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ABSTRACT

This paper reports on a study of the relationship between
acoustic-prosodic variation and discourse structure, as determined
from an independent model of discourse. We present results of t-
wo pilot studies. Our corpus consisted of three AP news stories
recorded by a professional speaker. Discourse structure was la-
beled by subjects either from text alone or from text (with all or-
thographic markings except sentence-final punctuation removed)
and speech, following Grosz & Sidner 1986; average inter-labeler
agreement for structural elements varied from 74.3%-95.1%, de-
pending upon feature. These elements of global structure, togeth-
er with elements of local structure such as parentheticals and at-
tributive tags, were correlated with variation in intonational and
acoustic features such as pitch range, contour, timing, and am-
plitude. We found statistically significant associations between
aspects of pitch range, amplitude, and timing with features of
global and local structure both for labelings from text alone and
for labelings from speech. We further found that global and local
structures can be reliably identified from acoustic and prosodic
features with (cross-validated) success rates of 86-97%.

I. INTRODUCTION

Most computational theories of discourse agree that utterances
in a discourse group together into segments, and that the determi-
nation of discourse meaning depends crucially on identifying the
ways these segments fit together. However, different theories make
different claims about the basis of discourse structure; proposals
include coherence relations [8, 10, 11, 14], syntactic features [13],
and intentions [5]. In addition, discourse segment boundaries do
not always align with paragraph boundaries or other orthograph-
ic- markers in text. As a result, attempts to apply theories of
discourse structure have encountered difficulty with apparent am-
biguities in the structure of a particular discourse. Furthermore,
there have been no systematic studies of human labeling of dis-
course segmentation. Thus, one goal of our pilot studies was to
devise a set of instructions that would permit consistency in seg-
mentation across different labelers and different texts. A second
goal of these studies was to identify intonational features that
were strongly correlated with discourse structural elements. Sev-
eral studies suggest that discourse structure is signalled by intona-
tional variation. Variation in pitch range, timing, and amplitude
have all been studied as potential correlates of structural variation
[9, 4, 15, 1, 2}, with some success. However, a weakness in such
studies has been the lack of independent analyses of the structure
of the discourses under consideration, using a general theory of
discourse structure. We addressed this problem by analyzing in-
tonational and acoustic features of the discourse structures that

*This research was partly supported by NSF grant #IRI-9009018.
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were identified by the consensus labelings of our subjects, follow-
ing Grosz & Sidner 1986’s model of discourse structure [5] (here-
after, G&S). A third goal was to examine the conjecture that
spoken language provides information that enables a listener to
identify the structure of a discourse intended by a speaker from
among several possible structurings. To this end, we compared
discourse labelings by subjects who labeled from text alone with
labelings made from both text and speech.

We examined prosodic features of three AP news stories (here-
after, AP1, AP2 and AP5), which had been recorded by a profes-
sional newscaster from texts available to us. The texts averaged
about 450 words in length and the recordings averaged about three
and one-half minutes. AP5 (approximately 550 words and four
minutes long) was labeled for discourse features by seven labelers;
four labeled from text alone (Group T) and three from text and
speech (Group S). Analysis of these labelings with respect to the
acoustic-prosodic features observed for the recorded text were p-
resented in {7]; we summarize these results below. AP1 and AP2
were labeled from text alone by three of the labelers who had la-
beled AP5 from text. In this paper we report additional results
for AP5 as well as results for AP1 and AP2.

II. DISCOURSE STRUCTURES

In 7] we described the development of a set of labeling in-
structions based on G&S’s model of discourse structure [5] for
guiding labelers in segmenting the news stories and identifying
elements of local structure. According to this model, discourse
structure includes at least three distinct components. The utter-
ances composing the discourse divide into segments forming the
linguistic structure. The embedding relationships among segments
reflect changes in the attentional state component during the dis-
course; this component represents the entities and attributes that
are salient during a particular portion of the discourse. Changes
in attentional state, and hence the discourse segment structure,
depend on the intentional structure, a structure of the purposes
or intentions underlying the discourse. The intentional structure
thus plays a central role in discourse structure: the determination
of discourse segmentation depends on identification of discourse
intentions and relationships between them. Hence, we describe it
briefly here; additional details may be found in [5, 6].

