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Abstract
Collaborative completions are among the strongeisieace that dialogue requiresoordination
even at the sub-sentential level; the study otese® completions may thus shed light on a
number of central issues both at the “macro’ I®feflialogue management and at the “micro’
level of the semantic interpretation of utterancéfe propose a treatment of collaborative
completions inPTT, a theory of interpretation in dialogue that pd®s some of the necessary
ingredients for a formal account of completionshat ‘micro’ level, such a theory of incremental
utterance interpretation and an account of groupdiWe argue that an account of semantic
interpretation in completions can be provided tigforelatively straightforward generalizations of
existing theories of syntax such as Lexical Tregoiihg Grammar (TAG) and of semantics such
as (CompositionalprT and Situation Semantics. At the macro level, wavigle an intentional
account of completions, as well as a preliminamgoaat within Pickering and Garrod’s alignment
theory.
Keywords: completions, coordination, incremental interpretatPTT, grounding

1 Introduction

Utterances such as 1.2, 1.3, and 2.2 in the fofigvitagment of a transcript from the Bielefeld
Toy Plan Corpus of task-oriented dialogues (Skyd®99) are examples of the constructions
that Clark (1996) calledOLLABORATIVE COMPLETIONS

(1.1)

1.1 Inst | So, jetzt nimmst Du [pause]
Well, now you take

1.2 | Cnst| eine Schraube
a screw

1.3 | Inst | eine <-> orangene mit einem Schlitz.
an <-> orange one with a slit

1.4| Cnst| Ja

Yes
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2.1 | Inst | Und steckst sie dadurch, also
And you put it through there, let's see

2.2 | Cnst| von oben
from the top

2.3 | Inst | von oben, dal3 also die drei festgeschrauldevedann
from the top, so that the three bars get fixed then

2.4 | Cnst| Ja

Yes

That agents cooperate is a fundamental assumiptiorany theories of dialogue (see, e.g.,
the papers in Coheet al, 1990, or (Clark, 1996)). That cooperation reqgeordinationis a
central theme particularly in the work of Clarkge 1996) and Garrod (e.g., (Garrod &
Anderson, 1987)). Collaborative completions suchthase in the example dialogue are among
the strongest evidence for the argument that dielogquires coordination even at the sub-
sentential level (Clark, 1996; Garrod and Anders®87; Pickering and Garrod, 2004). More
generally, studying collaborative completionsyrshed light on a number of central issues for
models of the semantics and pragmatics of dialggbeth at the "macro’ level of dialogue
management and at the ‘micro’ level of the semanterpretation of utterances. At the macro
level, this type of data may be used to comparepetimg claims about coordination—i.e.,
whether it is best explained with an intentionald@iolike Clark’s and the models discussed in
Cohenet als book, or with a model based on simpler alignmeethanisms like Pickering and
Garrod’'s. At the micro level, completions are clewidence that intention recognition in
dialogue proceeds incrementally, and may providayirts about semantic compaosition.

In this paper we propose a treatment of collabaaompletions i®TT (Poesio and Traum,
1997, 1998; Poesio and Muskens, 1997; Mathesonsi®@nd Traum, 2000) a theory of
interpretation in dialogue incorporating ideas fr@@ompositionalprRT (Kamp and Reyle, 1993;
Muskens, 1996), Situation Semantics (Barwise amalyl? 1983), and Lexical Tree Adjoining
Grammar (LTAG) (Abeillé and Rambow, 2000; Joshi €00 Our main ambition is to
demonstrate that it is possible to provide an aislgf completions covering a great many of the
syntactic, semantic, and pragmatic properties egehconstructions, but relying for the most part
on already established and independently motivdtethal devices incorporated iRTT,
supplemented by either a theory of intentions sagfiuomela’s (2000) or an alignment-based
account such as Pickering and Garrod’'s (2004). dlge argue thabTT provides certain
ingredients that are essential for a formal actoficompletions yet are missing from existing
accounts, such as (Purvet al 2006) —e.g, an explicit account of groundindafk and
Schaefer, 1989; Traum, 1994), required to undedstarihe interaction of completions with
grounding. Finally, we explore in some detail ttebate between ‘intention-based’ and
“alignment-based’ models of dialogue, providinghbatmore traditional ‘intentional’ account and
an alignment-based treatment of the phenomenon.

The structure of the paper is as follows. In $ec we briefly summarize Clark’s theory of
coordination in dialogue and our main empiricaldevice on completions, data from the Bielefeld
Toy Plane Corpus. In Section 3 we introdece; readers already familiar with the theory may
skip this Section, or perhaps consult only thosetspthey need to understand Section 5.
(Additional formal details are provided in the Apiex.) . In Section 4 we present an intentional
account of completions. The first part of this 8&ttis background, introducing recent ideas
about intentions and shared plans that are reqtirexkplain completions; whereas the second
part provides an explanation of the example basethese ideas. Section 5 is the main Section
of the paper; in it, we use the notions introdugedhe previous two Sections to provide an
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intentional account of completions RTT taking into account the incremental nature of the
phenomenon and its interaction with grounding. .Section 6, we provide a preliminary
treatment of continuations in terms of the Pickgrand Garrod alignment model. Finally, in
Section 7 we discuss alternative theories of diaomcluding KoS (Ginzburg, 20093pRT
(Asher and Lascarides, 2003) and Dynamic Syntan(gsonret al, 2001; Canret al, 2005) and
compare our analysis with that proposed by Pwvet

2 Coordination, Grounding, and Completions

2.1 Coordination and Grounding in Dialogue

The theory of interpretation in dialogue developedhis paper relies heavily on the views on
dialogue developed by Herbert Clark and colleagaes, summarized, e.g., in (Clark, 1992;
1996). Clark points out that the traditional viefuspeech acts as developed primarily by Searle
(e.g., 1969) and exposed in (Levinson 1983) igadhe role of listeners. He views conversation
as a form ofoint activity like playing football or playing in a string quart(Clark 1996, ch. 3),

in which participants engage joint projects at all communicative levels, from uttering sounds
to performing illocutionary acts. He argues thatesgh acts are really joint projects between the
speaker and the listener (Clark 1996, ch. 5).

In order for these joint communicative activitiestte successful, agents needaordinate
both on matters of timing (e.g., to avoid speechriap) and on matters of content, developing
together what Clark callgint construal (joint interpretation) of these actions, that need be
the interpretation the speaker originally intend@this coordination is only made possible by the
common ground (Stalnaker, 1978) between the participants; yetrkClpoints out that the
establishment of a common ground is not autométie common ground isn’t just there, ready
to be exploited” — Clark 1996, p. 116). Common gmbinas to be established with each agent
with whom we interact; this is particularly the eder that part of the common ground that has to
do with the present conversation. The participamta joint action need to establish the mutual
belief that they have succeeded well enough forectirpurposesHyinciple of joint closure
Clark 1996, p. 226).

This establishment does not occur by default, hutugh a process callegtounding in
which positive evidenceof understanding at different levels is requir€th(k and Wilkes-Gibbs,
1986; Clark and Schaefer, 1989; Clark and Brenh@81). Such evidence may consist of signals
of understanding like nods or “uh huh”, of presugipons of understanding like taking up the
relevant part of the joint project—e.g, answerihg gjuestion just asked—etc. This process is
structured aroundontributions to discourse—signals successfully understood. ianions are
organized into gresentation phase, in which conversant A presents the signd,tand an
acceptancephase, in which B gives evidence that she belishesunderstands what A meant
(Clark & Schaefer, 1987, 1989). Presentations &ed@tances organize dialogues according to a
“collateral’ structure which is separate and indeleat from the types of structure traditionally
studied in computational linguistics (Grosz andn®igl 1986; Asher and Lascarides, 2003), which
are focused on what Clark calls the ‘official besis’ of the conversation; yet they are still (meta-
communicative) acts (Allwooét al, 1993; Bunt, 1995;Clark 1996). Traum (1994) deped
this view by providing a systematic theory of theounding process articulated around
grounding acts, which is the basis of the account of groundingpaed in this paper. Traum’'s
account also provides a solution to the problemnbhite regress incurred by the Clark and
Schaefer formulation of grounding: if every pras¢ion needs an acceptance, how can dialogues
ever end? We will discuss Traum’s solution in Set8.

2.2 Coordination on Utterances and Completions

The typical conversational utterance is not a féssl delivery by the speaker of a complete

sentence. Speakers generally do not plan utterandasir entirety, and as a result often realize
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mid-way that their delivery is being less than idgxhegloffet al, 1977; Clark, 1992, 1996;
Alwood et al, 1993; Traum, 1994; Ginzburg, 2008ter alia). In addition, speakers need to
coordinate with listeners and ensure that the sighainderstood. As a result, the typical
utterance has a non-linear structure with intefomgt and restarts, and with collateral utterances
whose objective is to ensure grounding.

When a speaker cannot produce a faultless deligedysruption may ensue in the form of a
repair. Such disruptions have a fixed structure thauihes asuspension point often indicated
by a pause, a word cut-off, or a lengthened sydtablhiatus during the period in which the
speaker plans how to resume, often occupied wigrdior editing sequences; andesumption
performing an operation that Clark caflsplacement, which may involve simply continuing
what came before the suspension point, repeatjngulistituting it, deleting it, or adding new
material to it (Clark 1996, p. 264).

The listener, as well, may interrupt the perforneaié an utterance, either by initiating a
repair when a problem is perceived (see Clark’stiple of Repair’, Clark 1996, p. 284) or by
initiating a collaborative completion (Lerner, 1987; Wilkes-Gibbs, 1986) providing theivn
completion of the utterance, as in (2.1) (fromr(lex, 1987), reported in (Clark 1996, p. 238)) or
atruncation —interrupting the speakers because they think éfready understand the rest of the
utterance (Conversely, a speaker may decidad® outan utterance when she perceives that the
rest isn't needed.)

(2.1) Marty: now most machines don't record tlatv. So I'd wanna-when | make a tape,
Josh: be able to speed it up
Marty: Yeah

Completions are the focus of this paper. As we 8gé in Section 4, completions may be
performed for a variety of reasons, including signa understanding, or the desire to be
cooperative.

2.3 Completions in the Bielefeld Toy Plane Corpus

2.3.1 The Bielefeld Toy Plane Corpus

The Bielefeld Toy Plane Corpus (BTPC) is a coltettof 22 filmed, speech recorded and
transcribed construction dialogues between two tagehe Instructor and the Constructor,
whose task is to interactively construct a “Bautiay airplane (see Figure 2.1). The instructor
(Inst) explains to the constructor (Cnst) how ¢seanble the airplane. The airplane that Cnst is
meant to produce in the conversation in questi@h@vn in Figure 2.1 (a), whereas the state of
the assembly at the beginning(tfl)is shown in Figure 2.1 (b).

(b) Constructor's state of assembly at the beggnofr(1.1)
Figure 2.1 The Baufix plane to be produced by Constructaritsistate at the beginning of (1.1).
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Instructor and Constructor sit at separate tabilese the same collection of “Baufix’-
components (and know this), and can communicatelyfre The dialogues were recorded in
different conditions so as to set up different eatg for the production and understanding of
referring expressions. One dimension of variationcerned visibility: total screen, face to face,
half-screen allowing eye contact. Different coiwtis concerning the instructions to be followed
by the instructor were also tested. (In some ctszdnstructor had to direct the Constructor on
the basis of a building plan, in others using aeaaly completed model.)

The corpus consists of 3675 contributions, coungimerything except non-verbal events like
groans or laughter.

2.3.2 Collaborative completions in the BTPC: Some stattis

Skuplik (1999) carried out a corpus study of cabkattive completions in the BTPC. She
classified a contribution as as a collaborative metion (or, to use her tern§ENTENCE
COOPERATION if at least two dialogue participants participateits production. Following
Wilkes-Gibbs’s dissertation (1986), Skuplik digtinsshed between two types of sentence
cooperationsCOMPLETIONS proper, when a sub-sentential structure is filled up byig#ibry
constituents; aneccONTINUATIONS, when material gets added to an already exid@rgence.
(We will keep using the better-known term completitco cover both completions and
continuations, except in this Section.) Skuplik niililed 126 sentence cooperations (54
completions (43%) and 72 continuations (57%)) aladsified them along the dimensions (1)
producer, (2) type of phrase, (3) grammatical fiomgt(4) syntactic category of completing
utterance, (5) resulting syntactic constructi@),dapping construction, (7) acceptance or denial
with respect to part added by other agent, (8) mgrdf acceptance or denial, (9) indications for
change of speaker. The statistics Skuplik obtained the dimensions we are primarily
interested in (1, 2, 4, 7, and 9) were as follow$he figures below are for completions and
continuations together, except where noted.)

D Producer: In 79% of the cases it was Cnst who producecctmapleting or the
continuing part; Inst provided the expansionsrity@1% of the cases.

(2) Type of phrase 61% of sentence cooperations are complete ph{&asnan
“Satzglieder”);

(4) Syntactic category of completing utterance Prepositional phrases (37%) are
the most common form of completing utterance; theg followed by noun
phrases (24%), adverbial phrases (7%), nouns (6%b)flgments with finite
verbs (5%).

(7) Acceptance or denial of added part by other agen84% of the completing or
continuing utterances were accepted by the othdicipant. 41% of the
completing or continuing parts were not explicilgcepted or denied. Explicit
acceptance is indicated by ejalyes(28%) and other affirmative particles. In
addition, acceptance can be indicated by variousmdoof resumption or by
paraphrase.

9 Structural clues for change of speaker Only in 31% of the sentence
cooperations the change of speaker is indicatguttyodic or other means such
as various forms of hesitation; in the remaing caselue is apparent.

2.3.3 Collaborative completions in the BTPC: Some stattis
The statistical evidence collected by Skuplik seggethat(1.1) is a typical illustration of
collaborative completions in the Bielefeld Toy m#aCorpus. 79% of completions are performed
by Cnst. Cnst’'s completion in this exampée Schraubds an obligatory NP (as in 30% of the
cases), yielding a single complete constructiaa,.(German “Satzglied”, as in 46% of the
cases), making up a sentence if merged with Ipstduction (as happens in 50% of the cases).
In 31% of sentence cooperations a request formartlease is signalled by prosodic means such
5
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as lengthening of Germddu and level tone (37% for completions in the stsiehse). Here the
evidence is not conclusive that the completing [gartot accepted by Inst (9%), who extends it
with an <-> orange one with a sl{f9%). Inst’s contribution is in turn accepted byst

In the second joint construction, 2.1-2.4, we findse of (Germarglsoin 2.1, which might
indicate that a change of the speaker role willabeepted by current speaker. Gernadso
frequently indicates a planning pause. Howevers thne we have a continuation by Cnst,
forming a single complete sentence unit of categhdyP, adding finally up to a sentence
without extraposition. Inst acknowledges by resynthe phrase and extending it with a
subordinate clause. In 1.2 Inst’s extension acts eepair, in 2.2 it provides the description of a
causal consequence in the domain.

3 Incremental Meaning Composition in Dialogue: TherTT Approach

An essential prerequisite of any account of catimhs is a theory of semantic interpretation in
dialogue explaining how the meaning of fragmentatgrances performed by different speakers
is incrementally combined to derive more complaeiipretations. Our own account is based on
such a theory,PTT (Poesio, 1994; Poesio and Traum, 1997; Poesidvarakens, 1997; Poesio
and Traum, 1998; Matheson, Poesio, and Traum, 20@0}heory of dialogue semantics and
dialogue interpretation that originated from work the TRAINS-93 system (Alleat al, 1995).
PTT was developed to explain how utterances are inemgaily interpreted in dialogue, crucially
considering both their semantic impact (e.g., hbe occurrence of the pronoun “Sie” in
utterance 2.1 of our example dialogue is interphed@md their impact on other aspects of dialogue
interaction traditionally considered as outside shepe of semantic theory (e.g., the role of the
two “Ja’s in 1.4 and 2.4), building on the work@ifark (1992, 1996) and on ideas from Situation
Semantics (Barwise and Perry, 1983; Cooper andi®a094; Cooper, 1996, Ginzburg, 2009) .

The first distinctive feature obTT is the assumption—derived from ideas developed in
Situation Semantics but also central to Clark’s kv@s seen in Section 2—that the common
ground doesn’t simply record the propositions desgeor the questions raised, but the whole
variety of facts about thdiscourse situatioshared between conversational participants (Barwis
and Perry, 1983; see also Ginzburg, 2009; GinzbliogAppear). Among these facts is the
occurrence of certaintterancesof sub-sentential constituents in a certain or&erthermore,
the theory assumes that the occurrence of thesallgatmicro-conversational eventalso leads
to immediate updates of the participantgormation states(Larsson and Traum, 2000; Stone,
2004) which in turn leads to the initiation of seri@and pragmatic interpretation processes.

Other facts recorded in the common ground inclubdetvClark called ‘meta-communicative’
acts: dialogue acts which have to do with coordimaissues such as turn-taking and the process
by which the common ground is establishedgmamunding(Clark and Schaefer, 1989; Brennan,
2005; Traum, 1994). A second featurerof that is key for the purposes of this paper is that
provides an explicit account of such meta-commuiveaacts, and in particular of grounding,
building on (Traum, 1994). It is assumedPirT that new utterances result in the introduction of
new Discourse Units-the formal correspondent of Clark and Schaefer@89) contributions--
which only become part of the common ground as sultreof explicit or implicit
Acknowledgments and may be cooperatively repaired or revisedn(astterances 1.3 and 2.3 of
the example dialogue).

These ideas are formalized using tools derived fidstourse Representation Theobr()
(Kamp and Reyle, 1993) — specifically, from Mus&e@ompositionalbRT (Muskens, 1996),
with additional axioms for specifying the anaphobiehavior of dialogue acts and a simple
formalization of events based on (Muskens, 1998).brief discussion of CompositionaRT
can be found in Appendix B.1.) This means that shares many features witBDRT (Asher,
1993; Asher and Lascarides, 2003); but as we w#| shere are crucial differences between the
two theories with respect to issues central tophiger such as incrementality and grounding.
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3.1 Conversational Events and Discourse Situations

The idea that the shared “conversational scora' @onversation consists only of information
about the propositional content of assertions, dickvmuch modern work on the semantics of
discourse rests, is clearly an idealization (Btdr, 1978; Barwise and Perry, 1983; Clark,
1992, 1996; Allwoockt al, 1993; Traum, 1994; Ginzburg, 2009, To Appeahe Participants in

a conversation also share a great deal of infbomahat they need to coordinate: e.g., whose
turn it is to speak, how what is being said fitsviithin the structure of the rest of the
conversation, and whether what has been said lessgveperly understood (Clark, 1996).

As a result, an ordinary conversation does notisbosly of actions performed to assert or
query a proposition, but also of actions whosefion is to acquire, keep, or release a turn, to
signal how the current utterance relates to whatdegn said before, or to acknowledge what has
just been uttered. Bunt (1995) proposed for théwsgances the termIALOGUE CONTROL ACTS
(See also Clark and Schaefer, 1989; Poesio andni[rd997; Ginzburg, 1997, 2009). The
execution of these actions may involve both liniwiand non-linguistic tools. The linguistic
tools includecUE PHRASESsuch asoor (one sense of)kay, KEEP-TURN SIGNALS such as filled
pauses (mn) orin a minutein the following fragment reported by Coulthal®77):

A They have at their disposal enormous assetsl/tfeeir policy

B //look can | just come in on that// last year

A /IYES IN A MINUTE IF YOU MAY AND WHEN I'M FINISHED //
then you'll know

B //yes I'M SO SORRY

and GROUNDING SIGNALS such akayagain,right or uhuh  Non-verbal means include gaze,
gestures such as nods or other head movementgoarithg.

The context update potential of non-assertoric dpeets and of dialogue control acts is easy
to formalize in terms of a speech act-based thé@unt, 1995; Traum and Hinkelman, 1992;
Traum, 1994), particularly one in which speech acesviewed as components of a joint project
(Clark, 1996). Poesio and Traum (1997) proposed tthexn conversational score consists of a
record of all actions performed during the conviégssai.e., what in Situation Semantics is called
the DISCOURSE SITUATION(Barwise and Perry, 1983; Cooper, 1992; Ginzburd &ag, 2000;
Ginzburg, 2009, To Appear). Furthermore, Poesid &raum argued that this view of the
conversational score could be formalized usingttiods already introduced iDRT (Kamp and
Reyle, 1993; Muskens, 1996), because speechG@mS4ERSATIONAL EVENTS in PTT terms- are
in many respects just like any other events, aedabise conversational events and their
propositional contents can serve as the anteceaddranaphoric expressions. So, whereas the
ordinary DRT construction algorithm would assign to the tex(3nl.1) an interpretation along
the lines of (3.1.2) — i.e., a singlErs containing the merged propositional content ofhbot
assertions (using the syntax from Muskens (199@) l@is equality operatais for equality in
DRss) Poesio and Traum hypothesized that the commmmngrresulting from (3.1.1) would be
as in (3.1.3):
(3.1.1) a. A: There is an engine at Avon.

b. B: It is hooked to a boxcar.

(3.1.2) [x,w,y,z,S,5|
engingx), Avon(w), s:at(x,w), boxcar(y), s:hooked-tq(z,y), zis X]

(3.1.3) [cel,ce2?|

Y In this paper, discourse referents will be namezbaling to the following conventions. We will usems with the
prefix ce (cel, ce2, etc) for conversational events; terntk thie prefixu for utterances; terms denoting other events
will be indicated by the prefixe. We will indicate terms denoting states by thefipre; all other terms will have
prefixesx, w, y, andz
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cel:asser(A,B,[x,w,s|engingX), Avon(w), s:at(x,w)])

ce2:asser(B,A,[y,z,s’| boxcar(y), s:hooked-tdz,y), zis x])]
(3.1.3) records the occurrence of two conversatienants,cel and ce2 both of typeassert
(Poesio and Traum, 1998; Matheson, Poesio, and;ra000) whose propositional contents are
separat®Rss specifying the interpretation of the two uttesin (3.1.1). The discourse entities
celandce2can serve as antecedents both of implicit and@xphaphoric references.

Implicit anaphoric references include "backwardsdike accepts as we will see shortly;
certain types of clarification requests (Ginzbu2§09, To Appear), and grounding acts, as we
will see later in the section. One example of eiplanaphoric reference is the following
example, where ththat uttered by B in 2 appears to be referring to tbigoa of insulting, as
opposed to the propositional content of A’'s uttem(as in 2") or to the locutionary act (as in
2").

1. A: You're an idiot.
2. B: Thatwas uncalled for.
2’ B: That'snot true.

2" B: I didn’'t hearthat

As in (Kamp and Reyle, 1993; Muskens, 1995), a Osomian treatment of events is
assumed, in which each event- or state-describiaedigatep such athooked-to or assert has
an additional argument for the event (or statele f@low Kamp and Reyle’s (1993) notation and
write ep(x,y) rather thamp(x,y,e) for these predicates.)

One immediate advantage of this view is that it banused to explain the updates to the
common ground resulting from conversational evetiter than assertions, as well as to the all
too common situation in which an utterance performase than one type of conversational event
(Traum and Hinkelman, 1992). Even if we ignore thet that interrogatives and imperatives
have non-propositional contents (Poesio and Tral®9,7; Ginzburg and Sag, 2000, Portner
2007)—in this paper, we will for simplicity assunieat all contents of conversational events are
propositional, as done, e.g.,$DRT (Asher and Lascarides, 2003)—clearly such contesus ot
be viewed as providing restrictions on the sameo$eissignments / worlds as assertions. In
(3.1.3), for example, neither the content of thpen-option conversational event generated by
the first utterance in (3.1.1") nor the contentludinfo-request resulting from (3.1.1'b) express
statements about the current state of the world, shrould not therefore be evaluated at that
index, as they would be using standarir semantics if the dialogue were to be assigned the
interpretation in (3.1.2"). Notice that (3.1.1'lmay be viewed as achieving at least two purposes:
accepting the option proposed with cel, and peifagraninfo-request. Notice also thaaccept
is implicitly anaphoric to a previous conversatioesent €el), as is generally the case with
backward-looking acts --one argument for assuming that conversdtievents introduce
discourse markers just like normal events do.

(3.1.1) a. A: We should send an engine to Avon.
b. B: Shall we use engine E3?

(3.1.2) [xw,e,vy,e|
engingx), Avon(w), e:send{A,B},x,w)
engingy), E3(y), e"usg{A,B}.y)]

(3.1.3") [cel,ce2,cel|
cel:open-option(A,B,[x,w,e|engingx), Avon(w), e:send{A,B},x,w)])
ce2:accep(B,cel)
ce3:info-request(B,A,[y,e’| engindy), E3(y), e :usg{A,B},y)D]
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Assert, open-optionand info-request in the example above are all examplesCcaRe
SPEECH ACB (Traum and Hinkelman, 1992; Poesio and Traumy/1%998) — conversational
events that express the primary, domain-orientehtion the participant intends to convey. The
repertoire of core speech acts assumeadrirhas been changing over the years; the later vexrsion
of the theory have been based onbh@&sL repertoire of dialogue acts (Allen and Core, 1997)
and core speech acts for which formalizations aogiged inPTT include, in addition t@ssert
and open-option, the forward-looking actsstatement influencing-addressee-future-act
directive, committing-speaker-future-action, commit, and offer , and the backward-looking
actsagreement accept answer, andreject (Matheson, Poesio and Traum, 2000). In addition to
core speech acts, utterances may also be usedftwnpalialogue control acts and grounding
acts; we will see examples of these below.

In subsequent work (e.g., (Poesio and Muskens,)]98Tevised view of the interpretation of
speech acts was introducedrim, in which the contents of conversational evenésamsociated
with propositional discourse referents (discoueferents whose values a@vess) as proposed,
e.g., iINSDRT (Asher, 1993; Asher and Lascarides, 2003) and dayrts (1995). According to this
view, the discourse situation resulting from the tutterances in (3.1.1) being interpreted as
performing assertions (and nothing else) would$9&g3.1.4), where the propositional contents
of celandce2also become available for subsequent anaphogcamde.

(3.1.4) [cel,ce2,K1,K2|
K1is [x,w,s|engingx), Avon(w), s:at(x,w)],
K2 is [y,u,s’|boxcar(y), s’: hooked-tau,y), uis x],
cel:asser{A,B,K1),
ce2:asser(B,A K2)]

This type of representation requires complicating semantics in order to ensure well-
foundedness, but at least in principle, there araumber of ways of doing this (Asher, 1993;
Geurts, 1995; Poesio and Muskens, 1997); anddpigsentation has the advantage of providing
antecedents for references to contents of convenshevents—whether explicit as in, e.g., the
case in which B followselwith a denial likeThat's not true which inPTT would be interpreted
as a reference to proposition K1; or implicit, mshe case of grounding acts. We will assume this
type of interpretation here and exploit it in oarrhalization of grounding acts.

Finally, it is assumed iRTT that dialogue acts agenerated(Goldman, 1970; Pollack, 1986)
by locutionary acts (Austin, 1962), which we regmshere as events of typder. These events
are assumed to become part of the discourse siuat well, at least for a tinfeéndeed, they
play an important role in our account of incremétytaas discussed below. We further assume
(a) that locutionary acts have a (conventional)a®ins associated to them according to standard
compositional semantics rules, as we will see itailén the next subsection; (b) that this
semantics is the value ofsamfunction (in fact, a family of functionseny, semy, etc.); and (c)
that the content of the core speech act genergteddcutionary act with semantics K is also K.
After taking these additional assumptions intocoamt, we obtain the picture of the information
in the discourse situation after the second asseirti (3.1.1) shown in (3.1.5).

2 The version obTT discussed in (Poesio and Traum, 1997) also assamiass of dialogue acts calladyjumentation
acts (Traum, 1994) that capture some of the informaggpressed in SDRT by rhetorical relations. We mgt have
the space to discuss intentional structure andbricet structure in this paper, but these issuesdiscussed in the
follow-up paper (Poesio and Rieser, in preparation)

3 An important simplification made imTT is to ignore the issue of forgetting—i.e., thetfalsat information,

particularly linguistic information, only remainactivated’ for a relatively short period. Theregiste a lot of evidence
that at least certain types of information disapadr a period (Sacks, 1967) although the speadhizh this happens
is unclear (Fletcher, 1994). A number of utteraniteslialogue — so called informationally redundarterances
(Walker, 1993) are also planned with the goal ef/pnting important information from being forgotten
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(3.1.5) [ul,u2,cel,ce2,K1,K2|
ul:utter(A,"there is an engine at Avon”),
K1 is [x,w,s|engingx), Avon(w), s:at(x,w)],
semul)is K1,
cel:asser{A,B,K1),
generatdul,cel),
u2: utter (B,"it is hooked to a boxcar”),
K2 is [y,u,s’|boxcar(y), s’: hooked-ta(u,y), uis x],
semu2)is K2,
ce2:asser(B,A,K2),
generatdu2,ce?)]]

