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Pragmatic Determinants of Intonation Contours for Dialogue Systems
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Abstract. This paper describes an implemented computational model that generates intonation contours for
dialogue systems. We concentrate on the relationship between pragmatics and two aspects of intonation: pitch range
and pitch accent placement. Pitch range is computed based on the position of an utterance in the discourse structure:
utterances that introduce a new topic have an expanded register compared to utterances that continue a topic. Pitch
accent placement is based on two pragmatic factors: cognitive status (what the speaker assumes the hearer is attending
to) and informativeness (what the speaker assumes to be the interesting or informative component of a phrase). This
work suggests that even simple models of discourse topic structure, cognitive status, and informativeness will lead
to improved register determination and pitch accent placement in practical conversational systems!.
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1. Introduction While implementations of many of these theories

have met with some success in text-to-speech systems
The intonation of synthesized speech is often perceived (most notably, the work of Hirschberg 1992, 1993a),

as sounding unnatural. Research suggests that many it has been clear for some time that the pragmatic
of the factors that lead to the perception of unnatural- information required for realistic intonation model-
ness also affect the intelligibility and comprehensibi- ing depends on information that is extremely diffi-
lity of speech (see O’Connell et al., 1968; Luce et al., cult to derive from unrestricted text. However, these
1983; Slowiaczek and Nusbaum, 1985; Fowler and theories are easier to implement in CONCEPT-TO-
Housum, 1987; among others). It is well known that SPEECH systems and these implementations can lead
appropriate intonation of an utterance depends on the to noticeable improvements in the intonation of such
situation in which that utterance is used. This rela- systems?. A compelling example of this is illustrated
tionship between situational or pragmatic factors and by Davis and Hirschberg (1988) in their “Direction
intonation has been studied from various perspectives Assistance” system, which produces spoken direc-
in theoretical and computational linguistics (see, for tions from conceptual representations. Our work rep-
example, Bolinger, 1972, 1986, 1989; Ladd, 1980; resents an extension of this approach to dialogue
Gussenhoven, 1983; Hirschberg and Pierrehumbert, systems.

1986; Steedman, 1991). Although important insights This paper describes a system for the production
have come out of this work, the exact nature of the prag- of realistic intonation contours in a dialogue genera-
matic factors involved in intonation is still a matter of tion/speech synthesis system. We are concentrating on

considerable debate. the relationship between pragmatics and two aspects of
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intonation: pitch range and pitch accent placement?.
For pitch range we compute a starting register for
each utterance, based on its position in the discourse
structure (represented as a hierarchical organization of
super-sentential discourse segments). This position re-
flects the number of levels pushed or popped since the
previous utterance. An additional downstep is included
in utterances that (from the speaker’s perspective) close
the current discourse segment.

The determination of pitch accent location is more
complex. Researchers have long suggested that ac-
cent placement is determined by givenness—the basic
idea is that speakers deaccent expressions that refer to
entities that are currently being talked about and ac-
cent expressions that refer to entities that are new to
the discourse (see, for example, Chafe (1976), Ladd
(1980), Bosch (1988), Lambrecht (1985)). We sug-
gest that an additional discourse-pragmatic factor is
needed: informativeness. Simply put, speakers, in
pursuing a strategy of informativeness, tend to accent
constituents that express informative/interesting infor-
mation and deaccent constituents that express uninfor-
mative/uninteresting information. For example, in the
exchange

(1) A: We’re here to deliver the SEven foot concert
STEINway.
B: I ordered the NINE foot concert Steinway.

nine is accented because it is informative in that it dis-
tinguishes the piano ordered from the one received,
and foot concert Steinway is deaccented because it is
uninformative—it does not aid in distinguishing the
two pianos.