According to G&S, each discourse segment has an underlying
purpose intended by the speaker/writer to be recognized by the
listener/reader, the Discourse Segment Purpose (DSP). Each DSP
contributes to the overall Discourse Purpose (DP) of the discourse.
So, a discourse might have as its DP the intention that the lis-
tener be informed that there was a plane accident, and individual
segments forming that discourse might have as their DSP’s inten-
tions that the listener be informed that the plane lost a piece of
its tail (an intention contributing information about the acciden-
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t) and that the passengers were upset (an intention contributing
information about the effect of this event). DSPs may in turn
comprise other intentions and relations between them. DSPs a
and b may be related to one another in two ways: a dominates b
if the DSP of a is partially fulfilled by the DSP of . Segment a
satisfaction-precedes b if the DSP of a must be achieved in order
for the DSP of b to be successful.

At the global level, our analyses focused on phrases identified
by subjects as beginning (SBEG) or ending (SF) discourse seg-
ments and on the embedding relationship between such phrases
and the phrases that immediately preceded or followed them. At
the local level, we examined five types of constituents: parenthet-
icals, direct quotations and their tags, indirect reported speech,
and speaker attributions for reported speech. We asked both
Group T and Group S labelers to mark parentheticals, because
these are not always disambiguated orthographically. In addi-
tion, we asked Group S to mark direct quotations. Tags, indirect
speech, and speaker attributions for indirect speech were identified
independently by the authors from the text.

We found considerable agreement in labelings of global struc-
ture for both our groups, although no two segmentations were
identical. For AP5, we examined labelings of segment begin-
nings and endings for all seven labelers: for the binary decision
of whether a given phrase began a new segment, there were no
statistically significant differences among six of the seven.! For
the question of whether or not a phrase ended a segment, the
seven labelers fell into two groups, with no significant difference
within each group; we hypothesize that each may have settled up-
on a distinct but plausible interpretation of the text’s structure.
While we had anticipated finding fewer differences among mem-
bers of Group S than among Group T labelers, consistency across
Group S labelers was no greater than consistency among all mem-
bers of the two groups, for labelings of either segment beginnings
or endings.

For each of these decisions, we also examined how often each
individual labeler agreed with the majority judgment; means and
standard deviations for percentage agreement with majority view
are given below. For the segment beginning decision for phras-
es in AP5, our seven labelers averaged 77.3% (s=4.6) agreement
with the majority decision; however, when one labeler is removed,
the remaining six improve their mean percent agreement score to
89.5% (s=6.4). The fact that this labeler is a member of Group S
is reflected in the observation that the consistency within Group T
appears greater than for Group S: for Group T mean percent a-
greement for each labeler with consensus is 95.1% (s=5.7) while
for Group S it is 87.7% (5=9.3). Agreement among the three la-
belers of APl averaged 85.4% agreement with majority (s=15.7);
for AP2 it was 91.7% (s=8.3). Agreement for segment endings
averaged 75.7% for AP5 (s=7.4), 76.5% for AP1 (s=21.2), and
74.3% (s=4.4) for AP2.

So, while there is considerable labeling agreement for both
segment beginnings and segment endings, agreement is higher for
segment beginnings, ranging from 85.4-81.7% over the three news
stories, with 77.3% agreement for all seven labelers on AP§ and
89.5% for six of the seven. And many of the phrases for which
labelers disagreed over the segment beginning decision fell into
two. categories: (1) utterances that might have initiated (or by
themselves formed) small separate segments and were thus classi-
fled as segment medial by some labelers and as SBEG by others;
(2) utterances classified as SBEG by some labelers but merely as
immediately following an SF phrase by others (a segment medial
pop, SMP). In the latter case, all of the labelers agreed that there
was a discourse break of some kind, but they disagreed about

'We used Cochran’s Q to test for significance.
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the relationship of the utterance in question to the immediately
(linearly) preceding segment. Including these all as SBEG would
improve agreement scores further.

