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ABSTRACT

This paper presents a new theory of the influence of
syntax upon prosodic phrasing. Unlike previous the-
ories which have used constituent tree structures in
the analysis of syntax, this theory utilises the syntac-
tic framework provided by either the Link Grammar
or a Dependency Grammar. The use of the different
syntactic framework leads to other important differ-
ences; the role of syntactic function is more important
than that of syntactic structure, the relationship be-
tween syntax and prosodic phrasing is more direct,
and the syntactic influence operates primarily from
left to right. The paper presents evidence in support
of the theory from experimental tests on two profes-
sionally read speech corpora; these tests show that
the theory has significant predictive capability and is
also effective in resolving syntactic ambiguities.

1. INTRODUCTION

Prosodic phrasing is the grouping of words in an ut-
terance and is characterised by two aspects, coherence
and boundaries [1]. Most prosodic phonologies define
a hierarchy of prosodic constituents to characterise
prosodic phrasing (see, for example {2, 3]). A range
of linguistic and non-linguistic factors are known to
influence the prosodic phrasing of utterances, includ-
ing syntactic structure and function, focus, discourse
structure and function [4], speaking rate [5], planning
of spontaneous speech [6], and the need to breathe.
The current work focuses on the relationship be-
tween syntax and prosodic phrasing. There is a sub-
stantial body of literature in this area. A widely
held view is that the syntactic and prosodic struc-
tures for utterances are similar, but not isomorphic.
Many researchers have proposed transformations be-
tween the two structures (most often from syntax to
prosody), for example, the readjustment rules pro-
posed by Chomsky and Halle {7] and Langendoen
[8], the psycholinguistic model of Gee and Grosjean
[9], and Selkirk’s [2] prosodic phonology. The trans-
formation rules proposed by Gee and Grosjean have
been enhanced and effectively applied to both speech

t Much of the research presented in this paper was car-
ried out as postgraduate research in the Speech Technology
Research Group, Department of Electrical Engineering, Uni-
versity of Sydney, Australia.
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synthesis [10] and speech recognition [11]. Recently,
there has also been work on a number of computa-
tional models (e.g. {12]).

In contrast to the work cited above, Steedman
[13] has proposed that the conventional analysis of
syntax is flawed and that syntactic and intonational
structures are isomorphic when syntax is represented
by a Combinatory Categorial Grammar (CCG). CCG
has a greater degree of flexibility in modelling syn-
tactic phrase attachment. Steedman argues that this
ambiguity in parsing corresponds exactly to different
possible prosodic phrasings.

The new theory presented in this paper is simi-
lar to Steedman’s in one sense: it proposes that a
more parsimonious model of the relationship between
prosodic phrasing and syntax can be obtained by us-
ing an appropriate syntactic representation. For the
current work, the Link Grammar [14] is used, though
the theory is also applicable to a Dependency Gram-
mar [15] because of the similarity in their syntac-
tic representations. The remainder of the introduc-
tion provides brief descriptions of the link grammar
and break indices (which label prosodic phrasing).
Section 2 introduces the theory of prosodic phrasing
based on the link grammar. Section 3 describes the
results of empirical tests of the theory on two corpora
of professionally read speech.

1.1. Link Grammar

The link grammar [14] is based on the observation
that most sentences of most natural languages have
the property that arcs drawn to join syntactically re-
lated words do not cross. The syntactic analysis of
the link grammar is presented as a link diagram. Fig-
ure 1 shows an example of a link diagram. Each link
in the diagram is labelled according to the Surface-
Syntactic Relation (SSynRel - Melcuk’s terminology
[15]) between the two words it links. In the example,
an S link connects a subject noun to a verb, a D link
connects a determiner to a noun, the CL and CO
links connect clauses, EV and J links connect prepo-
sitional phrases, and the X is used in handling of the
punctuation.

The SSynRels can be considered as discrete lin-
guistic units like phonemes or morphemes. Melcuk
and Pertsov {16] proposed a dependency grammar for
English with approximately 40 SSynRels. Around 45
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Figure 1: Example of a Link Diagram and Break Indices

different link labels were used in the parsing of the
two corpora used in this work.

