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common ground units to add to the emerging model of dialogue structure that takes
into account the “joint action” feature of interactive discourse. Our results show that
responses belonging to different types of common ground units have different
prosodic profiles. These results have implicationsfor computational and psychologi-
cal modeling of dialogue structure as well as our understanding of the functions of
prosody in interaction.
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Thisarticle exploresthe rel ationship between discourse structure and prosody asit
relates to the process of grounding in dialogue. By prosody we mean patterns of
fundamental frequency (FO) and timing that operate at the postlexical level in Aus-
tralian English. In particular, we are interested in what aspects of the dial ogue-spe-
cific discourse structures, those that represent the collaborative nature of interac-
tion, exhibit prosodic regularities. This line of research has become increasingly
important for the design and implementation of computational strategiesfor devel-
oping appropriate interactions between computers and people, apparent in the
amount of recent activity in dialogue studies in computational linguistics (e.g.,
Cahn & Brennan, 1999; Dybkjaer, Hasida, & Traum, 2000), but it hasalso evolved
out of agrowing recognition that linguistic structure emerges from the interactive
context in which language is used (e.g., Ochs, Schegloff, & Thompson, 1996).

Most empirical work examining prosodic signaling of discourse structure has
focused on the use of acoustic cues to identify boundaries of discourse unitsin
monologue (e.g., Grosz & Hirschberg, 1992; Hirschberg & Nakatani, 1996;
Nakatani, Hirschberg, & Grosz, 1995; Swerts, 1997). These studies have found
that arange of acoustic parameters associated with prosody, such asthe position of
pauses, final lengthening, and type of boundary tone, are good indicators of the
boundaries between different discourse units. For example, Swerts (1997) found
that pausing, pitch reset, and boundary tones were phonetic cues that contributed
to the recognition of hierarchically organized discourse structure. Subjects used
these cues to identify boundaries of discourse structure corresponding to para-
graphs in written discourse.

More recently however, there has been an interest in examining how prosody
may be used to signal discourse structure in dialogue. Auer (1996) and Wells and
Peppé (1996), working in a conversation analysis framework, identified several
prosodic factors (including rate of speech, loudness, and direction of pitch con-
tour) that are associated with points of possible turn completion—the boundaries
of turn construction units. Selting (1996) found that the patterns of “global pitch”
and “loudness’ were used by participants to distinguish between “ activity types”
(i.e., what participants were doing by speaking) in German conversations. Koiso,
Horiuchi, Tutiya, Ichikawa, and Den (1998) found relationships between prosodic
cues (duration, FO contour, and relative pitch level), syntactic cues, and patterns of
turn-taking and “backchannels” In the field of speech recognition research,
Shriberg et al. (1998) showed that various prosodic cues (duration, FO, pause
length, and speaking rate) were relevant for the automatic classification of dia-
logue*“acts.” Stirling, Fletcher, Mushin, and Wales (2001) similarly showed strong
correspondences between the boundaries of dialogue acts and prosodic phenom-
ena such as pitch reset and intonational phrase boundaries.

All of these studies take as their unit of analysis the “parts’ of dialogue most
akinto structural elements of monologic discourse. Dialogue acts (i.e., speech acts
in dialogue), for example, can be analyzed as independent utterances by a single
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speaker. Turn construction units, the minimal unit that can make up aturn of talk,
sharelesswith units of monologic discourse than dialogue acts do sincetheir func-
tionisto set up pointsof potential speaker changein interaction. But turn construc-
tion units, as units of dialogue, also consist of single utterances by one speaker.

A fundamental aspect of interactive discourse that distinguishesit from mono-
logueisthat, in dialogue, the production of the discourseisacollaborative process
between all participants. The type and form of one speaker’s utterance is depend-
ent on the type and form of another speaker’s contribution to the dialogue. Differ-
ent models of dialogue structure have labeled these collaborative structures “ con-
tributions” (Clark & Schaefer, 1987, 1989), “exchanges’ (Sinclair & Coulthard,
1975), “games’ (Carletta et al., 1996), or “adjacency pairs’ (Sacks & Schegloff,
1973). Whatever thelabel, all of these modelsrecognizethat dialogueisnot simply
the juxtaposition of utterances but rather areflection of the ongoing collaboration
and negotiation of participants engaged in the act of communicating.

In terms of the relationship between prosody and discourse structure, it is clear
that extra-segmental aspects of the speech signal—pitch, accent, timing, loudness,
and so on—serve to delimit dialogue acts, and to some extent distinguish between
them (as seen, for example, in Stirling et al., 2001). However we have yet to ad-
dressthe question of how prosody may be used to i dentify and distinguish dialogue
structuresthat reflect the collaborative nature of dialogue. In particular, we ask the
following question: Do the patterns of prosodic regularity that have been observed
for dialogue acts actually reflect something of the collaboration between partici-
pants? If so, what aspects of the collaboration are reflected, and in what way does
prosody signal these aspects?

These are important questions to address in the context of examining the role
that prosodic phenomena play in the facilitation of communication. They contrib-
ute not only to our understanding of how human communi cation works, but also to
the improvement of computational models of dialogue structure. These are the
models that are driving the development of spoken language systems that cannot
only adequately and creatively contribute to an unfolding discourse, but also uti-
lize prosody in away that seems natural.

This study reports on the first stages of thisinvestigation—an empirical exami-
nation of naturally occurring (as opposed to experimentally elicited or com-
puter-generated) spoken dialogues. We used a corpus of task-oriented dialogues
taken from the Australian map task corpus, which is modeled on the HCRC map
task corpus, to address these questions (Millar, Vonwiller, Harrington, &
Dermody, 1994). By using task-oriented dialogues (see the Methodology section
for details of the task), we remain in that domain of discourse that is most relevant
to human—computer communi cation—communication for the purpose of achiev-
ing some specific task.

Asmentioned earlier, there have been many different characterizationsof collab-
orative structures, each based on adlightly different organizing principle. Herewe
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have chosen for our model of interactive discourse the“ contribution” model devel-
opedinClark and Schaefer (1987, 1989) and Clark (1996). Themodel takesground-
ing, the processby which informationiscollaboratively acknowledged as mutually
shared by speech participants, as a basic principle of discourse organization. We
present asummary of the model as we have applied it here in the next section.

We have chosen the contribution model partly because it has been usefully ap-
plied to the development of human—computer dialogue systems (see, for example,
Benz, 2000; Brennan & Hulteen, 1995; Cahn & Brennan, 1999; Kreutel & Mathe-
son, 2000). Grounding has also been proposed as the basis for identifying “units”
of discourse structure that are used as the basic structures from which higher level
intentional (i.e., goal-directed) structures are built (Coreet a., 1999). These units,
called “common ground units’ (CGUSs), are used here as the basic unit of collabo-
rative structure. Details of CGU structure are given in the methodology section.

