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Foreword

Catalog '04, hosted by the Department of Translation and Philology at Universitat Pompeu
Fabra in Barcelona, July 19-21, 2004, is the eighth in the SEMDIAL series of workshops.
SEMDIAL Workshops bring together researchers working on the semantics and pragmatics of
dialogue in fields such as artificial intelligence, formal semantics and pragmatics, computational
linguistics, philosophy, and psychology. The series was founded by Gerhard Jager and Anton
Benz, who were students at the CIS, University of Munich, at the time of the first meeting,
MunDial 1997. MunDial 1997 was followed by Twendial 1998 (Enschede, The Netherlands),
Amstelogue 1999 (Amsterdam, The Netherlands), Gotalog 2000 (Gothenburg, Sweden), Bi-
Dialog 2001 (Bielefeld, Germany), Edilog 2002 (Edinburgh, Scotland), and DiaBruck 2003
(Saarbriicken, Germany).

One of the toughest tasks for the organizers of a SEMDIAL workshop is choosing a name for
the event. Following a by now time-honored tradition, one has to toy around with the name
dialog and the name of the city or area that hosts the workshop. Fortunately, however, this year
someone did the thinking for us. After a few unsuccessful tosses with Barnalog, Dial-a-barn,
and Dialona, Massimo Poesio came up with the splendid Catalog, an obvious yet camouflaged
blend of Catalonia, host country, and dialog. Hence, Catalog *04. Thanks, Massimo.

Catalog *04 received 39 submissions. Each was reviewed by at least two peers. Nineteen papers
were accepted as regular contributions and a further 13 were accepted as poster presentations,
ten of which will be present at Catalog ’04. The 19 regular contributions and 2-page abstracts
for the 10 poster presentations appear in these proceedings, along with abstracts for the four
Catalog ’04 keynote speakers: Robin Cooper (Goteborgs Universitet), Massimo Poesio
(University of Essex), Alexander Rudnicky (Carnegie Mellon University), and Michael
Tanenhaus (University of Rochester). We are extremely grateful to the keynote speakers for
accepting the Catalog ’04 invitation. Overall, thanks to all speakers and poster presenters,
Catalog 04 succeeds in providing a good overview of the state of the art in dialog research from
which we hope new powerful ideas and avenues of research evolve.

Jonathan Ginzburg (King’s College, London) acted as chair of the Program Committee for
Catalog 04 and oversaw the processes having to do with calls for papers, paper submission and
paper reviewing. His role was truly vital through the early stages of the Catalog ’04
preparations. The Program Comittee included Anton Benz (Syddansk Universitet), Johan Bos
(University of Edinburgh), Justine Cassell (Northwestern University), Lawrence Cavedon
(CSLI, Stanford), Robin Cooper (Goteborgs Universitet), Paul Dekker (University of
Amsterdam), Claire Gardent (CNRS, Loria), Simon Garrod (University of Glasgow), Jonathan
Ginzburg (King's College, London, Chair), Pat Healey (Queen Mary, University of London),
Ivana Kruijff-Korbayova (Universitit des Saarlandes), Staffan Larsson (Goteborgs Universitet),
Colin Matheson (University of Edinburgh), David Milward (Linguamatics, Cambridge),
Massimo Poesio (University of Essex), Hannes Rieser (Universitét Bielefeld), and David Traum
(University of Southern California). Many thanks to all of them for an excellent job.

Putting together an event like Catalog *04 entails worrying about lots of little details you never
imagined you would have to worry about some day. Local committee members Stefan Bott,
Judith Domingo, Laia Mayol, Stella Puig-Waldmiiller, and Ana Ruggia have helped out with
these. Also, Susi Bolos, head secretary of the Department of Translation and Philology, has
provided a great deal of help in sorting out all kinds of logistic issues. Catalog 04 has been
made possible by financial support from the Ministry of Universities of the Catalan Government
(2004 ARCSI1 00056), the Ministry of Education of the Spanish Government, and the
Department of Translation and Philology and the School of Translation and Interpreting at
Universitat Pompeu Fabra.
Enric Vallduvi
Catalog '04 Local Committee chair
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Type theoretic approach to information state update
in issue based dialogue management

Robin Cooper
Department of Linguistics
Goteborgs Universitet
Box 200, S-405 30 Goteborg, Sweden

cooper@ling. gu. se

For several years the research group at our Dialogue Systems Lab has been involved in the
development of the information state update approach to the building of dialogue systems and in
particular Issue based dialogue management developed in Staffan Larsson's PhD thesis and
based on Jonathan Ginzburg's gameboard approach to dialogue, focussing on the notion of
questions (or issues) under discussion.

Larsson's computational approach to information state updates involves a large collection of
update rules which fire when certain conditions in the information state are met in a regime
determined by a general control algorithm. An utterance by a dialogue participant will in
general unleash a whole chain of such updates and part of the power of the approach lies in the
fact that we can define very general update rules which have small effects on the information
state and which are not necessarily linked to any particular form of utterance. It gives us a
much finer grain on update rules than thinking in terms of single monolithic updates associated
with speaker utterances.

Larsson's formulation of update rules is based on a Prolog implementation and exploits some
aspects of Prolog: logic programming variables, backtracking to deal with non determinism,
ordering of update actions within an update rule. In this paper we will show how notions of
record and record type in type theory can be used to formulate update rules without relying on
these aspects of Prolog. This allows us to give an abstract characterisation of update rules
independent of programming language which points to a general theory of updates as well as the
possibility of implementation in any programming language. The tools we are using can also be
used in an account of compositional semantics and this points to the possibility of an integrated
formal theory of information state update and compositional semantics.

This work is related to other work on computational approaches to information state update by
Johan Bos on the Dipper system and to type theoretical approaches to semantics and dialogue
which exploit the notion of context in type theory, e.g. work by Ranta, Ahn et al. and Piwek.



Completions and Continuations in Dialogue:
Preliminary Observations

Massimo Poesio, University of Essex, United Kingdom
(Joint work with Hannes Rieser, University of Bielefeld, Germany)

I will report about work in progress on completions and continuations, two
fundamental strategies for agents’ alignment in dialog. (An example of comple-
tion is 1.2 in the following example.)

1.1 | Inst | So, jetzt nimmst Du

OK, now you take

1.2 | Const | eine Schraube

a screw

1.2 | Inst | eine orangene mit einem Schlitz

an orange one, with a slit

I'll start by reviewing the characteristics of completions and continuations oc-
curring in the Bielefeld Toy Airplane Corpus (Skuplik 1999, Rieser and Skuplik
2000). T'll then discuss an ‘intentional” account of how completions and con-
tinuations may be produced, building upon work by Clark (1996), Bratman
(1993), Tuomela (2000), and Grosz and Kraus (1996). In the next part of the
talk, I will propose an analysis of completions and continuations in an inten-
tionally based version of the PTT framework (Poesio and Traum 1997, 1998,
Matheson et al. 2000). Finally, I will consider a non-intentional explanation of
completions, taking up Pickering and Garrod’s suggestions concerning dialogue
description (Pickering and Garrod 2003).



Learning to talk by listening

Alex Rudnicky
School of Computer Science
Carnegie Mellon University

5000 Forbes Avenue
Pittsburgh, PA 15213, USA
air@s. cru. edu

Real-time studies of comprehension and production in dialogue:
Insights from eye movements
Michael K. Tanenhaus and Sarah Brown-Schmidt
Meliora 420
Brain and Cognitive Sciences
University of Rochester
Rochester, NY 14627-0268, USA
{mt an, sschm dt } @cs. rochester. edu

Much of what we know about the cognitive processes by which speakers generate, and listeners
comprehend, utterances come from on-line studies that measure real-time processing. However,
the experimental methods used to generate these data are difficult to apply to natural interactive
dialogue. In recent work, we have been examining the feasibility of using eye movements to
study task-oriented dialog in variations of referential communication tasks. In this talk, I will
first outline some reasons for why it is important to pursue such studies, and why monitoring
eye movements is a promising approach. I will then summarize results from two lines of
investigation. The first line of work uses a referential communication task that examines how
referential domains of interlocutors align along task-relevant dimensions, allowing referential
expressions to be linguistically underspecified and reducing competition from alternative
potential referents. The second line of work investigates the eye movements of speakers as they
plan and generate referential expressions in domains where modification might or might not be
necessary. The timing of looks to potential contrast members predicts whether a referring
expression will be produced fluently or not, and whether modification will be pre or post-
nominal. Finally, I will briefly discuss “in progress” work that aims to determine if and when
interlocutors monitor each other’s likely intentions and knowledge when planning and
interpreting utterances.



Contextual Reasoning in Multimodal Dialogue Systems:
Two Case Studies

Johan Boye, Mats Wirén and Joakim Gustafson
Voice Technologies
TeliaSonera Sweden

{Johan. Boye| Mat s. Wr en| Joaki m Gust af son} @ el i asoner a. com

Abstract

This paper describes an approach to con-
textual reasoning for interpretation of
spoken multimodal dialogue. The ap-
proach is based on combining recency-
based search for antecedents with an ob-
ject-oriented domain representation in
such a way that the search is highly con-
strained by the type information of the
antecedents. By furthermore representing
candidate antecedents from the dialogue
history and visua context in a uniform
way, a single machinery (based on p-
reduction in lambda calculus) can be used
for resolving many kinds of underspeci-
fied utterances. The approach has been
implemented in two highly different do-
mains.

1 Introduction

This paper describes an approach to contextual
reasoning and its application to two radically dif-
ferent domains, both of which make use of spo-
ken multimodal diadlogue. The first system is
ADAPT, which allows the user to look for apart-
ments for sale in centra Stockholm (Bell et al.
2001). Apartments are represented in a relational
database and are displayed as icons on an interac-
tive map. The second system is the NICE fairytale
game, in which the user collaborates with an
animated character to solve a problem in an im-
mersive 3D world (Gustafson et al. 20044).

Both domains are, each in its own way, suffi-
ciently restricted that no serious problems are
posed by lexica or structural ambiguity. Like-

wise, the use of quantification is limited and only
rarely leads to ambiguity problems. In contrast,
interaction in both domains abound with deictic
and anaphoric expressions such as pronouns,
definite descriptions and elipses. These expres-
sions refer to things in the visual surrounding as
well asto objects that have been mentioned in the
previous dialogue. Thus, al utterances have to be
interpreted by way of reasoning about the objects
in the combined dia ogue and visual context.

Although naive reference resolution methods
— such as preferring the most recent grammati-
cally compatible antecedent — may perform re-
markably well (see Hobbs 1978, Mitkov 1998),
dialogue applications typically must bring more
knowledge into play in order to perform well.
Often some logic-based reasoning using a repre-
sentation of the task and domain is adopted. An
early example of this is the focus representation
of Grosz (1977), based on the partitioned seman-
tic networks of Hendrix (1975). Another example
is the resolution component of the cLE (Alshawi
1992). However, there is a computational price to
be paid for the general semantic reasoning-based
methods. Particularly for limited domains, it
seems that it would be useful to find a less com-
plex approach.

The approach described here replaces general-
purpose semantic reasoning with a much more
restricted type system. By combining this with
the recency principle — thus looking for the most
recently referred object of a compatible type —
we obtain a highly efficient but still accurate
search strategy. This approach works well in two
fairly complex domains to be further described
below. Moreover, by representing candidate an-
tecedents from the dialogue history and visual



context in a uniform way, the same machinery
can be used for resolving many kinds of under-
specified utterances.

2 Systemsand domains

2.1 TheADAPT system

The graphical user interface of the apartment da-
tabase system ADAPT is shown in Figure 1. The
system features an animated talking agent provid-
ing the user with information about apartments
currently for sdle. The system dso displays the
geographic locations of apartments under discus-
sion as clickable icons with distinct colours on a
map. Graphica input and the textua result from
the speech recognizer are jointly interpreted by
the system.

tan 40 2 rum, 65 kvm 1750000 kr, 1617 kr/kvm
tan 89 2 rum, 69 kvm 1695000 kr, 1961 kr/kvm
2 rum, 61 kvm 1575000 kr, 2375 kr/kvim
m 40 2 rum, 47 kvm 2000000 kr, 1404 kr/kvm

r

rum, 57 kvm 1400000 kr, 3003 kr/kvim
rum, 43 kvm 1095000 kr, 1846 kr/kvm

Figure 1. The graphical interface of the ADAPT system.

=] %;&%%

Thefollowingisatypica diaogue fragment with
the ADAPT system.

A1l User: Arethere any two-room apartments on the
South Side that cost less than 2 million?

A2. System: Do you have any other requirements?

A3. User: A balcony would be nice.

A4. System: [Displays colored icons on the map]
There are seven such apartments. They are shown
on the map.

Ab5. User: | see... The green apartment... how much
does it cost?

AB6. System: The green apartment costs 1.5 million.

A7. User: What about the red one?

A8. System: The red apartment costs 1.9 million.

A9. User: Okay... Is there anything cheaper?

Note that even this short dialogue contains a fair
variety of anaphora: pronouns, definite descrip-
tions (often using the distinct colours of the dis-
played icons), dliptic questions (utterance A7)
and dliptic answers to questions (A3). Also,
graphical pointing actions (of which there are no
instances in the particular dialogue here) are of-
ten accompanied by deictic noun phrases.

2.2 TheNICE fairy-tale game

The NICE fairy-tale game system lets the user
enter into an animated 3D world and communi-
cate with a number of animated characters by
means of spoken dialogue. So far, the first scene
of the game has been implemented, featuring a
single character, called Cloddy Hans (inspired by
one of the characters of an H C Andersen fairy-
tale). This first scene takes place in Andersen’s
authoring laboratory, where the key device is a
fairytale machine. The machine has a magic qual-
ity, namely, that if one inserts objects into its des-
ignated slots (for “magic things”, “dangerous
things”, and so on) and pulls a lever, it creates a
new fairytale in which the objects come to life.
Since Cloddy Hans would like to create a fairy-
tale of his own, he needs help from the user in
understanding where to put different things. The
first scene therefore develops into a collaborative
“put that there” task, where Cloddy Hans and the
user have to agree on what to do. Figure 2 shows
a screen shot from the game.

Figure 2. A screen shot from the NICE system. Cloddy
Hansis standing in front of the fairy-tale machine,
next to the shelf with objects.



The following fragment is from a diaogue
with an eleven-year old user.

N1. User: | want you to go to the shelf.

N2. Cloddy Hans: Okay. [Wa ks over to the shelf.]
What do you want me to do now?

N3. User: | want you to pick up the bag.

N4. Cloddy Hans: Do you want me to pick up the
money sachet?

N5. User: Yes, pick up the sachet. [Clicks on the
money sachet.]

N6. Cloddy Hans: [Picks up the sachet.] That went
well!

N7. User: Then | want you to go to the slots.

N8. Cloddy Hans: Okay. [Walks over to the ma
chine]

N9. User: Now | want you to put the money sachet in
the farthest slot.

Both systems alow users to refer to objects
graphically by a mouse-compatible device. How-
ever, while users of ADAPT can scroll the map as
they please, users of the NICE system cannot ma-
nipulate the camera at will. Rather, the camera
follows Cloddy Hans as he moves around, and
hence situations will arise where graphical refer-
enceisnot possible.

2.3 Corpora

The ADAPT corpus is based on one Wizard-of-Oz
collection with 16 subjects (Bell et a 2001), and
one independent data collection with 24 subjects
using the fully functiona system (Edlund and
Nordstrand 2002). The user tasks were to find an
apartment obeying certain constraints (in the
former case) and to find ones that the subject
might want to livein (in the | atter case).

The current NICE corpus is based on a semi-
automated Wizard-of-Oz collection with 10 chil-
dren aged 11-15 (Gustafson et al. 2004). The
subjects were informed about the scenario de-
scribed in the previous section and were in-
structed to collaborate with Cloddy Hans to put
some (unspecified) things into the machine. (We
have not yet collected any data using the existing,
fully functional system corresponding to this sce-
nario.)

All corpora examples in this paper have been
translated from Swedish to English by the au-
thors.

3 Referential phenomena

3.1 Knowledge sources

One way of studying referring expressions for the
purpose of developing focus management and
reference resolution is to look at what knowledge
sources are needed to interpret them.

Perhaps the most obvious knowledge source in
a graphics-based multimodal system is the visual
context. Two examples of this are utterances A5
("the green apartment”) and N9 ("the slot furthest
away”) in the dialogue fragments in Section 2.
As can be seen, definite descriptions include both
visually salient properties and (in NICE) the rela-
tive position of 3D objects. Descriptions of the
latter often include complex ordinal and direc-
tional expressions, like “the third tube from the
left” or “the hole which is second from the right”.
(Whereas currently each object in the shelf is
unique, the four slots in the machine have to be
distinguished by means of some other property.)

Another obvious knowledge source is the pre-
ceding dialogue, for example, utterance A9
("anything cheaper”). Here the user expresses a
desire which refers to the price of a previous
apartment (presumably the green one).

Sometimes a record of past events is also
needed to resolve a reference, as shown by the
following example from the NICE corpus:

N10. User: Where we put the magic wand... there
you can put it.

Here the clause "Where we put the magic wand”
is referring to a dot of the fairytale machine via
itsrelation to a previous action.

Finaly, a mode of the domain is needed, as
shown in the following example:

N11. User: | want you to take the hammer.

N12. Cloddy Hans: Okay. [ Takes the hammer.]

N13. User: Then | want you to go to the machine...
And put it in the first tube.

Here, it is obvious that “it” in utterance N13
corresponds to the hammer because of the way
the particular objects and actions are related in
this domain. However, a naive recency-based



model without this information would rather as-
sociate "it” with the machine.*

Summing up, al of the above knowledge
sources frequently come into play in ADAPT and
NICE, with the exception of past events that are
only rarely used.

3.2 Referential usage

A problem which is complementary to the one
above is how referential expressions are con-
structed depending on which knowledge sourceis
involved. In particular, how do people refer to
objects that are present in the visua display but
that have not yet been referred to in the dialogue?
Also, to what extent are objects outside of the
current visual display referred to? This is impor-
tant for the purpose of determining how the cur-
rent focus should be updated with respect to
objects from the visual environment.

Asfor the first question, people frequently use
definite descriptions to refer to visually displayed
objects right from the first turn of the diaogues,
without the objects ever having been mentioned.
Both in ADAPT and NICE, there is a variety of
characterigtic properties that can be combined to
describe objects — for example, in ADAPT the
colour of the icon, the number of rooms and the
street of the apartment, etc.

Pronouns are sometimes used without previous
mentioning of the referred object in the dialogue,
but then only in combination with a graphica
pointing action:

N14. User: Go to the shelf.
[Cloddy Hans confirms and walks up to the
shelf.]

N15. User: [Graphical pointing at diamond.] Take it.

Asfor objects outside of the visua display (the
second question above), and looking first at
ADAPT, it is clear that the set of apartment icons
provides an extremely strong cue for the mutu-
ally grounded context: Although users frequently
change their desired apartment constraints back
and forth as they explore the search space, there
is no instance of a user going back and referring
verbaly to a particular apartment that is no
longer displayed on the map. Thus, in our data

1 In Swedish, “hammer” and “machine’ have identical gen-
der, and hence the pronoun agrees grammatically with both
of them.

the objects under discussion are always those that
are shown on the map. Similarly, there are no
references to previous events (“Go back to the
area where we were previously”).

In NICE, the situation is different because of
the moving camera and the fact that the set of
objects remains constant except when something
is put into the machine. Here, users do refer to
things currently outside of the visual display, like
the fairytale machine and the shelf. Even objects
that are no longer physically present in the scene
may be referred to, as in utterance N10 above.

4  Contextual interpretation

4.1 Theproblem

The problem of contextual interpretation can be
divided into three subproblems. First, expressions
that refer to the context must be recognized in the
input. For spoken input, this is not trivial, since
state-of-the-art speech recognizers often fail in
recognizing short (function) words, such as pro-
nouns. Secondly, there is the issue of finding the
set of candidate objects on which the interpreta-
tion of the input can be based — that is, comput-
ing the right context in which to interpret the
utterance. We call this focus management.
Thirdly, there is the issue of combining the con-
textual information with the information con-
veyed in the utterance to produce the final
interpretation. It is well-known that the two last
steps can be arbitrarily difficult (see e.g. Hobbs
1978).

As for the first subproblem, we have shown in
a previous paper how spoken input exhibiting a
large amount of anaphoric and deictic expres-
sions can be efficiently parsed in a limited do-
main (Boye and Wirén 2003a). As for the third
subproblem, our semantic representation is de-
signed so as to let all contextual interpretation be
realized by a uniform process of S-reduction in
lambda calculus. This representation is described
in detail in Section 5. The rest of this section
deals mainly with the second subproblem: how to
determine the set of objects that, at each moment,
constitute the possible targets for interpretation of
referring expressions. We call such objects sali-
ent objects.



4.2 Apartment domain

To begin with, the ADAPT system must distin-
guish internally between intensional and exten-
sional objects. Whenever the user starts over by
giving new constraints (as in utterance Al), a
new intensonal object is created. This object is
considered to be sdient until a set of concrete
apartments is presented to the user (as in utter-
ance A4). These gpartments are represented in-
ternally as extensiona objects and are considered
sdlient as long as their icons are displayed on the
map (i.e. until the user has asked for a new set of
apartments). Then a new intensional object is
created, and the whole cycle is repeated. In gen-
eral, thiskind of distinction must be made by any
system in which the dialogue begins by specify-
ing an “ideal” object before matching it with real
ones.

As for displayed objects and their relation to
the current context, it turns out that the basic
mechanism for updating the set of salient object
can be made very simple: As discussed in Sec-
tion 3.2, the set of displayed apartment icons
provides both necessary and sufficient informa-
tion to determine the set of salient apartments.
This approach is the same as the one taken in
Cheyer and Julia (1995).

To handle implicitly focused items, objects of
the domain are represented by means of a type
hierarchy, motivated by the characteristics of the
domain (this is further described in Section 5).
This allows us to handle utterances like A12 be-
low:

A10. User: How many rooms does the green apart-
ment have?

Al1l. System: Threerooms.

Al12. User: What isthe monthly fee?

Here, “monthly fee” will be associated with an
attribute of the relevant apartment object.

In many cases, referential expressions in the
ADAPT domain turn out to be unambiguous (as in
utterances A5 and A7 in Section 2.1). In those
cases which remain ambiguous, a straightforward
recency principle works in the vast majority of
cases (that is, preferring type-compatible antece-
dents that appear at shorter linear distance back-
wards in the dialogue).

In some easily distinguishable special cases,
other rules apply. An example of this is utterance

A9, where the desired price should be less than
all the previously discussed prices of the apart-
ments in focus.

4.3 Fairy-talegame domain

Looking at the introductory fairy-tale scenario
described in Section 2.2, our data so far indicate
that it is sufficiently restricted to be amenable to
the same basic methods as those used in ADAPT.
First, the set of objects that can be referred to is
limited and can be kept constant from the point
of view of the visual context in which the user’s
utterance is to be understood. (Although objects
disappear from the physical environment when
they are put into the machine, they may still be
referred to as exemplified by N10 above.) Sec-
ondly, the limited amount of moving of the cam-
era also does not require any corresponding
shifting of the visual context, as discussed in Sec-
tion 2.2.

For these reasons (and in contrast to ADAPT),
we do not make use of any mechanism for updat-
ing the visual context, but rather keep all objects
from the scene constantly in the current context.?
This includes the objects initially situated in the
shelf, the shelf itself, the fairy-tale machine as
well as relevant parts and properties of these, like
the slots of the machine and the symbolic label-
lings of each slot.

Clearly, however, this simple strategy will not
be tenable in the succeeding scenes of the game
(currently under implementation). Here, the
changing scenes will require updating of the vis-
ual context as the user freely moves about in the
large 3D world. We will return to this scenario in
a later paper.

5 Representation and implementation

As mentioned above, objects in both the ADAPT
and NICE domains are represented by means of a
type hierarchy in a standard object-oriented fash-
ion, much the same way one would represent the
domain in the Java™ programming language.

2 This seems to be the approach taken also by Lemon et al
(2001), whose system does not use an explicit interna repre-
sentation of the visual context.



Specificaly, this means:

« Every object belongsto exactly onetype.

« A type may be adirect subtype of exactly
onetype.

e Anobject may have any number of at-
tributes, whose val ues are objects of the
appropriate types.?

For instance, in the fairy-tale system, objects
that can be moved about belong to the type thing.
Things have an attribute position whose values
should belong to the type location. So, supposing
that hammer and axe are things, and onShelf is a
location, the fact that the hammer is lying on the
shelf is representable, whereas the fact that the
hammer islying on the axe is not (since the equa-
tion hammer.position = onShelf obeys the type con-
straints whereas hammer. position=axe does not).

A dot (in the fairy-tale machine) is a specia
kind of location; hence the type slot is a subtype
of location. This means that hammer.position can be
given values a so of type slot.

This object-oriented approach to coding the
domain extends also to actions, events, dialogue
acts, and so on. For instance, the action of pick-
ing up something is represented by an object of
type pickUp having two attributes; agent of type
(fairy-tale) character, and patient of type thing.

5.1 Representation of user utterances

During execution, user utterances are trandated
by a parser into typed combinators’ over the do-
main model (see further Boye and Wirén 2003a,
2003b). In the NICE system, utterances are trans-
lated into expressions of type dialogue_act (re-
quest, ask, tell, and so on). As an example,
utterance N3 would be translated into

request(user, cloddy, pickUp(cloddy, bag))

whereas the utterance “Pick it up” would be
translated into

3 This representation scheme is thus significantly less ex-
pressive than e.g. the partitioned semantic networks by
Hendrix (1975) (used by Grosz, 1977) , which are equiva-
lent to first-order logic.

4 A combinator is alambda-expression without free vari-
ables (see e.g. Hindley and Seldin 1986). For an approach to
natural language semantics based on combinators, see Ja-
cobson (1999).

Axn9 request(user, cloddy, pickUp(cloddy, X))

Here, superscripts indicate the types of variables.
Thus, the expression above denotes a function
taking a thing as the argument, returning the fully
instantiated request as the result. Here the domain
model is used to infer that the missing informa-
tion (the object x being picked up) is of type
thing.

Resolution of the reference “it” now corre-
sponds to applying® the function above to an ex-
pression of the appropriate type, e.g.

(Ax"S request(user, cloddy, pickUp(cloddy, X)) bag) —
request(user, cloddy, pickUp(cloddy, bag))

Thus, the type constraints in the domain model
help ruling out undesired interpretations of refer-
ences in user utterances.

The ADAPT apartment system seeks to translate
all user utterances into the form 2x'(P), which can
be paraphrased as “Give me x of type t such that
P is true”. Again, lambda abstractions are used to
represent missing information. For instance, ut-
terance A5 would be:

Axarartment oomoney (y price = p & x.color = green)

Supposing that apt1 denotes the apartment the
user is referring to in utterance 5, then contextual
interpretation of this utterance amounts to apply-
ing the functional expression to apt1:

()\Xapartment ?pmoney (X.pl’iCe =p& x.color = green)
aptl) -
?pmoney (aptl.price = p & aptl.color = green)

The resulting expression is paraphrased ~Give
me the price of aptlT and can be translated
straightforwardly into a database search com-
mand.

One of the nice features of this representation
scheme is that various kinds of anaphora and el-
lipses can be handled the same way. For exam-
ple, in utterance A7 it is evident that the user
wants to know something about the red apart-
ment, but it is not clear (before consulting the
context) exactly what he wants to know. Such

5 Application of the lambda expression f to the argument a,
so-called Freduction, is denoted (f @). Another commonly
used notation isf@a.



éliptic utterances are represented using higher-
order lambda expressions:

)\Xapartment Af apartment - dialogue_act (f x[x.color: red])

Here, x[x.color=red] iS a constrained variable,
i.e. x can only take values such that x.color=red is
true. In this case, contextud interpretation
amounts to firgt applying the above expression to
the appropriate gpartment (whose icon should be
red), and then applying the resulting expression
to afunction f, expressing what to do with the red
apartment. Supposing apt2 denotes the red
apartment the user is referring to, then first
applying the above expression to apt2 yields:

\f @partment - dialogue_act (f apt2)

We will discuss how to find functiona antece-
dentsin section 5.2; for now we will just stipulate
that the correct antecedent is

)\yapartment ?pmoney (y.price — p)
since

()\f apartment - dialogue_act (f apt2)
)\yapartment ?pmoney (y.price — p)) .

()\yapartment ?pmoney (yp”ce - p)) aptz) R
2pM" (apt2.price = p)
i.e. “How much does apt2 cost?”.

5.2 Focus management

To keep track of which objects are potential tar-
gets for reference resolution, the ADAPT and NICE
systems use several internal data structures.

The visual context history is a recency-ordered
list of sets of objects, each set corresponding to a
visual context. In ADAPT, each set consists of
apartments whose icons are shown simultane-
ously on the map. Each time some icons are
added or removed, a new visual context is cre-
ated and added to the history. The visual context
is used for resolving definite NPs like “the green
apartment”, and metonymies like “ King’s street”.

As previously mentioned, the visual context is
kept constant in the first scene of the fairy-tale
system.

The dialogue history is a recency-ordered list
of typed combinators, each combinator represent-
ing a (resolved) user utterance or a system utter-
ance. The dialogue history is mostly used to
resolve pronouns and ellipses, by searching back-
wards in the list for a (sub-)expression of
compatible type. For instance, consider utterance
N13, which is represented as two dialogue acts:

request(user, cloddy, goTo(cloddy, atMachine))

A9 request(user, cloddy,
putDown(cloddy,x,magicSlot))

In order to find an argument of type thing, we
have to go back to the representation of N11.:

request(user, cloddy, pickUp(cloddy, hammer))

Here, the expression hammer is of type thing, and
is indeed the expression needed to correctly re-
solve the reference in N13. Thus, the typing of
expressions prevents unwanted resolutions (like
resolving “it” by “the machine” in N13).

Resolution of certain kinds of ellipses involves
finding a function of the appropriate type. To
resolve utterance A7 (as discussed in section 5.1)
the system must find a function of type apart-
ment - dialogue_act. This is computed by a tech-
nique reminiscent of Dalrymple et al (1991). First
abstraction (reverse functional application) from
the resolved representation of the preceding user
utterance A5 gives us®:

2p™" (aptl.price = p & aptl.color = green) -

(Ay?@Partment opmoney (v nrice = p & aptl.color =
green) aptl)

By removing the redundant constraint apt1.color =
green, We can extract the combinator needed to
resolve A7, namely

)\yapartment ?pmoney (y.price — p)

® In this particular case, there are several possible abstrac-
tions; any one or both occurrences of apt1 can be replaced
by the variable y. The particular abstraction shown here is
preferred by the system, since it does not create a constraint
y.color = green. Such a constraint would be inconsistent
with the representation of utterance A7; “What about the red
one?’.
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Finally, an event history will be added to the
NICE system to be able to resolve references like
the one in utterance N10.

6 Discussion

This paper describes an approach to contextual
reasoning for the interpretation of spoken multi-
modal didogue which refrains from general-
purpose reasoning and instead uses a much more
restricted type system. By combining type infor-
mation with a recency principle, we obtain a
search strategy which is both highly efficient and
accurate. By driving interpretation with respect to
both the dialogue history and visua context by a
process of S-reduction, we abtain a single, uni-
form machinery for contextual interpretation
which is applicable to the resolution of many
kinds of underspecified utterances, such as deic-
tical expressions, anaphora and €lipses. Put dif-
ferently, the search strategy amounts to finding
correct arguments for the typed combinators rep-
resenting user utterances.

Current work is mainly directed towards ex-
tending the NICE system to include the subse-
guent scenario taking place in the virtua fairy-
tale world. To this end, the approach described
here will have to be generalized. In particular, the
visual context will require frequent updating as
the user freely moves around in the large 3D
world instead of being confined to a single room.
There might also be a need for keeping track of
the visual context at the time of previous utter-
ances in order to correctly determine antecedents.
We expect to report more on these aspects as part
of future work.
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Abstract

Information enrichment is a process
whereby explicitly realised informa-
tion elements in a dialogue message
make use of other information elements
that are accessible through the context.
| introduce information enriched con-
stituents using four information struc-
ture primitives: ground, focus, promi-
nent element, and non-prominent mate-
rial. Five Optimality Theoretic (OT)
constraints are then formulated for the
generation of information enriched con-
stituents in a dialogue system, and |
show how dynamic constraint reranking
is needed in a dialogue system. The use-
fulness of bidirectionality is also shown,
and I end with a discussion of computa-
tional considerations.

1 Introduction

Information enrichment is the exploration of how
some information elements in a dialogue message
are explicitly realised as part of an utterance, and
how others, the enriching elements, are accessible
through the context.

Optimality Theory (OT), (Prince and Smolen-
sky, 1993), has in recent years been applied to se-
mantics and pragmatics, (e.g., (Hendriks and de
Hoop, 2001; Buchwald et al., 2002; Zeevat, 2001,
Beaver, 2004)). Below, OT is explored for in-
formation enrichment, and addresses the question:

what light can OT shed on the generation of in-
formation enriched constituents in a dialogue sys-
tem? The investigation leads to dynamic rerank-
ings of a fixed set of constraints.

The paper focuses on the question of which in-
formation elements are to be realised and which
ones not. The final realisation of an information
enriched constituent includes considering mor-
phosyntactic constraints, for instance, but these
are not part of present considerations.

The following section elucidates the concept of
information enrichment with the help of informa-
tion structure. Section 3 presents the constraints,
and section 4 the constraint rankings. 5 discusses
the determination of which ranking to use, and 6
bidirectionality in the context of information en-
richment. Finally, section 7 considers computa-
tional issues.

2 Information Structure and
I nformation Enrichment

In what follows, utterances will be seen as con-
necting to the context along two dimensions. The
first is illustrated by B’ in the context of A in
(1). “Jones’ is the informative part that is meant to
update the current information state, whereas ‘my
last nameis’ is an anchor to what has already been
established in the dialogue. | will call the former
focus (F) and the latter ground (GR), following,
e.g.,Vallduvi (1992) and Ginzburg (1999).

(1) A: ok and what’s your last name?®

1A and B are taken from the Amex Travel Agent Data,
http://www.ai.sri.com/%7Ecommunic/amex/amex.html. B’
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B: ah Jones
B’: my last name is Jones

The other dimension along which utterances
connect to the context is illustrated by example
(2).2 Simplifying somewhat by leaving ‘about’
out of the discussion, in F'3" the ground is some-
thing like ‘I am ... from the left-hand-side of
the page just now’, and the focus ‘two inches’.
The element ‘two’ in the focus is an alternative —
in roughly the sense of alternative-evoking focus
in (Rooth, 1996) — to “four’ in F'1, and will here
be called a prominent element (P). Hence, promi-
nence is here a semantic notion, used to mark con-
strastive or otherwise important material within
the focus. The element ‘inches’ in F'3” is non-
prominent material (NON-P) within the focus.

For accounts that use the term focus in a way re-
minding of prominent element as introduced here,
see (Pulman, 1997; Steedman, 2000).

Having introduced the relevant information el-
ements, | define an information enriched con-
stituent, or utterance, as one whose content in a
shared context, the contextual content, is the result
of embedding its compositional content in a larger
semantic structure. For the purposes of the current
study, the compositional content of an information
enriched constituent consists of a single focus, or a
single prominent element, or a prominent element
together with ground, with the other information
elements being supplied by the context. A non-
information enriched constituent consists of a full
ground and focus.

Examples of information enriched constituents
in (1) and (2) — again ignoring ‘about’ — are B
(a focus), F'1 (a focus), G3 (a focus consisting
of a prominent element and some non-prominent
material), 7'3 (a prominent element), and F'3’ (a
focus consisting of a prominent element and non-
prominent material).

The information enrichment approach covers
partly the same dialogue phenomena as do ap-
proaches to what is variously called ellipsis, frag-
is a constructed utterance. ‘Jones’ in utterance B has been
substituted for the anonymised name ‘C’ in the Amex tran-
scipt to make the example more readable here.

2G1-F3 are from the HCRC Map Task corpus,

http://www.hcrc.ed.ac.uk/dialogue/maptask.html.  F3’ and
F3" are constructed utterances.

ments, non-sententials, etc. (e.g, (Ginzburg, 1999;
Schlangen, 2003)).

3 Theconstraints

Various considerations govern the amount of in-
formation — in terms of which information ele-
ments — a given utterance is to contain. In an OT
setting, some of these considerations are encoded
as constraints, and some of them in the ranking
of these constraints. For the information elements
introduced above and concerning information en-
richment, five constraints are involved (not given
in rank order):

FOcus: Generate focus

*NON-PROM: Avoid non-prominent material
GROUND: Generate ground

* GROUND: Avoid ground material

PROM ELEM: Produce the prominent element

GROUND is a faithfulness constraint conveying
that what is part of the input should also be part
of the output. The mirror constraint *GROUND is
instead a markedness constraint prescribing econ-
omy and simplicity.3

All five constraints reflect that the optimisation
of utterances in terms of their desired degree of
reliance on information enrichment, is a matter
of balancing between markedness and faithfulness
constraints, between dialogue economy and ex-
plicitness. The approach to discourse anaphora by
Buchwald et al. (2002) involves similar consider-
ations for noun phrases and the salience of refer-
ents.

4 Dynamic reranking of constraints

The generation component of a dialogue system
can take a number of issues into account for deter-
mining the level of reliance on information enrich-
ment in an utterance to be generated:*

e High speech recognition scores, rely on informa-
tion enrichment; low speech recognition scores,
rely less on information enrichment, or not at all

3Note that both of these constraints are needed — neither
is sufficient on its own for all the rankings.

4The first three issues are also considered by Jokinen and
Wilcock (2001) for NLG, but not in terms of OT.

13



2 G1: Where are you in relation to the top of the page just now?

F1: Uh, about four inches.
G2: Four inches?
F2: Yeah.

G3: Where are you from the left-hand side?

F3: About two.
F3': (About) two inches.

F3”: 1 am (about) two inches from the left-hand side of the page just now.

e Polite/formal system, rely less on information
enrichment; informal system, rely more on infor-
mation enrichment

e Beginning of the dialogue, rely less on informa-
tion enrichment; rest of the dialogue, rely more on
information enrichment

o Naive users (or a system that is used seldom by
the same person), rely less on information enrich-
ment; expert users (or a system that is used often
by the same person), rely more on information en-
richment

o Adapt to the user’s level of reliance on informa-
tion enrichment, making the system appear more
co-operative (cf. (Garrod, 1999))

Any one of these factors affects the ranking of the
constraints introduced above, and their values will
give rise to different rankings. For instance, a di-
alogue system that is designed to be very formal
and correct, will make use of a constraint ranking
where information enrichment is rare among the
optimal candidates throughout the dialogue. The
opposite is true for a more informal system.

What’s more, a dialogue system can be de-
signed to rerank the constraints depending on con-
ditions that change during the dialogue. For ex-
ample, a system making use of recognition scores,
will use one type of ranking if the score was high,
and will need to rerank the constraints if the score
was lower. Another example is the reranking of
constraints to give an optimal candidate that relies
on information enrichment to the same extent that
a preceding user utterance does. In human-human
dialogue the latter can be seen in the frequent oc-
currence of information enriched question-answer
pairs (see, e.g., G3 — F3in (2)).

Concretely, in a dialogue like (2) above, the

question is whether to generate F'3, F3', or F3",
and how to rank the constraints to give precisely
the desired optimal candidate.

I will now go through the different rankings that
can be selected dynamically. First, a note on in-
put and candidates. Input is here the contextual
content of an utterance to be generated, where
the content is marked up for information struc-
ture. For the tableaux below, a contextual content
with all of ground, focus, prominent element and
non-prominent material is used. For explanatory
purposes, a prominent element may correspond to
‘two’, a focus (prominent element together with
non-prominent material) to ‘two inches’, a ground
to ‘the distance is’, and a ground-focus to ‘The dis-
tance is two inches’, all in the context of, say, the
question ‘What is the distance?”’.

The candidates created from the input are the
‘power set’ of the information elements in the con-
textual content, with the reservation that the mark
up is hierarchical (see the figure in example (3)
below): the presence of a prominent element and
non-prominent material implies the presence of a
(full) focus. In the tables below this is indicated
using the notation ‘P _NON-P/F’.

(3) /\
GR F
N
P NON-P

As is usual, a dotted line between two con-
straints indicates that the ranking of these two con-
straints in relation to each other is unknown, that
is, the outcome is independent of the order of these
two particular constraints in relation to each other.
In addition, | will use a double line to indicate
indeterminacy between several constraints, in the
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sense that it demarcates partial rankings.

Note that my use of partial rankings is not
to be confused with the partial orderings of
Anttila (1997). He uses partial rankings between
constraints to explain examples of variation in
Finnish morphology; different total orders (dif-
ferent tableaux) created from the partial one (the
grammar) give different winners. In my approach,
constraints are partially ordered because there is
no conflict between them; the various total rank-
ings that can be created from the partial ranking
all give the same winner.®

41 Maximal reliance on information
enrichment

Maximal reliance on information enrichment is
the generation of just the prominent element when
such can be determined. It involves the following
partial rankings: *NON-PR, PROM ELEM >>> FO-
CUs, and *GROUND >> GROUND. The tableau is
given in figure 1.

In this tableau, the left-most column lists all
the output candidates, as described above. The
ranking between PROM ELEM and *NON-PR is not
known (or, equivalently, their ranking in relation
to each other does not affect the outcome), as in-
dicated by the dotted line, but both of them are
ranked higher than FOcus. *GROUND is ranked
higher than GROUND, but the ranking of these two
constraints in relation to the other three does not
change the result, which is the meaning of the dou-
ble line.

Each star indicates a violation of a constraint
by a candidate, and the optimal candidate is deter-
mined in the usual way, which can be described as:
the optimal candidate is the one with the fewest vi-
olations of the highest constraint on which the two
candidates differ.

Thus, in figure 1, P (‘“Two’) is the optimal candi-
date. Informally, and intuitively, what this tableau
says, is that for maximal reliance on information
enrichment, avoiding ground is more important
than producing ground, and producing the promi-
nent element and avoiding non-prominent material

5The assumption in OT is that theoretically there isa com-
plete ranking. My partial rankings are then to be interpreted
as that given the current constraints there is no way of finding
this ranking.

are both more important than producing a full fo-
cus.

4.2 Minimal reliance on information
enrichment

Minimal reliance on information enrichment
means producing a full ground-focus utterance.
The partial rankings are FOCUS >> *NON-PR,
and GROUND >> *GROUND, and the tableau is
given in figure 2. The optimal candidate is GR
P_NON-P/F (‘The distance is two inches’).

4.3 Intermediate reliance on information
enrichment

Intermediate reliance on information enrichment
occurs in two cases. In one case, the optimal can-
didate is P_NON-P/F (‘Two inches’), and the par-
tial rankings involved are FOCUS >> *NON-PR,
and *GROUND >> GROUND. This is depicted in
figure 3.

In the other case, figure 4, the partial rank-
ings are *NON-PR >> FOCUS, and GROUND >>
*GROUND, to make GR P (“The distance is two’)
the optimal candidate. For this second case, the
presence of PROM ELEM is required to separate
GR P from the candidate involving just GR, and
it can be ranked anywhere among the constraints.®

4.4 Focus-ground and all-focus utterances

The discussion and tableaux above assumed an ut-
terance whose contextual content could be parti-
tioned for all of ground, focus, prominent element,
and non-prominent material. Now, many utter-
ances have a contextual content consisting of only
a focus and a ground, or just a focus. These can
also be handled by the rankings and constraints
given so far.

For focus-ground contents, there will be four
candidates: GRF, GR, F, and (). The constraints
that play a role in determining the optimal can-
didate are FOCUS, GROUND, and *GROUND, the
other two (PROM ELEM and *NON-PR) being vio-
lated or vacuously satisfied by all candidates.

5The effect of PROM ELEM in the rankings for maximal
and intermediate reliance on information enrichment is to en-
sure that the null candidate, the empty utterance, does not
end up as the optimal candidate. The same effect could be

achieved, in perhaps a more transparent way, through a con-
straint stating that a candidate should have semantic content.
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Figure 1: Tableau for maximal reliance on information enrichment
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Figure 2: Tableau for minimal reliance on information enrichment
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Figure 4: Tableau for intermediate reliance on information enrichment (prom. element and ground)
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For all-focus contents there are two candidates,
F and @, and one constraint, Focus, will deter-
mine the winner.

5 Determining which ranking to use

Just how is one to determine which ranking is to
be used by a particular system or for a given ut-
terance in some context? It is important to note
that this will be something outside of the rank-
ing. As with the design of any dialogue system,
the solution lies in the answers to questions asked
about various features of a dialogue system; when,
where, and how is the system to be used, who is
going to use it, what kind of system behaviour is
desired, etc.

For information enrichment, as for many other
aspects of dialogue system development, one
needs studies of human-human dialogue, or exper-
imental setups such as Wizard-of-Oz, or evalua-
tions involving real users.

Looking in more detail at the factors identified
at the beginning of section 4, for speech recogni-
tion scores, various levels need to be tried when
the system is being developed, and possibly also
during evaluation with real users.

Regarding the choice between a polite/formal
system and an informal one, questions such as
the following may need to be answered: What is
best suited to the system? What do users think?
Maybe what is needed is a system that comes with
a choice regarding degree of formality?

When it comes to the distinction between the
beginning and the rest of a dialogue, it needs to be
determined, as for all factors, whether it is a useful
distinction in the system, and a measure is needed
for what counts as the beginning of a dialogue.

For distinguishing between naive and expert
users, some form of user modelling is needed.

An example of a system used often by the same
user may be a personalised system in the home
used several times daily, and one used seldom a
flight information system utilised by a number of
different people and less frequently by each one.
Determining which category the dialogue system
belongs to, also determines information enriched
behaviour.

Finally, adaptation to the user’s level of re-
liance on information enrichment can be deter-

mined from linguistic studies and experiments,
and through system evaluation.

All of these factors will interact with the various
rankings in different ways. For instance, a situa-
tion involving intermediate level of reliance on in-
formation enrichment, say the production of a full
focus although a prominent element has been de-
termined, can be a high recognition score in con-
junction with a system that is not completely in-
formal.

6 Interference and bidirectionality

When producing utterances that rely on informa-
tion enrichment, speakers need to take into ac-
count hearers’ ability to construct an appropriate
embedding structure, hence an appropriate con-
textual content, given a compositional content and
the context. This becomes evident in examples
like (4). Suppose that Edith’s extension number
is 1439, and this is what B is going to tell A. To
what extent can B, in B2, rely on information en-
richment (assuming B wants to exploit informa-
tion enrichment maximally)?

()] Al: What is your extension number?
B1: One eight three nine

A2: And what is Edith’s extension
number?

The contextual content of B2 — to — be —
generated can be paraphrased as: ‘Edith’s exten-
sion number is _’ as the ground, ‘1_39’ the non-
prominent part of the focus, and ‘4’ the promi-
nent element. Now, although it is possible for
the speaker to utter only ‘Four’, that is, just the
prominent element, this gives the hearer no chance
of unambiguously recovering the contextual con-
tent. This is an example of what | call interfer-
ence. The term is borrowed from Givon (1983),
and adapted to information enrichment it involves
the presence of semantically compatible contex-
tual material that can give rise to ambiguity.

The solution to interference that can be con-
structed within OT is one that lends itself naturally
to a dialogue context: bidirectionality (e.g., (Blut-
ner, 2000; Jager, 2002; Buchwald et al., 2002)).
Blutner and Jédger formalise two communicative
principles, one minimising hearer effort, and the
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other minimising speaker effort, and show the in-
teraction of these principles using bidirectionality.

These two principles are clearly in play in di-
alogue involving information enrichment. For
example (4) above, the optimisation of the
(speaker’s) output needs to be followed by an op-
timisation of the (hearer’s) interpretation. That is,
given the input form 4, what is its optimal inter-
pretation in the given context? Clearly, no such in-
terpretation can be found. The optimal candidate
using bidirectionality will instead be one that in-
cludes the full number, 1439. That is, in the given
context, the maximal reliance on information en-
richment is not using a prominent element, but a
full focus.”

I omit full details here, but the analysis involved
will need to create all the candidate interpretations
for the input 4. Next, these candidates are eval-
uated with regard to the constraints, and candi-
dates involving 4839, 1439, 1849, and 1834 will
be equally optimal — there is no constraint separat-
ing them.8

Once this has been determined, the system
needs to ‘back off’ to a lesser degree of reliance
on information enrichment. If this is intermediate
reliance using a full focus — ‘One four three nine’
— candidate contents will be created for this. The
winner from the interpretation perspective will be
1439 as a focus relying on information enrichment
for its ground.

In comparison to (Blutner, 2000), my approach
needs to handle the existence of several different
tableaux, for instance through the ‘backing off’ to
a lesser degree of reliance on information enrich-
ment as just described. An alternative is to do bidi-
rectional optimisation for all the tableaux, which
gives that both ‘One four three nine’ and ‘Edith’s
extension number is one four three nine’ give op-
timal candidates. Then, other factors are used to
determine which of these two candidates is to be
selected.

"An alternative is possibly using the prominent element
together with only part of the non-prominent material, as in
the utterance ‘One FOUR’, where capitals indicate nuclear
stress.

8These candidates are based on the assumption that in this
particular context, an extension number always consists of
four digits. Without this piece of information, the number of
candidates will of course be even larger.

Note that the step optimising interpretation in-
volves the utterance’s being marked up for infor-
mation structure. The generation step in section 4
similarly assumes that this has already been done.
I presume that it is possible to determine OT con-
traints and rankings also for this.

7 A computational note

The OT analysis presented here is intended for a
dialogue system, that is, it is intended to be im-
plemented, so a few remarks on OT in a computa-
tional setting are in order.

Several approaches to the implementation of OT
constraint checking make use of finite-state tech-
nigues. Karttunen (1998) uses an example from
phonology and shows how the generation of can-
didates and constraint application can be com-
posed into a single transducer, a single network.
Jager (2002) reformulates Blutner (2000) and also
discusses some formal properties of bidirectional
OT as outlined by the latter. Notably, Jager dis-
cusses bidirectionality in a finite-state setting.

Now, both Karttunen and Jager acknowledge
the limitations of the OT models that can be for-
mulated as finite-state transducers. Jager mentions
that finite-state techniques are in general too sim-
ple to handle syntax, semantics and pragmatics, so
the implementation of such analyses in OT seems
to be an open research question.

The OT analysis that | presented in section 4
involves a small and finite set of candidates, the
constraints all involve checking whether a partic-
ular informational element is part of the candidate
or not, and constraints only have at most one vi-
olation. This may mean that a finite-state imple-
mentation is possible. However, the step presup-
posed in section 4, the assignment of information
structure (a step that is also involved in the bidirec-
tional analysis), involves reasoning using a fairly
complex information state, which is probably less
likely to lend itself to a finite-state analysis.

Instead, | think that in a context such as this —
the computation of information structure and the
generation of information enrichment in a practi-
cal dialogue system —work could usefully be spent
on making the system avoid having to create all the
candidates. One possible solution is to incorporate
the effect of the constraints and their ranking in the
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GEN component, making GEN different for the
different degrees of reliance on information en-
richment, and only producing the optimal candi-
date in each case. Similarly, when bidirectionality
is considered, the system should not produce all
of, say, 4839, 1439, 1849, and 1834, but be able
to determine, a priori, that these would be equally
(un)optimal.

8 Conclusion

Five OT constraints have been introduced to han-
dle the kinds of information enrichment discussed
above. Various rankings of the constraints are
needed to give different optimal candidates, and
the notion of dynamic constraint reranking in the
generation component of a dialogue system was
introduced to model the flexibility of informa-
tion enrichment. The different rankings show
that the degree of reliance on information enrich-
ment arises from, on the one hand, a conflict be-
tween generating a full focus and avoiding non-
prominent material, and, on the other, a conflict
in whether to generate ground or not. The need
for bidirectionality in a dialogue system gener-
ating information enriched constituents was also
discussed, and some computational considerations
were presented. Given the theory, a subsequent
step is the precise formulation of bidirectionality
for information enrichment, and the implementa-
tion of the constraints and the dynamic rerankings
in a dialogue system.
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Abstract

We argue for an approach which treats
the compositional semantic content of
an utterance as including its basic dia-
logue update effects — those which can
be derived entirely from its semantic and
syntactic properties. This allows us to
capture the distinction between these in-
tegral semanticcontextual effects and
thosepragmaticeffects which can only
be determined from the interaction be-
tween features of the utterance and the
context itself.

Introduction

which views utterances and their sub-constituents
as instructions for contextual update: programs in
a dynamic logic defined with respect to the dia-
logue gameboard (DGB) of (Ginzburg, 1996). The
DGB provides a structured view of context in di-
alogue by keeping track of the following compo-
nents: a set of commonly acceptescTs; a par-
tially ordered setuD of questions under discus-
sion (QUDs); and the ATEST-MOVE (LM) made

in the dialogue.

In (Ferrandez, 2003), the DGB is formalised
using first-order Dynamic Logic (DL) as it is in-
troduced in (Harel et al., 2000). In short, DL is a
multi-modal logic with a possible worlds seman-
tics, which distinguishes betwedonrmulae and
programs. Programs are interpreted as relations

This paper presents an approach to dialogue ugetween states that change the values assigned to
date processes that captures the distinction bgdarticular variables. They can be combined to
tween that part of an utterance’s contextual imform complex programs by means of a repertoire
port that can be derived entirely from its seman-of program constructs, such ssquence, choice

tic and syntactic properties, and that which result$J, iteration* andtest?. The different DGB com-
from interaction between features of the utteranc@onents are modelled either as individual variables
and the context — by treating the former as partanging over terms (e,d.M, for the latest move),

of the utterance’s compositionsémanticcontent  or asstackvariables ranging over strings of terms
and only the latter as having to be specified sepae,g. QUD, a stack of questions). Update oper-
rately aspragmaticprocesses. We then show thatations are brought about by program executions
this does not prevent an utterance’s representatidhat involve changes in variable assignments. The
from articulating constraints on context, and illus-atomic programs are simple assignments=at),

trate this for context-dependent phenomena sucwherez is an individual variable andis a term;

as givenness and ellipsis. and X.push(z) and X.pop programs, where is

a stack variable and stands for the element to
be pushed ontX. Such programs can then be
We adopt the approach to utterance representassigned to utterances and their sub-components
tion introduced in (Purver and Fémdez, 2003), by a HPSG grammar which relates programs to

1.1 Background
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grammatical types. The approach allows us to refor interrogatives and declaratives:
flectthe basic insights of dynamic semantics (e.g.

. L . ; [interrogative
!ndeflnlte NPs can be assigned programs which ) CONT ([ question
mtroduge new refe'r'ents.) and define a process di C-PROG A; QUD. pushi)
grounding and clarification, as well as specify up- HEAD-DTR|C-PROG A
date effects of utterances familiar from Informa-
tion State (1S)-based theories of dialogue. declarative

?) CONT [ propositior]

C-PROG A; QUD.push(whethefti]

2 Update Programs | HEAD-DTR| C-PROG A RUD-push )

The basic assumption underlying the IS approach Introducing DL programs into the grammatical
to dialogue modelling is that the main aspectsrepresentation of utterance types allows us to re-
of dialogue management are best captured by (ifject the part of their contextual import which is
keeping track of the relevant information availablecompositionally derivable. Just as an indefinite
to each dialogue participant at each state of th&P intrinsically introduces a new entity into the
conversation, and (i) providing a full account of context,ask moves, and therefore questions, in-
the possible update mechanisms that change thiginsically introduce new QUDs (in our formal-
information. The notion of ISipdateis key, usu- isation, push their content onfQUD). Similarly,
ally being governed by a set apdate rulegrig- ~ Moves which assert a propositipmpush the ques-

gered by the observation and performance of diaion whether(p) onto QUD. Note that this is not
logue moves. to deny that some questions and assertions might
have further contextual effects, or even that QUD

Our starting point is, in fact, a fairly straightfor- X i )
ward extension of this view: as long as dialogueMtroduction might also be achievable by other,
less obvious means. The point here is that an im-

move types can be incorporated into the gramma{ )
ical representation of utterances, their update efeortant part of the context change potentiaask

fects can also be seen as part of the utterance’s ”rz_ndasser@mcl)ves (namely thE f"’:ft”thgt the;g?tro-
guistically conveyed information. The integration uce particular QUDs) can be fully derived from

of direct illocutionary force into the grammar has (€l grammatical properties. As far as dialogue

been argued for in (Ginzburg et al., 2001b) Thedoes, it is therefore possible and, we think, desir-

authors present an HPSG grammar where eac%ble to c_gngder?gch updat_es asge;rt Olf the_seman-
illocutionary type introduces a constraint on thell contribution ofinterrogative and declarative ut-

type of its message argument (ask-tgbes are terances (just as much as the introduction of new
associated withguestions,assert-reltypes with referents is part of the semantic contribution of in-

propositions, and so on), with these message type%e::_mtes)' This is precisely what our programs

being determined by syntactic form. SDRT (Asher®cN€Ve.

and Lascarides, 2003) also assumesiorm se- The main issue to consider now is: can this ap-
manticsof declaratives, interrogatives and |mper—|orr?alCh be exf[er_1ded t‘? 6|1” dialogue mﬁve tyF’eS- In
atives, where each clause type is linked to its iIIo-Ot er words, is it possible to encode the main con-

cutionary force by means of compositional seman{€Xtual updates brought about by dialogue moves

tics. Our approach goes one step further in thainto the grammatical representation of utterances,

it views the immediate contextual effects of thesethus removing the need for independent update

various illocutionary types (which are usually seen U/€S?
as brought about by independent IS update rules 0§
pragmatic inference) as compositionally linked to
syntactic and semantic properties of utterances. Ihlere we must distinguish two different kinds of
(Purver and Fer@ndez, 2003) this is achieved by updates: updates whose assignment can be deter-
associating appropriate DL programs with particu-mined purely by properties of the utterance itself,

lar clause types, as shown inAVM (1) and AVM (2) and those which should only be assigned to ut-

Semantic vs. Pragmatic Updates
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terances given certain information in the currentplease?”); questions can be rhetorical (“Do | look
state. like an idiot?”).