III. ACOUSTIC-PROSODIC
ANALYSIS

To identify intonational features in the read speech, we labeled
the speech for accentuation and phrasing, according to Pierre-
humbert’s [12] theory of English intonation, using WAVES speech
analysis software. We used as our primary unit of analysis Pier-
rehumbert’s intermediate phrase. For each phrase, we calculated
values for pitch range, calculated for each minor phrase from the
fundamental frequency (f0) maximum occurring within an accent-
ed syllable in the phrase;? amount of f0 change between phrases,
f0(phraseli])/fO(phrase[i+1]; amplitude, energy maximum within
the vowel of the syllable containing the phrase’s f0 peak; difference
in intensity from prior phrase, measured in decibels (db); contour
type and type of nuclear accent, identified in Pierrehumbert’s no-
tation; speaking rate, measured in syllables per second (sps); and
pausal duration between intermediate phrases and between into-
national phrases. Each of these features was then examined as a
potential predictor of discourse structure. Results for discourse
features labeled from text were compared with those labeled from
text and speech, to see whether there were acoustic-prosodic cues
which influence Group S labelers to deviate from patterns ob-
served for Group T.

Study I

Results for the analysis of discourse and acoustic-prosodic features
in one story, AP5, are summarized in Table 1. For this analysis,
we examined consensus labelings (i.e. those on which every mem-
ber of a group agreed) from Group T with those from Group S for
direct quotations, tags, indirect reported speech and attribution-
s, parentheticals, and segment boundaries. In these analyses, we
controlled for phrasal position where ANOVAs performed on the
data indicated that phrasal position was significantly correlated
with the feature under analysis. Significance for the data present-
ed in Table 1 was determined via t-tests, and all results presented
were significant at the .05 level or better. A more detailed account
appears in [7].

In Table 1, a ‘4’ indicates the row’s discourse structural ele-
ment is characterized by higher values for the column’s intonation-
al feature; ‘-’ indicates that the structural element is characterized
by lower values for the intonational feature. For example, ‘-’ in the
‘Pitch Range’ column for parentheticals indicates that parenthet-
ical phrases were uttered in a pitch range that was significantly
smaller than the pitch ranges of non-parentheticals.

As shown in Table 1, quoted phrases for Group T were, in gen-
eral, uttered in a larger pitch range and with less increase in inten-
sity than other phrases; these results are for quote-initial phrases,
compared with other phrases in similar utterance position. Also,
quote-final phrases were produced with a pronounced drop in in-
tensity compared with other utterance-final phrases. The phrases
Group § identified as direct quotations differed significantly only
in pitch range from other phrases. Thus, our speaker signaled
direct quotes by an expanded pitch and range and hearers appar-
ently perceived this cue.

We found that parentheticals identified by Group T were ut-
tered in a compressed pitch range and that that range represented
a smaller than average change in range and in intensity from pri-
or phrase. Those identifed by Group S were even lower in range

2Results from a more conservative measurement at the amplitude maxi-
mum within that syllable were similar.
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Table 1: Intonational Correlates of Discourse Features

Intonational Features

Discourse Features | Pitch Range Pitch Range Rms Db Prec  Subs Rate

Change Change Pause Pause
T:Direct quotes + -
S:Direct quotes +
T:Parentheticals - - -
S:Parentheticals - - - +
T.SF +
S:SF +
T:SMP + +
S:SMP + +
T:SBEG + + - -
S:SBEG + -
T:SBEG+SMP + -
S:SBEG+SMP + + -

than those identified by Group T and exhibited an even more
pronounced decrease in pitch and intensity, providing some indi-
cation that Group S was using such variation, in addition to more
semantic cues, to identify parentheticals. Group S parentheticals
also were uttered significantly more rapidly than other phrases.

