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Prosody as a Cue for Discourse Structure

Shin’ya Nakajima James F. Allen
NTT Human Interface Laboratories " University of Rochester

August 20, 1991

‘Abstract

In natural conversations, prosodic infromation plays several pragmatic roles. Of these, this paper de-
scribes how well prosodic information correlate with the topic structure of discourse. To investigate this
correlation systematically, first we introduce the notion of ulterance unit which can be viewed as a basic
unit in conversations. We then define four topic boundary classes; Topic Shift, Topic Continuation, Elab-
oration, and Speech-Act Continuation. The prosodic parameters— onset/first-peak pitch, final pitch, and
onset/first-peak pitch ratios— are measured at these topic boundaries to show how the pragmatic roles of

prosody are reflected in actual pitch contours. Finally, we propose a schematic algorithm which identifies
the topic boundaries via the prosodic parameters. )



1 Introduction

The last decade has seen substantial progress in
discourse processing and computational linguistic fields.
Specifically, the plan recognition approaches based
on Austin and Searl’s speech-act theory [Austin 62,
Searle 69] have been proposed (e.g. [AllPer 80]). How-
ever, although a number of analysts have pointed
out that prosody plays several important roles in
natural conversations (e.g. [BroYul 83, PieHir 90]),
there have been very few studies that take account of
the prosodic information. In general, the intentional
meaning of the utterance in a conversation cannot be
determined without refering prosodic information.

Prosodic information plays various pragmatic roles .

in a conversation; The most salient function of into-
nation is questioning. That is, by finishing a sen-
tence’ with rising intonation, we can create ‘a yes-
no question. Prosody can also specify. the informa-
tion structure— such as new/old information, and the
topic structure.- This paper focuses on .the latter
function of prosody, and we will bshow how prosodic
information can be utilized as a cue for topic struc-
ture identification.

In the next section, we introduce our specific task
domain- TRAINS world [AllSch 91]- and describe how
We then
define the topic structure markers which are based
on the notion of utterance unit.
show how well particular prosodic parameters corre-
late with the topic structure and propose a schematic
algorithm which identifies the topic structure from
the prosodic parameters.

we have collected natural conversations.

Finally, we will

2 Speech Data Collection

The map of the TRAINS world is shown in Fig.2-
1. The cities in the TRAINS world are connected to
each other by rail lines. Each city have either a man-
ufacturing capability (OJ factéry or beer factory), or
storage capability. Transportation is supplied by en-
gines, boxcars, and tankers which are initially placed
at specific cities.

A user or Human (hereafter called H) should
achieve a specific. goal by making plans. to manu-
facture and ship various goods to specified cities by
the due date. Another person called System (S) has
up-to-date knowledge on the state of the world and
assists H in making plans to achieve the given goal.

While making plans, S and H are sitting in dif-
ferent rooms and communicate by using microphones
and head phones. The speech of H and S is recorded

on the right and left channel of digital audio tape.
We collected a total dialogue duration of about one
and half hours from six goal-achieving sessions.

Banana Source/Warehouse
Hop Source/Warehouse

Corg

Orange Source/Warehouse
Malt Source/Warehouse

OJ Factory

Orange Spurce/Warehouse

Banana Source/Warehouse
Hop Source/Warehouse

Beer Factory

Beer Factory

Fig. 2-1 The TRAINS domaln for data collection

3 Discourse Structure Marking

3.1 Utterance Unit

Since grammatical units such as sentences are ab-
sent in the spontaneous conversations, we must first
determine what is the basic unit of conversation to
analyze the discourse structure systematically. We
refer to this unit as the utterance unit (UU) which
can be determined by following principles.

¢ Grammatical Principle; Place the UU bound-
‘ary where a period could be put. In case of
sentence conjunction, the UU boundary is set
Jjust before the conjunction.

. i’ragmatic Principle; The UU should corre-
spond to a basic speech-act. In other words,
UU should represent the speaker’s basic inten-
tion. Please note that this does not rule out the
case where one speech act continues over sev-
eral UUs. Actually, the utterance correspond-
ing to a single épeech act can be broken down
to discrete UUs by the following two principles.

