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ABSTRACT

Increasing interest in the contribution prosodic information
makes to human communication has lead to increasing expecta-
tions that such information could be of use in text-to-speech and
speech understanding systems, and in application of these tech-
nologies to spoken dialogue systems. To date, research results far
exceed their technology applications. This paper suggests some
areas in which progress has been made, and some in which more
might be made, with particular emphasis upon text-to-speech syn-
thesis and spoken dialogue systems.

1. INTRODUCTION

Over the past ten to fifteen years, there has been a growing appre-
ciation of the important role of prosody in human-human — and
in human-machine communication. Syntacticians and semanti-
cists often appeal to prosody to disambiguate structural or scope
ambiguities. Scholars of pragmatics and discourse look for pros-
odic cues to the conveyance of direct vs. indirect speech acts or
hierarchical discourse structure. Text-to-speech systems compete
to improve prosodic assignment and realization to produce more
”natural” utterances. Speech engineers are now actively seeking
to make use of prosodic information to reduce perplexity in search
in automatic speech recognition, to disambiguate lexical choice,
and to enhance general language understanding. Spoken dialogue
systems, drawing upon all these areas of research and technology,
also present their own particular needs and opportunities for pros-
odic investigation. In this paper, we will review some this prosody
research, focussing on general issues surrounding the role of pros-
ody in human-human communication, mention some applications
to current technology, and note some future areas for research.

Throughout the paper, we will make some basic assumptions,
some more controversial than others:

First, there are many ways to say very similar things, whether
through prosodic means or other linguistic behavior. FOCUS, for
example, can be conveyed through intonational prominence or
through intonational phrasing variation, or through variation in
word order or the use of particular syntactic constructions. There
is no single method a given speaker employs to convey a par-
ticular kind of meaning, and there is certainly no single method
all speakers use to convey such meaning. So, research on pros-
ody, as on many linguistic phenomena which rely upon context for
their interpretation, is more a matter of finding likelihoods — not
simple mappings from syntax or semantics or even from an un-
derlying meaning representation to a clear set of prosodic features,

for any sentence. Corpus-based research though, has considerable
risks, since the “gold standard” of prosodic performance for an in-
dividual utterance is quite elusive. In text-to-speech systems, it is
probably wisest to model the variability of a single speaker, but
obtaining a large enough labeled corpus from one speaker to cap-
ture the full range of prosodic, syntactic, and semantic meanings
possible for unrestricted text is fairly daunting.

Second, text-to-speech systems need prosodic variation, to avoid
boring their users. But variation for variation’s sake, independent
of an understanding of the meaning that different ways of saying
something might convey, is a recipe for disaster. Producing dif-
ferent intonational contours at random, for example, a declarative
here, continuation rise there, with a plateau contour thrown in here
or there, can only convey some kind of mental impairment, as of
a speaker who does not understand what s/he is saying.

Third, the same prosodic feature can be used to communicate
many different meanings. An expansion of a speaker’s pitch
range, for example, can convey different interpretations of a
single intonational contour, a change in the speaker’s degree of
involvement with a subject, a shift in topic, or a return from a par-
enthetical remark. Since the way these different functions inter-
act has not been systematically studied, it is particularly difficult
in text-to-speech systems, or in speech understanding systems, to
determine how to compose or to decompose a prosodic feature
properly.

Fourth, speakers in person-machine communication employ pros-
odic variation much as they do in communicating with their fel-
low humans. When they speak to a machine with the ability to
generate and understand speech, however imperfectly, they have
little notion of what the machine finds easy and what it finds hard.
When the machine fails to understand them, they change their
prosody in ways much like they’d do for humans who don’t un-
derstand — often speaking louder, raising their pitch, speaking
slowly, and articulating carefully. Even when they are told such
modifications may impede the ability of automatic speech recog-
nizers to recognize their speech, the impulse to treat the machine
as a human is hard to overcome, so long as it exhibits any reason-
able signs of intelligent behavior.

2. FUNCTIONS OF DIFFERENT
PROSODIC FEATURES

While much has been learned about intonational meaning in re-
cent years, results have often been slow to find their way into
speech applications, such as text-to-speech systems, concept-
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to-speech systems, and spoken dialogue systems. This section
provides a tutorial overview of some of the major areas of research
on prosody, with some pointers to work in each area, and with
specific reference to their role in text-to-speech systems.� We
will also note those aspects of prosodic research which seem most
promising for incorporation into speech technologies.