2. Domain

The models of pragmatics and intonation described in
this paper are implemented in the BRIDGE speech syn-
thesis system. This system models conversations that
occur between pairs of people performing the Map Task
(Anderson etal., 1991), a task in which one participant,
the route-giver, guides the other, the route-follower,
in drawing a route on a map. The route-giver knows
the intended route, while the route-follower does not.
Neither can see the other’s map and there may addition-
ally be mismatches between the landmarks indicated on
the map. The BRIDGE system simulates the conversa-
tional behavior of both participants in this task, from
conceptualizing what is to be said to producing the

required utterance with appropriate intonation*. The
system as a whole consists of five components:

o a speech act planner (JAM, developed by Carletta
(1990)), which determines the propositional content
of utterances;

e a pragmatics component based on the notion of
a pragmatic file (Heim, 1982; WVallduvi, 1990;
Zacharski, 1993), which models what the discourse
participants are attending to;

e asyntactic planner and generator, which determines
how to express a given proposition and creates a syn-
tactic tree for each proposition;

e acontour assignment generator based on a generator
developed by Monaghan (1991) for a text-to-speech
system, which determines prosodic features such
as word stress, pitch accent placement, and pitch
range;

e a phoneme-to-speech synthesizer developed by
the University of Edinburgh’s Centre for Speech
Technology Research, which produces synthetic
speech.

3. FO0 Synthesis

The phoneme-to-speech synthesizer (Campbell et al.,
1990) incorporates a model of intonational phonology
developed by Ladd (1987). This model is similar to the
target and transition approach of Pierrehumbert (1981).
The specification of FO contours occurs in two stages:
describing the contour as a sequence of abstract into-
national events, and calculating the phonetic values for
these events. There are two major types of events: tonal
configurations (pitch accents and boundary tones) and
register steps. In the current phoneme-to-speech sys-
tem primary accents are described as H*L, secondaries
as H*, and tertiaries as H*H. Final boundaries are spe-
cified as L. Register is an FO band where the pitch ac-
cents and boundary tones are realized. Following Ladd
(1987) global trends are modeled by changing the reg-
ister setting for almost every tonal configuration, which
eliminates gradience and time dependencies. Register
is defined by high, mid, and low lines, which are deter-
mined by the following equation:

FO = fuin - f(N) - w"
The speaker-dependent width of the register is rep-

resented as w and the high, mid, and low reference
lines are specified by T (1, 0, —1, respectively). The



speaker’s range is described by the speaker-specific
baseline, Fpin, and the default initial setting, N. The
current register setting is represented as f(N), which
is defined as

f(N)=N-d'-UR

where d is the step size (0.8 in the current model)
and i is the number of steps the setting is away from
its default value (initially 0). This d° component han-
dles downstepping and upstepping. UR is the utterance
register—the initial register specified for each utte-
rance. The computation of this register is discussed
in the following section.

4. Pragmatics and Register

It has often been observed that register (pitch range)
is related to discourse structure. Thorsen (1985), for
example, has noted that there is a general declina-
tion slope across multi-sentential segments and sug-
gests that a hierarchy of textual units is required to
account for this overall FO trend. Brown, Cutrie et al.
(1980) have observed that an utterance that starts a
new topic has a larger register than utterances that
continue the topic and an utterance that functions to
end discussion on the topic has a smaller register
than topic-medial utterances. Silverman (1987) has
shown that these structure-related variations in pitch
range affect the intelligibility of synthetic speech. In
BRIDGE, the initial register of each utterance is based
on that utterance’s relation to the topic structure of the
discourse.

BRIDGE, like most dialogue systems, is a planning
system. The system starts with a goal—in the case of
BRIDGE, the goal is to describe a particular route on
a map. It then expands this main goal into a set of
subgoals (to describe the first section of the route; to
describe the second; and so on). This expansion is
recursive—subgoals are expanded into sub-subgoals.
This goal structure can be viewed as a tree: the main
goal is the root of the tree and the terminal nodes rep-
resent the goals associated with individual utterances.
The goal tree is built incrementally. Atthe end of every
utterance the system determines what goal to pursue
(and whether to expand this goal) based on the current
context. BRIDGE performs a simple transformation to
convert this tree to a discourse topic tree. For example,
the goal tree associated with (2) is shown in Fig. 1 and
the discourse topic tree is shown in Fig. 2.
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Speaker (S) intends
Hearer (H) to know route

S intends H to know
2nd section of route

S intends H to know
1st section of route

Al A3 AS SintendsHto All

know swamp

/N

A7 A9

Figure 1. Goal tree associated with Example (2).

description of route

description of

description of
1st section

2nd section

description of
swamp

Figure 2. Discourse topic tree associated with Example (2).