3.1 Semantic (Direct) Updates Answers in the Grammar? A common exam-

The immediate update effects of direct moves sucR!€ in dialogue systems is @mswermove. An-

as ask and assert(as given above) can be de- SWers differ from assertions and questions in many
termined by simple examination of the linguistic "€SPeCts: if we were to specify the contextual up-
properties of utterances — they don't have to be indate effect of an answer by a program, it might be
ferred using pragmatic information. The same car?f the formQUD.pop- i.e. a program th?‘t down-
be said for many other move types included in di-dateSQUIDY popping the maximal question under
alogue act taxonomies such geetings closings discussion, rather than one which adds a new ques-
and acknowledgements. In fact, one could argudion to the stack. The notion of answerhood em-
that the meaning of an acknowledgement oalty ployed by many filalogue systems involves asser-
be represented as a contextual update — in our affon Of a proposition that unifies with the proposi-
proach, acknowledgements are associated with #nal content of a QUD question (see e.g. (Traum,
program that pushes onEACTSwhatever propo- 2003)). This could be easily defined within the

sition was previously under discussion: grammar as in (4):
ack-cl answer
3) CONT  acknowledge-rel (4) |CONTENT [propositiorj
c-PROG head(QUD) =whether(p)?; c-PROG  (head.(QUD) =\{...}[1)?; QUD.po

FACTS.push(p)QUD.pop
The problem is of course that there will be no

ires for it th ist f way of associating this program with an utter-
(uITes Tor 1S SUceess s exIsience 5 some que%fnce based on its internal grammatical properties

tion whether (p) under discussion. If there is no alone: to determine which update effects to asso-

such question, the program will not succeed, th%'ate with a declarative (those of amsertprogram
utterance cannot be understood or grounded (ang

t will larificati " S in (2) or aranswerprogram as in (4)), we must
oh ouraccount, wii cause a clartiication ques !On)'take into account its relation to some relevant con-
This seems correct: if there is nothing to be inte-

: . textual information (precisely the maximal QUD).
grated into the common ground, or if the current (p y QUD)

UD i L i K led t will Given our formalism, this could be phrased as a
QUD s awh-question, an acknowiedgement wit single program using thehoiceoperator
seem quite odd. Acknowledgements require suit-

The complex program shown in AVM (3) re-

able QUDs in order to be understood (just as un- declarative

derstanding amsk move seems to require recog- 5) | CONTENT [[proposition]

nition of its intention to raise a new QUD). It is c-PROG  ((head.(QUD) =\{...})?; QUD.pop
important to note that although an acknowledge- U QUD.push(ether (1))

ment therefore imposes a restriction on the type of |, ever we see several problems with such

state to which it can apply (expressed dssisub- o 4nnr0ach. The first is that downdating QUD,

program), there is no need for pragmatic informay hich must be one of the update effects of an an-

tion to determine what its update effects should bg,\or goes not need to be performed in order to
(what program to associate with it). understandt: one can understand an answer with-
out accepting it, and indeed can discuss whether

) ) ) it is true — so making this downdate part of the
Most dialogue act taxonomies and implemented,gantic content seems inappropriate. A second

dialogue systems include other move types WhiChy o+ the contextual effects expressed as the se-
are less directly associated with the linguistic

or grammatica| form of the utterance. Indirect 1Anotherequally unattractive solution would be to sk

h act h t d tajgclarative sentences as ambiguous between being answers
Speech acts such as requests or commands can fd assertions, with two alternative analyses assigned by the

the form of questions (“Can you close the door grammar and with the decision between the two made later.

3.2 Pragmatic (Indirect) Updates
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mantic content have now becondeterminedoy  directly requested task (see (Ludwig, 2001) for a
context, rather than just expressimggtrictions on  similar approach to inferring requests from basic
context as before. Even worse, the third is that thisleclaratives).
approach seems very difficult to scale up to more This distinction, between direct updates which
complex notions of answerhood: in particular, in-stem from the utterance’s internal properties on the
direct answers could not be detected by the tesine hand, and indirect updates which stem from its
of unification with the head QUD as above, butrelation to context on the other, now allows us to
would require some further inference — thus thedraw a line between the kind of updates that can
C-PROG program would have to involve such in- be thought of as part of an utterancssmantic
ference and presumably access to further contexcontent, and those that should be specified sepa-
tual information. Semantic content, then, wouldrately by means opragmaticoperations (e.g. up-
not only be context-dependent but include (possidate rules or inference). Note that this distinction
bly unrestricted) access to pragmatic componentgioes not correspond to the one drawn between for-
Note that this is not the case for acknowledgeward and backward looking acts (Allen and Core,
ments: the program in AVM (3) shows no contex-1997) — acknowledgements and answers are both
tually determined variation in its possible effectsusually classified as backward-looking. In a typ-
— the program simply imposes a restriction on thacal system such as GoDiS (Larsson et al., 2000)
current state that has to be met for the update prahe only move type which requires separate prag-
gram to be executable: if the restriction is not metmatic processes (and which we would therefore
the program will just fail. classify as indirect) igsnswer.

Answers outside the Grammar A more rea- 3.3 Discourse & Turn-Taking Effects

sonable approach therefore seems to be to take agg, tar we have assumed that the direct update ef-
swers as having update effects at two levels: at thg,.; of questions and assertions is to introduce a
direct level, expressible as part of the grammati-questiOn which becomes topmost in QUD (g
cally assigned semantic content, the effect of apne case of asking a questignandwhether(p)
assertion as in AVM (2) (introducinghether(p) iy the case of asserting a propositigh  In
to QUD); and then at thindirectlevel the further  Gjnzpurg's account, this topmost position is taken
answering effect (popping th@UDstack). This 5 explicate why the last question posed takes
indirect effect must be outside the realm of gram-qyersational precedence (has to be addressed
mar, as its applicability will depend on the cur- sty and why elliptical forms are licensed as
rent IS — reasoning or update rules must decidgegponses to it. Several authors (Asher, 1998;
whetherp answers the current maximal QUD, a”dGinzburg, forthcoming), however, have pointed
if so whether it is to be accepted. out that when multiple moves are performed by
The semantic content then no longer varies withthe same speaker within a single turn, the evolu-

context (although it can still express a restrictiontion of QUD seems to be somewhat different.
on context as before), and can be grammatically

assigned as long as this basic program is not in-
consistent with the possible later indirect updates(.6)
For answers, the basic effect is an assertion which
is then used to license QUD downdate; for rhetor- _ | A : Who did you invite? Did you invite Jill?
ical questions, the basic effect would be to intro-(7) B : Yes. Also Merle and Pat.

duce a new QUD which is seen to be already an-
swered (by domain/world knowledge or context) A : Who did you invite? And why?

and thus immediately downdated; for indirect re-(8)| B : Merle and Pat, because they are very
guests, again the basic effect would be to introduce | undemanding folks.

a new QUD, which further inference would then Exampledike the ones above have motivated a
presumably determine to be influenced by the inview according to which the way several queries

A : Where were you? Did you talk to anyone?
B : I was at home. | didn’t talk to anyone.
B’: I didn’t talk to anyone, | was at home.
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asked in sequence by the same speaker are intaetually ambiguous between three different QUD
gratedinto QUD depends on the discourse relationupdating operations, and such ambiguity is only
that links them. Thus, the questions in example (6)yesolved by pragmatic knowledge about rhetorical
(adapted from (Asher, 1998)) are taken to be irrelations.

what has been calledoordinate structure, with Instead, we think that theemanticupdate ef-
none of them taken precedence over the other ongects of questions and assertions are still best

The questions in (7), on the other hand, wouldcharacterised by the simple programs proposed in
be related byjuery-elaboration, which would ac- AvMs (1) and (2). In fact, a closer look at the ex-
count for the fact that apparently the second onemples above reveals that the discourse relations
takes precedence over the first one. Contrastinglyhat link different questions in the same turn do not
the questions in example (8) would be related byplay such a significant role in determining avail-

query-extension, which would explain why in this ability and licensing of elliptical forms:

case the first question tends to be answered first. ] o ) S
A : Who did you invite? Did you invite Jill?

At a first glance, one may think that three dif- (10)| .. (1 invited) Merle, Pat, and Jill, yes.

ferent QUD updating operations are needed to ac-

count for these examples: one that pushes the | A:who did you invite? And why?

second question next to the maximal QUD, th B’: I thought we'd need a guitar, so Merle.
standard push on top operation, and a “push-

under” operation (0QUD-FLIP, asiitis called by ~ As (10) and (11) show, regardless of the rhetor-
Ginzburg (forthcoming)) that would push the sec-ical relation that holds between the questions, both
ond question under the topmost element in QUDJuestions are still available: they can be answered
If we were to specify these distinctions in our ac-by a fragment and it is up to the addressee to
count, we would presumably have to do so by £hoose which one to answer first. We can there-
program that first tests the kind of rhetorical re-fore assume that the basic QUD update mecha-
lation that holds between the head of QUD andhism (and therefore our basic programs) do not re-
the current question, and then applies the righgluire, and need not be affected by, computation

QUD.pustprogram, as in AVM (9): of the rhetorical relation that links moves within
a single turn. This is not to claim that discourse
interrogative relations are not needed at any level: they may be
CONT  [M[questior) required to establish the coherence of the dialogue

(9) |c-Proc  g-elab(head(QUDE)?; QUD.pusHE)U at the pragmatic level, or indeed to decide which
COO:(Eea‘;(QBBE)?.Qld%pusz'”e’;m)u member of QUD to answer first. We do claim
Gred(head(QUDIZ)?; QUD.push-undefl) | |\ ever that one can stil specify some basie

However, as with answers in the previous secmanticcontextual update potential brought about
tion, the test subprograms in AVM (9) not only by questions and assertions as monotonically in-
express restrictions on the kind of state the protroducing QUDs.

gram can be applied to (like the program for ac- QUDs introduced in the same turn must then

knowledgements in AVM (3) above), but crucially have equal satus in tf@UDstack. We regard this

they both require further pragmatic information, coordinate status as a consequence of the dynam-
and use it to determine the program’s effects. Tacs governing turn management. Itis implicitly as-
decide on the kind of push program that has tesumed that information about turn taking and turn
be applied, we must first compute the rhetoricakhange is part of the resources commonly shared
relation that holds between the current questiorby dialogue participants. To encode this informa-
and the maximal QUD, and this will involve us- tion explicitly in the dialogue context, here we as-
ing pragmatic reasoning. Thus, to use a gramsume that QUD not only includes the questions
mar to assign the complex program in AVM (9) to under discussion themselves, but also information
interrogative clauses seems both problematic andn turn change that acts as an additional structur-
rather pointless, given that its update effects areng mechanism of the QUD order. Assuming that
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turn change is recorded in QUD, the maximal el-of state to which their programs can apply. Frag-
ementsof QUD are then those questions betweermments, of course, specify their content only partly,

the top and the turn change indicator. requiring the presence of some information in con-
text in order to resolve their fully specified senten-
4 The Contextual Interface tial content. Ginzburg et al. (2001a) analyse this

by use of two contextual features in their HPSG
rc11rammar,MA><—QUD and sAL-UTT: the content

of a fragment is specified in terms of constraints
on these, by identifying the propositional content
of the elliptical utterance with that ofiax -QuD

and the referential index of the fragment itself
with that of sAL-uTT. Until resolution in con-
text, this information is essentially underspecified.

) ) Schlangen (2003), on the other hand, regards the
Some interaction between the utterance represegpnient of such an elliptical utterance as contain-

tation and the context is required not only BYying an unknown anaphoric propositional relation,
moves like acknowledgements, but by the treatyhich must be enriched using contextual infer-
ment of givenness: given referents such as thosgnce.

associated with definite NPs and proper names |nsiead, we regard elliptical fragments as intro-
contribute sub-programs which express restricducing sub-programs which must ensure that the
tions on the type of state to which the utter-required contextual information is present in the
ance program can be successfully applied — t@rent state, and by finding it, fully instantiate the
whit, that the state contain a suitable antecedertyntent. The grammatical approach can directly
(seeAVM (12) and AVM (13)). The same is fq|low that of Ginzburg et al. (2001a): the content
true for other givenness effects such as the fopt 5 (declarative) elliptical fragment utterance is
cus/ground distinction: following (Engdahl et al., 13ken to be a proposition which must be associ-
1999; Ginzburg, forthcoming) a particular focus/- gieq with the currentiAx -QUD question; the ref-
ground partition introduces a sub-program whichgyential index of its head daughter must be identi-
must find a particular maximal QUD in the cur- fieq with that of asAL-UTT utterance which is also
rent state. This type of program, then, expresses &nstrained to be syntactically parallel to it. This

condition on the kind of state to which it can ap- s expressed in the grammar via the tyjeel-frag-
ply: in other words, the kind of context in which (see AVM (14))3

an utterance is licensed.

As we have seergsemanticupdate programs such

as acknowledgements can specify restrictions o
the current state, without requiring state infor-
mation to determine their form. How does this
distinction apply for other contextually-dependent
phenomena such as ellipsis?

4.1 Conditions on State

- rdecl-frag-cl T
definite CONTENT
(12) |conT  [parametet oo |CAT
|c-PROG ([1] € BG/FACTS)? (14) CONT|INDEX
[root-clause MAX-QUD [PROP ]
CONTEXT CAT
FOCUS
(13) |iNFo-sTRUCT SAL-UTT 1 CoNT| INDEX
GROUND L | -
| C-PROG (head(QUD) =\21[3])?

Now, the only change that must be made is that
4.2 Fragments top-level sentences (in our grammar, signs of type

o o root-cl) must add sub-programs which require the
Elliptical fragments can also be seen in this way'qheified contextual information to be found, as

as being licensed only in certain types of contextepown in AVM (15)* Note that the order of the

and therefore as expressing conditions on the kin — o . .
3Similar specifications can be given for short interroga-

2A way of implementing this idea is to think of QUD as a tives, sluices,.bare adjuncts and so on following (Bedez
stack of sets. See (Fé&rndez and Endriss, ms) for a formali- et al., 2004) directly.
sation of this in the context of dialogue protocols. “This root-cl specification also includes a sub-program to

25



program is important: the contextual informationwh-interrogatives also pushes a salient utterance
mustbe identified in the initial state, before it is (the wh-word corresponding to the question’s ab-
changed by the utterance program (which may oftracted parameter) onto thE T stack, thus pro-
course updat®UD), and of course before thiel  viding a state which will fulfill both the require-
state variable can be set to the fully specified movenents of an elliptical fragment:

(the overall utterance content).

interrogative
rroot-clause T CONT MAELp]
CONTENT [illoc-rel} (16) |c-PROG A; QUD.pushil); UTT push(2])
MAX -QUD HEAD-DTR| C-PROG A
(15) |CONTEXT [SAL-UTT } CONSTITS {...[CONT ]}

c-PROG  (head(QUD) 2])7;

imilarl larativ ran we have al-
(head (UTT)= 5)7: A: LM— 1 Similarly, declarative utterances (as we have a

HEAD-DTR | C-PROG A ready seen in (2) above) introdueghether(p)

This seems to make the status of thisQUDS: indefinites also introduce programs to
contextual information clearer than in eitherPUsh themselves ontdTT for later resolution of

Ginzburg et al. (2001a) or Schlangen (2003)’s apSIUices.
groach. _ .In the former, the utterance is left un-4.4 Ordering Sub-Programs
erspecified by the grammar, and we must as-
sume separately specified pragmatic routines (upFhe specification of AVM (15) is designed to
date rules?) to fill it in; in the latter, this under- ensure that sub-programs are executed in a cer-
specification is replaced by anaphora essentiall{ain order: firstly, checks on state variables, be-
unaccompanied by information about possible anfore any utterance programs have had any effect;
tecedents, which must be identified by pragmaticsecondly, the sub-programs projected by individ-
inference. In our approach, not only is the methodial phrases (and inherited by the sentence from
of content specification fully defined by the gram-its daughters); and thirdly the top-level effects
mar as a program, the source of the antecedeng$ the utterance — updatinQUD,UTT and LM.
(particular state variables) is also made clear. ~ The ordering of the daughter sub-programs them-
Note the similarity between this program selves will also be important to account for e.g. in-
and that introduced by information structure in-trasentential anaphora and presupposition projec-
AVM (12). Both programs express a constraint ontion. Anaphoric definites and pronouns must be
the current maximal QUD, and therefore restrictable to identify variables introduced by preceding

their utterances’ use to suitable contexts. indefinites as their referents, so we must ensure
that the indefinite programs which introduce them
4.3 Setting Up State Conditions are executed before the definite programs which

Note that not only does the program for the frag_attempt to find them. In English at least, this re-

ment specify the state variables where antecedenflirés sub-programs to be put together in linear
must be found, the program for the previous ut-2rder, and this is simply expressed:
terance will have specified how the values of C-PROG A;...;B
these state variables were updated. As alreadyl’) |PTRS <[C_PROG A],....[c-PROG B]>
shown in (1) above, interrogatives introduce ques-
tions to QUD- this will automatically provide a
suitable head value aQUDfor an elliptical an-
swer which follows it. In fact, the program for Update effects which are specified entirely by, and
set the latest-moveMvariable to the value of the utterance’s &€ inseparable from, utteran_ces themsglves can
content, a move — see (Purver and Femtez, 2003) for de-  be represented as part of their grammatically as-
ta"i- _ _ _signed content, even when this content is contex-
Of course, the sameould be said for answers, if (as dis- .
tyally dependent. It is only when the context de-

cussed and rejected above) they were to be represented 4
testing for a suitable QUD and popping it from tB&JDstack.  termines the form of these effects (the type of pro-

5 Summary
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gram which represents them), as with answers, editors,Proceedings of the 4th International Work-

that we need these effects to be determined by shop on Computational Semantics (IWCS-4), pages

pragmatic processes. This is, of course, not to +°6-172.ITK, Tilburg University, Tilburg.

deny that these pragmatic processes govern digonathan Ginzburg, lvan Sag, and Matthew Purver.

logue to a large extent: merely to say that the di- 2001b. |nt9}9ratiﬂg conversatiole lmpve types in the

viding line between semantics and pragmatics can 9rammar of conversation. In Piinlein, H. Rieser,

b dg . diff t ol Th'p 9 hi and H. Zeevat, editor®roceedings of the 5th Work-
€ drawn 'n_ a X imerent p acg. IS approach 1S shop on Formal Semantics and Pragmatics of Dia-

currently being implemented in a HPSG grammar  |ogue (BI-DIALOG), pages 45-56.

and a prototype IS-based dialogue system. _ _ _
Jonathan Ginzburg. 1996. Interrogatives: Questions,

facts and dialogue. In S. Lappin, editdihe Hand-
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Abstract

Humanoid robots which are able to walk
and behave human-like became very
popular in the last few years. Now it is
high time that they are able to use more
natural communication means so that
the human-robot interaction resembles
more and more to human-human com-
munication. Therefore, in this paper,
we evaluate different reference resolu-
tion mechanisms within a dialogue man-
agement system for human-robot com-
munication in a household environment.
User studies showed that most of the
pronouns can be resolved by a prag-
matic, simplified approach.

1 Introduction

Dialogue management systems as well as mecha-
nisms for reference resolution are well known re-
search areas. Nevertheless, they have mostly been
analyzed from different points of view until now.
In this paper, we want to combine both by us-
ing well known pronoun resolution mechanisms
within a dialogue management system for human
robot communication in a household environment.
In this context which is specifically tailored for un-
experienced users, it is important that the user can
talk to the robot in the same way as to a human
servant for example. Therefore, the communica-
tion has to be as natural as possible which also
includes pronoun resolution and multimodal com-
munication mechanisms.

This paper deals with reference resolution of
personal and deictic pronouns. Natural human
robot interaction in a household environment is
also explored. Section two gives an overview of
related work on anaphora resolution in general and
on special reference resolution mechanisms used
in dialogue management systems in particular. In
section three, our dialogue manager is explained.
Section four deals with context management and
our mechanisms for reference resolution. Section
five gives a conclusion and outlook.

2 Related Work

Pronoun resolution is a well examined field in
computational linguistics. Different theoretical ar-
ticles have been written on this topic and methods
from the field of Artificial Intelligence, such as in-
ference mechanisms and world knowledge, have
been explored in detail. Here, we want to have a
look at the problem from a more pragmatic point
of view. Therefore, we want to concentrate on de-
ictic pronouns which can be resolved by means of
gesture recognition and personal pronouns which
are resolved by our pronoun resolution mecha-
nisms. Other resolution mechanisms are the topic
of future research.

2.1 Reference Resolution in General

Since there are so many researchers dealing with
reference resolution from different point of views,
such as philosophy, psychology, linguistics, com-
puter science, etc., we want to take into account
here only a small part of them which is relevant
for our research.

28



One of the oldest algorithms for resolving pro-
nouns is Hobb’s naive algorithm (Hobbs, 1977).
It simply traverses the surface parse trees of the
sentences in a text looking for noun phrases of the
correct number and gender as antecedents for pro-
nouns. Although this algorithm is quite simple, it
works fine and about 90% of the pronouns can be
resolved (Hobbs, 1977).

The theory of discourse structure and center-
ing invented and further developed by Grosz et
al. (Grosz and Sidner, 1986; Brennan et al., 1987,
Grosz et al., 1995; Walker, 1998) serves for track-
ing discourse context and binding pronouns. First,
a set of all the cospecification relationships is cre-
ated. Then it is filtered, classified and finally
ranked by some rules. These rules rely on the rela-
tionship between antecedent and pronoun, such as
parallelism of grammatical function, recency, etc.
Furthermore, continuing with the same entity in
the discourse center is preferred over retaining it
which is preferred over shifting the discourse en-
tities completely. Although the algorithm is much
more complicated than Hobb’s naive one, the re-
sults are similar (Tetreault and Allen, 2003).

As an extension of the centering model, Strube
uses a list of salient discourse entities which is
called S-list (Strube, 1998). This list is ranked
based on information status. Therefore, it uses
the distinction between new and old information
in the discourse and incorporates also preferences
for inter- and intrasentential anaphora which is not
included in the original centering model.

CogNIAC (Baldwin, 1995) is a pronoun resolu-
tion engine which defines a set of rules for find-
ing the correct antecedent in a list. These rules
are somewhat simple, such as “If there is only
one possible antecedent in the preceding input
sentence, use this”; world knowledge is not used
for pronoun resolution. Nevertheless, these rules
seem to be quite efficient given the fact that he re-
ported about 92% precision.

All of these mechanisms have been developed
by means of written texts. They can be also
used for spoken communication to a certain extent,
but have to be adapted to its special needs, espe-
cially covering spontaneous effects. Therefore, the
next chapter deals with reference resolution mech-
anisms used in spoken natural language dialogues.

2.2 Reference Resolution in Multimodal
Dialogue Management

Until now, there are only very few dialogue sys-
tems which use a reference resolution module be-
cause most of them have been specifically tai-
lored for communication via phone, such as flight
and train timetable information systems (McTear,
2002; Allen et al., 2000; Stallard, 2000), call-
routing systems (Gorin et al., 2002), weather in-
formation systems, (Zue et al., 2000) etc. and
do therefore not need reference resolution. But
now since the number of systems for direct hu-
man machine communication from face to face,
such as human robot interaction, increases, we
need to take into account the situated and context-
dependent communication, the changing environ-
ment, the multimodal interaction, etc. Therefore,
we want to have a look at the resolution mecha-
nisms necessary in situated and context-dependent
communication.

For example, Kumar et al. uses an approach
based on cognitive grammar which assumes con-
ceptual semantics (Kumar et al., 2003). Refer-
ence domains identify representations for subsets
of contextual entities to which can be referred,
such as individual objects and also collection of
objects. The important feature of a reference do-
main are its partitions which define in conjunction
with focus and salience the criteria for reference
resolution. Underspecified reference domains are
composed with the existent context structure by
means of grouping and assimilation. In this way,
references can be resolved by finding the corre-
sponding node within a context structure. Since
the same mechanism is used for linguistic expres-
sions and for gestures, different kinds of refer-
ences, such as deixis and pronouns, can be re-
solved.

Other researchers (Landragin and Romary,
2003) propose a classification of referring modes
which describes referring actions, and disam-
biguation principles to define the correct referent.
References can be resolved by means of unifica-
tion with the information available in context so
that the one with the best unification result is kept.
In this way, also deictic pronouns and pointing
gestures can be resolved.

For the galaxy system, a whole context resolu-
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tion server has been developed (Filisko and Sen-
eff, 2003) which includes repairing mechanisms,
anaphora and ellipsis resolution, history functions,
etc. Pronouns are resolved by means of a dis-
course entity list which is searched for a possible
antecedent.

Out of these approaches, we created a refer-
ence resolution model which uses similar meth-
ods, such as a list of possible antecedents and rules
for the agreement between the antecedent and the
pronoun. It also works for personal and deictic
pronouns and is specifically tailored for human
robot communication by including for example
some knowledge about the actual situation of the
robot. Therefore, it is not as theoretically complex
as some of the mentioned approaches, but works
efficiently in our scenario.

3 Dialogue Management

Our dialogue manager is based on the approaches
of the language and domain independent dialogue
manager ARIADNE (Denecke, 2002) which is
specifically tailored for rapid prototyping because
general concepts are already available and can be
reused. Only the domain and language dependent
components have to be implemented for new ap-
plications, such as: An ontology, a specification
of the dialogue goals, a data base, a context-free

grammar and generation templates.
Services

Speech L:E:{‘l]l?gle Concepts Dialogue
Recoguizer Ull(l?l';lal[ﬂ]'llg Manag
lIIIII IIEEEII Iiﬁil'
Figure 1: The Dialogue Management Workflow
with Its Resources

The dialogue manager uses typed feature struc-
tures to represent semantic discourse information
(Carpenter, 1992). In figure 1, the whole dialogue
management workflow can be seen: First of all,
the user utterance is parsed by means of a context-
free grammar which is enhanced by information
from the ontology defining all the objects, tasks
and properties about which the user can talk. In

figure 2, you can see a part of the ontology we de-
fined for our robot dialogue system. It consists of
different objects available in the kitchen, actions
the robot can accomplish for the user and proper-
ties of the objects resp. the actions.

(Lnng DBJ ID ‘ obi_place:
(smng 13 NAME) (smng i NAMI}

white o
cup

Figure 2: Part of the Ontology

An example of the semantic representation
which is created during parsing can be found in
figure 3. This semantic representation is compared
against the dialogue goals. If all the necessary in-
formation to accomplish a goal is available, the
dialogue system calls the corresponding service.
But if some information is still missing, the dia-
logue manager uses clarification questions to get
this information from the user. The spoken output
is created by means of generation templates.

[ act_put OBJ
[ obj_puttable
[ generic:NAME [ "it" ] 1
]
[ DESTINATION
[ DEST [ "table" ] 1
1

Figure 3: Semantic Representation of the Sentence
”put it on the table”

The database serves as a context model which
includes different world knowledge sources and is
used for the resolution of references as described
below. Therefore, you can find there information
on the position of the objects in the world as well
as information on possible antecedents.

Also the ontology plays an important role in ref-
erence resolution because it is used to define the
semantic agreement between the reference and its
antecedent: If both of them belong to the same
category or to a subcategory in the ontology, then
there is a semantic agreement between them. In
the example in figure 3, you can see that ”it” refers
to an object which is puttable because of the verb
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”put” which expects a puttable object. This means
that other possible antecedents are semantically
excluded. If the user said in the previous sen-
tence for example “get the cup from the board”,
the ”board” cannot be an antecedent for the pro-
noun ”it” because it belongs to another category
in the ontology. In this way, we assure that only
semantically useful antecedents are taken into ac-
count by our algorithm.

4 Context Modeling for Reference
Resolution

As you can also see in the example below (see fig-
ure 4), the two different types of references we
want to resolve are personal pronouns and deic-
tic pronouns. The reference resolution for both
of them takes place during the creation of the se-
mantic representation. Therefore, the input is the
parsed user utterance transformed into a seman-
tic representation as you can see in figure 3 and
the output is the semantic representation enhanced
with reference resolution information.

4.1 Our Context Model

The context model contains information on the en-
vironment: For example, all the available objects
are stored there with their three-dimensional po-
sition in the room. This information can also be
updated during the actual dialogue processing, if
an object is moved by the user or by the robot it-
self.

In addition, possible antecedents are stored in
the context model in a list similar to Strube’s S-list.
Since we only found nominal antecedents for the
pronouns in our user studies, we decided to resolve
only these pronouns in a first step. In addition,
some expletive pronouns are already covered by
the grammar by means of expressions such as it
is too dark in here”; others cannot be resolved at
the moment.

We implemented our context model in such a
way that it works similar to the human brain and
therefore “forget” old antecedents after a certain
period of time (Clark, 1978). Whenever a new user
utterance comes in, the context model is updated
with the corresponding possible antecedents.

4.2 Mechanisms for Pronoun Resolution

For reference resolution, the context model is used
and linguistic expressions, such as personal pro-
nouns, as well as pointing gestures and deictic pro-
nouns are both resolved - in multimodal parsing or
in pronoun resolution.

4.2.1 Deictic Pronouns

We made a user study with our household robot
where the users interacted with the robot via
speech and gestures. They were told that they can
use pointing gestures and we found in about 10%
of the sentences pointing gestures coupled with
deictic pronouns (see table 1).

Total Number of Turns 1151
Turns with Deictic Pronouns 125
Deictic Pronoun Rate (in %) | 10.86

Table 1: Number of turns with deictic pronouns in
an experiment with our household robot

For resolving deictic pronouns, we assume that
areferring pointing gesture is available at the same
time, as you can see in the second example of fig-
ure 4. We use a gesture recognizer and multimodal
parsing of speech and gestures so that the informa-
tion from both input modalities is merged on a se-
mantic base by means of time stamps (Gieselmann
and Denecke, 2003).

Therefore, gesture input is resolved by means
of the context model which consists of differ-
ent objects in the kitchen, such as cups, dishes,
forks, knifes, spoons and lamps. An n-best list
with all the pointing gestures matching a possi-
ble target object from the context model is created.
The disambiguation is then performed by merging
speech and gesture in a multimodal parsing pro-
cess (Stiefelhagen et al., 2004). Deictic pronouns
without a referring gesture cannot be resolved at
the moment.

4.2.2 Personal Pronouns

In another small user study, where the users had
to make the robot set the table, we found in about
6% of the sentences personal pronouns (see table
2).

By means of the context model, personal pro-
nouns can be resolved, as you can see in the first
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+ pointing gesture to the big lamp

User: Robbi, get the blue cup from the board.
Robbi: Going to take the blue cup from the board.
User: Bring it to me.
Robbi: Going to bring you the blue cup.
User: Switch on that light.
Robbi: Switching on the big lamp.
Figure 4: Example Dialogue taken from our user studies with a household robot
Total Number of Turns 572

Turns with Personal Pronouns | 37
Personal Pronoun Rate (in %) | 6.47

Table 2: Number of turns with personal pronouns
in an experiment with our household robot

example in figure 4 in two different ways:

e out of the dialogue context taking into ac-
count information from the previous sen-
tences

e out of the situation. This means that some
kind of simple world knowledge is used. For
example, if the robot has a cup in its posses-
sion, and the user tells it Put it there”, then
it can be assumed that “it” refers to this cup.

Therefore, there are two different ways how
pronouns can be resolved. On one hand, the infor-
mation on what can be found in the robot’s pos-
session is in the context model and can therefore
be used for the resolution. In this way, pronouns
can be simply resolved by replacing the pronoun
by the object in the robot’s possession.

On the other hand, we use our list of possible
antecedents in the context model and look there
whether there is a possible antecedent. Similar
to the pronoun resolution mechanisms mentioned
above, we also use some rules, such as that the pro-
noun and the antecedent have to agree in their syn-
tactic and semantic features. This means that they
have to have the same number and gender as far as
syntax is concerned and both of them have to be-
long to the same category or a subcategory in the
ontology, as far as semantic is concerned. Since
the antecedents are ranked by their appearance and
also deleted, if they are too old, we can use the first

possible antecedent which is found, and put its se-
mantic representation in the discourse.

Both methods are not very complex, but work
efficiently in our scenario so that about 90% of the
pronouns can be resolved. In our user study even
all the pronouns can be resolved just out of the
situation by means of the world knowledge in the
context model. Therefore, we do not even need
the more complex mechanism with all the possible
antecedents in the context model. But since this
might also be due to the fact that the scenario is
quite simple at the moment, we will test this with
an enhanced version in a more complex scenario.

Also a combination of both methods sounds
promising. Namely, there are situations where the
method based only on the previous sentences will
fail because the previously mentioned correct an-
tecedent is too many sentences away and cannot
be found therefore. On the other hand, also the
method of just using the information what is in
the robot’s possession can fail easily, if the robot
has something else than the user is referring to.
Therefore, we want to do further experiments with
a combination of both methods to see whether we
can resolve even more pronouns by this combina-
tion.

5 Conclusion and Outlook

In this paper, we developed some methods for ref-
erence resolution in human robot communication.
We focused our attention on the pragmatic aspects
of the resolution and started with personal and
deictic pronouns. Both of them are resolved by
means of the context model.

In our user studies, we found out that it was pos-
sible to resolve the personal pronouns just by tak-
ing into account the current situation without us-
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ing any knowledge of the previous sentences. For
the future, we want to evaluate whether this is also
feasible in more complex situations which would
facilitate reference resolution a lot.

Furthermore, we also want to evaluate whether
a combination of the two mentioned methods leads
to better results and how these methods can be ef-
ficiently combined to take advantage from both of
them while avoiding their disadvantages.
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Abstract

It has been shown that restrictions on
feedback in communicative tasks have
an important impact on how speakers
ground their communicative acts and
the effectiveness of their communica-
tion. Generally speaking, the more in-
terlocutors are allowed to interact, the
guicker they solve communicative tasks,
and the quicker they converge at a lin-
guistic level on referring expressions for
objects under discussion. Whereas the
effects of verbal feedback have so far
been mainly investigated with respect to
linguistic measures, the effects of non-
verbal feedback have been thought of
as mainly influencing a more affective
component or the outcome (efficiency)
of communication. However, recent re-
search has shown that visual-feedback
(in terms of a shared work space) also
has an effect on the smoothness and ef-
fectiveness of linguistic communication.

In our study we investigated the differ-
ent effects of visual and verbal-feedback
on alignment in a communicative task.

Holly P. Branigan
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In addition to commonly used measure-
ments like the number of words of refer-
ring expressions, we also computed the
lexical overlap of subsequent descrip-
tions. We found that visual feedback
also has effects on linguistic measures,
and that differences in communication
related to visual and verbal feedback do
not necessarily show up in relatively su-
perficial measurements such as number
of words per turn.

1 Introduction

In investigating human communication, mostly
task-oriented dialogues have been used. These of-
fer the advantage that, on the one hand, partici-
pants are free to talk, but on the other hand, topic
and goals of the communication are constrained
by the specific task at hand. A wide variety of
experiments on task-oriented dialogues have been
carried out. One important issue that has been ad-
dressed is the difference that modalities used by
either the speaker or the listener make on com-
munication. In order to tackle these differences,
these tasks have been conducted using different
feedback conditions as variables.
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One line of investigation focuses on the effectsmarkably in this respect, Anderson (2004) reports
of different (verbal) task conditions on linguistic that in one map task experiment (Anderson et al.,
parameters. For example, the issue of coordinatiof991) only 30 % of words were actually uttered in
in the making of mutually agreeable referenceghe time span of mutual gaze.
was addressed in a number of studies (e.g. Ander- Most of these problem-solving tasks are asym-
son et al., 1991; Boyle, Anderson and Newlandmetric by virtue of the way in which roles are as-
1994; Clark and Wilkes-Gibbs, 1986; Clark andsigned to (the two) interlocutors, such as instruc-
Krych, 2004; Horton and Keysar, 1996; Krausstion giver versus instruction receiver. Even though
and Weinheimer, 1964; Schober and Clark, 1989this design reveals obvious disadvantages when it
...). Clark and Wilkes-Gibbs (1986), for instance,comes to the generalisation of results, it nonethe-
conducted an experiment in which two partici- less appears to be an approach that satisfies many
pants had to arrange a set of abstract shapes (i.ef the relevant constraints.
tangrams) in a linear order. One of the two partic- Taken together, the evidence suggests that
ipants was asked to give instructions in form ofvisual-feedback affects the way in which partic-
descriptions whereas the second patrticipant waipants solve a task in dialogue. But apart from
the listener who sorted the tangrams. The shapenore general measures like efficiency and affec-
were abstract in order to induce negotiations otive components (e.g. rapport), it remains unclear
names for the figure under discussion. The dewhat influence different feedback modalities have
gree of feedback was manipulated reaching fronon the linguistic dimensions of dialogue. In our
full verbal-feedback to no-feedback. Clark andstudy, we compared the effects of visual-feedback
Wilkes-Gibbs measured the effects of the differen{shared visual information about the scene but no
feedback conditions, for example, in terms of theeye contact) versus verbal-feedback on linguistic
number of words used per referring expression. measures of communicative success. In measuring

Another line of investigation deals with the the linguistic effects, we use the concept of align-
effects of visual-feedback on communication.Ment (Pickering and Garrod, in press) and analyse,
Visual-feedback is thereby addressed either ifo" €xample, the lexical overlap in subsequent ut-
terms of the effects of visual contact, i.e. mu-t€rances.
tual gaze or a_l _shared visual scene, or the effecé Experiment
of the transmitting channel (e.g., Boyle, Ander-
son and Newland, 1994; Anderson, 2004; Clark\e tested 32 Edinburgh University students who
and Krych, 2004; De Ruiter et al. 2003; Drolet received£5 each for taking part in the (30 - 60
and Morris, 2000; ...). De Ruiter et al. (2003), minute) experiment. Participants were paired ran-
for example, had subjects perform a communi-domly and randomly assigned to one of the four
cation task in thespatial logistics tasKSLOT), experimental conditions.

a psycholinguistic version of the so-calledcial

dilemma scenario. In SLOT two participants have2-1 General set-up

to negotiate a route through a map that meets ceParticipants were separated by a head-high di-
tain optimisation criteria. In their experiment, the vider. Each participant was seated in front of a

visual information of the scene was shared acrossonitor and given a separate mouse. Their task
all conditions. De Ruiter et al. looked at the effectswas to move a set of tangrams from an initial set of
of the presence and absence of eye contact on thp®sitions into their final positions as indicated on

outcome of the task. In one condition they used a given target configuration. The two boards were
one-way mirror that only allowed asymmetric vi- identical and showed all eight tangrams. How-

sual contact. De Ruiter et al. found that in thisever, each participant had their own individual tar-

condition negotiation times increased significantlyget card with four of the eight tangrams displayed

but the successful outcome of the task was not afen it. Both the board to play on and the target card
fected. This result is consistent with findings inwere displayed on the monitor (see Figure 1). Par-
earlier work (e.g., Drolet and Morris, 2000). Re-ticipants were asked to take turns instructing each
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Figure 1: Schematic illustration of the experimental set-up. The board with all eight tangrams and, next
to it, the target card showing the final positions of four of the tangrams as the two participants saw them
on their screens.

other. This means that they alternately selected & the specific task.
tangram on their target card and gave instructions
to the instruction receiver until this particular tan-2.2 Conditions

h hed its final ition. | i . -
gram had reached its final position. In doing SoWe varied the type of feedback that participants

other tangrams had potentially to be moved out Id give in a bet ticipants desi Each
of the way first. After the selected tangram had-OH'c 9Ive In a between-participants design. ac
air of subjects was randomly assigned to one of

reached the target position, participants swappeﬁ

roles. This sequence was repeated until all eightour conditions: full-feedback,verbal-feedback,

tangrams had reached their final positions and h sual-feedback, amb-feedpgck.
In the full-feedback condition, we allowed par-

target configuration was accomplished. Our aim_ | o
was to approach the symmetric character of naticiPants to talk freely; additionally the two mon-
ural conversation by introducing a more dynamic'tors were connected,_so that the |_nstruct|on_g|ver
role assignment. Also, the turns taken in giving in-2/SC could see on their screen which of the items
structions can be seen as an equivalent to subgodf® Instruction receiver was moving, and to which
in conversation. position. In the only-verbal-feedback condition,
participants were also allowed to talk freely. But
Prior to running the experiment, participantsthis time their monitors were not connected, so
completed a practice session illustrating the ruleshey did not get any information about which item
and technical features of the set-up. In this practheir partner was moving. In the only-visual-
tice session we used geometric shapes instead fdedback condition, the instruction receiver could
tangrams, to avoid giving the participants practicenot give any verbal feedback, but participants
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could again see what their partner was doing or2.5 Results

thelrscreen_. Fmally,' inthe no-feedb_ack condltlon,We conducted univariate ANOVAs and paired
the instruction receiver could not give any verbal . i . .
teedback and th Hicipants’ monitors were al comparisons (SchefPosthoc Test) with partic-
eedback a € participants: monttors were asc|’pants as random factors and disfluencies, num-
not connected. . :

ber of words used in the first phrase, and lex-

ical overlap as dependent measures. Overall,
2.3 Hypotheses the visual-feedback conditions differed from the

_ ~verbal-feedback conditions with respect to disflu-
Generally, alignment takes place most effectivelyancies and relative lexical overlap, but not with re-
by the use of same channels in interaction an‘%pect to length of the description.
shows up in same representations used by inter- The results showed a significant main effect
locutors (Pickering and Garrod, in press). I:)artiCi'of condition on number of disfluencies in the re-

pants are thus expected to prime each other in thl%rring expressions (F(3, 1509) = 73.022;<p
use of, e.g., lexical items. This effect should be 445y " The paired comparisons revealed an effect
stronger when interlocutors are allowed to interach taqback modality: Conditions without verbal
verbally as opposed to a more passive partiCipag,eqnack (visual and no-feedback) showed signif-
tion in the comn;]unlcatlon when listening 10 in- .54y more disfluencies than the two conditions
structions. We thus expected a greater reductiof, verpal-feedback (full and verbal-feedback).
of number of words and greater lexical overlap inaqitionally, the absolute number of words used
subsequent descriptions in verbal-feedback condig . 1o first phrase in a description also showed

tions. This advantage should result in fewer dis'significant effects of condition type (F(3, 650) =
fluencies in the verbal-feedback conditions. 44.996; p = .005). Here, the posthoc tests re-
vealed that in the no-feedback condition signif-
2.4 Analysis icantly fewer words per phrase were used than
the other three feedback conditions (see Figure 2).
We identified the first phrase of each referring ex-The third dependent measure, relative lexical over-
pression that was delimited by intonational phrasgap also showed significant effects of condition
boundaries. We analysed the number of word§ype (F(3,647) = 14.388; g .05). As in the anal-
in a phrase in order to measure the process Gfsjs of disfluencies, there was again a significant
convergence and additionally looked at the numeffect of feedback modality. But this time the ef-
ber of disfluencies (e.g., filled pauses, such agctwas inverted: In the two verbal-feedback con-
uh anduhm). In the conditions without verbal- gitions, referring expressions shared significantly
feedback (i.e., visual-only and no-feedback) theewer lemmas with their preceding utterance than

descriptions could not be interrupted by the lis-the two conditions without verbal feedback.
tener and thus tended to be much longer than

the verbally more interactive conditions. In cut-3  Conclusion

ting down the descriptions into smaller, phrasal

units, we increased comparability of the utterance3 he data provide only partial support for the hy-
across conditions. We also computed lexical overpothesis that verbal-feedback is more effective for
lap of subsequent descriptions. Tiedative lexi- alignment than visual-feedback. With respect to
cal overlapfor a descriptiork was calculated by fluency, verbal feedback turned out to have the
relating the number of lemmas in descriptikn expected effects, i.e. in conditions with verbal
shared with descriptiok-1 to the total number of feedback, utterances were more fluent than those
lemmas in descriptioris + k-1. As in the first de- in conditions without verbal feedback. The sec-
scription of an item in conversation the precedingond commonly used measurement in the analy-
description is missing, we only included descrip-ses of dialogue, length of referring expressions,
tions two, three, and four in the analyses to comdid not reveal differences of verbal versus visual
pute lexical overlap. feedback. Only in the no-feedback condition, in
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Figure 2: Mean number of words per phrase and mean relative overlap per phrase relative to the number
of times an item has been named.

which participants could neither see what theirtions drawn on the basis of the alignment model
partner was doing nor negotiate names for an iterpointed into the opposite direction. One way to
to be moved, did participants produce significantlyinterpret these results is to consider the overlap
longer referring expressions than in the three otheshowing up in the verbal-feedback conditions as
feedback conditions. Noteworthy at this point isthe automatic portion of overlap and the additional
that, obviously, in task-oriented dialogues as theoverlap in the visual-feedback conditions as stem-
one described above, the type of feedback doewsing from other origins, such as pragmatic or sit-
not seem to make a difference with respect to theiational influences or an aspect of audience de-
length of the first phrase. The more important facsign. In conditions without verbal feedback, par-
tor appears to be the actual possibility of havingticipants have to make sure that their descriptions
feedback in communication, be it visual or verbal.are understandable. This is even more the case
Moreover, the fact that the conditions with verbal-in the no-feedback condition, because misunder-
only and visual-only feedback are not significantlystandings are much more difficult to resolve. In
different from the full feedback condition suggestsorder to make sure that referring expressions are
that the communicative benefit on the first phraseinderstandable, an appropriate strategy can be to
is not larger with an increase of feedback. How-reuse successful lemmas, which leads to a rela-
ever, the predicted difference between visual andively big overlap. The interactive character of the
verbal-feedback did show up in the measure of relverbal feedback conditions, however, offered in-
ative lexical overlap that we computed for subse-sstruction receivers the possibility to actively take
guent descriptions. Here we found that there wagart in the process of finding a name for items
less overlap in the two verbal-feedback conditionaunder discussion. Thus, subsequent descriptions
than in the visual or the no-feedback condition.in the verbal feedback conditions don’t necessar-
To some extent, this is surprising as the assumgly have to be driven by an automatic tendency to
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align on a name, but could also show effects of thisv.J. Pickering and S. Garrod. in press. Toward a
collaboration. mechanistic Psychology of DialogueBehavioral

Taken together, we have shown that visual feed- and Brain Sciences

back obviously has effects not only on more gen-G. Doherty-Sneedon, A.H. Anderson, C. O’'Malley, S.
eral and affective components of communication Langton, S. Garrod, and V. Bruce. 1997. Face-to-

but also on linguistic measures such as the number Face and video mediated communication: A com-
parison of dialog structure and task performance.

of words used in a referring expression and lexical  jqrnal of Experimental Psychology, 3, 2:105-123.

overlap. This further highlights the fact that dif-

ferences between visual and verbal-feedback ar@-L: Drolet and M.W. Morris. 2000. Rapport in con-

not revealed in relatively superficial measures such flict resolution: Accounting for how face-to-face
y sup . i contact fosters mutual cooperation in mixed motive

as the number of words and require more fine- conflicts. Journal of Experimental Social Psychol-

grained measures such as degree of lexical over- ogy, 36:26-50.

lap. W.S. Horton and B. Keysar. 1996. When do speak-
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Abstract

The design of multimodal dialogue sys-
tems requires a particular attention on the
way of managing dynamic heterogeneous
information. We present a theoretical
model of a multimodal dialogue history,
that includes a global history and local
histories linked to the various modalities.
We describe the nature of these compo-
nents and the relations they entertain. To
save the information and to exploit and
confront them during the interpretation of
an utterance from the user, we need an
unified representation format. We devel-
oped the MMIL (MultiModal Interface
Language) model that we present here
with two main aspects: the representation
of a simple utterance and the representa-
tion of a dialogue structure. Then, we
draw some conclusions concerning the
exploitation of this framework in the
OZONE system, with an interest on the
management of attentional scores inside
the dialogue history.

1 Introduction

A dialogue history is always needed in oral un-
derstanding systems, for example to resolve el-
lipses and anaphors. The interpretation of an
utterance can exploit the previous utterances that
are saved in this history. When the task includes
objects that can be referred to, this history must

keep the objects identity along with the expressed
utterances. Problems can arise in multimodal sys-
tems, where gesture and speech are combined
and linked to the visual perception of the dis-
played scene. What type of information has to be
saved to resolve references to objects? Are there
separate histories for visual perception, gesture,
speech, referents, reference domains? How can a
history take forgetting phenomena into account?
In this paper, we propose some theoretical leads
to these infrequently debated topics. The particu-
lar aspects we want to address are the following
ones:

e Components of the dialogue history: what
is a dialogue history and how is it shared
considering the modalities in natural lan-
guage and multimodal systems (visual per-
ception history, linguistic history, etc.).

e Nature and roles of the global history:
temporal marks and pointers to local histo-
ries, and, eventually, a model of attention
and forgetting (i.e., the former information
are forgotten step by step). First main
problem: limits of histories. We cannot
save all information that can help the ref-
erence resolution and the utterance inter-
pretation (information structure, task
marks, interaction marks, etc.). We need to
save only the information that have been
the object of a computation during a previ-
ous phase of the dialogue. Second main
problem: a model of the user’s attention
may be useful. The idea is to identify a fo-
cused part of the histories, that corre-
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sponds to the part which is at the moment
in the mind of the user. Third main prob-
lem: we need a model of forgetting. Idea:
when the user talks about a blue triangle,
the concepts that are linked to “triangle”
and to “blue” are activated. Their activa-
tion rates will then decrease step by step,
as the time goes by (except if they are ac-
tivated again, i.e., mentioned in the dia-
logue).

e Unified representation of information in
the various histories: first through the sys-
tematic notion of reference domain (see
Landragin & Romary, 2003), second by
using a unified representation format
(MMIL: MultiModal Interface Language)
which we describe in this paper.

e [llustration and applications of the model
we propose in the framework of the
OZONE European project.

2 Components of the dialogue history

The main purpose of the linguistic history is to
keep the trace of referring actions. The informa-
tion to be saved are referring expressions, refer-
ents, and reference domains. Referring
expressions have to be saved for a further exploi-
tation of the referent accessibility. Referents have
to be saved because of evolutive referents and
objects deletions (see the interpretation of “it” in
Example 1). Concerning reference domains, Ex-
ample (2) shows the linguistic construction (us-
ing the coordinating conjunction “and”) of a
reference domain including two tables. This do-
main is kept in the history and constrains the
resolution of a further referring expression. (2a)
is then authorized, but not (2b). Another interest
of reference domains is to propose a default set
of objects for the interpretation of “other one”
expressions. Reference domains are linked to
each others, in order to model referential and
anaphoric chains (Salmon-Alt, 2001).

(1) Remove the big desk. Replace it with a
round table.

(2) Add a wooden table and a black plastic
table.

(2a) Put the wooden table on the left and
remove the other one.
(2b) *Put it on the left.

The visual history keeps the successive states of
the scene. The information to be saved are the
objects and their properties (including the coor-
dinates), the perceptual groups, and their structur-
ing (one group can include several groups).
Visual salience and focus spaces (Beun & Cre-
mers, 1998) are modelled into visual reference
domains (Landragin, 2001). The visual history is
necessary to face to situations such as (3). In this
example, the interpretation of “underneath” needs
a return to a previous state of the scene. As the
pointing gesture was linked to the visual context,
it was also kept in this history. Determining the
position of the shelf uses a combination of the
coordinates of the painting and of the gesture
trajectory.

On the importance of the gestural part in the
visuo-gestural history: when the user produces
several times the same type of trajectory, it is
more and more easy to interpret (even if they are
more and more ambiguous, more and more im-
precise, more and more quick, or less close to the
target objects).

(3) Remove this painting (+ gesture). Add
a shelf underneath.

The task history groups the performed actions,
the referents to which they applied at the time,
and links between these objects and the task’s
purpose and sub-purposes. Following (Grosz &
Sidner, 1986), we take intentional structures into
account, and we model them as task-linked refer-
ence domains. We show in a complex multimo-
dal example (extracted from Ozkan corpus and
described in details in the paper) how keeping
these domains can be useful for the dialogue un-
derstanding.

3 Nature of the global history

One important point is that linguistic, visuo-
gestural and task-linked reference domains are all
structured in the same way. Consequently, do-
mains can be confronted and integrated. That is a
strong point of this model compared to heteroge-
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neous modality-dependent theories. However, the
global dialogue history does not correspond to
the integration of all local histories, but includes
the following elements: pointers to parts of them,
results of the referring actions, a posteriori
evaluations, system’s reactions, and time stamps.
Local histories can then be seen as specialized
agents, and the global history as the coordinating
agent.

The last problem deals with the storage capacity
of the global history. With a cognitive concern,
we can consider the history as a model of short-
term memory, and limit its capacity to the seven
most recent items, whatever the nature of these
items (Miller, 1956). More recent works in psy-
chology tend to limit this capacity to five or only
four items (see Rousselet & Fabre-Thorpe, 2003).
But since numerous items can be accessible, the
working of the history appears to be much closer
to long-term memory. The problem that arises is
that all information has to be saved and is at the
same level of accessibility. We prefer to consider
the global history as a model of forgetting. The
longer an entity has been the focus of user’s at-
tention, the more important it is to emphasize it
in the history. We thus propose a methodology
for tracking attentional scores, that apply to every
object, category, event, or property:

o the more the user refers to an object, the
greater the object’s attentional score;

e the more he evokes a property (like a red
colour), the greater the score of its related
concept (“red”);

e the more he performs an action, the greater
the score of the corresponding software
primitives (for example, a function or a
class).

The score of an entity involves the scores of all
its properties. These scores are managed so that
the entities with the best scores are favoured dur-
ing the interpretation process. Scores also (like
human attention) decrease as the dialogue pro-
gresses. This approach has some common aspects
with linguistic work like that of (Ariel, 1988) or
(Lappin & Leass, 1994), but is more inspired by
psycholinguistics. More precisely, we want to
extend the principle of the Logogen Model (Mor-

ton, 1982). Our propositions concerning local and
global histories seem to fit well such an aim.
Though this is on-going research (no concrete
algorithm has yet been implemented), the nature
of information to be saved is already sufficiently
precise to deduce the main characteristics of an
algorithm and of a representation format.

4 Representing semantic content: MMIL

To represent the various histories, we need a uni-
fied representation format. The purpose is to con-
front in the global history information from
different histories. This confrontation is only
possible if the heterogeneous information are
represented into similar structures. So we need a
model to represent visual, gestural, linguistic and
task-linked information in a same manner. For
that, we use the MMIL model (MultiModal Inter-
face Language) that was designed for the
MIAMM European project and that was updated
for the OZONE European project (see refer-
ences).

The MMIL meta-model abstracts different levels
of dialogue information (phone, word, phrase,
utterance) by means of a flat ontology, which
identifies shared concepts and constraints. The
definition layer of the ontology includes two
kinds of entities: events and participants. Events
are objects associated to the temporal level, while
participants are static entities acting upon or be-
ing affected by the events. Dependencies be-
tween entities are represented as typed relations
linking structural nodes. Contrary to other se-
mantic information models, the MMIL meta-
model does not include relations, which are per-
ceived as qualifying descriptors defining anchors
among entities. As the other information units of
the MMIL model (e.g., morpho-syntactic, do-
main, annotation descriptors), relations act in the
information architecture as a set of descriptors
(data categories) that formally describe the speci-
fication constraints. The data categories, ex-
pressed in an RDF format compatible with ISO
11179-3, give the necessary openness to the de-
sign of the semantic structures, so to cope with
the potential flexibility of the model.
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4.1 Simple utterance representation

One of the central purposes of MMIL is of course
to be able to represent the actual semantic content
of the various utterances processed by the lin-
guistic modules in the MIAMM and Ozone archi-
tectures. To do so, we framed a core organization
for MMIL structures at the output of linguistic
modules that articulates:

e A specific event e0 that systematically
represents the speech event associated with
the utterance. Being categorized as such
(/event type/=/speech event/), the event is
anchored on temporal node that informs its
beginning and ending date, and it may be
further refined by various data categories
corresponding to the /speaker/, /addressee/
and /speech act/;

e The actual (possibly underspecified) mean-
ing of the utterance represented by an
event el corresponding to the main predi-
cate expressed by the utterance and which
is related to €0 by a /propositional content/
relation. The event el is in turn associated
with all the necessary descriptive elements
such as its actual arguments, which are
represented by one or more participants as-
sociated to it by the basic semantic roles
(/agent/, /patient/, /location/, etc.) identi-
fied by the linguistic parser.

