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ABSTRACT

The syntactic and prosodic structures of spoken utterances are
known to be related, although the relationship is difficult to
define. This paper presents a novel method for modelling
prosodic breaks from syntactic information obtained from an
unconventional parser, the “Link Parser”. The model is used
to score candidate syntactic structures based on prosodic
breaks. The technique obtains 88% accuracy in selecting an
appropriate syntactic parse using hand labels, which
compares well with 84% for human subjects.

Keywords: syntax, prosody, disambiguation

1. INTRODUCTION

A model of the relationship between prosody and syntax has
uses in several speech technology applications, including the
generation of natural sounding synthesised speech and in
speech recognition/understanding tasks. In the field of speech
understanding, accurate syntactic processing is a requirement
for comect interpretation of utterances. When the
orthographic transcription of an utterance is superficially
ambiguous prosodic cues may provide an ideal means for
disambiguating the syntactic possibilities.

Certain connections between prosody and syntax are well
understood, such as the influence of part of speech on the
placement of stress, but prosodic phrasing is more difficult to
define. Previous work has looked at the modelling of prosodic
phrasing with syntactic information from several perspectives;
as a psycholinguistic model [1], by modelling duration cues
[2] and {3], for speech synthesis [4], and for a recognition
model [5] and [6].

This paper presents a novel method for developing a model of
the relationship between prosodic breaks and syntax, and
using this model is used to perform syntactic disambiguation.
The model provides a probability score that syntactic and
prosodic information correspond, and this score is used to rank
candidate sentences and syntactic interpretations. The system
is tested on a syntactic disambiguation task designed by Price
et. al. [3] to determine human performance. The performance
of the present system is compared with Price’s results and
those of a previous automatic system developed by Veilleux
et. al. [6] and tested on the same task.
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The syntactic analysis used in the system is based on the link
parser, developed by Sleator and Temperley [7]. Rather than
building a hierarchical structure of syntactic constituents, the
link parser identifies individual syntactic links between words.
The underlying assumption of this work is that there is a
definable relationship between the syntactic links marked by
the link parser and the prosodic coupling between words.
Further, this relationship may be stronger than that between
hierarchical syntactic structures and prosodic coupling.

1.1 Prosodic Information

The primary prosodic feature used in the cumrent work is the
“break index”. The break index is a measure of the strength of
coupling of word pairs in an utterance, as defined in [3]. The
break index is a seven level scale (0 to 6) which represents the
perceived coupling (or separation) between each consecutive
word pair in an utterance. A break index of O represents the
tightest coupling, break indices 4 and 5 are “major” prosodic
boundaries and a break index of 6 is a sentence boundary.
Readers should be aware that the break indices used in this
work are slightly different from those defined in the more
recent TOBI standard for prosodic transcription defined in [8].

1.2 Speech Corpora

Two speech corpora are used in this work, one for training the
recognition system and the other for testing. They are the
same corpora as used in comparable work described in [6].

The training speech corpus is a radio news speech corpus,
described in [6]. This corpus consists of a series of 35 news
stories recorded by professional news readers and labelled
with the seven level break index system. Only the first 5
stories recorded by a single female news reader are used in the
current work. This set provides 100 sentences with an average
of 19 words in each.

The testing corpus is a set of ambiguous sentences, described
in detail in [3]. It contains pairs of sentences with the same set
of phones (and in many cases the same set of words) but
different syntactic bracketing and thus different meaning.
There are seven types of structural ambiguity, each with five
pairs of sentences, making a total of 35 sentence pairs with an
average of 7.6 words. The sentences have been recorded by
four professional FM radio announcers, three female and one
male, and one of whom also recorded the training sentences.
The structural ambiguities are:-
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* parenthetical clauses vs. non-parenthetical subordinate
clauses,

+ appositions vs. attached noun (or prepositional) phrases,

« main clauses linked by coordinating conjunctions vs.
main clause and subordinate clause,

* tag questions vs. attached noun phrases,

» far vs. near attachment of final phrases,

¢ left vs. right attachment of a middle phrase,
¢ particles vs. prepositions.

Professional speakers have been reported to produce clearer
and more consistent prosodic cues than non-professional
speakers [3]. This makes the current task more tenable, but
care must be taken in generalising the results to more casual
speech. The differences in style between the two corpora must
also be taken into account. The test data in the ambiguous
sentence corpus has considerably shorter sentences than the
radio news corpus, and has a different distribution of syntactic
forms including many not found in the training data (e.g. tag
sentences).

