
The Use of Multiple Pause Informatio
Analysis of Spoken Japa

Lu Meirong Kazuyuki Takagi

The University of Electro-Communicatio
{lumeirong,takagi,ozeki}@

Abstract

There is a close relationship between prosody and
syntax. In the field of speech synthesis, many in-
vestigations have been made to control prosody so
that it conforms to the syntactic structure of the sen-
tence. This paper is concerned with the inverse prob-
lem: recovery of syntactic structure with the help of
prosodic information. In our past investigations, it
was observed that duration of inter-phrase pause is
most effective among various prosodic features in de-
pendency structure analysis of Japanese sentences.
In those studies, only one kind of pause, i.e. the
pause that immediately follows a phrase in question
was used. In this paper, another kind of pause is
employed as a prosodic feature: the pause that im-
mediately follows the succeeding phrase of a phrase
in question. It is shown that simultaneous use of the
first and second pauses improves the parsing accu-
racy compared to the case where only the first pause
is used.

1. Introduction

Prosody and syntax are closely related with each
other as has been observed by many authors [1∼5].
In the field of speech synthesis, numerous investiga-
tions have been made to control prosody so that it
conforms to the syntactic structure of the sentence
[6∼8]. However, the inverse problem, i.e. recovery of
syntactic structure using prosodic information, has
not been so much investigated, especially for the
Japanese language. Several years ago, we found a
method of directly incorporating prosodic informa-
tion into a dependency structure parser [9]. The fun-
damental idea of this method is to make a statistical
model of feature distribution for each dependency
distance. Then, by using the Bayes theorem, the
probability of dependency distance of each phrase
given a feature value is computed. The parser can
exploit both symbolic information such as syntactic
rule, and numerical information such as probability
of dependency distance in a unified way as linguistic
knowledge.
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n our past investigations [9∼12], we have tried
us prosodic features, among which duration of
-phrase pause was found to be most effective. In
e works, only one kind of pause, i.e. the pause
immediately follows a phrase in question, was

idered. It is possible, however, that pauses in a
r time window around a phrase in question also
useful information. Thus two kinds of pauses are
oyed as prosodic features in this paper: the first
e that immediately follows a phrase in question,
the second pause that immediately follows the
eeding phrase of a phrase in question. The sta-
al distributions of the first pause and the second
e are estimated separately for each dependency
nce of the phrase in question. The information
derived from those two kinds of distributions is
to calculate the probability of dependency dis-

e of each phrase, which is then incorporated into
rser as linguistic knowledge.

2. Minimum Penalty Parser

Dependency structure and parsing

panese sentence is a sequence of phrases, where
rase is a syntactic unit called bunsetsu (hereafter
ly referred to as “phrase”) in Japanese, consist-
f a content word, or a string of content words,
ed by (possibly zero) function words such as

icles and auxiliary verbs.
rom a dependency grammatical point of view,
tructure of a Japanese sentence can be described
pecifying which phrase modifies which phrase
e sentence. Thus the syntactic structure of a
nce w1w2 . . . wm, represented as a sequence of
ses, is described by specifying a function S that
s a modifier phrase to its modified phrase:

S : {1, 2, . . . , m − 1} −→ {2, 3, . . . , m}.
function S must satisfy certain conditions, re-
ng the syntactic properties of Japanese. A func-
that satisfies those constraints is referred to as
endency structure on w1w2 . . . wm. For phrases
j , the number j−i is the distance between them.



Under a dependency structure S, S(i)−i is called the
dependency distance between wi and wS(i), or simply
dependency distance of wi.

In our method, linguistic knowledge concerning
a modifier phrase wi and a modified phrase wj

is represented by a function F (wi, wj) that mea-
sures the amount of penalty when a phrase wi is
to modify a phrase wj . The parser finds a depen-
dency structure S that minimizes the total penalty∑m−1

i=1 F (wi, wS(i)) [9].

2.2. Penalty function based on prosodic fea-
tures

A dependency structure S is determined by specify-
ing the dependency distance S(i) − i of each phrase
wi. Thus any information related to the dependency
distance must be useful for parsing. For this reason,
the penalty function F (wi, wj) is defined on the basis
of statistical knowledge about the prosodic features
associated with wi and its dependency distance.

Let d be the dependency distance of a phrase in
a sentence, and p = (p1, . . . , pn) the prosodic feature
vector associated with the phrase. The conditional
probability of d given p is denoted by P (d | p), which
is represented by the Bayes theorem as

P (d | p) =
P (p | d)P (d)∑
d P (p | d)P (d)

. (1)

Thus, P (d | p) can be calculated from P (p | d)
and P (d). P (d) is estimated as P (d) = Nd/

∑
d Nd,

where Nd is the number of phrases with dependency
distance d. Then the penalty function F (wi, wj) is
defined as

F (wi, wj) =
{ − log P (j − i | p), if (wi, wj) ∈ DR

∞, otherwise
(2)

where p is the prosodic feature vector associated with
wi, and (wi, wj) ∈ DR signifies that wi is allowed to
modify wj by local syntactic constraints, or a depen-
dency rule, which is constructed on the basis of the
morphological structure of phrases[9].

