determined by the rules
of the game. The stage in a game, the scoreboard if you
like, determines which moves are allowed. Based on cor-
pus annotation, Carletta et al. (1997) have found a number
of hierarchically ordered interaction patterns, analyzed as
games. Games are sequences of moves. Each move cor-
responds to a type of utterance. So what we called the
interaction-related communicative function of a dialogue
act, is defined as the move in a game. Moves can be either
initiatives or responses. Typically, each initiative must be
followed by an appropriate response, although there may be
other exchanges first. For example, a clarification sequence
may precede the answer to a question. Initiative-response
units have been successfully used in the design of spoken
dialogue systems, e.g. (Bilange, 1991).

The dialogue game metaphor has been applied in dif-
ferent ways. Interestingly, early work by Levin and Moore
(1978) and particularly Mann (1988) lists the following pa-
rameters for the definition of a game. (i) There are roles,
in this case initiator and responder. (ii) The game has an il-
locutionary point: the goal of the initiator in starting the
game. (iii) The responder has goals upon accepting the
game, and (vi) there are a number of constraints: the initia-
tor and responder must pursue their respective goals, goals

must be believed to be feasible, the illocutionary point must
not already be achieved, the initiator must have the right to
initiate the game, and the responder must be willing to pur-
sue its goals upon accepting the game. This looks very sim-
ilar to the constraints for successful joint action discussed
above. The ‘goals upon accepting a game’ are nothing but
the commitments of the initiator and responder.

In figure 1 we reproduced the list of game types sug-
gested by Mann. The list is by no means complete, and
does not constitute an analysis of a particular type of dia-
logue. We replaced Mann’s notation for required informa-
tion specifications ¢} (the content of a question) with for-
mulas 7, propositions P with , and action-type formulas
A with a.. This notation will be explained below. An in-
formation seeking game corresponds to a question-answer
sequence. However, a formulation in these terms stresses
that information seeking can be expressed, for example, by
a declarative question like “I would like to know if ...”. An
information offering game corresponds to an inform act fol-
lowed by a acknowledgment. A prolonged sequence of in-
formation seeking and information offering games about a
single topic constitutes a game of inquiry (Hulstijn, 2000,
ch3). The information probing game corresponds to a con-
firmation sequence or check. In different settings it could
correspond to an exam question. So the point of the initiator
is not to find out some information, but to check if the other
participant agrees. Carletta et al.(1997) call this an align
move. A helping game corresponds to a clarification ques-
tion and subsequent explanation. The fact that clarifications
are needed at all, shows that exchanges are not guaranteed
to succeed. In some cases misunderstandings have to be
cleared up. The dispute game illustrates that dialogue par-
ticipants do not have to be cooperative nor in agreement.
Obviously, the dispute game is important for activity types
like debates or arguments. It may be used in dialogues for
inquiry and transaction too, to resolve misunderstandings.
Finally, an action seeking game corresponds to what we call
a proposal, suggestion or request followed by an counter
proposal, acceptance or rejection. Again, there may be var-
ious ways to express such acts. For example, there is a close
relationship between statements of preference and requests.



102 GOTHENBURG PAPERS IN COMPUTATIONAL LINGUISTICS 00- 5

4:  perlocutionary level

propose activity consider a: social
task b: practical
[ 3:  illocutionary level
conceptualize function comprehend a: pragmatic
content b: semantic
I 2:  locutionary level
formulate structure identify a: syntactic
words b: lexical
intonation ¢: prosodic
I 1. presentation level
vocalize sound attend a: acoustic
movement b: visual

Figure 2: Coordination at and between and different levels of communication

3.2. Grammars and Coherence Principles

Another important approach to interaction patterns makes
use of discourse grammars (Polanyi and Scha, 1984; Priist
et al., 1994). These have been particularly successful in
studying ellipsis and parallel elements in adjacent utter-
ances. Discourse grammar rules define well-formed se-
quences of utterances and the relationships between them.
The resulting parse-tree may function as a discourse rep-
resentation structure. At the leaves of the tree we find the
content of the utterances, represented by some appropriate
representation scheme. The branches are labeled by coher-
ence relations that express the functional relationship be-
tween segments of the discourse. For discourse in general,
typical coherence relations are contrast, causation or con-
tinuation. A similar approach has also been applied to di-
alogue. Asher and Lascarides (1998) propose coherence
relations and coherence principles for dialogue which are
based on typical interaction patterns. The role of the dis-
course grammar rules to define well-formed sequences is
taken over by the coherence principles: abductive rules for
meta-reasoning about the way a new dialogue segment can
be coherently attached to some part of the dialogue rep-
resentation structure. For example, the occurrence of a
cue word like ‘but’ is evidence for the application of ‘con-
trast’ as the most appropriate coherence relation for attach-
ment. In a similar way, the occurrence of an utterance
that answers some question that was previously asked or
implied, suggests the use of the indirect question answer-
ing pair (IQAP) as a coherence relation to attach the an-
swer, to its question. So coherence principles define rela-
tionships between dialogue segments, that are analogous to
agreement constraints in a sentence grammar. Coherence
relations may be defined at different linguistic levels, in-
volving form-related aspects such as intonation or parallel
syntax and semantics, but also involving content- or task-
related aspects. An 1QAP-like coherence relation requires
for instance that the answer is relevant to the question, non-
trivial, consistent and ‘to the point’. Such coherence con-
straints can be expressed in a logic (Groenendijk, 1999).

4. Communication Levels

Communication processes can be seen as a combination
of joint actions consisting of processes that are scheduled
in parallel at and between different communication levels
(Clark, 1996). This proposal resembles the layered commu-
nication protocols that are applied in distributed and con-
current programming. A particular interpretation of this
idea is depicted in figure 2. The ‘||” sign illustrates parallel
composition. The tags in the middle indicate the aspects
used to coordinate on. Processes within one agent are co-
ordinated between different levels, indicated by the ‘="
sign. What communicative levels and functions can be dis-
tinguished?

At the presentation level speaker and hearer coordinate
on mutual attention and on the delivery of the utterance.
This constitutes a joint action of vocalizing-attending an
utterance. A similar remark can be made about gestures,
which are deliberate movements.

At the locutionary level participants coordinate on the
wording, structure and prosody of an utterance or on the
shape and size of a gesture. Such form-related aspects
convey information about the semantic content and com-
municative function of the utterance. For example, form-
related aspects like parallelism and intonation indicate the
scope of a focus sensitive operator, such as ‘only’ or ‘not’.

At the illocutionary level participants establish the se-
mantic content and communicative function of an utter-
ance, in relation to the context of surrounding utterances.
At this level an utterance can be described as a dialogue
act. A dialogue act is fully characterized by a semantic con-
tent and a communicative function which has a task-related
aspect and an interaction-related aspect (see below).

At the perlocutionary level participants coordinate on
their task: to carry out participatory actions to accomplish
a joint goal. The goal is partly determined by the social
activity they are engaged in. For different types of activities
different conventions apply.
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Opening | Inquiry | Negotiation | Confirmation | Closure

Figure 3: Phases of a transaction task

5. Towards a combination

What would a dialogue theory that uses dialogue games as
the recipes for joint action look like? We follow figure 2.

First, we need some general account of the social ac-
tivity that underlies the type of dialogue. Activity types are
determined by the roles of the participants, their private and
public goals, the physical and social settings and a number
of phases that determine the progress of the activity. In our
example of ticket reservation in a theater, we have a ticket
agent who wants to sell and a client who wants to buy a
number of tickets for a certain performance, at a certain
date and time. The social institution is that of ownership.
Important artifacts are money tokens and the tickets. By
convention each ticket gives a right to a seat. The typical
setting is that of box office with a counter, which can be
replaced by a telephone or Internet setting in case we are
dealing with reservations. A reservation is a kind of trans-
action in which the delivery is postponed. The phases in
a transaction task (figure 3) are an inquiry phase, of infor-
mation exchange about the product, a negotiation phase in
which there is bargaining on the relationship between price
and attributes of the product or service, followed by a con-
firmation phase in which the deal is closed. Like any inter-
action, a transaction has an opening phase in which mutual
contact is established, and a closing phase in which the con-
tact is closed successfully. Note that each phase is delimited
by some mutual understanding. The opening phase results
in a mutual commitment to maintain contact. The inquiry
phase results in mutual knowledge about the available pos-
sibilities. The negotiation phase results in several mutual
agreements on the proposals discussed and the confirmation
phase reaffirms these agreements and makes some implicit
consequences explicit. These signs of mutual understand-
ing must be grounded by an exchange of utterances. Obvi-
ously, this transaction model represents an idealized case.
Actual dialogues may skip some phases by convention or
return to a previous phase. For example, a user may have
wrongly thought that there is a discount on Mondays. Dur-
ing negotiation this misunderstanding may force the par-
ticipants to jump back to an ‘inquiry’ exchange. Pricing
conventions that were earlier skipped and expected to be
known implicitly, now have to be dealt with explicitly.

Second, we need a repertoire of dialogue acts to model
the different types of utterances. Figures 4, 5, 6 and 7 show
examples of dialogue acts that are typical for the opening,
the inquiry, the negotiation and the confirmation phases.
Acts of one phase may be used as part of another. So an
inform act may be used as part of the opening phase, to es-
tablish the goal of the interaction. Other acts can be defined
that are appropriate at any stage, like asking for clarifica-
tion and a subsequent explanation, time management acts
like “wait a minute” or expressions of emotional attitudes.
In each case, a dialogue act is defined as a semantic content
combined with a communicative function.
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[ Action | Description | Applicability

requires or in re-
sponse to greeting

greet(a, b) establish contact

meet(a, b) identify and estab- | a and b have con-
lish social relation- | tact, requires or in
ship response to meeting
Figure 4: Opening acts
| Action | Description | Applicability |

requires ack, ¢ un-
controversial

inform(a, b, ) | state fact

ack(a, b) indicate receipt and | in response to in-

understanding form, suggest
assert(a, b, @) state opinion ¢ requires assent
assent(a, b) indicate receipt, | in response to as-
understanding and | sert, check
agreement

deny(a, b) in response to

sert, check

indicate receipt, un-
derstanding and dis-
agreement

in response to as-
sert, inform; re-
quires assent

deny information in
focus, and replace
with ¢

correct(a, b, ©)

ask(a, b, 7¢) request information | requires answer

pertinent to 7¢

provide information | in response to ask

pertinent to 7¢

answer{a, b, ©)

requires assent

check(a, b, 7¢) | request agreement

Figure 5: Inquiry acts

The semantic content needs to be defined in terms of
some semantic theory. Asher and lascarides (1998) choose
DRT. We haven chosen to use a version of update semantics
(Veltman, 1996) combined with a semantics of questions
and answers (Groenendijk and Stokhof, 1996). In an update
semantics, the meaning of an utterance is equated with the
difference it makes to the information in the dialogue con-
text. Different types of dialogue acts affect different aspects
of the information in a dialogue context. We distinguish as-
sertives (, that add factual information, interrogatives 7y
that raise issues and thereby structure the information, and
directives ¢, that affect the commitments being made by
agents and thereby partly determine future actions o (Hul-
stijn, 2000). In our account, information is modeled as a
set of possible worlds , that are compatible with the infor-
mation. Adding information means the elimination of pos-
sible worlds. The set of worlds is structured by a partition,
or equivalently, by an equivalence relation. The partition
models the distinctions made by the current ‘questions un-
der discussion’ or issues (Ginzburg, 1995; Hulstijn, 1997).
An issue is an abstract entity that represents the content of a
question, just like a proposition represents the content of an
assertion. Each of the equivalence classes or blocks in the
partition correspond to an alternative answer or solution.
We say that an issue is resolved, when only one alternative
remains. An issue is partially resolved, when at least one
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[ Action | Description | Applicability

request(a, b, 1) | getbtodo lp requires acceptance

offer to do lg requires acceptance

propose(a, b, lp)

suggest(a, b, 1) | bring possibility of | requires acknowl-
le to attention edgment
counter reject current offer | in response to re-
propose(a, b, 1) | and replace with Iy | quest, suggest or
proposal; requires
acceptance
accept(a, b) indicate  receipt, | in response to re-
understanding and | quest or propose
agreement with

current offer

indicate receipt, un-
derstanding and dis-
agreement with cur-
rent offer

in response to re-
quest or propose

reject(a, b)

Figure 6: Negotiation acts

| Action | Description | Applicability
ask- ask commitment on | a,b have contact;
confirm(a, b, l¢) | complete offer requires confirm
confirm(a, b) indicate  commit- | a,b have contact;
ment on complete | there is a complete
offer offer; in response to
ask-confirm
disconfirm(a, b) | indicate  absence | a and b have con-
of commitment on | tact; there is a
complete offer complete offer;
in  response  to
ask_confirm

Figure 7: Confirmation acts

alternative has been eliminated. In this way, we can make a
distinction between information that is relevant or irrelevant
with respect to a particular issue. Factive information is rel-
evant to an issue, when it eliminates at least one of the al-
ternatives. This relevance constraint can be combined with
constraints like consistency, that the resulting set of pos-
sible worlds is non-empty and informativeness, that some

| Action | Description ] Applicability

thank(a, b) strengthen relation- | b did a a service;
ship optionally followed

by ack_thanks

ack_thanks(a, b) | indicate receipt and | in  response  to

understanding  of | thanks
thanks
bye(a, b) close contact suc- | @ and b have con-
cessfully tact, requires or in
response to bye
break(a, b) close contact unsuc-

cessfully

Figure 8: Closing acts

possible worlds have been eliminated. Groenendijk (1999)
argues for a fourth constraint, that utterances must be [i-
censed, i.e. not over-informative. It means that worlds must
be eliminated ‘block wise’; differences between worlds that
are irrelevant to the current issues are neglected. Although
we can define relevance of information with respect to some
previously raised issues, the relevance of bringing up an is-
sue itself, can only be assessed relative to the underlying
task or topic of the dialogue.

The communicative function of a dialogue act is often to
exchange information about the underlying task. So a ques-
tion is used to raise an issue, and thus to invite the hearer
to specify information that is needed to achieve some goal
defined at the task level. However, the function of a di-
alogue act is not necessarily related to the task; there are
dialogue control acts such as greeting and acknowledgment
whose function is merely related to the interaction process
(Allwood et al., 1992). A greeting invites a greeting in re-
sponse. Such a mutual greeting establishes mutual contact
between the participants. An acknowledgment signals re-
ceipt and understanding of an utterance; it helps to estab-
lish a basis, in this case the dialogue history, upon which
a common ground can be build (Lewis, 1969). Obviously,
many acts have both a task and an interaction-related com-
municative function. For example, an answer to a question
also functions as an acknowledgment of the question. In
general, we can say that the interaction-related function of
an utterance corresponds to the role it can play in the avail-
able exchanges or games. The task-related function corre-
sponds to the role it can play in a plan that is suitable for
the task.

Third, we need appropriate ways to combine dialogue
acts into coherent and useful exchanges. Now crucially, the
intended effect of a single dialogue act is not very interest-
ing, from the point of view of a plan. What counts is the ef-
fect of the exchange the act is a part of. The intended effect
of a question is to get to know the answer. But the question
is only the initiative of a question-answer exchange. Only
after the response one could tell if the information was or
was not provided. In other words, the success conditions
of a question involve the answer. And this seems to be true
of most single-agent actions that are used as part of joint
actions. When planning, dialogue acts only make sense as
part of an exchange, or initiative-response unit. So actually
exchanges are the building blocks of joint actions. They are
the smallest possible actions that can still be called joint.