Therefore, to a first approximation—i.e., simpiify the representation of contributions and
leaving aside all sub-sentential locutionary asee(next)—the interpretation of the example
dialogue according to the view just presented ifolows.

(3.1.6) [K1.1,upl.1,cel.l, K2.1, up2.1, ce2.1 |
K1.B [e,x,x3|screw(x), orange(x), slit(x3), hagx,x3), egrasp(Cnst, Xx)],
utterance(upl.1),semupl.l)is K1.1,
cel.tirective(Inst&Cnst,Cnst,K1.1),
generatdupl.1, cel.l),

K2.1is[x6,e’,s,w,y| X6 is x, e":put-through (Cnst,x6,holel),
wis wingl, yis fuselagel,
s:fastenedw,y), purposge’,s)],

utterance(up2.1),semup2.1)is K2.1,

ce2.tirective(lnst,Cnst, K2.1) ,

generatdup2.1, ce2.1)]

3.2 Micro Conversational Events

A second distinctive feature @fTT, in particular with respect teDRT (Asher and Lascarides,
2003), is that it takes as a central fact abodbdige that utterances are interpreted incrementally
as suggested by most psychological work on seat@rocessing (Frazier, 1987; Swinney,
1979; Tanenhaust al, 1995), and that many contributions to dialogtefeagmentary and non-
sentential, as shown by corpus evidence (Poesth; Fernandez, 2006).

As a result, one of the fundamental hypothesesrlyiidig PTT is that the information state of
a conversational participant is updated whenevgrreaw event is perceived, including events
such as sub-sentential or even sub-word utterarzoes,irrespective of whether this event is
verbal or non-verbal: non-verbal events such atuges or nods (McNeill, 1992; Allwooet al,
1992; Clark, 1996; Rieser, 2004) update the infoionastate, as well. Psychological research
suggests that such updates can take place evemiléseconds, and that perceiving a phoneme
is sufficient to cause an update—in fact, for iptetive processes to begin (Tanenhatusil
1995). Here we will simply assume that the viewtld discourse situation contained in the
information state is updated at least after evarydwWe use the terimiCRO CONVERSATIONAL
EVENTS (MCES) to refer to events of uttering sub-sententialstituents (Poesio, 1995). Also, we
will only discuss here updates caused by linguistients, although other types of updates have
been examined in pastrT work — e.g., to the focus of visual attention ($flog 1993) and
pointing gestures (Rieser, 2004).

This incremental update hypothesis is motivatedamy by psychological findings about
incremental interpretation in sentential utteranbes also by the fact that in dialogue many types
of conversational acts hardly if ever require fsdintences (Clark, 1996; Fernandez, 2006;
Ginzburg, 2009). Among the core speech acts, amssteequestions and clarification questions
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are often non-sentential. The utterances usedrforpebIALOGUE CONTROL ACTSsuch astake-
turn, keep-turn andrelease-turn—actions whose function is to synchronize the padicipants

in the conversation as to who is holding the flo@ackset al 1974; Traum and Hinkelman,
1992; Traum, 1994; Bunt 1995; Clark, 1996)—a&amRbUNDING ACTS i.e., acts whose function is
to keep the common ground synchronized between twbeparticipants (grounding acts are
discussed in greater detail below) are also tylgiceon-sentential. These conversational actions
are occasionally generated by sentential utterathzgsalso generate a core speech act (e.g., the
second utterance in (3.1.1)), but more commongy thre generated by single-word discourse
markers—Ilikeokay, well, now, all of which may be used to perfornk@ep-turn dialogue control
act, or indeedjetztin 1.1 in the example dialogy#.1), which arguably is used to perform a
keep-turn function as well as (possibly) a temporal sequancine. Non-words such as filled
pauses ymmsand the like) may also be used (Saeksl, 1974; Clark 1996). To account for
the fact that non-sentential utterances may rdsulipdates of the discourse situation it is
necessary to have a theory of update in whicletfeets of these utterances can be modelled. In
PTT, it is hypothesized that observing such utteranmoey result in adding to the discourse
situationkeep-turn events (as well as other possible events), viatgsdike those in (3.2.1):

(3.2.1) well- [u,ce|uutter (A,"well”), ce: keep-turn(A), generatdu,ce)]
umm- [u,ce| uutter(A,”umm?”), ce:keep-turn(A), generatgu,ce)]

In this paper we assume that the utterancesmét the beginning of 1.1 in the example
dialogue(1.1) has primarily a dialog control function, so tlhaserving its occurrence results in
the following update to the discourse situatiorrgSection 5 and Appendix B.2.3.)

(3.2.2) so-  [u,ce|uutter(A,’s0”), ce:take-turn(A), generatgu,ce)]

We instead assume thjatztin the same utterance is interpreted solely asritoning to the
specification of the propositional content of celthe core speech act generated in that
contribution (see (3.1.6)). Of course one could ahypothesize thajetzt has akeep-turn
function instead, as in (3.2.2"), or perhaps bathctions, but this is not essential for our
purposes.

(3.2.2) jetzt— [u,ce|uutter(Cnst,"jetzt”), cekeep-turn(A), generatdu,ce)]

3.3 Incremental Interpretation with Micro Conversational Events

By combining the hypothesis that the informatioratestis updated after every micro-
conversational event with the view of semantic cosion found in CompositionabRT (as
opposed to that of standanRT) we can explain how utterances whose main funcisoto
express part of the content of a core speechikettHe rest of the utterances in 1.himmst Du,
etc. - do so incrementally, as well, instead ofuasing that (3.1.5) or (3.1.6) are derivedaall
once after the entire mini-dialog in (3.1.1) or tweample dialogue have been syntactically
analyzed (as it would be necessary when assumagdhstruction algorithm from (Kamp and
Reyle, 1993)).

As shown by Muskens (1996), using only tools alyeptesent in Composition@RT one
could already show how (3.1.5) could be derivedmpositionally and incrementally by
concatenating separately produced interpretationthé two utterances in (3.1.1), as in (3.3.1):

(3.3.1) [cel, K1| K1s [x,w,s|engingx), Avon(w), s:at(x,w)], cel:asser(A,B,K1)];

[ce2, K2 | KZis [y,u,s’|boxcar(y), s': hooked-tqu,y), uis x], ce2:asser{B,A,K2)]
But if we accept the two assumptions that locutiprects are recorded in the common ground,
and that single word utterances can lead to updasesvell, we can take advantage of
CompositionalbRT to explain how the utterances winmstand Du can initiate syntactic and

semantic interpretation before an entire sentemasebleen perceived. Psychological research on
priming at different levels (as summarized, e.g.Pickering and Garrod, 2004) and work on
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clarification questions such as (Ginzburg and Cocp@04; Purver and Ginzburg, 2004) provide
evidence concerning these updates. This eviderggests that perceiving an utterance results in
the record of the discourse situation being upduaidl the fact that this utterance just occurred,
as well as the results of lexical access — i.@at ttterance’s syntactic classification, and its
conventional meaning, which RTT is identified with the compositional meaning asdfied in
CompositionabRT (Poesio, 1995; Poesio and Traum, 1997; PoesidMarsttens, 1997; Poesio,
To appear). Observing an utterance of the rimaxcar, for example, results in an update of the
discourse situation which, in first approximatiome will represent as in (3.3.2). This update
records the utterance of a new locutionarywa@s said above, we use discourse referents with
prefix u to indicate utterances), of typiter (the type of locutionary acts), syntactically sliesd

as a noun, and with semantic contexf|boxcar(x)].

(3.3.2) [u |utter(A,"boxcar”), Noun(u), sem(u) is Ax [|boxcar(X)]]

(We will often use the abbreviated notatian®oxcar”:Noun to indicate the information
added by the utterance of a word to the discositaation, omitting its lexical semantics, and
u:"boxcar”. Ax [|boxcar(x)] that specifies its lexical semantics but omits #gntactic
interpretation).

A key assumption thakTT derives from psycholinguistic results on lexicat@ss (Swinney,
1979; Tanenhaust al, 1979) and shares with modern Computational Listigs is that lexical
access—in fact, all of utterance interpretation—asprocess of defeasible inference in which
competing hypotheses are activated, one of whichgglly selected, whereas the other ones are
discarded (Poesio, 1994, 1995, To Appear). A gmme can be (and has been) made that the
defeasible inferences that constitute languagerpngtation are a form of statistical inference
(Jurafsky, 1996), and all recent work in Compuotadil Linguistics is based on this assumption.
However, it is still an open problem how to combthe logics used in formal semantics with
statistical inference (for preliminary work on thmatter, see, e.g., (Hwang and Schubert, 1993)),
so PTT follows the more traditional approach adopted lyually all theoretical approaches
attempting to combine a theory of performance wittheory of semantic competence based on
formal semantics in using a form of logic to modefeasible inference (Perrault, 1990; Hobbs
al, 1992; Hwang and Schubert, 1993; Poesio, 19945;19&her and Lascarides, 2003).
Specifically, in PTT interpretation is modeled in terms of Prioritiz&kfault Logic (PDL)
(Brewka 1989). We would like to be very clear hoetethat we ar@ot claiming here that natural
language interpretation is a process of inferendeDL: only that PDL is the simplest and more
standard theory of nonmonotonic inference that makeossible to us to provide an explicit
account of the properties of natural language fpmétation in which we are interested here —
namely, of the conclusions that we expect to bévelérby the ‘real’ processes behind language
interpretation (which are almost certainly speeedi in carrying out certain types of inference
and therefore, for instance, not likely to suffiemf the efficiency problems of PDL).

The lexicon inPTT is thus modeled as a Default Theory consistingrafritized default rules
specifying lexical updates activated by each utieea such as (3.3.2).The PTT view of the
interpretive processes that follow lexical accesyrtactic interpretation (parsing) and semantic
composition—is very much inspired by current wonk grammar in frameworks like Tree
Adjoining Grammars (Abeillé and Rambow, 2000; Jpo&8i04) for what concerns incremental
interpretation, and Categorial Grammar (Pereira9019Carpenter, 1994) in that syntactic
interpretation is also viewed as an inferentialcpss, the only difference being that RmT
interpretation is viewed as an inferential processilting in updates of the discourse situation.

4 A more complex view of defeasible inference isgtdd in SDRT, with multiple (default) logics forfigirent types of
interpretation. A much more radical reconsiderati®mowever needed to incorporate insights fronemeavork in
Psycholinguistics and Computational Linguisticst Bigcussion see (Poesio, To Appear).
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Specifically, parsing irPTT is a process during which hypotheses about theltseof lexical
access combine together in phrasal hypothesesighralefault inference. Such phrasal
hypotheses are viewed as hypotheses about utterasfc@hrases: e.g., the occurrence of
contiguous utterances of type Det and N resultsphrasal hypothesis about the occurrence of an
utterance of type NP.

These hypotheses are the result of a second s#dfeésible inference rules that encode
syntactic competencf’eAs in (Poesio, 1995; Poesio, 2001; Poesio, To appere assume here
the syntactic framework of Lexicalized Tree AdjoigiGrammar (LTAG) (Schabes al, 1988;
Schabes, 1990; Sturt and Crocker, 1996; AbeilléRantibow 2000), since it lends itself to a very
natural account of the process by which syntactierpretations are constructed incrementally
(Sturt and Crocker, 1998)in LTAG, the lexical interpretations of words alementary treedn
the case of sortal nouns likxcar or Schraubethese trees aratomic and take the form in
(3.3.3):

(3.3.3) N
I

Schraube

In the case of words whose semantic interpretatetkes arguments, such as verbs and
determiners, the elementary trees are more comalekalready contain ‘attachment points’ for
such arguments. The example in Figure 3.3.1 itiss the lexical interpretation of the
determinereine according to LTAG. InPTT, the utterance of this determiner results in the
discourse situation being updated not just witle abservation that an utterangg.apccurred,
but also with the expectation thapddis going to be part of the performance of therattee_uof

an NP, of which ye. will occupy the specifier position, as well as therformance of an
utterance u of type N and (possibly) of a complemagm,. (This node is the attachment point
for nominal arguments of relational nouns.)

Uspec uuu Ucompl

pocDet /\_E
“eine”
sen(Usped= AP'AP([y| ]; P'(y); P(Y))

u:N cbpl

Figure 3.3.1 The update to the discourse situation resultiomfan observation of articine

The elementary trees introduced into the discowsiteation by the performance of
utterances of single words are combined by meaniseofiwo basic TAG operationsubstitution

5 This view of parsing as defeasible inference imftized Default Logic is not of course intendesian alternative to
the modern view of parsing as statistical inferefee only as the simplest possible account of Heinterpretations
we are proposing could be obtained via defeasitiézence.

5 The LTAG framework has also been adopted in othedern frameworks concerned with semantic integgi,
such as Muskens’ Logical Description Grammar (Musk®001), although it is not used there to progideccount of
incremental processing.
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andadjunction Substitution is the operation by which arguresenthe “expected’ components
of the syntactic structure of an utterance, sucth@snominal head of the NP expected as a result
of the observation afdine—are “slotted into’ non-atomic elementary trees.d&@mple, assuming
an LTAG translation forSchraube analogous to that fdboxcar, observing an utterance of
Schraube and subsequently substituting the associatedegitary tree into the interpretation in
Figure 3.3.1, results in the interpretation in Fey8.3.2.

Adjunction is the operation by which adjuncts amh4arguments are incorporated into the
syntactic interpretation being inferred. In olagment for the example dialogue, we propose that
adjunction is used to incorporate appositions, {eattacheine orangene, mit einem Schlitz
eine SchrauheWe hypothesize for this apposition the syntastizicture in (3.3.4)(b); this
structure is attached to the interpretation of it Schraubén (3.3.4)(a) by ‘splitting’ the N’
node into two nodes, resulting in the structurgsii.4)(c).

(3.3.4) (a) NP b) ( N’ (c)/&
eine N’ N’ N, eine N’
e P
Schraube eing, N’ N’ NRp
| | —\

AdN Schraube eipe Nag;

TAG in general, and LTAG in particular, have becomiglely used by psychologists as a
syntactic framework in that adjunction provides explanation for how modifiers can be
incrementally attached to a single syntactic imetigtion (Sturt and Crocker, 1996). Ferreira and
colleagues have argued that LTAG also providesiaal iframework to account for disfluencies
(Ferreiraet al, 2004). A complete LTAG fragment for the examplalague is provided in
Appendix B; the treatment of appositions assumetigpaper is discussed in B.4.2

Uspec uuu lJcompl

_INP
Uspec- Det/\u_ﬁ -
“ eine”
senm(Usped IS AP'AP([y| ]; P'(y); P(y))] /\
u:N coHpI
“Schraube”

sem(u)=Av([ [screwm(v)]]

Figure 3.3.Z The updates resulting from the observatioreioe Schraubeafter
substitution of the elemeary tree foiSchraub into 3.3.:
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The remaining aspect of the interpretation procsssjantic composition—the process by
which phrasal utterances receive an interpretatisnaiso viewed ifPTT as an inference process
(Poesio, 1995; Poesio, To Appear), in accordante tive view adopted in Categorial Grammar
and related work on "Parsing as inference’ (Perel@90; Carpenter, 1994), where the
combination of utterances in larger utterances thedspecification of the meaning of these
larger utterances are provided by inference ri#®shypothesizes that semantic composition, as
well, is the result of defeasible inferences over RS obtained by concatenating the updates
resulting from the utterances of single words (RpeBo Appear). These default inference rules
have the effect of the semantic composition rulagoduced by Muskens (1996) for
CompositionaldRT. For example, the rulBINARY SEMANTIC COMPOSITION  below
specifies that iful and u2 are the (only) two constituents @f3 (we usedt to indicate
dominance), one of them (sayl) has a semantic interpretation of typef3), and the other has
a semantic interpretation of type the semantic interpretation o8 is derived by applying the
semantic interpretation afl to that ofu2. (Cfr. Muskens’Application rule (Muskens, 1996, p.
166).) We also assumelmary Semantic Compositioninference rule achieving the effect of
Muskens’Copying rule.

BINARY SEMANTIC COMPOSITION (BSC) :
ult u3u21t u3
senful) = ¢, .
senfu2) =y,
senfu3)= (),

We can now return to our example dialogiel) and see how it is interpreted according to
PTT, using the LTAG + Composition®aRT grammar from Appendix B together with the micro-
conversational events hypothesis. We will deal heith a slightly simplified version of the
series of utterances that result in the fitisective: Jetzt nimmst Du eine orangene Schraube mit
einem Schlitz,ignoringsa, merging Cnst's completioreine Schraubewith Inst’s refashioning
of it via an appositiondgine orangene ... mit einem Schlifeompletions and refashioning are
discussed in Section 5; appositions in AppendiX.B22ch of these micro conversational events
causes an incremental update of the discoursdisitughe concatenated sequence of updates is
shown in diagrammatic format in (3.3.5) and usingdr notation in (3.3.5’), where we have used
1 to indicate dominance. We used the prefixto name phrasal utterances and the pnalfixo
name Xbar projections.

(3.3.5) [ul.2, upl.1, upl.2 |

ups
/\
ul.2:"jetzt“:Advp pL.2:S

semul.2)is Ap. now(p)];
[ul.3, upl.4, upl.2’, upl.3, upl.plib|

wp':S
/\
upl.3:NP upl.4:vP
- @@
ul.3:"nimmst”:V upl.5:NP upl.6:NP

sem(ul.3)=AQAx(QM\X[e]| e:grasp(x, X)I;

" The complete lexical and grammatical rules for ffemment of German we are considering, broadlyetasn
Muskens (1996), are given in Appendix B.
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[ul.4, upl.5’|
upl.5:NP

ul.4:’Du”:Pro
sem(ul.4)=Ae.e (you)];

[ul.5, upl.6’, ubl.6, ul.6’|
upl.6:NP

T

ul.5:"eine”:Det ubl1.6:Nbar
serful.5)=AP’AP([y1|];P’(y1);P(y1))

ul.eavh];
[ul.8, ubl.6’, ubl.6” |
ubl.6:NBar

ul.8:"orangene”:Adj ubl1.6”:Nbar
seful.8) =APAz([ lorang€(z)]; P(2))];
[ul.6]| ul.6utter (Cnst,"Schraube"Noun(ul.6),sem(ul.6)=Av([ [screw(v)]];

[ul.9, ubl.6™, ubl1.6""”, upl.9, upl.10|
ubl1.6”":NBar

/\
ubl1.6"":NBar upl.9:PP

/\
ul.9:"mit":Prep upl.10:NP
eng(uUl.9)=APAy(® (AX[ |with (X,y)])I;

[ul.10, upl.10’, ub1.10, ul.11’|
upl.10:NP

/\

ul.10:"einem”:Det ubl1.10:Nbar
selul.10)=AP'AP([y2| |; P'(y2); P(y2))

ul.11’:Ngu
[ul.11] ul.1llutter (Inst,"Schlitz"),Noun(ul.11),sem(ul.11)=Av([ |slit(v)]]
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(3.3.5") [ul.2, upl.1, upl.2 |

ul.2:utter(Inst, “jetzt*), Advp(ul.2),
semul.2)is Ap. now(p),
S(upl.1) ,S(upl.2), ul.2r upl.1, upl.2 upl.1j;

[ul.3, upl.4, upl.2’, upl.3, upl.5, upl.g|
ul.3:utter (Inst,"nimmst"),Verb(ul.3),
semul.3)=AQAX(QMAX’[e] e:grasp(x, X)])),
VP(upl.4), ul.3 upl.4,S(upl.2’), upl.4r upl.2,
NP(upl.3), upl.3 upl.2’, NP(upl.5), upl.5 upl.4,
NP(upl.6), upl.6 upl.4j;

[ul.4, upl.5’ |
ul.4:utter(Inst,"Du"),Pro(ul.4), ul.4 upl.5’,NP(upl.5’),
semul.4)=A®.? (you)];

[ul.5, upl.6’, ubl.6, ul.6|
ul.5:utter(Inst,"eine"),Det(ul.5),
sem(ul.5)=AP'AP([y1| ]; P'(y1); P(y1)),
NP(upl.6’),Nbar(ubl1.6),Noun(ul.6’),
ul.5t upl.6’, ul.6't ubl.6, ub1.6 upl.67;

[ul.8, ubl.6’, ub1.6” | ul.autter(Inst, “orangene”AdjP (ul.8),
semul.8) =APAz([ [orang€&(z)]; P(2)),
ul.8t ubl.6’, ubl.6” + ubl.6’,
Nbar(ubl1.6),Nbar(ub1.6™)];

[ul.6] ul.autter(Cnst,"Schraube"Noun(ul.6),
semul.6)=Av([ |screwm(V)]];

[ul.9, ubl1.6™, ub1.6””, up1.9, upl.10|
ul.9utter(Inst,’mit”), Prep(ul.9),
sem(ul.9)A@Ay(® (AX[ |with (X,y)])),
PP(upl.9),Nbar(ub1.6"), Nbar(ub1.6”"), NP(upl1.10),
ul.9t upl.9, ubl.6”t ubl.6””, upl.91 ub1.6””, up1.10 t+ upl.9j;
[ul.10, upl.10’, ub1.10, ul.11’|
ul.10utter (Inst,"einem") Det(ul.10),
sem(ul.10)=AP'AP([y2| |; P'(y2); P(y2)),
NP(upl1.10’),Nbar(ub1.10),Noun(ul.11’),
ul.101 upl.10’, ubl1l.1Q upl.10’, ul.11’'t ubl1.10];

[ul.11] ul.1llutter (Inst,"Schlitz"),Noun(ul.11),
sem(ul.11)=Av(] |slit(v)]]

After each of these updates, parsing and semaatigasition inference rules apply to
combine phrasal utterances together through sutistit and adjunction and to assign an
interpretation to such phrasal utterances. Letomsider for instance how the updates due to the
observation of “einem” (micro conversational evaht10in 3.3.5) and “Schlitz” (mcai1l.1])
result in the hypothesis that an utterance ofNRe“einem Schlitz” was observed, and in the
assignment of an interpretation to that phrasaramce. The hypothesis that the utterance of
ul.10andul.ll in (3.3.5) is part of the utterance of am leads to a substitution inference: the
hypothesis thabl.11’ (expected after observing an utteranceiobm) is the same asl.11
The formulation of this hypothesis results in thbowing update of the discourse situation:

[|ul.11’is ul.11]
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Applying BSC to the discourse situation thus updatesults in the assignment of the
conventional meaning P.[y2| ];[| slit(y2)]; P(y2) toupl1.10; which results in the following
update:

[sem(upl.10)is A P.[y2| J;[|slit(y2)]; P(y2)]
A similar process leads to hypothesizing the réshe structure; the only difference is that
attachingorangeneandmit einem Schlitzequires adjoining the PP resulting from processaiit
einem Schlitinto the NBar resulting froraine orangenethe result can be seen in Figure 3.3.3.

u guspecu_ucompl

u:NP

UspeciNP/\ :NBar

u:NB/\H)mpﬁ PP

“ orangene” “mit einem Schlitz”
sem(u)=A PAz ([lorange(z)];P(z;  Ax([y[l:[Islit(y)l:[lwith (x,y)]

Figure 3.3.3 The update resulting from the adjunctiofiroft einem Schlitz"to “orangene”

At the end of this process of unification of thergdal utterances, we obtain the structure
shown in Figure 3.3.4, from which meanings havenbmeitted (but see Appendix B and Section
5).
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upl.1:<

ul.2:"jetzt”:Advp upl4:VP

upl.3:NP

l ul.3:"nimmst™”:V upl.5:NR upl.6:NP

ul.4:"Du”:Pro /\
ul.5:"eine”:Det /w

ul.8:"oranger% ubl.6"N’

ub1.6”:N’ upl.9:PP
ul.6:"Schraube”:N ul.9:"mit":P upl.10:NP
ub1.10: N’
I
ul.10:"einem”:Det ul.11:"Schlitz”:N

Figure 3.3.2. Simplified representation of the complete sytitastructure assumed for the first
contribution

We will reiterate at this point one of the centldims of this paper, which is that many of
the syntactic, semantic and pragmatic propertiesooipletions can be accounted for relying on
independently motivated formal devices incorporatedTT. In this Subsection we have shown,
specifically, that explaining semantic composition these constructions does not require
developing novel syntactic or semantic formalisrbst only establishing a link between
utterances in the discourse situation and syntatiiases—a link already explicitly proposed in
Situation Semantics, HPSG, and in Ginzburg's Kaf8,ifidependent reasons—and translating
lexical composition and parsing in terms of inferes on the discourse situation. We will next
see that we do not need a novel treatment of giogndefore discussing two ways of explaining
the reasons for making a completion in Sectionsd} % (intentional analysis) and 6 (alignment
analyses).

To conclude, another bit of notation. k1T, like in other dynamic theories of meaning,
semantic interpretation and other inference praegenerally result in adding tob®S new
material, which in general can also include newcalisse referents. For instance, ther
equivalent of existential instantiation of predeg in the context abrs K results in K being
augmented with thers [x | p(x)]. We will use the notation K+= K’ for indicatinthis operation
of updatingbrs K with K’ when K is a propositional discourse refat and K’ is either a
proposition or a proposition valued discourse eferThe effect of this operation is to change
the value of K by adding K’. For instance, supptise value of K is [y fi(y)]. Then existential
instantiation op within K as above results in the update:

K +=[x | p(x)]
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After which the value of K becomes [y,p(x), q(y)]. DRs update is defined as folloWs.

K += K’ Let K be a proposition-valued discourse referamd K’ be a proposition
(DRS) or a proposition-valued discourse referent. Then
K += K'@ [ TmpK]| TmpKis K];[ K| K is TmpK;K’]
(where TmpK is an unused proposition-valued diss®ueferent).
By the definition obRs and ; INCDRT (see Appendix B.1) this is equivalent to:
K +=K =g M O i[TmpK] | OIK]) Ov(TmpK)(1) = v(K)(1) O

VK)OWRIA A" 0" TmpK @) () O K'()()D0)

3.4 Grounding and Discourse Units

Unlike other dynamic theories of interpretati®T,T does not rely on the assumption that
every utterance automatically becomes part of ¢imengon ground; instead, it includes an explicit
formalization of theGROUNDING process discussed in Section 2 (Clark and Scha&€89;
Brennan, 1991; Traum and Hinkelman, 1992; TraurB4i€lark, 1996). Many of the utterances
in the example dialogue were most likely intendeglaly a role in this process; and completions
themselves can be viewed as a particularly expiain of acknowledgment, as discussed in
Section 2.

The formalization of grounding developedrmT is based on Clark and Schaefer's (1989)
proposal discussed in Section 2, as modified byMrgl994). According to Clark and Schaefer,
a conversation consists of a series G@iNTRIBUTIONS which have to beACKNOWLEDGED,
possibly implicitly (thus becoming part of the comm ground) or may need further
CLARIFICATIONS andREPAIRS

Traum (1994) and Matheson, Poesio and Traum (208@3loped this proposal by providing
an account based on the assumption that groundiraxhieved through a particular type of
dialogue control acts calledROUNDING ACTS Following (Traum, 1994), we use the term
DISCOURSE UNIT(DU) to refer to a contribution. And again as in {(Irg 1994), it is assumed in
PTT that every utterance in a conversation eithmtiates a new DU, continues a DU,
acknowledgesa bu, performs aepair, or requeststhe other participant to perform one of the
grounding acts above. At any point in a conversatioconversational participant may begin a
new contribution, i.e., initiate a nemw; this newbu gets added to the semi-public part of the
information state. This is the case for exampléh Wil or 2.1 in the example dialogue. As we
will discuss in detail in Section 5, in 1.2 Cngnsitaneously acknowledges the part of the new
contribution which has already been introduced,ugding it—possibly in response to a
perceived request from Inst—and adds new matesidhé contribution. In 1.3, Inst performs
what Clark and Wilkes-Gibbs calledrafashioning of the contribution—adding new material
which may also lead to a revision (e.g., to theiahaf a new screw). (I®TT, this type of
operation is viewed as a type rafpair, as proposed by Levelt (1989) and Clark (1996)aln,
the introduction of new material in 1.2 is seenaagpair as well, as discussed in Section 5.)
Finally, Cnstacknowledgesthe remaining part of the contribution, which therully grounded,
and accepts theirective specified by the full contributiohTheacceptitself is viewed irPTT as
a second contribution. In 2.1, Inst (implicithyoginds theacceptby initiating a new contribution
(a new directive).

As in (Poesio and Traum, 1997; Matheson, Poesid, Braum, 2000), we assume that
discourse units are dynamic propositions aboutibeourse situation, i.eDRSs containing the

8 A different definition of += was given in (PoesioTraum, 1998).

® Notice that inPTT acknowledgments—a type of grounding act—anaccepts—a backward act resulting in the
speaker’s assuming the obligation to perform aagedction—are distinct.
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type of information about conversational events diller micro conversational events, core
speech acts, and other types of dialogue actsybdiave discussed in the rest of this section.
In fact, in recent work we adopted the positiort #ch of the micro-conversational update to a
discourse situation we discussed earlier in thisige constitutes a discourse unit, but here we
will stick with the position adopted in (Poesio afthum, 1997; Poesio and Traum, 1998), in
which all the updates of the discourse situatidated to the process of grounding a particular
contribution are part of the same discourse unit.