The fact that a full representation is provided for
the speech event instead of just providing the
corresponding propositional content offers sev-
eral advantages that by far compensate the little
extra complexity that it brings to the representa-
tion. First, it is an essential aspect in dialogue
management (see below), to be able to relate an
utterance to an other, and it may not be possible
to make this boil down to the sole organization of
contents. Second, it provides a clear and coherent
background for personal and temporal deixis in-
terpretation, which can be directly related to the
information available at speech event level,
rather taking up information maintained specifi-
cally to this purpose. Finally, it is an essential
basis unifying references to the application do-
main and to the discourse proper. An utterance
such as “Please repeat” can only be processed if a
homogeneous treatment is made of speech event

within the space of the various events expressed
along the course of a dialogue.

As an example, Figure 1 shows a graphics sum-
marizing the main component of the utterance
“Play me the song”, together with the corre-
sponding full XML representation.

evt Type=speak
dialogueAct=request €o
propContent
{thTYPe=plaYJ speaker| €10«
destination
[objectTypezuserJ p
1
objType=tune
refType=definite pz[j

refStatus=pending

<mmilComponent>
<event id="eO">
<evtType>speak</evtType>
<dialogueAct>request</dialogueAct>
<speaker target=“pl“/>
</event>
<event id="el">
<evtType>play</evtType>
</event>
<participant id= "pl">
<objType>user</objType>
</participant>
<participant id= "p2">
<objType>tune</objType>
<refType>definite</refType>
<refStatus>pending</refStatus>
</participant>
<relation source="el" target="e(O"
type="propContent"/>
source=" pl" target="el"
type="destination"/>
source= "p2" target="el"
type="object"/>
</mmilComponent>

<relation

<relation

Figure 1. Graphical representation of the MMIL struc-
ture associated to the utterance “Play me the song!”.

Furthermore, the inherent hierarchical structure
of events and participants in the MMIL meta-
model, together with the actual reification of the
speech event in any language related MMIL rep-
resentation, allows the representation of more
complex phenomena related to the actual seg-
mentation of the spoken input. Indeed, it may
occur that what is considered as one single input
at speech acquisition level may well be further
segmented at speech recognition or parsing level

object
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as several sub-utterance bearing, for instance,
specific dialogue acts or propositional content. In
those cases, the speech event is further subdi-
vided into the necessary components, as exempli-
fied in the following simplified representation for
“No, to Paris” (Figure 2).

<mmilComponent>
<event id="e0">
<evtType>speak</evtType>
<speaker target=“pl“/>
<event id="e0O-1">
<dialogueAct>reject</dialogueAct>
</event>
<event id="e0-2">
<dialogueAct>inform</dialogueAct>
</event>
</event>

</mmilComponent>
Figure 2. Representation for “No, to Paris.”

As can be seen, both the information related to
the event type and speaker are factored out at the
main event level, whereas the dialogue act infor-
mation is, in this case, specifically attached to the
sub-components of the utterance.

4.2 Dialogue structure in MMIL

As in any classical man-machine dialogue archi-
tecture, the dialogue manager is in charge of both
contextualizing each utterance coming from
lower level linguistic modules (e.g. by interpret-
ing referring expressions) and maintaining the
overall logics of the dialogue, through, among
other thing, a proper management of the dialogue
structure. As a matter of fact, dialogue structure
is the result of combining sentence level informa-
tion with higher principles of discourse organiza-
tion, which also closely interacts with the actual
semantic content of utterances, among which fo-
cusing information take some specific impor-
tance. Besides, dialogue management involves
being able to put in relation the user’s utterances
with the actual decisions or actions (spoken feed-
back, information presentation, actions at appli-
cation levels) taken by the dialogue manager
itself (or its action planning component). This is
again where the homogeneous background pro-
vided by MMIL offers a flexible way of dealing
with those various phenomena, under the condi-
tion that some clear principles are stated to main-
tain the coherence across the various information

sources, that is at user’s input level, dialogue in-
ternal processing level, and discourse manage-
ment level.

At user’s input level, we have already mentioned
that each utterance is initially represented by a
speech event to which is attached the actual se-
mantic content as understood at the parsing stage.
The speech event is qualified by at most one dia-
logue act taken from a basic typology of six val-
ues, i.e. /opening/, /closing/, /inform/, /query/,
/accept/, /reject/. Those values are considered as
surface dialogue acts, as they result from the sole
analysis of the utterance inner structure prior to
any specific contextualization of the semantic
content. They correspond to the core (and con-
sensual...) values that can be observed from
various systems or annotation schemes (e.g.
DAMSL, HCRC, etc.) that have been around in
the last decades. They also correspond (except
for the obvious /opening/ and /closing/) to the
basic dialogues acts identified in the work by
FIPA on inter-agent communication, which, as
we shall see, contributes to a more homogeneous
treatment of events in our dialogue architecture.
Appendix A provides the ISO 11179 conformant
description of those 6 dialogue acts in the per-
spective of stabilizing those values within the
man-machine dialogue community.

As a consequence, we can also represent each
event occurring within the dialogue architecture
proper as a MMIL event, which bears similar
characteristics in common with users’ speech
events. Dialogue internal event are thus repre-
sented in MMIL by means of several core charac-
teristics:

e They are typed according to a basic ontol-
ogy of dialogue management action com-
bining general purpose actions (e.g.
spoken feedback to the user, graphical
presentation of information) and applica-
tion specific primitives (e.g. queries to an
underlying database);

e Like any other MMIL event, they can con-
tain a temporal anchor indicating either
when the action has taken place or when it
is to be taking place (in the case it is still in
a pending state within the dialogue archi-
tecture);
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e They are qualified by one of the following
four dialogue acts: /inform/, /query/,
/reject/, /accept/, the last two are acts being
used to validate or invalidate (e.g. when
the information is not available or a ser-
vice is down) an initial inform or query
from one module to another. It should be
noticed here that in both the MIAMM and
OZONE architecture, a clear difference is
made between the technical management
of communications flows between mod-
ules, as can be typically handled by SOAP
mechanisms in the context of a web ser-
vice based technological deployment, with
the management of the exchanges between
modules from a semantic point of view.
For instance, the same kind of behavior is
not to be expected when a module within
the architecture is physically down and
when it has the knowledge cannot deliver a
certain service that has been asked to it;

e Such dialogue internal event can be gener-
alized to be used to communicate to exter-
nal processes that may provide services in
relation to the dialogue underlying task.

The example of Figure 3 shows the simple repre-
sentation of the master event associated to a
query issued by the action planner to the
MIAMM database.

<event id="e4">
<evtType>database query</evtType>
<dialogueAct>query</dialogueAct>
<evtStatus>actuated</evtStatus>
<tempSpan startPoint=“2004-04
-05T17:00:00” endPoint=%“2004-04
-05T17:00:01"/>
</event>

Figure 3. Representation of a master event.

Finally, MMIL structures can be used, on the
basis of what has thus been presented, to uni-
formly represent dialogue structures that have
been construed at dialogue management level.
Without entering into the details of the support-
ing arguments for doing this, it seems by far
more appropriate to base dialogue structure rep-
resentation on inter-event relations (discourse
relations, when dealing with users’ input) then try
to infer deep dialogue acts from the user’s utter-
ances. In this context, each time the dialogue

manager infers a connection between any two
events in the course of dialogue, it can report
about it (for instance to the action planner mod-
ule) by means of simple MMIL structures com-
bining those events. As an example, a basic
acknowledgement by the user (“Fine for me”) to
a proposal by the system (“I have this song from
the Beatles™) will be reported by a MMIL struc-
ture such as follows (Figure 4).

<mmilComponent>

<event id="el">
<evtType>speak</evtType>
<speaker target=%“p2%“/><!-- system-->
<dialogueAct>inform</dialogueAct>

</event>

<event id="e2">
<evtType>speak</evtType>
<speaker target=%“p2%“/><!-- system-->
<dialogueAct>accept</dialogueAct>

</event>

<relation source="e2" target="el"
type="confirm"/>
</mmilComponent>

Figure 4. Representation of a link between two events.

4.3 Standardization in the domain of
semantic content representation

The work we have conducted on the definition of
the MMIL language can be seen as a kind of ex-
periment to identify precise requirements on what
a general framework for multimodal content rep-
resentation. Those requirements should obviously
go beyond what has been described in (Bunt &
Romary, 2002), in order to identify classes of
applications which bear enough features to be
covered by one single model. Indeed, it may not
be likely that the kind of representations needed
for such applications as information extraction,
named entity recognition, reference annotation,
or the annotation of temporal structure will be
based on exactly the same underlying structures.
Still, it seems necessary that those various types
of models do share a common semantics for any
sub-structure they would share and even more for
any elementary descriptor they would use (e.g., a
certain dialogue act /inform/, or discourse rela-
tion /elaboration/, a temporal relation /overlap/,
or an clementary role in relation to an event
/agent/). Such a goal obviously requires that there
is some kind of consensus on providing some
shared definition of such concepts, as well as an
international infrastructure to submit, select and
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disseminate those descriptors. The first aspect is
one of the topics which has been considered as
underlying the activity of the ACL/SIGSEM
working group on multimodal semantic content
representation and is being pursued through a
series of meetings that have taken place since
November 2002.

The second aspect is the core of a standardizing
effort in ISO committee TC 37 to deploy an on-
line data category registry intended to cover a
wide variety of descriptors (also known as data
categories in the TC 37 terminology) identified
in existing representation or annotation practices.
In this context, we would like to see MMIL as
one instance of such a descriptive and modelling
activity which would nicely fit the needs of mul-
timodal dialogue system when conveying mean-
ing from one component to another, and when
managing meaning inside a component (and par-
ticularly inside the dialogue history). If it is the
case, we could also contemplate using MMIL—
or a dialect thereof—for such tasks as the evalua-
tion of dialogue systems.

5 Applications of the model

A first application of the attentional scores that
we propose is a help during the resolution of ver-
bal ellipses. For instance, in a man-machine dia-
logue system that consists in the interrogation of
a music database (queries about authors and
songs, and commands like “play my favourites”,
see MIAMM European project for the implemen-
tation of such a system), when the user asks sev-
eral times to “play this tune”, the attentional
scores of “play” and of “tune” are maximal.
Then, if the user produces the incomplete utter-
ance “this tune”, the system can easily infer that
the requested action is “play”. This method for
exploiting attentional scores can also be used for
the resolution of anaphoric expressions, like
“play this one” after “play this tune”.

A second application is to allow more spontane-
ous reactions of the dialogue system, by using
recalls when some information may have been
forgotten. For instance, in reservation tasks like
the reservation of a train ticket or a room in a
hotel (see OZONE European project), one of the
purpose of the dialogue is to specify a number a

parameters that allow to launch a reservation re-
quest. For a train ticket like in our OZONE’s
demonstrator, the parameters are the departure
station, the destination, the way (including
changes of train), and the time (of departure or
arrival). For a room reservation, the parameters
are the number of persons, the date of arrival, the
date of departure, and some options (breakfast,
etc.). In OZONE, the user can begin the dialogue
with “I want to go to Paris”, and then can ask for
some information about the possible ways, their
duration, the changes, etc. The resulting dialogue
can be quite long, and the destination (Paris) that
has only been mentioned once at the beginning
can have a very low attentional score. Thus, the
system may be aware of this low score and may
produce a sentence like “Do you still want to go
to Paris?” or “You confirm a train ticket to Paris,
don’t you?”. This is important, not only because
it reactivates the salience of the destination, but
also because it adds a collaborative aspect to the
dialogue. Even if the system has not forgotten the
destination, it’s important for it to show a human-
like cognitive behaviour. Of course, experimenta-
tions have still to be done to determine if subjects
who interact with such a system feel (or not) a
kind of strangeness in the reactions of the system.

6 Conclusion and future work

For now, our participation to the IST-OZONE
European project has consisted in the realization
of a dialogue system demonstrator for a transport
information service task. The research work we
have described in this paper will allow us to im-
prove this demonstrator and to provide a second
system. For this improvement, we will focus
(among other points) on the design of the dia-
logue history using attentional scores. The
OZONE’s application appears to be an efficient
framework for that. As other future works, we
want to test our model in generation systems, and
for other modalities like written texts. To con-
clude, we want to show with this experience that
designing multimodal systems with spontaneous
communication abilities has to make the most of
linguistic and psychological results, and that a
crucial point in this design is the representation
of information that is managed by the system
during the dialogue.
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Appendix A: MMIL core dialogue acts

This annex describes the possible values of the
/dialogue Act/ data category. It is a selection of
the dialogue act listed in the literature, which ap-
pears to us as sufficient for interpreting users’
utterances in MIAMM (as opposed to annotation
tasks, which would have probably required a
more elaborate scheme).

Dialogue acts are usually described within an
extensive hierarchy providing comprehensive
groupings for them. It is not the intention of this
simple typology to describe such a hierarchy,
even if we have tried to organize thee list on the
basis of some general dialogical categories. Fur-
ther work within ISO/TC37/SC4 should incorpo-
rate this aspect more neatly.

Discourse management/Conventional acts:

/Opening/ Def: An utterance or segment establishing
the communicative contact between a speaker and an
addressee. Note: also know as ‘Greet.’

/Closing/ Def: An utterance or segment finishing the
communicative contact between a speaker and an ad-
dressee.

Initiative:

/inform/ Def: The speaker provides information to
the user. Note: known under various names depending
on the encoding scheme; Update (LINLIN), Explain
(HCRC) Statement (DAMSL), Inform (TRAINS).

/request/ Def: The speaker aims to get the addressee
to perform some action. Note: know under various
names depending on the encoding scheme; Instruct

(HCRC), Influencing Addressee Future Action
(DAMSL), Action-directive (DAMSL), Request
(TRAINS),  Open-option (DAMSL),  Suggest

(TRAINS). No distinction is made here between Re-
quest and Suggest. Queries are represented as re-
quests.

Response/Backward Looking Function:

/accept/ Def: The speaker agrees to all of the antece-
dent. Note: Corresponds to ‘confirm positive’. No
distinction is made here between ‘accept’ and ‘accept-
part’ (as in DAMSL).

/reject/ Def: The speaker disagrees with all of the
antecedent. Note: Corresponds to ‘confirm negative’.
No distinction is made here between ‘reject’ and ‘re-
ject-part’ (as in DAMSL).
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Abstract

This research explores how to employ
context-sensitive speech recognition in
a general way, in the Information-
State Update (ISU) approach to dialogue
management. The central idea is that
different contexts, or dialogue “Infor-
mation States”, can be associated with
different language models for speech
recognition. In this paper a “gram-
mar switching” approach is presented,
based on “active” dialogue move types.
It is then shown that this technique
leads to more robust speech recogni-
tion. An evaluation of a dialogue system
using this technique found that 87.9%
of recognised utterances were recog-
nised using a context-specific language
model, resulting in an 11.5% reduction
in the overall utterance recognition error
rate, and a 13.4% reduction in concept
error rate.

1 Context-sensitive speech recognition in

dialogue systems

at each point in the dialogue. It also often cur-
tails the freedom of the speaker to say anything at
any time in the conversation. In addition, these ap-
proaches are domain- and task-specific, and thus
are not reusable. The approach presented here is
to implement a similar idea more generally and
systematically, within a richer (non-finite-state or
form-based) model of dialogue context: the Infor-
mation State Update (ISU) approach (Traum et al.,
1999). The general method presented here could
be used for a variety of applications, since it only
depends on representing the dialogue move types
of the user and system, and their dependencies,
and not on any application-specific information.

The central idea is to use an “active move
list” from dialogue Information States to define
a changing search space of language models for
speech recognition, to be used whenever the user
speaks. We assume that at any point in the dia-
logue there is a “most active move” of some dia-
logue move type (for a full description of the sys-
tem see Lemon and Gruenstein (2004)). In ISU
systems generally this is typically the last uttered
dialogue move, although there are cases, for ex-
ample where a clarification subdialogue has just
successfully closed, where another dialogue move

The basic idea of context-sensitive speech recoghould be chosen. We then define, for each move
nition is not new. Finite-state dialogue managergype, the name of a language model to be used for
typically define a recognition language modelspeech recognition if that is the type of the most
(LM) at each state, and form-based managers ofactive move. These LMs are defined by dialogue
ten define a LM for each slot, as is commonly donemove type, rather than domain-specific slot-value
in Voice XML for example. However, this is a la- types (e.gwh-answerather than, sagity-name).
borious and unsystematic process since a designeor instance, if the most active move iy@s-no-
must anticipate the likely range of user utterancegjuestionthen the appropriate language model is
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defined by a small context-free grammar coveringeach other could also be used (see e.g. Gabsdil and

phrasesuch as “yes”, “that’s right”, “okay”, “neg- Lemon (20043.

ative”, “maybe”, and so on. We call this languageBut what should happen in cases where the user

model[yn-answer]. produces an utterance which is not in the cov-
In the experimental system, evaluated in theerage of the currently active language model?

next section, the following LMs were imple- For example, the currently active LM could be

mented: [yn-answers] but the user could produce a

command. In cases where recognition fails with

e [full]: generated by the whole grammar  the currently active LM, there are several options:

for the application. .
bp e Reprocess the utterance using the LM related

) to the next most active move
e [wh-answer]: generated by a subgram-

mar consisting only of “wh-answer” forms ¢ Back-off to a “full” LM consisting of all the

such as “the office”, “to the school”. sentences recognizable for the application,

and reprocess the utterance.

e [yn-answer]: generated by a subgram- .
mar consisting only of “yn-answer’ forms Due to the amount of time taken to perform an-

other recognition pass (roughly proportional to the

size of the LM) the second strategy is preferable,

o [alt-answer]: generated by a subgram- except for cases where the next most active node
mar consisting only of “alt-answer” forms has a small associated LM. This is the technique
such as “now”, “later”, “do it later”, and so used in the evaluation system. With current pro-
on. cessor speeds, both these techniques are feasible.

In fact, it is perfectly feasible to run the recogni-
tion processes in parallel, as was done in Hockey

such as “yeah”, “that’s right”, and so on.

e [no-answers]: generated by the whole

grammar minus all the “answer” forms. etal., (2003). .
Figure 2 is an excerpt from a Nuance recognizer

e [no-corrections-no-wh-answers]: logfile, showing these dynamic language mod-
generated by the whole grammar minus san-Els in action. Here, the recognizer is in a con-
swer” forms and “correction” forms such as {€xt where it is using the LMno-answers]

“| meant the office”. “not the office the lab” (for instance after just uttering a report) but can-
and so on. not recognize the user input (“maybe”) which is

an answer to an earlier system question (e.g. “is

The dialogue move types were associated with difthis the right car?”).  So the system backs-off
ferent LMs as shown in the table of Figurk This ~ © the LM [full], and then succeeds in rec-
technique is a variant of “conversational games”09nizing the answér Then another user utter-
also known as “dialogue games” (Carlson, 1983)ance arrives for recognition. In this context there
and in the context of task-oriented dialogues, “dis-A"€¢ N0 active commands that could be corrected,
course segments” (Grosz and Sidner, 1986). Sucind no open questions, so the recognizer uses
accounts rely on the observation that answers gefi?0-COITections-no-answers] and suc-
erally follow questions, commands are generallyc€ssfully recognizes the user command “zoom in
acknowledged, and so on, so that dialogues cafil the car”.

be partially described as consisting of “adjacency “Herea feature “DMBigramFrequency”, calculated from

pairs” of such dialogue moves. A statistical analy-2 corpus of dialogues with the system, is used to predict
recognition performance, in combination with other features.

sis of which dialogue move types typically follow  sthis can be iterated, or performed to a certain depth of
- the active move list.

Root” is s special dialogue move type, used at the start “The recognizer uses a new utterance label (65552) be-
of a dialogue, and in other contexts where there are no opecause it treats the back-off recognition pass as a new utter-
questions or active commands. ance.
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DM Type Language Model
command [no-answers]
confirmation [no-answers]
report [no-answers]
wh-question [wh-answer]
yn-question [yn-answer]
alt-question [alt-answer]
correction n/a

yn-answer n/a

wh-answer n/a

root [no-corrections-no-answers]

Figure 1: Language Models associated with Dialogue Move Types

started  utterance 65550 with grammar .UTTERANCE-no-answers
Result #0: <rejected> (conf: 37, NL conf: 0)

started utterance 65552 with grammar .UTTERANCE-full
Result #0: maybe (conf: 81, NL conf: 81)

started utterance 65554 with grammar .UTTERANCE-no-corrections-no-answers
Result #0: zoom in on the car (conf: 50, NL conf: 47)

Figure 2: Excerpt from a Nuance Lodfile, showing Context-sensitive Speech Recognition

1.1 Defining suitable Language Models tion. Since the partitioning is to be done by di-
alogue move type, this is still more general and

It might be thought that the process of constructiess labour and maintenance-intensive than finite-

ing the required multiple language-models is la-state or form-based approaches, which mix to-

borious and time-consuming. However, Gemini,gether task and dialogue representations.

SRI's system for developing bi-directional unifica- .

tion grammars (Dowding et al., 1993), makes this2 Evaluation

process quite simple. Gemini can be used for parsrhg technique described above was implemented
ing and generation, and grammars can be coMp the WITAS dialogue system (Lemon et al.,
piled to language models for the Nuance speechngy. seven members of the University commu-
recognition system. Similar systems (Bos, 20025ty yolunteered to use the system to complete a
Rayner et al., 2003) are also in development.  o1q] of 35 tasks. There were both male and fe-
Every Gemini grammar rule can be given a feadnale subjects, all in their twenties or thirties. The
ture which is the name of the subgrammar (if any)subjects were given minimal written instruction on
that it belongs to. When the unification grammarhow to use the system before the interaction be-
is compiled to its context-free version (Dowding gan. They were then asked to use the system to
et al., 2001), these subgrammars are preservedpmplete five tasks, in which they directed a sim-
and the Nuance language model compilation proulated robot helicopter to move within a city envi-
cess also preserves these named language madnment. An example task is “There are reports of
els. This means that all that is required is to de-a fire at the tower. Check it out and fight the fire if
fine the subgrammars in the top-level unificationyou find one. Then fly the helicopter to the ware-
grammar formalism. A more laborious alterna-house”. Each task was given immediately prior
tive is to partition the context-free grammar (Nu-to the start of the interaction, in language the sys-
ance GSL in this case) by hand before compilatem could not process to prevent users from sim-
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ply reading the tasks aloud to the system. A giverwith the normal case) was found to be significant
taskended when the user indicated to the systenit = 2.75,df = 6,p < 0.05). The reduction in
that he or she had finished, or they indicated thabverall recognition error rate was 11.5%.

they had given up on the task. The system was run Note that the context-sensitive system as imple-
in open-microphone mode. mented here cannot actually perform more poorly

With the context-sensitive recognition system inthan the normal case in terms of number of rec-
use, subjects’ speech was recorded and the systepgnized utterances, due to the fact that it backs-
behaviour logged for each of the five tasks. Dataff to the full grammar should its first recognition
was collected regarding task completion time,attempt fail. In such cases the context-sensitive
steps to completion, and speech recognition ersystem will be slower than the normal system, but
ror rates. All dialogues were recorded, and thet is faster in the cases where the first recognition
Information States logged as HTML files. The attempt succeedgsince a smaller, faster LM is
data thus consists of 35 tasks, resulting in 362 usarsed), so a further study is needed to determine
turns, and 731 recognised words (as counted usirifje speed/accuracy trade-offs here.

Nuance batch-recognition). Of utterances which Note that the context-sensitive case can perform
were recognised (at all), 87.9% were recognisednore poorly in the sense of “jumping to conclu-
using a context-specific language model, with thesions” based on a limited language model (see ex-
remainder being handled by backing-off to theamples below), so we also need to determine the
full language model when recognition with the accuracy of the recognized utterances in each case.
context-specific language model had failed to profor this reason we also evaluate the concept accu-
duce any result. racy of the system.

Each subject's speech data was then batch-
recognized, without access to dialogue context in-2'2 Concept accuracy
formation, using the full language model for the Rather than simply knowing that more utterances
domain (call this the “normal case”), and the re-are recognized using context-sensitive recogni-
sulting statistics and recognition logs were com-ion, we wish to know whether they are recognised
pared to those from the context-sensitive recogcorrectly, and whether they lead to the correct sys-
nition case. The Nuance batch recognition proiem actions. It might be the case that context-
cess effectively simulates (for the purposes ofensitive recognition indeed recognises more ut-
determining speech recognition performance) théerances, but recognises them incorrectly, possibly
performance of the system without the context-harming overall system performance.
sensitive recognizer. We used the same recog- There are several important cases here:
nition parameters in both cases (i.e. beam width,
pruning, etc.).

The performance of the context-sensitive recog-
nition system was evaluated in two ways: overall
percentage of utterances recognized and concept
accuracy of the recognized utterances (see section ¢ the user's utterance is recognized differently
2.2). in the normal and context-sensitive cases.
The recognition hypothesis in the context-
sensitive case is correct (or partially correct)
The percentage of utterances recognized in the but incorrect for the normal case. Further-
context-sensitive recognition case was 82.4%, more, the recognition hypothesis for the nor-
while it was 80.2% in the normal case. Using mal case does not give rise to the user’s in-
a paired samples t-test this 2.2% difference be- tended effe&(e.g. Figure 3, rows 5-7),
tween the overall utterance recognition rates. I °As reported above, this was 87.9 % of the recognized
the two samples (number of utterances recognizegherances.
per subject in the context-sensitive case compared ®There are cases where the normal recognizer output is

e the user’s utterance is recognized correctly by
the context-sensitive system, but is not recog-
nized at all by the normal system (e.g. Figure
3, rows 1-4),

2.1 Overall recognition performance
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e theuser’s utterance is recognized differently
in the normal and context-sensitive cases,
and the recognized utterance in the context- 4 — 100 (1 _ SUs + 5Ui + SUd) %
sensitive case is incorrect and does not give SU

rise to the user’s intended effect, whereas the _ . )
normal recognition hypothesis is correct or —where SU is the total number of semantic units

partially correct, or in the reference answer (i_.e. the logical form of the
utterance were it recognised correctly), a#d;,
e both recognition hypotheses are only par-SU;, and SU; are the number of semantic units
tially correct, or that must be substituted, inserted, or deleted re-

- spectively, to correct the actual parser output for
e both recognition hypotheses are completely,o recognised utterance.

incorrect, or

Examples of cases where the normal system (in

o there are no recognition hypotheses in eithefh€ firstcolumn) suffers a concept error that the the

case. context-sensitive system (second column) avoids
are shown in Figure 3.

An example of the first case is where The average concept accuracy in the context-

the context-sensitive system recog-sensitive recognition case was 68.9%, while it was
nized “fly to the tower” using the LM 64.1% inthe normal case. Using a paired samples
[no-corrections-no-wh-answers], t-test this 4.8% difference in concept accuracy be-

but the normal system rejected the utterance. Afyeen the two samples was found to be significant

example of the second case is where the dialogug = 2.58,df = 6,p < 0.05). The reduction in

system has asked “Shall | fly to the building concept error rate was 13.4%.

now or later?” (and so is subsequently using

the LM [alt-answer] for recognition) and 2.3 Related work

:Ziousgr repllgs with “now __Whlc.h 'S correctly %Rl’s CommandTalk system (Stent et al., 1999)
gnized using the context-sensitive system, bu ) N

is recognized as “no” using the normal system,useol a related technique which:

which would lead to an unintended action. An

example of the third case is where the user said

“forget about the house” and this was incorrectly

recognised as “to the pond” by the context-

sensitive system (using the Lvh-answer]),

but was correctly recognised using the full LM

under batch recognition.

We used the concept accuracy measure of Boros
et al., (1996) to compare the performance of the
context-sensitive system with the normal system,
in respect of each system’s ability to correctly
recognize user utterances. Concept accuracy is
f;c;feslzrggrﬁé?;egrmz gvgfofz(;%;agy’s;faﬂiwélyote that this technique was adopted to handle iso-
fect (see Chotimongkol and Rudnicky (2001) forIated NPs occurring as wh-answers, because they

examples). Concept accuracy for each utterance ere InotLCO\YVG;'rrTslg'ﬂ}e full ConandTa;lIk grla{n;j
given by the following formula: mar. In the lalogue system, such iIsolate

NPs are legal utterances in the full grammar, so the

not absolutely correct in terms of word errors, but still leadsproplem is not how to include them in the context
tothe user’s intended effect (e.g. recognizing “yep” when the E h ti but h t lude th h
user said “yes” leads to the same action in this domain). sucf! @ wh-question, but how 10 exclude them when

word errors do not count against concept accuracy. there is no active wh-question.

“used a main grammar (for full sen-
tences), and a second grammar that had
full sentences plus isolated NPs. If the
system asked a question that could be
answered with an isolated NP, then the
larger grammar would be activated. The
idea was that users were not forced to
answer the question, since they had the
complete sentence grammar available
too.” (John Dowding, personal commu-
nication).
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Recognition Context-sensitive Context-sensitive Concept Acc %
with full LM recognition Language Model for full LM

< rejected> that’s it [yn-answer] 0

< rejectec> andfollow a truck [no-answers] 0

< rejected> fly to the power station [no-corrections-no-answers))

< rejectec> whereare you [no-corrections-no-answers] 0

no now [alt-answer] 0

and the tower  and stop [no-answers] 0

to the tower go to the tower [no-corrections-no-answersp3.3

Figure 3: Examples of Recognition Hypotheses occurring in the Evaluation Study
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Abstract

We present a statistical approach to as-
sess relations that hold among speech
and pointing gestures in and between
turns in task-oriented dialogue. The
units quantified over are the time-stamps
of the xmL -based annotation of the dig-
ital video data. It was found that, on av-
erage, gesture strokes do not exceed, but
are freely distributed over the time span
of their linguistic affiliates. Further,
the onset of the affiliate was observed
to occur earlier than gesture initiation.
Moreover, we found that gestures do
obey certain appropriateness conditions
and contribute semantic content (“ges-
tures save words”) as well. Gestures
also seem to play a functional role wrt
dialogue structure: There is evidence
that gestures can contribute to the bun-
dle of features making up a turn-taking
signal. Some statistical results support
a partitioning of the domain, which is
also reflected in certain rating difficul-
ties. However, our evaluation of the
applied annotation scheme generally re-
sulted in very good agreement.

ljens.stegmann

}@uni-bielefeld.de

these modes of communication in either direc-
tion. This assumption is in accordance with em-
pirical work, e.g. in psycholinguistics (McNeill,
1992, e.g.), as well as with philosophical consid-
erations, mainly about reference and demonstra-
tion (Wittgenstein, 1958; Peirce, 1965). Hence,
we take it as a truism that accounts of dialogue
must be extended to include a treatment of gesture.

Empirical investigations of multi-modal dia-
logue comprising gesture and speech can pursue at
least two interests: First, one wants to know how
speech and pointing gestures are related to each
other, especially whether the information from the
auditory and from the visual channel synchro-
nizes. Here the focus is on relations within indi-
vidual dialogue moves. We call thigntra-move
synchronization’. Secondly, a similar interest ex-
ists concerning pointing gestures and exchanges of
turns, where the question is how speech and ges-
ture of one speaker are related to the gestures and
the speech of his addressee anck versa(‘in-
ter-move synchronization’). Here the focus is on
relations between different dialogue moves within
one dialogue game.

The distinction betweeintra- andinter-move
synchronization reflects different research lines
that have been pursued in recent years. Psycholin-
guistics serves as an illustrative example here. One
point of reference is the body of work in gesture
studies that builds on McNeill (1992), whose main

1 Introduction
empirical focus is on the relationships holding

In ordinary face-to-face communication, peopleamong gestures and speech within utterance units.
make use of both speech and non-verbal gesti®@n the other hand, much current work in dialogue
ulation. No reductive relationship holds betweentheory centers on issues that are intimately con-
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nectedwith coordination among language users,2 Annotation of simple reference games

e. g. building upon thgint actionsframework of The analysis of our corpus of digital video

Clark (1996); but see also the notion of alignmentd ta is based tati ith thesX
in (Pickering and Garrod, in press). ata 1s based on an annotation wi sA-

Our investigation is based on original empirical'A"\”\IOTATOR software packade(Milde and Gut,

studies. The task we set for our subjects involve 001) which allows for the pu.rsun of arML - .
: . . _based bottom up approach. Since the annotation
the choice of referents from a restricted domain,

see figure 1 and figure 2. They had to negotlatéjata are sto_red ML format, the extractlon qf
. . . the relevant information for purposes of statistical
or to align reference using dialogue games of a ) o .
. . analysis could be realizadla xsSLT script process-
certain type. In order to get results showing rela- . | :
: . .. ing straightforwardly. Details connected with the
tions obtaining between gesture and speech in dia- < =" : o :
. S . ._empirical setting and principles of annotation are
logue, we applied descriptive and analytical statis- . . . .
) ) . laid out in (Kiihnlein and Stegmann, 2003).
tical methods to the time-based annotation stamps™ _. .
Figure 3 is a screenshot from aadX an-

of suitable dialogue data. Such statistical analySi%otation session that exemolifies the annotation
is pointless, of course, unless the employed anno- L P

. - . scheme applied in score format. The set of
tation scheme isn’t evaluated and confirmed to bé . : . -
annotation tiers includes a transcription of the

reliable. agent’s speech at word leveldeech.transcription
and a classification of the dialogue move pur-
¢ ° 0 Q omm » - sued (move.typd. The annotation of deictic
_ i gestures follows the framework established by
o o © O f v - McNeill (1992). A gesture token has three phases:
wrt pointing gestures the maximally extended and
o 8 ¢ f E o= meaningful part of the gesture is callsttoke, and
graspingif an agent grasps an object. Stroke or
=] [ +] § OO OO0 EEEm " it

grasping are preceded by tipeeparationphase,
that is the movement of the arm and (typically)

Figure 1: The pointing domain (form cluster), the index finger out of the rest pOSition into the
taken from (Kihnlein and Stegmann, 2003). stroke position. Finally, in theetractionphase
thepointer’'s arm is moved back into the rest posi-
Accordingly, we present our study as follows: tion. We presume that pointing gestures serve one
First, we set the stage with a description of thedf two semantic functions: they uniquely pick out
annotation of the empirical data (section 2). Wen object bbjectpointing) or merely narrow down
then report on assessing ioter-rater agreement the region in which the intended object ligsdion
on our annotation scheme (section 3). In section £0inting). In order to clarify this distinction, in
we present the results of further empirical invesfigure 2 an occurrence of each gesture function is
tigation, mainly concerned with synchrony. We Shown. The extension of pointing gestures is mod-
conclude the paper with a summary of our find-€lléd with a pointing cone. Subfigure 2(b) depicts

ings and a discussion of those topics that might bé case of region pointing, where several objects are
explored in further studies (section 5). located in the conic section of the pointing cone

cal studies are preleminary in the sense that onl{ndex finger does not meet the object in question.
some variables have been controlled. This is duégainst this, in object pointing the object is un-
to the fact that the studies had not been conducte@duivocally singled out, i.e. it is the only object
with issues of precise statistical hypothesis testingithin the conic section, see subfigure 2(a). See-
in mind. However, the results reported here ardnd the “fuzziness” of pointing gestures as antic-
reasonably robust and will be reproducible in more 1 can be obtained atttp://tasxforce.lil.

carefully controlled experiments (see section 5). uni-bielefeld.de/
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(a) Object pointing (b) Region pointing

Figure 2: Pointing cones. The extension of the index finger is indicated with a line, the pointing cone is
indicated by dotted lines, and the box frames the intended object.

ipated by Quine’s (1960) thesis of the indetermi-back from Const (4) coming with a pointing and
nacy of reference, the philosophical stance takea grasping gesture as well as an acceptance move
here can be labelled ago-Peirce-Wittgenstein- by Inst (5). The whole game is classified as an
Quinean (Rieser, 2004). The distinction betweerobjectidentification game The following events
object and region pointing is captured on thes-  from different agents’ turns overlap: (2b) and ((3a)
ture.functiontier. and (3b)); (3b) and (4).

All tiers are specified for instructor and con- o )
structor, i. e. the respective tier names havéign 3 Reliability of the Annotation Scheme

or const.prefix, cf. figure 3. Annotation-based projects must decide on the ap-
To get a better grip on the kind of data we arepgpriateness of the annotation scheme. The stan-
concerned with, the speech portions of the samgarq way to handle this is using a bag of statistical
ple dialogue from figure 3 were extracted and argnethods that goes under the headingntdr-rater
reproduced below. agreemenbr inter-raterreliability. Basically, the
(1) Inst:  The wooden bar underlying idea is that of conducting a test on the

[pointing to object1] results of raters who have annotated the same set
(2a)  Const:  Which one? of data. Different aspects of reliability (stabil-
(2b) Thisone? ity, reproducibility, and accuracy) go with differ-

[pointing to object?] ent test designs (tessretest, tesvstest, and test
(3a) Inst:  No. vs“gold standard”) and differerfoci of measured
(3b) Thisone. error (ntra-observerinter-observer, and deviation

[pointing to object1] from norm) (Krippendorff, 1980). We are con-

(4) Const: This one?

= ) cerned with the second aspect of reliability (repro-
[pointing to object1 and

YT ducibility, testvs test,inter-observer) here, since
grasping it] we have evaluated our annotation scheme compar-
) Inst:_ O.K. ing two raters’ codings of the same video data.
we have the (Jlla!ogue move ofcamplex demor_7- In dialogue research the most widely known
strationof Inst’s in (1) here, followed by &lari- proposal concerning measuresier-rater agree-

;itk:)atilon [ncmzinvolving a %oin';inl? of Cd%nst’s (2a, ment is (Carletta, 1996) who argues in favor of the
). Inst produces eepair(3a),followed by a new kappastatistics.However, there are serious prob-

Cﬁmﬁleé qimznstrgztlo%n e (32) to the OinCt lems associated with its interpretation, cf. (Fe-
she had introduced. Then we have a €% instein and Cicchetti, 1990) on kappa paradoxes.
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579, 580, L 582, 583 584 585 50e |
; Hulzleiste nein die ia ]
: the wonden bar no this ¢ oK ]
| det-demon noun denial detc particle |
| noun phrase demanstrative phras paticle pt |
| [MF [DET] [NT] [DET l:l
| I[NP [DET] [MY] I[DE” l:l
|preparatior stroke retraction prepar stro retraction (]
|deictic deictic O
| ohject painting obje (]
| L7_LEISTE-natur-1 e i
| complex demonstration repalr  complex dernonstration atteptant O
| welche diese? diese? 0
| which one? this ot this one? ]
[ wh-wo  demonst demonstrative 0o
T wh-phr  demonst demonstrative ph t|
J 0
! ]
! preparation  stroke retraction  preps s retrs pre grasping retraction [
! deictic deictic grasping ]
: ohject poin ot ]
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| clarification check-back acceptance 1
[object identification - 1

[ T D

Figure3: Annotation of a more complex Dialogue Game.

The point is that in the calculation of kappa thethe points in time when words begin or end, and
term representing the proportion of agreement byhe start or end times of the gesture phases. In
chance is systematically overestimated. Therethe TASX-ANNOTATOR a time bar is incorporated
fore, where appropriate with respect to the typeand synchronized with the video, so that a mark
of data involved, we pursue an alternative pro-on thespeech.transcriptiotier, say, at 201.4 sec-
posal based on the methodological framework obnds, means that the word in question starts at sec-
Gwet (2001), i. e. hiAC1 statistics.The latter— ond 201.4 of the respective entire videotaped ses-
more adequately chance-corrected—coefficient ision. Since performing a gesture is a continuous
appropriate with respect to data resulting fromaction, the coding of gesture phases splits it into
a type-ii measurementn nominal-scale niveati. three parts where the end time of the preceding
Concerning judgments on magnitude scale nivealiphase is identical with the start time of the follow-
which are usually classifiable as beingtgpe-; ing one. For example, the end of the preparation
we use well-established conventional techniquessimultaneously marks the start of the stroke. The
mainly correlation analysis. All calculations were correlation of those time-based annotations was
implemented making use of the statistical pro-calculated over 108 words and 25 gesture occur-
gramming environmenR (R Development Core rences using the Pearson product-moment corre-
Team, 2003, lation coefficientr. The outcomes are given in
Ourtype-iannotatiordata on a magnitude scale table 1. Despite almost perfect values of nearly
are the time-stamps for words and gestures, i.€l, there is need for a closer look, since this re-
T 27ypeii measurementare those, where the process lea d_sult is influenced by the strict linearity of the un-

ing to the measured datum is not well understood. Comparaderlying time scale. We transformed linear mea-

bly well-understood measurements go by the nantyméi.  surement data into nominally scaled data because
\a/l\rl)ep;/(\glrl)lric;grload the term to refer to respective data, whereof the category of stroke insertion, which is de-

®http://www.r-project.org , rived from allocating the stroke element’s time in-
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preparation stroke retraction word boundaries
start start end end start end

r0.9999999 0.9999999 0.9999998 0.9999976 0.9999999 0.9999999

Table 1: Results for the correlation of gesture and word boundaries.

terval relative to the part of speech portions. Thiscalled the mid-range region. Observe now that
means, basically, a projection from temporally ex-there is nearly perfect correlation with respect to
tended entities onto a sequence of symbols on, sate categorization of pointing to objects located
a modality-neutral representation at roughly wordn the proximal or distal regions. Dissent arises
level, which could be fed into a parser. Essentiallywrt pointing into the mid-range area. This shows
we abstract away from exact timing—only the rel-that reliability of assignment of gesture functions
ative order remains, cf. example sentences 1 andi? conditioned by the relative position of the ob-
below, where\, symbolizes gestural stroke. jects that are referred to by the instructor.
Being interested in the dialogue structure of
(1) . thewoodenbar (2) the,woodenbar eference games, we also checked the reliability
N . of our dialogue move annotation scheme. This
Resulting in nominally scaled data, the agree- ) )
was carried out computing the AC1 separately

ment regarding stroke insertion could be calcu- " .
; . : for instructor and constructor moves. The highly
lated using AC1, leaving us with a value of

. ) . : schematic instructor moves form a recurrent pat-
merely” 0.73, which still can be regarded as good . . . .

. . tern that could be judged fairly consistently in the

agreement. However, this result reveals that minor :

. ) o ) annotations of both observerd’(= 92, AC1 =

deviations in determining the boundaries of parts L

0.9). Agreement diminished when concerned

of speech and gesture phases can make a differ= )
P g P with the more variable constructor move¥ (=
ence for the exact placement of the stroke.

One main concern was to assess whether th€<595’ACl = 0.795).

distinction between object pointing and regiong Empirical findings
pointing is a concept reproducible by different
raters. Being a hominal response Category resu|ﬁestures contribute to the content of communica-
ing from atype-ii measurementhe degree of cor- tive acts rather than being mere emphasis mark-
relation in classifying gesture functions was cal-€rs. This hypothesis can be substantiated by find-
culated using AC1. With a value of 0.4842 that isings related to the semantic, the pragmatic, and
based on the judgment of 56 gesture occurrenced}e discourse level. On the semantic level, ges-
the agreement has to be classified as being fair &gres contribute content that otherwise would have
best. This shows that there are different habits if0 be cast into clumsy verbal descriptions, thus
judging gestures as being related to object or remaking communicative acts more efficient. We
gion, which, in turn, indicates that either a clear-found strong evidence for this in comparing the
cut empirica| category is |acking’ or that the two- number of words used in referential NPs with-
dimensional video data are not good enough to adPut pointing gesture occurrences (hereafter DDs,
mit of this categorization. for definite descriptionswith NPs that come with
Nevertheless, there was close agreement amopinting gestures (CDs, short foomplex descrip-
raters concerning certain regions of the pointingions). A t-test was carried out on the number of
domain. The domain of the reference games caWords used in 65 CDesthat in 74 DDs, resulting
be partitioned into three regions, according to thdn a (highly) significant differencel (= 6.22,p =
distance measured from the instructor, cf. fig-5-696 - 107, a = 0.05), cf. figure 4. This re-
ure 1. The two leftmost columns form the prox- sult can be couched into the slogan “Gestures save
imal region, the two rightmost columns the dis-words!”.
tal region, and the remaining four columns are A related hypothesis was that the time the con-
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Number of words
Reaction time
0
|

-2

T T T T
DD CD CD DD

Figure4: Boxplot displaying the number of words Figure5: Boxplot for Const’s reaction times (in
in CDs and in DDs. seconds) following Inst’s CDs and DDs.

structor needs to interpret the instructor’'s referdistance as seen from the instructor. What is at
ence (reaction time) will be less after a CD thanstake here is whether the asymmetry that seems
after a DD. The pointing gesture can be seen ag be revealed in the bare data—comparethe plot
guiding the constructor’s eye towards the intende@epiction in figure 6—could be statistically vali-
object—or at least towards a narrow region wherejated: with DD’s frequency peaks in theriph-
the object is located—and thus as shortening thery (thatare columns 1 plus 2 and 7 plus 8, or in
constructor’s search effort. To assess this point, weearms introduced earlier, the union of the proximal
calculated 48 (39 CDs and 9 DDs) differences begnd the distal region) and CD’s frequency peaks
tween the start time of the constructor's move andgnp the Center(the mid-range region, columns 3 to
the end time of the instructor’s preceding referringg), there should be a bias to demonstrate objects in
act. A subsequerittest did not result in a signifi- the middle of the domain using pointing gestures,
cant differencef(= —1.4,p = 0.166,a = 0.05),  whereas objects located in peripheral areas should
but there seems to be a tendency for shorter reage referred to only verbally.
tion times after CDs, cf. figure 5. There are two questions that have to be distin-
What might have prevented a significant out-guished: First, is there a difference in the pro-
come was the fact that some objects are uniqugortions of CDsvs DDs wrt the peripheral, resp.
and therefore more salient, e.g. there is only ong¢nhe center, region? Secondly, is there a differ-
yellow cube (as opposed to several yellow bolts)ence in the proportions of CDs, resp. DDs, wrt
so that the constructor could quickly spot such obthe regions? To assess the second point the fre-
jects when directed with appropriate DDs only. Inquencies of peripheral and center CDs were com-
addition, the constructor may have used the inpared using ay2-test, resulting in a significant
structor’s gaze as a guiding device. outcome (Vperipheral = 24, Neenter = 41, Y2 =
Moving from semantic to pragmatic issues, we7.8769,p = 0.005,« = 0.05). The compari-
also tried to find out whether there are ConteXtualson of the frequencies of DDs modelled through
conditions constraining the use of gestures. Thigeriphery and center yields an analogous result
was defined in terms of frequencies of DBCDs (Nperipheral= 46, Neenter = 28, 2 = 8.7568,p =
utilized to refer to objects in different columns of (.003, & = 0.05). As regards the first issue, com-
the pointing domain—that is, basically, wrt their paring the proportions of CDsgs that of DDs to
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referinto the peripheral (and likewise the centermarizes the descriptive statistids (= 25).# Note,
area), we get significant outcomes, too (for periphthat we take the verbal affiliate to be the complete
ery: Ncp = 24, Npp = 46, x% = 13.8286,p = denoting linguistic expression, i.e. a possibly
0.0002, o = 0.05; for center: Ncp = 41, Npp =  complex noun phrase. Row P gives the values for
28, x? = 4.8986,p = 0.027,a = 0.05). Thus, the the start of the preparation phase relative to the on-
relative distance of the object in question to the inset of the first word of the noun phrase.Contrary to
structor is a contextual factor for the choice of theMcNeill (1992, p. 25, 131), we found that the ut-
mode of reference to that object. It is noteworthyterance usually starts a little before the initiation of
that the partition of the reference domain imposedhe gesture (compare the positive mean value in ta-
by the ratings of gesture function coincides withble 2). This seems to contradict anticipation, given
that of capturing the CD/DD-asymmetry. the way we operationalised McNeill's concept of
the verbal affiliate or the idea unit. Similarly (com-

18
|
o

Min. Mean Max. Std. Deviation

] P -0.8 0.3104 4.68 1.0692
< | R —-0.86 0.564 3.38 0.89
S -002 1.033 554 1.128

12
|

Frequency
[}

Table 2: Intra-move synchronization of prepara-
tion (P), retraction (R), and stroke (S).

10
|
o

pare the mean value in row R), the stroke ends (or
© 4 B the retraction starts) normally around 0.5 seconds
before the end of the affiliate. Together with an av-
‘ ‘ ‘ ‘ erage beginning of the stroke around 1 second af-
ter the onset of the utterance (mean for row S) this
) _ shows, that the prototypical stroke does not cross
F|gure6._ Plot for the modes of reference moqe_”edutterance boundaries. This is as to be expected
by the eight columns of the reference domain; they, the Jight of McNeill's semantic synchrony rule.
bars depict the frequency distribution of CDs ovelygie however. that some extreme tokens (com-
the columns, the dashed line that of DDs. pare respective min. and max. values in table 2)

- . Lo were observed that seem to contradict the McNeill

At the beginning of this paper, a distinction was " .
) ) . regularities, cf. (Kihnlein and Stegmann, 2003).
made betweeimtra- andinter-move synchroniza- D o
Concerning inter-move synchronization one

tion at the dialogue level. As regarttdra-move point of interest was the alignment of the end of

synchronization we accounted for the temporal reinst’s preparation phase with Const's retraction

lations holding between gesture phases and es- . . .
: phase. The resulting values, given in table 3, show
corting utterances. Above all, we focused on

Column

two synchronization effects, nameanticipation : —

. . Min. Mean Max. Std. Deviation
and semanticsynchrony(McNeill, 1992, pp. 25- I X viat
26, p.131). The semantic synchrony rule states —2.06 0.29  3.46 1.27

that gesture and speech present one and the same o

meaning at the same time (McNeill's “idea unit”). Table 3: Inter-move synchronization of Const’s
Anticipation refers to the temporal location of rétraction and Inst's preparation.

the preparation phase in relation to the onset of _
the stroke’s co-expressive portion of the utteranc t.hat there is gap of around 0.3 seconds at aver-
This rule states that the preparation phase precedes“The different rows were calculated as follows: (P)

the linguistic affiliate of the stroke. Table 2 sum- Préparationar— speechan (R) speeckhs— retractioniar, and
(S) strokerar— speechar
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age. But the comparatively large values for thetures. A more promising direction to approach
range (the span between the maximum and minipointing and grasping in dialogues should perhaps
mum values observed) and the standard deviatiobe based on rigid semantics and underspecification
suggest that simply averaging the results camouwapproaches, cf. (Rieser, 2004).

flages a great deal of dispersion. A look at the

dialogue video data reveals roughly two different
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Speech Acts and Recognition of Insincerity
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”Oh what a tangled web we weave when first we

practice to deceive” — Scott!

Abstract

From the earliest years of speech act theory,
sincerity, or the absence of it, has been one
of the defining aspects of speech acts and
their uses. It remains prominent today, but
models of communication often give it lit-
tle function. How could a model of dialogue
be designed so that the sincerity of speech
acts could be defined and examined? How
could natural language understanding and
generation programs recognize or use insin-
cerity? Is sincerity part of a collection of
speech phenomena that could share imple-
mentation methods? The issues are complex,
but approachable.

What are appropriate recognition criteria for
sincerity? Are the sincerity-conditions de-
scribed by Austin or Searle adequate guides
to recognition of insincerity? No.

Other ways of using assertions have a formal
resemblance to insincere assertions. Several
of these ways involve statements by a speaker
who does not believe those statements. Not
all of these ways involve deception. Exami-
nation of a collection of similar ways to use
language leads to a much more accurate, pos-
sibly adequate, guide to recognizing the ab-
sence of sincerity.

This paper examines relationships between
(in)sincerity and other language phenom-
ena. Focusing on irony, exaggeration and
understatement, it also identifies several oth-
ers that share characteristics with sincerity,
and thus might benefit from joint work on
definitions, formalization and computational
model building.

"Walter Scott’s Marmion Canto 6,Stanza 17

Jorn Kreutel
SemanticEdge GmbH
and Universitat Potsdam

joern.kreutel@semanticedge.com

Overview

Imagine a future computer system that has a strong
capacity to understand, and perhaps participate in,
many different kinds of natural language interaction.
We would expect that part of the understanding pro-
cess would focus on speech acts and rely on speech
act interpretation processes. To do this, a theoretical
basis would be needed, including all of the common
aspects of each distinct kind of speech act. In ad-
dition to act identification and propositional content
identification, the system would have to judge whether
the act was sincere. This judgment is necessary be-
cause the consequences, the grounded understandings
from particular speech acts are very different for acts
judged to be insincere than for sincere acts.

Speech acts are defined in a way that includes a
sincerity-condition. An act is judged insincere or
sincere according to its conformity to its sincerity-
condition. Correct formulation of sincerity-conditions
is essential to sincerity recognition.

This paper examines sincerity-conditions as they are
identified or defined in foundational work of Austin
and Searle, and finds those formulations inadequate.
The inadequacy has to do with improperly labeling
some sincere ways of using language as insincere.
Finding those definitions inadequate, the paper makes
a number of observations that appear to provide a
basis for creating more adequate fresh definitions.

Background of Sincerity in Pragmatics

To some, sincerity might seem to be just a topic in
psychology or sociology, but it has a long history in
linguistics as well. Since the inception of speech act
theory in Ordinary Language Philosophy (see (Austin,
1975)), the sincerity aspect of speech acts has been
recognized. Searle reformulated Austin’s conceptual
scheme, again making sincerity one of the prominent
concepts (Searle, 1969). The continuing development
and use of speech act theory is a major theme of lin-
guistic pragmatics, and the topic is still being devel-
oped in philosophy as well. For example, in Habermas’
Theory of Communicative Action (Habermas, 1984),
it is one of the three aspects of validity of speech acts.
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Speech Act Type

Sincerity-Condition

Request

Assert, state (that), affirm
(ask a) Question

Thank (for)

Advise

Warn

Greet (on encounter)
Congratulate

S wants H to do A

S believes P

S wants this information

S feels grateful or appreciative for A
S believes A will benefit H

S believes E is not in H’s best interest
none

S is pleased at E

Figure 1: Eight Speech Acts and Sincerity-conditions by Searle

More than with any other variety of speech act, people
think about sincerity associated with assertions. The
range of potentially insincere acts is much broader
than just assertions, certainly including commissive
acts (promises), and congratulations. Requests, ques-
tions, acknowledgments and various other acts also
raise sincerity issues.

Austin said that for certain acts (including assertional
acts) to be performed sincerely, the speaker must have
”the right thoughts and feelings.” Searle said that for
certain insincere speech acts the speaker ”purports to
have (beliefs, intentions...) that he does not have.”
Both of these statements presume that speech acts are
based on certain mental states of the speaker, and if a
particular utterance is to be sincere, it will correspond
to the speaker’s mental state in a certain way.?

Part of the interest in sincerity surely comes from its
involvement with deceptions (a larger category) and
with lying. Another part surely arises from an episodic
effort in philosophy to relate language to certitude.
Austin and Searle’s defining characteristics for sincer-
ity seem to be appropriate, but closer examination
indicates that there are systematic exceptions.
According to Austin and Searle, for a statement by
S, "Today is Tuesday,” to be made sincerely, S must
have a certain thoughts. In this case, S must believe
that the day of saying the statement is Tuesday. The
sincerity-condition of an assertional speech act such
as this requires that the speaker believes the asserted
proposition. So one of the effects of performance of the
act is to communicate that the speaker believes the as-
serted proposition. Similarly, the sincerity-condition
for commissive acts is for the speaker to intend to do
what has been promised.

To bring more of the range of sincerity-conditions into
view, the table in figure 1 is an extract from (Searle,
1969), p. 66-67, a table by Searle in which he defines
8 types of speech acts, with their sincerity-conditions.

Clearly this is only an open, representative list. Based

2Tt is not always the speaker whose mental state is at
issue. Rather, using existing participant framework no-
tions, especially of Levinson (Levinson, 1988) and McCaw-
ley (McCawley, 1989), we can often identify another par-
ticipant in the act whose mental state is the one actually
at issue. Space limitations prevent discussing this further
here.

on the same book, we could add this:

\ S intends to do A ‘

’ Promise

All but one of these can, according to Searle, be per-
formed insincerely. All of the sincerity-conditions are
different, but to a degree they share predicates: be-
lieves, wants, feels grateful or appreciative, is pleased,
intends to do.

So, to recognize (in)sincerity in an interaction or writ-
ten text, they present eight closely related tasks, each
of which involves an assessment of the mental state of
S. Below we focus on asserting.

Belief and Deception

Beside insincerity, there are other ways of using lan-
guage that also involve the speaker making statements
without any associated belief that those statements
are true in the speaker’s world of daily life. We will
examine three other ways of using language that to-
gether challenge the adequacy of Searle’s sincerity-
condition for assertions. The three are irony, exagger-
ation and understatement. We call them ploys. Along
with a possibly deceptive assertion, here is an example
of each:

1) 71 will send you the money after I get my first
paycheck.” - possibly deceptive assertion

2) 7All of Bill Gates’ influence is due to his good
looks.” — irony

3) ”Every time the Beatles had a concert, ten million
fans showed up.” — exaggeration

4) ”The Beatles had a few fans.” - understatement

Using irony, as in example 2), involves saying some-
thing which is completely opposite to the intended
meaning. The speaker expects that hearers will
quickly recognize that the statement is not believed
by the speaker. No deception is involved.