We found that initiatives and responses are often related
by a triangle structure such as the one depicted in figure 9.
A complete initiative-response-unit is composed of an ini-
tiative, followed by either a positive or a negative response,
or else a retry. For example, a proposal is an initiative, an
acceptance is the corresponding positive response, a rejec-
tion is the negative response and a counter proposal is an
example of a retry. In case of a negative response some
precondition for a successful completion of this exchange
may have been violated. In that case a repair may be needed
of parameters that were fixed in a previous phase. A com-
bined initiative-response unit results in some information
being added to the common ground. A response of the right
type has a grounding effect (Clark and Schaefer, 1989).
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IR-unit

>0

Initiative

Positive
Response
Retry
Negative
Repair Response
»

Figure 9: Initiative-response units

Interestingly, the content of most initiatives corresponds
to an issue: it opens alternatives. The content of a response
usually narrows down the number of alternatives. The fig-
ure may suggest that a response must occur after the initia-
tive. This is not so. Many types of non-verbal feedback,
such as nodding, may occur simultaneous to the utterance
they give feedback to. Initiative shifts between exchanges
are allowed, for example when an ‘information seeking
game’ is continued with an ‘information offering game’,
in terms of Mann (1988). Not all exchanges need to have a
binary triangle shape like this one. Another common type
of exchange starts with a so called pre-sequence (Schegloff
et al., 1977). It invites the other participant to join in actual
exchange. Consider “Can I ask you something? — Yeah
— Could we come over this weekend?”. This pre-question
probes one of the applicability conditions, namely that the
responder is willing to respond or willing to comply. Or
consider: “So, good-bye then — Yeah, bye! — Bye!” where
a pre-sequence announces the closing sequence. In a simi-
lar way there are also post-sequences. More importantly, a
response may function itself as an initiative to respond to.
Hence the possibility of counter proposals and corrections

In the description of a response, the so called scope of
the response should be clear from the context. For exam-
ple, a question is an act of type ask(a, b, 7¢), where agent
a asks b a question with the issue 7y as its content. The act
of answering this question is indicated by answer(b, a, ),
where we require that 1 is pertinent to 7¢. In that case, the
issue 7¢ is called the scope of the answer. In a similar way,
acceptance, rejection and counter propose expect some re-
cent offer as their scope, and assent, deny and correct ex-
pect information that is ‘in focus’. The responses confirm
and disconfirm expect a complete offer. Apart from these
differences in scope, accept and reject, assent and deny,
and confirm and disconfirm behave in a similar way. They
all establish some kind of agreement. These responses are
stronger than an acknowledgment, which merely indicates
receipt and understanding.

Both initiatives and responses can be made implicitly.
Initiatives may for instance be triggered by the situation.
At a box office, an utterance like “3 for tonight, please” is
appropriate, because it resolves the issue that is raised by a
box office situation. Moreover, a single utterance can per-
form several communicative functions at once. This mech-
anism is used by indirect speech acts. A question like “Do
you know the time?” asks for a precondition for success-
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ful completion of the question-answer exchange that was
intended. This only makes sense in case the speaker ac-
tually wants to start the question-answer exchange. Also
acknowledgments can be implicit. In general, a pertinent
continuation of the dialogue counts as an acknowledgment
of the previous utterance.

Finally, we need a theory that translates the linguistic
features of utterances, including parallel elements and into-
nation, into a proper representation format. Here we may
benefit from the insights of discourse grammars. In dia-
logue in particular we may expect ellipsis, continuation and
other constructions that depend on the immediate context.
Recognizing semantic content and various communicative
functions of an utterance is not easy. However, we can com-
bine aspects from different communication levels into one
interpretation. Some of this ambiguity may be deliberate.
The speaker may leave it to the responder how an utterance
should be ‘taken up’. So part of the meaning of the original
initiative is only properly established, when the whole ex-
change is completed. This type of underspecification would
be impossible in traditional one-step accounts.

6. Conclusion and Related Research

That concludes the comparison of accounts of joint action
with interaction patterns. What it shows is that the per-
ceived opposition between a plan-based and a pattern-based
approach to natural language dialogue is false. The two ap-
proaches are complementary. Once the constraints of joint
planning and action are taken seriously, a need for conven-
tions to regulate the interaction arises. These conventions
are represented by recipes. The smallest recipes for joint
action are precisely the exchanges described by dialogue
game rules. On the other hand, plans and goals may func-
tion as a semantics for dialogue game rules. They motivate
the illocutionary point of initiating a game and explain var-
ious aspects of cooperativity in dialogue.

Several people have reached similar conclusions. We
mention Nicolas Maudet (p.c.), Traum (1997) and the de-
velopers of the Trindi dialogue system architecture (Traum
et al., 2000). The insight that pattern-directed approaches
need to be combined with higher-level notions like plans
and goals, is compatible with a general trend towards hy-
brid architectures for agents. Agent architectures increas-
ingly combine high-level deliberative features with low-
level reactive features. Examples can be found in recent
editions of ATAL conferences or in the literature on the
RoboCup, where low-level skills like aiming and shoot-
ing must be combined with higher level reasoning about
team-work and tactics (Stone and Veloso, to appear). In
some applications, a team makes use of so called ‘locker
room agreements’ that fix the strategy of the team. This
reduces the need for communication while playing. The
general principle that underlies the trend seems to be that
frequently occurring activities that can be ‘automated’ are
often dealt with by fixed pattern-directed protocols, recipes
or rules. Infrequent activities or failure and misunderstand-
ing require higher-level deliberation. It seems that dialogue
is no exception to this principle.
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Abstract
We argue that in order to capture uncooperative behaviour in dialogue it is necessary to model the way the intentions of the participants are
related to each other. We show how this intentional structure can be determined in an approach which uses DISCOURSE OBLIGATIONS as
basic structural means. Given the assumption of correspondence between dialogue structure and intentional structure, we can demonstrate
that from our point of view CONVERSATIONAL GAMES can be seen as macro-structures which are decomposable into smaller functional
units where the coherence between the latter is explained in terms of obligations. We further suggest that an obligation-driven approach
to dialogue provides a more satisfying account for conversational cooperation than current intention-based models

1. Introduction

One argument motivating the use of DISCOURSE OBLI-
GATIONS in dialogue modelling is that they allow an ac-
count of the behaviour of agents who are unable or un-
willing to act in the expected manner, but nevertheless act
(Traum and Allen, 1994):

(1) A[l]l: Did Pete drive here?
B[2]: Idon’tknow /I don’t want to talk about that

Here, intention-based dialogue models fail to explain
why B actually responds to A’s question with either reply.
An obligation-driven approach, on the other hand, predicts
B’s behaviour appropriately by assuming that participants
in a dialogue (DPs) are socially obliged to respond, no mat-
ter what their intentions are.

Whereas most approaches that use discourse obligations
preserve a representation of the DPs’ intentions, Kreutel
and Matheson (1999) propose a dialogue model that cap-
tures a range of subdialogues initiated by questions or as-
sertions by exclusively referring to the obligations imposed
on the DPs, leaving aside their intentions. Conceiving thus
of ‘cooperativity’ as the DPs’ willingness to act according
to the obligations imposed on them, obligations are estab-
lished as the basic explanatory means which reconstruct the
essentially rule-governed behaviour exhibited by coopera-
tive DPs.

One can then ask, however, what kind of representation
of the DPs’ intentions an obligation-based dialogue model
has to incorporate in order to cover uncooperative actions.
Note the following dialogue, in which an uncooperative ac-
tion occurs in the middle of a discussion:

(2) A[l]: Jack and Helen will split very soon.
B[2]: How do you know that?

A[3]: She doesn’t love him anymore.

B(4]: That’s not true.

A[5]: Tdon’t want to discuss that.

B[6]: Then please don’t try to make me think

that they will split.

In this case, A’s unwillingness to discuss the question
whether Helen still loves Jack or not results both in A’s not
being able to convince B of the claim in [3] and also in the
failure of the initial attempt to establish the assumption that
Jack and Helen are about to split as shared belief. Such
examples show that the representation of intentional struc-
ture has to allow for the DPs’ reasoning about the way their
respective intentions are related. For example, consider-
ing A’s options after [4] above, it is perfectly possible that
the unwillingness to discuss the issue raised in [3] could be
abandoned in favour of convincing B of [1], even though in
a neutral context A might never want to discuss the issue.

Our main aim here is to outline how the model in Kreu-
tel and Matheson (1999) can be extended to account for
the DPs’ reasoning over their intentions. After defining
our use of INFORMATION STATE (IS) and discourse obli-
gations, we propose a set of inference rules which allow
us to construct an intentional structure reflecting the rela-
tionships between the DPs’ intentions at a given state of a
dialogue. The structures generated by these rules are then
discussed in terms of CONVERSATIONAL GAMES (see for
example Carletta et al. (1996)). Given the fundamental
importance of discourse obligations we will show how the
structuring aspect of games can be reconstructed in terms
of obligations. We will then discuss the advantages of the
obligation-based approach to cooperativity with respect to
recent developments in intention-based models which over-
come some of the problems pointed out in Traum and Allen
(1994).

The immediate theoretical background to this paper is
the work of Poesio and Traum (1998) on their theory of
discourse obligations and grounding. We ignore grounding
here to concentrate on the relationship between obligations
and intentions. The broader context includes a wide range
of research, including work on the semantics and pragmat-
ics of questions (Ginzburg, 1995a), (Ginzburg, 1995b), co-
operativity (Di Eugenio et al., 1997), and, above all, the
issue of how the linguistic structure of discourse and its
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intentional structure are related to each other (Grosz and
Sidner, 1986), (Moser and Moore, 1996), (Lascarides and
Asher, 1999). Our central claim is that some of the prob-
lems that are well understood in this broad context can be
handled in a way which minimally extends the machinery
assumed by Poesio and Traum, particularly the use of dis-
course obligations, which we assume to be independently
motivated. The fact that these problems appear tractable
in a framework which uses obligations as part of the ba-
sic expressive means testifies to the descriptive power and
flexibility of this notion.

2. Information States and Intentional
Structure

2.1. Information States

Our use of IS follows quite closely the approach pro-
posed in the TRINDI project.! See Cooper (1998), Bohlin
et al. (1999) and Cooper and Larsson (1999) for general
discussions on the application of the notion of IS in dia-
logue research.

The basic assumption is that, from a very general posi-
tion, it is useful to view dialogues in terms of the relevant
information that the dialogue participants have at each stage
in the discourse. The main effect of an utterance is thus to
change this information, and an immediate question is what
kind of information is appropriate in characterising this pro-
cess. The TRINDI project has therefore experimented with
various versions of IS, looking at various issues including
the representation of common mental attitudes such as be-
liefs and intentions, and at more dialogue-specific notions
like turn, question under discussion, and dialogue history.
A software tool for constructing and manipulating ISs was
developed during the project in order to provide a common
platform for comparing dialogue management techniques
(the TrindiKit; Larsson (1999)). Note that many aspects of
the theoretical concerns which we discuss here have been
implemented, both directly in Prolog (Kreutel, 1998), and
using the TrindiKit (Bos et al., 1999), (Matheson et al.,
2000).

Among other things, viewing utterances in terms of the
way they update ISs allows the notion of dialogue move
to be ‘decomposed’; it is possible to characterise the infor-
mation change arising from the utterance in terms of the
particular effects on the IS without attempting to classify
the utterance in terms of a particular move, or moves. In
general, however, it is often still useful to talk of the moves
associated with an utterance, and we shall occasionally do
so here.

The representation of ISs in the TRINDI project is gen-
erally done using feature structures (attribute-value matri-
ces) to represent the components that are assumed to con-
stitute the DPs’ knowledge of ‘the state the dialogue is in’.
In an obligation-driven model, typical components of an
information state are, for instance, representations of the
common ground between the DPs and of the obligations
that are imposed on them. (See, for example, Poesio and
Traum (1998), Kreutel and Matheson (1999)) The common

!Telematics Applications Programme, Language Engineering
Project LE4-8314.

ground will normally hold a representation of the history of
the dialogue, which in the case of Poesio and Traum means
a structure containing the DIALOGUE ACTS which represent
the main contents of utterances.

Given this concept of information states, updates can be
formalised as operations which may be as simple as push-
ing values into the components of an IS. Popping the con-
tents of a component would be another basic update which
may serve, for example, to formalise the notion of an obli-
gation being discarded. However, in more elaborated mod-
els of information states the updates can be much more
complicated, involving pushing whole new structures into
the IS and operations such as the merging of parts of the
IS. The latter merge operation is used by Poesio and Traum
in cases where information which is not considered part of
the common ground gets acknowledged. In these circum-
stances Poesio and Traum assume that the grounding pro-
cess merges the ungrounded material with the information
in the common ground.

2.2. Information States in Question-Answer Contexts

Kreutel and Matheson (1999) assume a very basic no-
tion of IS which includes just the DIALOGUE HISTORY
(DH) as a sequence of moves, and a representation of
the DPs’ obligations (OBL). The dialogue acts used are
a subset of those proposed in Poesio and Traum (1998),
where the acts are sub-classified into CORE SPEECH ACTS
(assert, ask, accept, etc.) and ARGUMENTATION
ACTS (answer, info.request, etc.). This classifica-
tion captures the idea that any speech act may appear in
a wider discourse context, where argumentation acts char-
acterise the context-dependent actions of core speech acts.
Obligations are represented as stacks of address and
answer elements.

The updating of information states is done based on the
notion of INFORMATION STATE UPDATE SCENARIOS. Up-
date scenarios are meant to specify certain ‘constellations’
of IS, corresponding to situations like the turnholder’s re-
plying to an assertion, to a question, or to an assertion that
is meant as an answer to a question. Each scenario can be
defined based on the information in IS, i.e. on the over-
all structure of the DPs’ obligations and the history of the
dialogue.

In particular, Kreutel and Matheson (1999) provide a
detailed analysis of questions in the framework of the
obligation-based approach. Based on examples such as (3)
below, the authors argue for the retention of the obligation
to answer, which is introduced by a question, until the
question has been resolved, and also propose that the eval-
uation of an answer should be seen as a twofold process
that takes into account first the ‘assertive’ and then the ‘an-
swerhood’ properties of the answer:

(3) A[ll: Helen did not come to the Party.
B[2]: How do you know that?
A[3]: Her car wasn’t there.
B[4]: Ok. But she could have come by bicycle.
A[5]:  Istayed there until 4 o’clock in the
morning and she didn’t show up.
B[6]: Ok.
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Here, B’s turn in [4] expresses acceptance of the as-
sertive content of [3], but at the same time rejects [3] as
an assertion which resolves the request for evidence in [2].
As the obligation for A to answer [2] is still present after
[4], A comes up with an alternative answer which now is
accepted by B’s ok in [6], both as an assertion and as an
answer to [2]. Kreutel and Matheson therefore propose to
analyse [6] as a move that performs the two core speech
acts accept and accept_answer.

As for the details of updating IS, the following example
of a simple question-answer sequence will illustrate how
DH and OBL are managed. Note that for each move, for
brevity, we only represent the elements that are added to
DH by the update:

(4) All]l: Did you see Peter at the party?
DH: <ask(A,B,q)>
OBL: <answer (B, [1])}>
B[2]: Yes.
DH: <assert (B,p).
answer (B, [2]1,[1]1) | ...>
OBL: <address(A, [2]), answer (B, [1])>
A[3]: Ok.
DH: <accept(a,[2]) | ...>

OBL: <answer (B, [1]) >

DH: <accept.answer (A, [2],{1]1) | ...>
OBL: <>

The analysis shows that A’s ok in [3] first of all serves
as an acceptance of the assertive content of [2] and discards
the obligation imposed on A to address [2]. Secondly, it
accepts [2] as an answer to [1], and this results in the obli-
gation for B to answer [1] finally being removed from
OBL. Assuming this basic mechanism for managing OBL,
Kreutel and Matheson demonstrate how more complex se-
quences of questions and assertions such as those in (3) can
be dealt with without the need to refer to the intentions of
the DPs, assuming they act cooperatively.

2.3. Assigning the Intentional Structure

2.3.1. Basic Assumptions

The intentional structure INT is built up by means of
inference rules given the information in DH. This assumes
that from the occurrence of certain dialogue acts the DPs
can infer each other’s intentions and the way they are man-
aged (i.e. whether they are satisfied, dropped, and so on).
For each move, update of INT takes place after DH has
been updated, and it is the ‘whole’ move, i.e. that object
that comprises all the actions that are performed, which is
the basis of the update. We assume that argumentation acts
are processed before core speech acts.