In (Poesio and Traum, 1997, 1998) the agent’s iédion state itself was formalized as a
DRS. This DRs includes, in addition to information about thevpte attitudes of the agent, a
record of the contribution®(s) so far, as well as a spedis G containing the material which
has already been grounded. For example, the iaftom state after interpreting and grounding
the first contribution in (3.1.1), and after irgeeting the second sentence (i.e., creatimy a
DU2 for it) but before grounding it, would be a#idas (ignoring micro-conversational events):

(3.4.1) [DU1,DU2|

DU1lis [cel, K1]
ul:utter(A,"there is an engine at Avon”),
K1 is [x,w,s|engingx), Avon(w), s:at(x,w)],
semul)is K1,
cel:asser{A,B,K1),
generatdul,cel)],

Gis|[cel, K1|
ul:utter(A,"there is an engine at Avon”),
K1 is [x,w,s|engingx), Avon(w), s:at(x,w)],
semul)is K1,
cel:asser{A,B,K1),
generatdul,cel)],

DU2is [ce2,K2|
u2: utter (B,"it is hooked to a boxcar”),
K2 is [y,u,s’|boxcar(y), s":hooked-to(u,y), uis ],
semu2)is K2,
ce2:asser(B,A,K2),
generatdu2,ce?)]]

There are two main reasons for viewing the infoiomatstate as @Rs. First of all, all
grounding acts are implicitly anaphoric, in thagyttrefer to particulabus, as we will see below.
Secondly, in Composition@RT the modifications to G and thmus resulting from grounding
acts can be modeled quite simply as updates toealues of discourse markers. For example, the
effect of anacknowledgmenton the information state was formalized by Poesid Traum
(1998) as replacing the previous value of G witheav DRS which is the merge of G and DU1
using the += operator just introduced:

(3.4.2) G+=DU1

In this paper, however, we will use a modal oper&o to assert that a particulay is
grounded. The main reason for the change is thatféhmulation is closer to that adopted in
more recent work by Traum (1999) in which groundmgot viewed as an all-or-nothing affair,
but as a matter of degree. This type of theory aseneasily modeled using one or more modal
operators to specify grounding. The modal oper&oexpresses a stronger form of mutual
knowledge than standard MK, in that everything tisagrounded (acknowledged) is mutually
known, but not vice versa. We will not provide wdl faxiomatization of G here, but we will
require that everything that is grounded is mujulatiown:

[AX-G-1] O DU G(DU) - MK(DU)
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According to this new view, the information stassulting from the first contribution in
(3.1.1) being grounded, while the second oneistilt, is as in (3.4.3), instead of as in (3.4.1):

(3.4.3)[DU1,DU2|

DU1lis [cel, K1|
ul:utter(A,"there is an engine at Avon”),
K1 is [x,w,s|engingx), Avon(w), s:at(x,w)],
semul)is K1,
cel:asser{A,B,K1),
generatdul,cel)],

G(DU1),

DU2is [ce2,K2|
u2: utter (B,"it is hooked to a boxcar”),
K2 is [y,u,s’|boxcar(y), s":hooked-to(u,y), uis ],
semu2)is K2,
ce2:asser{B,A,K2),

generatéu2,ce?)]]

According to this version of the theory, in the eaf the example dialogue we obtain the
following information state after the first contuifion (the directive jointly produced by Inst and
Cnst in 1.1 — 1.3) and the second (the acceptpraguced by Cnst in 1.4) are grounded, but
before the second directive is grounded, againriggamicro-conversational events and phrasal
utterances (compare with (3.1.6)):

(3.4.4) [DU1.1, cel.6, DU1.4, ce2.2, DU2.1 |
DUlis [K1.1, upl.1, cel.l, |
K1.1is [e,x,x3pcrew(x), orangg(x), slit(x3), hagx,x3), egrasp(Cnst, x)],
utterance(upl.1),sem(upl.l)is K1.1,
cel.tlirective(Inst&Cnst,Cnst,K1.1),
generatdupl.1, cel.1)]
cel.6 ack(Cnst,DU1.1),
G(DU1.1),
DU1.4is [cel.7,s1.1 | cel.@ccept{Cnst,cel.l), s1.1abl(Cnst,K1.1) ],
ce2.2 ack(Inst,DU1.4),
G(DU1.4),
DU2.lis [K2.1, up2.1, ce2.1 |
K2.lis [x6,e’,s,w,y| X6 is X, e":;put-through (Cnst,x6,holel),
imwingl, yis fuselagel,
s:fastenedw,y), purpose(e’,s)],
utterance(up2.1),semup2.1)is K2.1,
ce2.tirective(lnst,Cnst, K2.1) ,
generatgup2.1, ce2.1)]]

Notice that grounding act®l.6andce2.2arenot included in the discourse units. This is the
solution proposed by Traum (1994) to the ‘bottomiogt’ problem present in Clark and
Schaeffer’'s work—explaining how information abol toccurrence of grounding acts is unlike
other information in the discourse situation inttihadoesn’t seem to require grounding (else we
would have an infinite regress).

Notice also that in all accounts of grounding dedifrom Clark and Schaeffer's work,
planning a core speech act really amounts to phgnai contribution, i.e., opening a new.
Hence such theories need to stipulate an additgieal of intentional reasoning: that to intend to
perform a core dialogue act ce it is to intend tkena contributiomu with that act as content.
This is expressed by the following schema.
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[CE-TO-DU-SCHEMA] :
Intpi([ce | cecore-acicpl,cp2P)]) = Int,,o([DU | DU s [ce | cecore-aci(cpl,cp2dp)]])
We will see examples of application of tG&-TO-DU schema in Section 5.

Grounding acts can be formalized in terms of opa@maton the information state. In the
version ofPTT adopted here,

i.  Performing aninit (DU) simply means introducing a new in the information
state. We assume &mt (DU) every time a new contribution is initiatedcbu
grounding acts are not explicitly recorded in thi@imation state.

i.  Performing aont(DU) means adding to an existing; again, we do not
explicitly represent this grounding act in the imf@tion state.

iii.  Acknowledging abu has the effect of grounding tbe, i.e., adding G(DU) to
the information state;

iv.  Repairing DU1 with DU2 means updating the discourse refebdst by
assigning to it DU2 as value.

v.  Requestinga grounding act means adding to the informatiote sta obligation
to address that request.

This formulation does not specify preconditions $oich acts—e.g., what it means for a
contribution to be understood, and therefore whem acknowledgments warranted (Clark’s
grounding criterion). Clark points out that a contribution may faillte understood at several
levels: e.g., the addressee may have not heardthapeaker said, or may have heard it but not
know its meaning. In this paper we assume thattenamce has been understood when values for
all the functions that specify its linguistic cldEstions —phonetic, syntactic, and semantic
(sem—can be recovered either from the lexicon or fribr@ context; but we will not provide
update rules for grounding acts including such gmddions. (Ginzburg's (2009) proposals for
information state update rules for grounding agisc#ying such information and covering
clarification requests as well are discussed irtiGed.)

Matheson, Poesio and Traum (2000) discasseping in PTT for the case of core speech
acts. Update rules for core speech acts are conditupon acceptance—meaning that for each
core speech act there i€@nditionalupdate rule specifying the part of the update edury that
speech act that depends upon acceptance. Fordasfan the case dfirectives, the conditional
update rule specifies that in caseis a directive by A to B with content K, then ifd&cepte,

B assumes the obligation to bring it about thas¢hematically,

[UP.DIRECTIVE ] cedirective(A,B,K) = (accep(B,ce)-> [0 | oobl(B,K)])
(Notice that an update rule is not a material iogtlon, but a rule to update the information state
by concatenating new information.) We assume Hheaie update of the information state as the
result of grounding acts works in the same way,epkdhat in the case of grounding acts,
accepting leads to updates of the information gstateaffectbus. We use two such rules in this
paper, UP.REPAIR for repairs, andJP.ACK for acknowledgments. To specify the update
resulting from UP.REPAIR we use the following ahlagon:

DU1 0O DU2 Let DU1 be a propositional variable specifymgiscourse unit, and DU2 be
aDRs. Then

DU1 O DU2 =4 Aidj i[DU1]j O v(DU1)(j) = v(DU2)(i)
The two update rules specifying the behavior oligthng acts, then, are as follows:

UP.REPAIR] cerepair (A,DU1,DU2) - (accep{(B,ce)> DU1 OO DU2)
(with DU1 a propositional discourse referent)

[UP.ACK] ceack(A,DU) - (accep(B,ce)~> [ | G(DU)])
(with DU a propositional discourse referent)

23



PoOESIO ANDRIESER

So, for instance, the result of thain 1.4 is to add to the information state G(DUXhen
the acknowledgment is accepted (see (3.3.4)), wbettee result of accepting the repairs in 1.2
and 1.3 is to add to DU1.1 the new material, asudised in Section 5.

3.5 The Information State

As already mentione®TT is an information-state based theory in the sarfis¢Cooperet al
1999, Larsson & Traum 2000, Stone 2004, Ginzbur@920Ginzburg (2009, Chapter 4)
discusses different views concerning what infororastates such a theory may modait aims
at modeling the information state of a single agerssumed to consist of three main parts:

- A private part, with information available to tharpcipant, but not introduced in the
dialogue. This part includes private beliefs angritions of that participant, as well as
hypotheses about beliefs and intentions of othentag

- A public part consisting of theus that are assumed by that agent to have becorefpar
the common ground.

- A semi-public part, consisting of the informatiorroduced with contributions that
haven't yet been acknowledged. This informationasyet grounded, but it is accessible.

So far, we have discussed the information aboubratin the discourse situation. To
conclude we briefly discuss information about prévattitudes and social attitudes (obligations).

In PTT, dialogue acts are performed to achiéwentions or to satisfy certaimbligations.
Both the fact that one or more agents have a ogfpaissibly collective) intention, and that they
are under certain obligations, may become patt@ptivate, semi-private and public parts of the
discourse situation, e.g., as a result of planwingf intention recognition (Matheson, Poesio,
and Traum, 2000).

In previous work, only a partial formalization dflmations and intentions was given. In this
earlier work, both obligations and intentions wei@ved as relations between agents and action
types: for example, the fact that agent A has titention to perform a particular core speech act
is captured by the presence in the discoursetisituaf intention (3.5.1).

(3.5.1) iintend(A,Ace.ceasser{A,B,K1))

We adopt here a more standard view of intentiomsaligations as predicates indexed by
the agent(s) holding their intention. We will alsionplify matters concerning the dynamics of
conversational events by assuming that intentiond abligations have as their contents

propositions describing the state of affairs tabkieved —i.e prRss—rather than action types, as
in (3.5.2), showing the intention by agent A tofpen an assertion with content K1.

(3.5.2) i:Int([ce|ce:asser{A,B,K1)])
A partial formalization of obligations was providad(Matheson, Poesio and Traum, 2000).

As far as intentions are concerned, previous warkta only discussed the assumption, inherited
from Grosz and Sidner (1986), that intentions maydsated to each other in two ways:

- by a relation ofdominancewhen satisfying a certain intention is part af Hatisfaction
of another, more complex, intention (more formailhfention i dominates intention i' if
achieving i' is part of achieving i); and

- by a relation calledsatisfaction-precedesvhen satisfying an intention is prerequisite
for satisfying the second (intentiorsatisfaction-precedesntention i' if achieving i is a
necessary prerequisite of achieving 1’).

As each intention is (directly) dominated by onlyeoother intention, Poesio and Traum
(1997) formalized dominance with a (partial) fuantdom mapping intention2 to the
intention to which it is subordinated, if any. Matentroversially, satisfaction-precedence was
also formalized as a partial functiep(i2) =il mapping intention2 to the intentionil that must
be achieved foi2 to be achievable.
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Poesio and Traum also usetbm and sp to provide an account of discourse entity
accessibility inPTT, but otherwise proposed no axioms for intentiddee of the goals of this
paper is to use completions and continuationssasiece of additional evidence on the properties
of intentions, and how they affect interpretatiome discuss a few possibilities and our
assumptions in Sections 4 and 5. Our views on #lation between intentionality and
accessibility have changed in the meantime, butvilleassume the definitions from Poesio and
Traum (1997) here; a paper discussing these neas idein preparation (Poesio and Rieser, in
preparation).

4 Completions: an Account Based on Shared Plans

In this paper we will propose two analyses of tkaneple dialogue. We begin by presenting in
this section and the next a mainstream, ‘intenticarzalysis based on hypotheses about the role
of intentions and cooperation in communication dgyed in Artificial Intelligence, Linguistics,
Philosophy, and Psychology over the past thirtysedn Section 6 we will then discuss a second
analysis, based on the recent proposals by Garmad Rickering on the basis of recent
psychological results about interpretation, prosucand alignment in dialogue (Pickering and
Garrod, 2004).

4.1 Coordination, shared intentions, partial shared plais: a look at existing paradigms

4.1.1 Assumptions: intention, cooperation, coordinationdiscourse plans

Most work on dialogue in Artificial Intelligence hitosophy and Psychology in the last thirty or
so years has been based on three main assumptions.

The first assumption is that communication involeegreat deal ointention recognition:
the production of utterances is motivated by (ikipland explicit) intentions, and in order to
communicate felicitously agents must recognize rolgeents’ intentions even when they do not
intend to help these agents to achieve them. Tyyi®thesis, generally associated with Grice
(Grice 1969, Grice 1975, later revised in Gric®1)9 has been the foundation of most theories
of dialogue in Artificial Intelligence and Comptitmal Linguistics, such as the work of Allen
and Perrault (1980), Cohen and Levesque (19909 Grosz and colleagues (Grosz and
Sidner, 1986; Grosz and Kraus, 1996) Sadek (Satlek 1994) Asher and Lascarides (2003)
and Stone (2004) among others; in Philosophy—&gwork by Bratman (1992) or Tuomela
(2000); and in Psychology (Clark, 1992, 1996; Bé&rdlirassa, 2000) —and was thoroughly
examined in the seminal botiktentions in CommunicatiofCohen, Morgan and Pollack, 1990).
1% The theories of intentions developed in Al areidsifly also concerned with how such
intentions can be achieved: hence many such tlsodard particularly those of intention
recognition, are formulated in terms pfans to achieve a particular goal. The intentional
account we propose will be formulated in this waswell.

This hypothesis that intention recognition is cehtto communication is usually
supplemented by two further hypotheses. Much worklialogue in Artificial Intelligence relies
on the further assumption that at least in someestsy, communicating agents do not simply
recognize other agents’ intentions; they are alsmperative in the sense that they attempt to
help other agents’ achieve their intentions evéemwthey are not explicitly expressed. E.g., a
genuinely helpful clerk at a ticket counter in airtrstation will not simply answer the question
“From which platform does the train to Montrealde&aby indicating the platform, if he / she
knows that the train has been cancelled. This ¥éewentral both to Clark’s theory of dialogue
discussed in Section 2 and to, e.g., Allen’s a8ddek’s theories of intention recognition in

19In recent years, the role of intentions in commation has become of interest to developmental hudggists
(Homer & Tamis-Le Monda, 2005) and neural sciestfBara & Tirassa, 2000), as well.
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dialogue systems (Allen and Perrault, 1980; Sadék?2). Completions and continuations are
viewed by, e.g., Clark as some of the best evidémceooperative behavior in dialogue (Clark,
1996, p. 238).

As discussed in Section 2, the theory of dialogaeetbped by Clark and summarized in
(Clark, 1992, 1996) is based in addition on a thiydothesis: that conversation is a formjaarfit
activity just like playing football or playing in an ordies, i.e., driven byoint intentions and
in which it is necessary for agentsdoordinate. Clark uses “joint activities” as a foundational
stratum on which coordination on content or process setting up common ground, on
signalling, establishing (complex) joint projectsy communication using parallel tracks etc. is
then based. Clark defingsnt project quite simply as “... a joint action, projected byeaof its
participants and taken up by the others” (Clark9@9 p. 191). The notion of joint project or
shared plan has been further developed in theiddifintelligence, especially by Grosz and
Sidner (1990) and by Grosz and Kraus (1996).

Taken together, these three assumptions lead td@dtheon which our first analysis is based:
that what happens in dialogue, particularly taskried dialogue, can be explained in terms of
the joint intentions of dialogue participants ahd shared plans developed to achieve them. In
the case of the construction dialogues in the BTtRIS,view can be summarized as follows. Inst
and Cnst have both shared and private domain pldnst and Cnst's private domain plans
overlap to a degree with the shared plan; the rgiffee between the shared plan and the private
plans may lead to discrepancies and negotiatiags, @ when Inst adds more details to Cnst's
proposal in 1.3). Simplifying things drasticallyewvill assume here that Inst’s private domain
plan is a fully specified plan for building theytairplane (either instructions or a model). The
shared domain plan is a partial plan to build agioglane, which at the beginning of a dialogue is
virtually empty, but gets progressively refinedailgh the construction dialogue. (More on this
below.) Cnst’s private plan is a refinement of gtared domain plan, likely to include at least
local further specifications based on expectations.

Crucially, dialogue involves shared plans both le tlomain level (how to build a toy
airplane) and at the discourse level (how to coravgarticular intention or plan) (Litman and
Allen, 1990). For example, Inst and Cnst also slaadéscourse plan: that the conversation will
consist of a series of instructions by Inst to Gaisting at building a toy airplane according to
Inst’'s model. This view is clearly formulated, eig.the following quote from (Grosz and Sidner,
1990, p. 418):

Discourses may exhibit two types of collaborativehdviour:
collaboration in the domain of discourse [...] amdllaboration with
respect to the discourse itself. Although we canyett define [...]
“collaboration with respect to a discourse”, it ih@es not only surface
collaboration (such as coordinating turns in a aigbe) or use of
appropriate referring expressions ([...]) but alsollaborations related
to the discourse purpose. For example, the pasditip collaborate to
ensure that the utterances of the discourse itpetivide sufficient
information to make possible the satisfaction efdiscourse purpose.

In terms of shared plans, Cnst's completion inca@ be interpreted as indicating that Cnst
has recognized Inst’'s intentions both at the danewvel and at the discourse level, and one
possible explanation (although not the only onewaswill see below) for her decision to
complete is that she is being cooperative. Orst,fiintentional’ account of completions is based
on this Shared Plans hypothesis. We follow heretwehperhaps the best-known development of
this idea, due to Bratman in his work SHARED COOPERATIVE ACTIVITY (SCA) (Bratman,
1992) and further refined by Tuomela (2000). Sehtvo theories are briefly reviewed next.
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4.1.2 Bratman

Arguably the most influential modern account ofemtions (private and shared) is that of
Bratman (1992). Bratman’s theory aims at providnéprmalization of the notion of “shared
cooperative activity” (SCA, p. 327) that underliastions characterised as “being done together”
like singing a duet, painting a house or startingatiack in a basketball game—i.e., joint actions
in Clark’s sense, i.e., most actions performedatodue, including completions.

Bratman identifies three main characteristics oASC@nutual responsivenessommitment to
the joint activityandcommitment to mutual suppoifhe conditions that according to Bratman
must hold in order for us to be said to perfornhared cooperative activity (SCA) J are listed in
(4.1.1). First of all, we need individual inteems to J together: (1)(a)(i) and (1)(b)(i). Sediyn
it must be the case that you and | develop thewmtions because of the other’s intentions
(D@ (i), (D)(b)(i). (1)(c) is intended to ekmle forced cooperation, e.g. the “Mafia sense”
(1992, p. 333) of doing something together. Fouttle, intentions must hold for the matching
subplans involved and they must be stable. (Anntige is minimally cooperatively stabld
“there are cooperatively relevant circumstanceshicth the agent would retain that intention” (p.
338). This notion is similar to Cohen and Levesgu&'990) notion of ‘commitment’.) Finally,
we must mutually know (1). Mutual knowledge is usedhe fixed point sense (Faget al,
1995, p. 402; Tuomela 2000, p. 78).

(4.1.1) Our J-ing is 8CA only if
Q) (@ () | intend that we J.
(ii) | intend that we Jancordance with and because of meshing subplans
of (1)(a)(i) and (1)(b)().
(b) (i) You intend that we J.
(ii) You intend that we J in accordance with aedduse of meshing

subplans of (1)(a)(i) and (1)(b)(i).
(c) The intentions in (1)(a) and in (1)(b) are ooérced by the other participant.
(d) The intentions in (1)(a) and (1)(b) are miniinaooperatively stable.
(2) It is common knowledge between us that (1

This first version of Bratman’s characterization afi SCA already captures some key
elements of the "dialogue as a joint action’ viescdssed in Sections 2 and 4.1dommitment
to joint activity meshing subplans interdependent intentionsmutual supportandconnecting
attitudes Parts (i) of (4.1.1)(1)(a) and (4.1.1)(1)(b) mdhat it is not sufficient for an action to
be independently intended to be a joint actiomgyand you for it to be a SCA, these intentions
have to be causally connected. Parts (ii) also neafdicit reference to the shared plans required
to achieve a joint intention, via the notionméshing subplanslescribed by Bratman as follows:
“[...] our individual sub-plans concerning J-ingeshjust in case there is some way we could J
that would not violate either of our subplans” 382). (As we will see, Inst and Cnst’s private
plans are meshing in this sense.)

According to Bratman, however, one ingredient i8l shissing from (4.1.1): mutual
responsivenesdutual responsiveness amounts to the followirg:an SCA each participating
agent attempts to be responsive to the intentiodsaations of the other, knowing that the other
is attempting to be similarly responsive” (p. 328\s we will see below, mutual responsiveness,
or more precisely, its development by Tuomela ih® hypothesis that participants in a SCA
may perform ‘unrequited contributory actions,” owides us with one explanation for the
performance of completions.) The full definition®€A is therefore as in (4.1.2).
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(4.1.2) For cooperatively neutral J, our J-ing ISCA if and only if
(a) we J
(b) we have the attitudes specified in (4.1.1)aid (2), and
(c) (b) leads to (a) by way of mutual responsiven@s the pursuit of our J-ing) of
intention and in action.

Given Bratman’s notion of SCA, an intentional aatowf completions in the example
dialogue would go as follows. The relevant J-ingthet stage of example dialoggg.l) just
preceding the completion in 1.2 is that Inst andtGre-intend that Cnst fix the ‘wing’ to the
‘fuselage’ according to Inst’s directives. The mded and mutually known meshing subplans are
the domain plan for building the toy plane in froftinst, and the discourse plan that Inst give the
directives and Cnst carry out the actions. (Bo#mglare discussed in more detail in Section 4.2.)
In order then for the joining of wing and fuseldgecount as a SCA, the following must hold:

(4.1.3) Inst and Cnst joining wing and fuseldgea SCA only if:

D)) () Instintend that Inst and Cjwsh wing and fuselage.
(i) Instintend that Inst and Cnst joiming and fuselage in accordance with
and because of meshing subplans of (1)(a)(i) &y(B)(i).
(b) (i) Cnstintend that Inst and o wing and fuselage .
(ii) Cnst intend that Inst and Cnst join wing dndelage in accordance with
and because of meshing subplans of (1)(a)(i) &B)(i).
(c) The intentions in (1)(a) and in (1)(b) a coerced by the other participant.
(d) The intentions in (1)(a) and (1)(b) are imially cooperatively stable.
(2) It is common knowledge between Inst and Cret ¢h).

The necessary and sufficient conditions for théoadio be an SCA are specified by adding the
mutual responsiveness requirement from (4.1.3gioiolg (4.1.4):

(4.1.4) For cooperatively neutral joining of wiand fuselage, Inst and Cnst joining wing and
fuselage is a SCA if and only if:

(a) Inst and Cnst join wing and fuselage
(b) Inst and Cnst have the attitudes specified ih.8) (1) and (2), and
(c) (b) leads to (a) by way of mutual responsiven@s the pursuit of Inst and Cnst's
joining of wing and fuselage) of intention andaiction.
We will discuss the meshing subplans at stakernmesdetail in Section 4.2.

4.1.3 Tuomela

Bratman’s (1992) concept of shared cooperativevifictiis not formalized in terms of a logic,
but several such formalizations have appeared, faosbusly by Cohen and Levesque (1990a,
1990b). Our own use afie-intention (Int.secnsy iN the rest of the paper will be based on the
logical reconstruction of Bratman'’s theory by Tudan€000). Tuomela also proposes several
revisions of Bratman’s theory, that we briefly r@wihere.

One problem with Bratman’s account of plan-bgeéat action identified by Tuomela is
that the meshing requirement should not be pathefdefinition ofwe-intention. Rather, we
should take it as an entailed conceptual presupposalong the lines of ‘If we have a joint
intention to see to it that p, then as a rule wso &dave meshing subplans concerning p’. In
addition, according to Tuomela, condition (4.1.)(¢1is too strong: coercion should be admitted
as long as a subject's intentional agency is nahptetely by-passed. Tuomela proposes,
therefore, a stripped-down characterization efwie-intention going into the construction of
the joint of wing and fuselage at the point in whibe first completion takes place that can be
characterized in first approximation as follows.
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(4.1.5) Inst and Cnste-intendthat Cnst join wing and fuselage is equivalent to:

It is Inst’s and Cnst’s mutual knowledgé¢hat
Inst intends that Cnst join wing and fuselage albse
Cnst intends that Cnst join wing and fuselage;
and
Cnst intends that Cnst join wing and fuselageahse
Inst intends that Cnst join wing and fuselage

The two clauses in the scope of the mutual knovdemjgerator in (4.1.5) cover much of clauses
(1a) and (1b) in (4.1.3), the ‘because’ connectix@viding the ‘meshing’ required by Bratman,
but without explicit mention of plans and of coerti In Tuomela’s notation (4.1.5) is expressed
as follows, where ‘because’ gets translated byr¢lasonrelation /, which is factual in the sense
that X4)Y - X 0OYV:

(4.1.6) Int | siecnst(join(Cnst, W, F))

MK ((Int ns¢ (join(Cnst, W, F)) /Int cns(join (Cnst, W, F)))
O
(ntcnsi(join(Cnst, W, F)) /Int s (join (Cnst, W, F))))

According to (4.1.6) the we-intention |Rkcnst that Cnst join W and F amounts to mutual
knowledge that each agent’s intention that Cnst M and F is caused by the other agent's
intention that this be done.

We said above that agents’ disposition to helpiafy,which at least some forms of
cooperative completions are an illustration, is méa be covered in Bratman’s proposal by the
notion of mutual responsiveness which, howevemds fully developed, as pointed out by
Bratman himself. Tuomela (2000, p. 107) providenae explicit explanation of the fact that
Inst gets extra help by Cnst in formulating a direcfor which there can’'t be a SCA yet. To do
this, Tuomela developed an alternative to BratmdeTnition of In{,gicnse This new definition
cannot be fully discussed here. We will simply Hhigit the following condition from the
definition (2000, p. 95):

“[...] the participants are also assumed to beadisd willingly to perform
unrequired contributory actionfour italics], thus being disposed to incur
extra costs (this being rational as long as thescof performing them are
less than the gross gains accruing from their peidace)”.

Tuomela’'s notion of unrequired contributory actionderlies the ‘intentional’ account of
completions given here. Briefly, the idea is tifaCnst and Inst haveve-intentions and the
associated shared plans, Cnst can infer thateavdsrneeded at the point of the dialogue we are
analyzing. She is therefore able to produce aequired contributory action by producing a
completion, if circumstances demand it. (We witura on this shortly.) Tuomela’s formalization
of helping is of course related to the traditionation of cooperativeness, as formalized, e.g., in
Cohen and Levesque’s ‘Cooperative’ axiom (Cohen lamgesque, 1990b) or in Sadek’s theory
(Sadek, 1992). The distinctive aspect of Tuometation of help is that it is embedded into joint
intentions and actions. Tuomela argues that paaits acting on the basis of a cooperative
attitude must be disposed to “strong” helping (89)2? Helping in the “full” sense means

1 |n many contexts mutual knowledge will be too sgroWe will however stick to mutual knowledge fhetpurposes
of this paper.

12 Tyomela distinguishes between “helping in the wseaise’ and “helping in the strong sense’. Helpénweak sense
means that agent A is responsive to agent B®peance of her part of the SCA, in order to susfitdly complete

her own part; it is therefore a form of alignmehtelping in the strong sense is supporting the otigent by

performing part of their performance of an SCA messential way. 1.2 and 2.2 in our example arenples of strong

helping, whereas Cnst’'s acceptances are exampfedping in the weak sense.
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‘helping in all circumstances in which help is adimitive to the others’ part-performances’. It is
exactly reliance on part-performances (making ufBs@A eventually) which distinguishes
Tuomela’s notion of help from Cohen and Levesqu@890b) and Sadek’s (1992), which
capture taking over of some agent’s intention.

