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Abstract

This paper investigates the variability of break allocations
within Chinese sentences by perceptual experimentation. The
results confirm the existence of prosodic chunks. We have
found that (1) prosodic chunks are the basic units in the
rhythmic organization of Chinese utterances (breaks can
generally be allocated by chunk boundaries and breaks placed
within a chunk will significantly decrease the naturalness of
synthesized speeches); (2) given prosodic chunks, multiple
break solutions are acceptable. Furthermore, breaks can be
allocated by chunk boundaries using simple rules that impose
a length-balance constraint without considering the syntax or
semantic structure of a sentence.

1. Introduction

Breaking sentences into suitable rhythmic units is important to
achieve high naturalness in speech synthesis. Various machine
learning algorithms have been employed to predict the most
likely positions for breaks in a text stream [1-4]. These works
share an assumption that a unique best-breaking solution
exists for any sentence. However, this is not true in many
situations. In a recent study, Chu, et al [5] reported the
variability in the rhythmic organization of a sentence. This
implies that there may exist more than one acceptable ways to
break a sentence. They found that the variability of higher
level prosodic units is larger than that of lower level ones.
They also reported the existence of a relatively stable prosodic
unit that normally cannot contain an internal break. Such
stable units can be grouped into prosodic phrases in various
ways. Since the functionality of such stable rhythmic units in
prosody is rather similar to that of chunk in natural language
processing [6], we refer to it as a prosodic chunk in this paper.

After adopting the concept of prosodic chunks, the
rhythmic organization of sentences are then decomposed into
two steps as shown in Fig. 1. In step one, words are grouped
into prosodic chunks by identifying the no-break positions.
According to Chu, et al. [7], local syntactic structure and
length constraints play important roles in prosodic chunking.
In step two, prosodic chunks are grouped into prosodic
phrases with perceptible breaks in between. We believe that:
(1) the operation in step one should be precise, especially on
the recall of no-break positions, because any break inserted to
a no-break location will significantly decrease the naturalness
of synthesized speeches; (2) the operation in step two may be
approximate because there are many acceptable ways to group
prosodic chunks into phrases. We even believe that the
grouping of prosodic chunks can be performed without
considering a sentence’s syntax structure. Instead, the length-
balance constraints are more critical, i.e. prosody phrases in
an utterance tend to be of similar lengths. To verify these
ideas, we designed a perceptual experiment to evaluate the

naturalness of speech synthesized from the same text but
different in breaking policies. Two types of utterances were
generated: one had breaks at prosodic chunk boundaries
(breaks were allocated with simple rules imposing the length-
balance constraints without considering sentences’ syntactic
structure); the other had breaks within prosodic chunks.

The layout of this paper is as the follows: The design and
the implementation of the perceptual experiment are
introduced in Section 2. The results and analyses are
presented in Section 3. Section 4 details our conclusions.
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Figure 1: Rhythmic organization of an utterance

2. The perceptual experiment

Two hypotheses are tested in the experiment: One is that
breaks are acceptable only when they are inserted at prosodic
chunk boundaries; the other is that, given prosodic chunks,
many acceptable ways to break an utterance exist and breaks
can be allocated with simple rules that impose length-balance
constraints without considering a sentence’s syntactic or
semantic structure.

2.1. Design of the experiment

Twenty sentences with 13~19 syllables were selected from
the same speech corpus used in [5]. Prosodic chunks had been
labeled in the previous study. These sentences contain 4-6
chunks each. Break indices have been labeled to reflect the
prosody realization in the recorded speech from a single
speaker. Such break solutions for the twenty sentences are
referred to as the natural breaks in this study. Seven
additional break solutions were generated with rules listed in
Table 1, five with breaks at chunk boundaries and two with
breaks within a chunk. Since the natural break and the five
solutions at chunk boundaries support our hypotheses, they
are referred to as positive samples in this paper. The other two
are then referred to as negative samples. As a result, eight
break solutions were generated for each sentence, including
six positive samples and two negative ones. Details of the
eight samples are described in Table 1 with examples. All the
eight samples of each sentence were fed into Mulan TTS
system [8] with fixed break positions in the input text. All
together, 160 utterances were synthesized.

