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ABSTRACT
Within the general theory of linguistics,
pragmatics is concerned with describing the
intentions, attitudes and beliefs of the
speaker. Pragmatic phonetics itself is about
how speech production interprets the re-
quirement to communicate pragmatically
determined effects, and about how the per-
ceptual system is triggered by the acoustic
signal to invoke the appropriate reaction in
the listener. This paper examines the role of
the acoustic signal in this complex chain of
processes, and discusses how the system
might usefully be modelled.

SPEECH PRODUCTION THEORY

Phonetics has been primarily con-
cerned with modelling the physical
processes of speech production. Speech
production is usually associated with mo-
tor, acrodynamic and acoustic processes.
But phonetics also models speech percep-
tion, involving physical and cognitive
processes.

Modem theories of speech production
blur the distinction between cognitive and
physical processes [1] [2]. For example,
they do this in different ways: Articulatory
Phonology uses the gestural score formal-
ism to represent requirements in both
planning and execution: Cognitive Pho-
netics introduces cognitively driven
supervision of motor processes to explain
how some of the universal physical effects
of speech vary in a linguistically sensitive
way.

The rigid distinction between phonol-
ogy and phonetics made it difficult to
understand the effects of these phenom-
ena. Integration of cognitive and physical
descriptions at both the production and
perception levels of speech modelling is
essential if we want to examine pragmatic
phenomena in speech.

PRAGMATIC PHONETICS

Pragmatics can be thought of a an
extension of semantics [3); linguistic se-
mantics describes meaning and within
semantics, pragmatics attempts to explain
the interpretation of meaning in terms of
attitudes and belief structures. Pragmatic
phonetics models how the set of beliefs
and intentions available to human beings
become part of spoken language. It is con-
cerned with the expression and
interpretation (or production and percep-
tion) of intention, attitude and belief,
where these properties of the language ac
not directly expressed by choice of words
or word order in sentences, but by how e
utterance is said.

This claim means that there must b
different ways of speaking a parr.icula‘xr
sentence, and that the resulting acoustic
signals will trigger in the listener
awareness of the emotion, attitude of be-
lief which the speaker may be
communicating [4]. )

Additionally this communication may
not be voluntary, that is, under the con-
scious control of the speaker. For example,
a speaker might be so angry as to be unable
to suppress communicating that angci
though tone of voice, or s0 happy that ha
emotion cannot be suppressed- [

Pragmatic phonetics is therefore Qb‘ﬂii
triggering a listener response to 'S“m“d
over and above the usual phonological &
phonetic content of utterances (5116}

TONE OF VOICE T
Pragmatic Phonetics 15 being

oped for two reasons: _ y

e to characterize and explai® P"‘gm::h
cally derived effects 1 spe
production and perception, and e

e to simulate the acoustic effects
speech synthesis.
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It will be useful to have synthetic
speech able to convey an added dimension
of naturalness [7], but the simulation is
also being developed to test the model
itself. This rests on the assumption that it
is possible to capture the tone of voice
which triggers effects in the perceiver, and
that the information is in the acoustic sig-
nal. Two consequences of this model are
* we can link semantics and phonetics;

* we can model the humanness of dia-
logue.

Perceived variations in tone of voice
should be obvious and detectable as depar-
tures in the acoustic waveform from an
expected norm. It should be possible in
principle to identify and quantify these
changes. But there is considerable vari-
ability in speech waveforms and it has
proved difficult to separate out the vari-
ations associated with conveying
pragmatic effects from other variability
present in the waveform [8], introduced by
properties of the vocal tract and articula-
tors.

'Il is essential now to develop a compu-
tationally oriented model for synthesis. In
modelling spoken communication for dia-
logue systems, it is useful to distinguish
between two types of independently vary-
ingand independently sourced tone which
produce different types of pragmatic ef-
fect, This choice enables the explicit
Execution in speech of pragmatic markers
In speech. For a computational model to
operate, this arrangement requires a hier-
archical rather than linear organization.

L. Global tone of voice

actTo.ne of voice at the global level char-
erizes what is appropriate for the

overall dialogue situation. Here are some

ﬁ}amples from human/machine dialogue

Situations:

*hn an inquiry system about the weather
;h.e informant would ideally sound

. l:""‘?ly and confident of the facts.

aSituation warning of emergency the

;peaker needs to be simultaneously
m, confident and reassurin g.
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e In a dialogue as part of a computer
assisted teaching programme, the lis-
tener should be made to feel that the
speaker is being sympathetic as well as
instructive.

¢ In an aircraft cockpit dialogue informa-
tion system the pilot would expect the
synthetic speech heard to be confident,
clear and sometimes urgent, but never
sympathetic or admonishing.

Global tones form the background tier
for the pragmatic phonetic model. At this
point global tones such as those express-
ing anger or happiness can be modelled.
But more subtle attitudes, such as firmness
and confidence, might well need to be
modelled as the dialogue unfolds. In hu-
man dialogue there is a requirement to
respond to pragmatic changes; the lis-
tener’s perception varies as the context
develops.

These changes can be characterized in
another level superimposed on the global
tone of voice, called local tone of voice.