Use of irony violates Austin and Searle’s sincerity-
conditions on speech acts. Those conditions label
ironic speech as insincere. Yet ironic language is usu-
ally understood for what it is. It is not insincere.
Rather it draws a certain kind of attention to what is
meant, and it requires the hearer to construct what is
meant.
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One of the important conclusions that can be drawn
from comparing irony to insincerity is this:

The traditional defining conditions for
insincerity are inadequate
as recognition criteria for insincerity.

Recognition of insincerity cannot depend only on judg-
ing speaker’s belief.

Consider exaggeration, as in 3). It is not credible that
the speaker believes an exaggeration. Exaggeration
is another ploy for manipulating the attention of the
hearer, in this case to the scale on which the asser-
tion depends. So it is like using a superlative such as
“huge,” but often with more marked effect.

Like ironies, exaggerations would be labeled as insin-
cere by Searle’s sincerity-condition. Yet they are not
understood as insincere. The ploy is such that the
hearer is not led to believe that the speaker believes
an absurd statement. There is no deception and no
appearance of insincerity. So again in this case, recog-
nition of insincerity cannot depend only on judging
speaker’s belief.

Now consider understatement, as in 4). The effects
of exaggeration and understatement are very similar.
Both draw attention to the scale on which a degree-
related assertion has its force. Unlike exaggerations,
for understatements generally the speaker does believe
the understatement, and more.> Again, there is no
deception and no appearance of insincerity. These two
ploys are quite similar, but their belief conditions are
opposites.

Each of these ploys succeeds only if the hearer can de-
termine, easily and with confidence, that the speaker
believes the opposite (for irony), or significantly more
(for understatement), or less (for exaggeration), than
what is said. Ease of recognition (of the incompat-
ible character of the assertion) is essential. None of
them involves the speaker hiding his or her beliefs.
When what is said is compared with speaker’s belief,
the ploys differ, but they all in similar ways draw at-
tention to what the speaker is saying.

These examples together suggest
that for sincerity and insincerity,
attempted deception is a vital unstated element of the

sincerity-condition of assertions, thus part of constitu-
ting the speech act. Similar arguments are expected
to apply to commissives (promises) and perhaps to
other speech acts as well.

Illocutionary Force

The same point about the inadequacy of the classi-
cal definitions of sincerity can be made by considering
illocutionary force. Reconsider examples 1) through
4) above. The illocutionary force commonly assigned
to assertion 1) agrees with the statement itself. The

3This can depend on details of the assertion. Consider
”The Beatles had only 100 fans.” It could be an under-
statement which the speaker does not believe.

illocutionary force commonly assigned to 2) through
4) is an altered force, representing the speaker’s obvi-
ous intent. It is opposite to what was said for 2) less
than what was said for 3) and more than what was
said for 4). In that sense they behave like kinds of
indirect speech acts, and it would probably be useful
to classify them as such.

In all four examples, what is said is obviously not com-
patible with the speaker’s thought. The list of possi-
ble bases for incompatibility is open and quite diverse.
It may be logical, emotional, motivational, a cultural
taboo or a host of others.

In 1) that incompatible character is not obvious; in
the other three, it is. This again suggests that Austin,
Searle and successors had in mind images of deception
when they were describing insincerity. The major role
given to sincerity by Habermas (Habermas, 1984) also
seems implicitly to have this character.

For the future, it might be best to make this aspect
explicit, and continue to work with sincerity of speech
acts as involving attempted deception.

Other Communicative Techniques with a
Family Resemblance to Insincerity

One of the aims of this paper is to facilitate work on
sincerity. This includes work in Ordinary Language
Philosophy, in formalization of phenomena for models
of language function, and development of computer-
based models and agents capable of using human lan-
guages.

If the prevailing definitions are inadequate, as we
claim above, then redefinition and reconception are
called for. That rework is not here. When that work
is done, the work might benefit from having a broad
view of the interaction of language use and speakers’
beliefs. In that hope, we now examine a loose collec-
tion of such uses of language.

In addition to attempted deception, irony, exaggera-
tion and understatement, we now consider assertions
that arise in pretending, play acting, written fiction,
quotation, teasing, mistaken speech, forced speech,
”confidence games,”* impersonation, deliberate mis-
understanding, covert deliberate obscurity, legal rep-
resentation of a client, overconfidence, politeness, out-
ward respectful manner, and feigned ignorance. Each
of these has a literature and most have some theo-
retical development. Many of them do not involve
deception.

Figure 2 presents this arbitrarily chosen list, together
with an indication of whether deception is commonly
involved, and also the manner in which the speaker
departs from believing the statement. The right hand
column, labeled ”Requires Assessing PM?” is about
whether judging the sincerity of the item requires
some estimation of the thoughts of the speaker (pri-
vate memory, PM).

People regularly participate in these language uses, or

4One of these was the subject of the movie The Sting.
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Language Use (ploy) Dimension of Speaker’s not Believing | Typically Deceptive? | Requires As-
sessing PM?

Irony opposite belief No Yes
exaggeration degree scale No Some cases
understatement degree scale No Some cases
pretending imagined world No No

play acting imagined world No No

written fiction imagined world No No
quotation representing another speaker No No
mistaken speech speaker commitment No No

legal representation of a client | role fulfillment toward a set of beliefs | No No

forced speech speaker commitment not by speaker No
”confidence games” intended deception Yes Yes
impersonation identity of speaker Yes Yes

covert deliberate obscurity intention to communicate Yes Yes
politeness apparent beliefs from convention No No
overconfidence degree of confidence Yes Yes

Figure 2: Uses of Language in which the Speaker does not Believe What is Said

read about them, mostly with no extreme difficulty
in deciding what is going on. (Of course, where de-
ception is intended, we may be deceived.) In formal
and computational models of natural language, there
is not yet much to say.®

Certainly, for understanding ordinary natural lan-
guage communication, the traditional characteriza-
tions of sincerity of speech acts must be supplemented.
The table above may help in considering how more ef-
fective definitions might be constructed.

Use of sincerity and insincerity form the basis for some
of the more complex phenomena. Because sincerity
is at the base of some, modeling of sincerity can be
expected to facilitate modeling more complex varieties
of language.

Statements, beliefs and networks of beliefs

As all of us know by experience, effective lying does
not proceed only on a statement by statement ba-
sis. We must present a view of ourselves that ap-
pears to be appropriately consistent, motivated and
based on our immediate factual world. It requires
a system of beliefs, commitments, intentions, inter-
pretations of events and more. We call this a self-
presentation (SP). In the literature of sincerity that is
not oriented to speech acts, the focus is often on per-
sonality and habitual aspects of personal life. Often
particular acts are taken as sincere because they come
from people who have been judged trustworthy. For an
interesting philosophical discussion of these aspects,
see (Williams, 2002). The idea of a self-presentation
(SP) is not about these aspects of sincerity.

Approaching sincerity from an interest in speech acts,
we are in effect committed to enabling accounts of sin-
gle acts, generally performed one at a time. Yet com-
munication does not proceed as a set of independent

5The commonalities between these ploys may justify
exploring sharing parts in formalizations and implementa-
tions. Also, irony shares features with metaphor, so the
possibilities of sharing are extended. See (Ortony, 1979)
p.- 108-111

acts. Acts are linked to context, and to other acts by
other interacts or self. When a statement is received,
if its sincerity is to be examined, no variety of knowl-
edge is excluded. Various kinds of knowledge about
the speaker, the subject matter, the occasion and the
reasons for speaking contribute to judging sincerity, as
well as to a number of other processes that apply to
each statement. For example, ambiguity resolution,
based on the plausibility of various readings, interacts
with sincerity.

All such processes require a holistic use of available
knowledge, interrelated knowledge that forms a net-
work supporting interpretation. This means that
judging sincerity, as part of overall language interpre-
tation in communication, requires comparisons using
a diversity of kinds of knowledge and techniques.

In ordinary interaction, when a speech act is per-
formed and its sincerity is at issue, there is a prior his-
tory of knowledge of the speaker’s thoughts, immedi-
ate purposes, cultural assumptions and more. There is
a prior context of the interaction as well, so that there
are already commitments in place, intentions being
pursued and ideas under discussion. There is always
to some degree a stable reconciliation of the parts, so
that a new communication is judged for compatibility
with a somewhat consistent network. A speech act
is judged for sincerity relative to this larger body of
knowledge. The SP is constituted of these sorts of
knowledge, and when a speech act occurs, it becomes
part of the self-presentation of the speaker.

Given this interrelated character of assertions in prac-
tical use, it is important to choose a representation of
speech act effects that allows multiple collections of
related information, networks that are similar in con-
tent but with differences, each network having its own
kind of consistency.

In order to meet these requirements, we propose a
memory organization for the information which must
be examined to judge the sincerity of speech acts
that can be sincere, and to make it possible for a
speaker to be insincere. A hearer’s memory, for ex-
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ample, has four partitions. Two of them represent the
private thoughts (PMp) and public self-presentation
(SPx) of the hearer. The other two represent the pri-
vate thoughts (PMg,r) and public self-presentation
(SPgs/p) of the speaker, in the hearer’s view. Each
participant’s active memory is organized to reflect the
possibility that what a speaker presents is not always
consistent with what he or she thinks.

For all four of the modes of speaking above, decep-
tion, irony, exaggeration and understatement, what is
said must be compared with beliefs attributed to the
speaker.

Conclusions

Sincerity has been an important aspect of speech act
theory ever since Austin and Searle introduced the
theory. It was foundational; for certain speech acts
to be performed sincerely, the speaker had to have
certain thoughts: e.g. the speaker must believe what
is asserted. Sincerity is part of the definitions of such
acts.

However, if we explore recognition of insincerity, the
definition is too imprecise to use.

There are sincere acts that are labeled insincere by the
classic view. The classic definitions do not correspond
to sincerity as we know it. When we compare decep-
tion, irony, exaggeration and understatement, we find
that insincerity is involved with attempting to deceive
rather than simply holding certain thoughts.

In order to recognize sincerity (or any of the other
three ways of speaking), comparisons between net-
works of beliefs are required. They all, along with
similar ways to use language, might be facilitated by
using the four-partition model of active memory de-
scribed above, the elaboration of which will be subject
to further research.
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Abstract

In this paper we will consider relatively
simple dialogues, but in domains which
involve multiple tasks and services, and
concepts of different granularity. We re-
examine the notion of focus of attention,
and show how ontological information
combined with information states can
shed new light on the distinctions be-
tween linguistic and intentional structure.
Elements of this work have been imple-
mented in spoken dialogue systems for
home information and control, and for a
system that advises on appropriate action
for doctors examining patients with sus-
pected breast cancer.

1 Introduction

In current commercial dialogue systems, domain
knowledge tends to be incorporated into the dia-
logue scripts, or used within very tight bounds
e.g. via specific database queries at particular
points in the dialogue. This kind of approach be-
comes costly as the domain becomes more com-
plex. Some more recent systems provide a
cleaner separation between domain knowledge
and generic dialogue interaction rules. The most
prominent system of this kind is AT&T’s
HMIHY system (Abella and Gorin, 1999), where
a task inheritance hierarchy is kept separate from
generic dialogue “motivators” (such as “missing
information” or “clarification). The task hierar-
chy encodes information that e.g. a “billing

Martin Beveridge
Advanced Computation Laboratory
London Research Institute
Cancer Research UK

martin.beveridge@cancer.org.uk

method” is either a “collect call”, a “calling card”
or a “billing number”.

The approach we describe here follows the
same motivation as the HMIHY system, but em-
phasises general ontological knowledge, of which
a task hierarchy is a part. By ‘ontology’ here we
mean simply a network of concepts and instances
which are related to each other by semantic links.
Ontologies, in particular those based on descrip-
tion logics, have been argued to be “the solution
of first resort for all problems related to termi-
nology and semantics” because they “occupy the
sweet-spot between maximal expressive power
on the one hand and computer tractability on the
other” (Ceusters and Smith, 2003).

The systems we describe are for two specific
and rather different domains. The first is home
information and control. In this domain, the
amount of domain knowledge required is not
huge, but it is highly dynamic. It cannot be fixed
in advance by the dialogue designer, or even after
the installation of the system in the home. For
example, the user can register for new services
and add or move devices. In the second domain
of cancer, the domain knowledge is more fixed,
but is also much larger. Encoding this into a dia-
logue script by hand was therefore not an option,
so a pre-existing medical ontology was used in-
stead.

In sections 2 and 3 we show how is-a relations
and part-whole relations can be used to handle
clarification questions, and to influence the se-
quencing of a dialogue. We then relate this work
to Grosz and Sidner’s (1986) work on intentions
and the linguistic structure of dialogue, and to the
notion of focus of attention, as used for text gen-
eration by McCoy and Cheng (1991).
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2 Clarification Dialogues

During a dialogue, the user may provide a re-
sponse to a prompt that does not match any of the
expected range of responses (as defined by the
application domain) but is a hypernym or hypo-
nym of an expected response (Milward and
Beveridge, 2003). In this case the system should
be able to discover the relation between the ex-
pected terms and the user response in order to
resolve the discrepancy. In the case where the
user’s reply was a hypernym of an expected term,
then their reply can be considered under-
specified and the system can issue clarification
questions in order to obtain a more detailed reply.
Consider the following example from the cancer
domain:

(1) S: Do you have a family history of chronic
disease?
[system expects: lung cancer, leukemia,
sarcoma, ... ]
U: Yes, cancer
S: What type of cancer?

U: Lung cancer.

In this example the system expected a specific
disease but the user replied with a more generic
term. The system therefore formulated a more
specific question in order to elicit an answer at
the required level of the disease ontology. Hy-
pernyms are similarly treated in a generic fashion
in the AT&T system (Gorin et al., 2002) via the
use of a disambiguation operation.

In the case where the user’s reply was a hypo-
nym of an expected term then their reply can be
considered over-specified and the system can (a)
find a more general related term which matches
the expected responses in order to answer the
current question and (b) avoid asking subsequent
more specific questions that have already been
answered. For example

(2) S: Have you had any chronic diseases?
[system expects: cancer, hypertension,
diabetes, ...]

U: Yes, Leukemia
S: ??What kind of cancer?

In this example the system expected a more
generic answer to the question (such as “can-

cer”), but the user replied with a more specific
term. The system, however, can match the an-
swer to the question on the basis that leukemia is
a cancer, which is a chronic disease. The system
therefore avoids asking what kind of cancer since
this has already been answered and therefore
would be pragmatically ill-formed (indicated by
“97).

In the home information and control domain
the system uses an is-a hierarchy for tasks to al-
low users to skip directly to a task instance or a
more specific task class.

(3) S: Which service do you want?
[system displays the following options:
entertainment, control, settings|
U: Cinema booking
S: ??What kind of entertainment?

During a dialogue, the user may also provide
a response to a prompt that does not match, and
is not a hypernym/hyponym of, any expected
response, but is associated with one or more of
the expected responses by a non-is-a link that
imposes an ordering on concepts, e.g. mereologi-
cal (“part-whole™) relations, or topological rela-
tions such as “in”. In this case the system needs
to discover the associative relation between the
expected terms and determine whether the sup-
plied term is more or less specific than the ex-
pected terms according to the ordering imposed
by the relation. Hence, the system can issue clari-
fication questions in order to obtain a more spe-
cific reply, in the same way as before. For
example:

(4) S: Where does it hurt?
[system expects. elbow, wrist, shoulder, ...]
U: In my arm.
S: Where in your arm?
U: In my elbow.

In this example the system initially expected a
more specific body-part than the user supplied,
but recognized that the supplied term “arm” was
related to the expected terms in a part-whole hi-
erarchy and was more general then the expected
terms

3 Sequential Structure
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Figure 1. Intentional and informational relations for breast cancer referrals

In system-initiated dialogue, questions are
grouped together at design time. Even in systems
allowing some mixed initiative, this rarely affects
the ordering of subsequent questions. Consider,
the following dialogue:

(5) S: What is the patient’s sex?
U: Female with some nipple discharge
S: What is the patient’s age?
U: Fifty five
S: And is it a bilateral nipple discharge?
U: No

A standard form filling dialogue system might
allow more than one answer to be given at once,
but the order of the questions does not change.
The Philips system (Aust et al., 1995) did deal
with the case where the value for the new slot is
underspecified, allowing an immediate clarifica-
tion question, but did not deal with the more gen-
eral case where two slots are related to each
other. We can achieve much more natural dia-
logues if we cluster questions dynamically ac-
cording to the user utterance. Consider the
following:

(6) S: What is the patient’s sex?
U: Female with some nipple discharge
S: And is it a bilateral nipple discharge?
U: No
S: What is the patient’s age?
U: Fifty five

This appears to be a much more natural ex-
change, with the system immediately asking the

follow-on question concerning nipple discharge.
Questions which elaborate a previous question,
either by asking about a particular attribute, or by
asking for more specific information (determined
by hyponymic, mereological or topological rela-
tions) will ideally appear straight afterwards. We
achieve this behaviour by specifying what infor-
mation the task requires, but not providing a
strict ordering. The dialogue manager chooses
the precise ordering according to the current state
of the dialogue and its own domain knowledge.
For example, Figure 1 shows (a fragment
of) the information available to the dialogue
manager for the breast cancer referrals applica-
tion (Beveridge and Milward, 2003). Boxes indi-
cate tasks (implemented using the PROforma
process specification language (Fox et al., 2003))
with their associated topics. These are related by
intentional ~ dominance and  satisfaction-
precedence relations (Grosz and Sidner, 1986) as
well as by ontological relations such as subsump-
tion (Is-a). This is similar to recent approaches to
discourse analysis. For example, Moser and
Moore stress the need for representations of both
intentional and informational relations between
discourse segments, where the “informational
structure [is] imposed by domain relations among
the objects, states and events being discussed”
(Moser and Moore, 1993, p. 416). The informa-
tional structure would therefore typically include
“causal relations of various sorts, set relations, ...
the relation of identity between domain objects”
and so on, creating “a complex network of do-
main relations that is defined independently of
the intentional structure” (Moser and Moore,
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1996, p. 417). In our case the informational struc-
ture is provided by a domain ontology.

In determining the sequential structure of a
dialogue, satisfaction-precedence relations obvi-
ously provide the strongest constraint. For exam-
ple, in Figure 1, the decision task should not be
considered until all the enquiries have been com-
pleted. In the absence of satisfaction-precedence
constraints, the default behaviour is to group sib-
lings together following the dominance relations.
Overlaid on this, however, is the effect of onto-
logical relations between topics. For example, the
presence of an ontological subsumption relation
between bilateral discharge and discharge in Fig-
ure 1 causes the dialogue manager to infer a rhe-
torical  elaboration relation (Mann and
Thompson, 1988) between the related tasks and
so overrides the default ordering in two ways.
First, the question concerning the satellite task of
the elaboration relation (e.g. bilateral discharge)
will not be asked until the nucleus task (e.g. dis-
charge) has been completed. This means that top-
ics will “by preference be ‘fitted’ to prior ones —
topics therefore often being withheld until such a
‘natural’ location for their mention turns up”
(Levinson, 1983, p. 313), in this case when the
topic of discharge has been introduced, either by
the system or by the user. Secondly, once the nu-
cleus task has been completed, the satellite task
will have high priority for being considered next.
This means that related topics are pursued as
soon as possible, whilst they are still relevant, in
order to avoid “unlinked topic ‘jumps’” (Levin-
son, 1983, p. 313) later on. Indeed, “the relative
frequency of marked topic shifts of this sort is a
measure of a ‘lousy’ conversation” (Levinson,
1983, p. 313) in human-human dialogue.

4 Focus of Attention

In a very simple menu based dialogue system, the
dialogue context can be simply the current node
in the ontology. However, even if we just allow
skipping (as in the case of hyponyms above) it
becomes convenient to store the path to the node,
not just the node itself, since we may not want to
allow the user to back up to nodes that were
skipped before, or will expect a differently
marked expression e.g. “now go to” vs. “go back
to” if they do. If the dialogue does not just con-
sist of traversing a menu tree, but each node may

be itself a partial description of a scenario, the
intermediate nodes will have their own structure.
This gets us to focus stacks (in Grosz and
Sidner’s terms) i.e. not just a path of atomic
nodes, but a path through a series of focus spaces
(each of which may contain some objects, prop-
erties or relations) which comprises the atten-
tional state, or “focus of attention”.

Focus of attention is often seen as closely re-
lated to part-whole relationships. For example,
the focus changes when the participants are dis-
cussing a particular component of an object, or a
particular step in a plan. However, authors such
as McCoy and Cheng (1991), working in text
generation, have also discussed focus of attention
moving from a kind of action to a specialisation
of the action. This corresponds to moving down
an is-a hierarchy, similar to the task or disease
clarification examples discussed above. McCoy
and Cheng also emphasised that it is not just the
objects that must be taken into account, but also
the perspective taken on the objects. In the fol-
lowing description, the entity in focus is always
the balloon, but the switching of perspective be-
tween colour and size makes the text infelicitous:

(7) 7?The balloon was red and white striped. Be-
cause this balloon was designed to carry men,
it had to be large. It had a silver circle at the
top to reflect heat. In fact, it was larger than
any balloon John had ever seen.

McCoy and Cheng build a focus tree rather
than a focus stack. A focus stack could be de-
rived by taking the right frontier of the tree, but
keeping the full tree structure is more general,
allowing for operations which access nodes that
are not on the right frontier. The tree has a fine-
grained structure, for example, when describing
the person “John” they get the following:

(8) [John [physical [[brown hair] [blue eyes]]]
[interests[[plays football][collects stamps]]]]

In our approach, a dialogue is coherent if each
dialogue participant acts independently to pre-
serve coherence to the best of their ability. For
example, if they want to ask a clarificatory or
elaborative question (according to the partici-
pant’s ontology) they do so immediately. Coher-
ence is determined by considering the
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information states of the participants, rather than
from the perspective of an independent observer.
Thus the decision of the system to ask about bi-
lateral discharge has similar motivation to the
close attachment of elaboration utterances in
well-structured texts (Mann and Thompson,
1988), but that does not mean that coherent
multi-party dialogues will necessarily have
elaborations right next to their heads. For exam-
ple, we predict the following dialogue to be co-
herent

(8) S: What are the patient details?

U: Female, severe nipple discharge, family
history of cancer

S: And, is it a bilateral nipple discharge?

U: Yes

S: Can you give details of the family history?

U: Her mother was diagnosed with ovarian
cancer at age forty-five

For the respondent, the grouping of ‘female’,
‘severe nipple discharge’ and ‘family history’ is
acceptable since these are all pieces of informa-
tion relevant to the referral decision and the re-
spondent does not know at this stage that the
system requires further information about the
discharge. This suggests that the linguistic struc-
ture of dialogue arises from the interaction be-
tween the intentional/informational structures of
the dialogue participants, but need not corre-
spond to either. In contrast, in monologue, since
there is a single intentional/informational struc-
ture, we would expect the speaker to elaborate
immediately at the appropriate points. We would
therefore predict the following to be infelicitous:

(9a) 771 have a female patient. She has nipple
discharge. She has a family history of can-
cer. She suffers from bilateral discharge. Her
mother was diagnosed with ovarian cancer
at age forty-five.

In both monologue and dialogue, the inten-
tional/informational structure can be violated by
using marked constructions. For example, in the
following monologue (Florian Wolf p.c.) the
phrase “as far as family history is concerned”
marks the fact that we are revisited an earlier
topic.

(9b) I have a female patient with nipple discharge
and a family history of cancer. The nipple
discharge is bilateral. As far as family his-
tory is concerned, her mother was diagnosed
with ovarian cancer at age fourty-five.

The discussion so far suggests that for dia-
logue systems we need a context which is at least
as detailed as the focus trees of McCoy and
Cheng (1991). For example, the dialogue context
corresponding to the dialogue in example (6)
might be as follows:

(10) [Diagnostic Signs [Patient Details
[Sex=Female][Age=55]] [Clinical Details
[Nipple Discharge=Yes] [Bilateral Nipple
Discharge=No]]]

Attachment without any marked syntax or cue
words can be performed not only at the right
frontier, but at any nodes newly introduced by
the other dialogue participant, as in example (8)
above, where both “family history of cancer” and
“severe nipple discharge” require further clarifi-
cation.

Traversal down is-a hierarchies is represented
similarly. For example, the structure correspond-
ing to the user choosing “cinema booking” as an
entertainment option is as follows:

(11) [Service [Entertainment [Cinema Booking
[Film=?][Time=?][No.People=?]]]

The context provides an appropriate abstraction
of the dialogue history and current user/system
goals. This, together with known ontological
relationships, allows the system to decide on the
next move. It should not be confused with a more
detailed dialogue history which would be neces-
sary for e.g. pronominal anaphora. As we have
discussed, this might be differently structured.
For example, a single value filled in for the
“time” slot in the context above may have been
established after several discontinuous turns, first
specifying e.g. “morning” then “10 o’clock”™.

5 Implementation

Most of the components in the theoretical ap-
proach outlined above have been implemented,
but currently not all within a single system. The
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dialogues 1 - 3 and 6 are all real dialogues with
the systems.

Focus of attention is used for generating
prompts, for interpreting utterances in context,
and for restricting the possible hypotheses of the
speech recogniser. For example, in the home in-
formation demonstrator, the initial focus of atten-
tion at the topmost “service” node results in the
question: “which service do you require?”. At
this point the speech recogniser grammar con-
tains the expected service options, and possible
hypernyms or hyponyms. The assumption is that
users will say something that will be coherent
with respect to the current state of the dialogue,
or one of a limited number of marked utterances
(e.g. “back to the top”). In order to generate the
grammars we use the system’s ontology. Strictly
according to the approach above, it should be
according to the user’s ontology not the system.
However, in both of the domains considered we
can provide the system with a rich ontology for
which it is reasonable to assume the user’s ontol-
ogy will be a subset.

In the cancer demonstrator, grammars are
generated for the currently open nodes as well as
for the right frontier. Furthermore, grammars are
generated dynamically at the start of each dia-
logue segment in order to ensure the language
model is consistent with the current high-level
context. In the home domain, a narrowing of the
focus of attention is achieved by going down not
just the part-whole and is-a hierarchies, but also
through the ‘in’ hierarchy (e.g. from kitchen to
cooker). This position in the hierarchy provides
a situation in which we can evaluate definite ref-
erences (c.f. Milward 1995). For example, if the
current position in the hierarchy is a particular
room in the house, “the light” in “turn on the
light” will be taken to be the light in this room.

6 Relation to Other Work

As described earlier our approach here has
similar motivations to those behind the design of
AT&T’s HMIHY system (Abella and Gorin,
1999), except that HMIHY only makes use of a
task hierarchy whereas we extend this to include
domain ontological knowledge also.

Lascarides and Asher (1999) similarly make
use of both intentional and discourse relations in
order to interpret (as opposed to generate) dia-

logue. They employ a Question Elaboration rela-
tion Q-FElab(a, B) which “holds if B is a question
whose answers all specify part of a plan to bring
about an SARG [Speech Act Related Goal] of o”.
This is demonstrated in (12) below (Schlangen
and Lascarides, 2002) in which Q-Elab(U;, U,)
because all possible answers to U, specify part of
a plan to bring about the SARG of U; (to arrange
to meet next week).

(12) [Uq] A: Let’s meet next week
[Uz] B: (OK.) Thursday at three pm?

This relation is therefore intentionally-based
in that its definition refers to partial satisfaction
of goals (rather like the dominance relation of
Grosz and Sidner (1986)). However, this relation
doesn’t seem to be applicable to the examples we
have described so far, e.g. (13) below.

(13) [U] S: What is the patient’s sex?
[U2]U: Female and she has some nipple
discharge
[Us] S: And is it a bilateral nipple
discharge?
[Us] U: no

Here, we don’t seem to be able to claim that
Us is a coherent continuation of U, because Q-
Elab(U,, Us). The SARG of U; is presumably
that S believe that the patient is female and has
some nipple discharge, and the answers to Us
don’t appear to specify part of a plan to achieve
that goal. In fact U; implicitly indicates that the
goal of U; has already been achieved.

The elaboration relation that we have used is
instead an informational relation, similar to the
subject-matter elaboration relation of RST (Mann
and Thompson, 1988). This means that we con-
sider that U, elaborates U; if U, presents addi-
tional detail about the situation or some element
of subject matter (e.g. a particular entity) intro-
duced in U;. Hence Us ELABORATE U, in (13)
above by virtue of that fact that they refer to the
common entity ‘nipple discharge’.

Ginzburg (in press) also uses discourse rela-
tions such as elaboration to order the contents of
QUD (Questions Under Discussion (Ginzburg,
1995)). This is used to account for the order in
which questions are typically answered. How-
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ever, only successive queries within a single turn
are considered, such as (14) below (adapted from
Ginzburg (in press)).

(14) [Q1] A: Who have you invited?
[Q2] Have you invited Jill?
B: yes
A: Aha
B: I’m also inviting...

Here the elaboration relation between Q; and
Q; leads to the expectation that Q, will be an-
swered before Q; and hence Q> should be maxi-
mal in QUD after A’s initial utterance. Such an
approach does not really apply to the examples
we have discussed here, however, as we are not
dealing with successive queries in a single turn.

In (13) above, for example, the system’s QUD
would be updated with a question Q; regarding
the patient’s sex at Uj, then when the answer A,
is received in U, a question ?A; (“whether A,”)
would be added to QUD but not pursued (since
Aj is accepted) and so both it and Q, would be
downdated from QUD. Similarly, at U; QUD will
be updated with a question Q, regarding whether
or not the nipple discharge is bilateral, and after
the answer A, in Uy, the question ?A, will added,
but both ?A, and Q, will then be downdated from
QUD since A, is accepted. Hence, there is never
more than one question (plus a ?A question re-
garding the answer, which is never pursued) in
QUD at any given time, and so the ordering of
QUD does not seem to account for the coherence
of Us as a continuation of Us.

In fact, for both of the systems discussed here
(in which answers are assumed to always be ac-
cepted) QUD would need to contain at most a
main question, and a single other help-type ques-
tion should the user ask for help (in which case
the help question would be maximal in QUD un-
til the system provided an answer and it was
downdated).

In order to account for the coherence of (13)
we need instead to impose an ordering over pend-
ing questions, but these do not form part of the
Dialogue Game Board (DGB) in Ginzburg (1995;
in press). Instead, they are presumably part of the
dialogue participant’s (DP’s) unpublicised mental
situation UNPUB-MS(DP).

The GoDiS system (Larsson et al., 2001), a
dialogue system based on Ginzburg’s QUD, does
represent pending questions via a PLAN field in
their information state which specifies “a list of
dialogue actions that the agent wishes to carry
out” (Larsson et al., 2001, p.1). However, our
dialogue context corresponding to the PLAN
field is more structured than this: it is a tree
(rather than a list) and it is structured, not only
according to a task hierarchy, but also following
ontological relations. In GoDiS, for example, the
only alteration of the sequence of actions in
PLAN is to accommodate the user answering
more than one question at a time. In our ap-
proach, however, we re-order the pending actions
in the dialogue context according to ontological
relations between them and the user’s last utter-
ance. This ensures that the system’s next planned
action is maximally relevant to the ongoing dia-
logue topic.

7 Conclusions

In this paper we have shown how ontological
information can be used for clarification dia-
logues and to order questions to maximise coher-
ence. This has extended the use of rhetorical
relations from their traditional role in text analy-
sis and generation to multi-party spoken dia-
logues, and has started to explore the distinctions
between monologue and dialogue. We have im-
plemented parts of this work in spoken dialogue
systems for home information and control, and a
system that advises doctors on whether to refer
patients with suspected breast cancer to a special-
ist

Acknowledgements

The work on medical systems described in this
paper has been funded by the European Union
under the 5™ Framework Project Homey
(http://turing.eng.it/pls/homey/). The work on
home control has had support from the EU 6"
Framework Project, TALK (http://www.talk-
project.org) and the UK Department of Trade and
Industry Next Wave Programme. We would like
to thank our partners in Homey and TALK for
many useful discussions.

75



References

Alicia Abella and Allen Gorin. 1999. Construct Alge-
bra: Analytical Dialog Management. Proc. of ACL,
June, Washington D.C., USA.

Harald Aust, Martin Oerder, Frank Seide, and Volker
Steinbiss. 1995. The Philips Automatic Train Time-
table Information System. Speech Communication,
17:249-262.

Martin Beveridge and David Milward. 2003. Combin-
ing Task Descriptions and Ontological Knowledge
for Adaptive Dialogue. In V. Matousek and P.
Mautner (Eds.) Proc. of Text, Speech and Dialogue
(TSD’03), September, Ceské Budgjovice, Czech
Republic, pp. 341 — 348.

Werner Ceusters and Barry Smith. 2003. 4 Realist
Ontology for Natural Language Understanding.
Abstract, Colloquium on Knowledge Management,
Erasmus University, Nijmegen, The Netherlands
(http://www.landcglobal.com)

John Fox, Martin Beveridge, and David Glasspool.
2003. Understanding Intelligent Agents: Analysis
and Synthesis, 41 Communications, 16:139—152.

Jonathon Ginzburg. 1995. Interrogatives: Questions,
Facts and Dialogue. In S. Lappin (Ed.) Handbook
of Contemporary Semantic Theory. Blackwell, Ox-
ford.

Jonathon Ginzburg. In press. Querying and Assertion
in Dialogue. Questions and the Semantics of Dia-
logue, Chapter 4. Forthcoming from CSLI Publica-
tions and University of Chicago Press.

Kathleen McCoy and Jeanette Cheng. 1991. Focus of
attention: Constraining what can be said next. In
C.L. Paris, W.R. Swartout, and W.C. Mann (Eds.)
Natural Language Generation in Artificial Intelli-

gence and Computational Linguistics. Kluwer
Academic Publishers, pp.103-124.

Barabara Grosz and Candace Sidner. 1986. Attention,
Intention and the Structure of Discourse. Computa-
tional Linguistics, 12(3):175-204.

Staffan Larsson, Robin Cooper, and Stina Ericsson.
2001. menu2dialog, In Proc. of the IJCAI'01 Work-
shop on Knowledge and Reasoning in Practical
Dialogue Systems, August, Seattle, USA.

Alex Lascarides and Nicholas Asher. 1999. Cognitive
States, Discourse Structure and the Content of Dia-
logue. Proc. of the Amstelogue Workshop on the
Semantics and Pragmatics of Dialogue, May, Am-
sterdam, The Netherlands.

Stephen Levinson. 1983. Pragmatics. Cambridge Uni-
versity Press, Cambridge, UK.

William Mann and S. Thompson. 1988. Rhetorical
Structure Theory: Towards a Functional Theory of
Text Organization. Text, 8(3):243-281.

David Milward. 1995. Integrating Situations into a
Theory of Discourse Anaphora. In Proc. of the 10"
Amsterdam Colloquium pp. 519-538.

David Milward and Martin Beveridge. 2003. Ontol-
ogy-Based Dialogue Systems. In Proc. of the
1JCAI’03 Workshop on Knowledge and Reasoning
in Practical Dialogue Systems, August, Acapulco,
Mexico.

Megan Moser and Johanna Moore. 1993. Investigating
Discourse Relations. Proc. of the ACL Workshop
on Intentionality and Structure in Discourse Rela-
tions, Columbus, USA.

Megan Moser and Johanna Moore. 1996. Toward a
Synthesis of Two Accounts of Discourse Structure.
Computational Linguistics, 22(3):409-419.

David Schlangen and Alex Lascarides. 2002. Resolv-
ing Fragments Using Discourse Information. Proc.
of the Edilog Workshop on the Semantics and
Pragmatics of Dialogue, Sept., Edinburgh, UK.

76



CLARIE: the Clarification Engine

Matthew Purver
Department of Computer Science
King's College London, Strand, London WC2R 2L S, UK
mat t hew. pur ver @cl . ac. uk

Abstract

This paper describes the CLARIE
system, a prototype information-state-
based text dialogue system designed to
deal with many types of clarification re-
quests (CRs) by using a highly contextu-
alised semantic representation together
with a suitable grounding process. This
allows it to interpret and respond to user
CRs, and generate its own CRs in order
to clarify unknown reference and learn
new words, with both integrated within
the standard dialogue update processes.

1 Introduction

CLARIE is a prototype information-state (IS)-
based dialogue system designed to generate, in-
terpret and respond to many types of clarifica-
tion requests (CRs), allowing it to clarify problem-
atic features of utterances — including unknown or
surprising reference and meaning — and allowing
users to do the same. This is achieved via a view
of utterances as contextual abstracts requiring a
grounding process to fully specify their content; a
highly contextualised semantic representation in-
cluding a view of ellipsis as abstraction; and a sim-
ple set of pragmatic contextual operations imple-
mented as IS update rules. The system itself is
implemented using the TrindiKit (Larsson et al.,
2002), building upon the GoDiS dialogue system
(Larsson et al., 2000) and SHARDS ellipsis recon-
struction system (Ginzburg et al., 2001). Being a
prototype, it is currently text-based and has only

a small narrow-coverage grammar and a toy do-
main. This paper will concentrate on the novel se-
mantic representation and the grounding process
which enable its clarificational capabilities.

Motivation CRs (questions about a previous
(sub-)utterance’s meaning or form) are common
in dialogue (3-4% of human-human dialogue turns
according to a corpus study (Purver et al., 2003))
but are often not paid a great deal of theoretical
or implementational attention. Dialogue systems
generally have the capability of indicating inabil-
ity to recognize or understand an entire user turn
(or inability to do so to a reasonable degree of
confidence), and will usually be able to produce
outputs like “I did not understand what you said.
Please rephrase” or ““You want to go to Paris, is
that right?”” (from IBIS, (Larsson, 2002)). How-
ever, they are not usually able to clarify problems
in a finer-grained way (e.g. at the word or phrase
level, as argued for by (Gabsdil, 2003)), nor to un-
derstand and respond to CRs generated by the user.
While recent advances have led to some systems
that can highlight problematic words (Hockey et
al., 2002), or ask about NP reference (Traum,
2003), these are so far restricted to particular phe-
nomena, and tend to treat CRs and clarificational
dialogue as governed by different rules from stan-
dard questions and standard dialogue.® As the fol-
lowing imagined example (Stone, 2003) shows,

"Hockey et al. (2002) use a separate module to highlight
a problematic word and suggest reformulation; Traum (2003)
sees CRs and their answers as pairs of dedicated dialogue
moves request-repair and repair, and restricts them to wh-
or alternative-questions about NP reference.
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clarification need not be restricted to NPs, may
involve extended sequences, and will ideally be
seamlessly integrated within the dialogue.

What do | do next?

Slide the sleeve onto the elbow.

What do you mean sleeve?

That tube around the pipe at the joint.
What do you mean slide?

Just push the sleeve gently over along
the pipe.

What do you mean onto?

The sleeve can hang there safely out of
the way while you complete the repair.

2O 2O RO

(1)

= Q

Background While there has been extensive re-
search into the possible levels of information
which CRs can query, e.g. (Larsson, 2002; Gabs-
dil, 2003; Schlangen, 2004) but going back at least
to (Clark, 1996), there has been little which ex-
amines the precise relation between their surface
form and the question they ask.? A suitable anal-
ysis of CRs must provide two things: it must give
a representation to normal utterances that explains
how and why they can cause CRs; and it must al-
low CRs themselves (including their often ellipti-
cal forms) to be given a suitable representation.
Ginzburg and Cooper (2004) (hereafter G&C)
provide a HPSG analysis of CRs that promises
both. Utterances are represented as encoding
meaning rather than content: functions from con-
text to fully specified content. Contextually de-
pendent parameters such as the reference of proper
names (as well as speaker, hearer and utterance
time) are abstracted to a set expressed in HPSG
terms as a C-PARAMS feature, but shown here as
the abstracted set in a simultaneous \-abstract.>
An utterance ““I want to go to Paris” would be
given a representation such as (3), or simplify-
ing by removing the parameters for speaker and
2Although see (Rodriguez and Schlangen, 2004) in this
volume.
3More specifically, they are interpreted as simultaneous
abstracts with restriction as shown in (2): {ABS} is the set
of abstracted indices, [RESTR] a set of restrictions which
must be satisfied during application, and BODY  the body of

the abstract (in this case, the semantic content). For further
formal details, see (Ginzburg and Sag, 2000).

@) /\{ABS} [RESTR].BODY

addressee as will be done hereafter, as in exam-
ple (4):*

(3) )\{a, b, x} [speaker(a), addressee(b),
name(zx, Paris)].assert(a, b, go_to(a,x))

4) )\{x} [name(z, Paris)].assert(a, b, go_to(a,x))

This abstract must then be grounded - the
abstract applied to the context — in order to
fully instantiate the content by finding a suit-
able referent = which satisfies the given restric-
tion name(z, Paris). If this cannot be done (the
hearer may not know what/where Paris is, or per-
haps instantiating « to Paris leads to this new as-
sertion being inconsistent with previous beliefs),
the utterance cannot be grounded and this can lead
to a CR concerning the intended reference of the
problematic parameter [x : name(x, Paris)].

This CR may take many forms, one of the most
common being an elliptical reprise fragment, an
echo “Paris?”” (although others are also possi-
ble including reprise sluices “Where?”” and full
reprise sentences ‘““You want to go to Paris?”
or “You want to go where?”). G&C analyse
such reprises using a question-under-discussion
(QUD)-based approach to ellipsis (Ginzburg et al.,
2001): briefly, reprises and other elliptical frag-
ments are given a content which depends on the
maximal QUD and a salient utterance, encoded as
MAX-QUD and SAL-UTT features which are taken
to be provided by context. In the case of standard
non-reprise fragments (such as a bare answer to a
wh-question), values for these contextual features
will be provided by standard dialogue mechanisms
triggered by the prior asking of the question. In the
case of CRs, failure of grounding for a particular
parameter licenses one of a set of coercion oper-
ations which produce a context in which the val-
ues of MAX-QUD and SAL-UTT allow the fragment
to be resolved as a question concerning the con-
stituent associated with the problematic parameter.

They give two specific such operations, termed
parameter focussing and parameter identification,
which lead to different contexts and thus eventu-
ally lead to different reprise readings. The first

4The representation of examples (3) and (4) is simplified

for clarity; in particular the use of a go_to predicate ignores
details of the representation of verbs and modification.
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will be used in cases where grounding produces a
surprising or inconsistent content: the new context
makes the question “For which X did you say you
want to go to X?”” under discussion, resulting in an
elliptical CR “Paris?” being resolved as asking
the yes/no question “Is it really Parisyou are say-
ing you want to go to?”’, what they call the clausal
reading. The second will be used in cases where
no referent for Paris can be found: it produces
a context where the QUD, and the resolved con-
tent of the CR, is the wh-question “What do you
intend the word ‘Paris’ to refer to?””, what they
call the constituent reading. In this second case,
the elliptical fragment must be given an utterance-
anaphoric analysis, allowing it to refer to the pre-
vious utterance Paris and ask a question about its
intended content.

2 Utterance Representation

The analysis of G&C applies (explicitly at least)
only to proper names. The general approach has
now been extended to cover a wide range of word
and phrase types and a wide range of CR forms,
together with an integrated account of ellipsis and
reprises.

Contextual Abstraction Given the view of clar-
ification as querying contextual parameters, a suit-
able semantic representation must require all those
elements of an utterance with clarificational po-
tential (i.e. that can function as sources of CRS)
to be included in the abstracted set. This leads to
a highly contextualised representation. As shown
in (5) for a simple utterance ““The dog snores”, the
abstracted set must include not only the referents
of proper names, but the referents of definite NPs,
and the denotations of common nouns, verbs and
even function words such as determiners, as any
of these can be subsequently clarified:

(5) Mw,Q, P, S} [w=Q(P), Q =the,
name(P,dog), name(S, snore)].
assert(a,b, S(w))

As detailed in (Purver and Ginzburg, 2003;
Purver and Ginzburg, 2004), nouns and verbs are
taken to denote named predicates,® while deter-

®Mass nouns and bare plurals are more complex, seen

as ambiguous between predicates (or kinds) and existentially
quantified individuals.

miners denote logical relations. NPs are given a
lower-order representation, denoting sets of indi-
viduals (rather than generalised guantifiers) which
for definites must be made part of the abstracted
set, but for indefinites and other quantifiers are ex-
istentially quantified within the utterance.® The
overall representation is built up compositionally
by a HPSG grammar; space precludes details here,
and the use of HPSG is not essential, but it is
important to note that the output of the grammar
(here, an HPSG sign) must associate each sub-
constituent with all and only the contextual pa-
rameters which it contributed, thus ensuring that
clarifying a particular word or phrase can ask only
about its contributions to the utterance.

Ellipsis & Reprisesvia Abstraction The treat-
ment of reprises and other elliptical fragments is
based on that of SHARDS (as assumed by G&C):
their content is specified by the grammar as be-
ing identified with features of the context, specifi-
cally the features MAX-QUD and SAL-UTT. How-
ever, these features are now also taken to be mem-
bers of the utterance’s abstracted set. A fragment
“Paris” is therefore given an abstracted represen-
tation such as that in (6): its content will be an
assertion of a proposition concerning some object
a2 named Paris, but first not only x but a maximal
QUD question @ and a salient utterance S must
be found in context to fully specify that proposi-
tion and the role of x in it:
(6) )\{x, Q, S}.[name(w,paris),
max_qud(Q) N Q = M...}.P,
sal_utt(S) A content(S, z)].
assert(a,b, P(...xz...))

This has several advantages. Firstly, it avoids
some potential problems with the SHARDS ap-
proach (see (Schlangen, 2003)): the representa-
tion of the fragment is now a well-defined object
(a simultaneous abstract) rather than being under-
specified (with the potential problems that can lead
to when implementing within a standard gram-
mar and/or parser), and is derived entirely com-
positionally, with the non-abstracted parts derived
entirely from the constituent words and the ab-

Quantifier scope is treated via a functional analysis, and

monotone decreasing quantifiers via a representation as pairs
of sets — see (Purver and Ginzburg, 2004) for more details.
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stracted set expressing only its contextual depen-
dence, specifying the type of context that the ab-
stract can be applied to. Secondly, resolution no
longer has to be performed by a separate module,
as with SHARDS: as all contextual dependence is
now expressed together, resolution can be part of
the grounding process, instantiating all parameters
together to obtain the fully specified content.”

All fragments show this kind of abstraction;
so do all CRs (which depend on their source
SAL-UTT utterance, and on MAX-QuUD if ellip-
tical or reprise). The representation in exam-
ple (6) above is for a standard declarative frag-
ment, where the word Paris is taken as denot-
ing an object named Paris, and the overall con-
tent of the fragment is an assertion. Other ver-
sions are also possible (and required for certain
CR types): firstly equivalent interrogative frag-
ments; secondly utterance-anaphoric fragments,
where the word Paris is taken to denote a previ-
ous salient utterance “Paris’, as in (7):

(7 )\{Q,S}.[max_qud(Q),
sal_utt(S) A phon(S, paris)].
ask(a,b,Q(...S...))

As (7) shows, CRs are treated as standard in-
terrogative ask moves (rather than special e.g.
request-repair moves). Their CR nature comes
only from the question asked (concerning some
feature of the source utterance). They also have
contextual parameters which must be grounded,
and CRs-of-CRs are therefore possible (and do oc-
cur in corpora — see (Purver, 2004)).

3 Utterance Processing & Grounding

The system’s ability to handle clarificational dia-
logue centres around the grounding process: ap-
plication of the abstract to the current context
(the 1S), finding suitable referents for each of the
abstracted parameters (including values for the
MAX-QUD and SAL-UTT features) such that the ut-
terance then receives a fully specified content.® It

"Note that this use of abstraction in ellipsis is not the same
as the higher-order abstraction approach of (Dalrymple et al.,
1991) for VP ellipsis, in which abstracts are formed from the
antecedent and used in resolving the ellipsis. Here, the ellip-
tical fragment is the abstract, to be applied to the context.

8The term grounding is often used in a wider sense to in-
corporate the general process of understanding and addition

is the inability to ground a particular parameter in
context (or to ground it in a way that is consistent
with what is already known in context) that gives
rise to system CRs; it is the grounding of parame-
ters in a suitable way that allows user CRs (partic-
ularly elliptical forms) to be interpreted correctly.

In CLARIE this process is implemented in as
simple a way as possible. Rather than using gen-
eral reasoning or inference, a set of logical con-
straints and preferences that govern the process are
defined as TrindiKit IS update rules. Prolog back-
tracking is then used to find an assignment for the
abstracted set such that all constraints are satisfied.
The constraints are expressed as preconditions on
particular rules, and express general requirements
on the way parameters are instantiated: for ex-
ample, to ensure that utterances are interpreted in
such a way that their content is internally consis-
tent and consistent with what is already known
(where possible). The preferences are expressed
in the ordering of the update rules, and ensure that
utterances are grounded in a maximally relevant
way: e.g. that an ambiguous utterance be instan-
tiated as an answer to a question currently under
discussion if possible, and only as a CR if not.

Disambiguation It is therefore the grounding
process which performs disambiguation between
all the possible moves that the utterance can make.
The abstracted representation means that lexical
ambiguity, as well as ambiguity of reference and
elliptical resolution, is now represented as contex-
tual dependence (to be fixed by grounding). Any
other ambiguity (i.e. multiple possible parses re-
turned by the grammar) means that more than one
possible abstract will be available,® and again it is
the grounding process that must choose between
them based on their consistency and relevance.
This therefore allows all IS information to be used
in disambiguation: not only the possible referents
for parameters, but the current state of the dialogue
(QUDs, beliefs etc.).

to the common ground, including acknowledgement and ac-
ceptance. Here it is used narrowly to refer to the fixing of an
utterance’s content in context.

9The grammar will in fact always assign more than one
possible parse — a typical fragment will be given at least four
representations, two in each of the dimensions declarative/in-
terrogative and standard/utterance-anaphoric — see above.
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Utterance Processing The CLARIE IS is
shown in AVM (8). Like GoDisS, it is divided into
two parts, with PRIVATE for system plans and be-
liefs that have not been explicitly introduced into
the dialogue, and SHARED representing the sys-
tem’s view of the common ground:

[AGENDA [stack(action) |

PLAN [stackset(action)|
PRIVATE -

BEL [set(proposition) |

BG [set(parameter)]

®) [com [set(proposition)] 1

BG [set(parameter)|

QUD [stack(question) |
SHARED

SAL-UTT  [stack(sign)]

uTT [nstackset(4,sign) |

PENDING [stack(set(sign))|

In the shared part, com is a set of commitments
and BG a set of descriptions of referents that have
been explicitly introduced in the dialogue. QUD
and SAL-UTT are stacks of QUDs and salient ut-
terances respectively, used for ellipsis resolution
and answerhood. UTT is an utterance record, a
stack of utterances in linear dialogue order which
is used to find CR sources, allowing the ques-
tions asked by user CRs to be fully interpreted,
and their answers to be determined. It is there-
fore important that its members are signs, includ-
ing all attendant phonological, syntactic and se-
mantic information which may be clarified, rather
than just semantic representations such as moves.
It has a limited length, currently 4 utterances, as
Purver et al. (2003) found that CRs beyond this
distance are rare. PENDING holds ungrounded ut-
terance abstracts during the grounding process.

Utterance processing is based on the protocol
proposed by G&C and proceeds as follows: the
utterance abstracts produced by the parser are
pushed onto the PENDING and UTT stacks while
grounding is attempted:

AGENDA  (...)
wo ()
uTT (U,...)
PENDING (U)

©)

Grounding can be achieved via three sets of

rules, tested in order. Firstly, standard integration
rules attempt to ground the utterance given the cur-
rent IS (and in particular the current top members
of QuD and sAL-uUTT). Secondly, accommodation
rules can be used to achieve the same effect using a
new QUD determined from a relevant but as yet not
explicitly asked question from the plan (see (Lars-
son et al., 2000)). If neither of these succeed, a
third set of coercion rules attempt to ground the ut-
terance as a user CR, by using contextual coercion
operations which produce new CR-related values
of QuD and sAL-uTT. In all cases, the newly
grounded utterance (with all parameters now fully
instantiated) is removed from PENDING and its up-
date effects applied to the IS (e.g. for a question,
raising a new QUD () and an action to respond):

AGENDA (respond(Q), ...)
o [ (@)
uTT (U,...)
(

PENDING

)

If all grounding rules fail, the utterance cannot
be grounded in the current IS, and a set of clar-
ification rules use its ungrounded parameters to
form a suitable CR and add an agenda action to ask
it. Importantly, the ungrounded utterance is left in
PENDING so that grounding can be re-attempted
once a user answer to the CR has provided suffi-
cient new information:

AGENDA (clarify(U),...)
w ()

(11) uTT (U,...)
PENDING <U>

Grounding Non-CRs The integration rules use
the current IS unchanged and only general con-
straints apply: the parameters corresponding to
MAX-QUD and SAL-UTT must be identified with
the current heads of the QuD and SAL-UTT IS
stacks. Parameters concerning individual referents
(e.g. of names and definites) must be identified
with unique antecedents in the BG set or available
from the domain model. Parameters concerning
predicates (from nouns and verbs) must again re-
fer to explicit antecedents in BG or be available
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from the lexicon.1® Logical relations (contributed
by closed-class function words) are always avail-
able from the lexicon. A simple consistency check
is also applied, preventing grounding of e.g. as-
sertions that conflict with previously held beliefs
(conflicting assertions will lead to clarification —
see below). The protocol is as follows:

1. Interpret as answering a question which is un-
der discussion (currently maximal in QuUD).

2. Interpret as asking a question which is rele-
vant to the current IS.

3. Interpret as a greeting, closing or thanking
move.

Accommodation rules follow similar lines, but
use a new accommodated QUD to ground the
MAX-QUD parameter. Coercion rules are de-
scribed in the next section.

4 Processing CRs

A Sample Dialogue The dialogue below shows
some of CLARIE’s current capabilities:

S1> Where do you want to go to?
Ul> pardon?

S2> Where do you want to go to?
U2> i want to go to that city
S3> Wiich city?

U3> paris

S4> How do you want to travel ?
U4> no i want to go to | ondon
S5> London?

Us> yes | ondon

S6> How do you want to travel ?
U6> by pul | man
S7> ' Pul l man’ ?
U7> train

S8> The trip will
U8> si xty?

S9> No, fifty.
w> fifty?

S10> Yes.

cost fifty pounds.

Note that both system CRs (S3, S5, S7) and
user CRs (Ul, U8, W9) are included, as are
questions about utterance form (U2), NP refer-
ence (S3) and noun predicate reference (S7), and

©This allows a degree of alignment behaviour (Picker-
ing and Garrod, 2004) — once words and phrases have been
grounded to particular referents, these become present in BG
and will be used again for grounding before looking in the
lexicon.

both clausal (S5, U8, U9) and constituent (S7)
reprises.

User CRs The coercion rules allow user CRs to
be grounded (and thus fully interpreted) by mod-
ifying the context: using coercion operations in
order to ground the MAX-QUD and SAL-UTT pa-
rameters. Firstly, for all CRs, the source utter-
ance (the utterance being asked about) must be
identified by examining constituents from the uTT
record until a suitable one is found which meets
the constraints associated with the CR. This cor-
responds to grounding the SAL-UTT parameter.
Some CRs only require this step — those which
have their propositional content specified directly
by the grammar, thus not requiring a MAX-QUD
question to fill in, merely requiring utterance ref-
erence to be established, e.g. non-reprise CRs such
as “Did you say ‘Paris’?”’, “What do you mean by
‘pullman’?” or conventional expressions such as
“What?”’, “Pardon?”’. For these, then, a simple
coercion operation which provides possible SAL-
uTT values from the UTT record suffices.
However, the most common forms of CR are
of a reprise and/or elliptical nature and therefore
also require a MAX-QUD parameter to be grounded
to fully specify their propositional content. For
these, there are currently four different possible
coercion operations which not only take a possi-
ble source constituent from UTT but also use it
to produce particular new CR-related MAX-QUDS:
G&C’s clausal and constituent versions, plus two
further questions about lexical form (one querying
the identity of an echoed word, one a gap ques-
tion querying the identity of the word following
an echoed word). These operations and the or-
der and constraints of the rules which apply them
are determined by corpus and experimental studies
(see (Purver, 2004)). Constraints include factors
such as source word/phrase category (e.g. no func-
tion words can lead to constituent readings as their
meaning is mutual knowledge; only some function
words such as number determiners seem likely
MThe current behaviour is designed to demonstrate the el-
liptical CR interpretation and generation capabilities, hence
the highly elliptical forms used. Many system CRs may ben-
efit from less elliptical form in practice (e.g. S7 might be less
ambiguously realised as “What do you mean by ‘ pullman’ ?”

or “What isa‘ pullman’ ?”) — this behaviour can be controlled
by a user-settable flag.
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to be given clausal readings), source parallelism
(constituent reprise fragments require phonologi-
cal parallelism) and common ground (words pre-
viously grounded in the dialogue do not cause con-
stituent readings).1?