2. SYNTACTIC PROCESSING
2.1 The Link Parser

The current work uses a novel syntactic parser, the link parser,
developed by Sleator and Temperley [7]. The parser is based
on the observation that for most sentences of most natural
languages, if arcs (or links) are drawn to join words that relate
to each other, those arcs do not cross. They call this
phenomenon “planarity”.

Their link grammar consists of a set of words, with each word
having an associated “linking requirement’. These linking
requirements are maintained in a “dictionary”. A sequence of
words is a “sentence” of the language defined by the grammar
if there exists a set of links amongst those words which
satisfies the following three conditions:-

¢ Planarity: The links do not cross (when drawn above the
words),

* Connectivity: The links connect all words of the
sequence together,

o Satisfaction: The linking requirement of each word in the
sequence is satisfied.

A “link diagram” can be produced for a sentence to show the
connecting links which satisfy the conditions of planarity,
connectivity and satisfaction. It is possible that a sequence of
words can have many different ways of meeting these
conditions, and each different way of satisfying the conditions
will have a different link diagram.

Figure 1 shows the link diagrams and sample break indices for
the two interpretations of an exampie sentence from the
ambiguous sentence corpus. The link diagrams are
characterised by a set of links, each of which is labelled with
an upper-case string, the link label. The diagrams for the
example sentences are identical, except for the different
attachment of the phrase “in German”. The “meaning” of the
different link labels in this example are:-

» S/0 - links a subject/object to a verb,
* D - links a determiner to a noun,
* J - links a preposition to a noun,

* EV/M - links a preposition to a verb/noun (phrase
attachment).

A dictionary containing over 25,000 words, using around 80
link labels and defining a grammar covering most English
syntactic forms is available and is used in this work. The use
and ‘meaning’ of the labels in the dictionary is described in
some detail in [7].

2.2 Extracting Syntactic Information

The sentences from both speech corpora were parsed with the
link parser. Certain difficulties were encountered in this
process. Firstly, the link parser could not handle certain
syntactic forms found in the speech corpora, and as a result,
the first set of syntactically ambiguous sentences and one pair
of sentences from each of the fifth and sixth ambiguous
sentence sets are not available for testing. Secondly, hand
modifications were required in some of the link diagrams to
handle certain other syntactic forms (often word order

r° / v\/

A I read a review
2 0 1 1

nasality in German

1 4 1

[o]
s D M J M J
4 \/ 4 \/ YT YT
I read a review of nasality in German

0 1 0 2 1 2 1

Figure 1: Link Diagrams and Sample Break Indices for an Example Ambiguous Sentence
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Sentence A Sentence B
Word Pair Link | Break | Link ;| Break
Label | Index | Label | Index
I-read S 2 S 0
read - a 0 0 o 1
a-review D 1 D 0
review - of M 1 M 2
of - nasality J 1 J 1
nasality - in EV 4 M 2
in - German J 1 J 1

Table 1: Link Label and Break Index for each Word Pair in
the Example Sentences

reversals). Thirdly, the method for handling coordinating
conjunctions in the link parser is troublesome.

For this work a model of the break index variation is built
using the link label. For each consecutive word pair we obtain
a corresponding link label by finding the lowest link passing
over the word pair - the link does not need to join the word
pair. Table 1 shows the link labels and some sample break
indices for the two interpretations of the example sentence
shown in Figure 1.

‘We now have a link label and a corresponding break index for
the word pairs in the two corpora. This information is used for
training and testing the recognition system, and may be used
for other research work relating prosody and syntax.

3. PROSODIC MODEL
3.1 Model Training

The first 5 stories of the radio announcer database are used to
build (or train) a model of break index distribution for
different syntactic forms. This is done by finding the
distribution of break indices for each link label in the corpus.
An ANOVA test indicates that the link label alone is a good
predictor of a break index: it predicts 46% of break index
variance and the result is highly significant (p << 0.001).

The mean and standard deviation of the break indices for each
link label are determined and used as a predictive model. For
example, the ‘D’ link label, which connects a determiner with
a noun, has an average break index of 1.1 and a standard
deviation of 0.5. The ‘S’ link label, which connects a subject
and a verb, has an average break index of 2.5 and standard
deviation of 1.5. These distributions indicate that the prosodic
link between determiners and nouns tends to be stronger than
the prosodic link between a subject and its verb.

To improve generalisation where there is insufficient data, the
standard deviation is set to a minimum of 0.5. The results
appear insensitive to this minimum value.
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3.2 Recognition

The recognition system operates by determining the
probability that a set of break indices of an utterance can be
associated with a set of link labels extracted from the link
diagram. Equation 1 is used to derive a probability for a
complete utterance based on each word pair. This equation is
similar to the one used in [6].