2.1. The ToBI Intonational Model

The intonational model used to describe prosodic phenomena
below is the TOBI model for standard American English [88,
107].� The ToBI system consists of annotations at four, time-
linked levels of analysis: anORTHOGRAPHIC TIER of time-
aligned words; aBREAK INDEX TIER indicating degrees of junc-
tion between words, from0 ‘no word boundary’ to4 ‘full in-
tonational phrase boundary’ [90]; aTONAL TIER, wherePITCH

ACCENTS, PHRASE ACCENTSand BOUNDARY TONES describ-
ing targets in theFUNDAMENTAL FREQUENCY(f0) define inton-
ational phrases, following Pierrehumbert’s [87] scheme for de-
scribing American English with modifications.

Break indices and tones together define two levels of phrasing,
minor or intermediate (level 3) and major or intonational (level
4), with associated tones that describe the type of phrase as se-
quences of phrase accents and boundary tones. Level 4 phrases
consist of one or more level 3 phrases, plus a high or low boundary
tone (H% or L%) at the right edge of the phrase. Level 3 phrases
consist of one or more pitch accents, aligned with the stressed syl-
lable of lexical items, plus a phrase accent, which also may be
high (H-) or low (L-). A standard declarative contour, for ex-
ample, ends in a low phrase accent and low boundary tone, and
is represented byL-L%; a standard yes-no-question contour ends
in H-H%. types of pitch accent occur in the ToBI for American
English: two simple accents (H* andL*, and three complex ones,
L*+H, L+H*, andH+H*. As in Pierrehumbert’s system, the as-
terisk indicates which tone is aligned with the stressed syllable of
the word bearing a complex accent.

2.2. Contour Variation

There is a rich linguistic tradition characteristizing variation in
overall pitch contour in many different ways: syntactic mood,
speaker attitude, speaker beliefs [15, 16, 76, 77]. Some inher-
ent meaning has often been sought in particular contours — of-
ten modulated by context [81, 96, 74, 75, 13, 76, 19, 122, 46, 51].
And more general attempts have been made to identify compos-
itional meanings for contours within various systems of intona-
tional analysis [50, 86]. Linguists often seek to define ‘stand-
ard’ contours for declaratives, wh-questions, yes-no-questions.�

�For a general overview of work on the functions of prosody, work
by Dwight Bolinger [15, 16] and Bob Ladd [76, 77]. For a sample of
individual research efforts in the general field of intonation studies, see
the proceedings of the ESCA workshops on intonation in 1993 and 1997
[63, 17]. To get a good view of the application of intonational research to
text-to-speech systems, see the proceedings of ESCA workshops on text-
to-speech [12, 37, 120, 65] and collected articles in [31, 119, 97, 108].

�A fuller description of the ToBI systems may be found in the
ToBI conventions document and the training materials available at
http://ling.ohio-state.edu/ tobi.

�H* L-L% for the first two in American English;L* H-H% for the
third – meaning that accented items in the phrase generally bear accents
of a typical category and phrases end in a typical phrase accent/boundary

Phrases ending inL-H% (often called “continuation rise”), con-
vey the impressions of their being “more to come” [16];L*+H
accents combined with continuation rise (theRise-Fall-Rise con-
tour) produces the effect of uncertainly or incredulity, depending
upon pitch range, rate, and amplitude [53]; thePlateau contour
consists ofH* accents with H-L% and conveys a somewhat bored,
recitation effect;H* accents with H-H% (theHigh-Rise Question
contour convey a subtle form of appropriateness, rather than a
content question; and many more meaningful contours have been
identified and investigated or speculated upon.

Varying contour appropriately in text-to-speech systems has tradi-
tionally been confined to attempts to assign contour appropriately
for declaratives and questions, whose identity is inferred from
sentence-final punctuation and the presence of2 wh-words, and to
employ continuation rise at non-final punctuation. While it seems
more likely that context-to-speech systems would perform well at
contour variation, in fact, little work in this area has been done,
perhaps because the contours that have been well studied, such
as Rise-Fall-Rise, express meanings that such systems may not
care to produce. For dialogue systems, however, more express-
ive means of conveying doubt or incredulity might indeed prove
useful in making the system seem more ‘human’ [45].

2.3. Variation in Location and Type of Pitch
Accents

Pitch accents make items intonationally prominent, and this
prominence can be achieved via different tone targets, as well as
differences in f0 height, to convey different messages [116, 25].
So, items may be accented or not (DEACCENTED[73]), and, if ac-
cented, may bear different tones, or different degrees of promin-
ence, with respect to other accents [116]. The perceptually most
prominent accent in a prosodic phrase is generally known as its
NUCLEAR STRESS. Constraints on nuclear (sometimes termed
sentence) stress are discussed in [30, 36, 102, 100, 10]. Despite
Bolinger’s seminal article on the unpredictability of accent [14],
attempts to do so from related features of the uttered text continue
[3, 54], especially for accent assignment in text-to-speech.