In the rest of the paper, we will use Tuomela's.d@t.s: predicate to express we-intentions,
adopting the formalization in (4.1.6).

4.2 Anintentional analysis of the example dialogue: fst pass

In order to maintain the complexity of the preséotamanageable, we divided the presentation
of our intentional analysis of the example dialodugtween this section and the next. In this
section we concentrate on we-intentions and shaleets, showing how the Bratman / Tuomela
framework just introduced can explain how complegioare produced, without however

discussing how completions can be incrementallgpeed and interpreted, and how the common
ground gets updated as a result. In fact, we atisiveay from the details of tlmRT notation and

of PTT and adopt a vanilla logical form. In the next 8acive present a more complete account
in which these issues are considered as well, ubm¢pols fronPTT.

As said above, our intentional analysis is basetherassumption that at the beginning of the
conversation Instructor and Constructor havevexintention —i.e., an SCA in the sense of
Bratman and Tuomela—that Constructor assembley aitplane identical to the one that the
Instructor has. (As discussed in Section 3, theirment of the we-intention is BRS, i.e., a
proposition, but we adopt a simplified representatn this subsection.)

(4.2.1) Int hsiecnst( toy-airplane(x) O assembléCnst, X))

The Instructor (henceforth, Inst) has a compfepdan for assembling the toy airplane in
Figure 2.1 (a) shown in Figure 4.2.1. The dialogudriven by the goal of making this a shared
plan by discussing it with the Constructor (hendbfoCnst), so that Cnst can then execute the
relevant actions. (For the purposes of this papell| assume that the case in which Inst receives
no instructions, just a completed model of thelairp, can be subsumed under this case as well.)

Assemble toy airplane

Assemble fuselage Assemble wing Join wing and fuselage

grasp-5h-bar grasp 3h bar align wing and fuselage

join(5h-bar,3h-bar,

insert-screw-
screwl)

grasp(screwl) through-hole

grasp(orange-slit-screw

Figure 4.2.1 Inst’s private plan before the conversation.

13 Arguably, a more plausible view is that Inst ddestart with a complete plan for the constructinfithe model—
instead, he/she develops her private plan increatigrats well. We do not think however that this m@iausible, but
also greatly more complex, view would have anyliogpions for our account of completions.
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According to the intentional view, Inst and Cnstielep a shared plan to achieve this we-
intention of assembling the toy airplane. This shdaplan is initially highly underspecified and
simply specifies that Inst and Cnst are going &eawle a toy airplane; but as the conversation
progresses, the shared plan gets progressively rfined as each subplan becomes an SCA as
well. (Note that the agreed upon actions in tharesth plan are immediately executed, mixing
planning and execution, unlike in the TRAINS comsations (Gros®t al, 1993; Heeman and
Allen, 1995), for example.)

At the point at which Inst begins utterance 1.11irl), “So jetzt nimmst Du eine ...,” the
goal of Inst is to get Cnst to produce the Baufanp in Figure 2.1 (a), and the state of Cnst's
assembly is as shown in Figure 2.1 (b); we repegire 2.1 here for convenience as Figure
4.2.2. Cnst has built the tail and the rear phathe fuselage. She has already picked up a 7-hole
bar which is to become the "wing’ (henceforth, W8s laid it across the “fuselage’ (henceforth,
F), and has aligned the wing’s and the fuselagelesh which will make it possible for a fixing
mechanism such as a screw to join wing and fueel&pch of these steps has been
acknowledged by Inst and Cnst. (A full listing dfet dialogue prior to the fragment being
analyzed is in Appendix A.)

(b) Constructor's state of assembly at the beginning of (1.1)

Figure 4.2.2. Instructor's and Constructor's respective situations at the beginning of (1.1).

Given this state of assembly, the partial shatad at this point is presumably similar to the one
shown in sketchy form in Figure 4.2.3. The parténet’s private plan devoted to the assembly of
fuselage and wing are now shared (in fact, theg laready been executed). Now Inst and Cnst
have a we-intention that Cnst join wing and fusejdbis we-intention is indicated in italics as it
is currently at the top of the agenda. (More detaii the shared plan in a moment.)
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Assemble toy airplane

Assemble fuselage Assemble wing Join wing and fuselage
grasp(5h-bar

align wing and fuselage
join(5h-bar,3h-bar,
screwl)
grasp(screwl)

Figure 4.2.3 The shared plan at the point the completiongaitace.

At this point in the conversation Cnst has a pavalan as well, a refinement of the partial
shared plan in Figure 4.2.3. This private plan pldp already contains the information that she
will need to get a screw in order to join wing dndelage, as sketchily shown in Figure 4.2.4.
However, Cnst has lots of spare parts left, abdiveige screws which she can in principle use
for the join as shown in Figure 4.2.5; hence, sirnot refine her own private plan any further.

Assemble toy airplane

Assemble win P
Assemble fuselage 9 Join wing and fuselage

grasp( 3h bar) align wing and fuselage

grasp(5h-bar)
join(5h-bar,3h-bar,screwl)

grasp(screwl)

grasp(screw)

Figure 4.2.4 Cnst’s private plan at the point the completiakes place.

L
/Q v \b
0

Figure 4.2.5 Screws available to Cnst at the point when 1uttexred. The intended screw is the orange

screw with a slit.
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As said above, in the Tuomela-derived logical notajust introduced, the currently active
we-intention to join W and F can be expressed as follows:

(4.2.2) Intnsiecnst(join (Cnst,W,F))

As shown in (4.1.6), repeated below for convenieht& and Cnst having vae-intention to
join wing and fuselage, in Tuomela’s frameworkeguivalent to them mutually knowing that
each of them has an intention to do this actiorabge of the other agent’s intention to do it:

(4.1.6) Intgiecnst(join(Cnst, W,F))

QK ((Int st (join(Cnst, W,F)) /Int cpsi(join (Cnst, W,F)))
0
10t chse(join (Cnst, W,F)) /Int s (join (Cnst, W,F))))

In order to join two objects Cnst needs, figtall, to find a screw and a nut. She must
then stick the screw through the holes and scréawatthe nut in order to produce a stable join of
three bars (that we will call here the Wing&Fuselgoin). This partiadomain plan, that we
assume to be shared, can be summarized as fditows:

(4.2.3) join(Agent, Barl,Bar2)
Step & align(Agent, Barl, Bar2, Holel,Hole2),
Step 2 grasp(Agent, Screw),
Step 3 grasp(Agent, Nut),
Step 4 put-through (Agent, Screw, Holel,Hole2),
Step 5 screw-into(Agent, Screw, Nut),

As in (Asher and Lascarides, 2003), we assume th®atelation between intentions and
actions (here formalized in terms of plans) is nwmotonic: i.e., that a plan such as (4.2.3) is a
defaultway of executing a particular action. (Asher arabdarides formalization of intentions
and actions does not involve the notion of planBhis can be formalized as follows, where we
use a generinormally involves operator to state that the conclusions are nonetemic’®

(4.2.4) join(Agent, Barl, Bar2hormally involves b& c&d & e & f
where
(b) align(Agent, Barl,Bar2, Holel,Hole2)
(c) grasp(Agent,Screw),
(d) grasp(Agent, Nut)
(e) put-through (Agent, Screw, Holel,Hole2),
(f) screw-into(Agent, Screw, Nut)

In the conversations of the Bielefeld corpus, dkiare a bit more complex, in two respects:
(i) actions are performed by Cnst under Inst'srington; and (ii) actions are immediately
executed. As it is not our goal here to provideaaoount either of the interleaving of planning

14 We are using a very simplified view of plans hégmoring the distinction between preconditions rditions that
have to hold in order for the plan to be executatdad steps of the plan proper. Normally, having thet and the
Screw would be considered to be a preconditionis(Hifference is not unlike that between presuppmsiand
assertion.)

15(4.2.4) is meant to be a neutral notation whichld¢éde reconstructed in different nonmonotonic falisms. In
SDRT, the relation between intentions and plansladvbe expressed by a conditional, andrmally involves would
be Asher and Morreau’Saseremorreau OP€Erator. IreTT defaults are inference rules, formulated usingv&egs (1990)
prioritized version of Reiter’s (1980) Default Layi
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and execution, or of the interleaving of discoyskns and domain plans (see e.g., (Litman and
Allen, 1990)), we simplify matters by assuming tlatthis domain, shared plans / meshing

subplans combine discourse actions, domain actemm,execution. For the particular example

under discussion, the resulting plan is assumdgktas shown in (4.2.5). According to this plan

for Cnst to join wing and fuselage, in order tmjly perform the action currentlye-intended

Inst has to produce the directives triggering ¢hastions; each of these results in actions by
Cnst; and at the end, Cnst must communicate tleatcsimpleted the actions demanded.

(4.2.5) join(Cnst, W, F)normally involves b & c& d & e & f & g, where

(b) 1.directive(Inst, Cnstalign(Cnst, W, F, Holel, Hole2)),
2.align(Cnst, wing, fuselage, Holel, Hole2),
3.asser{Cnst, Instaligned(Cnst, W, F, Holel, Hole2))

(© 1.directive(Inst, Cnstgrasp(Cnst, Screw)),
2.grasp(Cnst, Screw),
3.asser{Cnst, InstgraspedCnst, Screw ))

(d) 1.directive(Inst, Cnstgrasp(Cnst, Nut)),

2. grasp(Cnst, Nut),
3.asser{Cnst, InstgraspedCnst, Nut))

(e) 1.directive(Inst, Cnstput-through (Cnst, Screw, Holel,Hole2)),
2. put-through (Cnst, Screw, Holel,Hole2),
3.tell(Cnst, Instput-through (Cnst, Screw, Holel,Hole2))

() 1. directive(Inst, Cnstscrew-into(Cnst, Screw, Nut)),

2. screw-into(Cnst, Screw, Nut),
3.asser{Cnst, Instscrewed-intqCnst, Screw, Nut))
(9) asser{Cnst, Instjoined(Cnst, W,F).

We will assume throughout this Section and the tieadt intention recognition for Chst amounts
to recognizing the directives and performingriguired actiond’

Bratman’s and Tuomela’s theories of intention méke stronger assumption that a we-
intention to bring-about a W&F join distributes owbe conjuncts: i.e., having a we-intention to
bring about an action entails we-intentions forgatts of the plan. With this assumption, we
would then also derive from (4.2.1) and (4.2.5)tke) following:

(h) Int nsiecnst (directive(Inst, Cnstgrasp(Cnst, Screw)))
(I) Intlnst&Cnst (grasmcnSta Screw))
)] Int |hsiecnst (@ssert(Cnst, InstgraspedCnst, Screw))).

Notice that even with this assumption, Inst andt®@vsuld still have different private plans
and different private intentions: Inst, seeing flndly built up airplane model on his side,
subscribes to

(4.2.6) Int s (directive(Inst, Cnstgrasp(Cnst, orange-slit-screw$Y)
whereas for Cnst we have
(4.2.7) Intcps(grasp(Cnst, Screw)).

(The difference between (4.2.6) and (4.2.7) is tdutne fact thagrasp(Cnst, Screw) can be
satisfied by Cnst in various ways due to the niorewgs she has.) The point is that if we make the
further assumption thait \siecnst 1S distributive, we get (4.2.7) irrespective anfy inferences

%8 Intention recognition could also be formalizedsinch a way as to bypass the directive recognitiages and
assuming simply that Cnst recognizes Inst’s intentf Cnst performing a particular action. An aaupalong these
lines would not, however, differ from the one we adopting for our purposes.

7 We are not being very precise concerning notatiere. Quantificational formulae are sometimes gmed as
constants for convenience’s sake.
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due to the verbal exchange: in other words, with #ssumption, Cnst already wants to grasp a
screwbeforelnst starts his directive. (Cnst's intention dansatisfied because there are screws
on his side of the screen.) The only differencevben the two plans would then be that Cnst
doesn’t know which particular elements have to $eduHowever, we will remain hon-committal
on whether Cnst derives (4.2.7) from distribwyivef we-intentions or from the directive and
cooperativity.

We now consider how an intentional account explaitet may have caused Cnst to
produce a completion in 1.2. Given thiat,s(directive(lnst, Cnst,grasp(Cnst, Screw))) is the
next step in the interleaved discourse / domain pia4.2.5) to achieve SCA (4.2.2), we may
ceteris paribusassume that by utterindgell, now you grasgnst has started the production of the
next directive in this shared plan. What about Gnsbntribution? According to the mutually
intended step (d) of (4.2.5), Cnst should by dkéfavait until Inst has fully produced his
directive, and only then she should do the gras@ut she intervenes. So we must explain:

a. the cause for the completion, including the infalioraused for the intervention;
b. how the old shared plan changes, and what the hawed plan looks like;
c. the relation between old and new shared plan.

Let us start with the cause for the completion gradinformation used for the intervention.
The step in the plan which is we-intended at thisifon the conversation is:

join(Inst and Cnst,W, F).
Inst begins to perform the next step, (c):
directive(Inst, Cnstgrasp(Cnst, orange-slit-screw)).

However, Cnst ‘jumps in’ before the directive isnpleted, and possibly without being
prompted by some sort of request for help (as weiséection 2, there is some evidence that in
this particular example a request for completiory have been made using prosody, but the
matter is not entirely clear, and these signatsnat encountered with all completions). Clearly,
Cnst has been trying to compare her expectatioasefl on the plan she assumes to be shared)
with the actions she observes (as proposed, a.ghei MOSAIC model (Wolperet al, 2003))
and she has been doing this incrementally. As altresven before Inst's utterance of the
directive is completed, Cnst has already reladtedricomplete utterance she is observing to the
next step in the shared pladjrective(Inst, Cnstgrasp(Cnst, Screw)). We will discuss in more
detail how this can happen in the next sectionyhith PTT is used to provide a detailed account
of incremental semantic interpretation in this eghan

As we said above, in a theory in which we-interdiare assumed to distribute over the
subactions of plans, recognizing this directive wedicted to be fairly straightforward, as
intention (4.2.6) would already be near the tofCoét's agenda. Otherwise, some sort of search
through the space of possible plans to achieveyn2ust be assumed.

By comparing the part of the directive that hasady been produced by Inst with the
directive she expects, Cnst can hypothesize that'svimissing so far is an utterance of the fact
that the object to be grasped is a screw. (Ther® imore information about this in the shared
plan, and as there are nine screws, there aren@pe to make the plan more specific, so there is
no way for Cnst to make the recognition more peaxcept by guessing. )

We see at least four ways of explaining why Cioibws up this recognition with a
decision to utter “a screw”:

a. Responding to a RequeSinst may have interpreted 1.1 (more precisely, its
prosodic lengthening) either as a Request to partoContinue (DU), or as a
Request to Acknowledge time). In either case, iRTT it is assumed that the
result is an obligation:

obl(Cnstcont(DU)) or obl(Cnst,ack(DU)).
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Notice how an account of this type presupposé®ary of obligations and their
discharge such as the theory in (Matheson, Poesid eaum, 2000).

b. Voluntary coordination-level controEven without having interpreted Inst’s
utterance as a request, Cnst may neverthelessliritesignal her understanding
of the directive: i.e., to acknowledge Inst’s diree. Acknowledging a directive
cannot be done simply by repeating the part alredigyed: this might be
interpreted simply as a partial acknowledgmentro§ the part of the directive
already performed. Hence, Cnst acquires the (@jvatention to perform the
missing part of the directive (as above). Howetles directive is still considered
by Cnst as performed by Inst only. Such an accprggupposes a theory of
grounding acts like the one discussed in Section 3.

c. Cooperativenes<nst intends to help Inst to perform the direztiv

directive(Inst,Cnstgrasp(Cnst,Screw)).
We formalize this as Cnst making performing thedive into a shared plah:
Int cnstainst (directive(Inst&Cnst,Cnsgrasp(Cnst,Screw))).
This leads to Cnst performing an “unrequired gbatory action”: performing
the part of the directive that is missing. As aulesCnst assumes the private
intention:
Int cnet (Utter (“a screw™))

d. Blurting out Cnst feels that Inst is taking too long to peria simple directive.
As soon as Cnst recognizes the directive thatisrtsying to perform, the plan
(in terms of utterance actions) Inst is using tedp and what is still missing for
the completion of this plan, Cnst acquires thentibn to utter the missing part,
without necessarily making the directive into anjaiction, and without
necessarily intending to acknowledge Inst’s contidn. (Although both
intentions could be there.)

All these are valid explanations of what may hae@gened, but we won't have enough
space to pursue all of them in detail. In a wayplanation d. is the most interesting, but also the
most difficult to formalize. Explanations a.-c. ailolve reasoning about information states—i.e.,
the type of explanation that is most in contraghwhe alignment model proposed by Pickering
and Garrod—so we will concentrate on them. Furtbgplanations a. and b. are examples of the
type of interaction most closely studied in pregonork onpPTT, particularly in (Matheson,
Poesio and Traum, 2000), so we will primarily carcate on providing a detailed account of the
Cooperativeness explanation, c., providing howdiverbare bones of an account according to a.
and b.—and in particular, of the interaction betwesach account and the grounding process.

After the completion, as a result of Inst and tGnsoordinated action we get a complete
directive: Well, now you take a screwdowever, there is a difference between this divecand
the version in Inst’s private plan:

Int | st(directive(Inst, Cnstgrasp(Cnst, orange-slit-screw)))

Inst may react to Cnst's contribution by either
a. Accepting the completion (either because the corapeech act reflects Inst’s
initial intention, or because Inst considers the dé&ective a valid alternative);
b. Rejecting it,
c. Performing a literal resumption,
d. Paraphrasing it, or

18 This notion of cooperativeness is different fromh@n and Levesque’s in two respects. First ofGaikt is deriving a
joint intention from asharedplan, instead of deriving arivate intention from Inst's plan. Secondly, as we walksin
Section 5, Cnst is adopting an intention to perfpart of a plan whose execution would satisfy an obidggabf Inst,
instead of performing an action from scratch.
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e. Refashioning it, by modifying some aspects of it..
In this particular case, Inst appears to be perfayra refashioning, as discussed in Sections 2
and 3 (Clark and Wilkes-Gibbs 1986). Inst knowat torange-slit-screwl! screw; this can be
captured by the following meaning postulate:

orange-slit-screw(x) := screw(x) [Jorange(x) O Cy(slit(y) Dwith (y,x)).
So he accepts some aspects of the contributionadg more material to ensure the right

screw is identified. Inst's intention is of reféshing the directive currently under elaboration
into the more specific directive:

Int st (directive(Inst, Cnstgrasp(Cnst,screw(x) [Jorange(x) [ Oy(slit(y) Owith (y,x))))).

Again, Inst compares the directive already produegh his intended directivéA screwhas
already been produced; the difference between 'Chgfscrew(x)) and Inst'sCx(screw(x) [

orange(x) O Oy(slit(y) Owith (y,x)), is
[X(orange(x) O Oy(slit(y) Owith (y,x)).
We get the more economical
Ints¢(directive(Inst, Cnstgrasp(Cnst,orange(x) [ Cy(slit(y) Owith (y,x)))))

yieldingan orange one with a slit.

Notice how performing the type of reasoning disedsisere requires the ability to talk about
incomplete speech acts, i.e., a theory sugmasWe next show howTT allows us to make the
account just presented more precise.

5 An Intentional Analysis of the Example Dialogue: Seond Pass

In this section we analyze the example dialoguetterance unit by utterance ufit,
supplementing the intentional analysis just progidéth a discussion of how the utterance units
are incrementally interpreted and produced acongrdb thePTT view of interpretation,
generation and the grounding process, on the bag® grammar given in thebrT fragment in
Appendix B. The analysis of these aspects we wilide is very detailed. On the other hand,
PTT, unlike SDRT, does not provide (yet) a complete set of defalibs specifying the inferential
connection between utterances and their interpoatato we will only discuss these inferences in
an informal way. (See (Poesio, 1994; Poesio, 19@&sio, To Appear) for a discussion of the
use of Prioritized Default Logic inTT and a formalization of other types of inferencéhiw it.)

5.1 Discourse situation updates up to the point just dere 1.1

We discussed in Section 4 how according to thentional analysis, a conversation like the one
from which fragment{1.1) is extracted is driven by Inst and Cnst's we-ititanto build a toy
plane according to the model given to Inst, whichhe simplified view adopted here becomes
the private plan in Figure 4.2.1. By way of histimctions, Inst turns the private plan into a
progressively more specified shared plan intertggdiscourse and domain actions as in the
example in (4.2.5). As a result of Cnst’'s perfargithe domain actions in this shared plan, Inst
and Cnst reach the situation whose relevant aspmetsdepicted in Figure 4.2.1 (state of
assembly) and Figure 4.2.4 (leftover screws).

In PTT, performing a directive amounts to performing antdbution which, ultimately,
amounts to a series of micro-updates as in (3.8&)h of which has to be properly grounded.
The discourse situation just beforél.l) is a record of both core speech acts and micro
conversational events performed up to that point.

19 Following (Traum, 1994, Traum & Nakatani, 1999eBio and Traum, 1997, Poesio and Traum, 1998) seethe
termUTTERANCE UNIT to refer to basic units of dialogue processingresponding roughly to prosodic units.
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5.2 Production of 1.1: So, jetzt nimmst Du ...

We saw in section 4.2 that at this point in thdadjae, Inst and Conste-intend to join two
specific objects, that we will call hevéingl andfuselagef° In PTT notation, and usingRss as
intentional contents, the fact that we-intentfdr2.2) is part of the common ground is captured
by including (5.2.1) among the conditions charazieg the discourse situatiGh.

(5.2.1) il.ldnt nsienst ([€1] €join (Cnst,wingl,fuselagel)])

We also saw that in the BTPC conversations suclsgm@ achieved by following plans
along the lines of (4.2.5), whose next step (st@p (s a directive by Inst to Cnst to grasp a
screw. InPTT terms, performing such a directive amounts to milan (i.e. intending) a
conversational everttel.1of typedirective and with content proposition K1.1: the occurrence
of an evene of Cnstgraspingorange-slit-screw(The event should take place in the future, but
we will omit tense here for brevity).

(5.2.2) il.1bint ns([cel.1,K1.1| K1.1s [x,e]| xis orange-slit-screw, grasp(Cnst, X)],
celdiective(Inst,Cnst,K1.1)])

A couple of remarks about (5.2.2). Notice, firdlatt embeddedRss are essential to
formulate this intention. Secondly, Inst’s intemtias about a specific screw (represented here as
the constanbrange-slit-screWyy instead of the more general intention to graspxavhich is a
screw (in (5.2.2’)) which can be expected to bthanshared plan. (That Inst’s intention is about a
specific screw is suggested, e.g., by the subségeeair.)

(5.2.2") i1.1b'Int pg([cel.1,K1.1 |[K1.1s [x,ecrew(x),egrasp(Cnst,x)],
cel.directive(Inst, Cnst, K1.1)])

(In passing, note also that if we assume weintentions distribute over the plan in (4.2.5),
Cnst could derive (5.2.2") from the non-specifiint intention in the shared plan shown in
(5.2.2").)

(5.2.2") i1.1b"Int nsecnst([c1.1,K1.1| K1.1=[x,8Erew(x), egrasp(Cnst, X)] ,
cel.directive(Inst, Cnst, K1.1)])

Assuming that intentions to perform domain actitmal to the adoption of domain plans to
achieve such intentions via von Wright's (1963)dcal Syllogisnt? (5.2.2) leads to Inst's
plan of performing an utterance generating thectlire in the sense discussed in Section 3.1,
example (3.1.5). To simplify matters, we assume has in (Poesio and Traum, 1997), that this
plan amounts to intending to perform an utteranpé.f* whose conventional meaning (the
value ofsem@pl.]) is the same as the content of the directive. Triention isdominated by
the intentionil.1b of performing a directive, ensuring that this irtten is about the sanmel.1
and K1.1 as intentioii.1b (Poesio and Traum, 1997).

(5.2.3) il.1cint g (Jupl.1 |utterance(upl.l), sem(upl.l) = K1.1,generatdupl.1l,cel.l)])

(5.2.3) is the starting point for the generationgass. And at this point, the hypothesis that
the participants’ record of the discourse situaiimciudes information about the occurrence of
micro conversational events — events of utterinig-sentential constituents—does begin to do

20\We remind the reader that in CDRT, unlike standRT, there are regular constantsngl andfuselagelare such
constants, and so igrange-slit-screw

21 \We will generally assumee dicto(wide scope) intentions.

2 Intending$ and believing that performing actignhas as a consequengdeads to performing: Intend §) A
Bel(x - ¢) - Do x (from Wright, Georg Henryk von. 1963. "Practicafdrence."Philosophical Review72:159-179.
. 1972. "On the So-Called Practical Infeeghicta Sociological5:39-53.)

2 Terminological note: we use discourse referentegthupi.j to indicate phrasal utterances, whesethé number of
the turn. We use discourse referents named ungicate lexical utterances.
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some work. Specifically, the MCE hypothesis (i) geats intentions such as (5.2.3) with their
syntactic realization, and (ii) provides us with acount of the information that is available to
Cnst when she starts planning her completion.

In PTT, performing an utterance with the conventional mieg represented by K1.1 is
viewed as an action (of typatter). We can then view the results of surface reatimatthe
process of determining the surface structure tadesl to realize an utterangpl.1lwith content
K1.1 (Reiter and Dale, 1995), as a plan just tik@se produced in other types of planning. (The
assumption being of course that specialized plagnegilled SURFACE REALIZERSIN natural
language generation, are responsible for this)t#skshown in(3.3.5) the plan chosen by Inst
for producing conventional meaning K1.1 in th&stgular occasion involves choosiogl.l
to be an utterance of type S. This action is deas®g in the performance of an utterante? of
the temporal adverbial “Jetzt” and an utterancea afecond phrasal utterance of type S, here
calledupl.2 Performingupl.2involves performing a (phonetically silent) uttecaupl.3of type
NP? and an utterancepl.4of type VP, which in turn involves three subactipan utterance
ul.3 of type V (“nimmst”), a subject utteranegl.5 of type NP (“Du”), and a complement
utteranceupl.60f type NP (“eine orangene Schraube mit einemit3th

Another advantage of the micro-conversational es/éypothesis is that we do not need to
assume that every utterance that gets produceddsnstituent of a single syntactic tree—a big
‘sign’ in the HPSG sense. In the case of 1.1ekample, it is plausible to view at least the first
“So” (indicated here a®i1.0, and possibly even “jetzt’, as separately plahngterances
intended to achieve quite distinct goals from tHeeputterances which generate the directive. In
this case, “So” would seem to realize a turn-takintjon, whose goal is to take the turn and keep
it (Traum and Hinkelman, 1992; Traum, 1994; Poesid Traum, 199755. The hesitation that
may or may not have occurred at the end of 1.1 dvpldy a turn-taking oriented goal, as well,
and possibly a role in the grounding process. Toaskwhat such an analysis would be, we
assume here this interpretation for “So,” whereasinterpret the utterance of “jetzt” as an
utterance of type Advp with a sentence-adjunatrprietation. Omitting many of the details
already shown in (3.3.5), including lexical intesfations and many sub-utterances, and using the
notationu:“word“:Cat to stand for:

u:utter(A,“word"), Cat(u)

Inst's plan to satisfy i1.1c in (5.2.3) becomgdan of performing the actions shown in tree
format in Figure 5.2.1 and in linear format in (8)2° Intention i1.1d islominated by i1.1c.
(5.2.4) il.1diInt &([ul.0,cel.0,upl.1,ul.2,ul.3,upl.2,upl.3,upl.4,upl45,upl.6|

ul.0:utter(Inst, “s0”), cel.0take-turn(Inst),
generat€ul.0,cel.0),

S(upl.l) semupl.l)= K1.1,

ul.2:"jetzt“Advp, S(upl.2), ul.2r upl.1, upl.2 upl.1,
NP(upl.3),VP(upl1.4), upl.3 upl.2, upl.4 upl.2,
ul.3:*nimmst*V, ul.3t upl.4,NP(upl.5), upl.5 upl.4,
ul.4:*Du“:Pro, ul.4t upl.5,

upl.6:“eine orangene Schraube mit einem Schhi2;"
upl.61 upl.4])

24 According to LTAG syntax, directives have a phacaly empty NP in subject position.
2450 could also be interpreted as a READY sigrsirathe MapTask scheme (Carlattaal, 1997).

2 We have assumed for simplicity that the entirerafice is planned at once. However, in a more jplieutheory, the
generation process would be incremental, as well.
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The overall mental state of Inst after acquirintgitions il1.1b, il.1c, and i1.1d is portrayed

in ‘box’ format in Figure 5.2.1, where constituenjations are also displayed in a graphical
format.