The results we present in this article concern whether three types of prosodic
phenomena—boundary strength, final pitch contour, and interactional timing
(interturn pause and overlap)—were good indicators of the degree of complexity
of a CGU (collaborative unit). By “degree of complexity,” we mean whether that
collaboration involved just one contribution by each participant, or whether it in-
volved more than one contribution before information could be said to have en-
tered the common ground. The complexity of CGUsthus corresponds with expan-
sions and repairs of various kinds as participants work toward the achievement of
common ground. Here we hypothesized that the prosodic phenomena we investi-
gated would exhibit regularities corresponding with different types of CGUs. Ob-
servation of such regularitieswould be taken asindirect evidence that prosody was
being used by participantsto signal the status of information regarding grounding,
and to signal whether more contributions were required in order for information to
be accepted as mutual knowledge.

We correlated each of the prosodic phenomena examined with CGUs of differ-
ent complexities (i.e., how much difficulty the participants had establishing infor-
mation as common ground). Extracts 1 and 2, from our corpus, are examples of
what we call “simple” and more “complex” CGUs respectively.

Q) IF: Have you got a cross
IG:

: Yes
(2) IG:  [what we haveto actually] do is head is head west
IF: head west

IG: asinlooking asif thisisyour map with north at the [top]
IF: [alright]

We hypothesized that both boundary strength and final contours, prosodic phe-
nomena found to be relevant to the identification of both boundaries and types of
dialogue acts, would display regularities according to the complexity of collabora-
tiveunit in these dial ogues. We al so hypothesized that timing of contributionsrela-
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tive to when the other participant is speaking would correlate with the degree of
complexity of the collaborative unit.

Finally we examined the relationship between the CGUs and the dialogue acts
from which they are composed. We compared dialogue act type with CGU com-
plexity to determine the degree to which our prosodic results were simply
epiphenomenal on how prosodic phenomena behave in dialogue acts.

GROUNDING AND DISCOURSE STRUCTURE

This section provides asummary of grounding, as developed by Clark and associ-
ates(e.g., Clark & Schaefer, 1987, 1989), and CGUs, asdevel oped in Nakatani and
Traum (1999). Here we discuss the basic principles that underlie this approach to
discourse analysis, leaving the practicalities of categorization and annotation to
our discussion of our methods.

Grounding takes place by virtue of acontribution being proposed by one partic-
ipant and then evidence being given by the other that they have perceived (and un-
derstood) it. The evidence may be as minimal as“ proceeding as usual,” may con-
sist of a head nod or other nonverbal cue, or may be an overt verba
acknowledgment or response.

Grounding isadynamic processthat can be modeled as a series of collaborative
negotiationsinterspersed with moments of grounding. Thisleadsto achangeinthe
pragmatic and semantic status of the information considered to that point, as
“grounded” pragmatic and semantic information is added to the participants’ as-
sumed common ground (cf. Poesio & Traum, 1997). So, though grounding isitself
a cognitive notion, modeling the emergent nature of knowledge structuresin dis-
course, it isnot about the cognitive status of any individual mind (cf. Grosz, Joshi,
& Weinstein, 1995, p. 5) “attentional states,” which “model the discourse partici-
pants’ focus of attention at any given point in the discourse.” Rather, it ismore con-
cerned with the processesinvolved in acknowledging that information has been es-
tablished as part of the common ground of the interlocutors.

Common ground can be established at several “levels’ of action, asrepresented
in Table 1, based on Clark (1996). In each case, the establishment of common
ground is modeled as the collaborative effort of both participants. At level 1, the
“prelinguistic, or nonlinguistic level,” al that is required for grounding is that A
executes some behavior (e.g., A pointsto anoticeboard) and B attends to that be-
havior (e.g., B looks at A pointing at the noticeboard). At level 2, A makes some
linguistic gesture to which B responds in such away as to acknowledge that alin-
guistic signal hasbeen given (but not necessarily understood). Grounding at level 3
requires that the propositional content of A’s contribution is acknowledged as be-
ing understood, whereas grounding at level 4 requiresthat there be some acknow!-
edgment of the performance of adialogue act by A. These levels are nested so that
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TABLE 1
Levels of Action
Level  Speaker A'sActions  Speaker B's Actions Examples
1 A isexecuting B isattending to A points to noticeboard; B looks at A
behaviour t for B behaviour t from A pointing to noticeboard.
2 A ispresenting B isidentifying signal A makes some linguistic gesture to which
signa sfor B sfrom A B respondsin such away asto

acknowledge that alinguistic signal has
been given (but not necessarily

understood).
3 Aissignalingthatp B isrecognizing that B acknowledges an understanding of the
for B p from A propositional content of A’s contribution.
4 A isproposing joint B isconsidering A's B acknowledges the performance of a
project wto B proposal of w dialogue act by A.

Note. From Using Language (p. 222), by H. H. Clark, 1996, Cambridge, England: Cambridge
University Press. Copyright 1996 by Cambridge University Press. Reprinted with permission.

grounding at level 4 entailsgrounding at all of the other levels; grounding at level 3
entails grounding at levels 2 and 1, and so on.1

Clark’s model of grounding has been proposed as the basis for the assignment
of discourse chunks to units that reflect a basic level of collaborative structure
(Traum, 1994, 1998). In particular, Nakatani and Traum (1999) have proposed
CGUsasaunit of discourse structure on which higher level sthat reflect intentional
structure are based. CGUs are a formalization of Clark and Schaefer’s (1989)
“contributions,” designed to allow consistent annotation of common ground status
in dialogue. In Nakatani and Traum’s framework, a CGU is considered to consist
of al thelinguistic material involved in achieving grounding of aninitial contribu-
tion of information by one participant.

CGUs are units of discourse that represent the acknowledgment of common
ground by both participants with respect to both parties understanding the prop-
ositional information of what was said—grounding at the “level of understand-
ing,” or level 3 grounding in Table 1. CGUs do not, for example, count the estab-
lishment of grounding at the level of perception, as in the example in Extract 2,
repeated later, from our corpus, where IF (instruction-follower) signals recogni-
tion that IG (instruction-giver) has produced an utterance but queries his under-
standing of the content (possibly because he had been talking over |G at the start
of her utterance, or because he thought he misheard what |G said). 1G then adds

1The number and type of these levelsis not completely fixed, and may depend on the nature of the
communication involved. Brennan and Hulteen (1995), for example, identify seven levelsof grounding
that were required to develop appropriate kinds of feedback in a spoken language system. We have
adopted Clark’s (1996) classification because this was the classification used as the basis for identify-
ing CGUs.
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more information to clarify what was meant by her initial utterance. In this ex-
ample, the first exchange established grounding at level of presentation (level 2)
but the participants do not achieve grounding at the level of understanding (level
3) until the end of the fourth turn, where IF's response expresses an acknowledg-
ment of the content of the instruction (and a'so that 1G’s contribution was an in-
struction). So all of the content in Extract 2 would be identified as a single com-
plex CGU. We return to the discussion of the internal structure of CGUs in the
following.