Certain lexical categories appear to have different propensities for
accentuation than others, a fact frequently made use of in text-to-
speech systems. So function words tend to be deaccented and con-
tent words, accented. Within these broad classes, however, dif-
ferences abound. Particles and verbal prepositions, for example,
such asup in back up the disk, tend to be accented far more often
than prepositions in similar positions. However, prepositions too
may be accented, to convey focus or contrast, as inI didn’t shoot
AT him, I shot PAST him.And there is some evidence that items
interpreted as narrowly focussed or contrastive represent different
accent types, and not simply differences in relative prominence
[71].

While pronouns tend to be deaccented, they can be accented to
convey various ‘marked’ effects, as in the classic example due
to Lakoff [78]. Whenheandhim are deaccented inJohn called
Bill a Republican and then he insulted himthe inferred resolu-
tion of referents is typically different than when both are accented.
Similarly, the interpretation of the second clause inJohn likes his
colleagues and so does Suecan be affected depending upon the
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accentuation of the pronoun in the first. With no accent onhis,
listeners are likely to understand that ‘John likes his colleagues
and Sue also likes John’s colleagues’. Whereas, withhis accen-
ted, listeners are likely to understand that ‘John likes his own
colleagues and Sue likes her own colleagues’. Accent can also
disambiguate potentially ambiguous words such asDISCOURSE

MARKERS, or CUE PHRASES, words and phrases such asnow,
well, in the first place, which can either serve as explicit indic-
ators of discourse structure or can have asententialreading, often
as adverbials. For example, ifnowis realized with a high pitch ac-
cent inNow Bill is a vegetarian, it is more likely to be interpreted
in an adverbial sense; deaccented or with aL* accent, it is more
likely to be interpreted in its discourse particular sense.

A number of authors have examined the relationship between
accent and various types ofINFORMATION STATUS, including
THEME/RHEME,TOPIC/COMMENT,andGIVEN/NEW status [101,
9, 21, 49, 80, 39, 27, 83, 40, 113, 115, 114, 38, 59, 60, 2, 72, 24,
117]. It is a common generalization that speakers typically deac-
cent items that represent old, orGIVEN information in a discourse
[91]. However, the number of exceptions to this assumption, and
the difficulty often of defining what ‘givenness’ is, have made this
a fertile subject for research and experimentation. Whether or not
a ‘given’ item participates in a complex nominal, the location of
such an item in its prosodic phrase and whether preceding items
in the phrase are ‘accentable’ due to their own information status,
the grammatical function of an item when first and subsequently
mentioned — all affect whether or not a ‘given’ item is deaccen-
ted or not.

Given/new status is modelled in text-to-speech systems at best by
collecting stems of previously uttered items in a fixed window, or
a paragraph or other orthographic unit, and counting those items
as ‘given’, and hence,DEACCENTABLE. This simple procedure
tends to deaccent too many items, based as it is on a simple notion
of givenness, and without much sensitivity to the factors which in-
teract with it. In concept-to-speech [42], of course, this feature is
potentially under greater system control, although some algorithm
for specifying what is treated is new must be specified. In spoken
dialogue systems, however, this simple definition should prove a
more reliable guide to speech production: i.e., items previously
mentioned by system or user in the dialogue, should be considered
‘given’ in subsequent turns. Of course, it is not yet clear whether
what is ‘given’ for a speaker, should also be treated as ‘given’ for
his/her illocutionary partner — and thus, deaccentable.

Changing the accent pattern of an utterance by accenting some
words and failing to accenting others, can change the meaning
of an utterance dramatically. For example, in the classic ex-
ampleJohn only introduced Mary to Sue, with the wordMary
given nuclear stress, the utterance is likely to convey that Mary
is the only person John introduced to Sue; but withSuereceiv-
ing nuclear stress, Sue is the only person John introduced Mary
to. These differences are often called differences inFOCUSand
may be tested by asking: What question is this utterance a felicit-
ous answer to? The answer to this question is generally the focus
of the original utterance. FOCUS-SENSITIVE OPERATORS, such
asonly, which interact with intonational prominence to produce
variation in focussing effects, include other quantifiers (all, most,
some), adverbs of quantification (sometimes most often), modals
(must), emotive factives/attitude verbs (It’s odd that), counterfac-
tuals, and various other constructions. Work on the focal domains

of accent and the representation and interpretation of intonational
focus and presupposition includes [78, 99, 64, 8, 126, 35, 50, 29,
94, 93, 95, 58, 61, 7, 32, 127].