For global structure, we again found much similarity between
intonational features correlated with Group T-identified discourse
elements and those correlated with discourse features identified by
Group S. However, for global structures we did not find that the
intonational features associated with discourse features labeled
by Group S differed markedly from those labeled by Group T.
For SBEG phrases, we found pitch range, amplitude, rate and
subsequent pause all were significantly correlated for Group T.
However, only preceding and subsequent pause variation distin-
guished phrases identified as SBEG by Group S. As discussed in
[7], this Group S result was unexpected and inconsistent with pre-
vious results. However, because of the “topic shifting” similarity
of SBEG and SMP utterances, this led us to examine both SM-
P phrases, and a superordinate category, SBEG+SMP. For SMP,
there is a significant effect for pitch range and for preceding pause
for Group T, and similar effects for Group 8. For SBEG+SMP?
identified by Group T, there are significant effects for pitch range
and subsequent pause; for Group S significant effects were found
for pitch range, subsequent pause and preceding pause. So, S-
BEG does appear to be signalled by expanded range and timing,
as we had anticipated. Finally, for SF phrases for both Group T
and Group S, we found a single intonational correlate, subsequent
pause. These findings confirm previous work by [4, 9, 15] that
pitch range and timing variation are important in signaling top-
ic structure, and demonstrate that these relationships hold when
topic structure has been independently determined from consensus
subject labeling, which is based upon an independently-motivated
theory of discourse.

Study I1

Our first experiment identified associations between individual
local and global discourse features and, in most cases, multiple
acoustic-prosodic features. These results support the common
observation that a given acoustic-prosodic feature can be asso-
ciated with variation in multiple, distinct discourse phenomena.
However, our initial findings do not tell us how these complex rela-
tionships between discourse and acoustic-prosodic features might
be modeled. Is variation in one acoustic-prosodic feature either

3SBEG phrases significantly outnumber SMP phrases when we collapse
categories, so our results do not arise from the latter dominating the former.
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necessary or sufficient to signal a discourse feature? Do all phras-
es exhibiting a particular discourse characteristic exhibit similar
acoustic-prosodic characteristics?

To test these possibilities, we next examined consensus text-
based labelings for AP1, AP2, and APS5 from three labelers and
also the union of labelers judgments for discourse phenomena. We
considered the acoustic-prosodic features discussed above, as well
as the mean and, where applicable, initial value for each of these
features for each story as a whole {e.g. f0 for initial phrase in sto-
ry, mean {0 for all phrases in story or all utterance-initial phrases,
where appropriate), to control for possible variability of recording
sitvation from story to story. This time we employed Classifica-
tion and Regression Tree Analysis (CART) {3] to produce decision
trees automatically from these feature values; we present result-
s in terms of CART’s cross-validated success estimates. CART
provided a simple automatic method of identifying reliable asso-
ciations between acoustic-prosodic features and global and local
discourse features for our relative small corpus.

This study confirmed that acoustic-prosodic factors can be
used to predict labelers’ consensus decisions on both global and
local aspects of discourse structure. For example, automatically
generated prediction trees distinguish consensus SBEG from other
phrases for combined AP1, AP2 and AP5 in 91.5% of cases, using
only a simple combination of constraints on duration of preceding
pause (> 647 msec.) and pitch range (< 276 Hz.). They distin-
guish SF from other phrases in 92.5% of cases, from information
about subsequent pause (> 913 msec.), amount of f0 change from
prior phrase (< 93%), and overall rate for the story (> 4.76 sps).
In both cases, all phrases successfully identified by this procedure
shared similar acoustic-prosodic features. So, positive nodes can
be represented as a set of simple constraints on a few variables.

Aspects of consensus labeled local structure are identified with
similar success with equally simple prediction trees: Attributive
tags can be identified with 96.9% success as a set of constraints
on rate { < 3.36 sps) and amount of change in {0 from prior phrase
(< 79%). Phrases beginning direct quotations are distinguished
from other phrases in 86.4% of cases, from preceding pause (> 519
msec.), amplitude (rms <3416), and rate (> 5.10 sps). And phras-
es beginning indirect quotations were distinguishable from other
phrases in 88.5% of cases, in terms of pitch range (> 270 Hz.) and
amount of change in range from prior phrase (>62%), and change
in intensity from previous phrase (> -4.26 db).