...11.1bil.1cil.1d

i1.1bint s ([K1.1,cel.1|
K1i% [e, x| xis orange-slit-screw,grasp(Cnst,x)]
celdirective(Inst, Cnst, K1.1)])

il.1cint st ([upl.ljutterance(upl.l),sen(upl.l) = K1.1generatdupl.1,cel.1)])

ul.0 cel.0ul.1ul.2ul.3 upl.2 upl.3 upl.4 ull4upl.6

ul.Outter(Inst,“s0"),
cel.Otake-turn (Inst),
generatgul.0,cel.0),

upl.1:$

i1.1dInt st

ul.2:ietzt":Advc

upl.3:NP

I3 ul.3:"nimmst”:V upl.5:NP upl.6:NP

| I

ey "eine orangene Schraube mit
ul.4:"Du”:Pro einem Schitz"

Figure 5.2.1. Inst’'s mental state after sentence planning.

As said in Section 3, in theTT model of contributions—derived from Clark and Sefes’s
proposals as modified by Traum—the intention tofgren a core dialogue act leads to an
intention to make a new contribution, i.e., to omemewbDuU, according to theCE-TO-DU-
SCHEMA here repeated:
[CE-TO-DU-SCHEMA]
Int pi([ce | cecore-acicpl,cp2P)]) > Int 1 ([DU | DU s [ce | cecore-ac{cpl,cp2p)]])
Because of this schema, (5.2.2), (5.2.3) and (pl@adl to (5.2.5):
(5.2.5) il.1leint |, ([DUL. 1 |
DUL.Ysis
[cel.1,K1.1,upl.1,ul.0,cel.0,ul.2,ul.3,upl.23pphl.4,
ul.4, upl.5,upl.6|
1HKis [x,e| xis orange-slit-screw, grasp(Cnst, x)],

cel.ldirective(Inst, Cnst,K1.1),

utterance(upl.1),semupl.l)is K1.1,

generatgupl.1,cel.l),

..... remaining conditions from (5.2.4) ..

1)
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Intentions such as il.1e in (5.2.5) lead to Instquming the planned action, i.e., beginning a new
contribution. Inst starts executing this intentisncceeding to perform ul.2, ul.3, and ul.4. It's
not clear to us whether the lengthening observatiistpoint is meant to indicate a problem —
e.g., that Inst has forgotten which screws are emusnd therefore does not know what
description would be adequate (Dale and Reiter,519Stone, 2004)— a request for
acknowledgment, or whether it is just accidental.

5.3 The completion: 1.2, “eine Schraube”

The process that leads Cnst to produce the coropldtegins when she observes Inst
performing the first four micro-conversational ac of his planned contribution. As discussed
in Section 3, according ®rT observing these utterances leads Cnst to createnhaer of new
Discourse Units, each of which represents “matet@albe grounded”; one ‘micrby’ per
utterance event is assumed. For simplicity, howewerrepresent here Cnst's interpretation of
the utterance events in 1.1 as a single new Diseolit, that we will call DUldg (to
emphasize that it need not be the same a®ith&om Inst's perspective). The update to the
discourse situation resulting from the observatiérDUL.1.,s; is shown in linear format in
(5.3.1) and in graphical format in Figure 5.3.1isTiew contribution minimally contains a record
of the occurrence of each utterance, together theghresults of lexical access and (incremental)
parsing (see (Poesio, 1995; Poesio and Muskens/; 186esio, To Appear) for details).
Assuming that there are no interpretation probldbts]l.l-.ss would be a partial representation
of the bu planned by Inst, as shown in (5.2.5). The diffeesbhetween the two is that in the
contribution observed by Cnst, NP1.6 hasn't yet been observed, but it is already ebguEt
(In addition, a new dialogue acel.1 is presumably hypothesized, but at this pointethig no
evidence that it has already been classified deeatiye, although that is likely as well given the
information from word order and the pending-intention.)

(5.3.1) [ DUL.2cpg |
DUL.1cngis [ul.0,cel.1,ul.2,upl.1,ul.3,upl.2,upl.3,upl.45)ppl.6,ul.4 |

ul.O: “so“take-turn,
S(upl.l), ul.2:"jetzt’Advp, S(upl.2),
ul.2t upl.l, upl.2 upl.l,
ul.3:*nimmst“V, NP(upl.3),VP(upl.4),
upl.3t upl.2, upl.4 upl.2,
ul.3t upl.4, NP(upl.5), upl.5 upl.4,NP(upl.6),
upl.6tupl.4,
ul.4:*Du“:NP, ul.4t upl.5]]

(5.3.1) is the starting point for Cnst’'s semantiterpretation process. The extent to which
semantic construction and speech act interpretati&e place immediately is still an open
guestion (our views are discussed in more detgiPesio, To Appear)). The interpretation in
(5.3.1) simply encodes the results of lexical asa@nd preliminary syntactic interpretation, both
of which are known to at least begin very early if8wy 1979, Simpson 1994, Frazier 1987,
Tanenhaugt al 1995). There is also evidence that the obsemvatidhe occurrence of an event
of uttering an anaphoric NP such as a pronounffecsunt to start the processes by which such
expressions are interpreted, as discussed in @ d801; Poesio, To Appear). How much more
interpretation takes place? As discussed in Sedtiander the intentional account the fact that a
completion takes place is an indication that Goeshehow manages to recognize Inst’s intention
to perform a directive. (We represented this intentthere using the simplified form
Int | st(directive(lnst, Cnst,grasp(Cnst, Screw))). ) This recognition is what prom@nst to
utter “eine Schraube.” A more expliogRTT representation of the result of the first of these

27\We assume here that Inst and Cnst have the samtalrgeammar.
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inferential processes is shown in (A), whereadritention to utter a screw would be represented
as in (B).
(A) Intnet([cel.1, K1.1 |
K1.1=[x,efrew(x), egrasp(Cnst, x)]
cel.tlirective(Inst,Cnst,K1.1)])
(B) Int cpst([ujuutter (Cnst,”eine Schraube™)])

. Dul.1l

ul.0 cel.0cel.1 upl.1 ul.2 ul.3 upl.2 upl.3 um4upl.5 upl.6

ul.Outter(Inst,“s0"),
cel.Otake-turn(Inst),
generatgul.0,cel.0),

upl.1:S

DUL.1is ul.2:"jetzt":Advp

upl.3:NP

ul.3:"nimmst”:V upl.5:NP upl.6:NP

ul.4:"Du”:Pro

3]

Figure 5.3.1. Cnst’s interpretation after perceiving 1.1.

(Note that it's hard to tell from the dialogue wier Cnst has already identified a particular
screw, so we will not assume anything in this respere.)

We consider two hypotheses concerning the way €athes conclusion (A). As for the
way recognition of (A) leads to the adoption ofeintion (B), we already saw in Section 4 that
this can be explained in a number of ways, andrabeu of these alternative hypotheses seem
equally plausible, so that choosing among them @armount to mind reading. We will
nevertheless attempt to show that several suchthgpes could be expressed in termsTaf

5.3.1 Identifying intention (A)

Existential Closure One hypothesis concerning the process through hwiiost reaches

conclusion (A) is based on the operatiorEERISTENTIAL CLOSURE proposed by Chater, Pickering

and Milward (1995). According to Chatet al, existential closure takes place every time a new

input is perceived; its purpose is to produce psdfmms out of partial syntactic interpretations,
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so that the new input can be immediately evaluagainst the current situation. BTT terms,
the existential closure hypothesis amounts to hg®izring that Cnst attempts to derive a
proposition as the conventional meaningipiL..1by existentially closing the missing argument,
even when the only information at her disposal l@wis presented in (5.3.1). More explicitly,
the hypothesis is that as a result of observingtimtribution represented in (5.3.1) as DUl
Cnst hypothesizes a neakrs K1.1 as the argument of an intention attributethst: K1.1 is the
proposition that an event of the Constructor takingobjectx yet to be determined will have to
take placé® (In PTT, the result of all inferences performed by Cnstlenbasis of (5.3.1), such as
existential closure, is viewed as material to bsugded separately, i.e., as a sepabatefor
simplicity here we will however assume that alllsudferences are added to the saueDU1.1
cnst) We remind the reader that we spedfys updates using the notation K+= K’, defined as
follows: (see Section 3.2):

K += K’ Let K be a proposition-valued discourse referantd K’ be a proposition
(DRS) or a proposition-valued discourse referent. Then
K += K’ =4t [ TmpK| TmpKis KJ;[ K| K is TmpK;K’]

(where TmpK is a new proposition-valued discoueferent)
Using this notation, the result of existential ciesis the update of Cnst’s view of the discourse
situation in (5.3.2).
(5.3.2) DUL.1ng+= [K1.1]| K1.1is [x,e|egrasp(Cnst,X)]].
This update of the information state changes theevaf DU1.%k,s: by adding to it the existence
of a new proposition K1.1 whose content is theterise of an event of grasping an unspecified
objectx.

The recognition by Cnst that an action of grasgomething is being discussed is the basis
for her inferring that the grasping action in DUkl is the first step in performing the action
currentlywe-intended We recall that under the intentional accountt &med Cnst are operating
under the shared plan for bringing about the regujoin of the three pieces in (4.2.5), involving
both domain and discourse actions. The next stedphdrnexistential closure hypothesis’ is that
inferring (5.3.2) leads Cnst to infer that Insperforming the second directive (c.1) in the shared
plan in (4.2.5). (The acceptance by Cnst of thatative will result in Cnst's adopting the
intention of performing the action indicated by ttieective, (c.2) in (4.2.5).3° This inference
leads to Cnst updating her view of the contentlKdf the directive with the information
[|screw(x)]:

(5.3.2") DUL.1cpst += (K1.1 += [fcrew(x)])
(which, by virtue of the definition of +=, is equailent to updating the information state twice as
follows:

[TmpK| TmpKis DU1.1cps];

[DUL.1¢cpel DUL.1cpgis TmpK;[TmpK’| TmpK’ is K1.1][K1.1| K1.1is TmpK’; [|screw(xX)]]],

i.e., update the value of DUl within the information state by adding the coiugiitthatx is a
screw to the value of K1.1 within DU1lgls). Then Cnst updates DUlgds with (A), i.e., she

attributes to Inst a directive whose content esupdated K1.1 . This is shown in (5.3.3). Notice
that this intention is the intention discussed &iov(5.2.2°). (As above, we assume Cnst ascribes

28 As pointed out to us by Jonathan Ginzburg (pexistential closure as specified by Chateal, and as implemented
here, is a significant simplification in that indalogue not all core dialogue acts have a projposds a content: the
content of interrogatives are questions, and thetert of directives presumably would be some fofraation type.
(For an ontology of the type of objects required itheory of dialogue, see (Ginzburg, 2009).)

2|n the ‘standard’ version @fTT, as presented, e.g., in (Matheson, Poesio, anth[r2000), adopting this intention
would be a way of addressing the obligation raisgthe directive. As already said above, we atecnocerned with
obligations here.
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to Inst ade dictointention. Also, as discussed in Section 4, wesded undetermined here
whether this private intention attributed to lisstirectly derived from we-intention (h) derived
from (4.2.5) via distributivity of we-intention.)

(5.3.3) DU1.Xpg+= [i(1.1b’|i1.1b’tnt s ([cel.1, K1.1|
semupl.l)isK1.1,
K1.1lis [x,epcrew(x),egrasp(Cnst,x)],
generatdupl.1,cel.l),
celdirective(Inst,Cnst,K1.1)])]

Direct inference from the lexicon to the plamn alternative analysis of the inference process
leading Cnst to conclude (5.3.3) is that Cnst geced that Inst is performing directive (c.1) in
(4.2.5) directly from the lexical meaning of uir8 (5.3.1), which is a mention of a grasping
action. In other words, mentioning a graspingaacts sufficient by itself to activate step (c.f) o
the shared plan in (4.2.5), without the step aétential closure resulting in (5.3.2). Although
the end result would again be (5.3.3), this sedoyjbthesis has the advantage of avoiding the
need to stipulate that existential closure takeseplafter each and every utterance; and there is
increasing evidence for this type of ‘surface’ setit reasoning (see, e.g., the work by Ferreira
et alon ‘good enough’ representations, (Ferreira, FFer@nd Bailey 2002)).

5.3.2 Acquiring intention (B) to perform a completion

As discussed in Section 4, we can think of at |&ast possible explanations for the fact that Cnst
acquires intention (B) to perform a completionspending to a request, voluntary coordination
control (Clark’s ‘collaborative completions’), coaativeness, and ‘blurting out’. All these four
explanations assume that Cnst recognizes (5.3 4 )pastial plan for performing the contribution
in (5.3.3). We discuss each in turn.

CooperativityWhat we called the ‘cooperativity explanation’3ection 4 is that Cnst decides
to change the current contribution by modifyinge tfirective into a joint action (and adding
some details). Revising a contribution in this vigya sort ofrefashioning(Clark and Wilkes-
Gibbs, 1990, p. 481-486) of tim that represented the contribution. As discusseSeiction 3,
refashioning is formalized in terms of the systdmgrounding actions proposed by Traum (1994)
and adopted i®TT as arepair grounding act: Cnst proposes to replace DkM, Jaccording to
which it is Inst alone who performs the directivgth the concatenation of DU%L:and DU1.2,
DU1.1c;DUL.2 (shown in (5.3.4)), in which the directii® a joint action of Inst and Cnst.
DU1.1.,DUL.2 still contains all the information in Figuse3.1, including the information about
utterances and the fact tlsm(upl.]) = K1.1.

(5.3.4) [il.2a] il.2ant cns([DUL.2,cel.2|
DUl.2is[cel.l, K1.1]
K1.lis[x,elscrewx),egrasp(Cnst,x)],
celdirective(Inst&Cnst,Cnst,K1.1)]
celipair(Cnst,DU1.1,, DUL.1c;s DUL.2)]]

If the repair is accepted, (each participant’s vigiancontribution) DUL.1 gets replaced by
DU1.2, as seen in Section 3 and discussed beldwguébly, Cnst isalso acknowledging the
partial contribution represented by DU1.2; we wdiscuss this additional function of the
completion shortly.)

After deciding to turn the directive into a jointt@n, Cnst has to decide how best to
complete it—i.e., which additional utterance acsida perform in order to generate cel.l as in
(5.3.4). Again, Cnst may have determined whichratices are missing from (5.2.4) in a number
of ways. The simplest explanation is that a sostafctural alignment took place: Cnst develops
her own plan for performing the directive in (5)3.dnd then compares this plan with the actions
she observed. Cnst's plan to perform cel.l is rizssef utterances very much like those in
(5.2.4), except that it includes the generic “egotraube” instead of the more specific NP “eine
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orangene Schraube mit einem Schlitz”, so the caitweasd meaning she associatesipd.lis the
generic proposition to grasp a screw. Cnst’s utiggglan is shown in (5.3.2).

(5.3.5) [cel.1,ul.2,upl.l, ul.3, upl.2, upl.3,4pupl.5, upl.6, ul.4 |
S(upl.1) ,sem(upl.l)is K1.1*
ul.2:"jetzt“Advp, S(upl.2), ul.2r upl.l1, upl.2 upl.1,
ul.3:*nimmst*V, NP(up1.3),VP(upl.4),
upl.3t upl.2, upl.4 upl.2, ul.3 upl.4, NP(upl.5),
upl.5t upl.4,NP(upl.6), upl.6 upl.4,
ul.4:*Du“:NP, ul.4t upl.5, ul.5:"eineDet,
ul.6:“SchraubeN, ul.5 upl.6, ul.6 upl.6]

Having produced this utterance plan / syntactiecstire, Cnst compares it with the utterances
she has observed Inst performifigCnst then decides to include in the new contidiushe is
planning, DU1.2 (shown in (5.3.4)), the missingoimhation about NRip1.6 The update to the
information state with this intention, which satisfaction-precededby i1.2a, is shown in
reduced form in (5.3.6).

(5.3.6) [i1.2b]il.20ntcne(DUL.2 +=[ | upl.6:“eine Schraub®lP]), sp(il.2b) = il1.2a]
(by the definition of +=, (5.3.6) is equivalent to
[i1.2b] i1.2btnt cpe([TMpK] TmpKis DUL.2];

[DU1RY1.2is TmpK; [ | upl.6:“eine Schraub&P]]),
sp(il.2b) = il1.2a].
(Notice that the fact that il1.Zmtisfaction-precedesntentionil.2b ensures thaitl.2b refers to
the same DU1.2 ad.2a according to the Grosz and Sidner view of dissewaccessibility as
formalized in (Poesio and Traum, 1997). See 8e@i5. Accessibility irrTT is discussed more
extensively in (Poesio and Rieser, in preparafipn

The fact that Cnst decides to utter an NP instégmadlucing a complete utterance such as,
say, “Ilch nehme eine Schraube” might also be empthin terms of cooperativity: reusing as
much as possible of Inst's output would maké.la genuinely joint action.

In case existential closure were assumed, alignmaetttedomainlevel (rather than at the
syntactic one) could also be used to explain hogt @lans her contribution to the joint directive
(see (4.2.5)(c)). That is, Cnst might have decideatter an NP by comparing the content of the
jointly intended directive in (5.3.4) —the propawmit to grasp a generic screw—with the
proposition of grasping some object in (5.3.2),ivéet from the partial directive that Inst has

30 As correctly pointed out to us by a reviewer, asisg that Cnst's expectations about the utterariaa for the
directive are so detailed as to include the intentd generate every single word is a big assumpéind could reveal
problematic in the case of indexicals, for althoughthis case it seems correct to assume that tieeance plan
contains & persorDu andnimmstas they were uttered by Inst, in case Inst hesitaarlier, only producin§o jetztit
would seem more plausible to expect that Cnst wonttiuce I personNehme Ich eine Schraubather than ¥
personNimmst Du ...With respect to the first issue we will simplytegate the point already made in Sections 4 and
5.1—that the view of utterance planning adoptec higran extreme simplification—adding that in aidedita much
more complex theory of matching one’s expectatioitls the other participant’s production will alse kequired. Such

a theory will have to allow matching one participafirst person verb with the other participargecond person. With
such a theory in place, the second issue will beconproblematic as well.

31 We are forcing the notation a bit here and useigh®tation to indicate the conditioni i. sem(v(up1.1)(i)) =
v(K1.1)(i).

32 This assumption that participants in a conversagiavays compare their expectations with what theserve is well
accepted in Cognitive Science: for instance, @tithe basis of Wolpert, Doya and Kazato’s (2008pSAIC’ model
of language comprehension, and also appears toobéllp consistent with Pickering and Garrod’s (@00alignment’
model (which will be discussed at greater length following section).
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performed by means of existential closure. Cnstldvttuen conclude that this latter proposition
should be augmented with K1.1d:

(5.3.7) Kil.1d=pgcrew(x)]

Cnst could then decide to produce an utterante Kid.1d as content — i.e., an indefinite NP,
very much as in (5.3.6). (Cfr. Pickering and GaisdtlO constraint”.)

AcknowledgmentCompletions are often produced in order to ackedgé an (as yet
incomplete)bu (see Clark’s ‘collaborative completions’, Clark9B) p. 238). In other words,
Cnst’s intention in uttering “eine Schraube” magvl been to acknowledge (the complete
version of) Inst’s directive, instead of, or in &duh to, repairing it, as proposed in (5.3.4hisr
possible interpretation of Cnst’s intention is shoiv (5.3.8). The content of intention i1.2a in
(5.3.8) is an acknowledgment of tlempleted DUL.1 ¢ng in (5.3.3) —i.e., not simply the
utterance, but the utterance together with thelteestiinferences:

(5.3.8) [il.2a] il.2ant cns[cel.3] cel.Zick(Cnst,DUL. 1.ns)])]

The effect of this acknowledgment is to make DU 1grounded: i.e., to update the discourse
situation withG(DUL1.1cs) (see below).

A few aspects of this interpretation of what hamzbmn the sample dialogue are worth
discussing. First of all, one might argue that whgats acknowledged by Cnst is not just
DU1.1c., but the proposition resulting from the concatemabf DUL.Lk,s with the record of
the completion taking place:

DU1.1cnt+= [| upl.6:“eine Schraub&iP]
l.e., that what Cnst actually intends is the failog:

(5.3.8) [i1.2a] i1.2dnt cns( (DUL.1cns+= [ | upl.6:"eine SchraubelP]);
1c8| cel.3ack(Cnst,DUL.Jens)])]

which is equivalent to:

[i(1.2a] i1.2dnt cpe [TMPK | TMpKis DUL.1cpf;
[DUL.1cnsf DUL.1cpstis TmpK; [ | upl.6:“eine Schraub@lP]];
[cel.3| celaBk(Cnst,DUL.1-ns)])

(Note that acknowledgments aret parts of discourse units (Traum, 1994; Mathesossfoand
Traum, 2000), so (5.3.8) is a well-formed propiasitascel.3is not part of DU1.3ns )

Secondly, it might be argued that an intention ¢cknawledge is part of Cnst's intentions
even under the ‘cooperativity’ interpretation dissed above; i.e., that intentidh2a in (5.3.4)
should actually incorporate parts of (5.3.8), dw¥as:

(5.3.4) [i1.2a] i1.2dnt ¢ ([DUL.2,cel.2, cel.3|
DU1.2is [cel.1, K1.1,upl.6|
K1.1is [x,efscrew(x),egrasp(Cnst,x)],
celdirective(Inst&Cnst,Cnst,K1.1),
upl.6:“eiBehraube“:NP ],
cel.2repair(Cnst,DUL.1-ns; DU1.1cps;DUL.2),
cel.3ack(Cnst,DU1.2)])]

The distinction is subtle, which is as it shouldd=einterpretation seems to proceed in the
same way irrespective of the ‘true’ intention. Thmain remaining difference between the
acknowledgment interpretation in (5.3.8") and thésv repair + acknowledgment interpretation
in (5.3.4’) is that in the case of (5.3.8), ttieective would be still considered Inst’s action

Just as in the case of the cooperativity interficeia in the case of acknowledgment
interpretation in (5.3.8) Cnst would have a humifewvays to realize her intention. Notice that a
repetition of the partial directive would be appmiafe as an acknowledgment of that part only
(i.e., without making a completion). As in the cadethe cooperativity explanation, to decide
how to execute the Acknowledgment Cnst would havddtermine what's missing from Inst's
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directive - either by a structural or by a domaiudl match. Either way, the result of this decision
process is that Cnst acquires an intention aloadgjles of (5.3.6) or (5.3.8’).

Responding to a Requesss pointed out before, another possible reasoth®icompletion is
that Cnst interpreted the pause in 1.1 as a requikstsystem of grounding acts developed by
Traum (1994) and adoptedrmT (see section 3.6) includes three types of Reqtieatdnst may
have intended to perform: Request for AcknowledgimBequest for Continuation, and Request
for Repair. In all three cases, if Chst adopts thierpretation she will update her information
state by adding an obligation to address the mdg{ibe mechanics of obligations RTT is
discussed in some detail in (Matheson Poesio amdiriiy 2000). After that, it will be this
obligation (rather than cooperativity, or a volugtdesire to acknowledge) that will lead Cnst to
acquire intentions such as (5.3.4) or (5.3.8).céthese intentions are acquired, however, the
result will not be any different from that discudsbove.

Blurting OutFinally, it is possible that Cnst’'s action is mabtivated either by a decision to
be cooperative at the domain level (i.e., by adagiintention (5.3.4)) or by an intention to
acknowledge (as in (5.3.8)), but by impatiencees i.by a view that Inst is taking too long to
perform the action. According to this explanati@mst quickly recognizes that Inst has intention
i1.1b" in (5.3.3), and realizes what is missing @)structural or domain level match, just as
explained above. However, Cnst is also moved Ierogoals, such as completing the task
quickly, and it is as a result of these goals #eg acquires intentions (5.3.4) or (5.3.8). We do
not have a full account of what these other goadghtrbe and how they lead to the acquisition of
one of these intentions, but we do expect thesmniioins to be expressible in terms of the
formalism assumed here.

5.4 The repair: 1.3, “eine orangene mit einem Schlitz”

Upon hearing the completion, Inst’s view of thecdisrse situation is predicted by the analyses
above to be as depicted in Figure 5.4.1 (next)age

Inst’'s behavior upon hearing the completion is &aat with him, first of all, recognizing
that the NP uttered by Cnst is intended as a cdrmplef the utterance Inst himself previously
performed: i.e., that he is meant to update DWiith the information in (5.4.1)—that the NP
uttered by Cnst is meant to fill the position af thissing NP in the tree in (5.2.4):

(5.4.1) DU1.2 += [ | upl.% upl.6]

He then appears to ascribe to Cnst, one the biie saformation in Figure 5.4.1, one of the
intentions in (5.3.4), (5.3.8), or (5.3.4"). In alf these cases Cnst intends to perform a grounding
act having as one of its arguments discourse ubifi.D from (5.3.1) augmented with the
information that a screw is needed (as well assipbs with changes to the directive, and/or
information about the utterance). In the case &.4), the intention is of repairing DU1.1; in the
case of (5.3.8), the intention is to acknowledgénitthe case of (5.3.4"), to do both. (We might
call thisbu the bu ‘under discussion’, to borrow a term from Ginzhjirg

We will proceed here under the assumption that dtisibutes to Cnst the most complex
intention, that in (5.3.4")—i.e., the intention hoto be cooperative and to acknowledge the
contribution in DU1.1 augmented with the informatibat the object that Inst wants Cnst to pick
up is a screw. (In this way, we will cover mostlo¢ ideas that would be needed to analyze what
happens in the dialogue under the other interpoeis) As a result, Inst’'s view of the discourse
situation is updated as intended by Cnst, as slio\{i4.2).

(5.4.2) DU1.2 +=[cel.l, K1.1|
Kilslle,xjscrew(x),egrasp(Cnst,x)],
cellitective(Inst&Cnst,Cnst,K1.1)];
[cel.2, cel.3|
celré&pair (Cnst,DU1.%,s, DUL.1,,5;:DUL.2),
cela8k(Cnst,DUL.1)]
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...i1.1bi1.1cil.1d DU1.1 DU1.2
i1.1d
upl.1:S
DUl.1lis
ul.2:"jetzt":Advp
upl.4:vP
upl.3:NP
I ul.3"nimmst":V upl.5:NP; upl.6:NP
|
ul.4:"Du™:Pro
upl.7 ul.5 ul.6 ubl.1
upl.7:NP
DU1.2is
ul.5:"eine”:Det
ul.6:"Schraube™N

Figure 5.4.1 Inst's view of the discourse situation afterqeéving Cnst’'s completion in 1.2.

At this point, Inst appears to ‘accept’ the regaibposed by Cnst, but also to have decided
that Cnst’s description of the screw may not ensiaé Cnst chooses the correct screw (the one
which we have calledrange-slit-screw and so decides to perforntantinuation an expansion
of the description of the object to be grasped.oAlmst may or may not ground DU1.1,
depending on whether he recognizes an Acknowledgmen

As said in Section 3, we need two conditional updates for grounding acts here:

UP.REPAIR caepair (A,DU1,DU2) - (acceptB,ce)-> DU10O DU2)
UP.ACK ceack(A,DU) - (accep(B,ce)~> [ | G(DW)])

(We remind readers that an update rule is not mahferplication, but a rule specifying how
an information state is updated by concatenatirg iméormation (Larsson and Traum, 2000).)
The result of inferring the intentions in (5.4.&)en, is that in case Inst accepts the repair He wi
proceed to update his information state by reptaddJ1.1 with thebu consisting of the
concatenated contents of DU1.1 and DU1.2, as fallow

(5.4.3) bul.10 DU1.1;,DU1.2
which, as seen in Section 3.5, is equivalent taifigate:
AN i[DUL.1)j Ov(DUL.1)(j) = v(DU1.1;DU1L.2)(i).
If Inst also recognizes and accepts an acknowledgrhe will perform the further update:
(5.4.4) [| G(DU1.1) ]

Inst then proceeds to plan his continuation. Sugqiaesions of an object’s description are
also viewed irPTT as a type of refashioning; this time, of the which is the result of the repair
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performed by Cnst in 1.2, the just updated DUL.1With his continuation, Inst intends to repair
DU1.1 . with a newbu (called here DU1.3) in which the argument of tlireaive, K1.1, is
updated by adding to its previous content (in 5.th2 additional information about the screw x
which Inst believes it will be necessary in order €nst to identify the appropriate screw. This
intention is represented in (5.4.5) as intentiorBalof performing aepair cel.5, replacing
DU1.1,, with the new DU1.3, in which K1.1 is updated wiiie information in K1.3.

(5.4.5) [i1.3a] i1.3aint ,([DUL.3, cel.4, cel.5 |
DU1.3is DU1.1ng;
[K1.3 | K1.8 [ | orange(X)];[ x3]slit(x3), haqdx,x3)]];
(K1.1 += K1.3),
cel.4ack(Inst,DU1.1,gy,
cel.5repair(Inst,DU1.1;,, DUL.3)]

(Notice, incidentally, that at this point the camttef directivecel.1(proposition K1.1) is no
longer the content that Inst had originally planrgtbwn in (5.2.5). l.e., theTT account of this
episode of collaboration in dialogue makes thisecepeech act a genuine case of ‘joint
production’ in the sense of Clark (1996).) Furthere) Inst reaches the decision to realize the
planned refashioning in (5.4.5) as an appositisnf & often the case in dialogue. This makes a
treatment of appositions essential for a theorinofemental dialogue processing, which has to
be one based on a syntactic theory like LTAG inclhsuch incremental construction can be
modeled. We return to appositions shortly.