Whereas we see intentions as objects that are individu-
alised with respect to the DPs,? we consider the content of
intentions as interactive goals to be achieved in the course
of a discourse. The contents of the intentions associated
with assertions and questions are assumed to be the goals
shared belief (p) and resolved(q), where p and

Different DPs can intend to do the same thing, but these are
of course different intentions
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q are the contents of the assertion and the question, respec-
tively.

We use the quadruple < I,>>»,sat,drop > to repre-
sent INT formally, where I is the set of the DPs’ intentions,
> is the two-place relation of immediate dominance in 1,
and sat and drop are 1-place relations in I that correspond
to the sets of satisfied and dropped intentions, respectively.
The relation >> is defined as follows: 4; > 4 iff 4; and
iy are members of I, 4; > 44 and there is no 4,, in I such
that i; > i, and 4., > i, where >, the relation of domi-
nance, is defined as proposed in Grosz and Sidner (1986),
i.e. an intention 1, dominates an intention i,, iff an action
that satisfies 4, also contributes to the satisfaction of i,,.

2.3.2. Determining INT

As mentioned above, the performance of dialogue acts
which update the DH allows the DPs to make inferences
about each other’s intentions. We propose the following
rules associating intentions with dialogue acts:

e assert: update I with i : shared_belief(p), where
p is the content of the assertion.

e ask: update I with ¢ : resolved(q), where ¢ is the

content of the question.

e answer: update I with 7 : resolved(g), where q is
the content of the question the answer replies to.

e info_request: update I with i : resolved(q),
where ¢ is the content of the question the argumen-
tation act replies to.

The simplest method of updating is to see this as an
operation that adds elements to a set. However, as inten-
tions are personalised with respect to the DPs, but not indi-
vidualised with respect to the time axis, some updates will
then map I onto itself; namely whenever the intention that
is added already is a member of I. This case occurs, for
instance, when a DP needs two attempts to answer a ques-
tion. Even though on the level of dialogue acts two different
answer argumentation acts are performed, the second an-
swer will not introduce a new intention in I, but only ‘reaf-
firm’ the DP’s intention to resolve the question (which itself
can be inferred from the first answer).

In order to determine the set of satisfied intentions (sat)
we assume the following inference rules which add infor-
mation to the DH. We define an intention as satisfied iff its
content occurs in the DH:

e accept: infer that shared belief (p), where p
is the content of the assertion accepted.

e accept_answer: infer that resolved (q), where
g is the content of the question that is resolved.

Finally, for updating >, we attach a new intention as
subordinated to the last intention which has neither been
satisfied nor dropped:

e When I # {} and an update of I results in an intention
i; actually being added to I then > is updated in the
following way: iy > 4; where ¢y, is that element of I
such that ~sat(iy) and —drop(ix) and for all i, for
which i > i sat (i) or drop(im).



110 GOTHENBURG PAPERS IN COMPUTATIONAL LINGUISTICS 00- 5

Given these rules, we assume the structure below as the
representation of the ordinary question-answer sequence
below:

(5) A[l]: Did Helen come to the Party?
B{2]: Yes.
A[3]: Ok. Thanks.

i} rresolved([1])

T~

ask[1]

answer|[2] sat(i,) = sat(i})

iy :shared_belief([2]}  accept_answer[3]

/\
assert[2] sat(is)
I
accept[3]

As the tree shows, we assume that the intentions associ-
ated with dialogue acts reformulate the idea that an ASKEE
adopts an ASKER'’s desire for information when answering
a question (see Cohen and Levesque (1990)): ¢; and 45 are
identical with respect to their content, but individualised
over the two DPs. The tree also captures the notion that
the intention i3 associated with the assertion in [2], which
is offered as an answer to the question, is dominated by
the askee’s intention that the question should be resolved,
and thus significantly differs from a discourse-initial asser-
tion due to its context. As 41 and 72 have the same content,
satisfaction of the latter by A’s acceptance of B’s answer
automatically means satisfaction of 4;.

Now consider a more complex example in which a
question appears in response to an assertion, requesting
evidence for the latter’s propositional content. The as-
kee, however, cannot immediately come up with an answer
which is acceptable to the asker (for reasons of simplicity
we do not further analyse the assertion in [5] below):

(6) A[l]: Helen did not come to the Party.
B[2]: How do you know that?
A[3]: Her car wasn’t there.
B{4]: Ok.
B[5]: But she could have come by bicycle.
A[6]: Istayed there until 4 o’clock in the
morning and she didn’t show up.
B[7]: Ok.
i
assert[1] i sat(iy)
/\
ask[2] = Iy accept[7]
anS\|Jver[3] reject_answerhood[S]  answer[6] sat(iy) = sai(ip)
is i5 accept_answer[7]
assert[3] sat(iy ) assert[6] sat(is )
accept[4] accept{7}

Here, A’s intention 7; to establish the assumption that
Helen did not attend the party as part of the common ground
constitutes the background which motivates the DPs’ ac-
tions. It dominates B’s intention ¢2, which attempts to re-
solve B’s uncertainty about the truth of [ 1] and, via 75, also
prompts A’s reply to B’s request. Notice that the inten-
tion associated with [6] — namely A’s desire to resolve [2],
which underlies the alternative answer — is identical to i3
and does not constitute a distinct member of I, as we have
pointed out above. Finally, B’s ok in [7] not only expresses
acceptance of [5] as an answer to the question in [2]; as [2]
is a request for evidence, {7] is also interpreted as accep-
tance of the assertion in [1].

As the tree for (6) shows, the equivalence between the
resolution of a request for evidence and the satisfaction of
the intention associated with the assertion which the request
replies to is reconstructed at the level of the mapping from
dialogue acts to intentions: as pointed out in Kreutel and
Matheson (1999), we assume that requests for evidence in-
troduce a conditional in the DH that expresses the idea that
the asker will accept a preceding assertion by the askee if
the latter is able to come up with an answer that is accepted
by the former. We then can infer sat(i;) via the resolu-
tion of the conditional introduced by [2], for which B’s
accept.answer act in [7] provides the antecedent, and
via our rules for INT update, which claim that accept acts
allow the inference that the content of the accepted asser-
tion constitutes part of the DPs’ shared knowledge.

Having thus outlined how the model proposed in Kreu-
tel and Matheson (1999) can be extended to allow for an
account of the intentional structure of dialogue, the follow-
ing sections discuss two issues concerning the advantages
of the obligation-driven model as opposed to the notion of
conversational games, on the one hand, and recent devel-
opments in intention-based approaches to dialogue, on the
other.

3. Reconstructing Conversational Games

The notion of conversational games has proved to be
very useful in dialogue modelling from the descriptive
(Ektundh, 1983), (Carletta et al., 1996) as well as from
the computational (LLewin, 1998), (Pulman, 1998) point of
view. Of particular interest here is the way games can
model the structure of dialogue as a reflection of inten-
tional structure, a basic paradigm for discourse analysis
postulated by Grosz and Sidner (1986). However, in terms
of explanatory power the games approach runs into simi-
lar difficulties as intention-based approaches to dialogue in
that capturing uncooperative actions is at best very awk-
ward within the concept of a game. We argue that our own
approach reconstructs the structural aspects of the games
model and extends the coverage to include some data for
which an approach using games is arguably too rigid.

In a games model, one could associate the games
guestion-answer, answer and assert with iq, is
and i3 in (5), respectively (see Eklundh (1983) for a similar
proposal), thus labelling the discourse segments associated
with the intentions with types of games. So far, then, on
a descriptive level our treatment of INT coincides with the
basic structural mechanisms of the games model. However
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the latter has problems in providing a satisfactory explana-
tion of sequences of moves that deviate significantly from
the ‘canonical’ structure of a game, but which nevertheless
can be seen as very common in human interaction. For in-
stance:

(7) A[l]: Did Helen come to the Party?
B[2]: Did Jack come?
A[3]:  Yes.
B[4]: Ok.
B[5]: Then Helen didn’t come.
A[6]: Ok.

>

ask[1] =1

info_request{2]
|

i3 is

ans»lver[S] sat(iy) :lsat( i)
accept_answer{6}

RS
ask[2] W= i assert[5] sat(ig)

i
answer[3] sat(iy) = sat(iz) accept[6]

is accept_answer[4]
/\
assert[3] sa[r( is )

accept[4]

In terms of dialogue processing, either by humans or
machines, the idea of a conversational game allows a dis-
tinction of the moves that follow the initial one in terms of
‘preferred’ or ‘dispreferred’ moves (see Levinson (1983),
Eklundh (1983), Lewin (1998)) and assumes an increased
processing effort for all the cases which are considered
to be dispreferred. According to this point of view, for
question-answer games an assertion which provides
an answer will always be considered the preferred follow-
up move to a question.

The possibility of the askee replying to a question with
a question, as in (7), which can be considered a reasonably
common case in information-oriented interaction (see IN-
SERTION SEQUENCES in Levinson (1983)), will thus have
to be treated as an exception along with requests for clar-
ification or utterances that express the askee’s inability or
unwillingness to answer. Apart from the fact that the lat-
ter falls completely outside the scope of the games model
(if one does not assume the contradictory notion of an ‘un-
cooperativity game’), this way of prioritising the range of
possible follow-up moves in a dialogue must be seen as too
strict. The obligation-driven approach, on the other hand,
simply assumes that a question obliges the askee to provide
an answer which resolves the question, and thus a situation
where an askee replies with a question in order ultimately
to provide an answer can be seen as just an alternative to
the ‘canonical’ case.

However, in spite of their explanatory weakness con-
versational games have proved to be of great use in the
area of language technology and can still be seen as one of
the leading notions in dialogue related research. In partic-
ular, the possibility of modelling games as recursive tran-
sition networks (see for instance Lewin (1998)), and thus
of determining significant ‘states’ of a game, has made the
games model an attractive candidate for dialogue systems
which make use of probabilistic heuristics to influence the

1

behaviour of, for example, modules for speech and speech
act recognition (see Wright, Poesio and Isard (1999), Poe-
sio and Mikheev (1998)). However, as we have pointed out
above, our model defines a set of update scenarios as the
framework for determining or interpreting the DPs’ actual
actions. In terms of scenarios, the ordinary question-answer
sequence in (5) can be analysed as follows:

(8) A[1]: Did Helen come to the Party?
REPLY_QUESTION
B[2]: Yes.
REPLY_ANSWER D REPLY_ASSERT
A[3]: Ok. Thanks.

While B’s move in [2] takes place in the context of a
scenario in which B has to answer a question, [2] itself
results in an information state in which A is obliged to
address [2] and B is obliged to answer [1]. This con-
stellation of the DPs’ obligations characterises a scenario in
which A’s actions can be interpreted as expressing his eval-
uation of the answer provided by B and is identical with the
situation after A’s move [6] in the more complex example
(6) above.

Our model thus assumes the classification of informa-
tion states in terms of update scenarios as part of the ex-
pressive means, and we propose an alternative to the games
approach also in terms of the model’s capacity to feed back
heuristic analyses to other modules in a dialogue system in
the same way that a games-based account allows follow-
up moves to be ranked. So, for each scenario, probabilities
can be assigned to each admissible subsequent action thus
allowing for the interpretation of ambiguous or ‘noisy’ re-
sponses. This way we are able to introduce a notion of pri-
oritisation — which we have argued is problematic for the
games approach in explanatory terms — at a higher level in
our model. It should be noted that we have not undertaken
such an analysis; however, it seems clear that the scenario-
based account can be used to provide the same formal prop-
erties as conversational games, and hence similar predictive
power can be assumed.

We have suggested that the obligation-based approach
is able to reconstruct games structures at the descriptive
level and also to flexibly integrate probabilities as devel-
oped in the games framework. In addition to this, however,
taking into account the equivalence between ‘states’ in a
games model and ‘scenarios’ on the one hand, and the def-
inition of scenarios in terms of the DPs’ obligations on the
other, we claim that conversational games should be seen
as structures that emerge from the DPs’ acting according to
the obligations imposed on them rather than as primitives
in the theory of dialogue modelling.

4. Conversational Cooperation Revisited

One of the main challenges for obligation-driven dia-
logue models concerns the account of cooperative or unco-
operative actions, as noted in recent work by Boella et al.
(see Boella et al. (1999) for the central arguments). Based
on a notion of POLITENESS, to which DPs are said to com-
mit themselves for the sake of the success of the interac-
tion, Boella et al. suggest an explanation in the framework
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of an intention-based dialogue model of the classic example
which prompted Traum and Allen to introduce obligations:

(9) A[1]: Did Pete drive here?
B[2]: TIdon’t want to talk about that

Distinguishing a DP’s ‘conversational’ and ‘domain
goals’, Boella et al. assume that DPs will always try not
to offend their conversational partners in order for the di-
alogue to proceed smoothly. This maxim is then used as
an explanation for why B replies to A and thus acts in-
stead of not doing anything: even though in (9) a discussion
about whether Pete drove contradicts B’s ‘domain goals’, B
would have to consider A’s being offended as a possible re-
action if the question is simply ignored. If B’s intention is
the cooperative continuation of the dialogue, the unwilling-
ness to talk about the issue raised by A must be expressed.

Even though the proposals in Boella et al. (1999) can be
considered an elegant solution at the descriptive level to the
classic ‘no response’ problem inherent in intention-based
approaches, the idea of modelling cooperation in terms of
politeness — or in terms of the DPs’ intending not to of-
fend each other — lacks explanatory power. Boella et al.
(1999) themselves note that the maxim of politeness should
be seen as a ‘social goal’, thus introducing another type of
goal in their model. However, the way in which the social
goal of not offending a dialogue partner and the linguis-
tic goal of achieving a smooth interaction are related is left
unspecified, even though the agents’ reasoning about the
linguistic goals takes into account the partner’s reactions
to impolite actions and therefore operates itself with a no-
tion of politeness. Further, there is no explanation of the
existence of a ‘politeness goal’ itself, and this would be de-
sirable given the use of such a fairly sophisticated notion
like politeness as basic explanatory means in the model.

The strength of the idea of discourse obligations as op-
posed to intentions in this context lies in the ability to over-
come the shortcomings of intention-based accounts in ex-
plaining the existence of intentions to respond. Being ‘de-
mands for the DPs to act’, obligations provide a more basic
account of the reasons why DPs finally decide to act, and
can be seen as the triggers of reasoning processes such as
the ones outlined in Boella et al. (1999). Thus it is due to
the existence of an obligation to act that DPs take account
of the implications of acting in a more or less polite way.

As far as the descriptive power of obligation-driven di-
alogue models is concerned, Kreutel (1998) and Kreutel
and Matheson (1999), as well as the examples provided
above, show that obligations allow an account of consid-
erably complex interactions without the need to refer to
the DPs’ intentions, given the presupposition of cooperativ-
ity. In explanatory terms, however, we can provide further
arguments for conceiving of cooperative behaviour as the
DPs’ acting according to the obligations imposed on them.
We thus provide an account of cooperativity which is more
profound and at the same time less idealised then the no-
tion of conversational cooperation employed in Boella et

3Boella et al. (1999) also specify ‘linguistic goals’ which refer
to the correct understanding and comprehension of utterances, and
which can be used in an intention-based approach to grounding
actions.

al. (1999), where cooperativity is defined as the DPs’ try-
ing not to offend each other.