1.2, Break Indices

The prosodic phrasing of an utterance can be labelled
with break indices {17]. A break index is marked at
each word boundary and indicates the strength of
prosodic coupling between adjoining words. A low
break index (0 or 1) represents tight prosodic cou-
pling, and a large break index (3 or 4) represents
weaker prosodic coupling (for example, when a long
pause is present between words).

Break indices have been incorporated in the ToBI
[18] prosodic transcription system. For the current
work the earlier seven level break index system [17)
was used. The numbers below the sentence in Figure
1 are break indices for one reading of the sentence.

2. THEORY OF PROSODIC PHRASING

The initial observations that suggested the use of the
link grammar for prosodic modelling were the follow-
ing:

o The link grammar captures syntactic coupling
between words.

¢ Break indices represent prosodic coupling be-
tween words.

o There may be some correspondence between these

represenations.

I propose a new theory based on the three the-
oretical predictions below as an explanation of the
relationship between syntax and prosodic phrasing.
The first hypothesis concerns syntactic function and
others concern syntactic structure.

o Hypothesis 1: Each SSynRel has an intrin-
sic prosodic coupling strength which determines
the probability distribution of prosodic coupling
between words joined by that SSynRel.

¢ Hypothesis 2: Increasing the length of a link
will decrease its prosodic coupling strength.

¢ Hypothesis 3: A word with stronger syntac-
tic coupling to its left will tend to have weaker
prosodic coupling to its right.
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2.1. Discussion

The hypotheses presented above have a few impor-
tant characteristics. Firstly, they assume that syntax
plays an important, and possibly. dominating role in
the production of prosodic phrasing. However, this
does not reduce the importance of other linguistic
and non-linguistic factors. Secondly, the theory is
probabilitistic. This takes into account the apparent
flexibility speakers have in producing prosodic phras-
ing. Futhermore, in a computational model it allows
more robust handling of variability due to factors out-
side the control of the model. Thirdly, link diagrams
are inherently flatter than conventional constituent
tree representations of syntax, a characteristic which
several researchers (e.g. [10]) have cited as being im-
portant in the transformation between syntactic and
prosodic structures. Finally, hypotheses 2 and 3 are
able to capture previously described phrasing phe-
nomena, for example, verb balancing [10].

Lieberman [19] proposed that prosodic phrasing
disambiguates syntax only when there is a difference
in the syntactic structure of two competing interpre-
tations. Because of the emphasis on syntactic func-
tion in the theory presented here, a new condition for
disambiguation is required.

e Hypothesis 4: Disambiguation by prosody
should be more reliable as the break index
probability distributions of competing syntactic
forms (as predicted by hypotheses 1 to 3) be-
come increasingly distinct. This should apply
even if the syntactic structures are identical.

3. EMPIRICAL EVALUATION

The four hypotheses were tested on two professionally
read speech corpora with substantially different syn-
tactic content; the Ambiguous Sentence Corpus [17]
and the Boston University Radio News Corpus [20].
Both corpora were available with hand-labelled break
indices using the seven level break index scale [17].

3.1. Hypothesis 1

As a test of hypothesis 1, a single feature representing
the most immediate SSynRel at each word boundary
was used to predict break indices. In this model, the
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intrinsic prosodic coupling strength for each SSynRel
was estimated by the mean of the break indices of all
examples in the training corpus. In effect, this is an
ANOVA model in which break indices are predicted
from SSynRels. For the radio news speech corpus,
the model correctly predicted 57% of break indices,
86% of predictions were accurate within one break
index, the correlation was 0.72, and the prediction
was statistically significant (p < 0.001). The distri-
butions of break indices for almost all link labels were
well-behaved (uni-modal distributions with low stan-
dard deviations). Similar results were obtained for
the ambiguous sentence corpus; 50% of break indices
were correctly predicted, 90% were accurate within
one break index, and the correlation was 0.70. These
results show that the SSynRels exhibits a strong influ-
ence on phrasing and thus supports hypothesis 1. The
predictive accuracy is, however, somewhat below hu-
man labelling consistency of break indices (with the
five level ToBI break index scale) which shows 70%
exact agreement and 93% agreement plus or minus
one break index [18].