There are at least two ways to compare the naturalness
among the eight samples of each sentence. One is to ask



subjects to give a direct MOS score to each utterance. The
other is to rank these utterances by one-to-one comparison, by
doing AB test. Since the only difference among the eight
samples of each sentence is the position of the breaks,
obtaining MOS scores precise enough to distinguish their
naturalness is not easy. Therefore, we choose the second
method, i.e. compared the eight utterances to one another and
asked the subjects to decide which utterance sounded better
after listening to a pair of utterances. 28 pairs of utterances
were generated for each sentence and altogether 560 pairs
were obtained for the 20 sentences.

2.2. Experiment procedure

The 560 utterance pairs were randomly sorted and separated
into two parts. Subjects were asked to finish the two parts with
a not-less-than 30-minute break in between. The utterance
pairs were played to the subjects with a scoring tool in a

standard PC and subjects listened to them through headphones.

The sequence of stimuli played to each subject was randomly
generated. Subjects were allowed to listen to each pair as
many times as they wanted before they chose either “A sounds
better” or “B sounds better”. It was suggested that they hear
the pairs no more than three times. All together, 20 university
students with normal hearing participated in the experiment.

2.3. The preference rate of an utterance

In the experiment, each utterance is compared with seven
other samples of the same sentence and was rated by the 20
subjects. If it was judged as the better one in one comparison
by one subject, it received one point. Otherwise, it got no
points. The ratio between the points an utterance obtained and
the number of times it was compared is defined as the
preference rate (PR) of the utterance. The PR of an utterance
can be calculated on different scales as described in the
following sections.

Table 1: Rules and examples for positive and negative samples’.

Positive samples | Rules to generate the samples Examples

Pl No break in the whole sentence AN BERAT — R RIGER I

P2 Insert only one break at the chunk boundary closest to | XAMEAET | BERA —Fh IOBRH
the middle point of the sentence on the left

P3 Insert only one break at the chunk boundary closest to | XAMEAMET-HERL | —Fh BRI
the middle point of the sentence on the right

P4 Insert two breaks at chunk boundaries that are closest | XA | 1 AMECFRERS | —Fh R .
to the 1/3 and 2/3 points of a sentence on the left 2

P5 Insert two breaks at chunk boundaries that are closest | XAME AR | BEEEE—F | KGRl

to the 1/3 and 2/3 points of a sentence on the right

P6 Use the natural breaks

A VNI | BERAE T | RO

Negative samples

the sentence >

N1 Insert one inner-prosodic-chunk break at the left part of | XAMEUA] | 7RI —Fh B kG i

of the sentence

N2 Insert one inner-prosodic-chunk break at the right part | 3XAMu A BT BER G —FP EE | K.

3. Results and Analyses

3.1. Consistency among sentences

Before a formal analysis, the consistency of PRs among the 20
sentences was examined. To do this, the PR was first
calculated for each utterance within seven pairs from the
scores given the 20 subjects. As a result, an eight-by-eight
matrix was obtained for each sentence. Table 2 provides an
example. The number in each cell shows the preference rate of
the utterance on the left to the utterance on the top. Since each
utterance hasn’t been compared with itself in the experiment,
the diagonal cells are empty. Then, the average of the 20
matrixes is obtained and the correlation coefficients between
individual matrixes and the average matrix are calculated. The
results are shown in Fig. 2. The correlation coefficient of a
sentence reveals its consistency with other sentences.

Table 2: An example of the PR matrix of one sentence
calculated from the scores given by the 20 subjects.