1. Coerce SAL-UTT only and interpret as a con-
ventional or non-reprise CR — see U1.

2. Perform parameter identification and inter-
pret as a constituent fragment reprise if the
source is the first mention of a content phrase
fragment.

3. Perform parameter focussing and interpret
as a clausal reprise (sentence, fragment or
sluice) if the source is a content phrase or
number determiner — see U8, U9.

4. Perform gap identification and interpret as a
lexical reprise gap.

5. Perform lexical identification and interpret as
a lexical reprise.

As CRs are ask moves, these coercion rules will
all include in their effects the addition of a new
guestion to QUD, and an agenda action to answer
it. Answers can now be established from the rel-
evant features of the antecedent utterance in the
UTT record: in the case of clausal and constituent
CRs, directly from the semantic content of the
source utterance; in the case of lexical or gap ques-
tions, from the identity of the source utterance it-
self. This process is specified as a set of selection
rules which produce corresponding assert moves
— these are then passed to a generation module
which uses the grammar to generate in the same
way as answers to normal questions.!3

System CRs If a user utterance cannot be
grounded in any way, the clarification rules pro-
duce a system CR. Particular grounding prob-
lems lead to particular questions being asked
(again derived from empirical findings — out-of-
vocabulary nouns and verbs lead to constituent

2\While these coercion operations can perhaps be seen as a
form of reasoning about context, they are highly constrained
and far from unrestricted inference.

3There are two special cases: when answering CRs which
ask about word meaning, alternative descriptions are used
wherever possible rather than the original problematic form;
when answering yn-questions negatively, an over-answer is
produced by answering the coerced MAX-QUD as well as the
explicit CR question — see S9.

wh-questions, parameters which cause inconsis-
tency lead to clausal yes/no “check” questions),
and particular source types will lead to particu-
lar forms being used (definites and demonstratives
are clarified using sluices, nouns using fragments).
The protocol is as follows:

1. Parse failure (no move to ground): con-
stituent CR about whole utterance meaning.

2. Unknown parameter (no unique referent can
be found): clausal wh-question about source
constituent if a definite or pronoun (leading
to a sluice — see S3); constituent wh-question
otherwise (leading to a fragment — see S7).

3. Inconsistent parameter (can only be grounded
in a way which causes inconsistency with
previous beliefs): clausal yn-question lead-
ing to a reprise fragment — see S5.

4. Inconsistent moves (can only be grounded
inconsistently) and irrelevant moves (un-
groundable MAX-QUD or SAL-UTT param-
eter): constituent question about whole in-
tended utterance meaning.

Note that there is significant correspondence
between these grounding problem types and the
levels identified by (Larsson, 2002; Schlangen,
2004), but that the association of problematic pa-
rameters with their source words/phrases allows
specific CR forms which target those phrases.4

As system CRs (being ask moves) introduce a
new question to QUD, subsequent user answers
(elliptical or not) can be interpreted according to
standard answerhood rules — no special treatment
is required — and that as long as such answers
provide the required information, the problematic
PENDING utterance will now be groundable with-
out requiring repetition.

5 Summary

This paper shows how a basic dialogue system can
be implemented which can handle many forms of
CR, using them to clarify unknown reference and
meaning, and allowing users to do the same. The
grammar can parse and generate a wide range of

4Being text-based, the level of perception is currently ig-

nored, but must be taken into account if a speech interface is
to be added — see (Gabsdil, 2003).
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CR forms from a wide range of source types. Im-
portantly, this is achieved without having to use
heavyweight inference about utterances or their re-
lation to each other, or modelling the user’s beliefs
or context. User CRs are assigned straightforward
(although heavily contextually dependent, and of-
ten ambiguous) representations; and the ground-
ing process then gives them a full interpretation
by instantiating their abstracted parameters in con-
text. Problems with the grounding process, and
with particular abstracted parameters, lead to sys-
tem CRs. CRs are not treated in a significantly dif-
ferent way from other utterances: they are parsed
by the same grammar and given a standard inter-
rogative interpretation as ask moves which raise
new questions for discussion — it is just that these
questions concern other utterances.
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Abstract

This paper describes an implemented
prototype dialogue model within the
Dynamic Syntax (DS) framework
(Kempson et al., 2001) which directly
reflects dialogue phenomena such as

alignment, routinization and shared
utterances. In DS, word-by-word
incremental parsing and generation

are defined in terms of actions on
semantic tree structures. This paper
proposes a model of dialogue context
which includes these trees and their
associated actions, and shows how
alignment and routinization result
directly from minimisation of lexicon
search (and hence speaker’s effort),
and how switch of speaker/hearer roles
in shared utterances can be seen as a
switch between incremental processes
directed by different goals, but sharing
the same (partial) data structures.

1 Introduction

Study of dialogue has been proposed by (Picker-
ing and Garrod, 2004) as the major new challenge
facing both linguistic and psycholinguistic theory.
Two of the phenomena which they highlight as
common in dialogue, but posing a significant chal-
lenge to and having received little attention in the-
oretical linguistics, are alignment (including rou-
tinization) and shared utterances. Alignment de-
scribes the way that dialogue participants appar-

ently mirror each other’s patterns at many levels
(including lexical word choice and syntactic struc-
ture), while routinization describes their conver-
gence on set descriptions (words or sequences of
words) for a particular reference or sense. Shared
utterances are those in which participants shift be-
tween the roles of parser and producer midway
through an utterance:!

Daniel:  Why don’t you stop mumbling
(1) and

Marc:  Speak proper like?

Daniel: speak proper?
@) Ruth: ~ What did Alex ...

Hugh: Design? A kaleidoscope.

These are especially problematic for theoreti-
cal or computational approaches in which parsing
and generation are seen as separate disconnected
processes, even more so when as applications of
a grammar formalism whose output is the set of
wellformed strings:? the initial hearer must parse
an input which is not a standard constituent, and
assign a (partial) interpretation, then presumably
complete that representation and generate an out-
put from it which takes the previous words and
their syntactic form into account but does not pro-
duce them. The initial speaker must also be able
to integrate these two fragments.

In this paper we describe a new approach and
implementation within the Dynamic Syntax (DS)
framework (Kempson et al.,, 2001) which al-

;Example (1) from the BNC, file KNY (sentences 315—
317).

2Although see (Poesio and Rieser, 2003) for an initial
DRT-based approach.
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lows these phenomena to be straightforwardly ex-
plained. By defining a suitably structured con-
cept of context, and adding this to the basic word-
by-word incremental parsing and generation mod-
els of (Kempson et al., 2001; Otsuka and Purver,
2003; Purver and Otsuka, 2003), we show how
alignment phenomena result directly from min-
imisation of effort on the part of both hearer and
speaker independently (implemented as minimisa-
tion of lexical search in parsing and generation),
and how the switch in roles at any stage of a sen-
tence can be seen as a switch between processes
which are directed by different goals, but which
share the same incrementally built data structures.

2 Background

DS is a parsing-directed grammar formalism in
which a decorated tree structure representing a se-
mantic interpretation for a string is incrementally
projected following the left-right sequence of the
words. Importantly, this tree is not a model of
syntactic structure, but is strictly semantic, be-
ing a record of how some formula representing
interpretation assigned to the sentence in context
is compiled, with the topnode of the tree being
decorated with some (type ) formula, and dom-
inated nodes with subterms of that formula. In
this process, sequences of linked trees may be con-
structed, sharing decorations through anaphoric
processes, e.g. for relative clause construal. In DS,
grammaticality is defined as parsability (the suc-
cessful incremental construction of a tree-structure
logical form, using all the information given by the
words in sequence), and there is no central use-
neutral grammar of the kind assumed by most ap-
proaches to parsing/generation. The logical forms
are lambda terms of the epsilon calculus (see
(Meyer-Viol, 1995) for a recent development),
so quantification is expressed through terms of
type e whose complexity is reflected in evalua-
tion procedures that apply to propositional formu-
lae once constructed, and not in the tree itself. The
analogue of quantifier-storage is the incremental
build-up of sequences of scope-dependency con-
straints between terms under construction: these
terms and their associated scope statements are
subject to evaluation once a propositional formula
of type ¢ has been derived at the topnode of some

tree structure.® With all quantification expressed
as type e terms, the standard grounds for mismatch
between syntactic and semantic analysis for all
NPs are removed; and, indeed, all syntactic distri-
butions are explained in terms of this incremental
and monotonic growth of partial representations of
content, hence the claim that the model itself con-
stitutes a NL grammar formalism.

Parsing (Kempson et al., 2001) defines parsing
as a process of building labelled semantic trees
in a strictly left-to-right, word-by-word incremen-
tal fashion by using computational and lexical ac-
tions defined (for some natural language) using the
modal tree logic LOFT (Blackburn and Meyer-
Viol, 1994). These actions are defined as transi-
tion functions between intermediate states, which
monotonically extend tree structures and node
decorations. Words are specified in the lexicon to
have associated lexical actions: the (possibly par-
tial) semantic trees are monotonically extended by
applying these actions as each word is consumed
from the input string. Partial trees will be under-
specified in one or more ways, each being associ-
ated with a requirement for subsequent update: the
tree may lack a full set of nodes; some relation be-
tween nodes may be only partially specified (as in
the parsing of long-distance dependency effects);
some node may lack a full formula specification
(as in the parsing of anaphoric/expletive expres-
sions); and the sequence of scope constraints may
be incomplete. Once all requirements are satisfied
and all partiality and underspecification resolved,
trees are complete, parsing is successful and the
input string is said to be grammatical. For the pur-
poses of the current paper, the important point is
that the process is monotonic: the parser state at
any point contains all the partial trees produced by
the portion of the string so far consumed which
remain candidates for completion.

Generation (Otsuka and Purver, 2003; Purver
and Otsuka, 2003) (hereafter O&P) give an initial
method of context-independent tactical generation
based on the same incremental parsing process, in
which an output string is produced according to an
input semantic tree, the goal tree. The generator

3For formal details of this approach to quantification see
(Kempson et al., 2001) chapter 7.
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Figure 1: Parsing “john likes mary” ...

... and generating “john likes mary”

j ohn Cohn Ll
0 O ikes mary
b -i .m
{john’} {0} Gohn'}  {&)
i kes likes y
; . mar y
{} ' o
| : /\ . A
{john'} {} {john'} {0
{{ike'} {¢} {like'} {OF
rra:ry rrﬁry

{like’ (maryy') (john'), &}

{john'} {like' (mary’)}

{like'} {mary’}

incrementally produces a set of corresponding out-
put strings and their associated partial trees (again,
on a left-to-right, word-by-word basis) by follow-
ing standard parsing routines and using the goal
tree as a subsumption check. At each stage, par-
tial strings and trees are tentatively extended us-
ing some word/action pair from the lexicon; only
those candidates which produce trees which sub-
sume the goal tree are kept, and the process suc-
ceeds when a complete tree identical to the goal
tree is produced. Generation and parsing thus use
the same tree representations and tree-building ac-
tions throughout.

3 A Modd of Context

The current proposed model (and its implementa-
tion) is based on these earlier definitions but modi-
fies them in several ways, most significantly by the
addition of a model of context: while some notion
of context was assumed no formal model or im-
plementation was given.* The contextual model

“There are other departures in the treatment of linked
structures (for relatives and other modifiers) and quantifica-

{like'(;nary/)(john/)y O}

{john'} {like' (mary’)}

{like'} {mary'}

we now assume is made up not only of the seman-
tic trees built by the DS parsing process, but also
the sequences of words and associated lexical ac-
tions that have been used to build them. It is the
presence of (and associations between) all three,
together with the fact that this context is equally
available to both parsing and generation processes,
that allow our straightforward model of dialogue
phenomena.® For the purposes of the current im-
plementation, we make a simplifying assumption
that the length of context is finite and limited to
the result of some immediately previous parse (al-
though information that is independently available

tion, and more relevantly to improve the incrementality of
the generation process: we do not adopt the proposal of O&P
to speed up generation by use of a restricted multiset of lex-
ical entries selected on the basis of goal tree features, which
prevents strictly incremental generation and excludes modifi-
cation of the goal tree.

5In building n-tuples of trees corresponding to predicate-
argument structures, the system is similar to LTAG for-
malisms (Joshi and Kulick, 1997). However, unlike LTAG
systems (see e.g. (Stone and Doran, 1997)), both parsing and
generation are not head-driven, but fully (word-by-word) in-
cremental.

87



can be represented in the DS tree format, so that,
in reality, larger and only partially ordered con-
texts are no doubt possible): context at any point is
therefore made up of the trees and word/action se-
guences obtained in parsing the previous sentence
and the current (incomplete) sentence.

Parsing in Context A parser state is therefore
defined to be a set of triples (7", W, A), where T’
is a (possibly partial) semantic tree,® W the se-
quence of words and A the sequence of lexical
and computational actions that have been used in
building it. This set will initially contain only a
single triple (T}, 0, ) (where T, is the basic ax-
iom taken as the starting point of the parser, and
the word and action sequences are empty), but
will expand as words are consumed from the in-
put string and the corresponding actions produce
multiple possible partial trees. At any point in the
parsing process, the context for a particular par-
tial tree 7' in this set can then be taken to consist
of: (a) a similar triple (Ty, Wy, Ap) given by the
previous sentence, where Ty is its semantic tree
representation, W, and Ay the sequences of words
and actions that were used in building it; and (b)
the triple (7', W, A) itself. Once parsing is com-
plete, the final parser state, a set of triples, will
form the new starting context for the next sen-
tence. In the simple case where the sentence is
unambiguous (or all ambiguity has been removed)
this set will again have been reduced to a sin-
gle triple (T3, W7y, A1), corresponding to the final
interpretation of the string 77 with its sequence
of words W and actions Ay, and this replaces
(To, Wy, Ap) as the new context; in the presence
of persistent ambiguity there will simply be more
than one triple in the new context.”

Generationin Context A generator state is now
defined as a pair (7, X') of a goal tree 7, and a
set X of pairs (S, P), where S is a candidate par-
tial string and P is the associated parser state (a
set of (T, W, A) triples). Initially, the set X will
usually contain only one pair, of an empty can-

8strictly speaking, scope statements should be included in
these n-tuples — for now we consider them as part of the tree.

"The current implementation of the formalism does not
include any disambiguation mechanism. We simply assume

that selection of some (minimal) context and attendant re-
moval of any remaining ambiguity is possible by inference.

didate string and the standard initial parser state,
(0, {(T,0,0)}). However, as both parsing and
generation processes are strictly incremental, they
can in theory start from any state. The context for
any partial tree T is defined exactly as for pars-
ing: the previous sentence triple (Ty, Wy, Ap); and
the current triple (7", W, A). Generation and pars-
ing are thus very closely coupled, with the cen-
tral part of both processes being a parser state: a
set of tree/word-sequence/action-sequence triples.
Essential to this correspondence is the lack of con-
struction of higher-level hypotheses about the state
of the interlocutor. All transitions are defined over
the context for the individual (parser or generator).
In principle, contexts could be extended to include
high-level hypotheses, but these are not essential
and are not implemented in our model (see (Mil-
likan, 2004) for justification of this stance).

Anaphora & Ellipsis Anaphoric devices such
as pronouns and VP ellipsis are analysed as deco-
rating tree nodes with metavariables to be updated
from context using terms established, or, for ellip-
sis, the (lexical) tree-update actions. Strict read-
ings of VP ellipsis result from taking a suitable
semantic formula directly from a tree node in con-
text; sloppy readings involve reuse of actions. This
action re-use approach, combined with the repre-
sentation of quantified elements as terms, allows
even ellipsis phenomena which are problematic
for other e.g. abstraction-based approaches (see
(Dalrymple et al., 1991) for discussion):

A: A policeman who arrested Bill read
3) him his rights.

B: The policeman who arrested Harry did
too.

Here re-use of the actions associated with read
him his rights allows Harry to be selected as an-
tecedent for the metavariable projected by these
re-used actions, given the new context, leading to
a new term and a sloppy reading. Other forms
of ellipsis such as bare fragments involve taking a
previous structure from context as a starting point
for parsing (here wh-expressions are analysed as
particular forms of metavariables, so parsing the
question yields an open formula which the term
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presented by the fragment updates):

() A:  What did you eat for breakfast?
B: Porridge.

4 Alignment & Routinization

The parsing and generation processes must both
search the lexicon for suitable entries at every
step (i.e. when parsing or generating each word).
For generation in particular, this is a computation-
ally expensive process in principle: every possible
word/action pair must be tested — the current par-
tial tree extended and the result checked for goal
tree subsumption. As proposed by O&P (though
without formal definitions or implementation) our
model of context now allows a strategy for min-
imising this effort, as it includes previously used
words and actions. If a first search through con-
text finds a subset of such actions which can be
re-used in extending the current tree, full lexical
search can be avoided altogether. Even given a
more complex model of the lexicon which might
avoid searching all possible words during gener-
ation (e.g. by activating only certain subfields of
the lexicon based on the semantic formulae and
structure of the goal tree), searching through the
immediate context will still minimise the effort re-
quired.

High frequency of elliptical constructions is
therefore expected, as ellipsis licenses the use of
context, either in providing some term directly or
in licensing re-use of actions which context makes
available; the same can be said for pronouns, as
long as they (and their corresponding actions) are
assumed to be pre-activated or otherwise readily
available from the lexicon.

Lexical Alignment As suggested by O&P, this
can now lead directly to a model of alignment
phenomena, characterisable as follows. For the
generator, if there is some action a € (Ag U A)
suitable for extending the current tree, a can be
re-used, generating the word w which occupies
the corresponding position in the sequence W or
W. This results in lexical alignment — repeating w
rather than choosing an alternative but as yet un-
used word from the lexicon.

In this connection, re-use of the actions associ-

ated with the construction of semantic trees is im-
portantly distinct from re-use of these trees and the
terms that decorate them. For example, the actions
associated with the parse of a pronoun decorate a
node with a metavariable which must then be pro-
vided with a fully specified value from a term in
context (see section 3); subsequent re-use of this
action will introduce a new metavariable, rather
than merely copying the previous value, and so
the resulting value in this case may differ from the
value given previously. Such re-use of actions is
essential to construal of indexical pronouns, such
as | and you, as their actions will require values to
be assigned from the current context (which must
contain information about the identity of the cur-
rent speaker and addressee) rather than copying
values from previous uses.

This re-use of actions applies also to quanti-
fying expressions, e.g. indefinites. By definition,
on the DS approach, the construal of a quantified
noun phrase introduces a new variable as formula
decoration, and re-use of these actions will not
therefore license introduction of the same term.
This is in contrast to the approach of (Lemon et al.,
2003) in which strings are re-used in a way that li-
censes the same construal, necessitating a special
rule to prevent a generator from re-using indefinite
NPs with the same interpretation as the antecedent
occurrence.

Syntactic Alignment Apparent alignment of
syntactic structure also follows in virtue of the pro-
cedural action-based specification of lexical con-
tent. (Branigan et al., 2000) showed that syntac-
tic structure tends to be preserved, with seman-
tically equivalent double-object forms “give the
cowboy a book’ or full PP forms “give a book
to the cowboy” being chosen depending on previ-
ous use. Most frameworks would have to reflect
this via activation of syntactic rules, or perhaps
preferences defined over parallelisms with syntac-
tic trees in context, both of which seem problem-
atic. In DS, though, this type of alternation is re-
flected not as a difference in the output of parsing
(the semantic tree structure) but as a difference in
the lexical actions used during parsing to build up
this output: a word such as give has two possible
lexical actions o’ and a” corresponding to the two

89



Figure 2: Output of alternative lexical actions for give

giveq_ob;: {?Ty(e — t)}

{7Ty(e)} {7Ty(e — (e = 1))}

{?Ty(e), O} {give'}

alternative forms (figure 2). A previous use will
cause either a’ or a” to be present in (Ay U A); re-
use of this action will cause the same form to be
repeated.

Repetition of adjective structures as attributive
or in a predicative relative-clause (a green book
vs. a book which is green (Cleland and Pickering,
2003)) can be explained in the same way. Adjec-
tive construal in DS is distinguished by whether
a linked tree structure is constructed before the
head noun (by the lexical actions associated with
attributive adjectives) or after the head (by the ac-
tions associated with a relative pronoun); and re-
use of these actions will cause repetition of form.
So again the two distinct tree-building strategies,
despite producing the same logical form, never-
theless lead us to expect parallelism following the
sequence of actions already in context.

Semantic Alignment & Routines The same ap-
proach can be applied for the parser, with contex-
tual re-use of actions bypassing the need to test
all possible actions associated in the lexicon with
a particular word. A similar definition holds: for
a word w presented as input, if w € (Wp U W)
then the corresponding action « in the sequence
Ap or A can be used without consulting the lex-
icon. Words will therefore be interpreted as hav-
ing the same sense or reference as before, mod-
elling the semantic alignment described by (Gar-
rod and Anderson, 1987). These characterisa-
tions can also be extended to sequences of words
— a sub-sequence (aj;ag;...;a,) € (Ag U A)
can be re-used by a generator, producing the cor-
responding word sequence (wi;ws;...;w,) €
(Wo U W); and similarly the sub-sequence of
words (wy;wa;...;wy) € (Wy U W) will cause
the parser to use the corresponding action se-
quence (aj;ag;...;a,) € (Ag U A). This
will result in sequences or phrases being re-

givepy! {?Ty(e — 1)}

{7Ty(e), O} {"Ty(e — (e = 1))}

{?Ty(e)}  {give'}

peatedly associated by both parser and genera-
tor with the same sense or reference, leading to
what Pickering and Garrod (2004) call routiniza-
tion (construction and re-use of word sequences
with consistent meanings).

It is notable that these various patterns of align-
ment, said by Pickering and Garrod (2004) to be
alignment across different levels, are expressible
without invoking distinct levels of syntactic or lex-
ical structure, since context, content and lexical
actions are all defined in terms of the same tree
configurations. Note also that this context-based
approach models both speaker and hearer actions
without any need for meta-level calculations about
their interlocutor.

5 Shared Utterances

O&P suggest an analysis of shared utterances,
and this can now be formalised given the current
model. As the parsing and generation processes
are both fully incremental, they can start from any
state (not just the basic axiom state (7, 0, ). As
they share the same lexical entries, the same con-
text and the same semantic tree representations, a
model of the switch of roles now becomes rela-
tively straightforward.

Transition from Hearer to Speaker Normally,
the generation process begins with the initial gen-
erator state as defined above: (7,,{(0,P)}),
where Py is the standard initial “empty” parser
state {(7,,0,0)}. As long as a suitable goal
tree T}, is available to guide generation, the only
change required to generate a continuation from
a heard partial string is to replace P, with the
parser state (a set of triples (7, W, A)) as produced
from that partial string: we call this the transition
state P.. The initial hearer A therefore parses as
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Figure 3: Transition from hearer to speaker: “What did Alex .../ ... design?”
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, {what, did, alex}, {a1, ag, a3}>)>

{alex'} {?Ty(e — t), O}

{+@}

—— T e TT—
Gi= <{azem'} {design'(WH)), ({design}, (W} {atea') {?Ty(eet)},{--~,design}7{---,a4}>)>

T
{W H¥H{design'}

usual until transition,® then given a suitable goal
tree 7,, forms a transition generator state G; =
(Ty,{(0, P)}), from which generation can begin
directly — see figure 3 as a display of the inter-
pretation process for example (2).° Note that the
context does not change between processes mod-
ulo information about identity of current speaker
and addressee.

For generation to begin from this transition
state, the new goal tree T, must be subsumed by at
least one of the partial trees in P; (i.e. the propo-
sition to be expressed must be subsumed by the
incomplete proposition built so far by the parser).
Constructing 7, prior to the generation task will
often be a complex process involving inference
and/or abduction over context and world/domain
knowledge — Poesio and Rieser (2003) give some
idea as to how this inference might be possible —
for now, we make the simplifying assumption that
a suitable propositional structure is available.

Transition from Speaker to Hearer At transi-
tion, the initial speaker B’s generator state G} con-
tains the pair (S, P/), where S, is the partial string
output so far, and P is the corresponding parser

8We have little to say about exactly when transitions oc-
cur. Presumably speaker pauses and the availability to the
hearer of a possible goal tree both play a part.

°Figure 3 contains several simplifications to aid read-
ability, both to tree structure details and by showing
parser/generator states as single triples/pairs rather than sets
thereof.

PR
{O} {design'}

state (the transition state for B).1° In order for B
to interpret A’s continuation, B need only use P/
as the initial parser state which is extended as the
string produced by A is consumed.

As there will usually be multiple possible par-
tial trees at the transition point, A may continue in
a way that does not correspond to B’s initial in-
tentions — i.e. in a way that does not match B’s
initial goal tree. For B to be able to understand
such continuations, the generation process must
preserve all possible partial parse trees (just as the
parsing process does), whether they subsume the
goal tree or not, as long as at least one tree in the
current state does subsume the goal tree. A gener-
ator state must therefore rule out only pairs (S, P)
for which P contains no trees which subsume the
goal tree, rather than thinning the set P directly
via the subsumption check as proposed by O&P.

Transition Effects Just as with alignment, the
change in reference of the indexicals | and you
across the speaker/hearer transition (example (5))
emerges straightforwardly from the nature of their
lexical actions, with their use at any point involv-
ing reference to the speaker or addressee at the
time of use:

(5) A: Haveyouread ...
B: Your latest chapter?

Note that there is no constraint on when in

0f course, if both A and B share the same lexical entries
and communication is perfect, P, = P/, but we do not have
to assume that this is the case.
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the utterance the transition point can occur, as
might be the case in head-driven approaches where
transition prior to the sentential head would be
problematic. In addition, as quantifier scope-
dependency constraints form part of the contex-
tual tree under construction and are not evaluated
until a complete type ¢t formula has been derived,
dependencies between the portions either side of
transition are unaffected, even when some quan-
tifying expression is taken to be dependent on a
quantifying term introduced after the role switch:

(6) A: Didanurse...
B: See every patient?

This latter case turns on the (Kempson et al.,
2001) account of quantification, in which indef-
inites are exceptional in projecting a metavari-
able in their scope-dependency statement allow-
ing choice of term on which to be construed as
dependent, even, parallelling expletive pronouns,
including some term subsequently constructed.

6 Summary

The left-to-right incrementality and monotonicity
of DS, together with the close coupling of pars-
ing and generation processes, allow shared utter-
ances to be modelled in a straightforward fash-
ion. Alignment phenomena can be predicted given
a suitable model of context already motivated by
the DS treatment of anaphora and ellipsis. A pro-
totype system has been implemented in Prolog
which reflects the model given here, demonstrat-
ing shared utterances and alignment phenomena in
simple dialogue sequences.
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Abstract

A new approach based on experiments
aiming at the integration of content
originating from pointing plus definite

descriptions (objects called “CDs”) in

dialogue is presented. We develop it
against the background of the early
semiotic positions of Wittgenstein, Peirce,
and Quine, the intentionalism of Kaplan,
NeoPeirce-Wittgenstein-Quine approaches
and “mixed’ points of view. Our

experimental data show that pointing
gestures are polysemous and polymorphic
entities. Polysemy of CDs is due to their
different functions, pointing to objects

(“object demonstration”) and pointing to

regions  (“restrictor = demonstration”),

polymorphism originates from different

positions wrt the utterance. Gesture
information and expression meaning are
integrated into a syntax-semantics interface
using constraint-based syntax and type-
logical semantics. Finally, it is shown that
an underspecification account for the
syntax-semantic interface can be set up
along the lines of Logical Description

Grammars.

1 Overview and Introduction

Ch. (1) deals with constraints of pointing gestures

and introduces the Y’-notation for gesture
strokes. (2) overviews Peircian fpostKaplan

describes gesture experiments. (4) is on “object
demonstration” and “restrictor demonstration”.

The set-up of the interface combining constraint-
based grammar and type-logics for the integration
of multimodal content is specified. (5) deals with

the logical form of CDs. (6) shows that an

underspecification account for the syntax-semantic
interface can be set up along the lines of Logical
Description Grammars. Discussion and future
research come in (7).

Demonstration is bound up with reference (see
e.g. Levinson 1995). Demonstrations
(characteristically pointings) can accompany
simple or complex referring expressions. We
represent the stroke of hand gestures (see Mc Neill
1992) and similar devices bys". Up to section
(4) the nature of the sign will be left to intuition.

It occurs at the position indicated in the string and
marks gesture stroke occurrence.

Examples of CD-expressions:

(1) Grasputhis/that.

(2) *grasp.

(3) *

(4) Graspythis/that yellow bolt.

(5) * Grasp this/that yellow bolt.

(6) Grasp the yellow bolt.

(7) NThis yellow bolt, grasp it.

(8) All the bars get fixed bthis yellow bolt.

(9) NThis yellow bolt doesn't fix all the bars.
(10) NThis yellow bolt must fix all the bars left

approaches on demonstration and reference. (3)ofit.
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(7) shows a CD-expression taken up by an Still, there is a group of “in-betweeners”,
anaphorajt comprises the content providedthys stressing the contribution of intention and
yellow boltand the *v" together. (8), (9) and (10) demonstration in fixing demonstrative reference:
show scope interactions of CDs and eithehmong these are the early Kaplan (1989a), D.
guantifier phrases ((8) and (9)), negation or modaBraun (1994, 1996) and Lepore and Ludwig

((9) and (10)). (2000). Of these only D. Braun explicitly
(11) v This/that is different fronn,this/that. represents demonstrations in his 1996 approach.
(12) “;This/that, Nthis/that, and “sthis/that The literature referred to rests almost

goes into the box. exclusively on intuitions concerning pointings to

(11) and (12) have different occurrences™of single, visible objects. However, pointing is a more
Anaphora, scope-like effects and multiplevaried phenomenon as experiments show.
occurrences ofs are among the most convincing
cases for an integrated treatment of demonstrativds Gesture Experiments Using Simple
and demonstrations. Three things have to be Reference Games
considered if we want to get a fuller understanding S _
of CDs: (a) demonstrations and their timing wrt t eliable intuitions for demonstration are hard to
speech, (b) the structure of verbal expressiof®me by. Therefore we use experimental data
going into CDs, and (c) the interaction ofcalled “simple reference games” (see KUhnIe_ln and
demonstrations and expressions, i.e. what th&fegmann (2004)). These are set up in the
individually contribute to the semantic orfollowing way: We have two subjects, description-

pragmatic information provided by COs toto. giver and object-taker. The description-giver must
give sufficient information to the object-taker to

2 Related Research: From Peirce to make him identify one of the objects on a table
Kaplan and Beyond between them.

A unified account of CDs wil opt for a ° ° 0 @ ow=m v o™

compositional semantics to capture the informatic

coming from the verbal and the visual channe ¢ o e O ﬂ ¥ L] =
Peirce (1932, p. 166) and Wittgenstein (1958, |
109) consider pointing as part of the symbo g B a E g - ¥
Quine (1960) is committed to a similar point of
VIEW. [+ ] [ ] §f ODOED OO0 [EEED 3 i

At present one can distinguish three main
stream philosophical attitudes towards CDs: Th&g 1: One type of clustering used for gesture
line of thought farthest off the Peirce-Wittgensteinexperiments in simple reference games (Kiihnlein and
Quine line is the intentionalism associated witlstegmann (2004)).
Kaplan's late work (1989b). There demonstration
is taken as a mere externalisation of intention. It iBhe description-giver selects objects providing the
intention that determines reference. Later oientification information by verbal or gestural
Reimer (1992), Dever (2001), King (2001) andneans. The object-taker may grasp the object
Borg (2000) have supported this line. singled out and lifts it from the table. Every game

Neo-Peirce-Wittgenstein-Quinians néo was video-taped from two perspectives, the
PWQians) exist as well. A case in point is McGinmlescription giver's as well as a neutral one (fig. 2).
(1981). He holds that in establishing reference thEhere were two types of clusterings, sameness of
gesture functions as part of the language. Larsaplour vs sameness of form. The games in two
and Segal (1995), Hintikka (1998) and ter Meulerideo-films have been annotated using the TasX-
(1994) also sympathize with this view. Howeverannotator (Milde and Thies (2002)) (fig. 3);
there is no neoPWQian approach explicitly location of gesture stroke, syntax and semantics of
representing pointing gestures and providing BL-expressions and the structure of discourse have
semantics for them. been considered. Lack of space prevents us from
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4 CDs and Definite Descriptions. Object
Demonstration and Restrictor
Demonstration

There is a debate on whether definite NPs plus
demonstrations can be regarded as definite
descriptions (Kaplan 1989 a,b; Rieber 1998). A
plea for taking CDs as definite descriptions comes
from Quine (1960, ch. Ill). For us, definite NPs are
definite descriptions to which demonstrations add
; Ly content, either by specifying an object

: ’ Rl : independently of the definite description or by

Fg. 2: Video-taped pointing gesture from two narrowing down the description’s restrictor. We

perspectives call the first technique “object demonstration” and

going into descriptions of graspings and o$e ;econd one  “restrictor demonstratlon .

dialogue structure here. Also, discussion o raspings are the clearest cases of object
interesting statistical details must be left out (btﬂemonstratlon.

see Licking, Rieser, Stegmann (2004)).

EE:"‘.,Dukumente und Einstellungen’,aluecking’Eigene Dateien’ TASX\¥¥3' Annotation’\dialogy¥3_andy_hannes.tbf

=lofx|
File EcLT_ier E\eme_ﬂt Meta data Qptions Tools gelp
e e s EEEEEe EEE E e e | o—
| Time aligned view h
101.52 102, 103, ., 104 105, 106, ., 107 L, 108, (108, 190, (111

die Holzlatte i ¢ Lichermn mhm
the with the holes  with the holes mihm
det noun Pl ¢ noun paricle
noun phrase patiicie

[P [DET] [N N7 [PPI]
[P [DET] [N [T PP HI

preparation  strok retraction

“deictic

ohjer

L7_L
complex demaonstration accept
‘diese?
this ane?
det-demons:
demonstrat
preparation  stroke refraction
deictic
object
L7_LE
chack-hack
[bhject identification _ 1

released: 17 ()

Fig.3: Tas>-annotated dialogue garobject identificatiol comprising instructor's compledemonstration
constructor’s check-back and instructor’s acceptance
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The Syntax-semantics | nterface Used The imperative is represented by the
illocutionary role marker § operating on the open

Figs. 4 and 5 show the components of the interfagermula grasp(u, v) the difference between
used. Fig. 4 sketches the interpreted grammar, Fimperatives and other finite forms being expressed
5its empll’lcal coverage. “Fd"”_ +P.P (you) 0 )U(Fd” (grasp(u

Following Sag and Wasow (1999), the mterfacgaz(yb(z»») gives us the representation of the
uses constraint based grammar. It combineg is directive &( grasp(you, 1z(yb(2)))) to
syntactic and semantic information in one AVM eparaphrase as “There is exactly one yellow bolt,
format. Because of technical reasons we use typ grasp it, addressee!”

So far we have not integrated demonstrations.

Constraint-based
Syntax

Semantic Representation Satisfaction models for dir ectives|

} Empirical l coverage

Fig. 4: Components of the constraint-based syntax-
semantics interface

Prototypical NL -cases

logics for semantic representation, i.e. in the valu
of SEM-attributes, and interpret Sag and Wasow’
O-operator (Sag and Wasow (1999), p. 116)
functional application. Due to limits of space, W§ Eyperimental data
only represent logical forms here and negle
linking proper.

Following Searle and Vanderveken (1989)
directives consist of an illocutionary role |nd|cator
and the proposition. They do not have trutls | ogjcal Formsfor Multi-modal Content
conditions in the classical sense. The interpretation
specifies satisfaction conditions for them, ie. it
singles out successful directives wrt models. THe1l Integrating Demonstrations into
generalised notion of satisfaction used here is  Descriptions
Recanati's (1993). In this context the relation of
the definite NP to “its” demonstration is ofBefore we show how to represent demonstrations
decisive importance: If both serve their referentigpgether with descriptions, we specify our main
tasks, one condition for the satisfaction of th&ypotheses concerning their integration. These are
directive is met. The model provides conditiongelated to content, compositionalitye. role in
both for the illocutionary role and the associatefuilding up truth-functional content for the
proposition. Translation of the type-logical formagmbedded proposition, and scope of gesture.
into dynamic semantics is possible in principle (sédypothetically then, demonstrations (a) act like
Eijk and Kamp (1997)). verbal elements in providing content, (b) interact
The model handles canonical uses of CDs, ev#¥ith verbal elements in a compositional way, (c)
cases where the demonstration follows the definitgay exhibit forward or backward dynamics, (d)
NP. Its coverage subsumes real world experimeniavolve a continuous movement over a time
data as well asVRdata.The working of the interval, comparable to suprasegmentals, and (e)
semantic component will be illustrated her€an be described using discrete entities like the
discussing the toy examp@rasp the yellow bolt! “ "

The meaning of directives is identified with their Demonstrations introduce objects
illocutionary forces. independently of the definite description (“object

demonstration”) or act as restrictors of descriptions

Simulated gestures. VR-data

Fig. 5: Models for the constraint-based interface and
their empirical coverage
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(“restrictor demonstration”). Intuitively, this will 5.2 Object Demonstration

invest demonstrations with two functions.

However, this does not yet entail that they ar@ur initial representation for the propositional
ambiguous between two readings, regardless of tfi@me of the demonstration-free expression is
position of the stroke. There still could emerge (14)APAu(P v Fy, (grasp(u, v))).

arguments for a division of labour concernin

semantics and pragmatics. Beiore we ent‘ﬁ’idependent from the reference of the definite

modeIIin_g gesture stro_k_e, we report on th(.a ﬁnding3escription the only way we can express that is by
concerning stroke position from the empirical data?'xtending (14) witlv = y:

All findings are corroborated by statistical materia _
(see Lucking, Rieser, Stegmann (2004)): (15) 2P audy(P v Far (grasp(u, V) O (v =
(1.) Stroke positions can hme-N’, on-N' or ).

ostN'. Here data exhibit greater variation than ) . .
P g G pe idea tied to (15) is that the references aind

commonly assumed: Demonstration does not occ ¢ be identical dl ;
before referring expressions unexceptionally. Th%:e reterence Oy_ must be identical, regardless o
e way in which it is given. Intuitively, the

proto-typical stroke position is on-N'. (2.)t i k o
Demonstrations can fail. Descriptions they arkeference ofv will be given by the definite
associated with can denote nevertheless. ffscription/z(yb(z))and the reference gfby the
particular: satisfiable object demonstrations and:- We could also work with a free variable, which,
corresponding non-satisfiable descriptions yielowever, would have a different effect (see
false  propositional content. (3. ObjectP€low).

demonstration and restrictor demonstration a
clearly separable and seem to cover together t
classifiable data. (4.) Stroke positions do not
g‘gr':g;itraggjned rgferpgnnsgsat'o%)or Ares}t;:ﬁtnor(w) or the free variable solution may be interesting
description can pbe compléted by a restrict%?ptions for type-logical expressions integrating

demonstration. We can have elliptical descriptiorllg‘e ferential _expressions and = demonstrations.
) ' S L owever, an intuition frequently put forth is that
in CDs. (6.) In case the description is satisfied ' d y b

%Yemonstrations to objects act like constants in

its own, a successful restrictor demonstration Sandard logical notation. Whichever route we
redundant. (7.) Non-clas§|f|ap|l|ty can arise W'“‘Nant to follow, one thing is common to the three
respect to stroke, direction or role of olutions: demonstrations are taken as referring

demonstration,  description  or  complete erms, that is, we can represent them as either

Ihe provides new information. If the is

Qe Compositionality Problem Concerning
Strokes

description. .
The central problem is of course how to (16) (2)2Phx.P(x) (bound variable)
interpret demonstrations. This question is different (b) AP.P(x) (free variable)

from the one concerning th€s function tied to its
position in the string. We base the discussion on (c) 2P.P(a) (constant)

the following examples showing different(a), (b) and (c) do different things: (a) and (b)
empirically found ™ positions and turn first to contribute contenvia an assignment, whereas (c)

“object demonstration”: does swia the model’s interpretation function.
In order to get a logical form for the whole
(13) Graspythis/that yellow bolt. directive, we must decide on the position of the

in the string. We opt for (13)GraspMhis/that

yellow bolt., which intuitively indicates that the

(13b) Grasp this/that yellowbolt. reference of then is independent of the reference
: of the definite descriptiothis/that yellow bolt

(13¢) Grasp this/that yellow bolt The bracketing assumed for the string is roughly

(17) [grasp | this/that yellow bolt]].

(13a) Grasp this/thatyellow bolt.
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This implies we have to find a representation fobDifferent stroke positions come with different
grasp which combines withiP.P(a) first, followed compositionality problems.

by the definite description. A workable solution for

this problem is (18), as the derivation based uponft Polymorphism of ~ Captured in an
shows: Under specification Account

18) AQWP Au Ay AVvFg (grasp(u, v
(18) AQ ®(Q Oy ar (grasp(u, V) To see what the real problems are if we want to get

O (v=y)))rP.P(@) /*[graspy] a stab at multimodal semantics, consider the
‘ _ possible stroke positions marked in the labelled
(19) Far (grasp(youiziyb(@))) O 1z(yb(@) = PO = e (13):

a). (24) [s [s [ve [vint grasp]Npendne [pem this/that]

What can one say about (18)? There the reference Npen [n Npre-adfag YEOW] Npen[n DO Nposi.
is coded twice, once via th_e _pomtmg gesture ] Soosend Sposend Spostvl] * Spostd
AP.P(a)and once via the descriptian(yb(z)) The
information exchange, so to speak, maintains \&e have pre-occurrences and post-occurrences of
security principle. In  most empirical data,™. The pre-occurrences a¥renm NpreNs Npre-Adj
however, demonstrations and verbal informatiotypen; these are the post-occurrenc®gssn Npost-
show a sort of “division of labour”. We now turnN’, Npostnm Spostve Spos.s We consider as not

to these cases. well-formed. At the same time, every occurrence
can be paired with at least two readings, that is
5.3 Restrictor Demonstration where the polysemy comes from. Seen from the
) point of view of our type-logical formulas for
(13a) and (13b) above are the prototypical casespject  demonstration”  and  “restrictor

where demonstration is embedded into thgemonstration”,

_descrlptlon, hence the only thing th_at_matters t_here (25)AP.P(a) and (26)\y (y e D)

is the set up of the description. Object

demonstration case and restrictor demonstratigve get the problem that there emerges a clash
case are similar insofar as information is added. petween the “natural” context-free syntactic
the object demonstration case, this is captured bygategory ofs and ist semantic function. We won’t
conjunct with identity statement; in the restrictosolve that entirely here. Clearly, all the “post’-
demonstration case thes contributes a new occurrences ofs are problematic in a way,
property narrowing down the verbally expressefievertheless they do occur. By way of solution, we

one. The bracketing we assume for the string @n take up a suggestion of Sag and Wasow's
roughly (1999) concerning  underspecification  and

(20) [[grasp] [this/that Yyellow bolt]]]. distinguish between descriptions, feature structures
. .and models as follows: Descriptions can be
As a consequence, the format of the descriptiqfhgerspecified, feature structures are complete in
has to change. This job can be done by relevant respects and serve as models for linguistic
(21)ADAFAP. P(1z(F(z) O D(2))). entities. Underspecified descriptions are satisfied
The demonstration ¥ in (13a) will then be by sets of structures. Seen from this perspective,
represented simply by our dls_cus_S|on so far dealt entirely with the
(22)3y(y 0 D) semantic side of structures. Now, we move on to
' descriptions.
where D intuitively indicates the demonstratedThe underspecification model nearest the
region in the domain. We use thenotation here formalisms used here is tHegical Description
in order to point to the information from the otheiGrammars (LDGs) account of Muskens (2001),
channel. Under[d” this winds up to which has evolvethter alia from Lexicalised Tree
(23)1z(yb(z)d zO D). Adjoining Grammars and D-Tree Grammars. The
structures derived within LDGs are compatible
'with those we get in constraint based formalisms
using AVMs, hence there is no big methodological

Intuitively, (23), the completed description
indicates “the demonstrated yellow bolt”.
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difference between the assumptions made about N
the theory of grammar here and LDGs. The
intuitive idea behind LDGs is that, based on
general axioms capturing the structure of trees, we
work with a logical description of the input
capturing linear precedence phenomelexical
descriptions for wordandelementary treesThen

a parsing-as-deductiomethod is applied yielding
semantically interpreted structures.

We provide the main steps of an LDG-
reconstruction of the readings of (24) below.

A graphical representation of the input is given
in (27). '+’ respectively *-* indicate components
which can substitute (‘+) as against nodes to be (e) grasp < this/that < yellow < boltg,ss.n
substituted (‘-*). Dotted lines represent dominance
and solid ones direct dominance. Models for the
description in (27) are in the parsing-as-deduction
approach derived by pairing off + and — nodes in a
one-to-one fashion and by identifying the nodes
thus paired. “l.e., each +node must be identifielhe description of the input must fix the
with a —node andlice versabut not two +s and no underspecification range of the It has to come
two —s can be identified”. (Muskens (2001), pafter the imperative verb, but that is all we need to
424). Words can come with several lexicalisationstate; in other words, that covers all the models
The “-positions in (27) (a) to (d) have to bedepicted in (28).
regarded as alternatives. The lexical descriptions for wordwill have to

The logical description of the inpuhas to contain the type-logical formulas for compositional
provide the linear precedence regularities for owemantics. From the descriptions of glementary
exampleGrasp the yellow boltDbserve that these trees we will get the basics for the “pairing-off”
will be different from (27), which contains mechanism. It is easy to see that we can establish a
alternatives (a) to (d) fow-positions. (28) shows proof for the NP withyp.npe Yielding (28)(a). (27)
some precedence possibilities; the subindices on(a), (b) allow us to extend the NP with.n and
are provided to facilitate understanding. Noead, f€spectively. The “post™versions could be

generated by lexical anchors roughly similar to
(27) S (27)(a) to (d). Lack of space prevents us from
| , explaining here what has to be done at the type-
VP logical level to ensure compositionality and well-
: formedness.

bolt

(28)

(a) grasp y,ene< this/that < yellow < bolt.
(b) grasp < this/that e < yellow < bolt.

(c) grasp < this/that Spe.aq < yellow < bolt.

(d) grasp < this/that < yellow i,y < bolt.

(f) grasp < this/that < yellow < bolt X
(9) grasp < this/that < yellow < boltgqs.np
(h) grasp < this/that < yellow < bolt sy

;P+
7 Discussion and Future Resear ch
V NP

(b) Adj

One of the central questions is of course whether
there is an alternative to tmeoPWQian point of
view and the ensuing methodology. A PWQian
approach leads quite naturally to an integrated
theory. A viable alternative might be to try an
approach stressing the difference (!) between NL-
expression and demonstration and to capture the
role of demonstration in a different way, perhaps
solely via the semantic model for the formal

(c) VP

A\

Adj N VP

(a)A*

N N N

A MNP p N
/\NP qet/\ A

the N’

Adj
7

yellow

description chosen. Seen from this perspective,
demonstration is an object with semantic impact
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Abstract

We present a classification-scheme for
describing the form (including intona-
tion) and function of clarification re-
quests (CRs) that is more fine-grained
than extant classifications, and a study
of a corpus of German task-oriented di-
alogues where we used this scheme to
annotate the occuring CRs. Among the
correlations between form and function
we found was a hitherto undescribed
correlation between intonation of CRs
and their interpretation, which could
possibly aid dialogue systems in inter-
preting CRs.

1 Introduction

Clarification requests (CRs), as exemplified by B’s
utterances in the mini-dialogues in (1), are of em-
inent theoretical as well as practical interest.

(D) a.  A: Well, I've seen him.
B: Sorry, you have or you haven’t?
b.  A:Did you talk to Peter?
B: Peter Miller?
C. A:Didyou bring a 3-5 torx?
B: What’s that?

They are of theoretical interest because they are
a prime example of a dialogue move that is con-
cerned more with dialogue management than with
conveying propositional information, and hence
goes beyond what formal semantics was invented

to model. Arguably even stronger is the practical
interest in modelling CR, since practical dialogue
systems are constantly confronted with situations
where it would be beneficial if they could clarify
their understanding of a user’s utterance, or where
they must interpret a clarification requested by the
user.! (To give an impression of the frequency of
this phenomenon even in human-human dialogue,
in our corpus we found that around 5.8% of all
turns were CRs.)

In this paper we hope to further both lines of
inquiry, by offering a theoretically motivated and
practically usable classification of CR uses and of
CR forms, and by investigating the link between
the two in a corpus of German spoken dialogues.
While we replicate (for a different language) some
of the results of earlier studies (Purver et al., 2001;
Purver et al., 2003), we argue for, and show the use
of, an analysis of form and function that is more
fine-grained than that underlying those studies.
We also make use of the fact that we had available
information about intonation in our corpus—a fea-
ture that significantly influences the interpretation
of CRs, as we show, and that could be used in prac-
tical dialogue systems to disambiguate CRs.

The remainder of this paper is organised as fol-
lows. In the next section we describe our multi-
dimensional classification of form and function of

"The semantics of (some kinds of) CRs is modelled for
example in (Ginzburg and Cooper, 2001; Larsson, 2003); see
below for some remarks on the former analysis. There is a
vast literature on dealing with clarifications in spoken dia-
logue systems, some very recent examples taking a more the-
oretical perspective include (Gabsdil, 2003; Larsson, 2003;
Schlangen, 2004).
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CRs and compare it to earlier classification at-
tempts. In Section 3 we give details about the cor-
pus study we conducted, whose results we present
and discuss in Section 3.2. In particular, we dis-
cuss the links between form-features and function
that are present in the corpus. We close with a dis-
cussion of the overall result, and of possible fur-
ther work.

2 Classification of CRs

2.1 Earlier work

In a number of papers, the most recent of which is
(Purver et al., 2001) (henceforth PGH), Jonathan
Ginzburg and colleagues have put forward a
scheme for classifying form and function of CRs,
which we will now discuss and relate to the one
proposed in this paper.

PGH classify CR-forms using the classes shown
on the left in Table 1. While these classes achieve
good coverage on the corpus (PGH report that only
0.5% of CRs were classified as other), we wanted
to explore the influence of individual features of
the form on the interpretation in more detail, and
hence we further analysed these classes and de-
vised a multi-dimensional classification. We will
describe our schema in detail below, but to give an
example of how it relates to PGH’s, in our schema
we ‘factor out’ the component “reprise” that is
found in several of PGH’s classes into a feature
“relation to the antecedent” (rel-antec), which
can take the values repetition, reformulation
and independent, independently from other fea-
tures. This allows us to make finer distinctions,
for example between ‘“Paris?” and “The capital
of France?”, which as a reply to “I’'m going to
Paris.” would both be classified as frg by PGH.
Our multi-dimensional approach also allows us
to emphasise similarities between forms; for in-
stance, PGH’s classes frg and 1it have in com-
mon in our approach the value for a certain fea-
ture (both are literal repetitions of material from
the antecedent utterance), while having different
values for other features. Using such fine-grained
features, we can test for more fine-grained corre-
lations between form and function.

While PGH’s classification of CR-forms seems
to be generally correct (just not as fine-grained as

Class | Description Example
non | Non-Reprise “What did you say?”
wot | Conventional “Pardon?”
frg | Reprise Fragment “Paris?”
slu | Reprise Sluice “Where?”
lit | Literal Reprise “You want to go to
Paris?”
sub | Wh-substituted “You want to go
Reprise where?”
gap | Gap “You want to go to ...?”
fil | Gap Filler “... Paris?”
oth | Other Other
Class | Description Paraphrase
cla | Clausal “Are you asking/telling
me that ...X..?”
con | Constituent “What/who do you
mean by ‘X’?7”
lex | Lexical “Did you utter ‘X’?”
corr | Correction “Did you intend to utter
X (instead of Y)?”
oth | Other Other

Table 1: CR forms and readings as classified by
(Purver et al. 2001)

possible), their classification of CR functions (or
readings, as they call them), shown on the right
in Table 1, seems more problematic. In particular
what they call the clausal reading of CRs seems to
be difficult in practice to delineate from the other
readings they define. For instance, given a situa-
tion as shown in (2), it is not clear why the clausal
reading should not be able to play the function the
authors assign to the constituent reading, namely
to clarify a referent. (The other direction is more
clearly distinguished: unlike the clausal reading,
the constituent reading cannot clarify an acoustic
problem.)

2) A: Did Bo leave?
B: Who?
clausal: For which z are you asking whether x left?

constituent: Who’s Bo?

Moreover, it seems difficult to integrate CRs ask-
ing for clarification of intentions into this scheme:

A: Push the red button.

B: Why?

b.  A:Turniton.

B: By pushing the red button?

3) a.

To summarize, the problem seems to be that the
readings defined by PGH still abstract over differ-
ent reasons why one might want to make a CR—
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they are still too close to the ambiguity of “what
did you say?”.? For these reasons we will in the
next section propose a different classification of
CR functions; first, however, we turn again to the
form of CRs.

2.2 Surface form of CRs

We now go through the features we use to describe
the form of the CRs.> A few selected examples
for the different types are shown at the end of this
section in (4).

Mood The possible values of the attribute mood
are: a) declarative; canonical declarative word or-
der or fragment without a verb with falling end-
boundary tone.* b) polar question; fully realised
syntactic polar interrogatives. c¢) alternative ques-
tion; d) wh-question; e) imperative; f) other.
Completeness The possible values for the at-
tribute completeness are: a) particle; or conven-
tional phrase, e.g. “pardon?”. b) partial; a syn-
tactic fragment, normally a phrase. c) complete; a
syntactically ‘complete’ sentence.

Relation to the antecedent The possible values
for the attribute re1-antec are: a) repetition; parts
of the problematic utterance are repeated literally.
b) addition; something is added to a literal repeti-
tion (most often a wh-word). c) reformulation; a
phrase is uttered that is co-referent to elements of
the original utterance, but is not a literal repetition.
d) independent; no elements of the problematic ut-
terance are repeated or reformulated.

We also classify CRs according to the intona-
tion with which they are uttered. Specifically, we
look at the end-boundary tone, marking it use an

These readings are realised technically by a straightfor-
ward formalisation of these paraphrases in an HPSG frame-
work, using an illocutionary-act relation for the clausal read-
ing and a relation content for the clausal readings, where both
relations take signs as arguments. Since the formalisation is
so close to the paraphrases (and is in any case not backed up
by a formal semantics of the predicates used), we don’t think
we miss crucial details by using just the paraphrases in this
discussion here.

3We initially also used word order as a classification fea-
ture, but since it turned out not to have any predictive power
as to the possible function of a CR, we do not include it here.

“The name of this value is slightly misleading: it covers
all cases of non-interrogative word order, i.e. both declar-
ative sentences and fragments, and so a more appropriate
(but less immediately understandable) name would be “non-
interrogative”.

encoding that is related to ToBI (Silverman et al.,
1992), but somewhat simplified.

Boundary tone The values are: a) rising and
b) falling, which correspond to (X)H% and (X)L%,
respectively (X being an arbitrary tone).

A few examples for CRs of the types de-
scribed above are shown below, with the classi-
fication according to the above scheme shown in
typewriter font.

@) a. K. nahinten.
I.: vorne oder hinten?
K.: hinten.
(K.: well, to the back — I.: to the front or to
the back? — K.: to the back)
mood:alt—-qg,
completeness:partial,
rel-antec:addition,
bound-tone:falling
b.  I: hmist doch (ei)n Klacks fiir dich.
K.: hd?
(L.: hm, that shouldn’t be a problem for you —
K.: eh?)
mood:other,
completeness:particle,
rel-antec:indep,
bound-tone:rising
C.  K.:ich hab(e) aber noch zwei Stibe.
I.: du hast noch zwei Stdbe?
(K.: But I still have two bars. — I.: you still
have to bars?)
mood:decl,
completeness:complete,
rel-antec:repet,
bound-tone:rising
d. L:[...] und der griine sitzt obendrauf.
K.: obendrauf?
(L: [...] and the green one sits on top of it —
K.: ontop of it?)
mood:decl,
completeness:partial,
rel-antec:repet,

bound-tone:falling

2.3 Function of CRs

We also classify the function of each CR instance
according to a multi-dimensional schema. The
most important dimension is the one specifying
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signal / recognition Lexical problem

Parsing problems

o NP-reference

e Deictic-reference
e Action-reference
4 | proposal / consideration

the intention

Level of action Kind of problem Example
1 | execution / attention channel “huh?”
2 | presentation / identification | Acoustic problem “Pardon?”
3

Reference resolution problem:

Problem with recognising or evaluating

“What’s a double torx?”
“Did you have a telescope, or the man?”’

“Which square?”

“Where is ‘there’?”

“What'’s to kowtow?”

“Why?” “You want me to give you
this?”

Table 2: Levels of action and associated problems

the likely source of the problem that lead to the
need for clarification. This dimension is related to
PGH’s readings, but, as discussed above, needs to
be more fine-grained and better defined. As the
basis of our classification we use the well-known
models of (Clark, 1996) and (Allwood, 1995),
to which we add some further (sub-)levels. The
other dimensions specify the extent and severity of
the problem, as described below. Lastly, we also
group under this heading a classification of the re-
action to the CR.