In thePTT framework there are at least two ways to explaiw Inst reaches intention il.3a
in (5.4.5). One explanation is that this intentisrthe result oplan matching: matching Cnst’'s
version of the directive in (5.4.2) with Inst’'sginally planned directive in (5.2.5). According to
this view, Inst compared the content K1.1 of direx cel.1l that would follow from Cnst's
repair, with the content of cel.1 according todws original intention, shown in (5.2.5). As a
result, Inst identifies the need to produce theitemdal information in K1.3. A second
explanation is that Inst acquires the intentionths result osituationmatching: Inst considers
the situations that may result from the executibthe content K1.1 of the directive as proposed
by Cnst, and realizes that there are 9 such sistione for each of the screws in Figure 4.2.4.
This appears to be what Pickering and Garrod (2064 in mind. (Such simple planning can
be done quite efficiently, as shown, e.g., by tleekwon planning in the TRAINS project (Allen
and Ferguson, 1994, Fergusatral, 1996).)

As an aside, the fact that utterance unit 1.3 aasally produced in two prosodic units
suggests that Inst identifies the properties kiaate to be added to the description of the screw
produced by Cnst in order to uniquely identify tleguired screw incrementally, in two steps
(Levelt, 1989). First of all, Inst realizes thaetproperty [ prangg(x)] is required; then, that the
property of having a slit,

[ x8lik(x3), hag(x,x3)]
is also needed. Each of these two properties isggtw be independently realized using an
apposition, further argument for the need for athef appositions.

In PTT, this two-stage process would be modeled by atirig to Inst two distinct intentions:
an intention to enrich K1.1 with the informatioratiscrewx is orange (shown in (5.4.6)) and an
intention to enrich this new description with theddional information thak has a slit, shown in
(5.4.7).

(5.4.6) [i1.3a’| i1.3a'int ,([DUL1.3,cel.4|
DU1.3s DUl.lInst;
[K1.3]| K1.3 [ | orange(X)]] ;
(K1.1 +=K1.3),
cel.4epair (Inst, DU1.1;,s, DU1.3)])]
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(5.4.7) [i1.3a”| i1.3a”:Int n([DUL1.3", cel.4’|
DU1.3'is DU1.3;
[ K1.3'| K1.35[ x3 |slit(x3), haqx,x3)];
[ |orange(x)]] ;
(K1.1 +=K1.3),
cel.4repair(Inst, DUL.1,s DUL1.3Y)])
We will however simplify matters in what followsa treat the whole of 1.3 as a single
apposition.

Our treatment of appositions, and the derivationtted meaning of utterance 1.3, are
discussed in Appendix B.4; we just give a brief mary in this section. One assumption one is
forced to make, given the properties of LTAG,hatteineis ambiguous between the ‘normal’
interpretation and the form used in appositiongichéorth eingy, to which is associated the
auxiliary tree and lexical meaning in (5.4.8), whigelds a type [ii,[T]] (<<e,t>, <e,t>>) for
the appositional NP:

(5.4.8) N

N-/\ P

app

R Nag;*

eineps APAPAX([V] 1; P(X); P'(X); [ | vis X])
We further assume that the appositional NP isasfitally adjoined to the previous utterance,

resulting in the LTAG analysis fogine Schraube, eine orangene mit einem Schlitavn in
(5.4.9).

(5.4.9) NP
N’ NB»
Mg
N1
PBat
P
| | | | | |
eine Schraube negj orangene mit @mne Schlitz

whose interpretation is shown in (5.4.10) (for fiéderivation, see Appendix B.3).

(5.4.100P([x| I; [Vl ; [ screw(X)]; [ lorange(V)]; [ | vis x]; [yl I; [ | slit(y)]; [ | has(x,y)]; P(x))
Apart from the syntactic and semantic issues, thening of (5.4.9) —or, more precisely, of
its appositional part}—proceeds just as the plapoirthe completion discussed in Section 5.2.
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5.5 Acknowledging and accepting: 1.4, “Ja”

The next utterance in the example dialogue, 1&',"dlustrates both the fact that utterances can
be used to achieve multiple communicative intergtiandifferent levels—in this case, to perform
both anAcknowledgmentact at the grounding level and a backward-lookiae Accept act —
and the differences between these two types ofvimcklooking acts.

At the grounding level, utterance 1.4 signals dmawledgment of the refashioned discourse
unit resulting from the repair that Inst performeith utterance 1.3. l.e., utterance 1.4 appears to
perform at the grounding level the same functiontéesrances 1.2 (in interpretations (5.3.4") and
(5.3.8)) and 1.3 (in interpretation (5.4.5)). Agesult, both agents’ information state will be
updated with the equivalent of (5.4.4), i@(DU1.1).

At the task level, the function of 1.4 is to adcépe (joint) directive resulting from the
previous three utterances in this first contribatiafter the initial production by Inst was
refashioned first by Cnst and then by Inst, idth the version of K1.1 in (5.4.5).

The process leading to the planning of these twioree in response to the directive
elaborated in the previous turns, and their eféecthe discourse situation, have been the focus
of several previouBsTT papers (e.g., (Mathesat al, 2000)) so we only discuss it briefly here.
As discussed in Section 3, RTT every conversational action induces an obligatiorthe other
participant tcaddressthat action. At this point in the conversation Cmas two obligations:

@ to address the directive:
obl(CnstaddresgCnst,cel.1))

(i) to perform a grounding action with respect to aatent—informally,
obl(Cnstgrounding-act(cel.1))

There are several ways to address a directive ofwehich are accepting it and rejecting it.
This is modeled iTT by assuming that (part of) the formalization ofi@ts such as directives
consists of update rules leading to the concluthan a participant has addressed a conversation
action if certain types of responses have beedymed. This in turn leads to the removal of the
obligation. These conditional update rules takefdfiewing form:

cedirective(A,B,K) = (accep(B,ce)> addresg¢B,ce))

cedirective(A,B,K) > (reject(B,ce)> addresgB,ce)).
l.e., if A performs a directive to B, and B accephtat directive, then that counts as having
addressed the obligation of addressing the direclihiis removes the obligation to address the
conversational action, but of course, acceptingractive then leads to a new obligation, to
perform the action directed. This is formalizedngsanother update rule which, in a schematic
fashion, can be formalized as follows:

cedirective(A,B,K) = (accep(B,ce)~> obl(B,K))

The same happens with obligation (ii), the obligatito perform a grounding act. The
performance of any of the grounding acts in (Trad®94) will discharge the obligation; the
performance of any of the grounding acts will désad to further updates — e.g., acknowledging a
DU results in that contribution being grounded, aswssed in Section 3:

ack(A,DU) > G(DU)

In summary, as a result of the performance of thd,discourse situation gets updated as in
(5.5.1):

(5.5.1) [cel.6, DUl .4|
cel#&ck(Cnst, DUL. %k,
G(DU1.1cns),
DU1.& [cel.7, s1.1| cel.7accep{Cnst,cel.l), s1.1abl(Cnst,K1.1)]]

Where DUL.%gis theDu resulting from the two repairs in 1.2 and 1.3:
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[cel.l, K1.1 |
K1.1s [ex,x3| screw(x), oranggXx), slit(x3), hagx,x3),
grasp(Cnst, x)]
cetlilective(Inst&Cnst,Cnst,K1.1)]

This completes the first contribution in (1.1).

5.6 The rest of the conversation

An analysis of the second contribution in the sangidlogue —utterances 2.1-2.4—at the level of
detail just given for the first one would requiradigcussion of numerous additional aspects of
PTT, including the treatment of anaphoric accesgbili and of a number of additional
grammatical issues, such as our treatment of abives and the German "Satzklammer'. As it
is just not possible to present all this mateniahisingle journal paper, we will only provide a
sketchy discussion of the main issues from the tpoinview of coordination, and defer the
additional discussion to a second paper in prejparéPoesio and Rieser, In Preparation).

2.1: “Und steckst Sie dadurch, also”

With utterance 2.1 Inst moves on to the next stefhé shared plan in Figure 4.2.3 and in
(4.2.4), which turns into step (e) in (4.2.5).tlm@nts Cnst to put the screw through the aligned
holes of the longer bar serving as ‘fuselage’ aral ghorter bar serving as ‘wings’ of the toy
airplane. From a production / sentence planningspgeetive (Levelt, 1989; Dale and Reiter,
2000), there are very few differences betweenstleps that Inst goes through in planning
utterance 2.1 and those that were involved in prenatterance 1.1. Again, Inst has the intention
to perform a directive (let's call ite2.); and again, Inst decides to plan an utteramz1
generating directivee2.1 (As said above, a full analysis of the par@culealization otce2.1
chosen by Inst for the example dialogue would ireqa discussion of three linguistic
phenomena: rhetorical relationsnfl, als9, the so-called "Satzklammerstéckst ... dadurch
and the pronou®ie that raises the issue of anaphoric accessibilitiyin micro conversational
events. We defer this discussion to a second pagerd again, Cnst interrupts Inst before the
plan forup2.1 is completely executed.

2.2: “von oben”

What happens at this point is very similar to whappened during the first contribution
when Cnst performed the completion in 1.2, and whebe our analysis of that completion
applies with relatively few modifications to thimse as well, except that there is very little
evidence in this case that anything in Inst’'s @enance could be interpreted by Cnst as a
request, so the other explanations (CooperatiMiuntary coordination control, and blurting
out) look more plausible in this case than the Rsetjfor Acknowledgment. In fact, in this case
our intuition tells us that there is a strongerssethat Cnst is simultaneously acknowledging
Inst’'s contribution and refashioning it. The maissue raised by this utterance is one of
compositional semantics: how the meaning of the ifimdvon obenis integrated with the
meaning of Inst's contribution. In the later papar discuss two options: maintaining the simple
treatment of VPs as having type <e,t> used soafad, going to the higher <s, <e, t>> type
common in work on tense based on a Parsonian ses@aarsons, 1990).

2.3: “von oben, dal also die drei festgeschraubtder”

With this utterance, Inst achieves two objectivEgst of all, he acknowledges Cnst's
participation to the curremu—this time by explicitly repeating Cnst’s utterankte then returns
to the utterance plan which had been interrupte@ By and continues the production of the
purpose clause. The purpose clause also contagesand example of (in this case, deictic)
reference: the reference to the three constitugntee airplane previously aligned.
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2.4:"Ja”

Finally, theJain 2.4 is produced (and interpreted) more or ligss1.4. We will just briefly
remark that Cnst seems not to have had any probie®gpreting the definite descriptiatie
drei.

5.7 Recap

This concludes our intentional analysis of the clatipn under discussion. In summary, we
argued that it is possible to provide a fairly @siplanalysis of four possible reasons for the
completion by making the following assumptions: {flat utterances are actions, and that
planning an utterance is akin to planning any otteion (which is not to say that the same
planner is used!!) (ii) that Inst and Cnst haverstgplans interleaving domain and discourse
actions, as in (4.2.5); (iii) that the participat a conversation—or at least, to a fairly streed
task-oriented conversation like those in the BatefToy Plane Corpus—continuously generate
expectations about what's to come next in the dizoon the basis of these interleaved and
shared plans, and that they monitor each othersramces comparing them with these
expectations so as to be able to recognize whesestiand in the conversation; (iv) that they are
able to do this comparison before an utterancengpteted, perhaps via some form of Existential
Closure; and finally (v) that as a result of thia¢yt can plan appropriate grounding acts; in
particular, we have proposed that completions aawviewed as a form of repair. We would
argue that none of these assumptions is ad-hocthandat least (i), (iv) and (v) are necessary to
any account of the phenomenon at hand. In theviolip Section we discuss an alternative
account which does not make assumption (ii) antdatapts a different view of the monitoring
process.

6 A non-intentional analysis

Pickering and Garrod (2004) while encouraging pelinguists to take up dialogue as a valid
area of research, argued that many aspects ofydalimterpretation—particularfgriming at the
lexical, syntactic, and referential level (Mortdr§69; Branigaret al, 2000)—can be explained
without resorting to an intentional analysis, akdtshed instead a model of interaction centered
around the notion ofLIGNMENT between the dialogue participants’ models. Altfio®ickering
and Garrod’s alignment model is more of a progratiomaroposal than a fully worked out
theory, it has proven very influential (Purwdral, 2006; Rickheit and Wachsmuth, 2008). As a
contribution to the ongoing discussion concernimg tmodel, in this section we briefly discuss
which aspects of cooperations could be accountethkalignment model, and how.

6.1 The Pickering and Garrod alignment model

The starting point of Pickering and Garrod’s aniaslys the consideration that successful
communication between dialogue participants A ance@uires them to go through the same
stages of interpretation and production, illusddteFigure 6.1 (next page).

Pickering and Garrod (henceforth: P&G) also not thriming effects can be observed at
each of these levels of interpretation, from thergtic (Bardet al, 2000) to the lexical (Garrod
and Anderson, 1987) to the syntactic (Bock, 198@&nRjanet al, 2000). Finally, P&G discuss
experiments suggesting that in order for dialogoneb¢ felicitous, the participants need to
produce aligned ‘situation models’. The term uation model’ is widely used in the
psycholinguistic literature on reading and textgassing to indicate a variety of representations
expressing information about the events and estitescribed in a narrative (theories of situation
models have been proposed in, e.g., (Sanford @& 1981; Johnson-Laird, 1983; Garnham,
2000). But what P&G have in mind is a much moreegahnotion of situation model—and one
which may change from task to task, often beingetiged on the spot by the participants to the
task. For example, in one of the studies they discby Garrod and Anderson (1987), the
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participants in a ‘cooperative maze game’ have eeelbp ways of describing each other’s
position in a maze in order to follow a route. Hubjects were found to develop “aligned’ views
of the maze in the sense that they would jointlyetiep a protocol for referring to maze positions,
and particular positions, confirming the resultsvadrk of Clark and colleagues (Clark and
Wilkes-Gibbs, 1986; Clark, 1996).

Message - ! "ﬂc ssage
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representahon - representation
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Figure 6.1 The levels of representation involved in (spokenguage comprehension. (From (Pickering and
Garrod, 2004); reprinted with permission.)

The conclusion that Pickering and Garrod draw frifrase observations is, first, that
“aligning representations’ at all levels is a cahaispect of dialogue processing; and that this
alignment is the result of fairly simple comprehenamechanisms, rather than of intention-based
mental state reasoning. (Such ‘more complex’ tyggsrocessing are considered as an option,
but not the basic form of processing availableiabogiue participants.)

A phenomenon that, according to P&G, can be prediétom the Interactive Alignment
Models is the creation oROUTINES P&G point out that dialogue is highly repetitso e.qg.,
Aijmer (1996) suggests that up to 70% of wordsha tondon-Lund corpus occur as part of
recurrent sequences of words. According to P& thilows from the alignment assumption:
during production, participants in the dialoguelwénd to choose expressions or syntactic
structures which have already been produced ats giathe present (or, perhaps, earlier)
dialogues.

6.2 An alignment-based analysis of the example dialogue

What would an account of sentence cooperationsraicepto the Interactive Alignment model
look like? We find it useful to divide this questiin two parts: explaining how Cnst reaches her
conclusion about what Inst is trying to achieveg axplaining how she decides to produce a
completion. (We concentrate on the completion.)

6.2.1 Interpreting Inst’s actions
The first question that has to be addressed ist whald the situation model be in a task in
which the participants are not simply describinglite, but modifying it via actions? We think at
least two answers are possible:
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0] the situation model is a representation of theéesthat Cnst has reached in
assembling the toy plane: i.e., what has already l@ssembled, and which parts
are still available.

(ii) the situation model is the shared plan itself; ishich of the required actions have
already been performed, and which still have toMest, if not all, theories of
planning view plans such as those discussed in gievious sections as
representations —typically, tree structures—whieim de manipulated by, e.g.,
decomposing an action in its subactions. (In féet,idea that plans can be viewed
as mental constructs is fairly recent, dating ladRollack’s dissertation (1986).)

If we assume for this task a situation model ofsbeond type, the process by which Cnst
would recognize Inst's actions under the IAM wouldkt be so very different from the process
discussed above for the intentional model—it wosilthply require Cnst to find a matching
action in the plan, as done, e.g., by Kautz (1987. concentrate therefore on explaining how
Cnst could reach such a conclusion if the situatimael was of type (i).

One obvious difficulty is that Inst and Cnst’s aiion models in this sense are not really
“globally aligned’ in the sense of being identioatil the very end of the conversation, as both
Inst and Cnst are perfectly aware. It is howevesspme to argue that achieving the desired
alignment is the entire point of instruction-giginconversations, which are not therefore an
exception to the IA model.

Coming to what could be a "priming’ alternativerécognizing Inst’s intentions by looking at
a shared plan, we believe that a candidate canlwwfby generalizing the notion of ‘routine’ to
non-linguistic actions. Namely, it could be arguledt during a typical conversation of the BTPC,
an AGGREGATE FORMATION ROUTINEIS established: a repeated pattern of actionsiwtuigether
lead to the same result (namely, two parts of tlyeairplane get joined). In the dialogue from
which (1.1) is excerpted, Inst first instructs Cnst to joie fiside rudder’ to the “fuselage’; then to
join the tail to the fuselage; etc. After a whienst may be able to abstract over these repeated
actions and produce the routine in Figure 6.2.

AGGREGATE FORMATION

PARAMETERS:
C1, C2: constituents to be joined
P1, P2: ports
S: screw, with bolt B
SUBACTIONS:
1. align P1 of C1, with P2 of C2
2. getsS
3. pass S through P1 and P2
4. fastenB

Figure 6.2 Routine created during a toy plane assemble gligo

Once this routine becomes part of the common groamdhstance can be recognized through
simple structural match, without need for explicittasoning with intentions. In the case under
consideration, for example, Cnst may be able t@geize thathimmstis an instance of the
second step of the routine, and hence, that theimgirgument must be a screw. She may also

be able to identify the syntactic structure to imsehe completion by looking at the realization of
previous mentions of this type of object.
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6.2.2 Deciding to produce a completion

As the sketchy discussion above makes clear, iropimion it would be possible to develop an
alignment account of interpretation. What is nothtclear to us is how such a model could
explain what happens next: i.e., why it is that tQiecides to produce a completion, instead of
waiting for Inst to finish his contribution. Inta#r words, the alignment model as currently stated
does not provide an account of dialogue managenaentmportant aspect of what dialogue
participants have to do (and one which had a samif influence in the design &fTT as
currently conceived).

6.3 Summary

“Traditional'—i.e., Grice-inspired—models of dialog) processing tend to formalize all aspects
of an agent’s behavior when involved in a dialoguderms of intentions (see, e.g., Cohen’s
account of reference (Cohen, 1979) or Grosz ande8&l theory of discourse structure (Grosz
and Sidner, 1986)). We feel that the alignment rhotfers a very reasonable alternative to these
Gricean models as far as interpretation and prasluetre concerned. However, intentions also
play an important role in formalizations of dialegmmanagement—how an agent decides what to
do next—and we can't find anything in the aligninerodel as currently stated which would
explain how Cnst reaches her decision to prodummEngletion, nor to explain what is it that Inst
is trying to do (a non-intentional alternative fmeech acts, that is).

7 Related Work

To our knowledge the only other proposal in theréiture on dialogue explicitly concerned with
completions is the paper by Punatral (2006), developed in the Dynamic Syntax framework
(Kempsonet al. 2001, Cannet al. 2005). We discuss Dynamic Syntax and Purgerals
proposal in this section, after however discussimgtwo other main theoretical frameworks for
the semantics of dialogue, Ginzburg’s KoS (Gingbamd Sag, 2000; Ginzburg, 2009) and Asher
and LascaridessSDRT (Asher and Lascarides, 2003), both of which previtheoretical insights
that have been incorporated in our framework dwad ¢ould perhaps be extended to provide a
treatment of the phenomenon under consideration.

7.1 Ginzburg's theory of the Dialogue Game Board

Arguably, the most developed modern theory of séimamterpretation in dialogue is Ginzburg's
KoS framework (Ginzburg and Sag, 2000; Ginzbur@®0The theory was conceived from the
start to deal with dialogue, and provides the wideserage of dialogue-specific phenomena,
including in particular grounding, clarificationgeests and non-sentential utterances; therefore it
could probably be extended to provide an accousbofpletions, at least for what concerns their
interpretation.

7.1.1 General features of the model

Like PTT, KoS is inspired by Situation Semantics (Barwiad aPerry, 1983) and is founded on
the assumption that many aspects of interpretatiatialogue can only be properly explained by
providing an account of the discourse situationtgentirety. Another similarity witRTT is that
KoS is based on an information state view of diaognterpretation—and as ®rT, it is
assumed that each participant’s information stateeir dialogue gameboard(DGB)—contains
both public and private information. In its basicrf, a participant’'s information state according
to KoS contains a record 8peaker, Addressee theMovesso far —whose first element is called
the LatestMove-- the (sharedlacts about the discourse situation, and a record ofhestions
Under Discussion, oQUD. The information state is a record in Type Thewtith Records
(Cooper 2005).
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The QUD field is one of the most distinctive feawiof this framework. Its value is a stack
(and in the general case a partial order) of iHseiesraised in a conversation. QUD was
hypothesized to account for the pragmatics of igaer and especially to explain how the
propositional interpretation of short non-sent@ntinswers is recovered—but , as we will see, it
also plays a central role in KoS’s treatment ajugiding. Simplifying matters considerably,
when A asks B a query such as “Who came?”, the D&Both participants gets updated with
the information that the latest move was a quask(A,B, A x. comgXx)). As a result, the issue
raised by the query—in the case of a wh-query, l@tract:A X. comgx)—gets added to the
QUD, as shown in Figure 7.1.1.

Spkr: A
Addr: B
Moves: (....)
LatestMove:Ask(A,B, A x. comgX))
Factsy....)

QUD: (A x. comdXx))

Figure 7.1.1. Update of the DGB after asking a question.

According to KoS, the presence of this issue in Q¥hat enables B to provide a short
answer to the question: say, “John”. The contefithis short answer can be combined with the
content of the question that is maximal in QUD &b @ proposition, “John left”. When grounded,
this proposition is added to Facts.

The effect of dialogue acts on the DGB—i.e., how itiformation state is updated as a result
of, e.g., questions and answers-- is modeled donversational rules.A conversational rule
specifies how information states that met certaiecpnditions , such as the presence in
LatestMove of amAsk dialogue act, are updated as a result. For instahe incrementation of
QUD with the issue resulting from a question iscHiped by a conversational rule called Ask
QUD-incrementation (Ginzburg 2009, p. 1£7)he overall series of updates to the information
states of all conversational participants resulfiegn a change in the discourse situation is called
a protocol; an example of protocol is the protocol fBooperative query exchangespecified
below (Ginzburg 2009, p. 116).

Cooperative query exchange

1. LatestMove.Cont = Ask(A,q)
2. A: push g onto QUD; release turn
3. B: push g onto QUD; take turn; make g-specificnattee.

As this example shows, the updates specified bytgol generally differ depending on the
role of the conversational participant. After agkihe question A will (normally) release the turn,
whereas B will take it and perform a relevant attere.

As well as the most extensive treatment of dialogbenomena, KoS also comes with the
most detailed fragment of any theory of dialogie, HPSG grammar from Ginzburg and Sag
(2000), subsequently modified in substantial wayégRurver, 2004; Fernandez, 2006; Ginzburg,
2009),inter alia.

7.1.2 Grounding and clarifications

(Ginzburg, 2009) also includes a full treatmentthé grounding process. The crucial advance of
this proposal is that it provides a detailed actmat just of successful communication, but also
of failure in communication and how it is handled via claafion requests. Ginzburg’s book

33 Here and elsewhere page numbers refer to therafstof the book available online.
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also contains an interesting theory regarding whateans to understand an utterance, and
provides a formalization of the grounding criterimesed on this theory.

In its simplest form, the KoS account of the pracleg which the DGB is updated as a result
of utterance u is as follows:

1. If the utterance is understood, LatestMove is updiatith u (and the process of update
continues as discussed above);
2. If the utterance is not completely understood, ated CRification ensues.

Note how utterances are not immediately added tstlove upon being perceived.
Instead, they go to an information state field edh/PENDING, that contains ungrounded
utterances (PENDING is very similar to the fieldl@&ubus by Matheson, Poesio and Traum
(2000).) From there, utterances go to LatestMoveagibunded—but may also be revised as a
result of the CRification process.

The content of PENDING are what Ginzburg cétlsutionary propositions (p. 148--149).

A proposition in TTR is a type of record with the two fields

[SIT =S, SIT-TYPE = ST]

for which truth conditions are defined: the propiosi above idrue iff S is of type ST, written S

: ST (Ginzburg 2009, section 2.5.4). In locutionprgpositions, SIT-TYPE is the utterance type
resulting from  parsing, whereas SIT is the attee. The situation type, in turn, is a record of
type SIGN that encodes the same information erttbgesigns in the earlier (Ginzburg and Sag,
2000): phonetic information in the PHON field, sariic category in the field CAT, constituency
information in the field CONSTITS, and semantitormation. As in HPSG, the meaning of an
utterance in KoS is viewed as a function from cgisteo contents, where contexts are a
generalization of the notion of context due to Kap(1989): whereas Kaplan's contexts were
limited to a few values for indexicals likeyou, here, now in the theory of contexts developed
in Situation Semantics, particularly in the work Rbbin Cooper (Gawron and Peters, 1990;
Cooper, 1992; Cooper and Poesio, 1994; Cooper, )189@reat deal of aspects of the
interpretation are sought in contexts, includingements for proper names. Hence, semantic
information is encoded in two fields: the field @RAMS specifies theontextual parameters

of a semantic object that have to be supplied bg context for the object to be interpretable
whereas the field CONT specifies content proper—hbese values and those supplied by
lexical semantics are combined. For instance, lticationary proposition corresponding to
discourse unit DU1 in (3.4.3) would be as follows:

(7.1.1) [SIT-TYPE =
[ PHON = "there is an engindsaon”,

CAT =S :syncat,

CONSTITS = { there, is, amgine, at, Avon, an engine, at Avon } : set (kign

C-PARAMS = [ spkr: IND, addND, sO: SIT, |: LOC,

a: IND, cl1: named(a, “Avon”)],
CONT asser{spkr, addr, [SIT = s0,
SIT-TYPE =[x : Ind, clengingx), c2 =at(x,a)]])
SIT = [PHON = “derisanenginatevn”,
CAT = S: syncat,
CONSTITS = { ul(der), u2(is), u3(and(engin),us(at), ué(evn), u7(anengin),
u8(atevn) },

C-PARAMS = [ spkr = A, addr = B, sOitlsl =11, a = avon, c1 = propl]

CONT =]
Comparing these propositions with theT encoding of the same contribution, it is cleart tha
leaving aside the semantic differences betweesrde@anRss —potentially significant, but not
entirely clear to us-- the first main differensethat whereas iRTT the representation of the
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information state is more akin to what in Situat®@mantics would be called a situation type,
just as INDRT and SDRT, the information state in KoS consists of proposg specifying that
indexical situational objects are of a certainatitn type. It might be argued that the KoS view is
more natural, and a similar view of ‘anchom®T has also been advocated foRT by Kamp
e.g., in (Kamp, 1990)—but the semantic differenmesome less clear with CompositiomaT,

in which, unlike in vanillabRT, proper names and indexicals are treated astlgineferential
(i.e., are encoded as constants), not as exialigrquantified.

The one distinction which clearly seems to makeifierénce is the explicit encoding of
situational parameters in KoS. This explicitnesthesbasis for the formulation of tigeounding
criterion proposed by Ginzburg and colleagues: that undedstg an utterance means finding
values for the contextually dependent parameter€-PARAMS within the DGB (Ginzburg,
2009, p. 153). In case of failure to ground—fostance, in case the referent of Avon is
unknown, or in case the addressee does not unaderataat is the relevant meaning ehgine
for this context—crification ensures. By contrdatPTT we have failure of understanding in
case an utterance can't be assigned a meaningKd®dreatment is more general, offering for
instance the potential to identify failure of urstanding also in the case of failure of intention
recognition, i.e., when no dialogue act can begassl to an utterance. Encoding contextual
parameters inCDRT would not be particularly problematic, as they Idobe viewed as
distinguished discourse referents (as indeed thesevin (Cooper and Poesio, 1994)) but no
attempt to compare the two types of grounding ateand / or develop a version BfT with
contextual parameters has been made so far.