(2) Al: I'want to talk about the first section.
B2: OK.
A3: Do you have the beach?
B4: Yes.
A5: Do you have the swamp?
B6: No.
A7: I want to talk about the swamp.
B8: OK.
A9: The swamp is below the beach.
B10: Right.
Al1: The first section goes between the beach and
the swamp.

The algorithm for determining the initial register for
an utterance makes use of this discourse topic tree. In
a method similar to one proposed by Hirschberg and
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Pierrehumbert (1986) register is related to embedded-
ness of a topic. This embeddedness is represented as a
topic level: the main discourse topic (‘the description
of the route’ in the previous example) is a level 0 topic;
the immediate subtopics of the main topic (‘descrip-
tion of the first section’ and ‘description of the second
section’) are Level 1 topics; and so on. The algorithm
is as follows:

Algorithm for Utterance Register (UR)

If the current utterance is the initial utterance of a
Level 1 topic
UR =1.15
otherwise
UR = 0.8Level'1 .FL
[where FL (final lowering) is 0.8 if the utterance
functions to end discussion on the current
topic and is 1.0 otherwise.]

This algorithm encodes several well-known observa-
tions about register:

e increasing the register can signal the introduction of
a new major topic

¢ decreasing the register over that of a prior utterance
can convey the introduction of a subtopic

e decreasing the register over that of a prior utterance
can also convey the closing of a topic

5. Pitch Accent Placement

One fundamental principle embodied in this system is
that pitch accent placement is determined by a variety
of linguistic factors, from phonological to pragmatic.
Some of the factors implemented in BRIDGE include:

e syntactic category (representing a strategy that nouns
are more accentable than verbs; verbs more ac-
centable than determiners; etc.)

e linear order (representing a strategy that all things
being equal, the last item of a string is more ac-
centable than an inner item)

e cognitive status (representing a strategy that words
referring to ‘new’ discourse entities are more ac-
centable than words referring to ‘old’ entities)

¢ informativeness (representing a strategy that words
that refer to ‘interesting’ concepts and properties are
more accentable than words referring to uninterest-
ing ones)

Part of Speech
Cognitive Status
Informativeness
Accentability Score
Speech Rate
Linear Order
Accent Determination

Figure 3. Factors influencing accent determination.

Any one of these factors is not sufficient to uniquely
determine the location of pitch accent. For example,
knowing the syntactic category of a word (say, a noun)
is not sufficient to determine whether that word should
receive a pitch accent. Rather, pitch accent location
is determined by the interaction of syntactic cate-
gory, linear order, pragmatic characteristics, as well
as other factors. The BRIDGE system utilizes an algo-
rithm developed by Monaghan (1991). This algorithm
is roughly illustrated in Fig. 3.

Part of speech, cognitive status, and informativeness
are used to calculate an accentability score for each
word in the utterance®. Speech rate is used to deter-
mine prosodic phrases—in fast speech there will be
fewer prosodic phrases than there are in slow speech
and, as a consequence, there will be fewer accents. A
primary accent is computed for each prosodic phrase.
Within each phrase, words that share the highest ac-
centability score are considered candidates for accent.
The rightmost candidate receives the primary accent
(H*L). A rhythm rule places additional accents within
the phrase to the left of the primary. This basic pro-
cedure illustrated in Fig. 3 is a key thesis of our work.
The remainder of the paper describes the two pragmatic
factors involved: cognitive status and informativeness.

5.1.  Cognitive Status

It is generally accepted in theoretical linguistics that
the cognitive status of discourse entities (givenness)
plays a major role in pitch accent placement (Faber,
1987; Chafe, 1976; Bosch, 1988). The basic idea is
that speakers tend to deaccent expressions that refer to
entities that they assume are in the addressee’s current