(2) 1G:  [what we have to actually]
doishead is head west
IF: head west
IG:  asinlooking asif thisisyour map with north at the [top]
IF: [alright]

Nakatani and Traum differentiate CGUs from other types of collaborative dis-
course structures, like dialogue games (Carletta et a., 1996) or adjacency pairs
(Sacks & Schegloff, 1973). For example, unlike dialogue games, CGUs are not
built from dialogue acts, or any other pragmatically determined structure. Rather,
they are built from utterance tokens, established on the basis of syntax and pros-
ody. In this way, CGUs have the potential to be considered as a basic unit of dia-
logue, bypassing analysis of the pragmatic goals of individualsin theinteractionto
capture acollaborative structure out of which unitsthat represent the collaborative
goals of the participants can be identified. They argue that CGUs capture only
those parts of dialogue that relate to mutual understanding, whereas other ap-
proaches aim to capture all types of exchanges between participants.

METHODOLOGY

Our corpus consists of dialogues from the map task section of the Australian Na-
tional Database of Spoken Language—ANDOSL (Millar, Vonwiller, Harrington,
& Dermody, 1994). This corpus is closely modeled on the HCRC Map Task
(Anderson et al., 1991). Participants worked in pairs, each with amap in front of
them that the other could not see (although participants could see each other).
One participant (the IG) had a route marked on their map and was required by
the task to instruct the other (the IF) in drawing the correct route onto their own
map. The maps were similar, but differed in the presence, location, and names of
certain landmarks. Each pair of participants participated in two dialogues, swap-
ping roles of instruction-giver and instruction-follower, and thus producing a
first time and second time attempt at the task. Figures 1 and 2 provide examples
of the maps used.
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Thefour dialogues used here were from two pairs of participants. two dialogues
from apair “known” to one another (e.g., friends, colleagues), differing in which
participant took the role of instruction-giver, and two dialogues from a pair “un-
known” to one ancther, also differing in which participant took the role of instruc-
tion-giver. In each case, the pairs were mixed-sex. The dialogueswere chosen ran-
domly from the corpus and the participantswere all speakers of General Australian
English. The duration of the dialogues ranged between 485.93 and 810.24 s and
their content totaled 7,393 words altogether. The prerecorded dial ogues were cop-
ied from CD and digitized for analysis at 22 kHz using Entropic’'s ESPS/Waves +
Speech analysis software running on a Sun workstation in the Phonetics L abora-
tory of the University of Melbourne. A complete orthographic transcription of the
dialogues was carried out.2

Intonation and Timing Annotation

The dialogues were prosodically annotated for break indexes (degree of prosodic
juncture) and phrase and boundary tones according to ToBI (Tone and Break In-
dexes) conventions using the Xwaves|abel functionin ESPS/Waves+. Break index
labels and tone label swere entered on separate |abel tiers. The ToBI prosodic tran-
scription conventions for Australian English are detailed in Fletcher and Harring-
ton (2001), and are closely modeled on the criteria developed for American Eng-
lish intonation (Beckman & Ayers Elam, 1994/1997). Break Indexes (Bl) were
labeled asfollows: 4 (full intonation phrase boundary); 3 (intermediate intonation
phrase boundary); 3p (disfluent intermediate intonation phrase boundary). All la-
belswere aligned with the acoustic right edge of the last word of the relevant unit,
using the acoustic waveform as a guide.

Boundary tones were labeled as follows: H-H% for a high rising tone (Bl 4);
L—L9% for afalling or low tone (Bl 4); L—H% for alow rising tone (Bl 4); H-L%
for amid-level tone (Bl 4); H for ahigh intermediate phrase boundary (BI 3); L for
alow intermediate phrase boundary (BI 3). In al of these tone combinations, the H
and L labelsrepresent phonological high and low tones, respectively. The“—" after
atonelabel indicatesthat thetoneisassociated with an intermediate phrase bound-
ary, and the“ %" after atoneindicatesthat it isan intonational phrase-final bound-
ary tone. The ToBI labeling was carried out by thethird author of the article. It was
conducted independently of discourse annotation.

Conventional interpretations of the four intonational phrase-final con-
tour-types (i.e., H-H%, L-L %, L-H%, H-L %) are as follows: falling generally

2Thesmall numbers of dialogues and speakersispartly dueto thefact that these resultsreport on the
first stage of our research program, which is investigating the relationship between prosody and dis-
course structure using both naturally produced discourse and experimentally produced data. The labor
intensiveness of the coding also precluded including more speakers at this stage of the research.
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signalsfinality; high rising can either conclude a question or statement in Austra-
lian English (see Fletcher & Harrington, 2001, and Fletcher, Wales, Stirling, &
Mushin, 2002, for closer examination of these differences); and low rising and
mid-level usually form part of continuation contours, that is, signaling that thereis
moreto comein the discourse. Intermediate phrase boundary tonesalso signal that
there is more to come in the discourse.

Thedialogueswere also annotated on separate |abel tiersfor thetiming features
of pause location and duration (in ms), and overlap location and duration (in ms).3
These featureswere noted with respect to preceding and following talk (i.e., the ut-
terance that immediately preceded the pause or overlap or immediately followed
the pause or overlap).

These prosodic features of break index, phrase and boundary tones, and pause
and overlap phenomena were selected to focus specifically on how certain
intonational and timing phenomenainteracted with CGU boundaries, and because
related work in conversation analysis has demonstrated the importance of intona-
tion (especially final contours) to being able to account for the meaning of ac-
knowledgmentsin interaction (e.g., Gardner, 1998; Mdller, 1996).

The pause and overlap labeling allowed us to extract information about the
timing of each speaker contribution regarding the previous and following contri-
butions to the talk. Regarding the preceding talk, contributions were analyzed as
having a pause before the following contribution, partially overlapping with the
preceding contribution, completely overlapping, latching with the preceding
contribution (no pause or overlap), or continued by the same speaker without an
intervening pause. Regarding the following talk, contributions were analyzed as
having a pause after the preceding contribution, partially overlapping with the
following contribution, completely overlapping, latching with the following con-
tribution, or continued (if the next contribution was by the same speaker without
an interceding pause).

Dialogue Act Annotation

Sinceamajor goal of the project was precisely to investigate associations between
prosodic characteristics and functional discourse categories, we coded both dia-
logue acts and CGUs independently from dividing the speech signal into prosodic
units: For example, dialogue act coding did not presume prior division of the
speech into intonational units (cf. the discussion in Zollo & Core, 1999). Coders
used an unannotated orthographic transcription for the coding of discourse catego-
ries, and had no access to the speech signal. Dialogue acts were classified using
both syntactic and pragmatic criteria. For example, an utterance of “yes’ wasclas-

30verlap location and duration could be measured accurately because the dial ogues were recorded
on dual channels.
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sified as an answer if it responded to a question; an acknowledgment if it re-
sponded to a statement; and an agreement if it responded to a directive.