The treatment of clarification requests in KoSasdd on the extensive empirical analysis of
clarifications in the British National Corpus cadi out by Purver (2004). Purver classified
clarification requests with respect to their foridegtifying eight distinct types: wot, explicit,
literal reprise, wh-substituted reprise, repriseice, reprise fragment, gap, and filler - fillers
corresponding to what we are calling here compislio and their content (identifying four
distinct categories: repetition, clausal confirmaatiintended content, and correction); many of
these are treated in (Ginzburg and Cooper, 200¥zb@rg, 2009).

According to KoS, the process by which contextualameters are instantiated begins by
applying aContextual Instantiation update rule (p. 153, 154) which updates the in&tion
state by ‘filling in’ parameters as soon as sudéammstantiations are found. In case the
instantiation of the parameters is only parti@larification Context Update Rules apply, of
which two are discussed: Parameter Identificationd @&arameter Focussing.Parameter
identification applies whenever the value of one of the contéxtagameters is missing and
results in questions that can be paraphrased dmt i the intended content qPlu(e.g., “what
do you mean by Avon” or “Who is Bill?”. In KoS tes, asking such a a question amounts to
putting as maximal in QUD a question of the foknx Mean(sprk, i x). Parameter focusing
produces confirmation requests on the basis olvéiheée of the CONT field. In both cases, the
process simply involves putting an appropriate tjoeson QUD—in other words, clarification
requests are supposed to work just like any odcprest.

With these refinements, the process by which tHermmation state is updated can be
specified by the more complex protocol that follq@snzburg, 2009, p. 180 — (96)):

Utterance Processing ProtocoFor agent A with IS I: if a locutionary propositio
Ip =[ sit = u, sit-type = T]

is maximal in PENDING:

(a) if pis true, try to integrate p in A.DGB using aoles update rule

(b) Otherwise: try to accommodate p as a CR to LateggMo

(c) Else: seek a witness for T by asking a ClarificafRequest.
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7.1.3 Non-sentential utterances, self-initiated repair ad incremental pending

In Chapters 6 and 7 of (Ginzburg, 2009), two inggets are added that make the KoS
framework appropriate for providing a treatmentooimpletions. In Chapter 6 an extensive
treatment of Non-Sentential Utterances is providessed on the work of Fernandez (2006),
covering in particular short answergds no, John) and sluices of various types (as in, e.g., A:
John left B: Who?. That chapter discusses in detail how utterammesiding a complete
dialogue act can update and be interpreted withectdo the DGB even when syntactically they
are not sentential. In Chapter 7, and in particuigSection 7.3, the possibility that PENDING
can be incrementally updated (after every microveosational event) is considered, which would
provide a unified treatment of self-repair. Sucbves would make KoS arelrT even more
similar, making it virtually certain that solutiordeveloped within one framework could be
readily imported in the othéf.

7.1.4 Summary of the discussion

To our knowledge no explicit treatment of the pheeaon of completions in its full
generality has been provided in KoS so far, butdee’'t see any reason why the analysis
provided in this paper could not be recast in tiwS Kramework, once the differences between a
treatment based on TTR and one basedrn are better understood. The main difference
between the two frameworks is tiratr attempts to stay closer to mainstream formal séogim
terms of syntactic and logical underpinnings, wher&oS is closer to the unification-based
world using HPSG as syntactic framework and TTReamantic representation (hence, arguably,
closer to treatments of dialogue in computatiomauistics). It's not clear to us however that
such differences matter much in terms of the pregdseatment of completions; on the other end,
the two frameworks share the basic assumptionstdbfarmation state, common ground, and
their update that we argued are crucial to thertreat provided here.

Arguably, the most interesting difference betweka frameworks is in the grounding
criterion, formulated in terms of lack of meaningr futterances ireTT, and of contextual
parameters in KoS. This is one area where thentiex@t proposed in KoS could be adopted in
PTT.

7.2 Asher and Lascarides’ Logic of Conversation

7.2.1 A general comparison between the design philosoplsi®@f LOC andPTT

Asher and Lascarides’ (2003) monograph containsealttv of insights concerning the
structure of dialogue and its systematic desciptibis based on interesting ideas concerning the
division of labour of,inter alia, information content, lexicon, cognitive states,daworld
knowledge. The formal apparatus is developed iatgtetail, integrating much current research
in logics, linguistics, philosophy and Al, in a waghoing the “Zeitgeist” in an attractive manner.

An obvious similarity between LOC amdT concerns the underlying logic: both frameworks
are derived fronDRT, of which they share the general logic assumptiangut the dynamic
nature of the common grouneITT is more conservative, being based on Compositioraland
hence, ultimately, on type theory in the sense oftdgue. LOC is less traditional, both because
meaning is characterized in terms of a logic mdosaly related t@RT as formulated, say, in
(Kamp and Reyle, 1993), and, above all, becauseibatantial effort has been made in LOC to
‘modularize’ the process of interpretation and identify distinct logical frameworks to
characterize, for instance, semantic interpretativropposed to meaning proper. No such effort
has been made RTT.

34 And indeed, Purver (2004) provides an analysisestain types of filler CRs that might be considerases of
completions, as in A: Is Bill ... B: coming?
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Another big difference, already pointed out in (Aslkand Lascarides 2003, p. 304), is that
PTT is speech-act and intention based, whereas LO&@y of coherence rests on the concept of
discourse relations such &$aboration, Narrationand the like and on various axioms like
Contrastguaranteeing/explaining local coherencepPiit discourse relations and the like have
played a very minor role so far, although argumtioniaacts are included among the dialogue acts
covered in (Poesio and Traum, 1997). This is ypaitle to different preferences concerning the
data used for setting up dialogue theory: LOCkstio the philosophy of language principle of
using prototypical examples and pays less attemtighe mapping from NL to logical forms, i.e.
SDRSs, which is more or less taken for granted, whemes proceeds from natural data,
especially from task-oriented dialogue, and triespteserve NL surface usingDRT-style
translations. So there are different guiding metthagical principles here. Discourse relations are
a heavy machinery resting on rich intuitions concey discourse structure ar®rT is
minimalistic in this respect. In the long riATT needs of course a theory of rhetorical structure--
indeed, this is already required for the exammadcript; this will be discussed in the follow-up
paper. By contrast, in LOC the idea of plan-basssli® boiled down to speech-act related goals
(SARGS), there are no large shared partial plarcsires used; large structures emerge solaly
discourse relations encapsulating recursively lglimaterial.

7.2.2 Completions in LOC

Asher and Lascarides state quite clearly that d¢oatidn of the sort discussed in this paper
is beyond the scope of their book—e.g., when dsogstheir example (4), attributed to Sacks,
on p. 297, Asher and Lascarides say (footnote [8pte that Henry's and Mels’s utterances
contribute asingleproposition. We gloss over this here, however'.

4) a. Joe: We were having an automobile discussion
b. Henry: discussing the psychological motives for
C. Mel: drag racing in the streets.

Nevertheless, LOC has a lot to offer concerning dbscription of our example, repeated
below, and appropriate extensions are not difftcuenvisage. We will investigate this in some
detail in this section.

Coordination in the production of single speeclsact

Two ingredients seem missing from LOC in orderrovjmle an account of such examples. In
example (1.1), repeated here as (7.2.1), we hawe dwoperative dialogue moves, Cnst's
production of a screwand Inst's other repaian <-> orange one with a slitwhich is
acknowledged by Cnst.

(7.2.1) Inst:  So, jetzt nimmst du
Well, now you grasp
Cnst:  eine Schraube

a screw,

Inst:  eine <-> orangene mit einem Schlitz.
an <-> orange one with a slit

Cnst:  Ja.
Yes.

To handle cooperative productions one needs somieosaepresentational underpinning,
such as joint intentions, or at least joint plarugires. In the analyses proposed in this paper
shared plans, common intentions and common sinstielp to explain why alignment wrt
completions occurs. Misalignment arises simply asomsequence of the difference between
shared plans and individual plans. In LOC thenedgeal basis for the explanation of alignment,
due to the lack of a principled treatment of fig;|gined coordination, despite the use of a
cooperativity principle and claims to the contrdpy 417). If one does not handle aligned
structures, one misses a central feature of NLodisd and neglects established insights, e.g.
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Clark’s track-theory or his presentation-acceptacyede for common productions. Asher and
Lascarides’ notion of correction, which might bensidlered of relevance here at first sight (LOC,
pp. 345-354), solely rests on intuitions concernitegial and consistency, which is clearly not
what one needs for the repair in (7.2.1), becauseetis no inconsistency there.

Furthermore, the decision to abstract away fromliekpepresentation of utterances and
speech acts means that some other mechanism wltbabe introduced in order to account for
non-sentential information state updates.

Indirect Speech Acts and Acknowledgement in LOC

Nevertheless, if we abstract from completion anordimation and take an idealised version
of Ex. 1, 1’, we can profitably ask what LOC hasoféer for that. As seen in Sections 3 and 5,
PTT has incorporated several general insights f&RDRT concerning the representation of the
content of dialogue acts, and more have been iedluth PTT's treatment of anaphoric
accessibility, discussed in the follow-up paper.tiis section we discuss whether specific
proposals about indirect speech acts and acknowledti inSDRT apply to such examples.

(1) Inst and CnstWell, now you grasp a screw, an <-> orange one \&itlit.
Cns¥es.

The intuitions concerning an idealized (1') whicloed not observe completion and
coordination as phenomesai generisare that Inst and Const’s turn is a request andsGoyies
functions either as an acknowledgement, an acceptact or an indication of the action carried
out. We concentrate on the issues of request datbatedgement here. Before we can start that,
a rough picture about the global theory levels gaitio LOC might be of help (see Figure 7.2.1):

Information Lexicon

T~

(Partial) Description of

Content
v

Glue Logic World Knowledge
v

Cognitive Modelling Cognitive States

A

Figure 7.2.1 Interaction of logical modules in LOC (from Asleerd Lascarides (2003), p. 431, simplified)

Assuming that the first turn represents an uncotimealised indirect speech act, ISA (LOC,
pp. 307-311), Gricean style reasoning leads tdarntfegence of an implicit speech act. According
to LOC we then get a complex typssertion requestfor the first turn. Complex types can be
expanded either way, here we assume an expansimgoést.Where are we in the complex
modularised structure in Figure 7.2.1 after havaipgplied Gricean style resoning? Presumably
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within Cognitive Modelling Grammar alone will give us of course only anrs for the
declarative sentence, which in linear notation wdaé as follows:

[X, y| grasp (you, x), orange (x), screw(x), slit(y), with (y,x)].
What we want to have is, however, a request, itiie.the grasping that should be done. In
LOC-style notation this isqfor do and thebRs for the proposition which is requested):

o([x, y| grasp (you, x), orange (X), screw(x), slit(y), with (y,x)]).
How one can proceed from grammatical informatiorcdgnitive modelling with respect to
non-conventionalised indirect speech acts is nplagxed in detail in LOC.

We shall now see what we can do wi(fx, y| grasp (you, x),orange (x), screw(x), slit(y),
with (y,x)]), i.e. which axioms of LOC apply.

The defaultRequest Related Goals (RRGJLOC, p. 394) states that if a requasis made,
then the speaker’s goal is typically that the actigit denotes be performed. This is indicated by
the intention operatak). We obtain therefore:

[X, y| grasp (you, x),orange (x), screw(x), slit(y), with (y,x)] ! >
Is ([x, y| grasp (you, x),orange (x), screw(x), slit(y), with (y,x)] )
(A1x, v grasp (you, ), orange (), serew(x), sit(y), with(y)])-

We then needCooperativity, condition (a) (LOC, p. 391), in order to modekaty’ take-

over of intentions:

(a) L(0([x, y| grasp (you, x),orange (x), screw(x), slit(y), with (y,x)]) >
15(8([X, y| grasp (you, x),orange (x), screw(x), slit(y), with (y,x)])
(where4 =Inst andB = Cnst). Following LOC, p. 394, we can then replace

Is(x, y| grasp (you, x),orange (x), screw(x), slit(y), with (y,x)])
with
SARGhs([x, Y| grasp (you, x),orange (x), screw(x), slit(y), with (y,x)],
Done(a{x, y| grasp (you, x),orange (x), screw(x), slit(y), with (y,x)])))-
In addition, we can assume that Cn3tésentails that he has accepted or achieved

InSQ[X, y| grasp (you, x), orange (x), screw(x), yﬂt(with(y,x)]),S SARG of ([X, yl gfaSp (yOU, X), Ofange (X),
screw(x), slit(y), with (y,x)]).

This being the case, the two turns, Inst and CAW¥EH, now you grasp a screw, an orange
one with a slitand Cnst’syes satisfy the semantic conditions A¢knowledgementf,) (LOC,
p. 466).

7.2.3 Summary of the argument

LOC does not treat agents’ coordination in the pobidn of single speech acts and is therefore
not directly applicable. However, if one fuses 'msind Cnst’s contributions as in (1), one can
apply LOC's indirect speech act analysis and dettigespeech-act related goal of Inst's, namely
that he wants Cnst to grasp a yellow slit boltatidition, one gets Cnst's take over of Inst's
intention due to cooperativity as well as his amkiedgement.

7.3 Dynamic Syntax

7.3.1 The Dynamic Syntax framework

The paradigms from psycholinguistics, linguisticsl aohilosophy we have discussed so far all
started from the assumption that agents’ joint akdwontributions have to be treated within a
theory of dialogue. The DS framework, first sumrpad in Kempsoret al (2001) started with
the aim to ‘characterize structural propertiesasfguage in terms of the incremental process of
building up interpretation from the sequence of dgoi(Kempsoret al (2001), p. ix). Still, the
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empirical boundary of this endeavour was the seeateamd, as far as we can see from the
published work, at least in the beginning no extendoward dialogues such as e.g. the
modelling of turn-constructional units or sequenaeiirns had been considered. However, in the
course of the development of the paradigm sincd 20@irned out that DS modelling techniques
for intra-sentential regularities such as anaphaiipses, relative clause construction or
appositions generalize naturally to similar phenoanan dialogue. Incrementality is, of course,
the main methodological assumption DS shares miith(see Section 3 and Appendix B.2 in this
paper). Meanwhile (see Gargettal. (2008)) the state in DS theorizing appears tosblows.
There is a deep foundational debate among DS sshwlaether some phenomena like, say,
corrections or completions presuppose for theatinent a special paradigm, i.e. a dialogical one
or whether these can be treated in a theory wisicteutralis a visthe sentence, monologue or
dialogue distinction. The data of interest in themtext are non-repetitive fragment forms of
acknowledgements, clarifications and correctiorfgeiil example (7.3.1) below is very near the
corpus data concerning completions which we distutiss paper:

(7.3.1) A: Areyou left or
B: Right-handed.

There is a deep methodological issue here, nambighaphenomena should be treated in
which theoretical layer and how far sentence batedries should be stretched. DS theoreticians
maintain a twofold perspective: on the one hang thé about a DS model of dialogue, and on
the other hand they treat dialogue features wittnframe of a proposition. We briefly look at
these two aspects starting off with some of thdcbassumptions and tools of DS, leaving,
however, the wealth of technical details aside ¢eoming these, see Cann, Kempson, and Marten
(2005), Purver, Cann, and Kempson, (2006) or Geegetl. (2008) for a short synopsis).

Basic assumptions and tools of DS (in the versidaargett et al. (2008))

DS is a parsing based approach using a strictiytdefight interpretation of linguistic input. It
works with growing tree structures and their detors which are encoded using a special modal
logic called LOFT—Logic Of Finite Trees (Blackbuand Meyer-Viol, 1994). LOFT handles the
usual relations on finite trees. Underspecificatiord update are essential ingredients of DS.
Growth of information for tree structures and tha@dércorations is conceived of as a monotonic
process. The building up of tree structures isrstebdy the requirements of nodes: for example,
an underspecified subject node in a tree would havee equipped with the information that an
expression of the type of individual is needed. lRexments say which information must be got
in order to yield a (more) complete structure. &tites are built up by lexical or computational
actions. Computational actions include the intrdidmcand the updating of structure. Lexical
actions introduce individual lexical items inducimgdes and decorations. Partial trees grow
incrementally, driven by the requirements of thedgoencountered. A pointérmarks the state

of the parsing process. Complete individual tremsespond to predicate-argument structures. A
tree adjunction operation is used for generatingenaomplex structures via the fitting together of
trees sharing one term. ‘Importantly, adjunctioroteer forms of construction and update, can be
employed to model how subsequent speakers may dyalyhprovide fragmentary extensions in
response to the previous utterance’. (Garge#tl. (2008), p. 45). DS uses structural and content
under-specification, e.g. meta-variables for prarsoand subscripted placeholders for names both
of which inform tree construction. Meta-variableancbe updated if the context yields an
appropriate term for substitution. Essential foe tmatters of this paper is the DS notion of
context. A context in DS involves the storage afspestates, i.e. of the partial tree arrived &, th
word sequence identified and the actions used. é@naequence, the context provides a tool for
switching from parsing to generation. The switabnirparsing to generation is needed in turn to
model coordination of speakers in dialogue.
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Central assumptions of DS concerning dialogue

(i.e., what is called ‘the DS dialogue model' iretkome of the papers). Parsing is the prime
mechanism of DS, generation being defined upofGéneration and parsing are both seen as
incremental processes. How is the parsing-generag&tation modelled? Whereas a hearer by
needs builds up a succession of partial parse,teegpeaker is also equipped with a goal tree
containing the information he wants to produce. Geeeration process is determined by the
parsing process on the goal tree and a subsumeti@tion existing between the goal tree and the
partial parse tree guaranteeing felicity of prdoug so to speak. The DS dialogue model takes
account of the hearer's parse tree as well as efsiheaker's goal and parse trees. As a
consequence, hearer's activities such as claifificat requests, completions and
acknowledgements can be handled in an on-line mamkimve all, a hearer can start his
generation process right from the parsed stringltiag from the on-going production of the
speaker. This technique is essential for completamd repairs as well as for the production of
feed back indicators. ‘In particular, for splitipiutterances, this enables switch from hearer to
speaker at any arbitrary point in the dialogue [(Qargettet al. (2008), p. 46). In sum, we see
that we get the incremental tools to handle corigaist In the next chapter we show how
completions can be modelled in DS, starting witmsaemarks tying the DS methodology to
general dialogue research.

7.3.2 Completions in Dynamic Syntax: Purveret al (2006)

Clark and Wilkes-Gibbs (1990) started from thedthesis that in dialogue participants produce
utterances cooperatively. This led to a sort ofesth capturing presentation and mutual
acceptance as a recursive process, describedrifermally and in an abridged version. Clark
and Wilkes-Gibbs’ idea was that e.g. in order itate a reference to, say, some Tangram figure,
an agent either presents a referring t&ron invites one from the other agent. If a terrnisted

by the first agent, the other agent, being cooperapresents one. If the presented teris
considered inadequate, then a revistorof x, an expansioly of x or a replacemert of x is
provided. Finally, a ternx held adequate is accepted by both parties andainateceptance is
inferred. Observe that by the last stepnters the common ground. Applying this device to
example 1.2, we have a productiBo, jetzt nimmst dhy Inst, a presentatiosine Schraubéy

the other agent, Cnst, most probably invited by'sngngthening. Inst reacts with an expansion
1.3 eine orangene mit einem Schlitthich gets mutually accepted, see Cnsigsand Inst's
continuation. In short, seen from the Clark andkéslGibbs perspective, syntax production goes
through three stagepresentation repair by expansionandacceptance as we saw in previous
sections.

As is clear from the Clark and Wilkes-Gibbs applgacooperatively produced utterances
present a problem since they integrate productimh @arsing processes, normally treated as
separate paradigms. Recent extensions of Dynamita$yDS, Purver and Kempson (2004),
Purver, Cann, and Kempson (2006)) have paved tlygfavanodelling cooperative production of
utterances by several agents in a theory of granfiraarework achieving effects of the original
Clark and Wilkes-Gibbs proposal. Puretral. developed a tool which can toggle from parsing to
generation states amice versaand can this way also serve as a basis for madeatlhanges of
speaker’s activity.

At the heart of this account is the notion qfaaser stateP. P is a set of triples <T, W, A>, T
being a semantic tree under construction, W a seguef words, and A a set of lexical or
computational actions used for building up treesiogling out words. The notion of a parser
state is then used for the definition of a con@xif a particular tree T in the set P. C consi&ts o

(a) asetoftriples P’ ={..., <TW, A>, ...} resulting from the previous sentence(s), and

(b) the current triple <T, W, A>.
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At the start of the parsing process P’ is empty tliedcontext is identical to the current parser
state i = <Ty, 0, 0>. Here Tis the basic axiom <?Ty()> with ?Ty(t) a designated goal to be
proved and> serving as a pointer to the current stage of #msipg procedure. In,Rve have
empty sequences for words and actions.

Defined in an analogous fashiongenerator stateis a pair (T, X). Ty is a goal tree and X a
set of pairs (S, P) with S standing for a candidateg and P for the associated parser statd, a se
of <T, W, A> triples. At the beginning of the disgse X will consist of an empty candidate
string and the standard initial parser state (R, Fhe context Cfor generation is defined as for
parsing, as the set of triples P’ = {...,i<W,, A;>, ...} and the current triple <T, W, A>.

Purveret al (2006) provide a model of shared utterances cagttightly fitting completions
and the change of roles among speaker and feafese model is given along the following
lines. The structural description of the first p&d®, jetzt nimmst dwhich is incomplete by
grammaticality standards can be used as an inputh® parsing or the generation of the
completioneine SchrauheBoth productions together add up to a well-forrsgdcture as in our
example (1.1). Since one can switch from parsinggeoeration andiice versa at least a
necessary condition for role switches is met bymees the respective contributions.

The normal generation process starts with a gesrestdte (T, {0, Po}), where Ty is the goal
tree, 0 the place holder for the candidate strind B the initial parser state <T0, 0>. As
mentioned above, qTstands for the basic axiom <?Ty(®k. On condition that a suitable goal
tree, basically representing the meaning structfreahe candidate string, is available for
generation, a continuation can be produced usiegsthucture arrived at. This is achieved
replacing B with the parser state (a set of triples <T, W, A)got from the structure produced,
called transition state

Now, assume speaker role A and the correspondiaggheole B. Hearer B parses up tolP
he has a suitable goal treg, Tie can set up a transition generator state ({,{(0, P)}) and
continue. Thus Gcan be directly used for generation. In order tthas may happen, a
monotonicity constraint has to be satisfied: thalgeee T must be subsumed by one of the
partial trees in P

Considering both sides, A and B, we have the fdhgw At the point of transition A’s
generator state (Gcontains the pair (SP/). S; is the string produced so far and the
corresponding parser state, the transition staitB.fé\ is assumed to interpret B’s continuation in
the context of his parser statg mito which the structures extracted from B’s gwations will be
integrated.

By way of illustration Cnst's (= B’s) transitiondm hearer to speaker role is represented in
Figure 7.3.1. Pdepicts Cnst's parsing procedure, the ? indicatiagyan object Ty(e) is expected
due to the type Ty(e, (e, t)) afehmen jetzt is treated as an unfixed sentence adverb. Cnst
recognized the words¢@] jetzt, nimmst, dusing actionsa&, and g. He has a suitable goal tree
to set up a transition generator stateThe goal tree shows that the indexical must l@gad.
Hence we have the logical form Fo(jetzt'((nehmen¥, Schraube’(x)))(Fo(Cnst)))). The slot for
the string is empty, and this is what one expeagiten the example: the string producectiise
Schraubeit is fitted in as an object-NP, two new acti@gsand g are needed to achieve that.

% In discussing the completion in the DS framewoaksédsl on(Purver and Kempson ( 2004)) and (Purver et al.
(2005)) we got help from Matthew Purver and Ruth Kempsohictv we gratefully acknowledge. Any remaining
mistakes are ours, of course.

%8 ForSowe assume a functional interpretation along thesliof the discussion in 5.Fowill hence not turn up in the
DS trees any more.
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Figure 7.3.1 Modelling of completionjetzt nimmst du eine Schraulpeolving role shift from hearer to speaker

(simplified).
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Figures 7.3.1 and 7.3.2 only illustrate the compiletpart. There is also a suggestion
concerning the description of appositions in (Cdfempson, Marten (2005), ch. 7, p. 328, ch. 8,
8.4.1 and 8.67, p. 365), which could be used iriotd graft the Instructor'sine orangene mit
einem Schlitonto Schraube The apposition functions as an other-repair tst&rcontribution.
So far, repairs have not been treated in DS insteByatic way. The most explicit reconstruction
of corrections known to us is i8DRT (Asher and Lascarides (2003), 345-373), which
presupposes discourse relations but is not tieactemental surface syntax.

What is the difference between the DS model of detigms and our account? The difference
can essentially be traced back to the philosophipyfamic Syntax. By joining parsing and
production DS provides a necessary condition fast&rproduction of some object NP but this
will not necessarily beine Schraubeit could be anything else, saycar, a black holeetc. The
targeted production of language material is clepliy-based. So, in order to make DS do that it
would have to be tied to some theory of dialogiaea suitable interface.

8 Conclusions

Theorists from Clark to Ginzburg to Pickering anar@d all agree that perhaie key test for a
theory of dialogue is the extent to which it acdsufor what is arguably the key difference
between dialogue and monologue—the process by whiltonversational participants achieve
their communication goals by coordinating with eaother--without assuming that this
communication is always successful. This requirdroannformation-state theories has perhaps
been best captured by Ginzburg in the followingspge (Ginzburg 2009, p. 121):

... one could argue that the basic criterion of adegwf a semantic
theory of dialogue is the ability to characterine &ny utterance type
the update that emerges in the aftermath of sutdegsunding ...
this is the early Zicentury analogue of truth conditions

To our knowledge, what was presented in this pap#ne first formal account of a crucial
aspect of this process of coordination in dialoghe:fact that coordination can be achieved at the
level of the single utterance. Most ideas have lyeloped elsewhere: our account builds, on
the one hand, on Clark’s proposals about coondinags formalized by Bratman and Tuomela
for shared plans, and by Traum for grounding; andther, on ideas about the dynamics of the
common ground developed by Stalnaker, Lewis, aaohf last but not least, on the view of the
common ground developed in Situation Semantics agwide, Perry, Cooper, and colleagues.
As far as we know, however, this is the first aperio put all these ideas together in a single
account.

This being the case, it is almost inevitable that account is not going to be the ultimate
word on the argument. We mentioned throughout élkeéd number of limitations of the present
proposal (e.g., the need to integrate these idéhglve kind of statistical models of interpretatio
that are now becoming prevalent both in Computatibinguistics and in Psycholinguistics) and
many issues to be addressed in further reseambingafrom empirical questions such as the
proper formulation of the grounding criterion tarf@l questions concerning the consistency of
the underlying logic. It's virtually certain thatamy aspects of the theory will need to be revisited
once these issues are studied in detail at thé dijimore empirical data. However, we believe
that our approach of relying whenever possibleralependently motivated tools and hypotheses
such as LTAG, CompositionabrT, Prioritized Default Logic, the Clark / Traum viewof
grounding, the Bratman / Tuomela view of intentioegc—are the best we could do to ensure
that our proposals will scale up. Some issueoladn in this paper will be addressed in a follow-
up paper (Poesio and Rieser, In Preparation) thidtewtend the analysis to the phenomena
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observed in the second part of the example dialogugarticular, providing an incremental
account of anaphora.

We remain noncommittal concerning whether an amprdemsed on alignment and in which
all types of intentional reasoning are avoided dgulovide an explanation of completions: a
more detailed formulation of the alignment accowilt be required before that question can be
properly addressed. We believe that some typesmpletions could be explained in this way:
for instance, as one of our reviewers pointed tgt,production of the second completion in the
example dialogue, 2.27¢n obei could be explained without reference to sharethgl Cnst
could simply have examined the state of her ownwkedge, decided that she needed more
information in order to execute the action, andgrered a request. (There is ample evidence
that conversational participants often decide howdt next on the basis of their own knowledge
only—see, e.g., (Bardt al, 2000).) We indicated some ways in which the alignt approach
would need to be further developed in order to wstdad whether such explanations could work.
Conversely, however, it could be argued that sk4ariented dialogues the only ‘situation
models’ that participants could attempt to alige #éineir plans, and thus that alignment of
representations would not eliminate the need faonesgort of intentional representation and
intention recognition.
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suggestions about grounding; and Jens Allwood, éfelark, Raquel Fernandez, Pat Healey,
Matt Purver, David Schlangen, Ipke Wachsmuth, fangnmany comments and discussions over
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Brain Sciences.
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Appendix A: Full Transcript of the Dialogue Up to the Excerpt

Ver suchsper sonen- Paar 21

Instrukteur (1) m; Konstrukteur (K) f

Bedingung: Sicht blockiert, Vorlage Modell, Beschre
Gesamtdauer 12: 45

Anmerkung: | erwahnt 'Flugzeug' zunéchst nicht; K k

Konstruktionsresultat I
Aa=10.3Ab=08.1Ba=10.1Bb=08.2C=02.1Da=12.2Db=01.1Dc=
Eb=01.2Ec=07 Ed=05 Ee=13 Ha=11.3Hb=02.2Hc=04 Hd=03.
La=14.1Lb=15.1Lc=09.1Ld=16.1Le=17.1Ra=14.2Rb=15.2Rc
Re=17.2Va=11.2Vb=03.2Vc=06Vd=03.3Ve=03.4Vf=10.2Mutt

Konstruktionsresultat K:
Aa=10.3Ab=08.1Ba=10.1Bb=08.2C=02.1Da=12.2Db=01.1Dc=
Eb=01.2Ec=07 Ed=05 Ee=13 Ha=11.3Hb=02.2Hc=04 Hd=03.
La=14.1Lb=15.11¢c=09.2Ld=16.1Le=17.1Ra=14.2Rb=15.2Rc
Re=17.2Va=11.2Vb=03.2Vc=06Vd=03.3Ve=03.4Vf=10.2Mutt
Montiert Hb parallel zu C bugwarts zeigend.