Furthermore, supplying an account of the intentional
structure of dialogue via inference rules on information
states as proposed above allows the obligation-driven ap-
proach to model genuine uncooperative scenarios such as
the one below, by providing the necessary structure for re-
constructing the DPs’ reasoning over their intentions:

(10) A[1]: JTack and Helen will split very soon.
B[2]): How do you know that?
A[3]: She doesn’t love him anymore.
B[4]: That’s not true.
A[5]: Tdon’t want to discuss that.
B[6]: Then please don’t try to make me
think that they will split.

assert{1] iy
ask[2} 3= 10
answer[3]
l
iy
assert[3] is= —(4)
correct[4]
assert[4]

After B starts a discussion about the content of [3], A
knows that participation in the discussion is necessary if B
is to be convinced of the claim in [1]. However, if A acts
as above, expressing an unwillingness to discuss the issue
raised by [3] and not coming up with an alternative answer
to B’s request for evidence, then A has to take into account
the failure of the attempt to make B think that [1] is true.*

It is clear that modelling how A finally decides to act
given the scenario after [4] has to involve a mechanism for
evaluating the DPs’ goals. However, as we have shown in
this paper, the obligation-based approach is able to gener-
ate the necessary structures which feed the DPs’ decision-
taking processes by reconstructing the knowledge of the
way their intentions — as they have become evident in the
course of the interaction ~ are related to each other. Coop-
erative as well as uncooperative actions thus can be dealt
with in a coherent way using the notion of discourse obli-
gations as the basic expressive means for accounting for the
DP’s actions.

“Notice that in the tree for (10) 74 and 45 cannot be thought
of as related by the dominance relation as they are mutually ex-
clusive. A complete formal treatment of this kind of discussion
scenario is still pending at the current stage of our model, but this
does not affect the possibility of A reasoning about whether to
pursue 24 in the context of 4, and 23 as referred to above, given
that A at least knows that in order to satisfy ¢4 the problematic
issue has to be discussed.
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5. Conclusion

Beginning with a dialogue model which uses discourse
obligations as basic means to predict the actions of partic-
ipants in a dialogue, we have proposed a set of inference
rules which operate on the information in the dialogue his-
tory to determine a representation of the DPs’ intentions,
enabling our model to cover uncooperative actions. We
have shown that the structures generated by our rules recon-
struct some intuitions about how to conceive of the inten-
tional structure of dialogue. In particular, we demonstrated
that the structures we assign can be reinterpreted in terms of
the notion of conversational games thus showing that games
can be thought of as macro structures that emerge from the
DPs’ acting according to the obligations imposed on them.
We further suggest that the obligation-based approach to
dialogue also offers a more satisfying account of the phe-
nomenon of cooperativity in general than current intention-
based models.

We neither deny the importance of prioritising the pos-
sible actions of DPs at a given state of a dialogue in an
actual implementation of a dialogue system nor the neces-
sity of complex reasoning processes about the DPs’ goals
in a theoretical dialogue model that is more complex than
the one presented here. However, with respect to the sym-
bolic foundations of a computational model of dialogue,
we advocate the expressive power and the flexibility of the
obligation-driven approach, taking into account its ability
to handle a wide range of interactions exhibited in human
communication.
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Abstract
Conversational Game Theory represents a thread of extant research work which embodies an intuitive picture of dialogue including ideas
from both plan-based rational agency and dialogue grammars. Defining the combination of these two ideas is potentially one of its most
attractive features. The theory has remained a somewhat abstract architecture however with various degrees of freedom. This paper
presents a detailed formalization of the theory and discusses various pressures that arise during formalization and their resolution. The
formal picture is fully implemented as a dialogue manager component within trindikit - a Dialogue Move Engine framework developed

for the Trindi project.

1. Introduction

Conversational Game Theory (CGT) represents a line
of research (Power, 1979; Houghton, 1986; Houghton and
Isard, 1987; Kowtko et al., 1992; Carletta et al., 1996) in
which the following points are highlighted. First, dialogues
consist of exchanges called games whose internal structure
is shared knowledge between conversants. Paradigm struc-
tures are question-answer and initiate-response-feedback.
Such structures form a linguistic resource that is known and
exploited by conversants, for example in predicting what
should happen next or interpreting what has just been ut-
tered. Secondly, game have goals and are planned by ra-
tional agents along with other non-linguistic actions. Dis-
course planning occurs at the game level, not the utterance
level. This planning of games may induce higher levels of
structure over dialogue and this permits accommodation of
familiar claims concerning determination of dialogue struc-
ture by task structure(Grosz and Sidner, 1986). Such higher
level structures are not a central feature of CGT. Additional
structure within games is permitted since games may nest.

The general conception is appealing but how should one
fill it in? Various different forms of theoretical support are
appealed to in CGT literature. (Houghton and Isard, 1987)
is clearest in suggesting that moves should be speech-acts in
the tradition of (Austin, 1962; Searle, 1969) and that games
are conventional sequences of speech acts. (Carletta et al.,
1997) does not actually mention speech-acts but does claim
that games are ‘often also called dialogue games (Carlson,
1983; Power, 1979), interactions (Houghton, 1986), or ex-
change structure (Sinclair and Coulthard, 1975).” The most
that can be fairly claimed is a loose family resemblance.
Sinclair and Coulthard are very keen to distinguish their ap-
proach from speech-act theory, for example. Their classifi-
cation is generally less fine-grained than that of speech-act
theory and is designed to exhibit interactive functions such
as eliciting X with Y, acknowledging X with Y, evaluating
X with Y. They are also very keen not to permit embedding
structures (but reluctantly admit the possibility of some in
(Coulthard, 1977)).

Rather than relying on pointers to elucidation, one can
examine ways in which CGT has been filled in. The most
widely known use of CGT is the markup of the Map Task
Corpus (Carletta et al., 1996). A corpus of 128 task-
oriented dialogues is marked up with a basic set of 12 con-
versational move categories: instruct, explain, align, check,
query-yn, query-w, acknowledge, clarify, reply-y, reply-n,
reply-w and ready. Of these, the first 6 are potential game-
initiating moves. The corpus is also marked up with actual
game-initiators, game-closers (points at which a game fin-
ishes or is abandoned) and an embedding flag indicating
whether or not a game is top-level or embedded. Unfortu-
nately, this particular way of filling in the general concep-
tion appears to be just that: one particular way. What, for
example, motivates the particular move categories chosen?
Why are reply-y, reply-n and reply-w distinguished as dif-
ferent moves? Why should checks be distinguished from
other sorts of queries? Why are embedding levels, rather
than just an embedding flag, not annotated? The reliabil-
ity of the coding scheme (how well coders can reproduce
it) has also been tested (Carletta et al., 1997). Move cod-
ing proved more reliable than game coding. The latter was
“promising but not entirely reassuring”. Agreement on em-
bedding was poor. These results are suggestive: the notion
of move (at least, those moves prescribed for the Map Task
corpus) seems learnable but those of game and nested game
seem much less stable. Yet it is the notion of game that is
central to CGT.

The other uses of CGT are in working implementations
of dialogue systems. CGT has been realized in a series of
computer programs (Power, 1979; Houghton, 1986; Car-
letta, 1992) designed to model agents who share and use
game definitions. Without a clear conception of the under-
lying theory however, it can be unclear whether parts of an
implementation represent real features of the theory or just
simplifications or essential modifications of it. It may be
unclear what remains unimplemented and whether this is
important. Processing issues and descriptive issues may be
problematically entangled.
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In the following sections, we describe one possible for-
malization of Conversational Game Theory and give an al-
gorithm for playing games. A discursive section then moti-
vates our particular design choices and discusses a number
of issues and pressures that arise and how these issues are
resolved or at least clarified by the formalization.

2. Formalization

Conversational moves are objects with a category (e.g.
reply) and a content (that london is the destination). Con-
versational games are rule-governed sequences of moves
also with a category and a content (e.g. finding-out, giving-
information). So, let G and M be disjoint finite sets of
game types and move types. We suppose contents are
identified by sets of propositions. P is the set of all
propositions. Then a move is a pair (3, p) and a game
is a pair (y,p) where # € M,y € Gand p C P,
For example, {query,inform,greet,pardon,interrupt} C G,
{gqw,rw,ackcenf,ryes,inf} C M.

With one eye on implementation, we suppose the game
rules can be coded up in simple recursive transition net-
works. Each game type vy € G has a grammar RTN,,
whose arcs are labeled with conversational move and game
types. RINy = (s,t,7, 50, f), where s is a set of states,
t C (MUG)isasetofarclabels,? C s xt x s is the
transition relation, sq is the initial game state and f C s
is the set of final game states. Some example games are
illustrated in figure 1.

An instance of a game -y, is a paired game and function
S : s — Pd. That is, for each state of the game, we identify
a set of propositions under discussion at that point in the
game. Pd is defined below.

Moves are realized by utterances, and, in general, we
suppose the categorization of an utterance may depend on
its form, content and relation to the current propositions un-
der discussion. Let realize(w,{3, p),q) mean utterance u re-
alizes a move of type 3 and content p in context ¢ (¢ € Pd).
Then, a sequence of utterances ug, uy, . . ., u, realizes an
instance of a game (v, po) just in case there is a sequence
of game states sg, s1,..., 8y, move types So,f1,...,05n
and sets of propositions pg, p1, - . ., pn such that, for all 7,
realize(u; (B, pi)»S(s;)), and the sequence of move types
is accepted by RTN,. The content of the first move of a
game is also the content of the game.

Semantically, we suppose that games are commitment
slate updaters and that moves are updaters of propositions
under discussion. A commitment slate is just a set of propo-
sitions (¢ C P) and a set of propositions under discussion
is another such set with possibly one distinguished mem-
ber: (p,d(p)), where p C P and d(p) € p, if there is a
distinguished member else d(p) = 0. The distinguished
member is one highlighted by confirmation moves. If Cm
is the set of all commitment slates and Pd the set of all sets
of propositions under discussion then a dialogue model is
(I1, I, Pd, Cm) where I interprets move and game types
M U G and /5 interprets game types G.

We suppose move type tells one how to update the
propositions under discussion (z € Pd) and the move con-
tent (y C P) tells one what to update it with. The result
is another set of propositions under discussion (y € Pd).

Consequently, [1(8) : Pdx P - Pd (8 € M UQG).
The value of a move [ ]; is a function Pd — Pd and is
defined by [ (8, p) |1 = Ax.[I1(8)(z, p)]. That is, take the
type of operation on Pd denoted by the move type § and
apply it to the current set of propositions under discussion
and the content of the move p, thereby generating a new set
of propositions under discussion. A sequence of moves de-
termines, by functional composition, a function Pd — Pd.
Applying this function to the propositions under discussion
at the start of a game {} results in the propositions under
discussion after that sequence. Let Ag(~yx)be the proposi-
tions left when the game completes. Ag(vyx) will be S(s)
for the terminating state s € f reached in playing the game.

We adopt similar definitions for game semantics.
I (y) = Cm x Pd — Cm (game type tells you how to up-
date the commitments). [ vx [2 = Az.[L2(7)(z, Ag(yx))]
(Apply the operation denoted by the game type to the cur-
rent set of commitments and the propositions left at the end
of the game). Finally, a dialogue consisting of a sequence
of games determines by functional composition a function
from Cm — Cm and applying this function to {} (the
commitments before conversation begins) gives the value
of the dialogue so far.

The model permits fully incremental processing of dia-
logue meaning in that there is a function which determines
the meaning of a discourse (its commitments and proposi-
tions under discussion) after any initial substring of utter-
ances within it.

3. A simple instantiation

Figure 1 shows the move and game definitions imple-
mented in the Trindi Autoroute Demonstrator. ! The
demonstrator is a simple dialogue system in which the sys-
tem queries the user for various route parameters (origin,
destination, time and so forth) before making a web query
to one of a number of route planning services.

A query game opens with a query move (qw) or a “re-
stricted query move” (qw-r) which should be followed by
a reply (rw). The querier may then either terminate the
game with an acknowledgment (ack) or make a confirma-
tion move (cnf). Possible responses to a confirmation in-
clude a “reply-yes” move (ryes), a “reply-no” move (rno)
and a “reply-modifier” move (rmod). The latter move en-
codes a correction such as “No, to Leicester” following a
confirmation of “You want to go to Bicester. Is that cor-
rect?”.

An information-giving game consists simply of an in-
formation move (inf) followed by an acknowledgment
(ack).

A pardon game consists of one player making a move
that is (deemed to be) indecipherable (unrec) and the other
player saying “pardon” (pdn).

An interruption game consists of one player saying
something that is (deemed to be) unimportant (unimp) and
the other player playing an information game (inf).

Although not shown in the diagram, pardon and inter-
ruption games can link any node in any game back to itself.

I'TRINDI (Task Oriented Instructional Dialogue), EC Project
LEA4-8314, http://www.ling.gu.sefresearch/projects/trindi



GOTALOG 2000

QW
Game

INF
game

PARDON
game

INTERRUPT
game

sunﬁnp

INF
game ®

HELLO
game

hello 0 hello

Figure 1: Game Definitions

For the game semantics, qw and inf games simply add
their content to the commitment slates. That is, if the game
began with a commitment slate of C'm and it terminates
with propositions under discussion of (p, d(p)), then the
new commitments are just C'm U p. All other games rep-
resent the identity function on commitments. There are no
games for commitment revision in the demonstrator.

For the move semantics, all initiating moves initialize
the current propositions under discussion with the content
of the move without distinguishing any member. That is, if
the move content is p, then the propositions under discus-
sion become (p, 0). The rw and inf moves behave similarly.
That is, if Pd is the set of propositions under discussion,
and p is the content of the move, then the propositions un-
der discussion become (p, 0). Ack, ryes and pardon moves
represent the identity function on propositions under dis-
cussion. Cnf distinguishes a proposition. So, if {p, d(p)) is
the set of propositions under discussion and ¢ is the content
of the cnf move (¢ € p), then (p, ¢) is the new propositions
under discussion. Rno simply removes a proposition p from
the set (and, if p were distinguished then d(p) becomes 0).
Rmod replaces the distinguished proposition under discus-
sion with the content of the move. That is, (p, d(p)) updated
by move content ¢ and becomes (p — d(p) + ¢, ¢).

4, Game Playing

Games are represented by simple RTNs so game-
playing is viewed as ‘parsing’ such a network. Of course,
it cannot be just parsing since the system must generate as
well as interpret utterances. The overall structure we em-
ploy is that of a dialogue monitor (something which, utter-
ance by utterance, parses the dialogue) alternating with a
dialogue contribution generator. The monitor maintains a
picture of the current game state. The contribution genera-
tor either looks for user input, if the game state indicates it
is the user’s turn or else it generates an output itself ap-
propriate to the game state. Either way, a new token is
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generated and the dialogue monitor updates its picture to
incorporate it.

The monitor functions as a parallel, no-look-ahead, in-
cremental parser. After each token appears, the set of next
possible states is calculated, each of which is at the end of
a possible path in the network covering all the utterances in
the current game. All the possible paths are then sorted ac-
cording to a utility based preference mechanism. The top-
most item on the agenda represents what the system actu-
ally believes the current state to be and the path to it. The
other paths are maintained however and each is extended to
incorporate new tokens when they appear. The appearance
of a new token may result in some paths being discarded
and new ones being generated. In particular, the topmost
path may not be extendible to incorporate a new token and,
even if it is, the result may not be most preferred by utility
measurement.

5. What do Conversational Games and
Moves do?

Games and moves, like speech acts, are most naturally
thought of as objects that do things and formalized as con-
text update functions. What is the nature of the contexts to
be updated?

In speech act theory, two sorts of contexts have been
used. In a tradition beginning with (Hamblin, 1971), speech
acts are commitment slate updaters. A commitment slate is
not to be thought of as a set of mental attitudes but as public
objects that one can be held to. One might say the stress is
on what you say committing you, rather than your commit-
ting to what you say. Researchers interested in formalizing
legal argumentation (notably (Mackenzie, 1979), (Lodder,
1998) is a recent review) have further developed the idea.
The picture contrasts strongly with the “speech acts as plan
operators” approach (beginning with (Cohen and Perrault,
1979; Perrault and Allen, 1980)) which defines utterances
as actions with pre-conditions and effects all describing the
mental states of the dialogue participants. In that account,
the primary and intended effects of our dialogue utterances
are to update each other’s mental states. Understanding a
dialogue becomes immediately a matter of discerning other
people’s mental states.