Source of the problem The models of (Clark,
1996) and (Allwood, 1995) describe four levels of
action involved in communication, each of which
is a possible locus for communication problems.
In Table 2 they are represented schematically, to-
gether with a specification of the kinds of prob-
lems that can occur on these levels, and some ex-
amples. As this specification shows, the levels can
be further subclassified, and this we have done for
our classification.’

The possible values for this feature correspond
to the column “kind of problem” in the table. For
reasons of space, we can only give the constructed
examples in the last column of the table here.

Extent This feature describes whether the CR
points out a problematic element in the problem
utterance (e.g., “To Paris?”, “I didn’t hear the sec-
ond word.”) or not; its possible values are yes
and no. Note that this is a function-feature, which
may or may not be strongly connected to the form-

3(Gabsdil, 2003) and (Larsson, 2003) similarly use these
models to classify CRs, and they are roughly at the same
level of fine-grainedness. (Schlangen, 2004) uses a more fine-
grained classification that is motivated by a formal semantic /
pragmatic processing model, but to strike a balance between
detailed analysis of the phenomenon and making annotation
possible, we have decided on the fewer levels described here.

feature “fragmental”, but is logically independent,
as the second example above, a full sentence that
points out a problematic element, shows.

Expectation / Severity This dimension describes
which action the CR initiator requests from the
other dialogue participant, or, to look at it from
another perspective, it describes how severe the
problem was. The possible values are: a) repeti-
tion/elaboration of previous material; the CR ini-
tiator asks for a repetition/reformulation of mate-
rial from the move to be clarified, possibly trig-
gered by a complete understanding failure. b) con-
firmation of the hypothesis; the CR initiator asks
for a confirmation of her/his understanding about
the content of the move to be clarified. lL.e., a hy-
pothesis could be drawn, but agent is not confident
about its correctness. (4-b) above is an example
for the former, (4-a) for the latter.

Reply to the CR This feature classifies the reply
to the CR, not the CR itself. Its possible values
are: a) y/m-answer; b) repetition; an answer that
repeats an element of the problem utterance liter-
ally. c) reformulation; an anwer that reformulates
an element. d) elaboration; an answer that elab-
orates on (an element of) the problem utterance,
adding information. e) word definition; an answer
to a lexical question (“what does x mean?”). f) no
reaction; the CR addressee did not react.

Satisfaction of the CR-initiator This feature
records the reaction of the CR initiator to the reac-
tion of the CR addressee. The possible values are:
a) happy; the CR initiator seems satisfied with the
reply; this can be taken as an indication that the
interpretation of the CR addressee was correct. b)
unhappy; CR initiator renews request for clarifica-
tion.
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3 The Corpus study

3.1 Material and Method

Material We used the Bielefeld Corpus of Ger-
man task-oriented human-human dialogue (SFB-
360, 2000) (the scenario is that one dialogue par-
ticipant (DP) gives instructions to the other DP
to build a model plane), which consists of 22
dialogues, with 3962 dialogue turns and 35813
words.

Method In a first step, we identified the turns
containing CRs, which we then annotated for form
and function, using the MMAX-tool (Miiller and
Strube, 2001). Annotation of the form classifica-
tion features was straightforward, as their values
can easily be read off of the surface form of the
CR, or, in the case of rel-antec, from CR and
problem utterance. The function of a CR of course
cannot as easily be seen from the form—to find
whether there is a reliable link is one goal of the
present study, after all. We used the reply of the
CR addressee, and the reaction of the CR initiator
to that reply as a guide for the interpretation that
was chosen by the DPs. Hence what we annotated
as ‘function’ could more properly be called “mu-
tually agreed upon interpretation of the CR”—and
that is not necessarily what the CR initiator might
initially have had in mind. Since “overanswering”
in certain configurations systematically addresses
several different problem sources (for example,
a reformulation of content answers both acous-
tic understanding problems as well as reference
resolution problems), this is a real methodologi-
cal problem for finding a link between form and
problem source. We circumvented this problem
by defining ambiguity classes for use in the cases
where we could not make a decision; this weakens
the overall correlations we report below, but makes
the ones we did find between form features and
unambiguously identified functions more valid.®

®This strategy is more cautious than the one chosen by
PGH. As they say, in cases of ambiguity “the response(s)
of the other DPs were examined to determine which reading
was chosen by them. The ensuing reaction of the CR ini-
tiator was then used to judge whether this interpretation was
acceptable.” However, this method is not infallible, as their
own example shows:

1) George: [...] with a piece of spunyarn in the wire.
Anonl: Spunyarn?

_distance:{1\2\3\4\S\more}

none | decl | polar-q| wh-q|alt-q]
mood: .
imp | other

FORM: form:{none\particle|partial|complete}

none | addition | repet |
rel-antec: .
reformul | indep

boundary*tone:{none|rising|falling‘no—appl}
none | acous | lex | parsing | np-ref |
src: { deictic-ref |act-ref| int+eval|src-3|
src-2+3 | src-2+4 | src-3+4 | src-all
extent:{none\yes\no}

FUNCTION: severity:{none\cont—conf|cont—rep\no—react}

none | ans-repet | ans-y/n | ans-elab |
answer: .
ans-reformul | ans-w-defin | no-react

. none | happy-yes | happy-no |
happiness:
happy-ambig

Figure 1: Annotation scheme

Annotation scheme The annotation schema ba-
sically just implements the distinctions described
in Section 2, with ambiguity classes for function
as discussed above. It is shown in Fig. 1. Note
that we also recorded the distance between the CR
and the problem utterance.

3.2 Results

We identified 230 CRs in the 3962 turns we looked
at; this indicates that with 5.8% of turns this is a
rather frequent phenomenon in our corpus. (PGH:
just under 4%, but their corpus contained general
conversation, which might account for the differ-
ence.) The results of classifying these instances
and of testing for dependence between features are
reported in this section.

3.2.1 Distribution

Clarification seems to be a very local phe-
nomenon: in our corpus, 95% of all clarifica-
tions target the immediately preceding utterance
(PGH: 85%). This high number might reflect the

George: Spunyarn, yes.
Anonl: What’s spunyarn?
George: Well that’s like er tarred rope.

PGH use this as an example where the original interpreta-
tion was incorrect; however, in our opinion an interpreta-
tion seems equally likely where Anonl first wanted to clar-
ify acoustic understanding, and, once this was accomplished,
clarified lexical understanding. To be on the safe side, we
annotated such cases with superclasses combining the sub-
classes it is ambiguous in.
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Declarative

Int+Eval.

Mood: Completeness:
/ / Partial
Polar-question
783% Alt-question
12.609
/] Other Particle
Wh-question Complete
Source of the problem: Expectation:

Acoustic Cont. repetition

Relation antecedent:

Repetition

Answer:

Elaboration

End boundary tone:

Reformulation

Falling

37.83.% |

Addition Rising

Satisfaction:

Y/N-answer

No reaction

Figure 2: Distribution of values for form-features (top) and function-features (bottom)

task-oriented nature of the corpus, where ground-
ing presumably is more cautious compared to free
conversation, and potential problems are clarified
immediately.

Distribution of forms The frequencies for values
of the form-features are given by the pie-charts in
the top row of Figure 2. As this figure shows, the
overwhelming majority (76.5%) of the CRs in our
corpus were fragmental in form (PGH: 42.4%).
Since we separated our analysis into several di-
mensions, we can further analyse the class of frag-
mental CRs: 62.6% of them were reformulations
of previous content, 24.8% were repetitions. An-
other distinction not made in earlier studies is that
between rising and falling intonation. Using these
features, we can access different (sub-)types of
what PGH collectively call “reprise fragments”.
Indeed, four of the five most frequent types of CRs
were classified as syntactically partial (i.e., the
value for completeness iS partial), with either
falling Or rising as value for bound-tone and
either repet OI reform as value for rel-antec.
(The one other type in the “top-five” being that of
conventional CRs.) We come back to these dis-
tinctions when we report the correlations between
form and function we found.

Another interesting observation is that most CRs
take up material from the problematic utterance in
some form, with only 9.6% of CRs being fully

independently formulated. Overall, these num-
bers seem to confirm the findings of PGH regard-
ing distribution of forms, showing that at least for
speakers of English and German behaviour with
respect to clarification seems comparable—useful
to know for designers of dialogue managers for
multi-lingual dialogue systems.

Distribution of functions The distribution of
values for the function-features can be seen in the
bottom row of Figure 2 (with the exception of the
feature extent, whose two values yes and no were
chosen 87.8% and 12.2% times, respectively).

As this figure shows, the most frequent prob-
lems were related to resolving references (just
above 50%, with 27.4% clarifying deictic refer-
ences, and 24.4% clarifying NP reference). 14.3%
of the CRs were annotated with a super-class,
meaning that their function was ambiguous in the
context. However, most instances, and most types,
could be classified unambiguously. The distribu-
tion of super-classes is instructive, showing for ex-
ample that the different kinds of problems at level
3 could be distinguished fairly well.

We found only one instance of a lexical prob-
lem, making our corpus non-representative for this
type of CR. We speculate that the reason is that
the vocabulary in this domain is very restricted
and domain specific, and known to the DPs. This
might also explain the relatively low frequency of
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acoustic problems, since a restricted vocabulary
may make recognition easier.

Most CRs in our corpus point out a specific ele-
ment in the problem utterance—this of course cor-
relates with the high number of fragmental CRs
found. Only 8.7% of CRs in our corpus failed
to elicit a response ((Purver et al., 2003): 17%);
again, this seems to be a difference between task-
oriented dialogue, where the task demands that
problems be clarified, and free conversation.

3.2.2 Correlations

We used x? to test for (in)dependence between
features of the surface form and function of CRs
(we used Yates’ correction to account for cases
where due to data sparseness there were expected
values below 5), and if there was a significant de-
pendence, Pearson’s ¢ to determine the strenght
of the correlation. The results of this test are
shown in Table 3, where the rows are the form
dimensions and the columns those of the func-
tion, and the cells show the results of testing for
(in)dependence between these variables (showing
X2, x? with Yates’ correction, and Pearson’s ¢).
Note that all tests are significant at P=0.001. For
reasons of space we can only pick out the most
relevant findings here for further discussion.

One very interesting result is that intonation
seems to disambiguate fairly reliably between CRs
clarifying reference and those clarifying acoustic
understanding, with rising boundary tones being
significantly more often used to clarify acoustic
problems and less often than expected to clarify
reference resolution problems, and complemen-
tary correlations for falling tones. (The confusion
matrix is shown in Table 4.) A similar distinguish-
ing tendency is shown by reformulations vs. repe-
titions, with the former being significantly often
NP reference resolution questions and the latter
acoustic clarifications.

Looking at mood vS. answer, one can see that
declaratives in general prompt yes/no-answers
(and hence confirmations of hypotheses) more
than reformulations of content, which in turn is
the most likely reaction to wh-questions. These
are nice results, showing that despite the fact that
both readings are in principle available for frag-
ments (cf. PGH), more clarity is achieved if a di-

|| rising | falling |
int+eval 24 (21.18) | 32(34.82) | 56
deictic-ref || 8(20.43) 46 (33.57) | 54
np-ref 8 (18.91) 42 (31.09) | 50
acous 23 (9.08) 1(14.92) 24
src-2+3 3(2.27) 3(3.73) 6
src-2+4 11 (6.81) 7 (11.19) 18
src-all 1 (0.76) 1(1.24) 2
lex 0(0.38) 1 (0.62) 1
src-3+4 9(7.19) 10 (11.81) | 19
87 143 230

x? Total: 63.23 (YC: 56.59); df = 8; ¢ = 0.52

Table 4: src x bound-tone

alogue system for example produces such forms
only if it wants to get a hypothesis confirmed, and
wh-questions if it needs more information about
an element of the problem utterance. Moreover, if
the hypothesis is one about the referent of an NP,
a reformulation is the best bet; if it is one about
acoustic understanding, a literal repetition might
be better.

3.3 Reliability

Although the complete annotation was only per-
formed once (by one of the authors), we did
test for reliability of what is intuitively the
most problematic feature, namely source of the
problem. This feature was annotated by a second
annotator, resulting in a x (Carletta, 1996) of 0.70.
While this is not great (values between .67 and .8
are often seen to allow only tentative conclusions),
it is comparable to the results reported by PGH
(0.75), and reflects the difficulty of the task.

Where we cannot report reliability yet is for the
task of identifying CRs in the first place. This is
not a trivial problem, which we will address in fu-
ture work.”

4 Summary and Further Work

We have presented a fine-grained classification
scheme for form and function of clarification re-
quests. This scheme was used to annotate a corpus
of task-oriented dialogues, where about 4% of all
turns were found to be CRs—this confirms the ob-
servation that clarification is a quite frequent phe-

nomenon. Our fine-grained annotation scheme,

7 As far as we can see, PGH have not tested for reliability
of doing this task either.
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| source | severity | extent | answer
mood || indep. X2-X: 106.52/96.58; | x?-X: 112.04/101.31; | x*-X: 72.90/72.64; df
df=8; ¢ = 0.48 df=4; ¢ = 0.70 =20; ¢ = 0.28

bound-tone || x2-3: 63.23/56.59; df | indep. x2-3: 14.85/13.29; df | indep.
=8;¢=0.52 =1;¢=0.25

rel-antec || x*-X: 142.85/114.62; | x*-X: 66.16/59.87; df | x*-X: 98.49/90.55; df | indep.
df =24; ¢ = 0.46 =6;¢=0.38 =3;¢ =0.65

completeness || indep. x2-%: 35.88/31.50; df | x3-3: 94.54/86.98; df | indep.
=4;¢=0.28 =2;¢=0.64

Table 3: x? values for combinations of form- and function-features

and the fact that we annotated intonation, allowed
us to find correlations that have hitherto been un-
noticed, such as that described above between in-
tonation of CRs and their relation to the antecedent
utterance (repetition or reformulation) on the one
hand and reference resolution function or acoustic
clarification on the other hand. Information like
this could be of much use in dialogue systems that
are faced with the task of interpreting CRs by the
user which in theory are often multiply ambigous.

In further work we plan to connect our findings
to general theories of the interpretation of intona-
tion in discourse (e.g. (Gunlogson, 2001)), and we
also plan to collect more data, with which then au-
tomatic classifiers could be trained. Another in-
teresting extension of the research presented here
would be to also annotate features such as “quality
of the communication channel”, or “frequency of
clarified word”, which could further aid interpre-
tation.
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Abstract

A new method for case-based natural
language dialogue system is presented.
This system deals with not only the ut-
terance sentences that are used in usual
case-based dialogue systems, but also
facial expression information to express
past cases. As a result, it can im-
prove the appropriateness of response
and present the system’s utterance along
with facial expression information to the
user. We show the advantage of our sys-
tem over other systems by using exam-
ples of dialogue provided by our system.

1 Introduction

A natural language dialogue is one of the best
ways for creating a man-machine interface. Al-
though many approaches for dialogue systems
have been proposed, including a template-based
approach (Weizenbaum, 1966) and a plan-based
approach (Allen et al., 1994; Carberry, 1990), in
this paper, we apply a case-based approach.
Case-based reasoning (CBR) is a reasoning
model that solves a new problem by using pre-
vious observations. Past cases, which consist of
pairs of problems and their solutions, are stored
in a case-base. The system recalls a similar case
to the new problem, and then the solution of the
selected case is modified to adjust to any differ-
ence between the new problem and the past prob-
lem. Finally, the system puts forward the modi-
fied solution as the solution to the new problem.

Seishi OKAMOTO
Fujitsu Laboratories LTD.
1-1, Kamikodanaka 4-chome,
Nakahara-ku, Kawasaki,
211-8588, Japan
seishi @p.fujitsu.com

CBR has the following advantages over other ap-
proaches (e.g.,(Leake, 1996)):

e The cost of knowledge acquisition is low, be-
cause the system only has to record facts that
actually happen as cases.

e Knowledge maintenance is easy because the
system learns incrementally. The cases are
added automatically, and it is unnecessary to
take into account the consistency of knowl-
edge.

e Quality of solutions is increased even though
the domain is ill-defined, because the system
can treat phenomena that are difficult to for-
malize.

e Problem-solving efficiency is increased be-
cause the system gets shortcut to the success-
ful solution by reusing the case.

In applying the CBR model to dialogue sys-
tems, a past dialogue history is stored as a case
in a case-base. To generate a response, the system
retrieves a similar utterance to the current context
from the case-base, and modifies the response ut-
terance of the case to suit to the current situation.

In making a dialogue system, the advantages of
CBR are important for the following reasons:

¢ A large quantity of complicated templates or
planning rules must be used in the template-
based or plan-based dialogue system. It is,
however, quite difficult to make an enough
quantity manually. The case-based approach
reduces the cost of the knowledge acquisition
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and makes possible the system construction
easily.

e Knowledge maintenance is a thorny issue in
other approach. To develop the system’s vo-
cabulary, for example, it is often necessary
to revise the whole rule (because adding one
rule often means rewriting a large part of the
rules). In case-based approach, we just have
to add cases of utterances including the new
word.

e There are various ways to respond to one ut-
terance, and it is difficult to formalize them
as rules. The case-based approach is suitable
for such domain to provide the high-quality
solution.

e The template-based or plan-based systems
can not deal with unexpected dialogues. In
contrast, the case-based system has robust-
ness because they can always respond by
modifying a similar case.

Several dialogue systems have been developed
under the case-based approach. Murao et al. pro-
posed a spoken dialogue system to provide shop-
ping information to a person driving a car (Mu-
rao et al., 2003). To generate the response to
an utterance, this system uses hand-annotated dia-
logue cases collected by the Wizard of OZ (WOZ)
(Fraser and Gilbert, 1991) system in advance.
Okamoto et al. proposed a dialogue agent for web
guidance (Okamoto et al., 2001). This system is
based on the WOZ method, but it is combined with
case-based method for automatic response gener-
ation to reduce gradually the burden on the oper-
ator (wizard). The wizard checks each generated
response and corrects it only when it is inappro-
priate. However, these systems cause the prob-
lem that manual operation is required. This means
the advantage of the case-based approach (namely,
low construction cost) is lost.

On the other hand, as a case-based system with-
out hand control, a general-purpose chat system
was proposed by Inui et al. (Inui et al., 2001; Inui
et al., 2003). This system uses dialogue cases that
are collected through all interactions with users
and annotated automatically. The case is defined

as a sequence of utterances and its response. How-
ever, their system involves the problems described
below.

The first problem is that the similarity measure
only depends on the information obtained from
surface sentences of an utterance. As a result,
the system can not distinguish two utterances that
are the same sentence but have different intention.
The meaning of an utterance changes according to
how the word is expressed. For example, the re-
sponse to the utterance “Pardon?” in a normal,
puzzled, or angry manner should be just repeat-
ing the sentence, by saying it again with para-
phrase, or by saying something different. In this
way, natural human communication uses various
modes of information. According to the published
findings from psychological research (Mehrabian,
1972), only 7 percent of information is communi-
cated verbally (through words), while the remain-
ing 93 percent is communicated nonverbally (38
percent through the use of the voice, and 55 per-
cent through facial expressions, body posture, ges-
tures etc.). We believe nonverbal information is
therefore necessary for dialogue systems to inter-
pret the user’s utterances more correctly.

The second problem is that the system’s self-
learning is only addition of the cases. For exam-
ple, when the system tries to respond to “What’s
your name?”, the following two past dialogues are
put forward as similar cases:

Case 1:

A: “What’s your name?”
B: “Today is my birthday.”

Case 2:

A: “What’s your name?”
B: “My name is Mary.”

Although Case 1 is a system’s inappropriate auto-
matic response, Inui et al.’s system chooses it at
a probability of 1/2. Moreover, if the inappropri-
ate case is selected, another failed case (current
generated dialogue) is added to the case-base, and
increases the probability of a miss selection to 2/3
in the next selection. This is caused by the lack
of learning mechanism of distinction between suc-
cessful and failed cases.
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The third problem is that case selection depends
on only the similarity with current context, and the
system does not care for the following turn. For
example, there is a following two similar cases to
the user’s utterance “I lost my dear necklace”:

Case 3:

A: “l lost my dear necklace.”
B: “You’re so careless.”
A: “... Terrible!”

Case 4.

A: “l lost my dear necklace.”
B: “That’s too bad. Cheer up.”
A: “Thank you.”

Both Case 3 and Case 4 have the same utterance to
user’s input, and Inui et al.’s system chooses Case
3 at a probability of 1/2. However, the system’s
response in Case 3 angers the user, in comparison
with comfort in Case 4. As shown in this example,
it is important for case selection to consider the
following user’s reaction.

In light of the above-described problems, we
propose a new method for a case-based natural
language dialogue system. Although our system
is based on the system proposed by Inui et al., it
provides one solution to the problems described
above by using a user’s facial expressions that ac-
company their utterances. Our system uses the fa-
cial expressions for the following purposes:

e To improve the accuracy of similar case re-
trieval.

e To evaluate the appropriateness of similar
cases for optimal case selection.

e To enhance the system’s utterances to the
user.

2 Case-based Dialogue System using
Facial Expressions

The outline of our system is shown in Figure 1. In
this system, a user and the system give utterances
alternately, and one utterance consists of several
sentences and one facial expression. When a user
inputs one utterance, at first, the system extracts

sentences  (-) ;
R S

mor phological
analysis
‘ DA classification, ‘
keyword extraction

utterance
transformation

facial expression
parameterization

facial expression parameter

——
tar get facial
information

DA, keyword, resul

of morphological

analysis
—

similar caseretrieval ‘
case-base pag cases |

similar cases

‘ optimal case selection

l optimal case
‘ response gener ation

case
store

E sentences E output

Figure 1. System overview

the linguistic and facial information. Secondly,
the system considers the current context as a new
problem, and selects similar cases by using lin-
guistic and facial similarity measures. In the next
step, the appropriateness of each similar case is
evaluated by using facial information of user’s re-
action, and the optimal case is selected. Then, the
selected case is adapted to the current context to
generate the response to the user. Finally, the cur-
rent user’s input utterance and system’s output ut-
terance are added to the case-base.

2.1 CaseExpressions

The case-base contains the time-series utterance
history. The form of one utterance is as follows:

ID Number

e Utterance number
Sentences(For each sentence:)

e String

e Result of morphological analysis

e Dialogue act (DA)

e Keywords (a noun,a verb,an adjective)
Facial expression

e Parameters to represent a facial expression
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Utterance number is a sequential serial number
of the utterance, and a DA is a type of sentence
indicating user’s intention. Keywords are mean-
ingful words indicating the topic of an utterance.

2.2 Utterance Transfor mation

When the user inputs one utterance, the utterance
transformation module transforms it to the same
form as with case expression.

First, the input sentences are divided into indi-
vidual sentences. A morphological analyzer (Inui
and Kotani, 1999) is used to analyze them into a
series of words and parts of speech, and passes the
results to the DA classifier (Inui et al., 2001) and
keywords extractor (Inui et al., 2001). The DA
classifier, trained from a DA-tagged corpus, deter-
mines a DA for each sentence. There are 17 types
of DA, as listed in Table 1.

Table 1: Dialogue acts

greet request_comment reject
bye request (Y/N) deliberate
opinion confirm apologize
will request surprise
explain_fact suggest thank
give_reason accept

Meanwhile, keyword extractor computes the
weight of each word with heuristic rules which
focus on "parts of speech”, “kinds of characters”
(kanji, katakana, hiragana in Japanese), ”position
in the sentence” (as a substitute for syntactic anal-
ysis), and so on. Then, a triplet of a noun, a verb,
and an adjective is extracted as the keywords from
each sentence.

The facial expression is represented by 18 pa-
rameters. There are 15 characteristic points on
the eyebrows, eyes and mouth of the face, and the
value of each parameter is given as the distance
between two different characteristic points. The
parameters and the characteristic points are shown
in Figure 2. The nose has no characteristic points,
since change of the facial expression hardly ever
appears in the nose. An example result of an utter-
ance transformation is shown in Figure 3.

O movingin Y axial direction - X
. movingin X,Y axial direction

Figure 2: Facial characteristic points and parame-
ters

“Let's meet at a station. What time is best for you?"

1

Strings Let's meet at a station. What time is
best for you?”

[Let_VMO, 's_VMO, meet_VVI, at_PRP,
a_ATO, station_NN.]

[What_DTQ, time_NN1, is_VBZ,
best_AJS, for_PRP, you_PNP, ?]

DA opinion, request_comment

Result of
morphological
analysis

Keywords (station, meet, -),
(time , -, best)

P1=1960,P2=2480, ...,

Parameters of facial
expression

P18=4480

Figure 3: Example result of utterance transforma-
tion (original is in Japanese)

2.3 Similar Case Retrieval

The similar case retrieval module considers the se-
quence of the past M utterances during the current
dialogue as the current context, and selects similar
cases in contrast to the sequence of the utterances
in the case-base. In this paper, we set M to two.

Throughout this paper, we represent the current
context as P = (p1,p2), Where p; is the last sys-
tem’s output and p» is the current user’s input. On
the other hand, a case is a sequence of time-series
J utterances in the case-base, and it is expressed
as @'; = (Ci, Cit1, Cit2, -, CitJ—1), Where ¢; is an
utterance with the utterance number 1 in the case-
base.

For calculating similarity between current con-
text and each case in the case-base, we use the fol-
lowing three methods:

1. DA-based matching
2. Keyword matching

3. Calculation of facial expression similarity
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The techniques that Inui et al. developed for
DA-based matching and keyword matching are
used in this module. DA-based matching is used
for the case filtering based on a type of sentences.
Keyword matching is the cost calculation based on
the number of matched terms. Refer to (Inui et al.,
2001) for further information. In this paper, the
similarity between two sets of keywords, s and ¢,
is expressed as Simyey (s, t).

The similarity between two facial expressions,
z and y, is calculated from Formula (1) using 18
parameters of distance between the characteristic
points.

StMeace(T Z W — ylil}” 1)
face y {M AX. }2 )

where

W;:weight of ¢-th parameter,

MAX; :maximum value of ¢-th parameter,

z[#] and y[4]:value of i-th parameters of facial

expression z and y respectively

Then, the similarity between two utterances, «
and v, is calculated by using both similarity for
keywords set and similarity for facial expression:

Sim(u,v) = aSimuiey (keylu], key[v])
+pSimiace(facelu], facelv]),  (2)

where

key[u]:aset of keywords of utterance u,
face[u]:facid expression of utterance u,
«, B:constant values

The similar case retrieval module calculates the
total similarity Sim et (P, €;) by using Formula
(3), and retrieves K most similar cases to the cur-
rent context .

Simyet (P, C;) = Sim(p1,c;) + Sim(pe, cit1)

©)
2.4 Optimal Case Selection

After similar cases have been retrieved from the
case-base, the optimal case selection module se-
lects an optimal case from them and uses it to gen-
erate the response to the user.

As mentioned in Section 1, it is important that
a case-based dialogue system guesses the follow-
ing dialogue and selects the case by measuring the
appropriateness of the look-ahead section of each
case in order to generate the appropriate response.

To measure the appropriateness, the user’s feed-
back information about the quality of a system’s
response is useful. As feedback information, our
system utilizes the facial expression of the N ut-
terances uttered right after the system’s response.
The number of N utterances is fixed at one, that is,
the system only uses the user’s utterance uttered
right after the system response. The case is, there-
fore, expressed as a quadruplet of the utterances.

The calculation of the appropriateness is ex-
plained informally as follows. As shown in Fig-
ure 4, after similar cases are obtained, utterance
c3 immediately following utterances c¢; and co,
which are similar to the current context, is the can-
didate for the system’s response. The facial ex-
pression of a utterance c4 right after the candi-
date utterance c3 is used as user feedback infor-
mation, and the system compares it with the tar-
get facial expression. The appropriateness of case
d; = (c;, civ1, Cita, civs) for the target facial ex-
pression ¢ is formally represented as the following
Formula(4), by using the similarity for facial ex-
pression between ¢;, 5 and q.

App(C;i,q) =

{ Simiace(face[ciys), q)
1- S'L.mface (face[ci+3]7 q)

(if g is desirable)
(if g is undesirable)

(4)

As the target facial expression, either a desirable
or an undesirable facial expression can be set. If
we set a desirable target, the similar case has pri-
ority for selection; and if it is an undesirable tar-
get, the priority of similar case is low. We adopted
a strategy of using a ”smiling face” for a desir-
able target and an "angry face” for an undesirable
target. However, desirable facial expressions will
vary according to various factors, such as the do-
main of the system and the duration of a dialogue.
We therefore presume that users can dynamically
specify the target facial expression, and that more

113



current dialogue
[previous outpk©
(&)

l similar cases

target facial
information

optimal case

use for response\K GL___10

Figure 4: Optimal case selection

than one facial expression can be set and switched
dynamically according to policy settings.

The optimal case selection module considers
two factors comprehensively to choose one opti-
mal case; one is the similarity to the current con-
text, and another is the appropriateness of cases
using the similarity to the target facial expression.
The optimality between current context P and the
case (; is calculated as shown in Formula (5).
Then, the case €; which has a minimum score of
Opt(P, ;) is chosen as the optimal case.

Opt(Pa wz) = ’ySimret(Pa wl) + 5App(¢la q)7
®)

where
~y, §:constant values

2.5 Response Generation

After an optimal case is selected, the system uses
third utterance in the quadruplet expression of the
optimal case as a template for the response utter-
ance. The adaptation of the template to the current
context is done as follows. The output sentences
are generated by replacing each keyword of the
template with the corresponding keyword in the
current context. To replace the keyword, we use
the Inui et al.’s technique (Inui et al., 2001), which
uses the keyword correspondence table made in
keyword matching process, is applied. On the
other hand, the facial expression of the optimal
case can be directly used as the system’s output.

2.6 CaseStore

The case store module stores the pair of the user’s
input utterance and the system’s output utterance
in the case-base. As the dialogue is repeated, the
input and output utterances are accumulated in the
case-base in chronological order.

3 Empirical Evaluation

We made a prototype of the system for testing.
Compared with Inui et al.’s system (Inui et al.,
2001), the appropriateness of responses in our sys-
tem was confirmed to be better. Some examples
of actual dialogues that represent the advantage of
our system over Inui et al.’s system are given in the
following.

Dialogue example 1 (see Figure 5) shows the
advantage of using facial expression information
for similar case retrieval. Two input dialogues
containing the same sentences but different facial
information are considered. Although Inui et al.’s
system generated the same response for these in-
puts, our system generates more appropriate re-
sponses according to the input facial information.

On the other hand, dialogue example 2 (see Fig-
ure 6) shows the advantage of optimal case selec-
tion. Case 1 and Case 2 are selected as similar
cases to the current context, since utterances Ul
and U2 are similar to those of the current con-
text. Inui et al.’s system chooses Casel as a similar
case, although the user is angry in Case 1 because
the system’s response U3 is inappropriate. How-
ever, in our system, the facial expression shown in
Figure 7 was set as an undesirable target in this ex-
periment. The appropriateness of Case 1 is much
lower than that of Case 2, because the similarity
between the facial expression of U4 and the un-
desirable target facial expression is much higher.
Therefore, overall, the system uses Case 2 to gen-
erate the responses shown in Figure 6.

4 Conclusion

A new method for case-based natural language di-
alogue system was developed. To generate an ap-
propriate response, this system obtains the user’s
facial expressions and uses them to retrieve similar
cases to the current context. Moreover, the system
uses the user’s facial information to evaluate the
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Didoguel-1 | previous output [ currentinput_| [ current output |

S: “Shall we go to Tokyo Disneyland on Sunday?'U: “On Sunday?’  S: “I heard that is a wonderful place.”
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Dialoguel-2 N N

S: “Shall we go to Tokyo Disneyland on Sunday?'U: “On Sunday?’ S: “How about on Saturday?”

/7 N
»® W)
| |

N 4]

Figure 5: Dialogue example 1 (original dialogue is in Japanese)

Current dialogue[previous output

S: “Are you free this weekend?” U: “Sorry, I'm going on a business trip to Kyoto. But, I'll buy you a souvenir.”

Casel

U1: “Do you have any plans for U2:“lthink I'll go on a trip to Kyoto.  U3: “I'm getting sleepy to U4: “It's not complex at all.

this summer vacation? " I'll buy you a souvenir.” such complex listening.” Wake up and listen to me!”

Case 2

U1: “Do you have any plans for U2: “I'm going to Spain. I'll buy U3: “I'm looking forward to it. U4: “Anything special you want?”
this summer vacation? ” you something as a souvenir.” What is a famous souvenir

aN from Spain?”

AN

o e ® e (.

current output

S: “I'm looking forward to it. What is a famous souvenir from Kyoto?”

Figure 6: Dialogue example 2 (original dialogue is in Japanese)
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Figure 7: Undesirable target facial expression

appropriateness of each case and to choose the op-
timal case. We plan to provide a more detail eval-
uation of our current system. After much exper-
imentation, we would like to show the advantage
of our system over other systems. We also plan to
adopt an automated recognition technique of facial
expression (Mase, 1991) to reduce the user’s task
because our current prototype system requires the
user to input the facial expression manually.

References

J. Allen, L. Schubert, and et al. 1994. The TRAINS
project: A case study in building a conversational
planning agent. TRAINS Technical Note 94-3,
Univ. of Rochester.

S. Carberry. 1990. Plan Recognition in Natural Lan-
guage Dialogue. The MIT Press, Cambridge MA.

N. Fraser and G. Gilbert. 1991. Simulating speech
systems. Computer Speech and Language, 5(1):81-
99.

N. Inui and Y. Kotani. 1999. Finding the best state for
HMM morphological analyzer. NLPRS 99, pages
44-49,

N. Inui, T. Ebe, B. Indurkhya, and Y. Kotani. 2001.
A case-based natural language dialogue system us-
ing dialogue act. |EEE International Conference on
Systems, Man, and Cybernetics, pages 193-198.

N. Inui, T. Koiso, J. Nakamura, and Y. Kotani. 2003.
Fully corpus-based natural language dialogue sys-
tem. 2003 AAAI Spring Symposiumon Natural Lan-
guage Generation in Spoken and Written Dialogue,
pages 58-64.

D. B. Leake. 1996. CBR in context:the present
and future. In Case-Based Reasoning - Expe-
riences,Lessons, & Future Directions, chapter 1,
pages 3-30. AAAI Press & The MIT Press, Menlo
Park California & Cambridge MA & London Eng-
land.

K. Mase. 1991. Recognition of facial expressions for
optical flow. IEICE Trans. on Information Systems,
E-74(10):44-49.

A. Mehrabian. 1972. Nonverbal Communiation.
Aldine-Atherton, Chicago.

H. Murao, N. Kawaguchi, and et al. 2003. Example-
based spoken dialogue system using WOZ system
log. 4th ACL SIGDIAL Workshop on Discourse and
Dialogue(SIGDIAL-2003), pages 140-148.

M. Okamoto, Y. Yang, and T. Ishida. 2001. Wizard of
Oz method for learning dialog agents. International
Workshop on Cooperative | nformation Agents (CI A-
2001), pages 20-25.

J. Weizenbaum. 1966. ELIZA - a computer program
for the study of natural language communications
between men and machines. CACM, 9(1):3-45.

116



| nfor mation-Seeking Chat:
Dialogue M anagement by Topic Structure

Manfred Stede and David Schlangen
University of Potsdam
Department of Linguistics
Applied Computational Linguistics
P.O. Box 601553
D-14415 Potsdam — Germany
{stede|das}@i ng. uni - pot sdam de

Abstract

In this paper we describe the dialogue
sub-genre “information-seeking chat”,
which is distinguished from other kinds
of information-seeking dialogue (e.g.
travel information) by its more ex-
ploratory and less (single) task-oriented
nature. We present an approach to mod-
elling this kind of dialogue, based on the
notion ofweighted topic structures- a
single data structure that represents both
the domain knowledge and the dialogue
history, and we sketch an implementa-
tion of this approach in a typed dialogue
system.

the pre-defined topic map. This topic map is a
declarative domain model (similar to an ontology)
that serves both as a representation of the domain
knowledge and as a repository for the discourse
history. (The model represents the discourse his-
tory insofar as during the course of the dialogue
it is annotated with information about which top-
ics have been broached or have been exhausted.)
Moreover, it is the only discoursplanning de-
vice the system uses, since it also records the ef-
fect of each utterance on the decision of which
bit of information to relay, which topic to explore
next. This surprisingly simple information struc-
ture can successfully model this important kind of
dialogue, as we argue here, and it also makes it rel-
atively easy to implement new applications cover-

ing other domains in this style—information about
companies, for example, or more generally about

_ _ . structured fields of knowledge.
Both theoretical analyses of dialogue and imple-

mented dialogue systems have so far mostly fo-
cused on two main dialogue genres: strictly task- The remainder of this paper is organised as fol-
oriented dialogue (as in the travel agent domainlows. Section 2 elaborates on the peculiarities
call routing applications, or collaborative problem of “information-seeking chats”, and presents our
solving domains), or tutorial dialogue. In this pa-taxonomy of dialogue acts. A discussion of the
per we describe another type of dialogue, whichproblems extant approaches to dialogue modelling
we call “information-seeking chat”. This genre would have with this kind of dialogue leads over
is distinguished by its more exploratory and lesso Section 3, where we describe our approach,
task-oriented nature, while still being more struc-and the prototypical implementation. After dis-
tured than general free conversation. cussing in Section 4 related attempts to reduce
Our thesis is that this kind of dialogue candialogue management to representations of task-
be modelled with a simple taxonomy of dialogueknowledge, Section 5 sketches how our dialogue
moves and a dialogue management (DM) strategynanager fits in with the other modules of the sys-
based ortopic structure where the main task of tem that is under development. Section 6 finally
the dialogue manager is to guide the user througliscusses evaluation issues, and further work.

1 Introduction
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2 TheDialogue Genre archical planning. Instead, it shows similarities
. . to “smalltalk” that drifts from one aspect of the
2.1 Information-Seeking Chat : L :

_ _ topic to another, while still being more constrained
Imagine that you are planning next year's vacathan that by having a specific, albeit very gen-
tion, and that you want to find a destination thatgrg), purpose. It is also much more a “mixed-
offers both cultural attractions and leisure activi-jpitiative dialogue” than for example a dialogue

ties. Once a candidate emerges, you now ideally, the well-known travel domain (as modelled in
want to have a conversation with a local representhe GoDiS system (Traum and Larsson, 2003) and
tative, ask her a few specific questions about ache parra Communicator systems), since both
tivities you have in mind, but also be alerted byijnteriocutors can quite freely open up new sub-

her towal’dS attractions yOU d|d not th|nk about.topics’ declare one as Closed, digreSS, or hes%tate_
This conversation will wander from one aspect toaccordingly, this kind of dialogue requires im-

another, sometimes come back to a topic alreadylementation strategies quite different from those
mentioned, and possibly sometimes digress to thgstaplished for task- or transaction-oriented dia-
weather, or local football teams. The purpose inggue. We will propose one such strategy in Sec-
any event is for you to form an impression of tion 3, but first we briefly summarise results of

an area that previously you knew only very little 3 corpus study, which lends further motivation to
about, guided by your interests and by what youijs choice of strategy.
learn.

This kind of dialogue is rather different from 2.2 Dialogue Flow and Dialogue Acts
dialogues aiming at findingne particular piece _
of information or executing one patrticular trans-we conducteo! a small corpus study, collecting text
action. While it does fall under the general rubricd'aIO(‘:]ues (using a web-based chat tool) between

“Inquiry Oriented Dialogue” defined by (Larsson, a domain e>_<pert and an information-seeker. The
2002) as shown below in (1), it is distinguished only instruction we gave to the expert was to open

from those kinds of inquiry activities by not being the dialogue with a standard opening ("Welcome.

driven by specific goals that can easily be decom/ MiS is Potsdam Tourist Information. How may

posed into hierarchically ordered subgoals (IikeI help you?"); the scenario for the inquirer was
“find a specific train connection”, which can be de-that they will be in Potsdam for a conference and

composed into “get destination, start date, e,[C__.,).have to decide whether they should take the week-

Rather, it is, at least at the beginning of the dia—end after the conference off and stay. All inquir-

logue, only driven by relatively unspecific high- zrs were nonl—llocalds agdd'ntl)t famlllarf with Pc?ts—
level goals (e.g., “tell me something about city am. We collected 13 dialogues, of around 17

XY that are not as easily decomposkd. turns eacl. An excerpt of one of the dialogues

is shown in Figure 1 (annotated with the dialogue-
(1) ‘L...] the term Inquiry Oriented Dialogue, or 10D, act-types that will be described presently).
will henceforth be taken to refer to any dialogue

whose sole purpose is the transference of infor-zi ] ]
mation, and which does not involve any DP as- However, therare differences between the dialogue par-

suming (or trying to make another DP assume)ticipants, and the boundaries of the roles of inquirer and ex-
commitments or obligations concerning any non- pert are clear. For example, in our corpus (see next subsec-
communicative actions outside the dialogue.” (Lars-tion) there is a tendency for the expert adviser not to cut off a
son, 2002, p. 17) topic that is being talked about, and so topic-changes mostly
initiate with the user. In principle, however, both interlocu-
Hence, this kind of dialogue does not naturallytors seem to have the same range of moves available at any
lend itself to an approach of goal-directed hier—po'g‘t- _ o _
I Which makes them rather short; this is possibly due to
INote that it is not excluded that such a dialogue might dethe “simulation”-nature, but hopefully does not affect the rep-
velop into a more focused, traditional task-oriented dialogueresentativity of the dialogues.
For example, during an information-seeking chat, the inquirer  “The collected dialogues are in German, but for reasons
might become interested in a particular offering and want toof space we only show here an English translation. Since
book a ticket. In our final system we plan to build in inter- the focus of the paper is on dialogue-management (and not
faces that can hand over control to other dialogue managerf®r example on dialogue act recognition), the observations
designed for this kind of dialogue. should largely be language-independent.
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di al ogue 008

i

1 E: Hello. Thisis Potsdam Tourist Information. How may | he¢u? opening

2 U: Well, I'd like to know whether a weekend in Potsdam is worthwhile? switch-topic

3 E: Aweekend in Potsdam is always worth your while, there are lots of nice things you eafopic-general
do here.

4 U: Like what? ask-more-specific

5 E: Forexample, you can make a boat trip, or a sightseeing tour. Always popular with toutéstsore-specific
is Park Sanssouci.

6 U: Isallof thisin the inner city? Can you walk to these things, or do you have to use sckemore-attribute
kind of transport?

7 E: It's probably best to take the bus to the park, since it’s not really in the centre. By fedspec-attribute
it's about 20 minutes. The busses leave from the central station. This is also where the
sightseeing tours start. The harbour is also only 5 minutes away from the station.

8 U: Sounds good. Are there any reasonably priced hotels near the station? switch-topic

9 E: There's the XY-hotel close to the station. But in the centre there are also many o#hiespic-general
places where you can stay.

[..]
12 U: Arethere things to do for kids as well? switch-topic
13 E: A popular attraction for kids is the filmpark in Babelsberg. You can get there with thigtopic-general
tram.
14 U: How far away is that? Which tramline? ask-more-attribute
15 E: It's only two stops from the station. You take the S1 to Griebnitzsee, and then you walkspec-attribute
it's only 10 minutes. But you can also take the bus.
16 U: Only two stops, great. Is the entrance fee very high? ask-more-attribute
17 E: Entranceis 17 Euro for adults and 10 Euro for children. tell-spec-attribute
18 U: Notexactly cheap. What's on offer there? ask-more-specific
19 E: You can visit the Ufa-filmstudio and take part in the shows. Apart from that, it's likaef-spec-attribute

theme park, with roller-coasters and stuff.
20 U: Sounds good! I think I'll stay in Potsdam for the weekend then. Thank you very mugh
for the information.
E

21 My pleasure. Have fun in Potsdam. closing

Figure 1: An example dialogue, with dialogue-act annotation

We made the following observations: being questions.

e Firstly, the dialogues mostly seem to follow a These are the requirements for modelling this
recursive pattern of dialogue moves: the user askisind of dialogue, then: a) the dialogue manager
for (further) information about a topic, which the must allow for systematic exploration of a topic,
expert gives, thereby proposing alternative waysvhile b) allowing at all times user-initiated topic
of further exploring that topic. Then either one of shifts. It should be clear that finite-state based ap-
these alternatives is taken up, and a new sequengeoaches (see e.g. (McTear, 1998)) are too rigid
is started beginning with this sub-topic, or else thefor these requirements; they could only model this
user jumps to a different topic and begins a seamount of user-initiative if every state (represent-
quence there. This pattern is illustrated by turnsng a topic) not only had transitions leading to all
4 to 8 in Figure 1: turn 5 offers several alterna-alternative sub-topics, but also &l other topics
tive answers to the question in turn 4, and the useas well—resulting in a number of states that is
replies by inquiring more details. Then, in turn 8, hardly practical.

the user ends this subsequence and jumps to a newThe flexibility afforded by information-state-
sub-topic, which is then briefly explored. Turnsupdate (ISU) approaches (Traum and Larsson,
12 to 19 give an example of a sub-topic that is ex2003), on the other hand, seems better stfitéul.

plored in more detail. —
. . . Note that we are talking here about the power of the
e Connected to this pattern is the observation thaéeneral approach of ISU-based dialogue management. The

most questions (and, since this is the preferred dextant systems following this approach, such as GoDiS for
vice for changing the topic, most topic shifts) areexample (Traum and Larsson, 2003), put some additional
initiated bv the user: 89% of all estions COme(;onstralnts on.the dialogue management, by bemg rela-
Iniiated by user. 0 quest tively closely oriented towards template-filling and relying on

from the user, with a proportion of 35% of all turns system-initiative to do this, and hence are not capable of han-
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this approach, dialogue is modelled as a sequené® The Wanderer: Dialogue M anagement
of updatesof an (arbitrarily complex)informa- with Topic Structures

tion staterecording discourse history as well as _

beliefs and plans, governed ypdate-rulesthat  3-1  Overview of the approach

are triggered bydialogue actsand that produce The approach to dialogue management proposed
such acts, which abstract over different linguis-here inherits traits from very different traditions:
tic realisations. Indeed, the notion poposalsas  chatboté and ISU-approaches. From the for-
used above fits in nicely with what (Larsson, 2002)mer we import the robustness and the locality
calls issues under negotiatiorwhich are part of of pattern-matching-based dialogue management,
his Information State. In this approach, issues ar@hile the latter give us a model for abstracting
represented as questions, and proposals are altéfom specific inputs by using dialogue-acts. In
native answers to these questions. This mechahe system, we explore the chatbot-like strategy of
nism, however, does not say anything about whergstting local control decisions drive the dialogue
the required semantic relations between questiongrward—local decisions which, however, need
(Whether two questions are independent—what wgccess to an over-arching discourse model. This
would call a topic shift—or whether one further discourse model in our approach is rather different
specifies another) is stored. from earlier notions in that it is very closely related

- . . : to thecontentmodel of the system. More specif-
Our claim is that an underlying hierarchical or- . . .
o . . ically, we use a declarative, ontology-like model
ganisation of topics (much like an ontology mod- . )
) A ) f domain knowledge as the central repository of
elling the domain) is needed in any case, and tha

. . ; . : . Ihformation in the system; a repository that holds
combined withweightsrepresenting discourse his- not onlv the concentual knowledae and the asso-
tory, this is indeed thenly structure that is needed, y P 9

T . . . ciated linguistic forms, but also the information
obviating the need for storing explicit plans. This
. ) : . . about what has been talked about already and what
idea will be explored in the next section, but first

we give the full list of dialogue-acts that we de- can or should still be put onto the agenda, repre-

. : . sented as numericaleightson the topic nodes.
rived from our corpus and use in our system (Flg_Conse uently, it ithe content(together with, or
ure 2). Together with the examples given, the d Y, g ’

classes should be self-explanatbrilote that we rather, also representing the dialogue history) that

do not claim any general use for this set of acts bet> " charge of controlling dialogue flow—as op-

. . . e 8osed to other dialogue genres, where intentions
sides describing this specific dialogue-genre, an ) S
and goals are in the driver’s seat.

that we have devised this set with our approach . . , .
The ‘information state’ used in our system thus

to dialogue-modelling in mind. Nevertheless, we, ite simple: it d ) taExolicit |
have tested the coverage and reliability of thig'> dUte SImple: 1t does not contagxplicit goals
r beliefs or partitions; instead it contains an in-

mark-up scheme, by getting two naive annotators

to code up our dialogues. The achieved coveragatam'ated domain model, dynamically enriched

of around 98% of all utterances (i.e., only 2% WereWlth numerical information representing prefer-

marked ast her) and the resulting: value of .81 ences for .d'SCUSS'dh' As degcnbed in the pre-
indicates the usefulness of the schema. vious section, we do use dialogue moves as an

abstract layer between possible inputs and possi-

"Web-based systems for typed dialogue, using just pattern
matching, but with quite sophisticated implementations. See,
dling this kind of dialogue. That thgeneralapproach of ISU  e.g.,http: //ww. al i cebot . org.
should be flexible enough to model it, is perhaps not surpris-  8We stress “explicit” here, because the weights can be
ing: it is meant to be a general framework for implement-seen as implicitly storing past intentions, and guiding the
ing and comparing dialogue management strategies, after afiverall intention of “staying on topic” and “exploring the
(Traum and Larsson, 2003). topic”, and there is the implicit plan for doing the latter,
5The actselp andgarbage are only used in the implemen- namely by offering information about children nodes. More-
tation (they mark requests for producing a system messagever, the dialogue acts of course represent communicative
and recognition failure, respectively) and not for marking-upintentions; the point is that no expligitanningbeyond the
the dialogue examples. local decision on how to react to the last utterance is needed.
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Dialogue Act

Example

ask-more
ask-more-general
ask-more-specific
ask-more-attribute
reply
reply-pos
reply-neg
tell
tell-topic-general
tell-spec-attribute
rule-out-topic
switch-topic
noncommittal
digression
bye
opening / closing
help

“Can you tell me more about Potsdam’s parks?”
“Is there a park in Potsdam?”
“What are the opening times of the park?”

“OK?
“Not really, thanks.”

“Potsdam has four large public parks.”

“‘Sans, Souci. was builtin 1745”

“l am not that interested in parks.”

“OK. What about museums in Potsdam? What's on offer there?”
“Oh well, | don’t know.”

“Parks are good. | really like a good barbecue in the park.”
“Thanks. That’s enough.”

“Welcome. Thisis.." / “Thank you and goodbye.”

“Help!”

garbage

Figure 2: Dialogue Acts used to Describe Information-SegKihats

ble updates and also between update effects arapplication, the root concept t y-t opi ¢ is par-
possible outputs; our notion of ‘update’, however,titioned into entities such gsopl e, bui | di ngs,
is one of adjusting weights, which reflect the dia-parks, | akes and the like, which in turn are
logue history as well as user’s statements regarddecomposed into more specific categories; e.g.
ing her dis-/interest in particular branches of thevbui | di ngs can bepal aces, tenpl es, nuseuns
domain model. and so forth. Undepeopl e we assemble person-
alities of historic interest (the former kings, archi-
tects, gardeners, etc.) and those of importance for
We realised The Wanderer usingd@scription present-day life. Concepts then can be related.
logic (DL, see e.g. (Baader and Nutt, 2003)),E.qg., the domain model offers relations that link
which has several useful properties: Being auildings to architects, to construction years, to the
‘structured fragment’ of first-order logic, it organ- kings who commissioned the buildings, etc. Be-
ises knowledge in taxonomies and offers inferencgides the historic perspective, buildings can also be
mechanisms dedicated to and optimised for taxrelated to things like street addresses and entrance
onomical reasoning—in particulasubsumption fees (relevant for museums or movie theatres). Fi-
checking The knowledge base is split into a ter- nally, the most prominent relations spanning dif-
minological part (concepts and relations betweererent sub-domains are subsumed by a generic re-
them) and an assertional part (specific instancegtion si mt opi ¢, which will be explored when
of the concepts/relations in the terminology)—the system initiates a topic shift.
much like the class/instance distinction in object-
oriented programming. Subsumption is computed Note that the terminology does not include any
among concept descriptions, and between instand@otsdam-specific entity—these all belong into the
descriptions and concepts. Hence, DL-systems ofassertional part of the knowledge base. The termi-
fer sophisticated instance-retrieval: given an arbinology thus should be transferable to other cities
trarily complex concept description, the DL finds without too much effort. Instantiations of the con-
the set of instances satisfying the description.  cepts then constitute the description of the city in
In our approach, the terminology part has twoquestion:Sanssouci, Carlottenhof, Marmorpalais
components: a model of the domain, and a modednd so on are thpal aces in Potsdam, linked to
of linguistic utterance types. More specifically, thetheir architect&nobelsdorff, Schinkektc. Simi-
domain model serves as a taxonomytagicsthat  larly, specific movie theatres are linked to their re-
can be addressed in a conversation. In our examphkpective concrete entrance fees—and so forth for

3.2 Thelmplementation
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the entire model of Potsdam-related topics. (3) choose an output utterance — (4) update the
So far, we have described just static facts, withweights. The process stops when either the user
no relationship to actual linguistic utterances. Inends the conversation (system identifies a BYE-
our implemented demonstrator (which aims at in-act), or the system has nothing more to say, i.e.
vestigating dialogue strategy rather than linguiswhen the entire topic range has been exhausted.
tic processing), the system'’s utterances are largely The DL we use (LOOM, (MacGregor and
pre-fabricated. Instead of writing them entirely by Bates, 1987)) offers techniques from object-
hand, however, we perform a semi-automatic maperiented programming, which we use for realis-
ping from the domain model to utterances that vering the response strategy ©he Wandererit is a
balise the facts of the model. Thus our terminol-set of independenmethodsthat fire when a par-
ogy also includes a taxonomy of utterance typesicular combination of dialogue-act and parameter
(essentially templates for different types of infor-is identified in the user’s input. This corresponds
mation to be transmitted), and a mapping proces® the idea of local decision-making (see above)
traverses the domain model and uses the utterand®it is realised more flexibly than in chatbots, as
templates to “compile” the set of system utter-more computation can be performed (exploiting
ances. Importantly, these utterances are agmin the DL's services) to determine the optimal output
stanceof the DL; their types are both the domain utterance. The first step consists of constructing
topic and the kind of utterance. Domain topicsa concept description (consisting of domain topic
need not be leaves of the tree: there are for exanand, if applicable, linguistic types) that is handed
ple utterances about chi t ect s (The most prof- to Loom, whose query facility will find the set
ligate classicist Potsdam architects were Schinkelpf candidate utterances. Among these, the selec-
Persius and Hessegs well as about the specific tion is made on the basis of the weights, i.e., the
architectschi nkel (Schinkel was born in 1781 highest-ranked utterance is chosen (with random
in Neuruppin) the former will be produced when choice in case of a tie). Hence it is the weight
jumping to a new general topic and the latter onlyupdate mechanism evoked in step (4) that is re-
when it is explored in more depth. sponsible for steering utterance selection in order
Turning now to the dialogue manager, the keyto ensure coherence.
idea is, as indicated earlier, to associate numerical The following types of weight-update-functions
weights with the topics. The weight of an instanceare implemented; they are used in the dialogue-
characterises its relative salience for the next stepct-rules as described in Figuré3.
of the conversatiofl. When initialising a dialogue U1 Increase weight of utterance set by n%;
session, weights are by default distributed evenly}J2 Reduce weight of utterance set by n%;
unless the content designer has already marked3 Increase weight of utterance set by the amount
some topics as more prominent than others (e.gnecessary to just outweigh all others;
one of the palaces gets higher weight so it willU4 Reduce weight of utterance set to almost-zero.
be the starting point when the discussion turns to  An example shall illustrate this mechanism. In
palaces). Similarly, the “kickoff topic” for begin- the following, we show a (constructed) user ut-
ning the conversation (if the system rather than theéerance, its dialogue-act-type, the effect on the
user sets the first topic) can be set by the contenweights, and the system reply:

designer by assigning it the highest overall weight.
®Where ‘same node / sister’ in column ‘SYS UTT FROM

After initialisation, the system then moves NODE' means: if there is a non-exhausted utterance left at

through the following cycle: (1) get user input same node, chose it; otherwise choose one from the highest-
(simplified, as described above) — (2) classifyranked sister node. In row 4: the answer to a specific

. . . ) _ attribute-question has to be looked up explicitly, and hence
this input into a dialogue-act and parameters the weight-based selection doesn’t apply. Rows 5,6: cur-

- rently, the only system question to which the user REPLIES

°To keep the process of weight adaptation more transpaiis “Do you want to learn more about TOPIC?” (the “probe
ent, we chose to ensure that the sum of all weights is keptjuestion”). In 5-8, ‘sim-topic’ refers to thei mt opi c-
constant (so it can in fact be interpreted as a probability distelation (mentioned earlier) that abstracts over some specific
tribution). relations.
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USER DIAL.ACT SYS UTT FROM NODE WEIGHT UPDATE
1 | ask-more same node / sister node and daughters: (U1 10)
2 | ask-more-general mother mother and all her daughters: (U1 5)
3 | ask-more-specific highest-ranked daughter all daughters: (U1 5)
4 | ask-more-attribute Al response: info on A none
5 | reply-pos same node / sister node and daughters, sim-topics: (U1 5)
6 | reply-neg sister / any other node and daughters: U4
sim-topics: (U2 5)
7 | rule-out-topic T highest-ranked node outside [Tnode and daughters: U4
prefer a probe question all probe questions: U3
sim-topics: (U2 5)
8 | switch-topicto T new topic T (old) node and daughters: U4
don’t choose probe question | nodes below T: U3
intro-q’'s at T: U4
sim-topics-of-T: (U1 5)
9 | noncommittal same node / sister none
10 | digression mother all probe questions U3
node and daughters: (U2 5)
11 | bye bye n/a
12 | help print info none
13 | garbage same node / sister none
Figure 3: The weight-update rules
“What about cinemas?*(switch-topic(cinema))—  rection. It makes use of hierarchical topic-maps

(increase weight of cinema-topic and daughtersas well, which however are only used for comput-
and related entertainment topics)¥here are ing probabilities during topic spotting (see below
four cinemas in Potsdam, the Thalia, Melodie,for our approach to this). The “construct algebra”
UCI, and one in the Filmmuseum.” | “Where  approach of Abella and Gorin (Abella and Gorin,
is the Melodie?*—(ask-more-attribute(location))—  1999), used in théiMIHY-system, also explores
(no effect on weights; retrieve attribute)—"It's on this reduction-strategy. It uses so-caltahstructs
Ebert Street.”.| “Well.” —(noncommittal)—(no ef-  that represent knowledge about the tasks that the
fect on weights, stay on topic)—"The entrance issystem can handle (e.g., call forwarding, or giv-
only 4 Euros.” (...) ing billing information), which are organised in an

It is clear that this mechanism has its limits. Itinheritance hierarchy. Dialogue management then
currently cannot handle conversations where tw@onsists in creating such constructs and applying
topics are explored in parallel, and it also cannodialogue motivatoron them (for filling in miss-
handle complex queries like “which of the parks ising information, for example), until the constructs
closer to the central station?” (which however areare satisfied (and hence the task is done). In our
also beyond the scope of most dialogue systems@pproach, however, it is néhow-howthat is rep-
While not being implemented at the moment, the'esented but rather topical knowledge.
use of variables (for example for recording the Finally, the German SmartKom system has re-
time of the visit) is possible, and sub-dialoguescently promoted the use of ontologies in dialogue

could be launched to fill them. systems (Gurevych et al., 2003), mostly for coher-
ence scoring. As we will sketch below, we also use
4 Redated Work our ontology for this, but in addition, as described

above, we use it for the dialogue management as
We have already related our approach to finitewell.
state-based and ISU-based approaches above; here
we focus on the idea of reducing dialogue controls  Sketch of the other modules
to following a representation of domain knowl-
edge. The SwedisiwvaxHoLM system (Carlson Although the focus of this paper has been on the
and Hunnicutt, 1996) goes some way in this di-dialogue manager component of our system, we
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shall now briefly describe the context in which this evaluation of this component, through a Wizard of
module works. Oz-study: athree-party dialogue where the wizard
The matching of input to dialogue-acts is per-classifies the user utterances into dialogue-act plus
formed by pattern-matching combined with key-parameters, and the system produces the replies
word spotting (the keywords being recorded on théhat are sent to the user. A questionnaire is used to
topic-nodes). E.g., we specify patterns like “Tell assess the user’s (dis-)satisfaction, as well as ob-
me more abouTOPIC’, whereTOPICis a place- jective measures such as dialogue length, number
holder for a keyword. Together with knowledge of misunderstandings, etc. The base line will be
about the current topic, a match resolves to eithegiven by a defective version of the dialogue man-
one of the acts from the dialogue-act familsk-  ager (that for example makes random topic shifts),
more, Or to a topic-shift. In case more than oneand a gold standard by evaluating human perfor-
keyword matches, the hypotheses are ranked ugaance on the same task.
ing the weights, thus making double use of this
device!! This has certain similarities with the References
chatbot approach of template matching; we plar}\licia Abella and Allen L. Gorin. 1999. Construc algebra:

to upgrade this in the future to either a linguistic  Analytical dialog management. Rroccedings of the 37th
analysis or a statistical model or a combination of Meeting of the AC[Maryland, USA. ACL.

both. Franz Baader and Wolfgang Nutt. 2003. Basic description
logics. In Franz Baader et al, editofhe Description
6 Summary and Eurther Work Logic HandbookCambridge UP, Cambridge.