The dialogues were initialy coded for dialogue act using the “switchboard”
version of DAMSL (“Diadogue Act Markup in Severa Layers,” Allen & Core,
1997). The DAMSL system was designed for the automatic annotation of dia-
logues according to types of dialogue acts. The original system had 220 labels
based on both pragmatic and syntactic information. The “switchboard” version of
DAMSL, developed in Jurafsky, Shriberg, and Biasca (1997) for a particular cor-
pus of human-human telephone conversations, provides asimpler model that used
42 |abels for annotation. Although we coded the original 42 labelsin our full dia-
logue act annotations of the corpus, for the purposes of the analyses performed in
this article we used the broadest classification labels of the switchboard system.4
These are given in Table 2. In this system, the terms “forward-looking function”
and “backward-looking function” are used for the broadest level of classification.
Asthey are defined on syntactic—pragmatic grounds, “forward-looking function”
and “backward-looking function” are theoretically independent from the sequen-
tial categories “initiation” and “response” that we used for classifying parts of
CGUs. The nature of the relationship between these two types of classification are
addressed in the Results section, where we examine the relationship between dia-
logue acts and CGUs.

The dialogue act coding was carried out by two researchersindependently who
then identified points of disagreement and resolved them to produce a consensual
version for each dialogue.®

CGU Annotation

The dialogues were annotated for CGUs, following the procedures described in
Nakatani and Traum (1999), by the same researchers who annotated the dialogue
acts, also independently of the speech signal and prosodic annotation. CGUs con-
sisted of all of the talk required to establish some information as common ground,
independent of the delineation of dialogue acts (cf. conversational games, which
are collaborative structures that are composed of dialogue acts—Carletta et al.,

4The SWBD-DAMSL coding scheme was selected in preference to the HCRC classification of
moves devel oped specifically for the map task dialogues (Carlettaet al., 1996) because of itsfiner gran-
ularity and focus on communicative functions of acts, rather than on a priori-determined sequence spe-
cific classifications. (See Stirling et al., 2001, for further details of the assessment of these two coding
strategies for use in research into prosody and discourse structure.)

SDisagreementswere few and mostly concerned the coding of “ acknowledgment” and “ agreement”
categories. It turned out that the coders were using slightly different heuristics for determining when a
contribution was an “ acknowledgment” and when it was an “accept.” Thefinal version required an ad-
justment of the coding to reflect consistent heuristicsfor identifying different kinds of responses, asde-
scribed earlier.
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TABLE 2
Dialogue Act Categories
Forward-Looking Functions Backward-Looking Functions
Statement Agreement (accepts and rejects)
Influencing-addressee-future-action (questions and commands) Understanding (acknowledgements)
Committing-speaker-future-action (offers and commits) Answer

Other-forward-function (e.g., openings and closings)

1996). The codes were entered on separate tiers in ESPS/Waves+, separated ac-
cording to which speaker gave which contribution.

We called the first contribution to a CGU the “initiation phase” (analogous to
Clark and Schaefer’s* presentation phase”). Any further contributionsto the CGU,
by either participant, we called the “response phase” (analogous to Clark &
Schaefer’s “acceptance phase”). Initiation phases and response phases of CGUs
were numbered and aligned with the speaker who began and ended each phase.
Within each CGU we also coded the very first “response” utterance by the other
participant, which typically established either that the initial information was en-
tered into the common ground, or that further contributionswere required in order
to ground the information.

The most minimal CGUs are those that consist of an initiation contribution by
one participant that is immediately acknowledged in the response phase as
grounded minimally at thelevel of understanding (i.e., level 3in Clark’smodel) by
another participant. Extract 1, repeated in the following, is an example of amini-
mal, or smple, CGU, where IF asks a question that is answered by 1G. IG's re-
sponse acknowledges that she has understood both the fact that | F's utterance was
aquestion and the content of that question.

D) IF: Have you got a cross
IG:  Yes

Nakatani and Traum (1999) also included in their characterization of CGUs
contributions that were initiation phases that were not grounded in an adjacent re-
sponse phase. Thesewere either grounded at some point later in thedialogue (“dis-
continuous CGUS"), or were never grounded at the level of understanding (“ aban-
doned CGUS"). Thetext corpus used for this study contained very few instances of
discontinuous or abandoned CGUs, and so we have limited this study to the subset
of CGUs that contained contributions that were adjacently grounded. That is, we
only considered CGUs that contained fully grounded information at their close.
We also only considered CGUs in which grounding was signaled vocally (e.g., by
such vocal gestures as laughter) and omitted the few instances of exchanges in
which grounding was presumed to have been signaled by nonvocal means (e.g., a
gesture or facial expression).
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Classification of CGUs

We have gone a step further than Nakatani and Traum (1999) in further classifying
CGUsin terms of the internal characteristics of the grounding process—whether
they consisted of a“simple” exchange of an initiating act and a responding act, as
earlier, or whether their structure involved more contributions (by either speaker)
before the CGU in question was considered to be complete (i.e., the information
was acknowledged as entered into the common ground). The former type we
called “ssimple” CGUSs, whereas the latter type we called “ complex” CGUs. Com-
plex CGUswere further classified into four types based on pragmatic and sequen-
tial criteria, asfollows:

1. Overlapping CGUs, where the grounding element of one unit was itself
grounded with some verbal acknowledgment in the next CGU, asin Extract 3.

Q) IF am | to the left-hand side or the right-hand side
of the d~
of your Galah Open-cut Mine
IG:  lookingat it you'reon theleft (finishesone CGU and starts another)
IF: okay

2. CGUs that contained further grounding elements by the speaker who made
theinitia contribution, asin Extract 4.

(4 1G:  ohyou've got Whispering Pine have you
IF: yes
IG: right

3. CGUsthat contained more than one grounding element by the respondent, as
in Extract 5.

(5) IG:  thatisuhasapoint of looking at the Consumer Trade Affair

[right]
IF: [okay] yeh

4. CGUs that negotiated information at lower levels of grounding (e.g., the
level of “presentation” or “locution” [Clark, 1996]), and weretherefore considered
part of alarger CGU that was grounded at the understanding level. For example, in
Extract 6, the first response by I F functions to establish whether he has heard and
understood theinitial contribution by |G correctly. Only oncethisisestablished by
|G'sreiteration of theinstruction does | F acknowledge that theinitial contribution
has been grounded at the level of understanding.