In our approach to CGT, we apply the commitment idea
at the level of games. The primary effect of games is to
commit dialogue participants publicly to the truth of cer-
tain propositions, to undertake certain actions and so forth.
Furthermore, games commit all the participants. The point
of moves is to negotiate the objects to commit to. In many
ways, this is a natural development of Hamblin’s original
picture (see especially his ‘System 7°). Hamblin’s contexts
are sets of commitment slates, one per discourse participant
and each locution act is an updater of everyone’s commit-
ment slate. If | assert p, everyone becomes committed to
p- Hamblin assigns some locution acts, including inquiries
and retraction demands, the identity function on commit-
ment slates. However, he also adopts a rule (the rules de-
fine the set of legal dialogues) that after a question there
may follow only an assertion which answers it or an ‘Idon’t
know’ locution. Consequently, the significance of a ques-
tion is really given derivatively as the set of assertions that
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may legitimately follow it rather than in its own context
change potential. It is very natural, indeed more perspicu-
ous, to recast this into a games framework in which ques-
tions and answers are equally moves that negotiate a set
of objects that form the final commitments to update with.
The picture of moves as updaters of ‘propositions under
discussion’ has evident affinities with earlier suggestions
including especially contract games (Dahl, 1981) and also
questions under discussion (Ginzburg, 1995). Suggestions
along similar lines can also be found in (Stalnaker, 1978).

6. Identifying moves

The picture of negotiation moves in pursuit of publi-
cally agreed commitments promises a much more satisfac-
tory account of the role of certain paradigmatic dialogue
moves such as acknowledgments, replies and answers than
one based on speech-act theory (cf. (Houghton and Isard,
1987)). An initiating move may propose a public commit-
ment or ask for one. An acknowledgment accepts one. A
rebuttal rejects one. An answer supplies one. In contrast,
it seems very hard to give a speech-act characterization of
moves such as replies and answers. As (Levinson, 1983) re-
marks, such categories depend on possibly complex mean-
ing and sequential relations between utterances and not on
their content plus an illocutionary force. There is no illo-
cutionary force of answering. The possibility of such com-
plex relations is built into our formalization through the re-
alization relation realize(u,(8, p),¢). Some moves are dis-
cernible purely on the basis of form - e.g. ‘pardon’ realizes
a pardon move simply in virtue of its form. However, ‘I
want to go to London’ realizes a reply move only in virtue
of itsmeaning and the fact that the propositions concerning
the desired destination have been put under discussion by a
previous question. In different circumstances, ‘I want to go
to London’ might best be interpreted as an inform move.

We should note too that the general picture also offers
an answer to some of our original questions, for example,
why are reply-y and reply-n distinguished? The answer is
simply that in one case an offered commitment is accepted
and in the other it is not.

7. Identifying Games

When do games begin and end and when do they nest?
In general, CGT literature simply notes that the guiding
idea for detecting a game’s beginning and end is that a
game has a purpose and lasts until it is achieved or aban-
doned. Perhaps unsurprisingly, and as we noted earlier,
achieving reliable agreement on game-nesting has proved
difficult. The reason it is unsurprising is that purposes can
be discerned at various levels of granularity and one may
be unclear what level of granularity to use. Does one game
(the outer bracketing) cover the whole of Dialogue 1 (Fig-
ure 2)? Certainly, the purpose of obtaining a route is not
achieved until utterance 10.

Alternatively, is the structure covering 1 to 10 not a
game structure but a higher level structure? What really
distinguishes these two ideas?

It is noteworthy that CGT implementations tend to em-
ploy very little nesting themselves. (Carletta, 1992) dis-
cusses repair strategies in the context of CGT. In her analy-

[ 1. U: I"d like a route please.

| 2. S: Okay.

[ 3. S: Where do you want to travel?
| 4. U: from Bideford to Exeter

" 5. S: When would you like to travel.
| 6. U: I'want to arrive at 4 p m.

i IO.S: The quickest route from Bideford to Exeter is . ..

Figure 2: Dialogue 1

sis, if a problem arises in understanding an initiating move
(A says, ‘the first section of the route goes between the
palm beach and the swamp’ but B has no knowledge of
any swamp), then B simply closes the game with ‘I don’t
understand’. Then either A or B, depending on whether B
cedes the turn, may initiate a new game. B may reflect on
partial information he generated during the game in order
to reconstruct the speaker’s goals in starting it, viz. A wants
to give a route, and that requires giving the first section
and that requires identifying the palm beach and something
else (‘the swamp’). B may then adopt these goals himself,
spot the problem and start a repair game with “Where is the
swamp?’. However, although the discourse or intentional
structure can be highly complex (involving structured goals
and sub-goals) this is not reflected at all in game structure.
In the example, no game is opened for ’giving a route’ or
*giving the first section’. The repair game *Where is the
swamp?’ is not a nested game either. Indeed, there does
not appear to be any game nesting. Every game is essen-
tially initiate-response or initiate-response-feedback. The
rest of the structure comes via planning.

(Houghton and Isard, 1987) also only permits one sort
of embedding. In Houghton’s system, after a game has been
initiated, either the reply is of the expected type in which
case the current game continues or an interruption is as-
sumed.

Clearly, the general formalization of section 2. per-
mits arbitrary embedding. The RTN framework permits
any game to occur at any point within any other game.
Whilst this may seem satisfactorily general, reflection on
the meaning of embedding structures suggests otherwise.

If nesting is permissable at all, then, from our formal
perspective, games must have a dual role: 1) in updat-
ing propositions under discussion 2) updating commitment
slates. However, these two roles are not orthogonal. It
makes no sense to suppose that a nested game could re-
sult in « being added to a commitment slate and yet remain
under discussion in the embedding game. Similarly, if o
is under discussion in a game, what could a nested game
do? Put it under discussion again? Perhaps the paradigm
example of a nested game is the confirmation sub-dialogue

’d like a route to Cambridge please
ou want a route to Cambridge?
S

>-<'—(

1. U:
2.S:
3.0
4. 8:

5

Figure 3: Dialogue 2
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It seems the most natural thing in the world to identify
the sequence of 2 and 3 as a sub-dialogue. But what really
is meant by so identifyingit? It is worth stressing first of all
that the mere fact that 2 sets up an expectation for 3 is quite
insufficient to deem the sequence a game. After all, a re-
ply sets up an expectation for an acknowledgment but they
do not form a game. A perfectly flat sequence of moves
encodes the dependency as well as a nesting structure.

It is also insufficient that the sequence of 2 and 3 might
occur as a game in another context. For example, one can
imagine S encountering a tourist in St. Ives looking hope-
lessly lost but clutching a map and a guidebook to Cam-
bridge. The sequence of 2 and 3 then follow. Again, the
fact that ‘I want to route to London’ could be an inform
move in another context does not entail that it so functions
in the current context.

The issues are delicate. But without some sort of under-
standing of the meaning of structures, what are we discern-
ing them for?

There is of course another pressure in CGT towards
minimal embedding. This is the element of the picture
that games are intended to encode shared linguistic knowl-
edge of possible structures of moves. The knowledge is
intended to be distinct from general considerations of ‘ra-
tional agency’ that agents may employ at the game level.
There is something missing in a dialogue with an initiation
but no response. It is perhaps worth stressing that, just as
with sentential grammar, communication can still proceed
perfectly adequately. Half utterances and ungrammatical
utterances are often good enough for beings with enough
intelligence and pragmatics. Consider again the issue of
the possible embedding surrounding the whole of Dialogue
1 (figure 2). The questions for us are: does some propo-
sition remain under discussion until 10 or, rather, is some
commitment established early; is the role of utterance 10
predictable on the grounds of shared knowledge of linguis-
tic structure — or just on the basis that a rational and co-
operative agent will address an agreed commitment at some
pointin the future? (Recall that S himself might not like to
think of himself as committing so early. Perhaps he with-
holds the Okay in utterance 2, adopts a worried look and
asks his follow-up questions in a highly quizzical tone. But
S’s mental state does not settle the matter. Is it reasonable
to hold S as having committed early?)

Of course, 10 might not occur at all. It seems that the
content of the conversation after 6 might simply remove any
need to further address utterance 1. Consider the continua-
tion of Dialogue 1 shown in figure 4

7a. S: What sort of car will you be driving?
8a. U: I don’t want to go by car
9a. U: I want to go by bus and train
10a S: T cannot give bus and train information
11a.U: Okay

12a.U: Bye

Figure 4: Dialogue 3

The general idea is that, rather than positing a piece of
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incomplete structure (to be dealt with in discourse prag-
matics), the role of the initial utterance is best construed
as establishing some content (namely, a commitment of a
certain sort) which content is later addressed or becomes
obsolete in virtue of the way the rest of the conversation
proceeds. Again, the issue is really quite fine but only by
clarifying and refining some reasonable notion of content
can it become in any way tractable.

Finally, we should note that arbitrary embeddings
seems far too general. Nesting is permissible; but there
are different sorts of embedding. Can a game begin with
another game, for example? A focus on purely on pur-
pose and intention, as in the discourse segment theory of
(Grosz and Sidner, 1986), might encourage this outlook.
Focussing on the structural expectations generated by an
utterance however reduces this pressure. (Carletta et al.,
1996) states that a game may nest if it serves the goal of
a game which has already been initiated. (Houghton and
Isard, 1987) similarly refers only to the immediate and in-
tentionally apparent goal in initiating the interaction. It
is also interesting to note that LINLIN dialogue structures
(also fairly small and simple Initiate-Response structures)
permitted recursion but only certain examples such as (I (I
R)YR), IAR)(IR)R), TJ(IR)R)R) are ever reported
(Jonsson, 1992).

7.1. Planning for Commitments versus Beliefs

Plan based approaches to dialogue management can in-
volve highly complex reasoning about beliefs about others’
beliefs and intentions. If A asserts z and B acknowledges
it then B will believe A believes z (in virtue of the asser-
tion) and conversely A will believe B believes & (by the
acknowledgment). But if B rejects z, then all one can say
is that A will believe B believes not . A’s beliefs about x
itself will depend on how A responds to the rejection and
B’s beliefs about A’s beliefs about = will depend on how he
models those thought processes of A.

The “public joint commitment” picture avoids the need,
at the level of game playing, for such representation and
reasoning. A game serves to establish propositions to com-
mit to publically and the moves serve that purpose. In the
case where B rejects A’s assertion, no joint public com-
mitments result from the game. The picture offers noth-
ing about what mental states people may have after a game
concludes. Indeed, even if B had acknowledged x, he might
have done so even though he himself did not believe z. A
might have asserted @, whilst disbelieving it. Nevertheless
A and B have committed to . Whatever their mental states
are, they have laid themselves open in a certain way - par-
ties can justifiably complain if later actions or utterances are
inconsistent with declared commitments. The useful sim-
plification is to separate at the discourse level what an agent
does from why he does it.

Of course, in dialogue systems generally, it is held that
modeling others’ beliefs and intentions is potentially valu-
able in building helpful systems: e.g. systems which can
respond to what are discerned to be the user’s underly-
ing though not expressed goals ; or systems which can at-
tempt to understand how dialogue problems have arisen and
thereby repair them. It is therefore a very interesting ques-
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tion how far one can get without such modeling. For in-
stance, in our implementation, if a game fails, the commit-
ments are unaltered and agents must plan their next move
on just this basis. This is clearly overly simple for a com-
plete analysis of human-human dialogues but it might be
very appropriate for practical computer based systems. If
one does not worry about why the last game went wrong
then one evidently risks encountering the same problem
again, but this should be compared with the risk of incor-
rectly diagnosing the problem in the first place.

(Traum and Andersen, 1999) discusses a number of ex-
amples in which A makes a request, B carries out an action
and then A corrects B. For instance,

(A train called Metroliner has just moved from Boston
to Albany)

A: send the Boston train to New York

B: (sends it)

A: No, send Metroliner

Did A mis-speak “Boston” for “Albany”, or B mishear?
Did A mean Metroliner by “the Boston train”? Has A just
changed his mind about what he wants? Traum notes that,
whatever the truth, the best continuation strategy is in fact
just to carry out A’s subsequent request. Traum also dis-
cusses more complex examples in which, he suggests, that
just carrying out the subsequent request is not optimal.

A: send the Boston train to New York
B: (sends it)
A: No, send the Boston train

Traum thinks B should calculate that “the Boston train”
cannot mean what he thinks its means and choose another
candidate (presumably Metroliner). This is not an easy cal-
culation - maybe A didn’t realize B had sent the Boston
train so sending it again is the right thing to do. Clearly,
the value added to systems by incorporating such reasoning
needs careful evaluation.

8. Execution strategies and Re-analysis

A formalization of what conversational games are en-
ables a clean separation from processing issues.

Most work on conversational games has indeed been
procedurally oriented and followed an execution model ex-
emplified by (Houghton and Isard, 1987). Houghton de-
fines games by a goal, a precondition for attempting the
game, an executable procedure (e.g. search one’s memory,
alter the world in some way) and a reply type. If no game is
current and an actor receives input, it must decode the goal,
load the appropriate game definition into memory, execute
the procedure and issue a reply of the right type. The initi-
ating actor must then compare the reply with the expected
type. In Houghton’s system, either the reply is of the right
type and the game closes or an interruption is assumed. In
such a system, what recovery strategies are there should one
discover a misunderstanding? If an initial goal is decoded
incorrectly then the reply may not be of the expected type
and so an interruption will be assumed. It is still assumed
however that the initial goal was correctly decoded and so
a ‘correct’ response to it will be expected.

Our work has been undertaken within the Trindi project
which has been promoting an Information State Update
view of dialogue. Utterances are to be analyzed as informa-

tion state transformers. Primary interest attaches to identi-
fying different notions of information state and their up-
dates. The picture is undertaken for intrinsic interest, to at-
tempt to compare alternative dialogue theories re-cast into
it and also to build a generic ‘dialogue move engine’ for
experimentation. How much can you do with smail infor-
mation states? How much does more state buy you? The
general architecture is shown in figure 5.

o o

'/.' :"-l \'\,

i‘ Dialogue Move Engine (DME)"i ‘: \-‘
Interpreter V| Update Selection i | Generator
Input module module ' Output

'
'
'
'
'
'
0
/
'

Information State (IS)

____________________ U T
Dynamic (DIS) | Static (SIS)

| Declarative
- DIS type definition
- plans

- games

H ~ moves

- rules

+ - database

e [

'
i Procedura:

) - update algorith

- selection algorithm
- control algorithm

Figure 5: The TRINDIKIT architecture

The Information State functions like a blackboard and
contains both static parts and dynamic parts. The dynamic
parts are those that can change during the course of a dia-
logue. Apart from the overall control module, the functions
of the modules are meant to correspond to the following
highly general account of what a dialogue manager must
do:

¢ interpret inputs, classifying them as instances of
known moves

¢ update the information state based on the classified
move

¢ choose a move (or action) to carry out next

o update the information state based on that move

In perhaps the most natural instantiation of this model,
the choice of which move was made by an utterance is taken
prior to operation of the update rules in the update mod-
ule. The update rules encode how to update the informa-
tion state given a particular choice of move. That is, one
first recognizes an utterance as constituting, for example, a
question and then applies the update rule for questions (or,
one of the rules for questions, if the rules are also context
sensitive) thereby updating the information state.

Once again, such a model implies a certain degree of
early commitment. For how can the system undo or redo an
update, if a problem arises later which is caused by an ear-
lier incorrect choice? In order to allow a revision or ‘undo’
of an early choice, the information state must carry around
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within it not just the new information generated by the early
choice but also information that might be required if the
choice is to be un-made or re-made.