1 n
p (syntax, prosody) = P z log Py (bi| 1) [1]

i=1

The number of word breaks is given by n. The 1/n factor
normalises the probability when dealing with sentences of
different lengths. The probability p ¢ (b]1;) is the probability
that a specified link label can be associated with the measured
break index, based on the gaussian distribution obtained from
the mean and standard deviation for the different link labels.

4. RESULTS

To perform the task of disambiguating the sentence pairs of
the ambiguous sentence corpus, we chose the appropriate link
diagram for a particular utterance using its break index values.
The link diagram with the highest probability of matching the
marked break indices, according to equation 1, is chosen. A
tied result is considered an error.

Table 2 presents results for the different syntactic types. This
is the same task as performed by humans listeners in [3] and
by another recognition system reported in [6] - those results
are included in Table 2 for comparison. The accuracy of the
current work is higher than for human subjects, but this result
is not statistically significant. The performance also exceeds
the previous system with significance (p < 0.05). The limited
number of examples makes it difficult to draw strong
conclusions.

The performance of the system appears consistent across
different syntactic forms. The system performs with accuracy
at 80% or higher in all but one class, main-subordinate
clauses, on which human performance is also poorest. The
poor result in this class is due to poor modelling of the link
label, “CL”, that links clauses to verbs. No simple solution to
this problem is evident at this stage.

Price et. al. [3] found that human listeners could distinguish
syntactic forms better than chance for only some of the
classes; these are marked in Table 2 with an asterisk. The
system recognises these classes with 95% accuracy (130
correct from 136 sentences). This figure is higher than human
performance (p < 0.05) and higher than the previous system (p
< 0.05). Again, the limited number of examples makes it
difficult to draw strong conclusions.

The recognition accuracy for the speaker who provided the
training data was 93% (54 correct from 58 sentences) and is
better than the accuracy for each of the 3 other speakers who
were equal at 86% (50 correct from 58 sentences), but this
difference is not statistically significant. Further, there is no
difference in accuracy between the male and female data, even
though the training data was from a female.
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- Human | Veilleux | Current
Ambiguity | percention| (1992) | Work
1 + Parenthetical 71 70 -t
- Parenthetical 96* 70 -t
» + Apposition 92* 100 80
- Apposition 91* 70 100
3 Main-Main 88 60 85
Main-Sub 54 65 30
4 + Tag 95% 100 100
- Tag 81 80 95
5 Far Attach 78 65 941
Near Attach 63 70 81%
6 Left Attach 94* 80 94%
Right Attach 95* 95 100%
7 Particle 82* 100 100
Preposition 81* 95 95
Average 84 80 88
Average for * 91 89 95

Table 2: Disambiguation scores by syntactic type for human
listeners [3], system designed by Veilleux et. al. [6] and for
the current work.

* Identified by human listeners at better than chance

t Testing not possible on this set due to parsing problems.

t Only 4 of 5 pairs of sentences available for testing.

A promising feature of the system is that it will often strongly
reject inappropriate syntactic forms but does not strongly
reject any of the correct syntactic forms in the test corpus.

5. DISCUSSION

The paper has introduced a system for scoring sentences based
on prosodic and syntactic information. Its performance is
comparable to that of bhuman listeners, which is particularly
encouraging given the limited amount of training data used,
and the differences in style of the training and testing data.

One advantage of this system over previous work relating
prosody and syntax is that the predictive mechanism is
relatively straight-forward and does not require some of the
more complex processing of syntactic structures reported in
[1], [4] and [6]. This raises the question of whether the link
parser is better suited to this type of work than syntax parsers
which are based on hierarchical structures. This matter is the
subject of ongoing research.

The system presented is research oriented and considerable
work must is required before it can be integrated into an
automatic speech recognition system. Most importantly, this
work has been performed on hand labelled break indices and
previous work has found that performance degrades
substantially when machine generated break indices are used
[6]. Also, the work has been performed on professionally read
speech, and it is possible that similar work on casual speech
will be both more difficult and less accurate.
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Currently, the system has been tested on a narrow set of
sentences so it may be necessary to retrain the system to other
domains, however, this would not be a difficult task as the
technique is flexible.

Work is ongoing on the development of a more complex
model which utilises other topological information from the
link diagrams, incorporates contextual cues and utilises other
prosodic features such as prominence. Work is also
continuing on parsing more of the training corpus to provide
more training data which may improve the robustness and
accuracy of the recognition system.
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