(6) IG:  soyou're] swee[ping east]
IF: [so am | sweep]ing right around [am | going east]
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IG:  [you're sweeping] east
IF: yeh okay well don’t~~ yeh okay alright I’'m going east

All four types of complex CGUs represent some kind of “expansion” of the ca-
nonical CGU exchange. In overlapping CGUSs, the contribution that belongs to
both CGUs functions to ground the first one and initiate the second; it isin turn
grounded by aresponsetoit. In multiple acknowledgment CGUs (i.e., types 2 and
3), the second response is not analyzed as “grounding,” but is nevertheless some
kind of further acknowledgment (e.g., by the initiator in type 2 or by the respon-
dentintype3). Inthefinal case of complex CGUSs, thefirst responseisasignal that
some part of theinitial contribution had not entered into the common ground and
that further collaboration was required.

The categories of complex CGUswere mostly, but not always, mutually exclu-
sive. Overlapping CGUs (type 1) were not compatible with other types, but CGUs
in some cases contai ned multiple acknowledgments by both speakers (types 2 and
3), or multiple acknowledgmentsin addition to further contributions at lower lev-
elsof grounding (type4) before grounding was achieved at thelevel of understand-
ing. For the purposes of this article we assigned each complex CGU to only one
“primary” classification. In casesin which CGUs contained multiple acknowledg-
ments by both speakers, they were split evenly between the two categories. We as-
signed CGUsthat consisted of both multiple acknowledgments and further expan-
sions to the “further contributions’ category as this was the more complex of the
two categories, in terms of the amount of information and interaction required to
achieve grounding at the level of understanding.

These categories are not claimed to represent the only way that CGUs can be
classified (cf. Core et a., 1999). Nevertheless they provide us with a useful basis
for addressing differencesin the role of prosody in CGUs.

Altogether there were 419 CGUs in the corpus. Of these, 241 were “simple”
CGUsand 178 were“complex.” Of the 178 complex CGUS, 47 (26%) were “ over-
lapping” (type 1), 59 (33%) contained more than one acknowledgment by the same
speaker (type 2), 52 (29%) contained multiple acknowledgments by the respon-
dent (type 3), and 20 (11%) contained more complex negotiations of understand-
ing until acknowledgment of mutual understanding of theinitial dialogue act was
reached (the level at which CGUs were delineated)—type 4.

We expected that because, according to our definition, complex CGUs differed
from the simple type in terms of the structure of their response phase (i.e., al the
contributions that respond to theinitial contribution within a CGU), rather than in
terms of their initiation phase, there should be no difference between simple and
complex CGUs regarding the timing and prosodic profile of the initiation phase,
nor with respect to the distribution of dialogue acts used to initiate new CGUs.

However, we predicted that there might be quantitatively recognizable proper-
ties of thefirst response contribution in complex CGUsthat motivated their expan-
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sion into further response contributions, and that these would be different from
those found in simple CGUs (whose response phase consists of only one response
contribution for grounding). We expected that these “recognizable” properties
would involve a combination of grammatical, pragmatic, and prosodic properties.
Here we focus on the extent to which simple and complex CGUs can be differenti-
ated on prosodic grounds. We also looked at the extent to which simple and com-
plex CGUs can bedifferentiated on the basis of dialogue act distribution in order to
see whether the prosodic patterns we found were indeed symptomatic of the inter-
active process, or whether they were dependent on the types of dialogue acts ex-
pressed in either phase of the CGUs.

RESULTS

To check these hypotheses, data across all of the dialogues were compared for ini-
tiation and first response contributions in simple and complex CGUs for each of
the four parametersidentified above (break index, boundary tone, timing [before],
and timing [after]), and for type of dialogue act of the initiation phase.

Our data set contains four speakers and four dialogues. The results presented
here arethe pooled resultsfor all dialogues. Although therewereclearly variations
between dialogues, as one might expect in naturally occurring discourse (for ex-
ample, the dialogues differed in length and in the amount of “extra task” chat),
none of the results presented here is representative of any one particular dialogue
or speaker.

The sparsity of datain some categories did have an effect on the way we have
presented our results. Tables 3 through 8 show that the assumption of the
chi-square statistic that the expected frequencies of each have a minimum value
(conventionally 5, but see Everitt, 1977) cannot be sustained. When thereis acell
whose expected values fall below the criterion of 5, the default computation is to
add %2 to each cell to derive an approximation to the target statistic (or elseit will
not run). However in those cases where there is alack of expected valuesin some
cells, the reader should be alert to interpreting the inferential statistics with some
caution.

Thefollowing labels have been used for theinferential statistical analysis: cor-
respondencefor the correspondenceswith break index, boundary tone, timing, and
dialogue acts respectively; pair for individual dialogues that make up the corpus,
sequence for the phases of the contribution (i.e., initiation and response phases);
type for type of CGU (i.e., simple or complex).

Hierarchical loglinear analysis (computed in SPSSversion 10) hasbeen used in
addition to the descriptive statistics for two reasons: The data are categorical, and
the assumption of independence of the different speaker pairs needs to be tested.
Loglinear analysis is one in which different models are tested for their fit to the
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data. By definition, the “saturated” model, which includes all main effects and all
their possibleinteractions, fitsthe data perfectly. The aim thenisto find the “ best”
possible model that does not depart significantly from a good fit. The criterion of
fit is expressed by chi-square values. “Best” can sometimes have a number of dif-
ferent interpretations since a number of models may all not depart significantly
from agood fit. The choice between these aternativesis then made on the basis of
which models have the smallest chi-square fit relative to other theoretical assump-
tions. The latter would include such issues as the number of factors in the model,
the complexity of theinteractionsinit, and therel ation between the model descrip-
tion and itsinterpretation in theoretical terms.

Because of the complexity of the designs used here, there are some caseswhere
there are not enough free parameters in the model relative to the number of in-
stances. This results in the model “overfitting” (demonstrated by zero likelihood
ratio chi-square values). Though a “best model” is still computed, the analysis
needs to be interpreted with caution. In such instances the results of chi-square
analyses are reported. These have been computed as follows to deal with the as-
sumption of independence. Where chi-sgquare has been used on its own, the third
variable has been treated asa* control” variable. That is, the pattern of frequencies
is observed for one variable independent of a second variable for one level of the
third variable, and then again for the second level of the third variable.

Grounding and Boundary Strength

Table 3 presents the results of our comparison of boundary strengths (measured in
terms of ToBI) between simple and complex CGUs.

As expected, there was no significant difference between simple and complex
CGUs regarding their initiation contribution break indexes. Examination of the
first response contribution did show a significant difference between simple and
complex CGUs with respect to break indexes. In particular, thefirst responses for
simple CGUs had a high proportion of BI3 (corresponding to an intermediate
phrase boundary) compared with complex CGUs and a relatively low proportion
of Bl4 (corresponding to afull intonation phrase)—22% of simple CGUs had BI3,
compared with 10% of complex CGUs; only 67% of simple CGUs had Bl4, com-
pared with 82% of complex CGUSs. That is, the first response contribution of a
complex CGU was more likely to end with a full intonational phrase boundary
(BI4) than thefirst response contribution of asimple CGU (see Discussion section
for further details of this phenomenon).