In our implementation, the Information State is actu-
ally the current agenda of a parallel parse which contains
alternative interpretations of what was said. (The paraliel
feature is clearly not psychologically realistic). Subsequent
information can cause the system to change its mind about
the best parse of earlier inputs. For example, when the sys-
tem asks a question “When do you want to travel?’, it anal-
yses its own output as possibly being an unrecognized
move (that is, a publically indecipherable output which put
no propositions under discussion at all), as well as being a
question move. Subsequently, should the system hear ‘par-
don’, it will determine that the current interpretation of its
own original utterance is no longer viable since ‘pardon’
is not a valid move in the qw game. The interpretation in
which its own utterance was not recognized becomes pre-
ferred. No question was ever asked. No such move was
actually made.

The point is of course a rather obvious one once games
have been declaratively defined. There is a more substan-
tive point available though. Having raised the issue of re-
analysis, how much re-analysis might be necessary or pos-
sible? How open to re-interpretation are all our earlier
utterances? By adopting the commitment picture of con-
versational games, we effectively limit the amount of re-
interpretation permitted. The point of a game is to agree
something so, once the game is completed, the path by
which it was agreed is no longer needed. If I assert some-
thing and you agree, then we are entitled to behave on the
basis of what (we think) we have agreed. Of course, prob-
lems may still arise later but, if they do, then that is a ba-
sis for complaint not re-interpretation: But you asserted x!;
But you agreed to y!. One will not attempt to re-interpret
any exchanges in the dialogue which followed the identified
earlier problem. Of course, as an academic exercise, some-~
times one can be interested in understanding how such a
mis-understanding remained hidden for so long, but recon-
structing the mis-construal is not a strategy for repairing the
dialogue.

9. Conclusion

We have developed a formal account of CGT in an at-
tempt to more precisely delineate its main features and pos-
sible contributions to dialogue analysis. In order to sharply
delineate the roles of games and moves, we have taken
games to be update functions on “publically agreed com-
mitments” whereas moves update “propositions under dis-
cussion” in order to establish those commitments. We have
explored some of the reasons for using these notions and
their possible impact on several salient issues for CGT: the
relative roles of rational agency and shared knowledge of
game-structure; the extent and amount of embedding struc-
tures; the amount of re-analysis that might be required in
understanding dialogue.
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Abstract
This paper shows an empirical study about the anaphoric accessibility space in Spanish dialogues. According to this study, antecedents
of pronominal and adjectival anaphors can almost always (95.9%) be found in the noun phrases set taken from spaces defined using a
structure based on adjacency pairs. Furthermore, a proposal of a reliable annotation scheme for Spanish dialogues is presented in order
to define this anaphoric accessibility space. Using this annotation scheme, anaphora resolution algorithms can locate the adequate set of

anaphor antecedent candidates.

1. Introduction

Anaphora resolution is one of the most active areas of
research in Natural Language Processing (NLP). The com-
prehension of anaphora is an important process in any NLP
system, and it is among the toughest problems to solve in
Computational Linguistics and NLP.

According to Hirst (1981): "Anaphora, in discourse, is
a device for making an abbreviated reference (containing
Sfewer bits of disambiguating information, rather than being
lexically or phonetically shorter) to some entity (or entities)
in the expectation that the receiver of the discourse will be
able to disabbreviate the reference and, thereby, determine
the identity of the entity.”

The reference to an entity is generally called an anaphor
(e.g. a pronoun), and the entity to which the anaphor refers
is its referent or antecedent. Moreover, it is well-known
that anaphora is a mechanism used by speakers in conver-
sation to achieve the common ground. Thus, NLP systems
need to both resolve and generate anaphora and they gener-
ally resolve it by constructing a set of possible antecedents
and then choosing the best one. For this, it is necessary to
decide the adequate anaphoric accessibility space, i.e. the
space where any anaphora has its candidate set of possible
antecedents.

According to Dahlbédck (1991), the efforts made so far
towards resolving anaphora can be divided into two basic
approaches : Traditional and Discourse-oriented. The tra-
ditional approach generally depends on linguistic knowl-
edge. In the discourse-oriented approach, however, the
researcher tries to model the complex structure of dis-
course. Anaphora, accepted as discourse phenomena, is
resolved with the help of that complex structure. These
works are mostly focused on defining anaphora resolution
algorithms, both the traditional approaches (Hobbs, 1986),
(Baldwin, 1997), (Mitkov, 1998) and the discourse-oriented
ones (Grosz et al., 1995), (Strube and Hahn, 1999).

However, the former do not perform a defined proposal
about anaphoric accessibility space, and the latter con-
straint the space for possible antecedents to the previous
utterance. Although, this strategy is adequate for English
processing, its application to other languages such as Span-

ish is not such suitable. For instance, Spanish personal pro-
nouns contain more morphological information than En-
glish ones. This makes Spanish speakers to expect larger
anaphoric accessibility spaces.

This paper shows that in Spanish dialogues, antecedents
of pronominal and adjectival anaphors can almost al-
ways be found in the set of noun phrases taken from the
anaphoric accessibility space. This space is defined accord-
ing to an structure based on adjacency pairs (or synchro-
nizing units according to Eckert and Strube (1999a)). Fur-
thermore, a proposal of an annotation scheme for Spanish
dialogues is presented, in order to define this anaphoric ac-
cessibility space. Moreover, a detailed study of this space
and the antecedents we have found in it has been carried
out.

Our proposal has been evaluated on the Corpus In-
foTren: Person, a corpus of Spanish dialogues provided by
the BASURDE (1998 2001) Project. These dialogues are
conversations between the telephone operator of a railway
company and a user of the company.

2. A proposal for an annotation scheme for
dialogue structure

For the successful processing and resolution of
anaphora in dialogues, we believe that the proper annota-
tion of the dialogue structure is necessary. With such a
view, we propose an annotation scheme, for Spanish dia-
logues, that is based on the work carried out by Gallardo
(1996), who applies, to Spanish dialogues, the theories put
forward by Sacks et al. (1974) about the taking of speak-
ing turns (conversational). According to these theories, the
basic unit of knowledge is the move that can inform the lis-
tener about an action, request, question, etc. These moves
are carried out by means of utterances'. Therefore, utter-
ances are joined together to become turns.

Since our work was done on spoken dialogues that have
been written (transcribed), the turn appears annotated in the

'An utterance in dialogues would be equivalent to a sentence
in non-dialogues, although, due to the lack of punctuation marks,
utterances are recognized by means of speaker’s pauses.
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texts and the utterances are delimited by the use of punctu-
ation marks. The reading of a punctuation mark (., 2, !, ...)
allows us to recognize the end of an utterance.

As a conclusion, therefore, we propose the following
annotation scheme for dialogue structure based on Gallardo
(1996):

Turn (T) is identified by a change of speaker in the dia-
logue; each change of speaker supposes a new speak-
ing turn. On this point, Gallardo makes a distinction
between two different kinds of turns:

¢ An Intervention Turn (IT) is one that adds in-
formation to the dialogue. Such turns consti-
tute what is called the primary system of conver-
sation. Speakers use their interventions to pro-
vide information that facilitates the progress of
the topic of conversation. Interventions may be
initiatives (IT;) when they formulate invitations,
requirements, offers, reports, etc., or reactions
(ITr) when they answer or evaluate the previ-
ous speaker’s intervention. Finally, they can also
be mixed interventions (ITg/;), meaning a re-
action that begins as a response to the previous
speaker’s intervention, and ends as an introduc-
tion of new information.

o A Continuing Turn (CT) represents an empty
turn, which is quite typical of a listener whose
aim is the formal reinforcement and ratification
of the cast of conversational roles. Such inter-
ventions lack information.

Adjacency Pair or Exchange (AP) is a sequence of turns
T headed by an initiation intervention turn (IT;) and
ended by a reaction intervention turn (ITg). One form
of anaphora which appears to be very common in dia-
logues is the reference within an adjacency pair (Fox,
1987).

Topic (TOPIC) is the main entity in the dialogue. Ac-
cording to Rocha (1998) four features are taken into
account in the selection of the best candidate for dis-
course topic: frequency, even distribution, position of
first token, and semantic adequacy. The topic must be
a lexical item which is frequently referred to.

According to the above-mentioned structure, the fol-
lowing set of tags is considered necessary for dialogue
structure annotation: IT;, ITg, CT, AP and TOPIC. AP
and TOPIC tags will be used to define the anaphoric ac-
cessibility space and the remaining will be used to obtain
the adjacency pairs. The ITg/; tag standing for mixed in-
terventions is not considered because mixed interventions
can be split into two different interventions: ITg and IT;.
This task will be done in the annotation phase.

For this experiment, the corpus has been manually an-
notated. However, nowadays there are some works per-
forming an automatic adjacency pair tagging, such as the
BASURDE (1998 2001) Project. On the other hand, there
are other works performing automatic topic tagging (e.g.
Reynar (1999)) or automatic topic extraction (e.g. the

method for anaphora resolution shown in Martinez-Barco
et al. (1999)).

An example of an annotated dialogue with such tags is
presented in figure 1. It should be pointed out that the tag
(OP) indicates the turn of the operator of a railway com-
pany, and the tag (US) indicates the user’s turn. The tran-
scribed dialogue provides these tags.

The annotation of conversational dialogues is carried
out, as shown above, and the evaluation of the proposed
anaphoric accessibility space accomplished. An important
aspect of this type of annotation is the training phase, which
assures the reliability of the annotation.

The annotation phase is accomplished in the following
way: a) two annotators are selected, b) an agreement? is
reached between the two annotators with regard to the an-
notation scheme using 5 dialogues (training corpus), c¢) the
annotation is then carried out by both annotators in parallel
over the remaining 35 dialogues (test corpus) and, d) finally,
a reliability test is done on the annotation (see Carletta et
al. (1997)). The reliability test uses the kappa statistic that
measures the affinity between the annotations of the two
annotators by making judgements about categories. See
Siegel and Castellan (1988) for kappa statistic (k) comput-
ing.

Because of turns are marked during the transcription
phase, all the annotator must do in relation to the adjacency
pair is to classify turns according to the above classifica-
tion, and then to relate each initiative intervention turn Iy
to its reaction intervention turn I7Tr. As a result, the adja-
cency pair is defined. Thus, this task was limited just to a
classification task that is easily measured using the kappa
statistic.

Another task is the topic definition. According to the
corpus structure, this task is trivial because the corpus is
organized into short dialogues, and each dialogue has only
one main topic or theme. This topic is introduced clearly
by means of some user’s intervention at the beginning of
the dialogue. Consequently, we have not detected discrep-
ancies between both annotators with regard to the topic def-
nition, and because of this, this task was not measured us-
ing the kappa statistic.

According to Carletta, a k measurement such as 0.68 <
k < 0.8 allows us to make encouraging conclusions, and
k > 0.8 means total reliability between the results of both
annotators.

Once both annotators have carried out the annotation,
the reliability test of the annotation has been run, with a
kappa measurement of £ = 0.91. We therefore consider the
annotation obtained for the evaluation to be totally reliable.

In those cases where some discrepancy between the an-
notators was found, the following criteria was applied: each
dialogue has a main annotator whose criteria with regard to
the annotation is considered definitive although there were
discrepancies between both accounts. In order to guarantee
the results, each annotator was the main annotator in only
50% of the dialogues.

As this annotation would be processed by some

“This agreement is about what every tag means to every annot-
ator when it is applied to the corpus
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TOPIC

AP1

AP2

AP3

AP4

AP6

AP7

AP5°

ITT (OP)
ITg (US)

CT (OP)

ITr (US)

ITR(OP)

ITr (US)

ITR (OP)

IT; (US)
IT; (OP)
ITx (US)

ITg (OP)

ITy (US)
ITg (OP)
CT (US)
CT (OP)
ITy (US)

ITg (OP)

tren
(train)

informacién de Renfe, buenos dias
(Renfe information, good morning)
hola, buenos dfas

(hello, good morning)

hola

(hello)

me podéis decir algin tren que salga mafiana por la tarde para ir a Monzén
(could you tell me about any train that leaves tomorrow evening for Monzon)
si, vamos, mira hay un talgo a las tres y media de la tarde

(let me see, there is a talgo at half past three)

si tiene que ser més tarde

(it has to be later)

mds tarde. Hay un intercity a las cinco y media, un expreso a las seis y media
(later. There is an intercity at half past five, an expreso at half past six)

el de las seis y media ;llega a Monz6n?

(the half past six one, does it go to Monzon?)

a ver. El de las seis y media me ha preguntado ; verdad?

(let me see. You have asked about the half past six one, haven’t you? )
si

(ves)

a las nueve y veinticinco

(at twenty-five past nine)

a las nueve y veinticinco estd en Monzén
(at twenty-five past nine it is in Monzon)
si

(ves)

vale, pues ya estd. Esto ya es suficiente.
(ok, that’s all. That’s enough.)

hum, hum (simultdneo)

gracias, jeh?

(thank you, ok?)

muy bien a usted. Hasta luego
(thanks. Bye)

“This adjacency pair is included in AP4

Figure 1: An example of an annotated dialogue from Corpus InfoTren: Person

anaphora resolution system, we propose an SGML tagging e Adjacency pairs:
format such as the one that can be seen in figure 2.

The SGML markup will have the following form:

<AP ID="number">
Adjacency-palr

<ELEMENT-NAME ATTR-NAME="VALUE" ...> </AP>

text-string

</ELEMENT-NAME>

Thus, the following notation is provided in each case:

o Topic:

<TOPIC>

topic-entity

</TOPIC>

125

ID contains an identification number for arranging the

adjacency pairs in sequential order.

e Intervention turns:

<IT TYPE="R|I" SPEAKER="speaker">

Intervention-turn
</IT>
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<TOPIC> tren
(train)

< /TOPIC>

<AP ID="4">

<ITTYPE="I" SPEAKER="US">

</IT>
<APID="5">
<IT TYPE="I" SPEAKER="0P”>

</IT>

<ITTYPE="R” SPEAKER="US”> si
(ves)

</IT>

</AP>

<IT TYPE="R” SPEAKER="0OP”>

</1T>
</AP>

el de las seis y media ¢llega a Monz6n?
(the half past six one, does it go to Monzon?)

a ver. El de las seis y media me ha preguntado ¢ verdad?
(let me see. You have asked about the half past six one, haven’t you? )

a las nueve y veinticinco
(at twenty-five past nine)

Figure 2: SGML annotation example

TYPE may be ”"R” or ”I”” (Reaction or Initiative), and
SPEAKER is the mark for the participant that is speak-
ing this turn.

¢ Continuing turns:

<CT SPEAKER="speaker">
Continuing-turn
</CT>

3. Accessibility space proposal

Based on the above-mentioned annotation, an anaphoric
accessibility space is proposed in order to solve anaphors
generated by Spanish personal pronouns, demonstrative
pronouns and adjectival anaphors 3.

According to Fox (1987) the first mention of a referent
in a sequence is done with a full noun phrase. After that,
by using an anaphor the speaker displays an understanding
that sequence has not been closed down. Then, we con-
sider that two different sequences generate mostly of the
anaphors to be found in dialogues: the adjacency pair and
the topic scope. The former generates references to any lo-
cal noun phrase, and the later generates references to the
main topic of the dialogue.

Based on this, we propose the anaphoric accessibility
space as the set of noun phrases taken from:

o the same adjacency pair as the anaphor, plus
¢ the previous adjacency pair to the anaphor, plus

o another adjacency pair including the anaphor adja-
cency pair, plus

3the Spanish adjectival anaphor is a kind of English one-
anaphora where the word one is omitted. For instance, el de las
seis y media (the half past six one).

¢ the noun phrase representing the main topic of the di-
alogue.

4. Empirical study

In order to carry out the evaluation of the anaphoric ac-
cessibility space, the global process shown in figure 3 was
performed.