) Rolf Carlson and Sheri Hunnicutt. 1996. Generic and
We have presented a brief study of the genre domain-specific aspects of the waxholm NLP and dialog

“information-seekina chat”. and have sugaested Mmedules. InProceedings of the 4th Intgrnationfal Confer-
. . 9 T .. g.g ence on Spoken Language ProcessRigjladelphia, USA.
that it has certain features distinguishing it from

the kinds of information-seeking dialogues (e_g_lryna Gurevych, Robert Porzel, Elena Slinko, Norbert
. . . L Pfleger, Jan Alexandersson, and Stefan Merten. 2003.
travel information) predominantly modelled in di- | ess'is more: Using a single knowledge representation

alogue systems, the main difference being that itis in dialogue systems. IRroceedings of the HLT-NAACL
less driven by specific task-level goals (“ask about \Werkshop on Text Meaningdmonton, Canada, May.
intended departure times”, for example) than bystaffan Larsson. 2002ssue-based Dialogue Management
the topical structure of the domain. We have pro- Ph.D. thesis, Goteborg University, Goteborg, Sweden.
posed a taxonomy of speech acts that can ddRobert MacGregor and Robert Bates. 1987. The LOOM
; ; ; . knowledge representation language. TechReport ISI-87-
scribe the moves in such dialogues; gnd we have 188, USC/IS|. Berkley, California,
sketched a strategy to model such dialogues, to-

gether with an experimental implementation ofMichael McTear. 1998. Modeling spoken dialogues with
state transition diagrams: Experiences with theLu

that strategy. Our prototype implementation relies iooikit. In Proceedings of the 5th International Confer-
on a strict division between declarative domain ence on Spoken Language Processing (ICSLP-1988&)

model and dialogue management, so that moving neY: Australia.
the system to a new domain is a matter of replacingary Myers, Michael Kerns, Satinder Singh, and Marilyn A.

i _ ; Walker. 2000. A boosting approach to topic spotting on
the domain model, not one of re-programming. subdialogues. IrProceedings of the 17th International
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Abstract

In a recent paper it has been shown that
observers use referential form as an indi-
cation of how well acquainted interlocu-
tors are. In the present study it is investi-
gated if the referential form used by the
speaker influences the listeners evalua-
tion of the speaker. An experiment with
eighty subjects was conducted. Subjects
were told to imagine themselves being
spoken to by a stranger and to rate how
agreeable they would perceive the
stranger depending upon the utterances
he or she made. Sentences that referred
both implicitly and explicitly to a shared
experience. were employed in the experi-
ment. The results indicates that listeners
are rating speakers as more agreeable
when the speaker is using an explicit
rather than an implicit form of reference .
Two explanations are suggested and the
results are discussed in relation to rela-
tion formation in text based computer
mediated communication. It is suggested
that referential form could function as a
cue in this context.

1 Introduction

Referring is a central aspect of communication,
and studies of referential form, have generally'
shown that interlocutors follow Grice's cooperat-
ive principle of communication: “Make your
conversational contributions such as is required,
at the stage at which it occurs, by the accepted
purpose of the talk exchanges in which you are
engaged” (Grice, 1975, p. 45). In deciding what
form of reference to use in a conversation, the
speaker may take the listener’s perspective. For
instance speakers shape their way of referring
based on the assumed knowledge of the listener
(Clark & Wilkes-Gibbes, 1986, Fussell &
Krauss, 1992, Isaacs &. Clark , 1987) and the
cognitive load experienced (Horton & Keysar,
1996, Rossnagel, 2000). It is also well known
that the referential expression is more effective
when the topic is introduced at a later stage in a
dialogue (Krauss & Fussell, 1990). The first
time the topic is introduced, the referring could
be rather complex:

“I'm looking for an invoice
from Doe et co, it’s pink

and letter-sized”.

When the topic is introduced anew at a later
stage it’s shortened:

! But see Bard et al 2000, Keysar, 1994, Keysar, 1997.
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“Could you help me find the
invoice?”

Referring by using a pronoun, as an implicit ref-
erence, is an example of an extreme simplifica-
tion:

“I have found it!”

Implicit referring has two salient features, it is
efficient (for the speaker) and it is easily misun-
derstood. Take the following example. Two per-
sons, A and B, wait at a street corner for the light
to turn green. A young boy runs into the street
and is nearly overrun by a car. The boy makes it
over the street, the car continues, the light turns
green and A and B walk away. By coincidence A
stands behind B in line to by a newspaper later
that day and A says as they see each other:

1) “If he continues to be so
careless an accident is
bound to happened sooner or
later”.

or

2) “If that boy who ran out
into the street continues to
be so careless an accident
is bound to happened sooner
or later”.

In example 1) A refers implicitly to the event
in his or her utterance. The utterance is efficient
but could also be misunderstood, for instance B
might wonder if A refers to the boy or to the
driver. According to Grice’s cooperative princi-
ple of communication, A must phrase the utter-
ance so that it is quite evident for both A and B
what A refers to. Thus in 1) A seems to imply
something like “You know what I am thinking
about, and I know that you know”. The utterance
in example 2) does not carry the same implica-
tion.

Recently it has been suggested that the refer-
ential form implies a relation between the inter-
locutors. Svendsen and Evjemo (2003) showed
that observers perceive interlocutors that use im-
plicit referring as having a closer relation than in-
terlocutors that make explicit references. Svend-
sen and Evjemo explained the phenomenon by

arguing that an implicit reference implies more
than just a shared experience. Following Grice’s
cooperative principle, the speaker must be quite
sure that the listener remembers the event and
that the listener understands what he or she is re-
ferring to. Thus they argued that an implicit ref-
erence to a shared experience implies a higher
degree of familiarity between the interlocutors
than an explicit reference. Svendsen and Evjemo
further showed that implicit referring occurs
more often between family members than be-
tween colleagues, while it is less frequent in
phone conversations than in face-to-face conver-
sations. They suggested that the latter partly
could account for the alienation felt in phone
conversations compared to face-to-face conversa-
tions.

In the above-mentioned study, subjects rated
interlocutors that used implicit referring as hav-
ing a closer relation than interlocutors that used
explicit referring. The finding is hardly surpris-
ing since an implicit reference to some topic
tends to be meaningless if the interlocutors have
no shared experience, while an explicit reference
to the same topic is meaningful. Thus, a person
that listens in on a conversation and assumes that
the interlocutors try to make sense to each other,
also must assume that the interlocutors that use
implicit referring are better acquainted than those
who do not refer in this way - other things being
equal.

While it is no surprise that a person listening
in on a conversation assesses the relation be-
tween the interlocutors in this way, it is harder to
predict how the person spoken to would react to
being spoken to in an implicit versus explicit
manner. First, it is quite possible that the listener
will not react differently to utterances referring
implicitly or explicitly to an earlier shared expe-
rience. However, it could also be argued that a
listener would prefer being spoken to in an ex-
plicit manner. In the above example B would re-
act positively to being spoken to in an explicit
manner because this requires less mental effort
on his or her part. It could also be argued that B,
under certain circumstances, would prefer the
implicit utterance if an implicit utterance indeed
imply familiarity between speaker and listener.
The present study tries to shed light on this issue
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by investigating how subjects react to implicit
and explicit utterances.

2 Method

An experiment was conducted to assess whether
the way a speaker refers to a shared experience
influences how the listener perceive the speaker.
2.1 Subjects

Eighty subjects (Ss) aged 18 to 51 were recruited
from a broad population including university stu-
dents and teachers, pre-school personnel, under-
graduate teachers, researchers and administrative
personnel. The subjects were not given any com-
pensation for their participation.

2.2 Procedure

Ss were given a short text describing of an ima-
gined situation where they were standing in line
at the cashier in a supermarket. A stranger was
standing next in line behind them. When Ss came
to the cashier they couldn’t find their wallet, and
after some searching, stepped out of the line and

Sentences in explicit form:

A) Did you find the wallet when you wanted to pay yester-
day?

B) Did you get to pay when you were at the store yester
day

C) It has happened to me a lot of times that I have been
standing

looking for my wallet like you did when you wanted to
pay yesterday

D) Did you have to leave empty handed or were you able
to pay at

the cashier yesterday ?

Sentences in implicit form:

A) Did you find it?

B) Did you get to pay?

C) It has happened to me a lot of times.

D) Did you have to leave empty handed?

Table 1. The four sentences (A to D) used in the ex-
periment in explicit and implicit form

asked the stranger to pass them. The stranger
passed, paid and left. After a moment they found

their wallet, paid and left. Ss were further in-
structed to imagine that they met the stranger at a
later time and that the stranger in this meeting ut-
tered one of four sentences.

For each sentence Ss were asked to rate how
agreeable or sympathetic’ they would have per-
ceived the stranger to be if he or she had uttered
that sentence. The rating was done on a 7-point
Likert scale, with the anchors “very little” and
“very much”. Ss were given a sheet of paper with
a description of the situation, the four different
sentences, and the seven point rating scale be-
neath each of the sentences.

2.3 Design and analysis

The sentences had either an implicit or an explic-
it form as seen in Table 1. Subjects were ran-
domly divided into two groups, an “explicit — im-
plicit” group and an “implicit-explicit” group,
with forty ss in each group. In the explicit-im-
plicit group the subjects were presented with sen-
tence A in explicit form, sentence B in implicit
form, sentence C in explicit form and sentence D
in implicit form. In the implicit — explicit group
the order was reversed, so that sentence A had
implicit form, sentence B had explicit form and
SO on.

Thus the independent variables were presenta-
tion order (order) with the levels “implicit — ex-
plicit” and “explicit — implicit”, and sentence
with four different levels corresponding to sen-
tence A to D. Order is a between groups factor,
while sentence is a repeated measure, within sub-
jects, factor. Thus the design is a 2 way mixed
model ANOVA with 2 X 4 levels. The dependent
variable was the Ss score on the Likert scale.

A significant sentence effect would indicate
that the sentences used make different impres-
sions on the Ss, which is neither surprising nor
interesting. A significant order effect would in-
dicate that presentation order as such plays a part
in the results. That would be a spurious effect.
The interesting effect is the order*sentence inter-
action. A significant interaction would indicate
that the referring used in the sentences influences

2 The exact wording in Norwegian was: “Hvor sympatisk opplever du denne
personen”. The Norwegian concept “sympatisk” is roughly equivalent to the
English concept agreeable.
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how agreeable Ss think the speaker is, thus sup-
porting that hypothesis.

3 Results

The analysis reveals that both the factor sen-

tence and the order*sentence interaction are
highly significant (see Table 2). As stated earli-
er, a significant sentence factor merits no in-
terest. The significant interaction shows,
however, that referential form influences the
listener’s evaluation

Effect SS df F p
Order 43 1 1,3 >0.2
Sentence 79,8 | 3 26,6 <0,000
Sentence X Or- 439 3 14,6 <0.000
der

Table 2: Results of ANOVA

of the speaker. The interaction is easily seen in
figure 1. The dotted line represents the likeability
scores when the sentence A is uttered in it is ex-
plicit form, B in it is implicit, C in it is explicit
and D in it is implicit. The solid line represents

6,0

55

5,0

45

4,0

Likeable score

35

3,0

-@- Order
impl-expl

D -0+ Order

expl-impl

25

SENTENCE

Figure 1. Ss assessment of how agreable a speaker is
perceived depending upon the sentence spoken and
whether it refers explicitly or implicitly to the theme

the scores when the order is reversed, that is:
implicit-explicit-implicit-explicit. In all four in-
stances, uttering the sentences in explicit form is
scored as more agreeable or sympathetic than ut-
tering the sentences in implicit form. Thus, the

results show two things: First, the referential
form of an utterance influences how the listener
reacts towards the speaker. Secondly, given the
circumstances of this experiment, the listener
prefers an utterance that is framed in an explicit
manner over one that is framed implicitly.

4 Discussion

The results show that people react to referential
form and that an implicit way of framing a sen-
tence makes a less agreeable impression than
framing the sentence explicitly. The result can be
explained by what may be termed the “effort-hy-
pothesis” eluded to earlier; that a sentence in im-
plicit form required more mental effort of the
listener. Thus, a speaker that uses implicit refer-
ring makes it easy on him or herself by imposing
work on the listener. It is hardly surprising that
subjects find this the least likeable course of ac-
tion.

The results could also be explained in another
way, which may be coined the “relation-hypo-
thesis”. In the experiment the subjects were told
that a stranger spoke to them. A speaker who
wishes to be understood and uses an implicit ref-
erence to a shared experience must assume that
the listener remembers the instance referred to
quite well, or else the speaker is in breach of the
Griceian cooperative principle. Thus a speaker
using an implicit reference meta-communicates
to the listener that “I remember our previous en-
gagement quite well, and I assume that you re-
member it too.” The listener presumably inter-
prets this meta-communication contingent upon
his or her relation to the speaker. If the relation is
one that the listener wants or regards as positive,
he or she would probably appreciate that the
speaker remembers their earlier engagement. If
the listener does not want any relation to the
speaker, does not like the relation they have, or
does not know the speaker, the implication that
the listener remembers their shared history could
be interpreted as imposing and rude. It might be
argued that this is what happened in the present
experiment.

The results do not indicate which of these ex-
planations to favor, but the explanations give dif-
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ferent predictions. The “effort-hypothesis™ pre-
dicts that the listener would prefer the speaker to
use explicit reference regardless of the relation-
ship the listener would like to have to the speak-
er. The “relation-hypothesis” predicts that the lis-
tener would prefer that the speaker use implicit
referring when the listener wants or regard a rela-
tion to the speaker as positive. Thus, further re-
search should make it possible to choose be-
tween the hypotheses.

The results might shed light on relation forma-
tion and impression formation in text based com-
puter mediated communication (CMC). Classic
theories of media choice and media effects, with
the so called 'cues filtered out' perspective (Cul-
nan and Markus, 1987) predict that computer
mediated communication would lead to task ori-
ented communication and little or no relation
forming because the media lacks the ability to
convey non-verbal cues (Daft and Lengel, 1984,
Rutter 1987, Short et al 1976, Sproull and
Kiesler, 1986) However, it is well documented
that relationships are formed through CMC
(Kummervold et al 2002, Lea and Spears, 1995,
Park and Floyd, 1996, Utz, 2000). This has led to
theories that explain relation formation in spite
of a largely textual communication channel (Jac-
obson, 1999, Lea and Spears, 1995, Walther,
1992). These theories assume that interlocutors
are motivated to develop impressions of others in
spite of limitations in media, and that they utilize
the cues they have at their disposal both to give
and gain information. The relation forming pro-
cess takes longer however, since few cues are
available [Walter, 1992, Walter et al 2001).

Research aimed at uncovering the cues used to
convey impressions and build relations in CMC
points to verbal and textual cues, like self dis-
closure, language intensity, participants’ screen
names, form of address, and the discourse in
which they engage as central (Jacobson, ibid,
Walter and Burgoon, 1992). Further, partici-
pants’ linguistic style seems to play a role (Lea
and Spears, 1992). Apart from the verbal mes-
sages themselves, chronemic cues, ie information
about when messages have been sent, and
emoticons or smilies have been shown to play a
role in assessment of messages (Walther and
D’Addario, 2001, Walther and Tidwell, 1995).

Granted that referential form influences how in-
terlocutors perceive each other, as the present
results indicate, referential form must be con-
sidered a new candidate as a cue users may em-
ploy in assessing each other on-line. This is espe-
cially the case since referential form can be ma-
nipulated just as well in text as in speech.

The present research will be continued with
two foci. First it will be investigated which of the
two hypotheses set forth earlier fit the facts best.
Secondly, the use of referential form in CMC
will be investigated..
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Abstract

Most pronoun resolution research has
focused on written corpora while using
syntactical and surface cues. Though
big gains have been made in this domain
with those methods, it is difficult to do
better than the 80% coverage in these
domains without some world or seman-
tic knowledge. We investigate this issue
by incorporating rich semantic informa-
tion into a proven reference resolution
model over a very difficult domain of
human-human task-oriented dialogues.
Our results show that semantic informa-
tion greatly improves performance and
can even be viewed as a substitution for
the usual syntactic filters.

1 Introduction

In this paper we present an automated corpus-
based analysis of pronoun coreference resolution
using semantics in a spoken dialogue domain.
Most work in pronoun resolution has focused on
using syntactic and surface features such as word
distance or number of mentions to help improve
accuracy rates. While many of these methods per-
form quite well on large corpora, (for example,
(Tetreault, 2001), (Mitkov, 2000)), it seems that
these methods can’t do much better than 80% ac-
curacy. Error analyses from these studies suggest
that other information such as discourse structure,
semantic information, reasoning, etc. is required

James Allen
Department of Computer Science
University of Rochester
Rochester, NY, 14627, USA
j ames@s. rochest er. edu

to resolve these hard cases, which typically elude
most pronoun resolution algorithms.

In addition, while most empirical work in the
field has used large corpora of written text as the
basis for evaluation, very little work has been con-
ducted on spoken dialog domain, which are very
important for use in natural language understand-
ing systems. These domains are much more diffi-
cult than their written counterparts because speech
repairs, interruptions, and other disfluencies make
it hard to get reliable parses, and also very hard
to track the focus (Byron and Stent, 1998). For
example, (Byron, 2002) showed that syntax and
salience metrics that would perform at 80% on
Wall Street Journal articles could only perform at
37% over a large task-oriented spoken-dialog do-
main. Clearly, something other than syntax and
surface methods are necessary for successful refer-
ence resolution. Furthermore, what work has been
done in reference in spoken dialogs has focused on
distinguishing between coreferential and demon-
strative pronouns, and then the different types of
demonstratives, and then trying to resolve each
type (Eckert and Strube, 2000), (Byron, 2002).
These metrics typically use semantic information
of the verb and tracking of acknowledgments to
determine type.

In our study we assume knowledge of the type
of each pronoun and focus our work on coreferen-
tial pronouns specifically. This research is novel
in two ways - first, we use semantic knowledge
generated from a deep parser, along with surface
constraints to aid in resolution; second, we eval-
uate our algorithm over a large spoken dialog do-
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main. The results show that including semantics
improves reference resolution. In the following
section we discuss our spoken dialogue corpus.
Next we discuss the algorithm and close with re-
sults and discussion.

2 CorpusDescription

Our corpus consists of transcribed task-oriented
dialogs between two humans called the Monroe
domain (Stent, 2001). In these domains, one par-
ticipant was given the task of resolving several
medical and weather emergencies in a city by allo-
cating resources to resolve all of them in a timely
fashion. The other participant acted as a system to
aid the first in planning.

Corpus construction (Swift et al., 2004) and
(Tetreault et al., 2004) consisted of three phrases:
disfluency annotation, parsing, and reference an-
notation. We annotated our corpus for disfluencies
by marking all repeated phrases, repaired phrases,
and also marking incomplete and ungrammatical
sentences. Examples of incomplete and ungram-
matical utterances are: Actually it'sright a ab and
So ambulance sends generator.

After removing the disfluencies, each sentence
is parsed by a broad-coverage deep parser. The
parser works by using a bottom-up algorithm and
an augmented context-free grammar with hierar-
chical features. The parser uses a domain inde-
pendent ontology combined with a domain model
for added selectional restrictions and to help prune
unlikely parses. The output is a syntactic and se-
mantic representation of a sentence.

The semantic representation is a flat unscoped
logical form with events and labeled semantic
roles. Each term has associated with it an identify-
ing variable, semantic relationships to other terms,
and a semantic vector describing the term. The
vector is a typed feature list meaning that there
is a main type associated with the term (in our
case, one of: physical object, abstract object, situ-
ation, and proposition) which licenses certain sec-
ondary features. For example, a physical object
type would license features such as form, origin,
mobility, intentional, etc. Likewise, a situation
feature type would license features such as aspect,
time-span, cause, etc. Each feature has a list of
possible values. Some are binary such as the con-

tainer feature which means an entity can either
hold something, or it can’t. And some have a wide
range such as mobility: fixed, self-moving, non-
self-moving. Examples of a term and the semantic
vector (see the :SEM field) for the entity (an am-
bulance) are shown in Figure 1.

The parser was run over the entire corpus of
1756 utterances and its syntactic and semantic
output was handchecked by trained annotators
and marked for acceptability. The parser was
able to correctly parse 1334 (85%) of the utter-
ances. Common problems with bad utterances
were incorrect word-senses, wrong attachment in
the parse tree, or incorrect semantic features. For
our purposes, this meant that there were many pro-
nouns that had underconstrained semantics or no
semantics at all. Underconstrained pronouns also
can be found in utterances that did parse correctly,
since sometimes there is simply not enough infor-
mation from the rest of the sentence to determine
a semantics for the pronoun. This becomes prob-
lematic in reference resolution because an under-
constrained semantics would tend to match every-
thing. We decided not to manually parse the utter-
ances that did not parse correctly because we felt
a reference resolution model operating in a spo-
ken dialogue domain will have to deal with bad
parses and one wants their results to reflect the
“real world” situation. Sentences deemed ungram-
matical or incomplete were omitted from the pars-
ing and hand-checking phase. We felt that since
there were pronouns and possible antecedents in
these utterances, it is necessary to maintain some
representation of the utterance. So each term in
these sentences were generated manually.

The third phase involved annotating the refer-
ence relationships between terms. We annotated
coreference relationships between noun phrases
and also annotated all pronouns. Our annotation
scheme is based on the GNOME project scheme
(Poesio, 2000) which annotates referential links
between entities as well as their respective dis-
course and salience information. The main differ-
ence in our approach is that we do not annotate dis-
course units and certain semantic features, since
most of the basic syntactic and semantic features
are produced automatically for us in the parsing
phase. We labeled each pronoun with one of the
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(TERM :VAR V213818

:LF (A V213818 (:* LF::LAND-VEHICLE W::AMBULANCE)

:INPUT (AN AMBULANCE))
:SEM ($ F::PHY S-OBJ

(SPATIAL-ABSTRACTION SPATIAL-POINT) (GROUP-)
(MOBILITY LAND-MOVABLE) (FORM ENCLOSURE)
(ORIGIN ARTIFACT) (OBJECT-FUNCTION VEHICLE)

(INTENTIONAL -) (INFORMATION -)
(CONTAINER (OR +-)) (TRAJECTORY -))

)

Figure 1: Excerpt semantic features for “an ambulance”

following relations: coreference (pronoun is in an
identity relation with another explicitly mentioned
entity), speaker (one of the discourse participants),
action (pronoun refers to an event), demonstrative
(pronoun refers to an utterance or discourse seg-
ment), and functional (pronoun is related to an en-
tity by an indirect relationship). We had a team of
annotators work on the files and agree on how to
tag each pronoun.

After the annotation phase, a post-processing
phase identifies all the noun phrases that refer to
the same entity, and generates a unique chain-id
for this entity. This is similar to the ante field in
the GNOME scheme. The advantage of doing this
processing is that it is possible for a referring ex-
pression to refer to a past instantiation that was not
the last mentioned instantiation, which is usually
what is annotated. As a result, it is necessary to
mark all coreferential instantiations with the same
identification tag.

So the final parsed corpus consists of lists of en-
tities for each sentence. These entities are verbs,
noun phrases, etc, and each has a semantic vec-
tor associated with it, though at varying degrees
of acceptability depending on the parser success.
Noun phrases and pronouns entities are annotated
for reference.

3 Algorithm

We use a modified version of the Left-Right Cen-
tering algorithm (LRC) (Tetreault, 2001) to deter-
mine how much of an effect using semantics has
in pronoun resolution in a spoken dialogue. We
selected this algorithm because it is easy to use
and has performed well in other large domains. It
works as follows: while processing a sentence, put

each noun phrase encountered on a temporary list,
and once the sentence has been completely pro-
cessed, place the temporary list on a history stack.
When a pronoun is encountered, we first search the
temporary list’s elements from left to right taking
the first entity (noun phrase) that fits constraints
imposed by the pronoun and the context. If a suit-
able antecedent is not found, we search through
the history stack, searching each sentence from
left to right.

3.1 Additional Syntactic Constraints

Normally in LRC, the temporary list is sorted by
grammatical function (subject, direct object, etc.)
before being placed on the history stack. In our
domain, syntax is not very helpful in ranking en-
tities within a sentence since the sentences are so
short, so we simply rank the list by word order.
We found that gender constraints, though com-
mon in written text evaluations, were more of a
drawback then an aid. It was not uncommon in
our corpus for people to refer to a person with a
medical condition with that, or to refer to a dig-
ging truck with he. Number constraints were en-
coded in the :LF of the term as SET-OF, so it is
easy to tell if an entity is a set or not (see Figure
2). Noun phrases such as road crew which have
a singular representation but implicitly represent a
group of people do not have the SET-OF notation
in the :LF but have in their semantics the GROUP
feature. When semantics is used, we leverage this
information to allow these types of noun phrases
to be referred to by plural and singular pronouns.
In addition to the number constraints, we also
implemented three other syntax based constraints:
binding, predicate-NP linking, and location rank-
ing. Binding is a standard linguistic constraint
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(TERM :VAR V3337536

:LF (PRO V3337536 (SET-OF (:* LF::REFERENTIAL-SEM W::THEM))

JINPUT (THEM)
:SEM ($ F::PHY S-OBJ
(F::MOBILITY F::MOVABLE))

)

Figure 2: Excerpt semantic features for “them”

which prevents from noun phrases within the same
verb phrase from co-referring. So in the sentence:
They will move that the two pronouns would be
prevented from referring to each other. The ob-
vious exception is reflexives, though none exist
in the corpus. This constraint only works well
if the utterance parsed properly. There are some
instances where a sentence was parsed into frag-
ments so the binding constraint fails.

Predicate-NP linking is the process of replacing
an underspecifed pronoun’s semantics in a be verb
phrase with that of its predicate. So in the sentence
it is the digging truck at Avon it is underspecified
but is in a identity relation with the co-theme of the
verb phrase so, we replace the pronoun semantics
with that of the truck’s.

The final constraint, location ranking, is based
on research (Tetreault, 2002) on implicit roles
which showed that putting a preference order on
verb location roles (ie. TO-LOC - where an en-
tity is being taken, FROM-LOC -where an entity
is coming from, and AT-LOC, where an entity is
situated) improves resolution of implicit roles in a
spoken dialogue. Since the dialogues are basically
plan-based narratives, where an entity is taken to
is more likely to be referred to by a subsequent
pronoun than where it was taken from. So when
searching for the antecedents for pronouns there
and here, one looks back through each utterance
in the discourse history, first re-ranking the possi-
ble location candidates, with entities in a TO-LOC
role preferred over those in a FROM-LOC role,
preferred over those in AT-LOC role or no role at
all. For example, in the utterance Send the dig-
ging truck from Elmwood to Mt. Hope the pre-
ferred candidate would be Mt. Hope whereas in
the original LRC formulation, Elnmwood would be
selected.

3.2 Semantic Filter

A semantic match occurs when the main type be-
tween the pronoun and antecedent are the same,
and there is no conflict between the features (for
example, a match would not occur if the pronoun
were mobile but it’s candidate was non-moving,
but that feature would match if the candidate were
self-moving). For pronouns with an underspec-
ified semantics, we simply select the first entity
in our search path that meets the remaining con-
straints. In our study, we only investigate pro-
nouns marked for coreference. Pronouns with
other relations, such as functional or demonstra-
tive, were not considered.

4 Evaluation

For our evaluation we selected two baselines (both
knowledge-poor versions of LRC): the first uses
no semantic knowledge at all and simply selects
the first noun phrase in the search regardless of
constraints. The second incorporates number and
binding constraints. This represents the canonical
pronoun resolution constraints used in most sys-
tems. The results of both baselines are in Figure
3. The second column indicates what percentage
of the 278 pronouns that each algorithm resolved
correctly. The fourth column shows how many of
the 83 underconstrained pronouns were resolved
correctly, and the final column shows how many
pronouns with acceptable semantics (out of 195)
were resolved) correctly.

The additional rows in the table represent the
cumulative effects of adding a constraint onto the
constraints in the preceding rows. So adding
the location constraint on top of the binding and
predicate-NP constraints (and the basic baseline
constraints) produces an improvement of 3.2%
over not using the constraint. The final row rep-
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resents only adding semantics to the baseline con-
straints.

The main result from this evaluation is that
including semantics significantly improves pro-
noun resolution accuracy. The three syntactic
constraints improve performance over the second
baseline by 6.5%, or an error reduction of 20.8%.
The biggest increase comes from adding seman-
tics (5.4%), or a cumulative error reduction of
31.9%. Another positive outcome from this study
is how much only using semantics improves things
over the baseline. So from the standpoint of build-
ing a natural language system where response time
is important, only using the semantic filter is a rea-
sonable alternative to employing a battery of filters
on top of semantics.

Another boost can be seen in resolving pro-
nouns with semantics, as it resolves 26 more. This
also reflects how useful it is to have a well-parsed
corpus to get acceptable semantics for each entity.

We conducted a detailed analysis on the 92 pro-
nouns resolved incorrectly to identify the main
categories for error:

Wrong semantics (22) Cases where a bad parse
leads to incorrect semantics for either the pro-
noun or its antecedent so there would be no
way for a match to occur. The most common
error was plural pronouns having a top-level
semantic feature of situation when it should
have been physical object. So these pronouns
would incorrectly match with events in the
discourse as opposed to a set of people, road
crews, vehicles, etc.

Underconstrained pronoun - (15) Here there is
either not enough information from the rest
of the sentence for the parser to give a rich
semantics for the pronoun. This means that
the pronoun will match more entities than it
should.

Difficult (13) There were ten cases in the corpus
that required a combination of information
and reasoning to resolve the pronoun cor-
rectly. Most of the time, the pronoun fit sev-
eral of the error categories.

Three of the errors were related to discourse
structure where some notion of common

ground or embedded structure could be help-
ful in eliminating candidates during search.
Usually this happens when pronouns have a
long distance antecedent but the intervening
utterances are an aside and not related to the
topic of the pronoun’s sentence. For exam-
ple, utterances 10 and 11 in Figure 4 are an
aside and if removed would prevent it from
resolving to the disability.

UTT8 U i can'tfindtherochester airport

UTT9 S it's

UTT10 U i think i have a disability with
maps

UTT11 U havei ever told you that before

UTT12 S it'slocated on brooks avenue

Figure 4: Excerpt from dialog s2

Bad Parse with intervening candidates (9)
Unlike the first case, the semantics for
the pronoun and entity are acceptable but
intervening entities have incorrect semantics
that coincidentally match with the pronoun’s
semantics. Because the algorithm works
by selected the first candidate that meets
all constraints, this intervening candidate
is selected before the real antecedent is
considered.

Pred-NP Binding (8) These cases involved pro-
nouns in utterances that did not parse and
thus binding constraints were not able to
function. So the pronoun would refer to an
entity intrasententially when it really should
be blocked.

Locatives (8) The locative ranking method does
improve performance for there and here but
there are some cases where that ranking fails.
For example, Srong Hospital in the am
bulance from Srong should not be highly
ranked because it is in an embedded phrase.
And in Figure 5, our algorithm selects east
main as the most salient entity, but the pro-
noun at the end refers to rochester general.

Set (6) We currently don’t handle plurals with
multiple antecedents, so the 6 cases of set
membership are automatically wrong.
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Algorithm % Right Right USP Right ACC Right
baseline 1 44.6% 124 43 81
baseline 2 55.0% 143 51 102
+binding 57.9% 161 54 107
+pred-np 58.3% 162 54 108
+location 61.5% 171 54 117
+semantics 66.9% 186 54 132
b2+semantics | 65.5% 182 54 128

Figure 3: Pronoun Resolution Algorithm Performance

UTT198 S so i'm just gonna take the am-
bulance from rochester general to
east main back to rochester gen-
eral so that we have one ambu-
lance there

Figure 5: Locatives Example

Intervening Candidate (6) In this case, all
parses in the local context are good but there
is a candidate that matches the pronoun but
is not the correct antecedent.

Functional Semantics (2) There were two cases
of pronouns in a functional relation being re-
ferred to by a co-indexing pronoun. These
errors are due to metonymy.

The error analysis shows the effect of erroneous
parses on performance. 39 of the errors (wrong
semantics, bad parse with intervening candidates,
and pred-NP binding) are due to bad parses pro-
ducing incorrect semantics for the entities. This
shows the difficulty to NLP systems that spoken
dialoguess impose. Difficult sentences lead to in-
correct parses which then can severely effect ref-
erence performance. On the other hand, the error
distribution shows the great gains that can be made
by getting better parses or by compensating with
other metrics. Despite the underspecified seman-
tics for some pronouns, or incorrect semantics, us-
ing semantics really improves accuracy instead of
harming it.

5 Conclusion

In short, we performed an automated empirical
evaluation of pronoun coreference resolution in
a large spoken dialog domain using rich seman-
tic information from a deep-parser. The results
show that semantic information improves perfor-
mance over recency-based heuristics, and despite
the complications imposed by spoken dialogue.

Future work will include researching ways of
dealing with underspecified pronouns and also us-
ing discourse cues, grounding, and thematic roles
of verbs to further aid resolution.
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Abstract The protocol has a fixed turn-taking mechanism.
Here we extend the protocol, looking in particular
In this paper we propose a formal ac- at different coordination and turn-taking mecha-
count of multi-party inquiry. Inquiry is nisms. Moreover, we believe that once we have
the dialogue game type in which partici- solved the simpler case of inquiry, it becomes eas-
pants try to get a common understand-  jer to extend the results to multi-party negotiation
ing of some open problem concerning and persuasion dialogues.
an external state of affairs. We discuss The paper is structured as follows. First we give
some important issues for multi-party definitions for single party inquiry. Then we look

dialogue in general, and extend a simple 4t multi-party issues in general, such as open ver-

account of inquiry, such that it accounts sus closed systems, roles and coordination. Sec-

for the multi-party case. tion 3 contains an inquiry protocol adapted for the
multi-party case.

1 Introduction ) _ )
_ _ _ o 2 Issues in multi-party dialogue
Formal dialogue is rapidly gaining status as a

new paradigm for automated forms of informa-Multi-party dialogue can be conducted in vari-
tion exchange. In this paper we consider the dious ways. To sketch the possibilities we briefly
alogue game ahquiry. According to Walton and sketch the landscape. The following issues arise
Krabbe'’s typology of dialogue game types, inquirywhen considering dialogue games for more than
is “a type of dialogue which strives to establish ortwo participants (Dignum and Vreeswijk, 2003).
‘prove’ propositions in order to answer a question Open vs. closed systems issue that comes
(solve a problem) in such a way that a stable andip right away, is who the participants are. In a
general agreement on the matter at issue resultslosed system, all parties are present during the
(Walton and Krabbe, 1995, p. 72). Inquiry dif- whole dialogue. Entry and exit to the dialogue is
fers from persuasion dialogue in that it does notontrolled, and therefore we can assume that each
start from a conflict, but from an open problem.participant satisfies a basic set of assumptions. In
It differs from information exchange, in that par- an open system, any agent can join later or leave
ties have a common goal to reach agreement. Fdrefore the end of the dialogue. No assumptions
information exchange, the goal is mere disseminacan be made on for instance, common ground or
tion of information. use of vocabulary.

In this paper we focus on multi-party inquiry:  RolesA following issue is the role of each of the
inquiry performed by a group of more than two parties in the dialogue (Hulstijn, 2003). This can
cooperative agents. Dignum and Vreeswijk (2003%e looked upon from different perspectives. First,
describe a simple protocol for multi-party inquiry. there are roles related to addressing. In a two-
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party dialogue there is always a speaker and apert may do observations to extend its knowledge
addresseeln a multi-party dialogue we can dis- and combine bits of knowledge to reason with it.
tinguish: speaker, addressee, auditor, overhearémquiry can be seen as an information exchange
and eavesdropper (see e.g. (Bell, 1984)). Seawith nature. When the expert carries out an exper-
ond, there are roles constituted by the particulaiment, this corresponds to a query; the observa-
dialogue game type. Such roles define the expedion provides the response. Although we believe
tations, preferences and dialogue game rules asstite world itself is consistent, observations may be
ciated with a participant. For example, in a typ-conflicting.

ical two-party persuasive dialogue there is a pro- The knowledge of an agent is modeled by a
ponent and an opponent. However, for dialogueknowledge base KB. We say that the agent knows
of inquiry or deliberation, the distinctions already ¢ whenever KB I, ¢ for some suitable base
get blurred. Third, there are roles that depend offogic L, with consequenc€n(). In this paper
the social organization of the interaction situation.we will use propositional logic as the base logic,
A good example is that of a chairperson. Suclbut obviously this can be extended with more ex-
roles determine turn taking, termination or entrypressive logics or knowledge representation for-
and exit to the dialogue. malisms, such as description logic.

For each of the perspectives on roles one capyafinition 1 (Dialogue state) A dialogue state is
choose whether roles are fixed once or can changg,[u|0Ie DS = (KB,Q, H,S), where KB is the

during the dialogue. Again, we may need Spey,jedge base( is a prioritized queue with
cific communicative acts or rituals to signal SUChqueries that the agent is interested i, is a se-
changes. guence of moves representing the dialogue history,

Channel One may distinguish between syn- .. ¢ is 4 set with queries that have been made,
chronous and asynchronous communication Cha’b’ut remain unresolved

nels. This choice has repercussions for addressing
too. For example, in an asynchronous channel that Ve represent the fact that some expemakes
stores messages for a long time, such as a newd- uery to nature whethep holds by an ex-
group, we may expect many overhearers. By conPT€SSion query(e, o). As a response, nature ei-
trast, a synchronous medium, such as speech, {ger allows the observation observation(e, @)
less suitable for one-to-many communication. observation(e;yp). In case the query must remain
CoordinationOn a synchronous channel, only Unrésolved, there is no observation. .
one party can speak at a time. Therefore one needs The dialogue state of an agent changes if it
a turn taking mechanism. We could use a roundPOSes a query or if it does an observation. Thus,
robin protocol, which is a generalization of the ("€ meaning of a move, such as a query or ob-
strict turn-taking for two parties. Otherwise one S€rvation, is the change it makes to the dialogue
could have a chairman explicitly assign turns. OrStates thatare kept by each agent. Accordingly, we
an asynchronous channel, in principle everybodﬁef'”e two transition functions that map dialogue
may speak at the same time. states to new dialogue states.
TerminationParticipants engage in a dialogue Definition 2 (Inquiry) If DS, = (KB, Q, H, S)
for some particular purpose. This purpose differds a dialogue state, we define a query and obser-
for each dialogue game. vation as in Fig. 3.

Thus, if e decides to pose a query, what effec-
tively happens is this. Firse, pops the next query
This section describes a simple dialogue game dfom the repository of queries where it is inter-
inquiry. The game has two participantexpert ested in, namely the queudg. According to the
andnature. The expert has knowledge about someriority mechanism inQ, the formulay may be
particular aspect of the world, called a topic. Forconsidered as the most urgent query éor To
example, an agent may be an expert on the topiegister that has posedy, the experte appends
of financial information, or on real estate. The ex-“query(e, ¢)” to its personal dialogue histor .

3 Inquiry
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perts pose questions at will, and “fish” for answers
query(ep)(DS.) = ( KB, eren and where ?ppr(r)]priate, for exampkle if timde
allows. In patrticular, there is no turn taking an
0 er . : .
pop(query(e, ), @), observations may “come in” at any time. If the
H +query(e, ), SU{p} ) latter is put in agent-oriented terminology we may

observation(e, ¢)(DS) = say that nature is not obliged to respond.

it KBU{p}¥L then 4 Multi-party inquiry
(Cn(KB U {¢}), Q, " . .
H + observation(e, ), 3 {¢}) In addition to the protocol proposed in section 3,
else we make the following assumptions.
(KB, Q, H + observation(e, ¢), 9 (i) A fixed number of equivalent participants en-
end gage in an inquiry dialogue.

(iiy There are no specific roles for the agents, al-
though they may be in productive mode, or

Figure 1: Definition of query and observation. consumptive mode (see below).

(i) Agents communicate through a central

Finally, to remember thap is asked but not an- medium, called the forum, the function of

swered (yet),p is added to the list of posed but  which may be compared to the function of

unanswered queries. an internet newsgroup. Messages are public.
We now explain the second equation. elbb- They are not addressed to specific agents.

servesy, there are two possibilities: the observa- ) agents act (listen, reason, and speak) in turn,
tion ¢ is consistent with what knows, or it is not. for a fixed number of rounds.

If ¢ is consistent with KB, thep is “epistemically
adopted,”, i.e.p is added to KB. To register that
has been observed appends “observation(e, ¢)”
to its personal dialogue histordf. Finally, ¢ is The following properties are not typical multi-
crossed off as an unresolved queryplfs incon-  party issues, but also determine the course of a di-
sistent with KB, i.e. ify contradictse’s knowl-  alogue.
edge, there should ideally revise its knowledge,
for example according to the AGM paradigm on
belief revision (@rdenfors, 1988). Since belief re-
vision is another issue that falls beyond the scope
of this paper, we have chosen for the semantically
crude (but we believe technically adequate) solu-
tion that in case of inconsistencies the observation
is ignored and the query remains unresolved.

The initial state of an agentDS® is  (b) Agents have reasoning capacities. In partic-

(v) There is no criterion for termination., com-
pare point(iv).

(a) Participants are cooperative. This means that
they are sincere, i.e. do not lie about their be-
liefs. All agents acknowledge and process all
applicable messages. Moreover we assume
that all agents have ample time to reason, and
all agents have the opportunity to post all the
messages desired.

(KB°,Q°, (),0), such that whichk B /; Q, ular, they do not ask what they already know
and () is the empty sequence. The desired end ~ Of can infer. Before asking, an agent tries to
state of the dialogu®5' is (K B', (), H', ). This infer the desired item itself.

means that all queries i@° have been resolved.  (c) The facilitation of information is dialectic:
The two dialogue actions can be uttered at any  claims are justified with other claims or de-
dialogue state, in any order. Thisresultsinaproto-  nied with reasons that support a contradic-

col that is extremely simple and rather liberal com- tion. Agents accept claims if and only if they
pared to other mechanized dialogue games. Itis can be resolved to information that they be-
even an issue if we might speak of a true protocol  lieve to be true, either on the basis of obser-

here. The idea is that, in a running dialogue, ex- vation, or derived from acquired information.
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(d) Regression to previous messages is alway8 Experiments
possible. Agents are allowed to question or
justify prior claims. Thus, an immediate re-
sponse is not required.

The multi-party inquiry set up discussed above is
rather simplified. With respect to all the multi-
L party issues discussed in section 2, it always takes
(e) Forsimplicities sake the agents ha_ve a shareg simple solution. In order to allow experiments
qnto!ogy. One consequence etk assUMPLith different set-ups, to test if the resulting dia-
t!on s that p ropositions (internal representa—logues that are generated make any sense, we have
gons oLcIalmsLconveyeddthrough MeSSaYeshade an implementation of the dialogue architec-
0 not have to be renamed. ture in Ruby. This allows us to run dialogue gener-
5 Architecture ation experiments. The purpose of the implemen-

In this section we will describe the architecturetmIon 's to test different dialogue game parameter

. i . ) settings.

that lies at the basis of our implementation. Wi ted f ol tation in Rubv b

We suppose that agents belong to a discussion € opted for an implementation in =uby be-
groupG — (A, F), where A is a (finite) set of cause it is a p_ure_c_)bject-orlented_ scripting lan-
agentsA, andF' is a newsgroup-like data structure guage W'Fh an intuitive syntax, suited for proto-
called aforum. A forum is a sequence of entries YPING: F',g' 2 show_s the data struqtures of three
F = {(my,...,my), wherem,, is the last entry pub- agent_s, viz. Mr. Priestley, a prominent Enghsh
lished. An entrym; is a pair consisting of a query chemist and a strong proponent of the phlogiston

and a sequence of observations that count as r%heory of combustion, Mr. Lavoisier, the founding
sponses: ather of the oxygen theory of combustion, and

you, the reader, who supposedly wants to know
m; = { query(i, ¢),(observation(r, ¢1), . . ., more of combustion theory and queries the ex-
observation(, ¢1)) ) perts Lavoisier and Priestley. Other queries can be

h ies beh ik ) hread posed as well, mostly with the same effects. The
Thus, _entrles ehave like _tOp"_:S or threads a?esulting dialogue is displayed in Table. 1.
found in newsgroups or mailing lists.

The internal structure of a participaht € A
contains (at least) the dialogue state of section
along with a bookmark to remember the first
unread entry, and bookmarks j) per entry for
the first unread response to that que®:S, =

During our experiments, we noticed that all dis-
cussion terminate. This can be understood as fol-
:?]OWS. As a finite number of queries may be linked
to a finite number of answers. Moreover, agents
keep an account of which queries they have an-
swered, so that eventually termination is ensured.
(KB, Qr, H, Sk i, (1, 7), - - -, (n,9)))- We also observed that ggents will reach a con-

Agents rL_m concurrently, and have access tq %Iusion on accessible facts within a reasonable
forum that is shared by all agents. The forum is

. h h L but i amount of turns. This can be explained by the
a passive asynchronous channel, but IS TeSPONSY ot ¢ explanations (i.e., explanatory rules) can-

ple for_the adm|n|strgt|on of Messages. The 'qe_?\ot be chained infinitely. A a consequence each
is that instead of making observations, the partici-

ts will first the f justification has a stopping place, so that agents
pants Wil NOWIrst query the forum. will either accept facts or abandon search on ex-
Each agent may be isonsumptive moder

: ; _ plained statements with a bounded number of dia-
in productive mode. In the consumptive modeIolgue moves
o .

an agent takes actions that are supposed to de
yvith the accumulation of new knowledge:_ read-7 Related Research

ing from the forum or posting new queries to

it. This can be expressed by read(koBs(e, p)) Although itis arguably one of the simpler types of
and post(k, Fquery(k,¢)). In the productive dialogue, inquiry has received less attention than
mode an agent disseminates knowledge. Imegotiation or persuasion. An exception is the
our case, answering questions of other agentsvork by McBurney and Parsons (2001) on scien-
post(k, F.query(k, ¢),0bs(k,1)). tific investigation. Our purpose is very similar to
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1. Reader: Gentlemen, how is it to be explained that in combustion, heat and light are given off?

2. Lavoisier: Dear Reader. You asked why in combustion, heat and light are given off. Well, that is
because pure air contains oxygen, pure air contains matter of fire and heat, and in
combustion, oxygen from the air combines with the burning body.

3. Priestley: Dear Reader. You asked why in combustion, heat and light are given off. Well, that is
because combustible bodies contain phlogiston, combustible bodies contain matter of
heat, and in combustion, phlogiston is given off.

4, Reader: Let me think. Do | know that pure air contains oxygen? ..

5. Reader: .. no.

6. Reader:  Sorry, | it is not clear to me why pure air contains oxygen. Can you explain this a bit
more?

7. Reader: Let me think. Do | know that combustible bodies contain phlogiston? ..

8. Reader: .. no.

9. Reader:  Sorry, | it is not clear to me why combustible bodies contain phlogiston. Can you
explain this a bit more?

10. Reader: Gentlemen, how is it to be explained that pure air contains oxygen?
11. Reader: Gentlemen, how is it to be explained that combustible bodies contain phlogiston?

12. Lavoisier: Well, one of the hypotheses of my theory is that pure air contains oxygen.

13.  Priestley: Well, one of the hypotheses of my theory is that combustible bodies contain phlogiston.
14. Reader: Ok, thanks Lavoisier.

15. Reader: Ok, thanks Priestley.

Table 1: Resulting dialogue.

theirs. They describe a risk agora, as they call itReferences

that allows the storage of multiple arguments fory gej 1984 Language style as audience design.
and against some claim. However, they do not Language in Society, 13:145-204.

treat multi-party issues explicitly. The agora is an

asynchronous channel; no coordination rules arg' Dignum and G. Vreeswijk. 2003. Towards a testbed

. for multi-party dialogues. Innternational work-
given. shop on Agent Communication
There is also a correspondence to the Newscast

- . . D. Traum et al. 2002. Embodied agents for multi-party
protocol (Voulgaris et al., 2003). This is a kind of dialogue in immersive virtual worlds. IRroc. of

‘gossiping’ protocol that can be used to dissemi-  the First Int. Joint Conf. on Autonomous Agents and
nate information in distributed systems. A differ- Multi-Agent Systems, pages 766—773. ACM Press,

ence is that the newscast protocol can only pass July.

on iqformation. No mechanism _eXiStS to specifyp Gardenfors. 1988 Knowledge in Flux: Modelling
queries. The Newscast protocol is complementary the Dynamics of Epistemic states. Bradford Books.
to our work, in the sense that it may provide an im-

plementation of the forum in distributed systems. J. Hulstijn. 2003. Roles in dialogue. In I. Kruijff-

Korbayova, editorProceedings of the 7th Workshop
_ on Formal Semantics and Pragmatics of Dialogue
8 Conclusion (Diabrck), pages 43-50. Universitt des Saarlandes.

In this paper we proposed a simple protocol ofP- McBurney and S. Parsons. 2001. Representing epis-
. . d between experts and temic uncertainty by means of dlalect!c_a_l argumen-
Inquiry amo”g experts an ) p tation. Annals of Mathematics and Atrtificial Intelli-
nature. We discussed several issues that are rel- gence, 32(1):125-169.
evant to multi-party dialogue in general: open ver-§ Voulaaris. M. Jelasit d M st 2003
5. Voulgaris, M. Jelasity, and M. van Steen. :
SF‘S glosed Systems, r.oles, type of channel, coo A robust and scalable peer-to-peer gossiping proto-
dination and termination. We then make some col. InProceedings 2nd International Workshop on
choices regarding these issues, for the game of Agents and Peer-to-Peer Computing (AP2PC 2003).
multi-party inquiry. Under some assumptions, we .

f] y qh Y i . pH ' "D. N. Walton and E.C.W. Krabbe. 199&o0mmitment
can show such games will terminate. HOWeVer, i, pigjogue: Basic Concepts of Interpersonal Rea-
many assumptions remain unwarranted. Therefore soning. State University of New York Press, Albany,
we hope this first attempt will stimulate more re- NY.

search into multi-party issues.
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#!/sw/bin/ruby

translation_table

=

body’,

=> 'Lavoisier’,

[ %wW(OH1 OH2 OH3) ],

[ %w(OH1 OH3) ],

[ %w(OH1 OH3 OH4) ],

[ %w(OH1 OH5) ],

[ %w(OH1 OH4 OH5) ],

[ %w(OH1 OH5) ],

[ %w(OH1 OH®) ],

'OH2" => TRUE,
'OH4’ => TRUE,
'OH6' => TRUE

'E1]’ => 'in combustion, heat and light are given off,
'E2' => 'inflammability is transmittable from one body to another’,
'E3’ => ’'combustion only occurs in the presence of pure air’,
'E4’ => 'increase in weight of a [.. snip ..] weight of air absorbed’,
'ES’ => 'metals undergo calcination’,
'E6’ => 'in calcination, bodies increase weight’,
'E7" => 'in calcination, volume of air diminishes’,
'E8’ => 'in reduction, effervescence appears’,
'OH1’ => ’pure air contains oxygen’,
'OH2’ => ’pure air contains matter of fire and heat’,
'OH3’ => ’in combustion, oxygen from the air combines with the burning
'OH4’ => ’'oxygen has weight’,
'OH5’ => 'in calcination, metals add oxygen to become calxes’,
'OH6’ => ’in reduction, oxygen is given off,
'PH1’ => 'combustible bodies contain phlogiston’,
'PH2’" => ’'combustible bodies contain matter of heat’,
'PH3’ => 'in combustion, phlogiston is given off’
'PH4’ => ’phlogiston can pass from one body to another’,
'PH5’ => 'metals contain phlogiston’,
'PH6’ => ’in calcination, phlogiston is given off’
}
Agent.new( Agent.new(
'name’ => 'Priestley’, 'name’
'questions’ => {}, ‘questions’ => {},
'’knowledge’ => { '’knowledge’ => {
'E1 => [ %w(PH1 PH2 PH3) ], 'El =>
'E2' => [ %w(PH1 PH3 PH4) ], 'E3’ =>
'E5’ => [ %w(PH5 PHS) ], B4 =>
'PH1’ => TRUE, 'PH2" => TRUE, 'E5’ =>
'PH3’ => TRUE, 'PH4 => TRUE, 'E6’ =>
'PH5’ => TRUE, 'PH6 => TRUE 'E7 =>
} 'E8’ =>
) 'OH1’ => TRUE,
'OH3" => TRUE,
'OH5 => TRUE,
}
)
Agent.new(
'name’ => 'Reader’,
'questions’ => {
'E1’ => TRUE
3
'’knowledge’ => {}
)

Figure 2: Translation table, followed by data structures for three agents.
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Presupposition and Belief in DRT: Towards A New Implementation

Yafa Al-Raheb
University of East Anglia
y.al-raheb@uea.ac.uk

1 Introduction or given information and not the focus or centre of

_ ) _ _ her utterance. For example,
This poster is part of current research mvestlgat(z) Speaker: My car just broke down
ing presupposition and belief in human dialogues ' '

using Dynamic Interpretation Theory (DIT) to cat- ‘my car’ constitutes the given information that
egorize dialogue utterances within the frameworkhe speaker has a car, while ‘just broke down’
of Discourse Representation Theory (DRT). Theprovides new information; the information that
work in progress aims at making dialogue represpeaker is attempting to communicate is called as-
sentation within DRT more pragmatic, especiallysertion.
in relation to presupposition. Presupposition is related to the beliefs of the
The developing implementation builds on Bosspeaker, regardless of whether the beliefs are part
and Blackburn’s Curt DRT prografh and Bos's  of the ‘common ground’ or not. Speaker belief
DORIS progran® to include more examples of leads to presupposition, which conveys the beliefs
presupposition, augment DRT with DIT’s dia- of the speaker to the hearer. This approach takes a
logue acts, and to represent the beliefs of the pastronger position to beliefs’ relation to presuppo-
ticipants to the dialogug sition than Geurts (1999) by assuming that Grice’s
Cooperative principle is in place. Consider Stal-
2 Presupposition, Assertion, and Belief  naker's example (2002):

As in dynamic semantics, presupposition is(3)|haveto pick up my sister at the airport.

viewed here as anaphoric, lexically triggered and |f we were to assume that the participants in the
dependent on context (van der Sandt 1992). Exdialogue are being cooperative, not lying, being

amples of presupposition include: relevant, etc, we can take the stronger position that
(1) a. SpeakerThe red book is interesting. the information introduced by the presupposition,
b. Speaker: Vincent likelser dress. here ‘having a sister’, is indeed a belief held by the
c. SpeakerMia loves Vincent. speaker. This applies to whether ‘having a sister’

To make presupposition within DRT more prag-is known to the hearer or not.
matic, presupposition is understood as being the The point to be made here is that the relation-
property of the speaker. In this sense, the preship between belief and presupposition, and be-
supposition being ‘taken for granted’ means: thdief and assertion helps clarify what is meant by
speaker believes the presupposition to be knowpresupposition. Additionally, introducing speaker
ymcomsem.org anq hearer perspect_iyes contributes to the clarifi-
2 coli.umi-sh.de/ bos/doris/ cation of presupposition. Let us refer to presup-

3| would like to thank Dr Johan Bos for kindly sending POSition by P, to assertion by A, to believe by bel,
me the code for DORIS and for his advice. speaker by S, and hearer by H.
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(4) Speaker: Vincent's wife likes chocolate. to shed light on the beliefs of the participants in a
Hearer: | thought she was allergic to it. dialogue.