2. Local tone of voice
Local tone of voice varies according to

specific short term requirements during
the unfolding dialogue. A speaker might
be aware of a listener’s changing levels of
understanding while something is being
explained and react accordingly with short
term changes of style. As a specific exam-
ple:

e A teacher needs to sound firm yet pa-
tient during the short term explanation
of some point within a wider context.

e In the aircraft cockpit the computer’s
global firm and confident tone might be
modified by encouraging and patient
instructions if the pilot fails to under-
stand an explanation or course of action.

3. The overall model

Tone of voice execution is modelled as
a layered process. Execution begins with
a neutral tone which might never be acous-
tically realized — an abstract
representation of tone. This is the tone of
‘neutral’ phonology or the tone of a syn-
thesis system implementing only a basic
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language model, and is intended only for
conveying plain messages.

Global tone is a specific long term
modification of the abstract neutral tone.
It is contextually determined by general
pragmatic considerations deriving from
the speaker.

Local tone comprizes specific short
term overiays on global tone. It is contex-
tually determined either by the changing
nature of the semantics or pragmatics be-
ing communicated or by feedback
concerning listener reaction. Local tone is
superimposed on the global tone as the
dialogue develops.

Both types of tone are generated by
markers arising within the language model
framework. Global markers are generated
initially are only exceptionally updated,
whereas local markers are repeatedly gen-
erated, updated or changed.

This framework is intended to relate
observations of pragmatic effects in
speech, to provide for a source for these
effects (the pragmatic component in the
language model), and will eventually set
out the production and perceptual proc-
esses involved.

THE ACOUSTIC DATA

The acoustic data relating to pragmatic
effects in speech is extremely difficult to
obtain. It is not the intention of this paper
to list acoustic correlates of particular
pragmatic effects, but under this heading
to account for some of the difficulties re-
searchers face.

The biggest problem facing analysis of
the acoustic signal is noise, that is, un-
waptcd spt:,ech signal — not background
noise against which the waveform is
beard. The point here is that the variations
1mpf)scd on the speech signal by prag-
matic effects are buried in the natural
variability associated with speech signals.
l'Jnfortunatcly itis not obvious which par-
txcu'lar variation on any one occasion
derives from the pragmatic marker —
variability from many different sources is
a basic characterisation of speech,
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The problem is knowing what aspecis
of the variability are generated by prag-
matically derived intentions and wha
aspects result from other sources. It was
for this reason, for example, that data re-
duction was attempted using an artificial
neural network paradigm {9] and a two-ps-
rameter (f0 and syllable durations)model
to determine the associative relationship
between pragmatic markers, abstract pro-
sodic representations and an acoustic
signal judged by listeners to evoke the
required perceptual response. Despite the
fact that neural networks are particularly
good at tasks of this kind the results were
disappointing: variations between speak-
ers still became a confusing element in
describing the acoustic signal.

Eskenazi [4] used a traditional tccl}-
nique of firstly selecting eight acoustc
parameters (overall intensity, 0 maxi-
mum, dynamic range of f0, number of
pauses, speaking rate, amount of
phonological changes, F1/F2 shift and }he
amount of stop bursts) and then measuring
them, but concluded that individual. speak-
ers expressed speech styles in different
ways, and that not all paramelers were
equally used by all speakers. This phe-
nomenon is also commented o0 by
O’Shaughnessy [10], who e{ﬂphasmd
that the mapping between physical acous-
tics and perceived prosody is not 0n¢ 0
one.

Many researchers have tried hard 10
determine the acoustic correlates of pr2&’
matic effects, and some have attempted ©
incorporate this information in their S)t/:]‘
thesis. So far, though, there has been i °
success in adequately unambig“f’“sh’ ca}s)'
turing subtle global effects like fmef:;r-
or providing sufficient contf:xtuf‘l i
mation to enable the automatic rigeené
of local effects.

CONCLUSION st
The model most of us currently o
assumes that the problem is 10 g‘?“mha_
acoustic cues from the waveform mf(_)rmt0
tion. The listener is seen a5 responding
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the cues. But if looked at from the lis-
tener’s point of view he/she is supplying
information in order to decode the signal.
The interpretation of the signal will vary,
but so will the acoustic cues responsible
for triggering the percept.

If we wish to simulate the dialogue
context either for practical purposes or to
test the model we might well look more
closely at modelling the listener, and how
the listener may anticipate cues from
knowledge of the dialogue context as it
unfolds.

If the acoustic signal has within it cues
for triggering an appropriate perceptual
response to the pragmatics of the spoken
utterance then that signal shows large vari-
ability and useful information is buried in
variable noise.

Rather than model the process as heav-
ily dependent on these cues, it is becoming
necessary to shift the focus of the model
away from the cues, leaving them as mini-
mal and variable, and move toward a
compensatorily oriented peceptual model.
In traditional terms, we would assume a
knowledge based system very heavily de-
pendent on a full and accurate
fepresentation of the effects of various
types of variability in the acoustic signal.
For the moment we cannot do this, but
1115 to be hoped that the adopting a model
framework along the lines of what is sug-
fested here might advance the situation.
Atthe moment it is discouraging to meas-
e acoustic data without some
IMprovements to the framework within
which that measurement is carried out.
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