* Comnversational Principle; A UU boundary
should be placed: whenever speaker changes.
“This includes the case of short acknowledge-
ment such as hnn-hnn or yes.



¢ Prosodic Principle; The UU boundary is placed

whenever a medium length or longer pause oc-
The pause threshold is set to 750 msec
which is a bit longer than the pauses called
search pauses or repair pﬁuses.

curs.

By appllying these rules to the speech data, the
utterances were, split into numbered UUs. Ex.3-1
shows typical UU analysis. The utterance in Ex.3-1a
is split. into two UUs; the first UU, okay, is an- ac-
knowledgement, and the second UU is WH-question.
Ex.3-1b shows the. case in which. S’s acknowledge-
ment hnn-han is inserted in the middle of H’s state-
ment.

H: okay, how long will it take for engine E3 .
to go to city I
R
(H:uul okay)
(H:uu2 how long vﬁll it take for engme E3
to go to city I) -

Ex.3-1a Ut;terance Unit anallysis; including okay.

H: let’s uhh move engine E3...
S: hon-hnn, |
H:to city 1

4
(H:uul le’s uhh move engine E3)
(S:uu2 hnn-hnn)
(H:uu to city I)

o~

Ex.3-1b Utterance Unit analysis; acknowledgement.

The discourse structure and the prosody analysis
discussed in the following sections are based on UU
as defined. That is, the topic boundary variations are
viewed as the relationships between the current UU
and the previous UUs, and the prosodic parameters
are measured for each UU.

3.2 Topic Boundary Types

To investigaté the correlation between prosody
and the discourse structure, we categorized the topic
boundary into four classes: Topic Shift, Topic Con-
tinuation, Elaboration, and Speech Act Con-
tinuation. These can be defined as follows. (Actual
examples are shown in Ex.3-2.)

Topic Shift (TS) This class can be viewed as three
subclasses;

New Topic (NT) The current UU introduces
a new topic. In our TRAINS domain, since

S and H try to cooperate to achieve a
particular goal, such utterances on new
(sub)goal or new (sub)plan are taken as
NT, rather than completely independent
topics. In Ex.3-2a, after asking some ques-
tions, H introduces a new plan at utter-
ance 4. ‘

Topxc Development (TD) The toplc in the
previous utterances is further developed
at the current utterance and there might
be some weak linkage between them. In
Ex.3-2b, at utterance 5, H shifts his fo-
cus from the orange juice to the bax{ahas,
but there is a shared topic between them,
namely, search fo'r resources mvolved in
the goal.

Interruption (Int) The previous or simulta-
neous utterance is interrupted abruptly by
the current utterance. In Ex.3-2¢, utter-
ance 1 is interrupted by S’s question.

Topic Continuation (TC) The linkage between the
current topic and the previous one is compar-
atively strong. The currént utterance may be
talking about the same plan or the same entity

- as discussed in the previous utterance. In Ex.3-
2d, at utterance 3, H, continues to talk about
makihy beer.

Elaboration Class (ELB) This class also can be
viewed as three subclasses. The general inter-
pretation of this class is that, the current ut-
terance adds soine relevant information to the
previous utterance(s). -

Elaboration (Elab) The current utterance adds
some relevant information to the previous
statement. In Ex.3-2¢, S informs H of the
quantity of the oranges which S believes
relevant to H’s last question. k ' ‘

Clarification (Clr) The current utterance clar-
ifies some propositions involved in the pre-
vious utterances. In Ex.3-2f, H restates
his proposal while clarifying what do that
really means. '

Summary (Summ) The current utterance sum-

marizes the contents of the preceding ut-
terances. as shown in Ex.3-2g.

Speech Act Continuation (AC) A single speech
act continues over several UUs. Most of them-

are sequential conjunctions as shown in Ex.3-
2h.

— 3 —



In the following section, we describe how some
prosodic parameters vary depending on the topic bound-
ary classes and how the variation can be interpreted
from the pragmatic viewpoint.

Ex. 3-2 Examples of each Discourse Segment Boundaries

A. New Toplc

1 H: how many boxcars of oranges does it take to produce a
tanker of oranges.. orange-juice
one boxcar uhh of oranges makes a boxcar..

a tanker of orange-juice

28:

3H: okay
>4H: Sysiem, should | uthmm.. would you recommend that

1 ubhh use my engine E3to gotocity 1 ?