*In the CART implementation employed here, each decision tree is grown
on 90% of the data and tested on the rest five times; results are then averaged
to identify a reliable subtree and its likely success rate. Independent testing
on other data sets has found that such estimates are reliable to within 1-2
percentage points of the estimated success rate. .
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However, phrases marked by our labelers as parentheticals pro-
vide a more complex picture of the relationship between discourse
and intonation: a larger number of features are involved in distin-
guishing parenthetical from non-parenthetical phrases in our cor-
pus, and not all parentheticals share common acoustic-prosodic
characteristics. In general, parentheticals can be distinguished
from other phrases in 89.2% of cases, on the basis of ahsolute 0,
amount of f) change from previous phrase, type of nuclear ac-
cent, rate, and preceding pause. However, while all parenthetical
phrases successfully identified in this corpus are characterized as
uttered in a relatively low pitch range (peak <235 Hz), exhibiting
relatively little f0 change from prior phrase (.86<fOchange<1.04),
and sharing the same set of three nuclear accent types, one group
of parentheticals are uttered very rapidly (>6.08 sps) while those
uttered at slower rates are much lower in pitch range (<196 Hz.).
So, while most discourse features appear to be predicted in this
corpus from simple constraints on two or three acoustic-prosodic
features, these data suggest that there may be trade-offs in varia-
tion of different features, and that more complex models may be
necessary to model these.

CONCLUSIONS

Our pilot studies provide evidence that discourses can be seg-
mented reliably by labelers given instructions based on Grosz &
Sidner 1986’s theory of discourse structure. For segment begin-
nings and endings, mean percent agreement among our labelers
was better than 74% in all conditions. Agreement with majority
on segment beginnings ranged from a low of 77.3% for all labelers
on one story to 89.5% for six of the seven on that story and 91.7%
for three labelers on another.

Our experiments also support the hypothesis that discourse
structure is marked intonationally; we found statistically signifi-
cant correlations between specific discourse structures determined
independently of linguistic form and acoustic-prosodic features.
In a pilot study that-examined seven discourse labelings of one
news story in conjunction with a recorded version of that story, we
found the following both for those who labeled from text and those
who labeled from speech: Phrases beginning discourse segments
(including SBEG and SMP) were uttered in a larger pitch range
and followed by shorter pauses than other utterance initial phras-
es. Phrases ending segments were followed by longer pauses than
other utterance-final phrases. Phrases initiating direct quotations
were uttered in a larger pitch range than other utterance-initial
phrases. Parentheticals were uttered in a compressed range, and

exhibited less change in {0 and in intensity from the prior phrase

than non-parenthetical phrases.

Our results also demonstrate that aspects of discourse struc-
ture can be predicted reliably on the basis of acoustic-prosodic
features, although the relationship between structure and intona-
tional features is sometimes a complex one — a given discourse
structural feature may be signaled by several intonational vari-
ables, which may or may not be independent; thus, the values of
acoustic-prosodic features associated with a given discourse fea-
ture may vary, depending upon the values of other features. From
our pilot study of three labelers’ consensus labels for three news
stories, we found that phrases beginning and ending discourse seg-
ments could be predicted with better than 90% (cross-validated)
success, and that aspects of local structure could also be predict-
ed with considerable success. Tags are predicted in this data with
96.9% success, phrases beginning direct quotations with 86.4%
success, those beginning indirect quotations with 88.5% success,
and parentheticals with 89.2% success. While in most cases those
phrases that were reliably predicted could be identified by a few
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simple constraints on acoustic-prosodic features, predictions for
parentheticals as well as the data not correctly predicted suggest
that more complex models may be needed to model the relation-
ships between intonational and discourse features.

To confirm these preliminary results, we are currently expand-
ing our analysis to include more texts, additional speakers, and
additional labelers. We also will examine the difference between
professional and non-professional read speech and will examine
acoustic-prosodic characteristics of additional discourse features,
such aslevel of embedding of discourse segments.
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