The best model has generating class: pair* type, correspondence, sequence with
alikelihood ratio (LR) y2 = 24.209, df = 52, p = 1.000. What the “ best” model sig-
nifiesisthat there is an interaction between the differences between the pairs and
the CGU type, and the factors of correspondence and sequence are independent of
any interaction. However this is a clear case of overfitting and the individual
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TABLE 3
CGU Type x Sequence x Break Index (BI)
Bl4 BI3 BI3p No Bl Total

CGU Type n % n % n % n % n %
Initiation phase

Simple CGUs 227 942 7 29 5 21 2 0.8 241 100

Complex CGUs 165 92.7 4 2.3 9 5.0 0 0 178 100

Total 392 936 11 26 14 33 2 0.5 419 100
Response phase

Simple CGUs 161 668 53 220 2 08 25 104 241 100

Complex CGUs 145 815 18 101 2 11 13 7.3 178 100

Total 306 730 71 169 4 10 38 9.1 419 100

Note. CGU = common ground units. x%(3, N = 419) = 2.81, ns(initiation phase). 343, N = 419) =
12.69, p < 0.01 (response phase).

chi-squaresarey?(3, N=419) = 2.81, nsfor initiations, and x2(3, N=419) = 12.69,
p < .01 for responses.

Grounding and Boundary Tones

Table 4 presents the results of our comparison of boundary tones between ssimple
and complex CGUs.

In contrast with the results for intonational phrase boundary strength reported
earlier, there were significant differences found between simple and complex
CGUsin relation to boundary tonesin both initiation and response contributions.
Regarding initiating contributions, a higher proportion of low falling (L—L%)
boundary tones (42.1% vs. 29.5%) and a lower proportion of low rising (L—H%)
boundary tones (18.5% vs. 29.9%) were found in the complex CGUs, compared
with simple CGUs. Proportions of high rising (H-H%) boundary tones were not
significantly different and there were proportionally few instances of other types
of contours.

Likeinitiating contributions, the results for response contributions also show a
higher proportion of low falling tones in complex CGUs than in ssmple CGUs
(30.3% vs. 17.5%). Thisis an interesting result, as low falling tones typically are
associated with completed statements and therefore might be expected to be more
associated with the grounding of simple CGUs than complex CGUSs. The relative
prevalence of low falling tones in complex CGUs requires further scrutiny, espe-
cialy in the context of its distribution with rising tones—a complex phenomenon
in Australian English (see Fletcher et a., 2002, for amore detailed analysis of the
roleof rising tonesin the Australian map task corpus). Theresults here suggest that
thedirection of pitch contour isnot agood indicator of the complexity of aCGU.
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TABLE 4
CGU Type x Sequence x Boundary Tone

High Rise Low Fall Low Rise Mid-Level
(H—H%) (LL%) (L-H%) (H-L%) High (H-) Low (L-) No Boundary Total
CGU Type n % n % n % n % n % n % n % n %
Initiation phase
Simple CGUs 82 43.0 71 295 72 29.9 4 17 4 17 3 12 5 2.0 241 100
Complex CGUs 53 29.8 75 421 33 185 2 11 2 11 4 2 9 51 178 100
Total 135 32.2 146 349 105 251 6 14 6 14 7 17 14 33 419 100
Response phase
Simple CGUs 51 21.2 42 17.5 55 22.8 13 5.4 21 87 28 11 31 12 241 100
Complex CGUs 40 225 53 30.3 39 21.9 13 7.3 7 3.9 12 6.8 13 7.3 178 100
Total 91 217 96 229 94 224 26 6.2 28 6.7 40 96 44 10 419 100

Note. CGU = common ground units. x2(6, N = 419) = 18.00, p < .01 (initiation phase). x2(6, N = 419) = 17.23, p < .01 (response phase).
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The proportions of both high rising and low rising tones appears stable across
the types of CGUSs, however. Responses had a higher proportion of nonfinal (con-
tinuing) boundary tones (H-L%, H—, L—, and no boundary tone) than initiating
contributions (32.5% vs. 7.8%). The higher proportion of “continuing” intonation
contours in responses reflects the fact that responses were often followed by fur-
ther talk by the same speaker who made the response (see Discussion section for
further details of this phenomenon).

The best model has generating class: pair*type, correspondence* pair, corre-
spondence* sequence with a LR x2 = 29.72, df = 73, p = 1.000. That is, the best
model hasthree two-way interactions. Thisisanother clear case of overfitting and
theindividual chi-squarevaluesarey (6, N =419) = 18.00, p < .01 (initiations) and
%26, N =419) = 17.23, p < .01 (responses).

Correspondences With Timing

Timing relative to preceding contribution. Table 5 presents the results of
our comparison of the timing of the initiation and response contributions with re-
spect to the preceding contribution (by same or other speaker) for simple and com-
plex CGUs.

Liketheresultsfor break indexes, the resultsfor thetiming of unitswith respect
to immediately prior talk showed no significant differences between simple and
complex CGUsfor initiation phases, but did show significant differences with re-
spect to first responses. That is, the results suggest that aspects of the timing of re-
sponse contributions in relation to initiating contributions (the contribution pre-
ceding the response is the initiating contribution by definition) is an indicator of
how much collaborative work is going to be required before grounding is estab-
lished at the level of understanding.

In particular, there was a relatively high proportion of responses in complex
CGUswhose onset occurred whilethe other speaker was till talking, resultingina
partial overlap (18.5% vs. 7.5%). There was no difference in the amount of com-
pletely overlapped response contributions between simple and complex CGUSs.
Thismeansthat, though these response contributionsweretimed to comein before
the initiating contribution was completed, they did not come in so early as to be
completely overlapped by the initiating contribution. We consider this result fur-
ther in the discussion section.

The “best” model has generating class of two interactions: correspon-
dence* pair, correspondence* type with aratio LR y2 = 22.32, df = 22, p = .441.

An amost equivalent “best” model istwo interactions and one independent ef-
fect: correspondence* pair, correspondence* type, sequence.
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TABLE 5

CGU Type x Sequence x Timing With Respect to Preceding Contribution

Pause Before Overlap Before Complete Overlap Latch Before Continued Total

CGU Type n % n % n % n % n % n %
Initiation phase

Simple CGUs 98 40.7 38 15.8 1 04 44 18.2 60 24.9 241 100

Complex CGUs 62 34.8 34 19.1 3 17 27 15.2 52 29.2 178 100

Total 160 38.2 72 17.2 4 1.0 71 16.9 112 26.7 419 100
Response phase

Simple CGUs 100 415 18 75 27 11.2 94 39.0 2 0.8 241 100

Complex CGUs 67 37.7 33 185 18 10.1 60 33.7 0 0 178 100

Total 167 39.8 51 12.2 45 10.7 154 36.8 2 0.5 419 100

Note. CGU = common ground units. x2(4, N = 419) = 4.59, ns (initiation phase). x3(4, N = 419) = 13.06, p < .01 (response phase).
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Timing relative to next contribution. Table 6 presents the results of our
comparison of timing of initiation and response contributions with respect to the
next contribution (by same or other speaker).