211001  mit den sieben Lochern.

21K001 ja. <sil: 2>

211002 da hast du zwei Stiick von <noise: klappern>

21K002 ja.

211003  <noise> die kannst du erstmal zur Seite lege
zwei, drei, vier, finf Léchern </noise: klappern>

21K003 {ja}<noise: klappern>

211004 <noise> <hum: atmen> und <sil: 1> eins mit d
klappern>

21K004 {ja}<noise: klappern>

211005 <noise> so, <--> jetzt nimm das &h mit den f
linke Hand </noise: klappern>

21K005 mhm.

211006 das andere in die rechte <noise: klappern> <

Ubereinander, dafd sich zwei Locher Gberschneiden.

21K006 also die zwei mit den finf Léchern? <sil: 1>

211007 ja.

21K007 das sie sich wo

211008 das kleine ist dann untendrunter so

21K008 h&a? also das mit den drei Lochern?

211009 ja.

21K009 untendrunter.

211010 ja. <attrib> oh, das ist aber schwierig </at
Uiberschneiden sich ja zwei Locher, ne? <sil: 2>

21K010 zwei?

211011 beidir auch?

21K011 wie wann? <-> <hum: lachen> ich soll das in
<par> uberkreuzen </par: 1>

211012  <par> nein, nicht in der Mitte so, </par: 1>
eine <--> eine <par> (ei)n Teil so </par: 2>

21K012 <par> ah ja, Verlangerung </par: 2> mit zwei

211013  mhm.

21K013 <quest: ?> Uberschneiden.

211014 also wenn du jetzt von oben draufguckst, has

21K014 ja.

211015 ja?

21K015 mhm.
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ibung/Konstruktion simultan

ommt von selbst drauf.

08.3Ea=12.1
1He=11.1
=09.2Rd=16.2
ern=VL

08.3Ea=12.1
1He=11.1
=09.1Rd=16.2
ern=VR

n. dann ist eins mit eins,

rei Lochern </noise:

Unf Léchern mal in die

-> und leg(e) sie so

trib: leise> <-> jetzt

der Mitte zusammenlegen
daB es also wieder quasi

Locher.

t du sechs Lécher.



211016
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21K017
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21K018
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21K019
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21K022
211023
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21K026
211027
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21K028
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21K030
211031
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211034
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21K036
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21K037
211038

21K038
211039
21K039
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zwei zwei Uberschneiden sich, ist das richti

ja.

so und jetzt nimmst du die beiden <--> m die
{L6chern}<spk: K, mhm> ja?

ja.

die die legst du so drauf <-> auf diese beid
daR sich das (ei)n Kreu/, daR es sich ein Kreuz erg
du? <-> legst du auf den Tisch am besten.

<noise> das mit den drei L6chern immer noch
was? <hum: atmen> </noise: klappern>

ja.

<hum: stéhnen> (ei)n Kreuz.

ja, daB es so <sil: 2> jetzt Uberschneiden s
?> eben haben sich ja nur die <--> beiden iberschni

ja.

und jetzt Uberschneiden die sich dreimal. <-
lachen>

nee.

m, dann machen wir das mal anders, warte mal
lachen> <--> m, leg(e) das mal so auf den Tisch mit
die bei, wie wir es eben hatten, daf} wir sechs Loch

ja.

legst du so auf den Tisch.

hab(e) ich schon.

und da ist noch ein anderes mit dr/, nimmst
drei Lochern,

{mhm}<noise: klappern>

und das schiebst du vor <-> von <noise> link
klappern> <par> daf} sich auf der anderen Seite </pa

<par> auch nur das zwei Gberschn/ </par: 3>

</cont> zwei Uberschneiden.

ah ja.

ja?

dann habe ich sieben Ldcher.

ja, ja, so kdnnen wir es liegen lassen.

mhm.

jetzt nimmst du so einen roten Wurfel.

<attrib> was war mit dem {sieben}<noise: kla
</attrib: leise> ja gut.

ja?

ja.

und den legst du ganz links <--> drauf.

ganz links?

ja, auf das aul3erste Loch.

mhm.

S0 <-> jetzt nimmst du <-> eine <-> rote Sch

mhm.

und schraubst es von unten fest. kannst du s
dafur.

(ei)ne kleine rote?

ja.

eckige?

ja, ja.

gut. <noise> <-> dann ist jetzt nur der Drei
</noise: klappern>

ja, genau, mhm. <-> kannst es aber wieder so
dann nimmst du jetzt erstmal noch so(_ei)n Teil mit

ja.

und <-> schraubst es oben auf den Wiirfel dra
Schraube mit (ei)nem Schlitz drin.

<noise> mit der roten runden? </noise: klapp

ja. <sil: 7> hast du?

ja.
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g?
mit den ah <-> sieben
en, die sich tberschneiden,
ibt so. <-> weil3t

unten und dann leg(e) ich

ich quasi so die &hm <hum:
tten, ja?

> verstehst du? <hum:
<noise: klappern> <hum:

den, daR die sich
er so haben.

du noch ein anderes mit

s <--> drunter, </noise:
r: 3> <cont>

ppern> Léchern, den wir

raube <sil: 2>

0, muf3t du so hochnehmen

er fest <--> erstmal

hinlegen. ja, pal3 auf und
funf Lochern.

uf mit einer runden

ern>
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21K047
211048

21K048
211049
21K049
211050

21K050
211051
21K051
211052

21K052
211053

21K053
211054
21K054
211055
21KO055
211056

21K056
211057

21K057
211058
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21K059
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211063
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S0, jetzt nimmst du <-> (ei)ne gelbe runde
mhm.
und so(_ei)n <sil:
Gewinde.
ja.
ja? und schraubst das ah <-> Dreier, die Dre
also so wie gehabt ne, diese untere? <sil: 2
ja, ja, also die Dreier wird von unten an di
mhm.
verstehst du?
ja. <sil: 2> und wie rum ich das mache ist e
rein?
nee, von oben die gelbe.
und wo <-> wo von den beiden? <sil: 3> ich h
es reinstecken kann.
also die gelbe Schraube ist jetzt <--> <hum:
roten Wiirfel.
direkt <par> dran. </par: 4>
<par> oben. </par: 4> <sil: 1> ja, ja.
<noise> ja. <sil: 3> </noise: klappern>
<noise> und das ist quasi in dem ersten Loch
</noise: klappern>
mhm.
in dem ganz links auRersten und <par> mittig
<par> und dem mittleren vom Dreier </par: 5>
mittig von den dreien. genau. und jetzt nimm
gelbe Schraube und machst sie in das rechte <-> Loc
ah ja.
und unten wieder so(_ei)ne Mutter vor. <sil:
mhm.
na. <sil: 4> <hum: atmen> <noise: klappern>
<hum: lachen> <noise: klappern> <-> paf} auf, jetzt
legst du den anderen, dies Dreierteil, ne dies ande
ja.
von rechts, also das ist genau symmetrisch u
linken Dreier, was du schon festgeschraubt hast.
ja.
S0 <--> jetzt nimmst du eine lange Stange mi
ja.
die legst du jetzt auf <--> die Funfer.
auf die {obere}<spk: I, ja.> auf die untere?
quasi <sil: 2> {ja}<attrib: leise> <noise> <
</noise: klappern>
was war denn jetzt mit der unteren Dreier, d
die kommt dadrunter, also legst du einfach,
<noise: klappern>
ja.
wenn die jetzt festgeschraubt waér(e), war(e)
andere.
ja.
ja?
<noise: klappern> das ist klar.
jetzt nimmst du in die linke Ha/, also das h
Hand, halt das mal so fest, <noise: rascheln> oder
Tisch oder irgendwie so.
ja <noise: klappern>
ist <quest: (ei)ne> jetzt ahm, legst du <-->
sieben Lochern
ja.
so <sil: 2> <attrib> mhm so dadrauf, warte m
dir das jetzt, mhm </attrib: leise>
der obere oder der untere Fiinfer, wo soll ic
oben auf den <-> auf den Finfer.

2> ahm orangenes Teil, so
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(_ei)n Gewinde, mit

ierstange an die Funfer.
> oder was?
e Funfer geschraubt.

gal, von unten die gelbe

abe ja zwei Lécher, wo ich

rauspern> rechts von dem

von dem Finfer, ne

</par: 5>

st du die <-> eine eckige
h daneben.

2>
jetzt wird es schwieriger.
nimmst du <--> jetzt

re

nd mit dem <-> mit dem
t sieben Lochern drin,
auf die obere?
sil: 4> wart(e) &hm m
as habe ich noch nicht.
haltst du mal fest so
die genauso wie die
ast du jetzt in der rechten
legst es auf den

das Teil mit den <-->

al, wie beschreib(e) ich

h es hintun jetzt?
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ja.
also nicht der auf den roten Wurfel ist. <si
mit funf Lochern auf dem roten Wiirfel.
ja, also auf dem {unteren}<spk: I, ja.> Finf
wo links die beiden gelben Schrauben drin si
ja.
dann kommt eine, erst ein Loch, das laRt du
mhm.
und dann kommt <noise> (ei)n Loch, <-> wo du
klappern>
ach so, <par> also zwei </par: 6> <cont>
<par> da legst du es drauf </par: 6>
</cont> Uiberschneiden sich wieder.
genau, die Uberschneiden sich, genau wie (ei
und zwar mittig, ne <hum: schmatzen>
wie (ei)n Kreuz nicht.
doch <-> ja so, was heildt (ei)n Kreuz, eine
Kreuzung.
h&, welches Uberschneidet sich denn dann?
unten dieses &hm mit den funf Léchern, wo di
drin sind.
das zweite von rechts bei dem? <sil: 3>
ja, genau, zweite von rechts.
und dann leg(e) ich das mittlerste von dem S
genau
ah ja.
so machst du es und
ah ja gut
dadrunter liegt wiederum dies mit dem <-> dr
genau, das aufRerste linke Loch vom Dreier.

{mhm}<spk: K, gut> also die beiden von dem D

drunterliegt &h, da schneiden jetzt zwei <-> ja?
ja, das ist klar, das haben wir.
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I: 4> da ist ja auch einer

er.
nd.

frei

es draufpackst </noise:

)n Kreuz legst du es drauf

Kreuzung, wie eine

e zwei gelben Schrauben

iebener driber.

ei Lochern.

reier, der da noch
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Appendix B: A Grammar Fragment for the Example Dialogue

In this Appendix we introduce the elementary tressociated with the words used in the
fragment and discuss some of the more complex iBtiguphenomena that occur in it
abstracting away from micro-conversational eve®tgt LTAG treatment is based on (Abeillé
and Rambow, 2000; Joshi 2004) and on Frank’s vieat ¢lementary trees represent extended
projections (Frank, 2002). Our semantics is basedCompositionalDRT as presented in
(Muskens, 1996). Some ideas from Muskens’ (20D&yical Description Grammaran
integration of LTAG withcDRT, were also taken into account.

B.1. A Brief Overview of Compositional DRT

The aim of Muskens in developing Compositiopalr (Muskens, 1996) was to develop a
framework in which the dynamics @RT could be combined with compositional methods of
meaning specification without developing an engireéw logic as done, e.g., in Heim’'s File
Change Semantics (Heim 1983) or Groenendijk andokh®f's Dynamic Predicate Logic
(Groenendijk and Stokhof, 1989). Muskens usestéhen grafting to describe his approach:
extend a type logic like those standardly used iantdgovian approaches with the types
necessary to provide a reconstruction of mr& constructs and an (axiomatic) formalization of
their properties.

Specifically, the logic proposed by Muskens inckide@o new types: the type dfscourse
referents /7 and the type oftatess. Discourse referents are used to model the dymawfic
context in the same way as they are usednrm, i.e., in the sense that each noun phrase
introduces a new discourse referent. States ai tosmodel contexts themselves, and the way
they are modified by natural language sentencey, dne the object-language equivalent of the
assignments used to formalize the semanticsRasé in (Kamp and Reyle, 1993). This dynamics
is mediated byRss, viewed as relations between states. A funatiom—=> (s = e) provides the
mapping from discourse referents and states tdiemtin the sense tha(x)(i) specifies the
‘value’ of discourse referentat state.

Muskens specifies a translation for afs constructs in terms of this type logic. The most
important translations are shown in (B.1.1).

(B.1.1) a. R{X ... X.} is short forAi. R(v(xy)(i), ... v(xy)(i))

b.  xisxpis short forAi. v(x.)(i) = v(x2)(i)

C. X Xn| &1 ... &) is defined @ad\iAj i [X1 ... X)] ] Od4() ... Ddm()

where iyfxx] j is short for i and j differ at most over[x. X,].
d. K;K'is defined adiAj Ok K(i)(k) OK'(K)(j)

For example, the type logic translation of thes in (3.1.2) (repeated below as (B.1.2)(a)) is
shown in (B.1.2)(b).
(B.1.2) a. [x,w,y,z,s,s&ngingx), Avon(w), s:at(x,w), boxcar(y), shooked-ta(z,y), zis x|

b. AN T [xwy,zs,sT | O [engingx)]() O [Avon(W)]() O [s: at(x,w)](j) O

[boxcar(y)]() U [s":hooked-ta(z,y)]() U v(z)(j) = v(x)()

In CompositionabRT, DRSs are the translations of sentences—the propositidance, type
<s <s t>> is the type of propositions, and moshdiaions of NL expressions are chains of
functions whose ultimate value is an object of thge: e.g., common nouns have translations of
type <1, <s, <s, t>>>. Muskens introduces an abbreviatgdtion in which [t ... t] stands for
<ty, <b, .... <t, <S, <s, t>>>>>: In this notation, [] stands tbe type <s, <s, t>> @Rss, [1] is
the type 41, <s, <s, t>>> of common nounsyq[r]] is the type <41, <s, <s, t>>>, ®, <s, <S,
t>>>> of determiners, ffi] is the type < <s, <s, t>>>, <5, <s, t>>> of quantifiers, atée
will use this abbreviated notation in what follows.
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The most important change to Muskens’ semanticamake here is having two types of
discourse referents and two v functions. Althougkhe main body of the paper we only referred
to a single v, in fact in addition to Muskens’ aafnts of typat, to which a function v assigns
values of type e, we also use referents of tggeand a second functiork \assigning to these
referents values of type [|]. This of course reciie rather different semantics in which
assignments have a higher type; see (Poesio ankieiisis1997) for some discussion.

B.2. LTAG: Basic Trees

B.2.1 Nominal Phrases

As standard in LTAG, we assume that nominal phra@eBs) are the projection of determiners
rather than of nouns. The elementary trees for s@mnot therefore include a projection. We
also assume the standard semantic treatment ofsnawDRT, where nouns are translated as
functions of typeff (i.e., 9t <s, <s, t>>> - see B.1).

Schraube, Schlitz N

SchraubeAx([ |screw(x)])

Our treatment of determiners is also derived withowodification from the analysis of
determiners in LTAG and Compositional DRT. Althoudgterminers are not viewed in LTAG
as heads of separate Determiner Phrases, but ds bE&lPs, the elementary trees associated
with determiners do introduce an expectatioarofN’, to which the elementary trees associated
with nouns can be attached by substitution. Semwelhtj determiners are given the standard
CDRT type [[m,[T]]. Both indefinite and definite determiners inttae new discourse referents,
but the latter have a presuppositional component.

eine NP

DAr

eine|)\P’)\P([x| I; P'(%); P(X))
einem NRBar

Deéta: Nbar

einerJAP')\P([XI 1; P'(X); P(X))
We assume a ‘Loebnerian’ treatment of definitespm@ing to which definites have a uniqueness
presupposition (see (Poesio and Rieser, In Prépayat

die NBar
Debax  N'pa
diee AP.AP. ([yly=t1x.P(X) 1; P*(y);

Indexical and anaphoric pronouns are also analggdtbads of NPs.
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Du: NBng

Du:'A®.? (you)

Syntactically, adjectives in LTAG introduce auxiyiaadjunct) trees, incorporated into NPs
by adjunction. Semantically, they are treated astfons from predicates to predicates, of type
[[m], ] (<<T, <S < S t>>>, 7, <S <§,1>>>>).

orange N*

AdP N

orangl} AP Av([ [orange (V)]; P(v))
In German, adjectives can be nominalized, as inctse of cangenein 1.3. We treat these
nominalized adjectives syntactically and semaritiGsd nouns.

B.2.2 Prepositional Phrases

As discussed in Section 3.4, prepositional phrames treated in LTAG as adjunct trees,
incorporated into NPs and VPs by adjunction. Seioalht, prepositions are assumed to be
functions from quantifiers to predicate modifigrs,, to have type [ff] 7.

mit N

Nk

mit; AP [rd,[rd] )\X(P()\y[ I has (X,y)]))

B.2.3 Verbal Phrases and Sentences

In LTAG, sentences are viewed as projections dbs/gust as in HPSG. We'll discuss the lexical
interpretation of verbs in the example dialogueraas they both require some discussion of
aspects of German grammar.

Adverbs are interpreted as VP and S modifierss@v here the elementary (auxiliary) tree
involved in the interpretation gétztdiscussed in Section 5.2.

jetzt S

/\

AdvR,, SV

jetzt Ap. now(p)
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B.3.  Constructions occurring in the first turn: 1.1-1.3

The first turn of the example dialogue containe tiinguistic phenomena whose treatment needs
some discussioninversion (the fact that the subject afimmstoccurs after the verb) and
apposition We discuss each in turn.

B.3.1 Inversion

Our syntactic treatment of subject-verb inversisrbased on the standard treatment of inversions
in German adopted, e.g., by most papers in (Freldif2), and is specifically modelled after the
proposal by deMena Travis (1992). The elementagg fior the verbnimmstshown below
includes an empty element in subject position, dexed with the postverbal NP.

nimmst S
WP

N \A

Vo = NP

£ nimmst AXAQQAX[e] e: grasp(x,x)]))

B.3.2 Apposition

The utterance of a noun phrase in 1.3 would gelyebal classified as an apposition, a form of
parenthetical expressed with a noun phrase. Appesiare extremely common in dialogue,
reflecting the fact that utterance generation iyamental, as well; hence an account of this
construction is essential for a theory likgT. Providing a unified account is however quite
difficult, as nominal parentheticals have a widaga of forms and uses in addition to those
illustrated by the example dialogue, as shown leyetkamples in (B.3.1). (See Meyer (1992) for
an extensive, if purely descriptive, investigatafrappositions.)

(B.3.1) Westinghouse Electric Corp. is wooing Miehdl. Jordan,

a. former head of PepsiCo's international operatiaht / from Lawrenceville, NJ

b. the former head of Pepsico’s international oji@na / a 36-year company veteran

to be its new chief executive officer.
As accounting for all these types of nominal pdretitals would be quite a challenge in itself,
we only concentrate here on the class of apposititiostrated in the example dialogue, in which
the apposition plays a restrictive role. Our timent of such constructions is consistent with the
central claim of Meyer (1992) that syntacticallydassemantically, such appositions are a type of
nominal modification; we formalize this claim byogposing that semantically appositions are of
type [[r] [1q], like PPs and other nominal modifiers. (A remendhat nominal predicates, the
type <e,t> of Montague grammar,@DRT are functions from discourse referent®iss, <, <s,
<s, t>> >, abbreviatedn].) Our main objective here is to explain how thpposition is
incrementally integrated with the interpretationtloé previous utterances, both from a syntactic
perspective and from a compositional semantic pafintew.

This need to explain how appositions are incorgorfrom a syntactic perspective is one of
our main reasons for adopting a syntactic formalikke LTAG which allows for adjunction
operations. The basic idea of our proposed LTA@vdegon foreine Schraube ... eine orangene
is that the final interpretation is obtained byaidiing tree (b) for the apposition to tree (a) toe
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NP, as shown schematically in (B.3.2): we assuraethe syntactic interpretation for 1.3 (shown
in (b)—we assumerangeneis an adjective nominalization, as discussed bglsvadjoined to
the syntactic interpretation for 1.2 (in (a)), abtag (c). (The PMnit einem Schlitis omitted for
brevity.)

(B.3.2) (@ NP (b) N’ () NP
eine N’ N- NB» eine N’
Schraube eingp N’ }Ep
AdN Schraube eifg Nag;

As said above, we follow Meyer in hypothesizingtthiae class of appositions we are
concerned with semantically behave as nominal readif of type [f{, [r]]. This still leaves
open the question of how certain types of NPs iqdatrly indefinites and definite NPs—can
serve as predicate modifiers. We take these tcabescof NPs whose type has been lowered to
that of predicates (Farkas & de Swart, 2003), amrglog the properties of Muskens’
CompositionabRT to explain how the restriction expressed byapgosition is grafted onto the
appropriate discourse entity.

However, the implementation of this intuition isbfact to a few constraints determined by
LTAG. LTAG restricts the possible semantic analyséNPs used predicatively, because only
lexical categories are allowed, and the only seimaeration which is allowed is application.
Such restrictions prevent treatments in which tregligative meaning of NPs in appositions can
be derived syncategorematically —say, by stipujptn structure as in Figure B.4.1, with a
semantic operation associated with ;NEhat “lowers’ the NP-type interpretation feine
orangene, mit einem Schlitz one of type fft, [q].

/wn

NBar ([m])

NBar ([1) NPapp ([[1] 1)
AP AuP (A x[]uisx])

NP (i)

Figure B.4.1. A syncategorematic treatment of appositions.

In LTAG, one has to stipulate instead that Gerraare is ambiguous between a normal
determiner interpretation, shown in (B.3.3a), amel tinterpretation used in appositions, of type
[T, [T, [T]]] (the CDRT translation of <<e,t>, <<e,t>, <e,t>>>) showr(3.3b).

(B.3.3) a. eine  AP'AP([x| ]; P'(X); P(x))
b. eineps APAPAX([V] ]; P(x); P’(v); [ | vis x])
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The two interpretations are also associated with distinct elementary trees in (B.3.4a) and
(B.3.4b):

(B.3.4)
a.

De

eineg AP’AP([x| ]; P’(X); P(X))

Dgbh Nag;"

eingppy AP'APAX([V| ; P(X); P’(X); [ | vis X])

With these assumptions, and assuming standard efargdrees and semantic interpretations for
the other words in utterance 1.3, we get the LTA@lysis foreine Schraube, eine orangene mit
einem Schlitin (B.3.5).

(B.3.5) NP

Det Detyy N R Det N

eine Schraube aipe orangene mit einem Schlitz
The interpretation of the NP in (B.3.5) is arrivadhrough the derivation in (B.3.6).
(B.3.6)
eineps AP'APAX([y| I; P(x); P'(y); [ | yis x])
orangene AP Ay([ lorangey)]; P(y))
einem APAP([X| ]; P'(x); P(x))
Schlitz Ay([ | slit(y)])
einen{Schlitd: AP’AP([X| ]; P’(X); P))Ay([ | slit ()] )) =
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AP(IX| 5 [1slit(x)] ; P(x))
mit: APAX(P(AY[ | has(x,y)]))
mit’(einem’(Schlitz”)) :APAX(P(AY[ | has(x,Y)]))(AP([z| ]; [ |slit(2)] ; P(2))) =

AXAP([z| ]; [ Blit(2)]; P(2))y[ [has(x,y)])) =

AX([z] 1; [ slit(2)]; [ [has(x,2)]) [*renaming of variables

= Al ; [Islity)]; [ Ihas(x,y)I)

Orangene’(mit’'(einem’(Schlitz’))) :

AP Az([ orang&(z)]; P(2))(Ax(Iy| I; [ Islit(y)]; [ Ihas(x,y)]))

Az([ lorange(2)]; ([l I; [ Islit(y)]; [ Ihas(z,y)]))
eingy, (orangene’(mit’(einem’(Schlitz’)))):

APAX([z] ]; P(x); [ prange(z)]; Iyl I; [ Islit(y)]; [ Ihas(z,y)]); [ | xis z])
Schraube’(eingd(orangene’)(mit’(einem’(Schlitz’))))):

AX([z] T; [ lscrew(X)]; [ lorang&(z)]; x = z; [y| I; [ Blit(y)];

bhs(x,y)])

eine: AP’AP([x| ]; P’'(x); P(x))
eine’(Schraube’(eing{(orangene’)(mit’(einem’(Schlitz’)))))):

APAP(X| T, P'(x); POO)( Az (Iw| [, [ kcrew(z)]; [ lorangew)]; [ | w is Z];

I 1slit(y)] ; [ Ihas(z,y)] ))
= AP(X|T; [VI I; [ serew(X)]; [ Jorange(V)]; [ | vis X];
YIIslit(y)]; [ Ihas(x,y)]; P(x))

We assume this treatment here. We also note, howthat a second solution is also possible
within PTT by relaxing the strict restrictions on semanti@m@pions that operate in LTAG, and
allow for type shifting —specifically, if we allowle the interpretation of NPs to be shifted by
applying to it the following operator:

NTNM (NP-TO-NOUN-MODIFIER) : AP APAX(PQAY[ | xis y]) ; P(X))

which turns an NP (type <<e,t>, t>) into a noun ified (type <<e,t>, <e,t>>). Then it would be
possible to derive the meaningaife Schraube, eine orangeae follows:

(B.3.6) NP AP [2]; [XI; [ prange(x)]; [Iscrew(q]; [1xis 2J; P(2)

ei N NTNM (AP([x| ], [ brange(X)]; P(x)))
(AY([ Iscrew(y)]) =
Ay (XML orange(X)]; [ Iscrew(X)]; [ | xis y])
/prnge(xn: P()
Schraube eine Nagj
APAP([X] ]; P'(x); P(xX)) Av[ [orangg(Vv)]

B.3.3 Utterances with a dialogue control function

Many utterances, particularly non-sentential orEsnot contribute to the specification of the
content of a contribution (core speech act), orenadntributions both the ‘official business’ of
the contribution and to its ‘collateral structu(€lark, 1996) (see Section 2). The first turn o th
example dialogue contains two such utteranses 1.1 andja in 1.4. The assumption ®TT is
that at least some of these interpretations areaad in the lexicon, as well (which, we recall, i
a default theory (Poesio, 1995; Poesio, To appesarijhat they are immediately accessed as the
utterance is perceived and may be overridden bgr atlberpretations.

Turn-taking dialogue act8s already discussed in Section 3, the primargtion ofsoin 1.1
appears to be of keep-turn turn-taking act (Traum & Hinkelman, 1992; Traun994). This
interpretation is encoded in the lexical updaté8i2.2), repeated here as (B.3.7).
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(B.3.7) so—~  [u,ce|uutter(A,’s0”), ce:take-turn(A), generatgu,ce)]

The repertoire of turn-taking acts BvT includes the four actstake-turn, keep-turn,
release-turn andassign-turn. As said in Section 3.4, many other non-sententi@rances also
are assumed to be associated with lexical updatesdving turn-taking acts: among themell,
now, okay, and also non-words such as filled pausasnjand the like), all of which appear to
admit of an interpretation dseep-turn. Of course, it is important to keep in mind thHtese
discourse markers are (a) extremely ambiguousicphatly so if prosodic information is ignored
(in which case competing updates would be possibla] (b) often play more than one function.
These two issues are particularly evident indhse ofokay, an utterance of which, depending
on the context, may result in one or all of theatpd below:

okay- [ce|cekeep-turn(A)]

okay — [ce|ce:acceptA,ce’]

okay - [ce|ce:acknowledg€A,ce’)]
(see below for a discussion atknowledge note also that "backward-looking’ interpretatiaf
utterances likekayinclude implicit references to a previous speetttca’, one of the arguments
supporting our hypothesis that conversational evierroduce discourse markers in the common
ground). And of course it could also be argued @issuming the same turn-taking translation for
well, now, andummis another big simplification

Grounding acts Jan 1.4 is an explicit acknowledgment. Again, itaissumed i®TT that at
least some such interpretations are lexically eedodhe interpretation used in 1.4 is shown in
(B.3.8).

(B.3.8)ja -  [u, ce, DU | uutter(A,”ja"), ce: ack(A,DU), generatdu,ce)]
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