P1 P2 P3 P4 P5 P6 N1 N2

P1 - 04 ] 08 |]065| 06 [075] 0.9 1

P2 ] 0.6 - 0.6 1 0.75 ] 0.65 | 0.95 [ 0.85 | 0.85
P3 ] 02 | 04 - 0.5 1045]0.65([095] 09
P4 ]10.35]0.25] 0.5 - 045 (075 | 0.7 | 0.8
P51 04 | 0.35] 0.55] 0.55 - 0.65 | 0.8 | 0.85
P6 ] 0.25 ] 0.05 ] 0.35 | 0.25 | 0.35 - 0.75 | 0.45
N1] 0.1 |0.15]0.05] 03 ] 0.2 | 0.25 0.55

N2 0 0.15{ 0.1 [ 02 | 0.15] 0.55] 0.45 -

From Fig. 2, it is seen that sentence 5, 6 and 20 have
much lower correlation coefficients than the others. When
looking into their PR matrixes, we find that both 5 and 20
contain a positive sample that should be treated as a negative
one because they all have a break shifted one syllable from
the desired position by mistyping in the data preparation. So,

' The prosodic chunk boundaries in the example sentence are marked with “#” as “IX MG IR T #EER L #— P RN

4. “and the locations of breaks are marked with “/” in Table 1

% In P4 and P5, if no boundary on the left or right is found, the one on the right or left can be used. We have made sure that P4 and P5

differ at least in one break position.

*In N1 and N2, breaks are still put at prosodic word boundaries, but they are within a prosodic chunk.




they are moved from the pool of positive samples to that of
negative samples in the following analyses. The results for
sentence 6 look strange because several positive samples are
rated lower than one of the negative samples. When we listen
to these samples, we cannot agree with the results. Therefore,
we asked four new subjects with normal hearing to score the
28 pairs of this sentence again. Their results confirm our
intuitive analysis. Thus, we decided to remove sentence 6 in
the remaining analyses.

Sentences’ consistency
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Figure 2: Consistency among 20 sentences.

3.2. Consistency among subjects

In order to achieve reliable results, consistency among subjects
was investigated as well. The PR matrix for a subject was
calculated from his/her scores for the 20 sentences. The
correlation coefficients between individual matrixes of all
subjects and their average matrix, as shown in Fig. 3, reveal
the consistency of each subject to the others. It is seen that
most subjects have similar preference tendencies regarding the
eight utterances of each sentence except for subject 4 and 18.
The possible reasons may be that they did not have a good
understanding of the task or they didn’t concentrate on it. We
decided to remove their results from our analyses.

Subjects’ consistency
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Figure 3: Consistency among 20 subjects

3.3. Positive vs. negative samples

After unsuitable utterances and non-qualified subjects were
removed, the PRs of each utterance to seven other utterances
were recalculated and the average of the seven PRs (denoted

as APR) represents the overall preference rate of that utterance.

A larger APR implies the corresponding utterance sound better
than the others and vice versa. All utterances were classified
into two categories, positive and negative samples. The means
and standard deviations of APRs in the two categories are
shown in Fig. 4. We can see that, generally, positive samples
sound significantly better than negative samples (P=0.00).
This result supports our hypothesis about the existence of
prosodic chunks, i.e. prosodic chunk boundaries are much
better locations to break than non chunk-boundaries.
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Figure 4: Means and standard deviations of APRs in positive
and negative samples.
To verify the second hypothesis, we took a close look into
the positive samples.

3.4. Preference rate among positive samples

In this section, APRs were recalculated only among positive
utterances P1-6. The mean value of the new APRs of all
positive samples is 0.50 with a standard deviation of 0.16. This
shows that these positive samples sound similar in terms of
their naturalness, i.e. the six positive ways to break a sentence
are all acceptable.