In the first part of examples (4), P is ‘Vincent The use of dialogue acts in relation to be-
has a wife and Vincent is male’, whereas A islief, presupposition, and assertion is most rele-
‘she likes chocolate’. On the assumptions givervant in the case of feedback. Generally speak-
above, the hearer can correctly come to the resuing when S says something to H, H provides pos-
that bel(S,P). itive or negative feedback. 5.a represents weak

Belief places some constraints on assertionpositive feedback indicating A is received, ac-
‘Beliefs Constraint on Assertion I’ is a con- cept(H,A), whereas 5.b represents strong positive
straint placed by beliefs on uttering A, thatfeedback, where H indicates reception of A, and
bel(S;-bel(H,A)). Another constraint beliefs place that bel(H,A). Rejecting A is a way of giving neg-
on A, is called ‘Beliefs Constraint on Assertion ative feedback, reject(H,A), 5.c.

II': being cooperative, to utter A, S must bel that (5) Speaker: Jody loves Butch.

A, bel(S,A). Assuming the cooperative principle, & Hearer: aha.

belief also places a constraint on P, ‘Beliefs Con- Hearer: I couldn't agree more!
straint on Presupposition’; to utter P, bel(S,P). ¢ Hearer: No, Jody is married to Vincent!

The following is the representation of the re-4  Towards a New Implementation of
quirements and consequences of the first part in  Bglief and Presupposition
a mini dialogue. From S’s perspective, before
uttering A and P: bel(S,P) (‘Beliefs Constraint Current work on implementation involves incor-
on Presupposition’), bel(S,A) (‘Beliefs Constraint poration of belief spaces, presupposition/ assertion
on Assertion II'), and bel(Sibel(H,A)) (‘Beliefs distinction marked in Prolog, and relating presup-
Constraint on Assertion I'). If bel(S,bel(H,P)), position to belief. Separating presupposition from

S expects H to take P for granted. |f assertion results in two stages with each new ut-
bel(S-bel(H,P)), S expects H to accommodate P€rance, the presupposition stage and the assertion
if P is unremarkable (Geurts 1999). stage. The former represents the presupposition,

From H’'s perspective, for H to receive P, elates itto beliefs and then applies it to context.
the new belief bel(H, bel(S,P)) is formed. If The assertion part then gets represented, related to
—bel(H,P) and P is unremarkable, accommoleliefs and then merged with the resulting context,
date(H,P). Accommodate can either mean acSontex{P}. Future work will involve working on
cept(H,P), or bel(H,P). If bel(H; P), reject(H,P). Using the same method in representing more than
If bel(H,P), H takes P for granted. For H One presupposition. An algorithm is currently un-
to receive A, the new beliefs bel(H, bel(S,A)) der development for merging strategies that will
and bel(H,bel(S; bel(H,A))) are formed. There represent both the speaker’s and the hearer's be-
are three options, accept(H,A), reject(H,A), orli€fsinthe main DRS.
bel(H,A). Accept means put on hold, not yet be-
lieved, but not rejected. H has to provide feedbac'ﬁeferences

according to choice made. o )
Asher, N. 1986. ‘Belief in Discourse Representation

3 Augmenting DRT with DIT’s Dialogue Theory’. Journal of Philosophical Logic15:127—

189.
Acts
] o ~ Geurts, B. 1999. ‘Presuppositions and Pronouns: Cur-
DRT supports the idea that a description of dia- rent Research in the Semantics/ Pragmatics Inter-
logue has to represent mental states and their rela- face’. Oxford: Elsevier

tion to the context. To represent beliefs, it is neC-giginaker, R. 2002. ‘Common groundLinguistics
essary to have a representation of dialogue acts in and Philosophy25(5-6):701-721.

order to gain an insight into the cognitive states Ofvan der Sandt, RA. 1992. ‘Presupposition Projec-
both the speaker and the hearer (Asher 1986). OUr tion as Anaphora Resolutiondournal of Semantics,
implementation uses DIT’s dialogue acts in order 9:333-377.
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Abstract

Using a picture by Lewis, we call in-
formation structures that explicitly rep-
resent the dialogue participant’s shared
information ‘scoreboards’. The central
claim is that we have to keep the aspect
of common ground as a shared score-
board that determines interpretations of
dialogue contributions distinct from its
aspect as mutually available informa-
tion. We look at the following two con-
ditions: If the shared scoreboard were
a representation for common informa-
tion, then (1) every dialogue participant
would be licensed to add any proposi-
tion as soon as he/she has a proof that it
is shared information. On the other side,
(2) an interlocutor is not allowed to add
a proposition as long as he/she does not
know that it is also shared. We give ar-
guments that both conditions can be vi-
olated.

1 Shared Information

David Lewis (1979) introduced the picture of a
scoreboardto illustrate the role of the common

ground in conversation. We can think of it as a
shared board where all public activities and ut-
terances are written down and thereby becom
sharedfacts about the dialogue. It provides the
background against which to interpret new sen
tences, and forms the basis for expectations abo

behaviour of conversational partners.

.sdu.dk

Of course, a public scoreboard does not ex-
ist, and the common ground is generally identi-
fied with the proposition that represents the total-
ity of information shared by dialogue participants.
We distinguish two ways in which this information
can beshared: As an explicit information struc-
ture or as the implicit common information. De-
pending on how we represent information, we may
think of the common ground as a set of sentences
or a set of possible worldswhere the first way is
more in line with the scoreboard picture, and the
second with the view of the common ground as
implicit common information.

Both aspects play a different role in interaction:
If you and | read a newspaper article about Nicole
Kidman, and one of us refers to her with the de-
scription ‘the actress,’ then we both havelkioow
about each other what we have read in order to
be sure that we both interpret the description in
the same way. This is different from cases where
coordination works without explicit representation
of knowledge of others: The fact that all drivers
drive on the right side of the street guarantees that
no crashes occur. They have common information
that they succeed in this aim but they don’t need to
have explicitknowledgeabout this, or about each
other.

A need for an explicit representation of shared
information is obvious for implemented dialogue
systems. The standard definition for common
Enowledge reads as follows: a propositignis
common knowledder two interlocutors4 and B

Ut L(Fagin et al., 1995; Meyer & v. d. Hoek, 1995; Hintikka,
1962)
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iff ¢ is true, if A and B know thaty is true, if A (2) No dialogue participant is allowed to add a

and B know thatA and B know thaty is true, if sentencep at timet to his scoreboard unless

A and B know thatA and B know thatA and B there is common information that every par-

know thaty is true, etc... If we read hedenow ticipant knows thaip at timet.

that ashas information that, then we arrive at the

intended definition oEommon information. We discuss a number of examples that show that
the scoreboard principle (SP) can get into conflict

2 Coordination of Interpretation with (1) and (2). The Muddy Childrénexample

. . L shows that there are situations where (1) together
The differences between explicit and implicit rep-_". . S .
. . . . . with (SP) leads to miscommunication; i.e. there is
resentations are mainly discussed in the literature S .
. . . a context in this example where there exists a sen-
with respect tdine grainednesand the problem

) L tencey such that even if a participant can prove
of logical omniscienceé We concentrate here on v P P P

their different roles in coordinating interpretation that it is common information that is true, he is
9 pretation. o allowed to ada to his scoreboard. This shows

Yhat the participants scoreboards mayléssin-

'S to make sure that they both interpret dialogueformative than common information. We discuss

ntributions in th me w. r else misunder- : - .
co .bu ons In e same way, or €1se misu d_e the Time Imprecision Problefrin order to show
standings will arise. The aspect of coordination . .

. . . A that the participants scoreboards may also contain
becomes especially prominent in a dialogue the-

ory as that of H.H. Clark (1996). He analysed dla_morelnformat_lo_n, . there is a sentt_an@ethat a
. . . ; . dialogue patrticipant has to add to his scoreboard
logue predominantly in terms of joint projects, i.e. - .
I . t a timet although it is not common knowledge
every contribution of the speaker is seen as part o

an activity where he and the addressee must wor atp att. This violates principle (2).
- . Together these examples show that the content
together towards a joint goal. If interlocutors want

to be sure that they have success, then they neé)é shared scoreboards cannot be defined as a rep-

) ) ) ’ resentation for common information. As all inter-
common information that they coordinate their ac

) i rs have to maintain the same representation
tivities in the right way; but they don’t need neces—.ocu'[O S have to maintain the same representations

. . . o . in order to coordinate their language use, the main-
sarily explicit representations of this information.

! . nan f identical r r mes itself
If the interpretations of utterances and updateée ance of identical scoreboards becomes itself a

of the common ground depend in a non—trivialcoomIInatlon task.

way on private information, then the interlocu- References

tors may end up with different interpretations, andy, . cjark. 1996 Using LanguageCambridge.
hence fail in their coordination task. This moti-

vates a strong restriction on interpretations: R.Fagin, J.Y. Halpern, Y. Moses, M.Y. Vardi. 19%eason-

ing About KnowledgeCambridge, Massachusetts.

(SP) The interpretatiofo] of a phrasep is totally R Fagin, J.Y. Halpern, Y. Moses, M.Y. Vardi. 199%mmon
determined by the phrase itself and the com- Knowledge RevisitedAnnals of Pure and Applied Logic

mon scoreboards. 96, pp. 89-105.

. L J. Hintikka. 1962Knowledge and Beliefthaka, N.Y..
We call this thescoreboard principle. If we see 9

scoreboards as representatiémscommon infor-  D- Lewis. 1979.Scoreceeping in a Language Ganie; R.
i then the following t incipl hould Bauerle, U. Egli, A. von Stechow (eds.$emantics from
hmelldlon, en the 1ollowing two principies shou Different Points of View, Springer, Berlin etc., pp. 172—
old: 187.

(1) If a interlocutor knows that it is common in- J-—i-l CHd'\éeyer, \iV Vgn_der H_Oek-bl_gﬁoiate_mic |_-tOg|iDC for
formation that a sentenge is true, then he Carannbridg?p” er Scienc&zambridge University Press,
has to addp to his scoreboard.

’See (Fagin et al., 1995, Ch. 7) and (Meyer & v. d. Hoek, —
1995, Ch. 2) for a discussion of various notions of knowledge ~ *See e.g. (Fagin et al., 1995, p. 4).

and belief in modal approaches and the problem of logical *See (Fagin et al., 1995), Chapter 11, Section 11.2, and
omniscience. (Fagin et al., 1999).
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1 Introduction

Although CMs are pervasive in information-
oriented dialogues in Italian, their roles still need
to be interpreted within a unified framework. A
preliminary corpus study of the CMs of Italian ma
and invece within the travel domain shows that
their behaviour can be sensitive to the dialogue
structure modelled in terms of topic and common
ground units (CGU) (Traum, 1999) and can
depend on information management and
grounding. Such notions refer, respectively, to the
negotiation of information -the dialogue content to
be grounded as relevant to a current task- and to
the coordination activity by which participants
achieve common ground (CG), or a common
mental state of agreement' about the negotiated
information, which is the cognitive context where
the negotiation takes place. The topic is intended
as being the current question under discussion
(QUD) (Ginzbourg, 1998) and hierarchically
organized in global QUDs (GQUD), containing
main topics and local QUDs (LQUD), containing
subtopics. We assume that, in information-oriented
dialogues, the hierarchically lowest-level subtopic
can be the discourse entity of a LQUD discussed
by participants as an alternative solution to an issue
under negotiation (Larsson, 2001), and that topical
entities, given or new, are linked to the cognitive
context in terms of activation degrees, i.e. active-
semiactive-inactive (Chafe, 1994), in the speakers’
CG. The topical entities packaged in an utterance
theme are seen as local cotextual instantiations
keeping track of the status of the dialogue topic in
the speakers’ CG. If to be grounded, they can be
brought to the interlocutor’s attention through
prosodic focus. Following these premises, CMs are

' We intend the grounding process as consisting of the
coordination and alignment of dialogue management at
several levels, towards an quasi-shared mental state, rather
than as implicating the philosophical notion of mutual
understanding.

associated to topic status in the speakers’ CG and
to grounding phases such as presentation, whereby
a topic is introduced to the CG, and acceptance,
whereby a feedback is provided to evidence
whether the presented topic has accessed the CG.
The positive feedback for established CG is the
acknowledgement dialogue act (Traum, 1999).

3 Corpus study and discussion

We analyzed occurrences of the above mentioned
CMs through 150 dialogues, in which ma and
invece respectively exhibit the discourse functions
discussed here. In the representative example (1),
the contrast cannot be modelled as concessive due
to the lack of a tertium comparationis, or a claim
for which a positive and a negative argument are
provided in the context. Furthermore, the CM is
neither a topic shifter nor a turn-taking device,
used, according to Bazzanella (1991), to interrupt
the interlocutor’s turn.
(1) GQUD: Il RITORNO, cosa voleva?
The return, what did you need?
C.1: Il ritorno, le avevo detto domenica,

domenica pomeriggio, sul presto.

The return, I said on Monday,

Monday early in the afternoon.

LQOUD: Si. Ma come ORARIO?
Yes. But as for the HOUR?

In the exemplified context, ma occurs after the
acknowledgment si, which positively feedbacks the
acceptance in the CG of the information distributed
along with the topical hierarchically organized
continuumGQUD1:“return”>LQUD1:“Monday”>
LQUD2:“afternoon”> LQUD3:“early”.
Ma intervenes at the step LQUD?3 and is positioned
at the beginning of an elliptical open question
about the entity in focus orario, to be co-activated
in the CG because relevant for the current
negotiation. The contextually given information in
S.1 needs to be revised/clarified, because a missing
informative parameter has to be supplied at the
level of the LQUD3 related to the hour.
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Consequently, the CM partly contradicts the
previous si and blocks the acceptance phase by
signalling that the CG has not been fully reached.
By playing the reorientation function of redirecting
the interlocutor’s attention towards a more specific
topic to ground, the CM cues the initial boundary
of a sub-CGU, in which a new presentation to the
CG explicitly requires the clarification of some
inactive information about the missing informative
parameter. Though still placed at a beginning of an
elliptical open question representing a LQUD, the
CM invece in (2) conveys a different kind of
contrast. The host LQUD asks about new
information as regards the given and supposedly
semiactive topical entity in focus Meridiana,
which has to be co-activated in the CG in
alternative to the contextually given entity Alpi
Eagles. A prototypical issue under negotiation is
profiled, where the first alternative has been
explicitly grounded so far by the acknowledgment
va bene. The polar alternative is placed at the same
level of the topical hierarchy within the current
topic flights.

(2) GOQUD: Vediamo un po' quali sono i voli.

Let’s have a look at the flights.

O.1.: Si". Allora, prima di mezzogiorno, con '
Alpi Eagles, ci sarebbe un volo che parte da Roma
alle dieci mattina e arriva a Verona alle undici.
Yes. So, before midday with Alpi Eagles, there is a
flight which leaves from Roma at 10 am. and
reaches Verona at 11 a..m.

C.2 : ah va bene.

Ah, OK.
LQUD: Invece con la MERIDIANA?
Instead with the MERIDIANA?

The CM establishes an anaphoric link to the CGU
in which the first alternative to the current issue
has been discussed, by providing an instruction
instead of X->Y for the interlocutor to update her
information state by replacing the contextually
given alternative X=Alpi Eagleswith the entity
Y=Meridiana. Invece contributes to a speaker’s
change-of-perspective local strategy of negotiating
alternative solutions to a same issue. In (3), invece
is involved in a more global topic-change strategy.
(3) GQUD: Avrei bisogno di alcune informazioni
sui treni Roma-Verona per partire venerdi 15
settembre e rientrare domenica 21.
I need some information about the Roma-Verona
trains, to leave on Friday the 19th of September at
8 and to come back on Sunday the 21th.

1 O : Venerdi 19, ¢’é un treno alle 8.35.

The 19th, there is a train at 8.35 a.m.
2 C: Benissimo. Perfect.
3 O : OK. Per il RITORNO invece, c' e’ un treno
alle 16 da Roma. Puo™ andar bene?

OK. As for the return instead, there is a train
from Roma at 4 p.m. Is it Ok?
4 C: Alle 16, potrebbe andar bene.

At 4 p.m., it should be OK.
After the acknowledgement Ok, which grounds the
topic departure of the sub-CGU 10-2C, the CM
falls, significantly, in the left-detached contrastive
theme per il ritorno: it instructs to substitute the
grounded topical coordinate with the one indicated
in the host theme (instead of X->Y). The CM opens
a new CGU and inaugurates the negotiation of a
new topic. It plays a meta-cognitive function at the
ideational level of dialogue structure, while
interacting with grounding process.
We have proposed to uniformly interpret some
CMs in information-oriented dialogues according
to different kinds of contextual polarities due to the
interplay between information management and
grounding. Further work intends to account for
other CMs, by studying their interplay withother
kinds of contrastiveness and providing statistical
analysis of their distribution in corpora of different
domains.
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(APs), the most important dialogue acts in infor-
Abstract mation dialogues.

Estonian dialogue corpus includes 320 2 The EDIC Typology of Dialogue Acts
spoken dialogues. We have worked out a ) )
typology of dialogue acts and are using it Our typol(_)gy depart_s from the point of view of
for annotating of the corpus. In this paper, conversation analysis (CA) that focuses on the
we give an overview of the typology. The techniques used by people when they are actually

second part of the paper is based on the engag_ed in social int_er_action (!—|utchby and
analysis of information dialogues. Most Wooffitt, 1998). The main idea behind the analy-

frequent question and answer types and sis is that conversation is the collaboration of
typical sequences of questions and an- participants based on three mechanisms: turn tak-

swers are found out with the purpose to ing, repair, and APs. An advantage of this ap-

model questioning — answering strategies proa}ch_ is tha; CA depart_s_from emp_irical data,
in a dialogue system. i.e. it tries to find out explicit markers in the text

that allow to determine utterance functions.
Based on the principles of CA we get the fol-

1 Introduction lowing main typology of dialogue acts.

1. Adjacency pair (AP) acts
The Estonian Dialogue Corpus (EDIC) included.1. Dialogue managing acts
320 spoken dialogues, among them 205 calls amtuent conversation
115 face-to-face conversations, with total length) Conventional (greeting, thanking, etc.)
of 80 000 running words. 2) Topic change

We have worked out a typology of dialogueSolving communication problems

acts and use it for annotating our corpus (Her3) Other-initiated self-repair
noste et al., 2003). Our goal is to develop a di@) Contact control
logue system that will be able to interact with &.2. Information acts
user in Estonian and provide him/her some irg) Directives (request, proposal, giving informa-
formation, following norms and rules of humantion, etc.)
human communication. This is the reason whg) Questions and answers
we are studying human-human spoken dialogu€eg) Opinions
For this paper, we have chosen 101 informatiah Non-AP acts, or single acts
dialogues (calls for information, to travel bu-2.1. Dialogue managing acts
reaus, shops and outpatients’ departments), aRllient conversation
analyze the question — answer adjacency pa®$ Conventional (contact, recognition, etc.)
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9) Responses (continuer, acknowledgement) got. We have found three typical questioning —

Solving communi cation problems answering strategies in our dialogues.

10) Self-repair Strategy 1.Client asks a question and gets a
2.2. Information acts desirable answer. Two sub-types can be differen-
11) Primary single acts (advance note, promisgated.

etc.) a) Client asks a wh-question or open yes/no
12) Additional information (specification, expli- question and gets the requested information (cf.
cation, etc. Example), or (s)he asks an alternative question

The total number of dialogue acts is 126 in ouand gets one alternative as answer, or (s)he asks a
typology. Act tokens are originally in Estonian. closed yes/no question and gets ansyesr or
agreeing no.
3 Questions and Answers Example (CA transcription used):

_ Client: (.) ei tea mis kellast
There are three question types that depend on Hktor Laane vastu vétab. WH-

expected reaction: QUESTION
- questions that expect giving information: whwhat is doctor Laane’s reception
question, open yes/no question time

- questions that expect agreement/refusal: clos&dficer: _kel'!f'?‘ ”e'J'aFe_iStkUmneSt
yes/no question, question that offers answer ~ Seitsmeteistkimneni.= GIVING
- questions that expect the choice of an alterniyr ORMATION

. ftom two to five p.m.

tive: alternative question. ... b) Client asks a wh-question or open yes/no

aﬁestion and gets the asked information, like in
fhe previous case, but after that (s)he initiates a

. repair. The typical repair initiation is repeating a
the answeyes or no, but by askinds there a bus ph%ne numb)é? P P g
that arrives in Tallinn after 8? th_e questioner Strategy 2.Client gets an undesirable answer
wants to know the departure times of buses%hI

form but they expect different reactions from th
answerer (e.gAre you open in winter? expects

. . > ¥mformation is missing). Such cases are seldom
Open yes/no question is actually an indireg

. . our analyzed dialogues, it is difficult to find
speech act — a request or wh-question that is it a preferred strategy
pressed in form of yes/no question. '

0 ivzed dial include 649 . Strategy 3. The officer initiates an inserted
ur analyzed dialogues include ques‘t'og'equence before answering (a repair or a question

tags: 233 wh-questions, 177 questions Offer_ingdjusting the conditions of the answer).
answer, 111 open and 81 closed yes/no questions,

27 alternative questions. The remaining 20 queg- Further work
tions belong to the sub-type ‘other’.

Different question types are used differentlyOur further work will concentrate on finding out
by participants. Most of the questions were askesf more communicative strategies and on formal
by the client: 90% of open yes/no questions, 84%efinitions of dialogue acts that make it possible
of closed yes/no questions, 77% of wh-questionautomatic recognition of user's goals in a co-
66% of questions offering answer, and 52% dfperative dialogue system.
alternative questions. Wh-questions, open and
closed yes/no questions are mostly used for topReferences
initiation or continuation (74%, 92% and 73% otr

cases, respectively). Most of questions offering Strandson, Maret Valdisoo, and Evely Vutt. 2003.

answer (60%) initiate_ repqirs. i Directives in Estonian Information Dialogud®xt,

A typical information dialogue includes three  geech and Dialogue. 6th International Conference
parts: the conventional beginning, main informa- TSD 2003. Ed. V. Matousek, P. Mautner. Springer,
tion part, and conventional ending. The kernel of 406-411.

the mforrr_u'?\tlon part_ IS "?‘ question — answer ad]"f‘én Hutchby and Wooffitt, Robin. 19980onversation
cency pair: a question is asked and an answer |sAij|ijs Principles, Practices and Applications.

Polity Press.
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1 Introduction

Human speech processing is riddled with ambigu-
ity and uncertainty on a number of levels: e.g. un-
certainty of speech-processing; lexical and struc-
tural ambiguity in parsing; dialogue—act classi-
fication; intention recognition and interpretation.
Information-state approaches to dialogue manage-
ment typically only maintain a single current state
and utilize strategies for resolving ambiguities and
uncertainty immediately they arise.!

We are concerned with tracking and un-
derstanding dialogue between multiple human
participants—specifically, in meetings—in such a
way that the dialogue system does not intervene.
In this scenario, the system is not able to pro-
vide feedback on whether or not it has understood,
and is unable to ask for clarification or ambiguity
resolution. Our ultimate aim is to model human-
human dialogue (to the extent that it is feasible)
in real-time, providing useful services (e.g. rel-
evant document retrieval) and answering queries
about the dialogue state and history (e.g. “what
action items do we have so far?”). Our approach
has been to extend our existing dialogue system,
based on the information-state update approach—
which supports a rich semantic interpretation of
multi-utterance constructions—to cope with the
added uncertainty inherent in two-person meetings
in which the participants speak, point, and draw on
a whiteboard.

!'Some previous work has considered the issue of dialogue
management under uncertainty (e.g. (Levin et al., 2000; Roy
et al., 2000)) but has not generally involved rich semantic
dialogue states, linking speech directly to action.

1.1 Meeting artifacts and information state

We focus exclusively on meetings about artifacts:
i.e. meetings that produce some constructed object
as its end, such as a project plan with tasks and
deadlines (i.e. a Gantt chart), or budget in some
sort of spreadsheet format. This focus provides a
concrete frame for interpretation of drawing and
of spoken language.

Artifacts are represented in an ontology de-
signed using Protégé,” including classes for the
objects themselves (e.g. a plan and its compo-
nents), relations among these entities, and the
events which affect state-change in the entities or
relations. The current artifact state, as represented
by the ontology, is part of the information state of
the dialogue and contributes to the interpretation
of utterances. Indeed, most utterance sequences
in our scenario can be viewed to have semantics
defined in operations over the artifact under dis-
cussion.

A meeting history viewer graphically displays
the relationships between changes to the artifacts
in the information state and the utterances and ac-
tions which caused those changes. This provides a
useful visual into the internals of the system, and
comprises a tool by which a meeting can be in-
dexed, allowing a user to skip to the dialogue seg-
ment associated with additions or changes to the
artifact (e.g. revisiting the negotiation associated
with the choice of a milestone date). Unlike stan-
dard meeting summarization systems, the history
viewer is cross-indexed by both artifact and dia-
logue.

2protege .stanford.edu
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2 Uncertainty management

There has been much work on dialogue man-
agement systems to detect and resolve ambigu-
ity, such as by combining multiple sources of
evidence—e.g. multimodal systems that combine
speech and drawing/gesture (Oviatt, 2000), or sys-
tems that use prosodic features to help classify
speech-acts (Venkataraman et al., 2003)—or by
using corpus-based statistical techniques to iden-
tify most likely interpretation. However, little
work has been done on maintaining the uncer-
tainty that arises from such ambiguity over ex-
tended periods of time, rather than resolving it
soon after its detection.

Previous applications of our dialogue manage-
ment system—e.g. (Lemon et al., 2002))—have
ignored uncertainty in interpretation and have re-
solved ambiguity immediately as it arose: e.g.
only the top item of the speech-recognizer’s n-best
list was considered (regardless of probability), and
clarification questions were used to resolve ambi-
guity. However, in the meeting-understanding ap-
plication, uncertainty management becomes nec-
essary as the system has only limited mechanisms
for resolving detected ambiguities without intrud-
ing on the normal flow of the meeting.

2.1 Incorporating ASR uncertainty into
dialogue state

An initial implementation of uncertainty in our di-
alogue state framework is to incorporate multi-
ple results from an n-best list into the Dialogue
Move Tree (DMT). As in previous work, each
incoming utterance is classified as a type of di-
alogue move, and a corresponding node is at-
tached to the DMT using an attachment algorithm
(see (Lemon et al., 2002)). Here, however, all
speech-rec results which can be interpreted in con-
text are simultaneously attached to the dialogue
move tree—these assignments are weighted de-
pending on recognizer and dialogue-move classi-
fication confidences. As more evidence becomes
available, either through subsequent utterances or
through multimodal evidence,® nodes which rep-
resent unlikely interpretations are pruned from the

SMultimodal integration is performed in collaboration

with the Center for Human-Computer Communication at
Oregon Graduate Institute; see (Kaiser et al., 2003)

DMT. The idea is that the tree may contain arbi-
trarily long threads representing competing inter-
pretations of conversations which will be pruned
as new evidence rules out unlikely threads.

2.2 Current and future directions

Many meetings have at least an outline of struc-
ture, such as a formal or pre-agreed agenda. Some
agenda items may be directly related to the meet-
ing artifact or component thereof (e.g. deciding
the delivery date of a task). A direction we are cur-
rently exploring, one which does not seem to have
been pursued in previous meeting-understanding
projects, is to include some representation of
meeting-state—as measured by progress against
an agenda—to the dialogue information state. We
are also investigating techniques for automatically
detecting topic shifts. Such information can be
added to dialogue-state and used to prime ASR
language-models and disambiguate spoken utter-
ances. Links from utterance to agenda-item or
topic are themselves highly uncertain of course,
and will require more sophisticated probabilistic
models to be incorporated into the dialogue man-
agement process.
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Introduction We present the functionality of a
discourse processing component (DPC) for dia-
logue systems that are applied to the task of brows-
ing a database.! The DPC is implemented accord-
ing to (Grosz and Sidner, 1986). It contains a fo-
cus stack which keeps information about the inten-
tions and the linguistically relevant objects (dis-
course objects) which occur in the course of the
dialogue. The intentions control the focus stack.
They are computed by employing a simple seman-
tics of utterances: utterances are mapped onto in-
tentions to specify a database query. We identify
the underlying discourse purpose with the goal of
picking a single database item. This is subsumed
by the database query specified. Thus, computing
the relation between utterance intentions and dis-
course purposes boils down to comparing database
queries. The focus stack is used to build a salience
structure which contains discourse objects. These
discourse objects serve as possible antecedents for
anaphoric expressions. For each discourse ob-
ject the salience structure holds information about
salience, surface form and meaning in order to
support an anaphora resolution component.

In order to show the applicability in user di-
rected dialogue we have chosen an ill-structured
task, cf. (Bernsen and Dybkjer, 2000), namely
picking a song from a music database. There is
no natural order in which the attributes title, arti<t,
and genre have to be specified. We assume that
the system has a small text display and the ability

1 The work was done as adiplomathesisfor the University
of Stuttgart at Sony International Stuttgart. We would like to
thank Ulrich Heid and Jan van Kuppevelt for their support.

Sunna Torge

ASL, Sony International (Europe) GmbH

Hedelfinger Strasse 61
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Germany
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to produce spoken output. The user can provide
input to the system only by way of spoken input.

Interaction The interaction between user and
system is predetermined by the following inter-
action pattern: first, the user specifies a database
query, and second, the system offers the user op-
tions to refine that database query. Note, that
the latter also comprises the offering of single
database items. Since our approach heavily re-
lies on discourse processing, a closer look at possi-
ble user input shows, that generally speaking there
are two possibilities: (i) The user specifies a new
database query which does not relate to any previ-
ous material. Examples are shown in Figure 1 in
utterances (1) and (5b). And (ii), the user can take
up one of the options offered by the system by us-
ing an anaphoric expression such as a definite de-
scription, a name, an abbreviation of a name, or
a pronoun. In Figure 1 utterance (3), the abbre-
viation “Folk” is anaphorical on the option named
“Irish Folk”. Similarly (5a) is anaphoric, too.

(1) u: Do you have the song Whiskey in thejar?
(2) s Which genre would you like?

Irish Folk
D51 (3) U Rk
(4) s There are two bands:
DSz The Dubliners
The Pogues

DS3 | (5) U: (a) Rock. 7 (b) Jazz. / (c) The first one.

Figure 1: Example dialogue with discourse struc-
ture

Computation of Discourse Structure The set-
ting of the task is such that we only need Grosz
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and Sidner’s dominance relation. We compute it
by establishing a subsumption relation between
database queries. A database query is represented
by a set of attribute-value pairs where the attribute
specifies a field of the database and the value spec-
ifies the value of the field.

(1)  Let A and B be database queries. A sub-
sumes B, iff A C B.

That means that A subsumes B, if and only if any
attribute-value pair that is element of A is also el-
ement of B and B contains at least one pair that is
not element of A.

The specification of database queries relates to
the structure of discourse in the following way:
each discourse segment is assigned exactly one
database base query which characterises its dis-
course purpose. A discourse segment starts with
the specification of a database query and com-
prises all successive utterances which do not spec-
ify another query that is not subsumed by it. A
discourse segment embeds another discourse seg-
ment if the database query that is associated with
it subsumes the query of the other segment. In the
example DS; is associated with the database query
(title, “whisky in the jar”) and DSy with {(title,
“whiskey in the jar”), (genre, “irish folk”)}. If the
user uttered (5a), DS3 would be associated with
(genre, “jazz”) and accommodated on top level.
If he uttered (5b), DS3 would be associated with
the query {(title, “whiskey in the jar”), (genre,
“rock”)} and embedded under DS;. Finally, (5c)
would yield DS3 being embedded under DS.

Discourse Processing The DPC updates the fo-
cus stack with every utterance, so that the stack
holds the information which is in the focus of at-
tention at each point of the dialogue. The elements
of the focus stack are focus spaces. In our imple-
mentation they are realized as feature structures of
the type shown in Figure 2.

A focus space representation contains of three
features: the feature PURPOSE holds the dis-
course purpose of the associated discourse seg-
ment in form of a database query. Each of
the other two features, i.e. DI SC and GRAPH,
holds a list of representations of discourse ob-
jects. The first list (DI SC) contains representa-

PURPOSE : database-query

SURE : SYN  : NumberGenderFS
DISC : List of "| TYPE : DatabaseFieldSymbol
SEM  : database-query

SURF :[TYPE :Databa$Fie|dS/mboI:|
GRAPH

: List of
SEM : database-query

Figure 2: Type of FocuspaceFS

tions of discourse objects which have occurred in
a natural language utterance, and the second one
(GRAPH) contains representations of discourse ob-
jects which have been presented on the display.
Object representations contain a database query
as their denotation (SEMfeature) and information
about their surface realization (SURF feature).

Salience Structure  After each update of the fo-
cus stack a copy of it is sent to the natural lan-
guage understanding unit. We call this copy the
Salience Structure. It provides a structured view
on salient discourse objects which are possible
candidates for antecedents of anaphoric expres-
sions. We claim that it contains important in-
formation about discourse objects which serve as
possible antecedents for anaphoric expressions: (i)
salience, (i) modality (DI SC/GRAPH), (iii) the or-
der of occurrence, (iv) syntactic properties, and (v)
semantic denotation.

For example see the alternative options in Fig-
ure 1: (5a) and (5c) are treated anaphorical, be-
cause they can be uniquely matched by a discourse
object in the salience structure. The expression
“rock” is matched by the displayed option “rock”
introduced in (2). And the expression “the first
one” is matched by the option “the dubliners” in-
troduced in (4).
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1 Denial vs. contrast The second contrastive conjunct of B’s first utter-

ance echoes the statement made by A, and it seems
The extensive literatures on contrast and on deniab retract the erroneous information as a textbook
give the impression (despite terminological confu-case of denial, with B’s first conjunct constituting
sions) that the phenomena are quite far apart. Wg partial concession. However, B’s first statement
consider the following to be paradigmatic exam-a|so fits neatly into an analysis as contrast, because

ples of denial and contrast respectively: indeed the first conjunct weakly or defeasibly im-
(1) A: Juan’s English is OK. plies that the second conjunct is not trieden-
B: No, his English is noOK; he’s as fluent tinian~speak Spanish). This paper shows that the
as a native speaker! overlap in contrast and denial analyses’ of this ex-

(2) 1 was hungry but the restaurants were all@mple is no coincidence and can be generalized to

closed. a unified account of both phenomena.

Some apparent differences: (i) Denials are esser?2 Denial
tially a dialogue phenomenon as is obvious from _
the fact that (ii) denials taken out of their dia- W€ Propose the following general structure of de-
logue context are often plain contradictions (Horn,n'als in the form of a rhetorical relation, express-

1989), and for this reason (iii) their analysis nec-"9 @ relation between discourse segments, each
essarily involves nhonmonotonic operations. Con-

defined as expressing only one (easily formaliz-
trast on the other hand is (i") a discourse relationf"‘ble) intentior?. o )
frequently occuring in monologue, (i) never in- issue: thg common ground is incremented with
volving overt contradictions*( am hungry but | the first speaker’s utterance.
am not hungry)! and therefore (iii’) often treated concession:optional concessions of 2nd speaker
as an essentially monotonic phenomenon: what li-  to part of the information conveyed by the
censes a contrastive conjunction is not overt con- first, are added to the representation as well.
tradiction, but rather a conflict between what's de-correction: the actual denial, headed by some
feasibly implied by the first and second conjuncts.  negative or concessive particleno( but)
However, despite these differences, some exam-  and/or an echo, initiating downdate with
ples seem to fit both categories equally well: the correcting information, i.e. add new info

(3) A: Juan speaks Spanish. 2We formalized this in Layered DRT (Maier&van der
B: Well, heis Argentinian, but h®OESN T  Sandt 2003, Geurts&Maier 2004), a semantic framework ca-

; ; pable of representing different types of content at different
speak Spanish. He grew up in the Statesl'ayers, enabling us to treat the (weakly) implied contradic-
- tions of contrast and the overt ones of denial in a similar

IUnless we interpret the 2 occurrences of ‘hungry’ as re-way. See a longer version of this abstracivatw.kun.nl/

ferring to different properties. phil/tfl"emar
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and revise current common ground revised by As the example analysis of (2) below shows,
throwing out older material until consistency this description parallels exactly the 3-part coher-
is restored. ence relation of denial above. In line with the
In example (1), A's utterance sets up the issue, thabove remarks on contrast however, we need to
concession slot is empty, and B’s statement playgive some context, in this case the example re-
the role of a correction. Example (3) has all 3quires that the topic of conversation is the question
parts: As utterance is the issue; B’s remark thatwhether the speaker ate, which constitutes the is-
well, he is Argentinian constitutes a concessiorsue.| was hungry is analysed as a concession, to-
since it corroborates the issue; the second corgether with the inferencepeaker has eaten from
junct of that statemenb(it he doesn't speak Span-  that assertion in the context of the isddave you
ish) is the correction, conflicting with the issue and eaten? Assuming that inferences of this type enter
triggering a revision operation. Note that the cor-the discourse representation, this leads to a cross-
rection here starts with but whereas in conces- layer contradiction with the second conjunct (as-
sionless denials the role of ‘denial-marker’ is oftensumingrestaurants closed again in this particular
played by a negated echo of the previous speakertontext impliesspeaker didn't eat): the correction,
utterance (as in (1)) and/or a negative particle likeheaded by dut (as was typical for standard de-
No, No way! or Bullshit. nials with concessions t00).
The formal semantic treatment suggested by the o
above schema combines the reverse anaphora dp- Rectification vs. contrast

proach of Maier and van der Sandt (2003) withThe ynified discourse schema analysis proposed
a non-monotonic update or revision operation aSjove can easily account for some puzzling

in (van Leusen, ms; Asher and Lascarides, 2003,cts apout rectification adversative particles and
based on belief revision (Gardenfors, 1988). Crugntrast-denial particles. Some languages such

cial for this to work is the recognition of echoes 45 German, have a dedicated adversative particle
and the representation of not only asserted bYgondern) for rectification uses, reserviraper for
also implicated and presupposed material, as in (Ionirast-denial, while other languages have lexi-

wherehis English_is_not OK is merely an echoand (gjized both meanings with the same particle (En-
the only contradiction to be resolved involves theglish: but).

scalar implicature of ‘OK’. In (4) we see hovaber andsondern fit into one
correction segment.

3 Contrast

(4) A: Habt Ihr gegessen?
Consider again the contrast example (2): it's con- B: Wir haben Hunger gehabt,
sidered contrastive because the first conjunet ( {aber/*sonderh wir haben nicht
were hungry) defeaSiny ImpIIeS that we went and gegessen, {*aber/sonder}] nur Bier
got something to eat, whereas the second con- getrunken.

junct implies the opposite, cancelling the flrston our account we can give a general (descrip-

de_fea5|bled |mpllcat|on. Wﬁ argue, f?s dt? e'gtive) characterization of this distributioraber is
Wmt(_ar and Rimon (199_4)’ that one o gn as tothe correction marker and must occur correction-
take into account the discourse context in order t%egment initially, whilesondern occurs within a

find thistertium comparationis (Lagerwerf, 1998). 16y correction. Furthermore, the difference

Taking the dependence on an issue in the context, position inside the correction segment readily

seriously, we suggest that the first slot in a CON5ccounts for the observation that speaker changes

trastive discourse relation should contain this IS re not possible in clauses joined by rectification

sue. A second segment then suggests a par_“ﬁ%\rticles but are fine with a contrast-denialt

answer to the issue (parallelling the monotonlc(vOn Klopp, 1994) since speaker changes are only
information growth with a denial’s concession), natural at discourse segment boundaries
whereas the final third segment gives a conflicting '

answer necessitating a revision and correction.
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This paper tries to bring closer two theories
of human communication:
Commitment stores and dialogue games
Hamblin (Hamblin, 1970) introduced the no-
tion of commitments stores whereby dialogue
participants can keep track of (public) com-
mitments that arise during the interaction. He
also pointed out the rule-governed nature of
dialogues, and tried to exhibit set of norma-
tive rules (dialogue games) which could pre-
vent certain types of fallacies
Discourse semantics The primary aim of
this approach was to extend Montagovian
compositional semantics to account for phe-
nomena observed at the discourse level. This
motivated a shift from static truth-semantics
to an update semantics (that is, sentences
are regarded as update functions on possi-
ble worlds). In this perspective, the seman-
tic/pragmatic interface becomes the focus of
attention.
The case for a crossover. To begin with,

one may ask why dialectical models are not
enough to model human conversations. Very
often, a turn is composed of several basic
units. Under the assumption that the speaker
obeys coherence principles (e.g. the so-called
"right frontier” of discourse structure (Asher
and Lascarides, 2003)), it is for instance possi-
ble to define those discourse referents that can
be used later in the dialogue. This, of course,
can prove to be crucial when facing the inter-
pretation of follow-up utterances and dialogue
turns. It is clear that current dialectical ap-
proaches fall short of being able to account for

these aspects, as they are simply not equipped
with notions allowing to deal with this level of
analysis. On the other hand, the very same
observations can be made at the level of dia-
logue turns, thus emphazing the need to take
into account dialogue structure.

Semantic content, speech acts and
rhetorical relations We take speech acts
as conversational basic units, consisting of
a propositional content and an illocutionary
Following proposals in SDRT (Asher
and Lascarides, 2003), semantic content is rep-
resented as Discourse Representation Struc-
ture (Kamp and Reyle, 1993) (K, ), and aug-
mented by specifying the producer (L;) and
the mood (affirmative, interrogative, impera-
tive) (M) of the utterance. In SDRT, assum-
ing the coherence of a discourse means that
each utterance has to be related to the con-
text with a rhetorical relation (except the first
one). Such relations are defined by their trig-
gering conditions and their semantic effects.
In discursive approaches, coherence is verified
if an utterance can be successfuly attached to
the context.
tional approaches of dialogue corresponds to
the successful integration of a dialogue act in
an authorized dialogue game.

force.

Likewise, coherence in conven-

We use the discourse structure definition
presented in (Asher and Lascarides, 2003)(sec-
tion 4.4.1). DS = (A, F,LAST) where A is
a set of labels, F is an assignation function
from labels to well-formed SDRSs, and LAST

is the last discourse label introduced. A well-
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formed SDRS is either (i) a logical form for
atomic natural language clauses (like DRSs),
(ii) a discourse relation between labels, (iii)
the dynamic conjunction of two well-formed
SDRSs or finally (iv) the negation of a SDRS.

A Conversational scoreboard consists of the
discourse structure (DS) and commitment
stores (€4 and £p) of speakers A and B over
certain elements of DS: CS = (DS,E€4,ER).
Elements of £x are SDRS contents, i.e. either
simple DRSs, or complex constituants. Some
of these contents received a negative polarity if
speakers are commited to their falsity (linked
to an expressed disagreement; this has nothing
to do with private beliefs, but reflects public
information).

We consider here how commitment evolves,
and how this can be seen as an interpre-
tation of coherence relations in a dialogue,
whether we consider ”monologic” relations!
or properly dialogic relations. The following
rules can thus be seen as update rules of
the board for each recognized act for which
a relation with the context can be inferred.
The first case to consider is for monologic
vericonditional relations, i.e. relations whose
dynamic semantic is of the form (Agy, is
dynamic conjunction) as proposed in (Asher
and Lascarides, 2003):

(w, [R(m1, m2)] (W', g) ssi (w, f)[F (1) Adyn
F(m2) Ndyn ¢R(7T1,7T2)]]M(w,’ 9)

Here ¢ stands for semantic effects due to
each relation (e.g. narration(my,ms) implies a
temporal succession of events in 7 and o,
and a common topic for the pair). In a di-
alogue context, the producer of m; and my is
then committed to the content of 7w and o,
and the rhetorical link between them, because
semantic effects can be seen as conventionally
implied.

We note =, the update of commitment
stores by a constituant 7. If both m; and 9
are produced by the same speaker, her com-
mitment store will evolve as follows (in two
steps):

" Monologic relations” have to be understood as
relations that were already studied in the monologue
case even if they hold also across speech turns.

Ea =m Ea U {.7:(7'(1)} = Ex =y Eq U
{‘7:(71-2)’ gbnarration(ﬂl 77r2)}

The remaining of the board is left un-
changed. If it is a "monologic” relation across
speech turns (7 is said by A, and my by B),
then only the first update applies to A, while
both updates apply to B’s commitment store.
Likewise, other relations can be interpreted as
commitment updates, with "truth” replaced
by the corresponding commitment of a speaker

to a proposition.
Given that speaker B utters mo, and that

79 is to be attached to m; with the relation R
we define commitments for dialogic relations
in the following way :

- if R = relation, (i.e relationy(m,m2)
holds)? then B’s commitments are not affected
but relation defines the commitments concern-
ing the answer to the question (see next case)

-if R = QAP (Question Answer Pair) then B
commits himself to the answer and to the link
between the context and the question-answer
pair. If Relationg(m,m1) then
&g = EpU {‘7:(7()7 ¢Relation(7fo,7f)} where 7 cor-
responds to the resolved question-answer pair.

- if R = acknowledgement, then B commits
herself to m; content.? £p = Ep U {F(m1)}

- if R=challenge (as defined in (MacKen-
zie, 1979)) A cannot go further without ei-
ther withdrawing or justifying the proposition.
Ea=EAUF(m) and Eg = Ep \ F(m)
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1 Introduction conversation without the overhead of fully intel-
o , _ _ ligent agents. A very good starting point is pro-

In the Mission Rehearsal Exercise at University,iqeq by (Padilha and Carletta, 2002), who syn-

of Southern California, (Swartout et al., 2001), {hasize some of the best research on group dia-

a leader is trained with a story-based immersivg,q ;e hehavior into a parameterizable, probabilis-
simulation including many characters, both teamy;c 51gorithm for individual behavior as part of a
mates and others. While a number of these charg—roup_ We have re-implemented this simulation,

acters (especially the ones in the front and cengith some enhancements, and used the results to
ter) play lead roles in the story and interact heavy himate the Bosnian crowd members in the Mis-
ily with the trainee (Rickel et al., 2002), there ¢;o Rehearsal Exercise.

are also a number of “supporting” characters who
play fairly minor roles, but are still importantto 5 crowd Simulation for Animation
the setting of the story. The original versions of
these characters had all their motions painstak¥hile (Padilha and Carletta, 2002) have a sim-
ingly hand animated, and were set in loops whenulation algorithm with results specifying outputs
the interaction lasted longer than the amount obuch as talking, gestures of a few sorts, and gaze,
scripting. Such scripting has three problems: firsthey did not actually link up the simulation to
it is labor intensive, second, it is not reactive toan animation system. Daing such, in this case
local circumstances, and third, the repetition cario BDI's Peopleshop" characters, necessitated
detract from the realism, even if well animated formaking individual choices of types of gestures to
short segments. indicate speaking and other motions. Figure 1
A solution to these problems is to use someshows a snapshot of the characters involved in
automatic simulation rather than hand-scriptingconversation.
As (O’Sullivan et al., 2002) point out, crowd and We have also made several extensions to the
group simulations are becoming increasingly im-simulation of (Padilha and Carletta, 2002) to ac-
portant for a number of applications, includingcount for the use of this simulation as embedded
movies, as well as games and simulations. Ranin the virtual world. First some extensions to the
dom or scripted behaviors are satisfactory for longaze model, to account for change of addressee
levels of details (e.g., very distant crowds), andand audience gaze at multiple speakers. More im-
full animated conversational agents are adequateortantly, though, we also allow attention to pass
for the main characters, but these are overkill foraway from the group discussion to focus on exter-
middle-level group members who are seen at someal events such as the main conversation between
distance and not directly interacted with. What wethe human trainee and main character virtual hu-
need for our middle-level characters is somethingnans and other occurrences, such as explosions
good enough to look like characters involved inand people and vehicle movements.
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agent responsiveness to events and speech outside
the group and the linking of abstract behaviors to
specific animation calls for the characters.

3 Evaluation

Padilha and Carletta’s evaluation plan involved
comparing their simulation to transcripts of group
conversation data, showing a better fit than simpler
models. While this kind of evaluation would cer-
tainly be interesting, we propose a different kind
of evaluation - whether the simulation “looks like
a conversation” to a viewer. Two baselines for per-
formance are whether the simulation looks more
natural than random motion and whether the sim-
ulation looks more natural than the looping, hand-
The simulation runs by cyclically testing a setcrafted animation.
of parameter values against random numbers, with We also want to evaluate the effects of the in-
the results leading to decisions of whether to spealividual parameters. We have constructed experi-
or listen or attend elsewhere and which gestures tments in which different characters are given dif-

Figure 1: Bosnian Group in conversation

make. ferent values for parameters (such as talkativeness
These parameters were defined in (Padilha anand confidence), and then showed viewers record-
Carletta, 2002): ings of different simulation runs with these param-
_ - _ eters to judge features like apparent talkativeness
talkativeness: likelihood of wanting to talk. of individual characters.

transparency: likelihood of producing explicit
positive and negative feedback, and turReferences

claiming signals. _ o
C. O'sullivan, J. Cassell, H. Vilhjalmsson,

confidence: likelihood of interrupting and contin- ~ J- Dingliana, S. Dobbyn, B. McNamee, C. Pe-

. . . ters, and T. Giang. 2002. Levels of detail for
uing to speak during simultaneous talk. crowds and groupg& Computer Graphics Forum,

interactivity: the mean length of turn segments 21(4).

between TRPs. E. G. Padilha and J. C. Carletta. 2002. A simulation of
small group discussion. IRroceedings of EDILOG
verbosity: likelihood of continuing the turn after ~ 2002: Sixth Workshop on the Semantics and Prag-

a TRP at which no one is self-selected. matics of Dialogue, pages 117-124.

Jeff Rickel, Stacy Marsella, Jonathan Gratch, Randall
Hill, David Traum, and William Swartout. 2002.
Toward a new generation of virtual humans for in-
teractive experience$EEE Intelligent Systems, 17.

In addition, we added the following parameters:

responsivenesslikelihood of a participant react-

ing to interruptions from outside the group.
W. Swartout, R. Hill, J. Gratch, W.L. Johnson, C. Kyri-
continuity: likelihood of selecting an addressee akakis, K. Labore, R. Lindheim, S. Marsella, D. Mi-
(for example’ by ask|ng aquest|on to hlm/her rag"a, B. MOOI‘e, J. MOI‘Ie, J. R|Cke|, M. Th|ebaux,

i , L. Tuch, R. Whitney, and Jay Douglas. 2001. To-
specifically) at the end of the speaker's turn. ward the holodeck: Integrating graphics, sound,

character and story. IRroceedings of 5th Interna-

A loop (a modification of the algorithm in o o1 Gonference on Autonomous Agents.

(Padilha and Carletta, 2002)) is executed every cy-
cle (approximately 500 ms long) by each char-
acter. The main modifications involve allowing
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Abstract 2 Employing context of use in SesaME
In this paper, a generic solution is pre- SesaME (Pakucs, 2003) is a generic dialogue man-
sented for capturing, representing and ager specially developed to enable multi-domain
employing the context of use in dia- dialogues in mobile environments. The central
logue processing. The implementation idea is to know as much as possible about the
of the solution within the framework of users. Each user is expected to use an individ-
the SesaME dialogue manager and the  ual andhighly personalized speech interfaceac-
Butler demonstrator is also described. cess a multitude of services and appliances. This
is achieved through a personalized speech inter-
1 Introduction face integrated into some personal and wearable

appliance such as a mobile phone or a PDA. The
In natural human-to-human communication,application specific data, including the dialogue
speakers are able to use implicit contextual informanagement capabilities, is locally stored at the
mation to increase the conversational bandwidthservice provider side and is dynamically plugged
The implicit contextual information is relevant into the personalized speech interface and acti-
knowledge about the actual situation. Howeveryated whenever the user enters a new environment.
this knowledge is not necessarily part of the The SesaME architecture is comparable to
linguistic context (has not been uttered earlier). other agent-based architectures such as the TRIPS

The following real life example illustrates the (Allen et al., 2000) architecture. A central infor-

use of implicit knowledge about the situation.  mation storage, a blackboard, stores the represen-
An employee leaving the office: tation of the system’nformation state(Larsson
2_1 X‘t/hl?r_‘sjg my train leaving? and Traum, 2000). However, this representation is

not formalized; the information state is merely a
This dialogue appears somewhat strange, ineollection of all data available to the dialogue sys-

complete and even incomprehensible to othertem. An event-based solution is used for updat-

than the participants. In spite of this, the dialogueng the information state, where events can be di-

exhibits a successful interaction. This short dia-alogue moves, internal system events, or changes

logue appears to be a repetition of similar interacin the user’s context of use.

tions encountered previously. The answer contains ,

prediction and beliefs about the dialogue partneré-1 Knowledge representation

individual goals, intentions and preferences. After each interaction with a user, every utterance
For achieving more natural and efficient com-and the related contextual information is repre-

munication, it is desirable to enable spoken diasented as a feature vector containing feature-value

logue systems to support similar interactions. pairs of all relevant information related to the in-
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teraction. The only common property of the fea- calendars andccessing workplace related infor-
tures in the feature vector is the co-occurrencemation such as time and location of meetings and
The feature vectors are indexed and stored in inseminars.
dividual user models implemented as vector-space All these services are based on information
models. For manipulating the user models, well-services available on the Internet. The relevant
known information retrieval solutions are used. knowledge is automatically extracted from the
Albeit, every feature vector is domain and taskavailable html-documents and transformed into di-
dependent, the individual user models are generiglogue descriptions at runtime. The users are iden-
and they may contain feature vectors from severdified through speaker verification or based on the
different domains and tasks. In this way, capturingused mobile-phone numbers (A-numbers).
and employing cross-domain user characteristics Currently a long-term evaluation of the Butler

is also feasible. is conducted. However, preliminary data indicates
that erroneous system predictions are considered
2.2 Context based adaptation as natural and non-disturbing by the users.

In SesaME, a content-based solution (Zukerman  conclusions

and Albrecht, 2001) is employed for performing a

context-based adaptation to individual users.  In this paper, a generic solution for employing im-
A context manager keeps track of the userdlicit contextual knowledge in dialogue manage-

current context. During every new interaction, Ment was introduced. By encoding contextual in-

based on the available contextual information ondormation in the user model it becomes feasible to

or more feature vectors are built. These vector®redict Sp?CifiC features of an qngoing inf[ere_lc'tion.
are used for retrieving similar interactions from 1hUS, @ simultaneous adaptation to an individual

the user model. user and the user’s current situation is supported.

The retrieved results are used to predict specifia_h's solutlo.n.appears to be.a promising cor.1tr|bu—
features of the ongoing interaction and to achievdiOn t0 providing a more flexible and natural inter-
adaptation to the current context. For example2ction in spoken dialogue systems.
based on earlier interactions with a voice con-pcknowledgments
trolled travel-planer it may be possible to deteCtThis research was carried out at the CTT, a competence center
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