B. Topic Development
1 H: is there orange-juice already made at city A ?
2 8: no, there's no orange-juice uhh made at all,
right now
3 H: at all, at any of the cityies 7
4 S: that's right
> 5 H: how about uhh bananas,
we have bananas at city Fand G ?

C. Interruption

1 H: and ! would like to brin...
>28: use E3 forthat ?
3 H: yes

D. Toplc Continuation

1 H: uhmm for beer | need uh hops and mat,
is that correct 7

2S: that's right

3 H: and | need a beer factory ?

4 8: yes, hnn-hnn

E. Elaboration
1H: are there oranges available in ware houses in both cities Hand |
uhh let's see
there're oranges available in uhh yes, in Hand in city |
They have oranges in both places, enough for uhh uhm
saveral boxcars of oranges
F. Clarification
1H: lel's dothat
>2H: let's move E2tocity E
G. Summary
1S: actually, there's 20 tanker loads at D, 1 think
2H: atD
38: and uhh something like thity at E .
4H: E
>58S: so plenty of beer
H. Speech Act Continuation
1 H: nowlet's uhh
the ges are al
28: hnn-hnn
>aH: and We'll take the engine that's at cily H
>4H: we'll move the boxcar with engine down lo city A

28:
>38:

dy loaded into the boxcar B6

4 Prosody and Discourse Structure

4.1 Onset and First Peak Pitch Fre-
quencies

A number of analysts have suggested that onset
and first peak pitch are raised when the topic of the
conversation is changed. (e.g. [BroCur 80]) How-
ever, to my best knowledge, clear and reliable confir-
mation has yet to be shown. In order to clarify how
this prosodic tendency reflects on the topic bound-
ary classes of our database where acknowledgements

and interruptions are frequently made by the par-
ticipants, we investigated the onset/first peak pitch
frequency at each topic boundary class.

The measuring points of onset pitch (Po) and first
peak pitch (Pp) are illustrated in Fig.4-1. For anal-
ysis consistency, we excluded the cases in which a sin-
gle gramatical phrase (e.g. noun-phrase, prepositional-
phrase, and so on) is split into several UUs via the
prosodic principle. For instance, the cases like (H:uul
from city...) [1 sec. pause] (H:uu2 G) were excluded.
Since we are focusing here on the relationship be-
tween topic-shifting and onset/peak pitch, we also
excluded simple answer utterances.

4 )
' Onset Pitch

/ First Peak

- uui
Bj

kFIg.AM The.measuring points of onset /first peak pltchesJ
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Fig. 4-2A Onset Pitch Frequency at each Topic Boundary



Onset/first peak pitch averages at each topic bound-
ary class are shown in Fig.4-2. The results can be
summarized as follows;

e For each speaker, both Po and Pp decline in
the order;

TS > TC > ELB =~ AC

For both speakers, the distinction between TS
and other boundary classes is much more sig-
nificant than the other differences.

e Po/Pp at ELB boundary and those at AC bound-
ary are almost identical for both speakers. This
result suggests that as far as Po and Pp are con-
cerned, the prosodic connection between the
previous and the current elaboration utterance
is as strong as that of speech act continuation
utterances.

e From the T-distribution tests, the statistical
significance of Po is higher than Pp’s for all
cases. That is, onset pitch is a more reliable
parameter than the first peak pitch, at least in
terms of topic boundary class identification.

First Peak Pitch Frequency [Hz]

140
~——  Speaker : System
==-@-== Speaker : Human
e
kY TS : Toplc Shift
1304 . TC : Toplc Continuation
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Fig.4-2B First Peak Pitch at each Toplic Boundary

4.2 Final Pitch Frequency

As suggested in the literature, the final boundary
tone reflects finality or completeness of the statement
in declarative sentences. We investigated the corre-
lation between final pitch frequency (Pf) and topic

boundary class to show how this tendency is reflected
in actual pitch contour.