Taking advantange of focal information in any speech technology
has proven difficult; for text-to-speech, it requires independent ac-
cess to informationa about what is to be focussed; for speech un-
derstanding systems, it is difficult, as noted above, to determine
just why some item has been given particular intonational prom-
inence. In concept-to-speech systems, however, which typically
mark items to be focussed internally, it is simpler to utilize such
information effectively in production [62, 125]. The question re-
mains, of course, of just how to realize focus — through intona-
tional means or otherwise.

2.4. Phrasing Variation

Intuitively, prosodic phrases divide an utterance into meaningful
‘chunks’ of information [16]. Appropriate ‘chunking’ has been
found to be important to comprehension and perceived natural-
ness [98]. Both level 3 (intermediate) and level 4 (intonational)
phrases are identified by changes in f0, and frequently associated
with other acoustic and prosodic cues, such asPHRASE-FINAL

LENGTHENING, glottalization (‘creaky voice’) over the last syl-
lable or syllables in the phrase, and some amount of pause. Not
all perceived phrase boundaries exhibit all features, but in gen-
eral, level 4 boundaries tend to exhibit more pronounced cues than
level 3.

Variation in phrasing can change the meaning hearers assign to
a sentence.� For example, the interpretation of a sentence like
Bill doesn’t drinkfjg because he’s unhappyis likely to change,
depending upon whether it is uttered as one phrase (wide scope
negation: Bill does indeed drink — but the cause of his drinking
is not his unhappiness.) or two (narrow scope: Bill’s unhappiness
has lead himnot to drink. There are many other constructions in
which phrasing appears to exhibit syntactic correlations, and thus
to serve a potentially disambiguating function.

Phrasing can disambiguate attachment ofpps (1a), relative
clauses (1b), and adverbial modifiers (1c).

(1) a. Anna frightened the womanj with the gun. [Anna held
the gun]
Anna frightenedj the woman with the gun. [the woman
held the gun]

b. My brother who is a writer needs a new job. [I have at
least one other brother]
My brotherj who is a writerj needs a new job. [I may
or may not have other brothers]

c. She had spoken clearly. [in a clear manner]
She had spokenj clearly. [it was clear that she had
spoken]

Phrasing variation can distinguish between prepositions and
particles, as in (2).

(2) John laughedj at the party. [at is a preposition]
John laughed atj the party. [at is a particle]

�Below, boundaries are marked byj.



It can disambiguate modifier scope, as in (3), or distinguish com-
plex nominals from elements of a list, as in (4).

(3) This collar is dangerous to youngerj dogs and cats. [younger
has scope over the entire conjunction]
This collar is dangerous to younger dogsj and cats. [younger
modifies onlydogs]

(4) Stir in rice winej and seasonings.[two ingredients] Stir in
rice j wine j and seasonings.[three ingredients]

While intonational phrasingcan serve all these functions, from
both corpus-based studies [3, 84, 56, 41], or laboratory experi-
ments [47, 121, 43, 90, 11, 57], evidence that it does so reliably
is mixed. Speakers rarely recognize the potential ambiguity of
the sentences they utter, and routinely violate most of the distinc-
tions illustrated above. So, although much interest in defining a
clear mapping between prosody and syntax has persisted through
the years, both in linguistic and engineering circles [34, 20, 104,
28, 33, 89, 18], it is important to temper our expectations of how
intonational phrasing information can best be employed, in text-
to-speech, concept-to-speech, speech understanding, and general
dialogue systems applications.

First, as the examples above illustrate, when text itself is ambigu-
ous, appropriate boundary location is difficult for text-to-speech
systems, although possible for concept-to-speech [66]. For text-
to-speech, due to the considerable variability in human perform-
ance, the goal of phrasing modules is likely to remain one of
avoiding what are clearly errors (i.e. phrasing no human being
would produce) and apparent disfluencies (i.e. hesitations which
humansdo produce but do not perhaps aim for in public speech).
Syntactic or other cues to such errors might in fact be a more use-
ful subject of study for text-to-speech research than fluent human
performance. This seems likely to be the explanation for the suc-
cess of intonational phrasing experiments in reducing perplexity
in speech recognition tasks [52] — they disfavor very unlikely
combinations of syntactic context and prosodic phenomena.