The results for the timing of the unit following the target contribution also
showed no significant difference for initiations between simple and complex
CGUs, whereasthe responses did show adifference of distribution. Contrary tothe
resultsfor timing regarding preceding contribution, there seemsto be ahigher pro-
portion of partially overlapped contributions in simple CGUs than in complex
CGUs (7.5% vs. 3.9%), although the numbers are probably too small to interpret
properly here.

More significantly, there were more latched contributions, ones where the sec-
ond speaker timed his or her next turn to follow from the target contribution with-
out any pause or overlap, in complex CGUs than in simple ones (22.5% vs. 12%).
This suggests asmoother transition between speakersfrom first responseto further
contributions within the CGU and may be an indication that the contribution fol-
lowing thefirst responseis still part of the same CGU.

The “best” model has generating class containing two, three-way interactions:
correspondence* data* sequence, correspondence* sequence*type with a LR y2 =
11.11, df = 12, p = .519

Grounding and Dialogue Acts

Table 7 presents the distributions of forward-looking and backward-looking func-
tions for smple and complex CGUs.

Aspredicted, the resultsfor comparison of dialogue act distribution indicate no
significant difference between simple and complex CGUsfor initiations. However
thereisasignificant differencein the distribution of first response contributionsin
simple CGUs from their distribution in complex CGUs. The clearest difference
lies in the much higher proportion of forward-looking functions functioning as
first responses (grounding elements) in complex CGUs (22% vs. 6%), aresult pre-
dicted under the hypothesisthat forward-looking functionsare morelikely to elicit
further responses before grounding is fully achieved.

The best model is the saturated model: sequence* type* correspondence with a
LR %2=.000, df = 0, p = 1.000. This means that none of the effectsisindependent
of the other. Theindividual chi-sguare values are x2(1, N = 419) = 0.75, ns (initia-
tions) and x2(1, N = 419) = 23.70, p < .001 (responses).

We examined the differences between simple and complex CGUs regarding di-
alogue act distribution in first responses more closely. We subcategorized the
backward-looking functionsinto the three main subcategories, aslisted in Table 2:
agreement functions (e.g., acceptances of requests), under standing functions (e.g.,
acknowledgments), and answer functions (e.g., answers to questions). Table 8
summarizes these results.
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TABLE 6
CGU Type x Sequence x Timing With Respect to Following Contribution

Pause After Overlap After Complete Overlap Latch After Continued Total

CGU Type n % n % n % n % n % n %
Initiation phase

Simple CGUs 111 46.1 31 12.9 2 0.8 90 37.3 7 29 241 100

Complex CGUs 69 38.8 40 225 2 11 60 337 7 3.9 178 100

Total 180 43.0 71 16.9 4 1.0 150 35.8 14 33 419 100
Response phase

Simple CGUs 55 22.8 18 75 36 14.9 29 12 103 42.8 241 100

Complex CGUs 40 225 7 39 21 11.8 40 225 70 39.3 178 100

Total 95 22.7 25 59 57 13.6 69 16.5 173 41.3 419 100

Note. CGU = common ground units. x2(4, N = 419) = 7.64, ns (initiation phase). x2(4, N = 419) = 9.95, p < .01 (response phase).
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TABLE 7
Distribution of Functions in the Initiation Phase
Forward-Looking Functions ~ Backward-Looking Functions Total

CGU Type n % n % n %
Initiation phase

Simple CGUs 210 88 31 12 241 100

Complex CGUs 160 920 18 10 178 100

Tota 370 88 49 12 419 100
Response phase

Simple CGUs 15 6 226 94 241 100

Complex CGUs 40 22 138 78 178 100

Total 55 13 364 87 419 100

Note. CGU = common ground units. x2(1, N = 419) = 0.75, ns(initiation phase). x4(1, N = 419) =
23.70, p < .001 (response phase).

TABLE 8
Distribution of Functions in the Response Phase

Forward-Looking

Agreement  Understanding ~ Answer Function Total
CGU Type n % n % n % n % n %
Response phase
Simple CGUs 73 30 94 39 59 24 15 6 241 100
Complex CGUs 46 26 45 25 47 26 40 23 178 100
Total 119 28 139 34 106 25 55 13 419 100

Note. CGU = common ground units. x2(3, N = 419) = 27.48, p < .001.

Table 8 shows that, in addition to a difference in the proportions of for-
ward-looking functions, ssmple and complex CGUs aso differed regarding the
distribution of backward-looking functions. The first response parts of complex
CGUs are fairly evenly distributed between acts of agreement, understanding,
and answers to questions, whereas there is a slightly higher proportion of under-
standing functions in simple CGUs (39% vs. 30% agreements and 24% an-
swers).

The results so far have pooled the different types of complex CGUs together.
Recall that, although all complex CGUs involved an expansion of the basic initia-
tion—response structure, there were differences in the ways that these expansions
were manifested. We therefore recognized that there might be differencesin dia-
logue act distribution between types of complex CGUs. Our final analysis was to
separate the complex CGUs according to type and to compare their dialogue act
distributions. Thisisillustrated in Table 9.
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TABLE 9
Distribution of Complex CGUs and Dialogue Acts in the Response Phase

Total Backward- Forward-Looking
Agreement Understanding Answer Looking Functions Functions Total
Complex CGU Type n % n % n % n % n % n %
Response phase
Overlapping (type 1) 4 8 2 5 10 21 16 34 31 66 47 100
Other speaker 13 22 17 29 27 46 57 97 2 3 59 100
expansion (type 2)
Same speaker 20 39 21 40 8 15 49 94 3 6 52 100
expansion (type 3)
Grounding at other 9 45 5 25 2 10 16 80 4 20 20 100
levels (type 4)
Total 46 25 45 25 a7 26 13 71 40 29 178 100
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Although these results are of a preliminary nature, they suggest that different
kinds of complex CGUs do indeed manifest different profiles with respect to dia-
logue act distribution. For instance, there is a relatively high proportion of for-
ward-looking functionsin overlapped CGUs (where the unit that grounds the first
CGU dsoinitiates a new CGU)—78% of forward looking functionsin responses
were in overlapped CGUSs. This result sets apart overlapped CGUs from other
types of complex CGUs, which had very few instances of forward-looking func-
tions as first responses, thereby accounting for the relatively high proportion of
forward-looking functions for complex CGUs observed in the overall resullts.

DISCUSSION

In general, our results confirm that patterns of certain prosodic phenomena are
consistent with a collaborative model of dialogue structure. Not only did initiation
phases of CGUsoverall behave differently to response contributions of CGUswith
respect to prosody, but the responses themsel ves coul d al so be differentiated based
on whether they “finished” a CGU, or whether they werefollowed by other contri-
butions before grounding was achieved.