1 Spoken dialogues

TRANSCRIPTOR
Transcribed dialogues
l with turns and speakers

MANUAL DIALOGUE
STRUCTURE ANNOTATION

Transcribed dialogues with
adjacency pair and topic definition

Reliability Test

MANUAL
ANAPHORA RESOLUTION
ANNOTATION

Real
solution

Proposed
solution

Reliability Test

COMPUTATIONAL ANALYSIS

I Empirical Study
of Anaphoric d

Accessibility Space

AR System
success rate

Figure 3: Global process

In this experiment, 40 transcribed spoken dialogues
were selected from the 200 afforded us by the Basurde
project. The transcriptor used in the Basurde project pro-
vides written dialogues with turn and speaker marks.
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| | Same AP | Previous AP? | Included AP° | TOPIC? | Others® |

Pronominal 60.6% 24.6% 8.2% 4.9% 1.7%
Adjectival 44.7% 28.9% 5.2% 13.4% 7.8%
[ Total Results | Anaphoric accessibility space proposal: 95.9% | 4.1% |

“The antecedent is found in the same Adjacency Pair as the anaphor one

bThe antecedent is found in the previous Adjacency Pair to the anaphor one
“The antecedent is found in another adjacency pair including the anaphor adjacency pair

The antecedent is found in the main Topic of dialogue
“The antecedent is found in other sources

Table 1: Empirical results

Afterwards, these selected dialogues were manually
annotated according to the proposed annotation scheme.
From the 40 dialogues, 5 were randomly selected for the
annotators’ training and the remaining 35 were reserved in
order to carry out the final evaluation. Then, the reliability
test of this annotation was performed in order to guarantee
the final results.

Following this, a manual annotation of the anaphor so-
lutions was performed over pronominal and adjectival ana-
phors in the corpus. This annotation relates each anaphor
to the correct antecedent. Again, in order to guarantee the
results, this annotation was performed by two annotators in
parallel, and a reliability test of the annotation was carried
out. In this way, the annotation was considered a classifica-
tion task consisting in defining the adequate solution from
the candidate list (we estimated an average of 6.5 possible
candidates per anaphora after applying restrictions). Once
the reliability test over the manual anaphora resolution an-
notation was run, a kappa measurement of £ = 0.87 was
achieved.

After that, a study of each pronominal and adjectival
anaphora was developed to obtain the antecedent location,
as shown in table 1. This study was made applying a com-
putational analyzer that obtains information about an au-
tomatic anaphora resolution system*. As a result, the an-
alyzer compares the output of this AR system with the
real solution in the manual annotation and provides sev-
eral statistics about it. One of these statistics is the study
presented in this paper.

According to this study, 95.9% of the antecedents were
located in the proposed anaphoric accessibility space. Re-
maining antecedents (4.1%) were estimated to be located in
subtopics of the dialogues. In order to incorporate these an-
tecedents to the anaphoric accessibility space, a basic strat-
egy based on the use of the full space (i.e. all the noun
phrases from the beginning of the dialogue to the anaphor)
could be proposed. As shown in table 2, our proposal of
anaphoric accessibility space works with an average of 10.5
antecedents per anaphor (before applying restrictions) in-
stead of 35 antecedents per anaphor that could be obtained

“This anaphora resolution system uses an algorithm based on
the proposed anaphoric accessibility space (see Martinez-Barco
and Palomar (2000)).

$Notice that the study about anaphoric accessibility space was
not developed using the AR system proposal, but the manual an-
notation of anaphors, (i.e. real solutions).

if we consider the full space. That means a decreasing
of 70%. Evaluating the advantages and the disadvantages,
considering the full space implies a) great computational
efforts and b) 70% more possibilities to obtain an incor-
rect response in the anaphora resolution algorithm that uses
this anaphoric accessibility space. Notice that our experi-
ments had been performed over a collection of short dia-
logues (around 332 words per dialogue). This difference
will increase in longer dialogues.

| | Full space | AAS proposal |
Total antecedents 3245 1025
Antecedents per anaphor 35 10.5
| 70% |

| Reduction

Table 2: Anaphoric accessibility space vs full text

5. Conclusions

This paper shows that in a corpus of Spanish dialogues,
the antecedent of pronominal and adjectival anaphors can
almost always be found in the set of noun phrases taken
from the same adjacency pair as the anaphor, the previous
adjacency pair, any containing adjacency pair, plus a noun
phrase representing the main topic of the dialogue when the
anaphor occurs.

Furthermore, an annotation scheme of dialogue struc-
ture for Spanish has been presented, allowing us to define
the adequate anaphoric accessibility space. Starting with
the study performed over a dialogue corpus, it has been
shown that this proposed space allows us to locate 95.9% of
anaphoric antecedents. We consider that anaphora resolu-
tion in Spanish dialogues needs to have a dialogue structure
and define the adequate space that improves this resolution.

In this work, we only deal with individual anaphora,
i.e. anaphors whose antecedents are noun phrases. There
are several studies about deictic anaphora, that is, ana-
phors having abstract antecedents, showing the importance
of this kind of anaphora in dialogues (see Eckert and Strube
(1999b)). Thus, a full study of spaces for deictic anaphora
and other kinds of anaphora (surface-count anaphora, defi-
nite descriptions, one-anaphora, etc.) must be performed.
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Abstract
The impact of desktop videoconferencing (DVC) upon interpersonal communication are explored to determine if this communicative
context affects the processes required for effective communication. Twenty undergraduate participants acted as Clients during a
stimulated service encounter (The Travel Game) in one of two contexts, DVC or face-to-face. The content and structure of the
interactions are examined using Conversational Games Analysis. The results of the analysis show that participants in the DVC and
face-to-face contexts interacted and collaborated in different ways. In the DVC dialogues participants elicited a greater amount of
listener feedback (Align Games), offered more information about the task and their activities (Explain Games), and sought more
information by asking a greater number of yes-no questions (Query-yn Games). These results are discussed within the framework of a

collaborative model of communication.

1. Introduction

Establishing mutual understanding, or ‘common
ground’, is required for effective communication. This
is referred to as the ‘process of grounding’ (Clark and
Wilkes-Gibbs, 1986; Clark and Schaefer, 1989).
Grounding is a collaborative, interactive process, which
ensures that participants have understood a previous
utterance, to a level sufficient for their current purposes.
The process of grounding can be affected by several
factors. Clark and Schaefer (1989) suggest that
different conversation purposes impact on grounding, so
task related conversations might require stronger
evidence of understanding than social dialogues. It has
also been proposed that the process of grounding
changes with communicative context (Clark and
Brennan, 1991). This is because contexts vary in the
number of channels of communication they support,
and hence the range of ‘grounding constraints’ (ways of
constraining the many possible interpretations of
utterances or messages) afforded by the communicative
context. Some methods of grounding appear to require
very little effort in communicatively rich contexts, but
using the same grounding constraints in another context
may take considerably more effort. For example, while
it is easy to use non-verbal behaviour to show
agreement and understanding in  face-to-face
communication, this is not so easily achieved during a
videoconference, where the visual channel is often
impoverished. The effort required to maintain the
process of grounding would therefore vary dramatically
with communicative context (Clark and Brennan,
1991). In video-mediated communication (VMC),
attenuation of visual signals can make it difficult to time
the effective use of non-verbal signals to show
understanding (Heath and Luff, 1991). Users of VMC
systems should use the grounding constraints that
require the least collaborative effort. The question
being addressed in this paper is whether they do so or
not.

Although there have been a number of studies of the
impact of VMC on users (see for example, Sellen, 1995;
Anderson et al. 1996; O’Conaill et al., 1997), very little
research has investigated whether collaboration over the
content of communication and establishment of
common ground is affected by communication medium.
This paper reports the results of detailed discourse
analysis of dialogues that took place in two of the
communicative contexts explored by Anderson et al.
1996, face-to-face interactions and desktop video-
conferencing. The aim is to see if the content and
structure of dialogues from these contexts differed in
terms of observable patterns of pragmatic function. The
research builds upon earlier research, which has
examined the effect of a range of communicative
contexts upon task performance and the structure of
dialogues in collaborative task-oriented interactions (for
example, Anderson et al, 1997; Doherty-Sneddon et al
1997).

Conversational Games Analysis (Kowtko, Isard and
Doherty-Sneddon, 1992), which is used in this paper,
provides a framework for looking at the communicative
functions (conversational goals and sub-goals) that
speakers attempt to convey in their contributions.
Conversation Games Analysis (CGA) is derived from
artificial intelligence models of communication,
specifically from the work by Power (1979), Houghton
(1986) and Houghton and Isard (1987). The analysis
involves coding every ufterance in terms of what the
speaker is attempting to achieve. It is based upon the
function of the utterance rather than its linguistic form
or content. In this way, patterns of pragmatic functions
in the dialogues can be observed (Newlands et al., 1996;
Doherty-Sneddon et al.,, 1997). CGA can be used to
elucidate the process of grounding in dialogues. The
distribution of the Conversational Games and Moves
can highlight the ways in which grounding may differ
between face-to-face interactions and desktop
videoconferencing.
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2. Goal of the Paper

The paper attempts to add to the literature on video-
mediated communication, by exploring the effects of a
DVC system which provides low quality visual images
but high quality (full duplex) audio signals. The effects
of this VMC context are compared with face-to-face
communication, to see what impact the impoverished
video channel had upon communication and
collaboration. The structure and content of the VMC
dialogues were explored using Conversational Games
Analysis to see if the quality of the visual signals
available in the DVC context affected the processes of
communication and collaboration.

3.1 Design and Procedure

Using an experimental paradigm, twenty pairs of
participants took part in a collaborative problem-solving
task in a simulated travel agency (The Travel Game,
Anderson et al, 1996; Newlands et al, 1996).
Participants were asked to plan an itinerary around the
United States; their goal is to visit as many destinations
as possible given the restrictions imposed by available
connecting flights. Ten pairs of participants undertook
the task in a face-to-face context, using paper maps of
the USA which showed the position of available
airports. They were assisted by a Travel Agent who had
details of flight times and possible connections.
Participants in the VMC context were presented with a
multi-media version of the Travel Game. The map was
displayed in a shared screen facility and users
communicated with the remote Travel Agent via video
and audio links run over a dedicated local area network.
The quality of the video images was low, temporal
resolution was 4-5 frames per second, this being a
common feature of publicly available VMC systems.
The audio link provided high quality full duplex audio
signals. Full orthographic transcriptions of the face-to-
face and DVC dialogues were made from high quality
audio recordings.

3.2. Method of analysis:

CGA was applied to the transcripted dialogues by
two trained coders. Table 1 shows the full set of
Conversational Games found necessary and sufficient to
capture the speaker’s communicative intentions in
coding the Travel Game Dialogues. Definitions are
provided, along with examples of the Conversational
Games from the face-to-face (Face) and DVC
communicative contexts.

Table 1. Seven Types of Conversational Games used in
Coding Travel Game Dialogues.

INSTRUCT: Communicates a direct or indirect request
for action or instruction.

Examples:

Face: You’ll need to take a note of the flight times
DVC: Hang on a minute, no I’ll change my mind and
go to Michigan

CHECK: Listener checks their own understanding of a
previous message or instruction from  their

conversational partner, by requesting confirmation that
the interpretation is correct.

Examples
Face: I’m sorry, which airport did you want to fly to?
DVC: And what was the city?

QUERY-YN: Yes-No question. A request for
affirmation or negation regarding new or unmentioned
information about some part of the task.

Examples:
Face: Can I move on to Detroit?
DVC: Can 1 get a connecting flight to Casper?

QUERY-W: An open-answer Wh-question. Requests
more than affirmation or negation regarding new
information about some part of the task.

Examples:

Face: Where would you like to go from Syracuse?
DVC: Is there anywhere else you would like to go in
Montana?

EXPLAIN: Freely offered information regarding the
task, not elicited by coparticipant.

Examples:

Face: I am sorry, there isn’t actually a connection
between those two airports.

DVC: Right, so that will be day 4 before you can fly out
of New York

ALIGN: Speaker confirms the listener’s understanding
of a message or accomplishment of some task, also
checks attention, agreement or readiness.

Examples:
Face: I think it said that in the instructions, didn’t it?
DVC: So you leave on day 22, is that okay?

DIRECTIVE: Communicates a decision made by the
speaker.

Examples:
Face: Right I’ll fly to Memphis to start with.
DVC: Okay, I'm going to fly into Portland, Maine.

The following extract gives an example of a
dialogue from the face-to-face context of the Travel
Game, and shows the application of Conversational
Games Analysis to this task. In this extract “TA’ refers
to the Travel Agent, and ‘C’ to the client.
Conversational Games are indicated above the text of
the dialogue in upper case, and Conversational Moves
are shown underneath the text in italics. The start and
end of each Game is shown.

Extract 1. Example of coded face-to-face dialogue.
Game 1: QUERY-W

TA: where would you like to go from Syracuse?
Move: Query-w

Game 2: QUERY-YN embedded
C: Icanstill go, | have to be still in New York
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Move: Query-yn

Game 3: EXPLAIN embedded

TA: you have just to stay in New York until 5.30 that
day/

Move: Explain

C: 530>
Move: Acknowledge
End Game 3, End Game 2.

Game 4: QUERY-W embedded

<TA: you could just stay in Syracuse until 5.30 and
choose to st.. fly out of state then if you wish/

Move: Query-w

C: yeah>
Move: Acknowledge

TA: oryou could go to another city in the meantime?
Move: Query-w cont

C: no1think 1 will stay

Move: Reply-w

TA: right
Move: Acknowledge
End Game 4.

TA: so where would you like to fly then
Move: Query-w (continuation of Game 1)

C: 1 would like to fly to ehmm, let me see, to Detroit
Move: Reply-w

TA: to Detroit ... uh huh ...
Move: Acknowledge

Game 5: EXPLAIN em

C: it’s in Micshigan, Michigan
Move: Explain

TA: to Detroit in Michigan,
Move: Acknowledge

EndS.

Game 6: EXPLAIN embedded

TA: 1 am sorry there isn't actually a connection
between those two airports.

Move: Explain

C: right, ehmm
Move: Acknowledge
End Game 6

The distribution of Initiating Moves appears to be
different from the typical pattern of Initiating Moves
found in the Map Task. The task is primarily one of
secking and giving information, demonstrated by the
large number of Explain Initiating Moves (giving
information) and frequent use of open-ended and yes-no

type questions (Query-w and Query-yn).
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4.1. Results

Only the results of the CGA will be reported here.
The findings on comparisons of task-performance, turn-
taking procedures and rates of interruptions are reported
in Anderson et al., 1996. CGA can either be carried out
at the level of the Conversational Games, or at the more
detailed level of the Conversational Moves. In this
paper the analysis is based upon Conversational Moves
which initiate Conversational Games, as inter-judge
agreement for coding Conversational Moves has been
found to be greater than agreement over categorization
of Conversational Games (Carletta et al, 1997,
Newlands, 1998). An inter-coder reliability test was
conducted which showed an inter-judge agreement of
91.5%. Agreement on the classification of each
Conversational Move was calculated giving a kappa of
0.94 (N=177, k=2), indicating that agreement between
coders was not due to chance factors alone (p<0.001).

The frequency with which each type of Initiating
Move occurred in the DVS and face-to-face contexts
was calculated, and the standardised frequency scores
(per 100 tumns of dialogue) were obtained to allow for
differences in length of dialogues in the two contexts.
The mean standardised frequency of each Initiating
Move in the DVC and face-to-face contexts are show in
Table 2 below, standard deviations are shown in
brackets.

Initiating Moves DVC Face-to-face
Explain 30.62 19.82
(11.87) (7.00)
Query-yn 16.55 10.92
(4.57) (4.12)
Query-w 12.18 17.05
(537 _(1.11)
Check 5.56 8.20
(3.36) 3.27
Align 3.68 1.57
(2.54) (0.95)
Instruct 2.38 3.63
(L.74) (2.42)
Directive 0.68 1.23
(0.63) (0.98)

Table 2: Mean standardised frequency of Initiating
Moves in DVC and face-to-face contexts.