The mean break index for a SSynRel is an em-
pirical estimate of the hypothesised intrinsic prosodic
coupling strength. By ordering the SSynRels accord-
ing to this value we obtain a hierarchy of syntactic
functions in terms of prosodic phrasing, a represen-
tation which has some similarity to the hierarchy of
syntactic functions described by Bachenko and Fitz-
patrick [10].

3.2. Hypotheses 2 and 3

As a test of hypotheses 2 and 3, a linear regression
model was constructed for the radio news corpus to
predict break indices using the SSynRel and an ad-
ditional set of seven features representing syntactic
structure described elsewhere [21, 22]. The prediction
of break indices improved significantly, to 58% and
92%, with a correlation of 0.80 (p < 0.001). Analy-
sis of the coefficients of the regression models showed
statistically significant support for both hypotheses
2 and 3 (and again for hypothesis 1). The analysis
also showed that the role of syntactic function is far
more important than that of syntactic structure. The
results for the ambiguous sentence corpus were very
similar and thus support both hypotheses.

More detailed analysis of the regression models
suggested the following three characteristics of the
prosody-syntax relationship within the framework of
the link grammar (for which there is insufficient space
for detailed descriptions):

o The influence of syntax on prosody operates pri-
marily from left to right.

o The influence of syntax on prosodic phrasing is
restricted to a window of only 4 preceding words
and to a single word following a boundary.

e The role of syntactic structure appears to be de-
pendent on syntactic function. In other words,
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hypotheses 2 and 3 operate to greater or lesser
extents depending on the SSynRel. There is
some evidence that this variation is, in part,
conditioned by the direction of syntactic depen-
dency.

3.3. Hypothesis 4

Results for a recognition model based on the theory
and using hand-labelled break indices have been pre-
sented previously [23]. The recognition model esti-
mated the distribution of break indices for each SSyn-
Rel by the mean and standard deviation of break in-
dices in a training corpus (the radio news corpus).
The model was tested by its ability to resolve syn-
tactic ambiguities in the ambiguous sentence corpus.
Given a set of hand-labelled break indices for an ut-
terance and two competing (ambiguous) syntactic rep-
resentations of the utterance, the model had to de-
termine the syntactic representation intended by the
speaker.

The model correctly resolved ambiguities for 87%
of utterances. This compares well with human capa-
bilities (84%, [17]), and is significantly above the per-
formance of a comparable previous model (80%, [24]).
This result provides direct support for hypothesis 4
as the disambiguation method used in the recognition
model is based directly on differences in prediction of
break indices.

3.4. Discussion

The empirical evidence presented above provides evi-
dence in support of all four hypotheses of the new the-
ory of prosodic phrasing. In addition to the work pre-
sented here which is based on hand-labelled break in-
dices, the theory has been extended to directly model
acoustic prosodic correlates of prosodic phrasing (e.g.
durations, energy). That work [25, 21] has shown that
the theory can be extended to model the relationship
between acoustic-prosodic features and syntax, and
that these extended models can also reliably resolve
syntactic ambiguities. Additional discussion of the
results and further qualitative evaluation of the the-
ory is being presented elsewhere [21].

4. CONCLUSION

This paper has outlined a theory of prosodic phras-
ing based on the link grammar with substantial dif-
ferences from previous theories. The experimental re-
sults presented in this paper show that there is strong
evidence for the four hypotheses that constitute the
theory. The results also show that the model has
sufficient predictive capability to make it useful for
speech technology applications, including predicting
natural phrasing for speech synthesis and resolving
ambiguities in speech understanding.

The particular effectiveness of surface syntactic
relations in the model is perhaps the most important
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contribution of the work. Future work will consider a
mapping of this result to other syntactic frameworks.
Initial results suggest that the re-write rules used in
conventional grammars and the sub-categorisation of
HPSG may be equivalent to the representation of syn-
tactic function provided by SSynRels and therefore
they should be effective in modelling prosodic phras-
ing.
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