Theresults show that, for the three prosodic parametersinvestigated (boundary
strength, boundary tone, and timing of utterance), there was little or no variation
according to thetype of CGU intermsof theinitiation phase. We also found no sig-
nificant variation in the distribution of forward-looking functions and back-
ward-looking functionsin theinitiation phase of both types of CGUs. These find-
ings were consistent with our hypothesis that, if there were any measurable
differences between these CGU types, they would be found in the first response
contribution and not in the initiation phase.

Also consistent with our hypotheses were the results that the three prosodic pa-
rameters displayed differences between simple and complex CGUs in thefirst re-
sponse contribution. Complex CGUs displayed more overlapped first responses,
fewer incomplete intonation phrases (a break index of less than 4), and a higher
proportion of low falling boundary tones (indicating compl etion) than the response
contributions of simple CGUs.

Of the three prosodic parameters investigated, only boundary tones displayed
differences between simple and complex CGUs for both initiation and response
phases. Initiations of simple CGUs had a higher proportion of rising boundary
tones (H-H% and L—H%) than those of complex CGUs. This was an unexpected
result and onethat requiresfurther investigation. Thisresult may reflect thetype of
dialogue act being performed in the initiation (e.g., questions vs. statements).
However it might also be aresult of individual speaker differencesin preference
for rising or falling contoursin statement functions. The general Australian dialect
of English is known for its high-rising final tones in nonquestion utterances, but
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some speakers utilize them more than others. The patterns of rising tones as they
related to discourse structure in our data have been addressed in Fletcher et al.
(2002).

Overall, responses had a higher proportion of more minor types of boundary
tones (including intermediate phrase boundaries and no boundary tone) than initi-
ating contributions. This was unsurprising, since response phases often consisted
of acknowledgment contributions (like okay or yeh), which indicated grounding at
the understanding level, but were then followed by other talk by the same speaker
continuing an intonational phrase. More specificaly, the higher proportion of
“nonfina” contours (H-L%, L—, H—, and none) for simple CGUs compared with
complex CGUSs reflects a set of instances in which the respondent answers a
yes—no question, and then makes a further response in the same intonational
phrase that is new information that was itself grounded (and was therefore coded
asanew CGU), asin Extract 7.

(7)IG:  CGU1 Haveyou got aweir (Bl = 4, H-H%)
IF: CGU1 No =
CGU2  I'vegot thisbig natural spring (Bl =4, L-L%)
IG: CGU2 No (Bl =3,H-)

CGU3 | don't have anatural spring okay

These nonfinal contours typically also corresponded with break indexes of less
than 4, accounting for therelatively high proportion of BI3sin responsesin simple
CGUs that was observed in our comparison of boundary strengths.

Regarding the timing parameter, there were interesting differences between the
timing of a response contribution with respect to preceding and following contri-
butions. The relatively high proportion of overlap in complex CGUs is due to the
fact that, when thefirst responsein aCGU isat least partially overlapping with the
initiation contribution, it creates an environment in which both participants must
work harder (i.e., make more contributions) in order for the acknowledgment of
common groundedness to be clear. This suggests that it is the overlap that moti-
vates the complexity of the CGU, and not the other way around. At least some of
these overlaps resulted in the same speaker repeating an acknowledgment of
grounding with no overlap, asin Extract 5, repeated below.

(5) IG:  thatisuhasapoint of looking at the Consumer Trade Affair
[right]
IF: [okay] yeh

Inthisexample, IF sfirst acknowledgment response okay overlapswith the end
of IG’s statement initiating contribution (aright tag) and isimmediately followed
by another acknowledgment yeh. In this case, IF was indicating grounding at the
level of understanding with her first response; however, as the first response was
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overlapped, she reformulated the response to ensure that the acknowledgment of
grounding had been mutually understood.

Regarding the timing of the contribution following the first response, the rela-
tively high proportion of latching in complex CGUs is perhaps an indication of a
smooth transition from first response to further grounding contributions within the
CGU. It reflectsthefact that, in complex CGUS, the next contribution after thefirst
response utterance is still part of the same CGU. In simple CGUSs, the next contri-
bution after thefirst response contribution isanew CGU, which can beinitiated by
either speaker. Latching is perhaps asign of both speakers working hard collabor-
atively to establish common ground in cases where common ground was not estab-
lished in thefirst instance.

Whereasthe distribution of dialogue actsin our corpusdid correspond to alarge
extent with CGU structure (i.e., initiations with forward-looking functions and re-
sponse phases with backward-looking functions), the distribution of dialogue acts
in responses did show a dependence on the complexity of CGUs (e.g., there were
more forward-looking functions in overlapping CGUs than in other kinds of
CGUs). This indicates that, whereas there is a clear relationship between CGUs
and dialogue acts, there are real differences between modeling dialogue as a se-
guence of speech acts and modeling it as a constant collaborative effort between
participants toward the establishment of common ground. This strongly suggests
that the patterns of prosodic regularity that we have observed in our datado indeed
emerge from the collaborative effort. The results presented here suggest that pros-
ody is doing more than just signaling individual speech acts (although it clearly
does that too), as there are discernable patterns that distinguish responses that
establish common ground in a simple exchange from those that consist of more
complex sequences before common ground is established.

CONCLUSION

Most studies of prosody in dialogue have looked at relations between prosody and
individual dialogue acts independent of their rolein collaboration (Shriberg et al.,
1998; Stirling et a., 2001). What we have shown hereisthat thereisal so arelation-
ship between patterns of prosody and the ways that speakers work together toward
mutual understanding. In some cases, the observed patterns clearly reflected some
aspect of collaborative interaction, such astherole of overlap and latching in indi-
cating degree of collaboration and common ground.

The results suggest that continued investigation of intonation and timing in the
context of the “contribution” model has the potential to greatly enrich our under-
standing of thefunctionsof prosody ininteraction, especially asit reflectssequential
complexities (Schegloff, 1992). Inthisarticlewe have established that there are dif-
ferencesin the prosodic patternsfound between simpleand complex CGUs, mostly
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without teasing apart the different kinds of complexity. Further investigation of the
prosodic patterns found in each type of complex CGU is the next stage of the re-
search. Suchananalysiswill provideuswithamuchfiner grained pictureof therela-
tionship between intonation and timing phenomenaand the types of contributions
that motivate or anticipate more simple or complex collaborative structures.

Empirical investigation of therolethat prosody playsinfacilitating the achieve-
ment of mutual understanding is still in relative infancy. Yet such information is
important for the development of computationally implementable models of dia-
logue that adequately reflect its collaborative nature. Here we have shown the util-
ity of acorpus-based approach to theissue. We hopeit will provide useful informa-
tion for the development of systems that can better recognize patterns of
complexity in the online negotiation of information, and so improve the manner in
which humans and computers interact.
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