2.5. Varying Timing and Pitch Range

Variation in aspects of pitch range as well as rate can change the
meaning of particular intonational contours, such as the rise-fall-
rise contour (L*+H L-H%), as noted in Section 2.2. Range vari-
ation can also convey differences in degree of speaker ‘involve-
ment’; expanded pitch range seems to communicates a greater de-
gree of involvement. Rate, duration of inter-phrase pause, loud-
ness, and pitch range can also convey the topic structure of a text
[106, 5, 48, 6, 110, 109, 22, 79, 5, 85, 55, 69, 118]. In general,
various researchers have found that phrases beginning new topics
are begun in a wider pitch range, are preceded by a longer pause,
are louder, and are faster, than other phrases; narrower range,
longer subsequent pause, and slower rate characterize topic-final
phrases. Subsequent variation in these features then tends to be
associated with a topic shift.

While such results have been widely disseminated, it has proven
difficult to take advantage of them, either in text-to-speech, due to
difficulties of identifying topic structucture from text, or in auto-
matic speech recognition, where segmentation based upon lexical
cues has so far been a more popular approach. And, although im-
portant correlations have been found between acoustic features

and topic structure, it is hard to reduce these descriptive findings
to a recipe for production or perception.

Range and rate can also distinguish phenomena such as paren-
thetical phrases from others: parentheticals are generally uttered
in a compressed pitch range and with a faster speaking rate than
other phrases. And initial phrases of direct quotations are uttered
in an expanded pitch range. FINAL LOWERING, a compression of
the pitch range during the last half second or so of an utterance,
can also convey structural information to hearers, by signalling
whether or not a speaker has completed. his/her ‘turn’. Pitch con-
tour and range as well as timing have also been shown to correl-
ate with turn-final vs. turn-keeping utterances – and distinguish-
ing the former from discourse boundaries – as well as marking
backchannels in dialogue [44, 68, 26].

3. FUTURE DIRECTIONS

The future for research on prosody now looks bright. There are
increasing numbers of researchers in the field, numerous pros-
ody workshops and sessions in major conferences. However, des-
pite intense interest in prosody from developers of text-to-speech,
speech understanding, and spoken dialogue systems, the integra-
tion of the results of prosodic research into even research applic-
ations appears frustratingly slow. The gaps between descriptive
or corpus linguistics results, prototype implementations, and real-
world applications seem larger than they should be, if the field is
to sustain and reward this interest.

For text-to-speech systems, much might be done now to incorpor-
ate research findings into prosodic prediction procedures. Evid-
ence that grammatical function is an important factor in determ-
ining whether ‘given’ items are accented or not could improve the
tendency of systems with simpler assumptions about given/new
to deaccent too much. The vast number of findings on the correl-
ates of discourse structure might be made use of in text-to-speech
as well as message-to-speech, to improve the production of para-
graphs, for example, by varying range, pausal duration, and rate
appropriately. Faster and better parsers exist than are currently
used in text-to-speech systems, whose output might improve the
assigment of prosodic phrase boundaries. And major architectural
as well as scientific issues about how to integrate the prediction of
accent with the prediction of phrasing still need to be addressed.
For message-to-speech systems, larger questions of how prosodic
specification is made together with decisions about lexical and
syntactic realization remain relatively untouched. And despite a
large amount of interest in and research on the prosodic correl-
ates of emotional speech [23, 82, 103, 124, 67, 92, 4] and of in-
dividual speaking style, attempts to develop different ‘voices’ or
styles [1] in text-to-speech systems are still primarily of curiosity
value rather than real choices for system developers.

For spoken dialogue systems, which may make use of prosodic
features both in understand and recognition, there are additional
questions to be addressed: Prosody could be used more effect-
ively to convey information that currently are lexicalized, to de-
crease the length of system responses or improve naturalness.
Prosodic correlates discovered for human-human turn-taking be-
havior could be employed in system turns. Certainty and un-
certainty, questioning behavior, politeness, all could be effect-
ively conveyed by the use of appropriate contours, given a text-
to-speech system which can realize these well. Dialogue sys-



tem designers might even be able to have their systems adapt
to the prosodic patterns of their users, to make the system seem
more familiar, with respect to features such as pitch range or rate,
with current technology for analysis and production. From the
understanding side, there has been considerable effort to clas-
sify speech/dialogue acts using prosodic as well as lexical cues
[111, 105, 112, 123]. Currently these efforts are focussed on im-
proving automatic speech recognition performance, but in future
it is useful to investigate how dialogue strategies might be modi-
fied in light of such information [70].
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