The data presented in Table 2 shows that some
Initiating Moves were used more frequently in the
Travel Game than others. Separate analyses of variance
(2 way mixed ANOVA) were computed for each
category of Initiating Move. Communicative context
{(DVC vs. face-to-face) was treated as a between group
factor, with the role of the participant (Travel Agent vs.
client) as a within dialogue repeated measure. The
mean standardised frequency of each type of Initiating
Move by the Client and the Travel Agent are presented
in Table 3 below.
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Context Face-to-face VMC
Role Travel Agent Client Travel Agent Client
Instruct 0.17 (.033) 346 (1.22) 0.38 (0.55) 1.99 (1.34)
Directive 0.04 (0.1) 1.19 (1.99) 0.00 (0.00) 0.66 (0.63)
Explain 17.01 (5.99) 2.80 (4.05) 27.64 (9.22) 450 (3.99)
Query-yn 5.29 (2.33) 5.63 (3.44) 340 (1.88) 12.55 (4.42)
Query-w 13.71 (8.25) 3.72 (2.08) 778 (2.3) 440 (2.77)
Align 1.05 (0.75) 0.52 (0.66) 3.29 (2.58)) 0.39 (0.54)
Check 2.13  (1.24) 6.06 (3.53) 2.75 (2.35) 2.80 (1.75)

Table 3. Mean Initiating Moves by Travel Agent and Client in the VMC and Face-to-face Contexts

(Standardised data).

The analyses revealed non-significant main
and interaction effects for the Instruct, Directive,
Query-w and Check Initiating Moves (p>0.1), but
significant main and interaction effects were observed
in the frequency of Explain, Align and Query-yn
Initiating Moves.

Explain Initiating Moves

The analysis showed that there was a significant
main effect of context [F(1,18) = 6.33, p<0.05]. A
greater number of Explains were initiated in the DVC
context than in face-to-face interactions (means being
15.32 vs. 9.91 respectively). The main effect of role of
participant was also significant [F(1,18) = 119.91,
p<0.001]; the Travel Agent initiated a greater number
of Explain Moves than the client (means 22.17 vs.3.05).
The interaction between communicative context and
role of participant was also significant [F(1,18) = 7.94,
p<0.05]. Further analysis by Simple Effects showed
that the Travel Agent initiated more Explain Moves in
the DVC context than in the face-to-face context
[F(1,18) = 8.82, p<0.01].

Query-yn Initiating Moves

The analysis showed that there was a significant
main effect of context [F(1,18) = 837, p<0.01]. A
greater number of Query-yn were initiated in the DVC
context than in face-to-face interactions (means being
8.28 vs. 5.46 respectively). The main effect of role of
participant was also significant [F(1,18) = 18.48,
p<0.001]; the client initiated a greater number of
Query-yn Moves than the Travel Agent (means 9.09 vs.
4.64). The interaction between communicative context
and role of participant was also significant [F(1,18) =
15.79, p<0.001]. Simple Effects analysis showed that
the client initiated more Query-yn Moves in the DVC
context than in the face-to-face context [F(1,18) =
15.69, p<0.001].

Align Initiating Moves.

The analysis showed that there was a significant
main effect of context [F(1,18) = 6.03, p<0.05]. A
greater number of Aligns were initiated in the DVC
context than in face-to-face interactions (means being
3.68 vs. 1.57 respectively). The main effect of role of
participant was also significant [F(1,18) = 13.68,
p<0.01]; the Travel Agent initiated a greater number of

Align Moves than the client (means 2.17 vs. 0.45
Aligns per 100 turns of dialogue). The interaction
between communicative context and role of participant
was also significant [F(1,18) = 6.57, p<0.05]. Simple
Effects analysis showed that the Travel Agent initiated
more Align Moves in the DVC context than in the face-
to-face context [F(1,18) = 6.94, p<0.05].

These analyses  highlight the effect of
communicative context and role of participants in the
Travel Game. In the DVC dialogues the Travel Agent
initiates a greater proportion of Explain and Align
Moves, and the Client increases the use of Query-yn
Moves in DVC compared to face-to-face context.

5.1. Discussion

The Conversational Games Analysis showed that
participants in the two contexts interacted and
collaborated in different ways. In the DVC Travel
Games the Travel Agent used proportionally more
Initiating Moves to elicit feedback from the listener
(Align Moves), or to offer information about the task
and her activities (Explain Moves) to the Client. At the
same time, the client sought more information by asking
a greater number of yes-no questions (Query-yn).

In order to determine why these differences
occurred, examples of Explain, Align and Query-yn
Games were extracted from the dialogues to determine
their functions and the types of information they were
eliciting or offering. The increased use of Explain
Games occurs because the Travel Agent offers more
information to the Client concerning the Agents
activities and what she was currently attending to. This
also occurred in the face-to-face dialogues, but very
rarely. For example, the Travel Agent would tell the
Client that she was looking up the flight details, or
inform the client that they had now arrived at their
destination. The following extract demonstrates this
usage of Explain Initiating Moves in DVC dialogues.

Extract 2. DVC dialogue
C: Right, can | get a connection to Jacksonville?
Move: Query-yn

TA: I'll just check that for you
Move: Explain

Yes you can
Move: Reply-y
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Do you want to go there?
Move: Query-yn

C: Yes.
Move: Reply-y

TA: (pause) Right, you’re in Jacksonville
Move: Explain

C: Okay.
Move: Acknowledge

These types of explanations accounted for nearly
42% of Explain Moves initiated by the Travel Agent in
the DVC context. This would indicate that, in the DVC
dialogues, the Travel Agent spent a considerably
amount of time and effort in keeping the Client
informed of her activities, or their position in the task.
This may be a result of the restricted information
provided by the visual channel, and by the low quality
of the video signal. In effect, the Travel Agent verbally
offered the Client information that would have been
available visually in face-to-face interactions.

Examining the functions of Query-yn Moves
initiated by the Client in the face-to-face and DVC
dialogues, revealed that these questions were used to
gain a wide range of information. For example, yes-no
questions were asked to gain information about the
rules of the Game, or the possibilities of changing the
itinerary. However, the majority of the Initiating
Moves occurred when the Client asked the Travel
Agent if there were connecting flights between two
Airports. These questions accounted for more than 78%
of all of the Query-yn Moves initiated by the Client in
DVC dialogues, but only 40% of Query-yn Moves
initiated by the Client in face-to-face interactions. The
following extracts show incidences of yes-no questions
(Moves are emphasised in bold print) in which the
Client asks about the possibility of connecting flights
between airports. The extracts are taken from both
communicative contexts.

Extract 3. Face-to-face dialogue

GAME 1. QUERY-W

TA: where would you like to go from Salt Lake City
Move: Query-w

C: I will stay there for three days, and then | will fly out
of State
Move: reply-wh

TA: Okay
Move: Acknowledge

GAME 2. QUERY-YN embedded
C: can |, is there, are there flights to Seattle from there?
Move: Query-yn

TA: I'll check that.
Move: Explain

Extract 4. DVCC dialogue
TA: Right, you’ve now arrived in Grand Rapids, in
Michigan

Move : Explain (Ends previous Game)

GAME 1. QUERY-YN
C: Can I move on to Detroit?
Move: Query-yn

TA: I'll just check.
Move : Explain

No, you can’t fly to Detroit from Grand Rapids.
Move: Reply-no

C: Right, okay.
Move: Acknowledge. Ends Game 1

GAME 2. QUERY-YN
Uhmm, can | fly to Great Falls?
Move: Query-yn

TA: Ehmm lets see. No, I'm afraid you can’t fly to
Great Falls either.
Move: Reply-no. Ends Game 2

The examples show typical use of Query-yn
Initiating Moves in the two communication contexts. In
face-to-face interactions, the Client is often prompted
by an open-ended question (Query-w Initiating Move)
from the Travel Agent to say where he would like to go
next, and many of the Client’s Query-yn Moves
concerning flight connections then occur within the
context of an already initiated Query-w Move. In the
DVC dialogues the Travel Agent tends to round off
each set of Games by offering explicit information
about the Client’s progress in the task, this puts the
Client in the position of starting off the next stage of the
Travel Game. The Client can achieve this most simply
(and most explicitly) by asking the Agent if there are
connections to a particular airport. Thus, this behaviour
does seem to be an indirect affect of the DVC context,
but probably depends in part on the Travel Agent’s
response to the DVC condition.

Searching through the coded dialogues revealed that
Align Moves are used in a variety of ways. The
following extracts demonstrate some of the ways in
which Aligns were used by the Travel Agent to elicit
feedback in the face-to-face and DVC contexts. In
these extracts the following symbols are used: TA and
C indicate the Travel Agent and Client respectively; a
short pause is represented by three dots (...).

Extract 5. Examples of Align in Face-to-face

TA: Can you make a note of your decisions as we go
along

*M Instruct

TB: Uhmmm
*M Reply-y

TA: 1think it said that in the instructions
*M Align

TB: Sure, yeah it did.
*M Reply-y.
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Extract 6. Example of Align in DVC context

TA: Its actually going to be day 28 before you can
actually leave Arizona

*M Explain

TA: Okay?
*M Align

As these extracts show, Align Initiating Moves can
be quite lengthy (as in extract 5), but sometimes they
can be initiated with just a single word (extract 6).
Examination of the dialogues showed that these shorter,
one word, Aligns occurred more frequently in the DVC
dialogues than the face-to-face interactions: 60% of the
DVC Travel Agent’s Aligns consisted of single words,
such as ‘okay’, ‘right’, compared to 46% of Aligns in
the face-to-face interactions. It is possible that these
one word Aligns were being used more frequently in the
DVC context to assist the process of grounding; short
Align Moves were used instead of gaze to ascertain that
the Client had understood the previous contribution. In
the face-to-face context participants could see each
other clearly, non-verbal forms of establishing mutual
understanding were easily accessible, so the need to use
verbal alignments was reduced in this context.

Is there any support for these suggested explanations
in use of Conversational Games from previous
literature? The most relevant paper is by Doherty-
Sneddon et al (1997), who examined the structure and
content of dialogues from face-to-face and remote
spoken contexts as well as several VMC contexts. The
findings from Conversational Games Analysis of these
contexts showed that people communicate in a more
cautious manner when they use an audio-only context;
they adopt what Shadbolt (1984, in Doherty-Sneddon
1997) calls a ‘low risk’ style of communication. This
was apparent in the greater use of Align and Check
Games in remote spoken interactions, and an increased
use of Align Games in a remote computer-mediated
(audio-conferencing) context. Doherty-Sneddon et al.
concluded that participants interacting in a spoken only
context use a greater number of verbal alignments, and
a more cautious style of communication.

The results from this study also show an increased
use of verbal alignments. In this case, the effect may be
due to the poor quality of the visual signals, rather then
the total absence of video images. The quality of the
visual signals may have been low enough to engender a
more cautious style of communication than occurred in
the face-to-face context. So the findings reported by
Doherty-Sneddon et al. do support the view taken here,
that the increased use of verbal alignments could have
been due to the quality of the visual signals provided by
the DVC system in this study. The other differences in
structure and content of the DVC dialogues (increased
use of Explain and Query-yn Initiating Moves) receive
no support from previous literature. However, as
suggested in the previous discussion these changes may
demonstrate some of the different ways in which users
adapted to working in a DVC context which affords low
quality video images. Travel Agents requested a greater
amount of listener feedback (Align Moves), and they
spent proportionally more time informing the Client of
their activities. The Client appears to have responded to

this style of interaction by making greater use of simple
yes-no questions.

Overall, the findings support the view that in a DVC
context where the visual channel provides restricted
visual signals, participants may attempt to achieve a
greater amount of collaboration through the verbal
channel since the quality of the visual channel limits the
use of non-verbal communication. This appears to be
the common theme linking the differences in
proportional use of the Align, Explain and Query-yn
Moves in the DVC context. - Users of these systems
make greater use of the verbal channel to establish
common ground, and to ensure that the process of
communication proceeds smoothly. These variations in
use of pragmatic functions also change the style of
communication by users of the DVC system. Users
adopt a more explicit style of interaction, offering more
information about the task and their activities.  This
style of communication allows users of DVC to
maintain a greater amount of verbal contact with each
other than occurred in the face-to-face context, and
could be due to the low quality of the video images and
could indicate collaborators when the quality of the
video images is low.

These findings demonstrate the subtle manner in
which people adapt to a video-mediated environment.
These adaptations may be difficult to observe when
only the surface structure of the dialogues is examined,
as the length of turns and number of turns may not be
greatly affected. The finer grain pragmatic analysis
undertaken in this study therefore has advantages over
other ways of determining the impact of communicative
contexts upon collaboration and communication.
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Abstract

This paper describes the dialogue layer of a Spoken Dialogue System prototype. We have developed a methodology for the design of
dialogue management systems following Knowledge Engineering principles. A dialogue is treated as an activity that requires knowledge,
experience, ability and training. We will also propose a specification language for the representation of the linguistic knowledge involved,
as well as a task-oriented inference engine for the control and reasoning about the dialogue. This generic model has been implemented
in Delfos, an application developed for the automatic telephone task scenario.

1. Introduction

Our previous research in collaboration with the Speech
Technology Division of Telefénica I+D, has focussed on
the study of the automatic telephone operator scenario
(section 2) within the ATOS project (Alvarez ef al 97;
Ferndndez & Quesada 99; Lépez & Quesada 99). As a
result of this collaboration, we have elaborated a generic
methodology for the design and implementation of dia-
logue management systems. This paper describes the most
relevant characteristics of our methodology, and their im-
plementation in the prototype system Delfos.

The methodology we propose is inspired on Knowledge
Engineering principles and distinguishes two major levels
in the design of systems: a level for knowledge specifica-
tion and a level for inference and control (section 3). Be-
sides, our methodology divides the specification level into
two further levels: the representation of speech acts (section
4) and the representation of dialogue structures (section 3).

2. Design Constraints: A Dialogue System
for the Automatic Telephone Task
Scenario

This section describes the design constraints of the sys-
tem. We illustrate a sample conversation (Figure 1) in order
to present the functionality we are aiming at (although our
corpus is in Spanish, we have translated the conversation
into English for expository reasons).

This short conversation will help us to describe the de-
sign restrictions we have taken into account:

¢ Interaction with the speech recognition system.
Our system is embedded in a Spoken Dialogue Sys-
temn application which takes as input the output of a
speech recognition system through the telephone line.
Speech recognition errors such as those reported in
our sample conversation have been dealt with in pre-
vious research work in our group. The natural lan-
guage processing system Iris (Lépez & Quesada 98)
incorporated a number of techniques for the detection
and correction of recognition errors during the natural
language understanding phase. Nevertheless, the dia-
logue management system should also be capable of

handling recognition errors when configuring the di-
alogue interaction by using both direct confirmation
questions (as in S6) and indirect ones (S7).

Task Detection. Our scenario difers from Task-
oriented systems in that the system does not know be-
forehand the task that the user has in mind. Rather, the
user may choose between any of the different func-
tions which have been designed to interact with the
PABX. Therefore, the first problem that the system
must solve is to figure out which task(s) the user may
want to perform.

Incomplete functions. In our scenario, it is common
to find situations in which the requested functions are
not complete, that is, commands for which the user
has not specified all the arguments required to fulfil
the task. For instance, in U3 the user is requesting the
system to transfer his/her calls, but s/he has not spec-
ified the destination number. In this case, the system
must be capable of keeping track of the requested in-
formation and generating those questions necessary to
complete the missing information.

Expectations. The dialogue manager system can ben-
efit from the knowledge of the previous history of the
dialogue. In fact, this dialogue history generates an-
swering expectations: in S4 the system is waiting for a
confirmation answer either affirmative (“Yes”, “OK”,
...y or negative (“No”, “That’s wrong!”, ...), in S5 the
system is expecting a telephone number from the user.
This knowledge (expectations generated from the dia-
logue history) can be further used both by the speech
recognition system and the natural language process-
ing module in order to improve the efficiency and re-
strict the semantic search in the grammar.

Multiple paths in a dialogue. As we can observe in
U3, it is common to find cases where one interaction
initiates several functions. The system must be capa-
ble of handling all of them, while recalling unfulfilled
work at every single point. In our example S4 is asking
for direct confirmation of one of the functions. Later
on, in S5 the system 