The measuring point of Pf is illustrated in Fig.4-
3. The final pitch of single answers, not followed
by any subsequent utterances, are counted together
with those of TS boundaries and refered as END
class. This is because there is no significant distinc-
tion between the isolated answers and the topic shift
boundaries.

4 )
Final Pitch :
uui -
Bj
L Fig.4-3 The measuring polints of final pitch

The average of final pitch frequency at each topic
boundary is shown in Fig.4-4.

As can be seen in the figures, for both speakers S
and H, final pitch is much higher at AC boundaries
than at other boundaries. Moreover, Pfs at bound-
aries other than AC are almost identical. Thus, final
pitch frequency can be taken as a good cue for dis-
criminating AC boundaries from other boundaries.

The previous results suggest that as far as on-
set and first peak pitch are concerned, the prosodic
connection at the elaboration boundary is as strong
as that of speech-act continuation, whereas the fi-
nal pitch result indicates considerable isolation be-
tween the previous and elaboration utterances. How-
ever, this phenomena can be explained by the seman-
tic definition of elaboration class boundary and the
pragmatic roles of prosody. At an elaboration bound-
ary, the previous utterance UU, pef se completes a
particular statement, and the succeeding elaboration
utterance UU; adds some relevant information to
UUyg. So, the completeness of UUg leads to the final
pitch lowering and the following relevant utterance
influences on the onset and first peak pitch values of
UU;. o

We’d like to note that when measuring the fi-
nal pitch frequencies, we do not discriminate rising
tones from falling tones. Actually, however, while ris-
ing tones are the most typical pitch contours at AC
boundary, we have found some so called half comple-
tion falling contours [Gussenhoven), where the pitch

_5_



falls to mid-level. This fall can be also taken as in-
dicating non-finality of the utterance.

120
~—Ml— Speaker : Systom -
110 ~=®-= Speaker : Human
1 4
— END : Topic Shift & Isolated Answer St
2 TC : Toplc Continuatlon K
';" ELB : Elaboration : K
% AC : Speech Act Continuation K
E 100
[
s
a
©
c
™
90 J
80
END TC ELB AC

Flg. 4-4 Final pitch frequency at each topic boundary

4.3 Onset and First Peak Ratio

It is claimed that within a continuous speech, the
peak pitch range of each intonational phrase declines
towards the end of sentences [HakSat 80, LiePie 84,
Ladd 84]. [HakSat 80] also suggested that as the
grammatical connection between two neighboring phrases
increases, the peak of the second phrase is suppressed
more relative to the first phrase.

In this section, we extend the application of this
tendency, from sentence speech to a sequence of linked
utterance units, and show how this phenomenon is
reflected in-each topic boundary class.

POI+1
PPi+1

J

POl Bj

PRI

(3]0]]
Peak Pitch Ratlo at B) ; Rpp} = PPl+1/ PPI

Uul+1

Oriset Pitch Ratlo at BJ'; Rpo] = POI+1/ POI

\Flg.d-s The measuring polnts of peak/onset pitch ratios )

To investigate the degree of declination, we use
the ratio of the current UU’s first peak pitch {or onset
pitch) to that of the previous one. The measuring
points are illustrated in Fig.4-5. As illustrated in
the figure, both onset and first peak frequencies of
the current UU; (Pol, Ppl) and the previous (same
speaker’s) UUg (Po0, Pp0) are measured. Then the
declination ratios of onset pitch (Rpo) and first peak
pitch (Rpp) at boundary B; are computed as follows.

Pp,; Po,
Rpp = P’ = Pos
We refer to the for‘mer‘ as peak pitch ratio (Rpp),
and the latter as onset pitch ratio (Rpo).
" The averages of peak pitch ratio and onset pitch
ratio are shown in Fig.4-6. The results can be sum-
marized as follows;

e For both speakers, the first peak ratio declines
in the order;

TS > TC > AC > ELB

The onset pitch ratio also shows a similar ten-
dency, but the distinction between the bound-
ary classes other than TS is less significant than
in the case of the first peak ratio,

Both peak and onset pitch ratios are larger
than 1.0 at TS boundaries. This result means
that these parameters are raised at TS bound-
aries (about 1.15 times) relative to those of
previous utterance. . The peak pitch ratio at
TC boundaries is around 1.0, so, this suggests
that if there’s no salient relationship and no
abrupt topic shifting between two utterances,
the speaker utters them with the same peak
pitch range.