These positive samples were then classified into four
categories according to their breaking rules: 1) no break:
contains all P1 utterances (19 samples); 2) single break:
contains all P2 and P3 utterances (37 samples); 3) two break:
contains all P4 and P5 utterances (37 samples); and 4) natural
break: contains all P6 utterances (19 samples). The means and
standard deviations of APRs in the four categories are shown
in Fig. 5. We can see that the single-break and two-break
groups have slightly higher APRs than the other two.
However, the analysis of variance (ANOVA) shows that the
differences among groups are not significant (P=0.45). It is
interesting that, breaks in the single- and two-break categories
are inserted with length balance rules without considering
syntactic structure and they sound equally good as samples
with natural breaks and no break. This observation supports
our second hypothesis that, given prosodic chunks, multiple
break solutions are acceptable, and syntactic or semantic
structure of a sentence does not affect much on the grouping
of prosodic chunks into prosody phrases.

Average preference rate
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no break single two break natural
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Figure 5: Means and standard deviations of APRs in four types
of positive samples.

3.5. The length constraints in breaking sentences

Although most positive samples sound similar in terms of
their naturalness, some are worse than others. Nine samples
with APRs lower than 0.3 were found. One of them is in the
no-break type, four in the single-break type and four in the
natural-break type. None is in the two-break type. It seems
that single-break and natural-break types have greater



problems than others. Therefore, we performed detail
analyses of these two types.

The four worst samples in the single-break type are listed
in Table 3. We find that one possible reason for the low
preference rate is that the length of the two prosodic phrases
separated by the break is not balanced (because we couldn’t
find better location in the single break situation beside the
other one). Therefore, a length balance ratio (LBR) is defined
for single-break utterances as the ratio between the length
difference of the two prosodic phrases in the utterance and the
average length of the two phrases, as shown in equation (1).

LBR = abs(lenl —len2) *2/(lenl + len2) (1)

The relationship between LBR and APR of utterances is
shown in Fig. 6. The solid line is the trend line. The
correlation coefficient between the two parameters is -0.44.
That is to say the APR of an utterance is negatively correlated
to its LBR.

Table 3: Worst samples in the single-break category.
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Figure 6: Relationships between LBR and APR of utterance:
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Figure 7: Means and standard deviations of APRs in
groups of utterances with various numbers of breaks.

Three of the four worst natural-break samples have breaks
at all prosodic chunk boundaries. This may imply that two
many breaks may hurt the naturalness of synthesized speech
although the speaker can do well with the same breaks.
Therefore, the natural samples are further classified into two
groups in accordance with the number of breaks. In the
natural samples, only one utterance has two breaks and it was
merged into the two-break category. Eleven utterances have
three breaks and six have four. They formed the two new
categories. Then, Fig. 5 was converted to Fig. 7, showing the

statistics of APRs in groups of utterances with different
numbers of breaks. We can see that utterances with two
breaks have the highest mean APR and those with four breaks
have lower APR than the others. However, in an ANOVA
analysis, these differences are not statistically significant.
One possible reason is because we have two few samples in
the three-break and four-break categories.

4. Conclusions

This paper investigates the variability in allocating breaks
within sentences through a perceptual experiment. The results
show that prosodic chunks are relatively stable units in the
rhythmic organization in Chinese. Breaks allocated to
locations within prosodic chunks will significantly hurt the
naturalness of synthesized speech. However, variability exists
in grouping prosodic chunks into prosody phrases. For most
sentences, multiple break solutions are acceptable.
Furthermore, length-balance constraint plays a much more
important role in allocating breaks to chunk boundaries than
the syntactic or semantic structure of a sentence. For a
sentence with 13-19 characters, inserting one to two breaks is
little more suitable than no break or additional breaks.
However, the differences among these solutions were not
statistically significant in our results.

Based on above conclusions, we can see that predicting
no-break locations in a sentence is much more important than
predicting the break locations. After obtaining the prosodic
chunks in a sentence, many flexible ways can be used to
allocating breaks by chunk boundaries. Our future work will
focus on prosodic chunking.
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