For both speakers, both ratios (Rpp, Rpo) at
ELB boundaries are slightly lower than those
at AC boundaries.
preted as follows; the relationship between two

This result can be inter-

utterances at an AC boundary is mostly co-
ordinate, whereas elaboration ‘utterances are
sometimes subordinate to the previous ones.
“This subordination suppresses elaboration ut-
terances more than cordination utterance.

As can be infered from Fig.4-6, the peak pitch
ratio is a more reliable parameter than onset

*

pitch ratio in terms of topic boundary identifi-
cation. In other words, declination or suppres-
sion tendency is more salient on the top line

— 6 —



than on the base line. Moreover, only the peak
pitch ratio can discriminate ELB boundaries
from TC boundaries reliably.

1.2
Q ——tl—— Speaker : System
\‘ - = @-= Speaker : Human
.
L)
1.2 ' TS : Topic Shift
TC : Toplc Continuation
ELB: Elaboration
AC : Speach Act Continuation
K]
:vé 1.0
x
3
o
2
s
9]
.8
T8 TC AC ELB
Fig. 4-6A First Peak Ratlo at each Toplc Boundary
1.2
.‘ ——J— Speaker : System
Iy ~=@-=+ Speaker : Human
“
A
\)
1.1 \ TS : Topic Shilt
S TC : Topic Continuation
% ELB: Elaboration
\ AC : Speach Act Continuation
o \:
k-] \
4 \
i
[
?
g 10
& 191
9

Ts TC AC ELB
Fig. 4-6B Onset Pitch Ratlo at each Toplc Boundary

4.4 Topic Boundary Identification via
Prosody

In this section, we discuss how our results can
be utilized for topic boundary identification. From

this point of view, the results shown above can be
summarized as follows;

¢ Onset pitch is the best parameter to discrimi-
nate topic shift boundaries.

o Final Pitch is the best parameter to locate speech-
act continuation boundaries.

e To discriminate elaboration boundaries from .
topic continuation boundaries, peak pitch ra-
tio can be used.

These conclusions lead to the topic boundary dis-

crimination tree described in Fig.4-7.

Onset Pitch = High ?

Yes

TS boundary

|4

Final Pitch = High ?

<

vl

No

es

(Peak Pitch Raitio = Low ?)

/ es \ No
ELB boundary TC boundary | -

Fig.4-7 The topic boundary discrimination tree

<

5 Discussions

To develop a practical topic boundary discrim-
ination algorithm, two problems must be overcome.
First, as we have seen in the previous results, there is
a considerable difference in pitch range depending on
the speaker. Therefore, a sort of normalizing tech-
nique should be utilized to eliminate this effects. An-
other problem is that, since the prosodic phenomena
described above reflect statistical effects, literal in-
formation should be also taken into account together
with prosody. The following literal information will
useful in identifying the topic structure.

o Clue words; okay, so, now, well
If used with falling intonation, these clue words
are often used as topic shift markers, and deac-
cented so is a good cue for indicating summari-
sation.

Vocative; System
In our speech database, vocative System is al-
ways used at topic shift boundaries



o Form of question;
‘Wh-questions are frequently used at topic shift
boundaries, and declarative/tag-questions are
normally used at topic continuation boundaries.

Throughly investigating such literal cues and show-
ing how they can be used in combination with the
prosodic cues are beyond this article, and left as a

future task.

In this paper, we have been focusing on the cor-
relation between prosodic information and the topic
boundaries. However, threre might be a more micro-
scopic view of discourse structure analysis. For in-
stance, a speaker sometimes uses a number of struc-
tured UUs to convince his interlocuter to do some
particular actions. In such cases, the first UU may
presummarize the speaker’s proposal, the second UU
may talk about his main plan, and the last UU may
show the alternative plans. The prosodic information
can be also used as a cue for this sort of structure;
called argumentative structure [Cohen 87) or coher-
ent structure [Hobbs 79], and [NakAll 91] discusses
this issue with showing some typical examples.
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