3. Dependency Distance and
Pause Duration

3.1. Speech material

An ATR speech database (Set B) [13] was used in
this work. This database contains 503 Japanese sen-
tences, extracted from newspapers, journals, novels,
letters, textbooks, and etc. Those sentences have la-
bels indicating their dependency structures. It also
contains the speech waveforms for the sentences read
by professional announcers or narrators. Two male
speakers’ (mht, mtk), and two female speakers’ (fkn,
fym) utterances were used here.
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1 illustrates the first pause, which immediately
s the phrase in question, and also the sec-

pause, which immediately follows the succeeding
se of the phrase in question. The duration of the
pause is denoted by p1, and that of the second
e by p2. In our past work, only p1 was used as
e information. In this work, p2 was newly em-
d, and its effectiveness in dependency analysis
investigated.
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re 1: First pause duration p1, second pause duration

, and dependency distance d.The dark box is the

phrase in question.

ig. 2 shows the mean value of p1 as a function
e dependency distance d of the phrase in ques-
over the 503 sentences read by the four speakers.
unit of measurement for the pause duration is
ean mora duration of the utterance in which
ause appears. The curves clearly show a close

stical relationship between d and p1. It is par-
arly noted that the mean value of p1, increases
st linearly with d up to d = 4 for every speaker,
gh the slope differs from speaker to speaker. For
5 the curves saturate, and for d ≥ 7, the mean
e duration is probably unreliable because there
nly very small number of tokens for long depen-
y distances.
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re 2: Mean duration of first pause as a function of

dependency distance d for 4 speakers.

imilarly, Fig. 3 shows the mean value of p2.
ote some remarkable phenomena on the graphs.
e is a clear dip at d = 2. This is explained as
s. Let · · ·wiwi+1wi+2 · · · be a sentence repre-

d as a sequence of phrases, and let wi be the



phrase in question. Then d = 2 means that wi mod-
ifies wi+2. In that case wi+1 must modify wi+2 to
satisfy the non-crossing constraint of dependency. So
the dependency distance of wi+1 equals 1, and ac-
cording to Fig 1, the pause between wi+1 and wi+2,
i.e. p2, must be very short.
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Figure 3: Mean duration of second pause as a function

of dependency distance d for 4 speakers.

There is another dip at d = 8. This is accidental;
there are only very small number of tokens for d ≥
7, and all the data with d = 8 happened to have
structural property with very small p2. We also note
that the mean value of p2 at d = 1 is considerably
large. This is because p2 has a large variance at
d = 1, which necessarily leads to a large mean value
since p2 ≥ 0. An important fact is that the mean
value of p2 has a systematic tendency to increase for
2 ≤ d ≤ 6, showing a statistical relationship between
p2 and d.

3.3. Penalty function based on multiple pause
information

In our preliminary experiment, a 2-dimensional
Gaussian p.d.f. P (p1, p2 | d) was fitted to (p1, p2)
data for each d. Then, by using Eq.(1), P (d |
p1, p2) was calculated to define the penalty function
F (wi, wj). However, this method did not give an
expected result. Therefore another method was em-
ployed. A 1-dimensional Gaussian p.d.f.’s P (p1 | d)
and P (p2 | d) were fitted to p1 data and p2 data
separately. Then P (d | p1) and P (d | p2) were calcu-
lated by using Eq.(1), and then linearly combined to
define F (wi, wj). Thus Eq.(2) is modified as follows:

F (wi, wj)

=




−{α log P (d | p1) + (1 − α) log P (d | p2)},
if (wi, wj) ∈ DR

∞, otherwise

where d = j − i, and α (0 ≤ α ≤ 1) is a weighting
factor to adjust the contribution of p1 and p2.
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Dependency Analysis Experiments

Training data and test data

503 sentences in the ATR database Set B are
ped into A – J. In the following experiments,
e groups were divided into training data and test
as in Table 1. All the experiments in this pa-
re speaker-dependent. Results of analysis were
ated by parsing accuracy, i.e., the percentage of
sentences whose dependency structures deter-
d by parsing are the same as those described in
atabase, and also by dependency accuracy, i.e.,
ercentage of phrase pairs in the test sentences
e dependency relations determined by parsing
he same as those described in the database.

Table 1: Training data and test data

ataset training data test data
et(i) D – J (353 snt.) A – C (150 snt.)
et(ii) A – G (350 snt.) H – J (153 snt.)

e 2: Parsing accuracy (%) using pause informa-
“Dist.” means a case where only dependency

nce distribution is used.

Cond. mht mtk fkn fym Av.
p1 only 58.4 60.7 58.1 56.7 58.5

p1 and p2 61.7 62.4 60.4 59.7 61.2
Dist. 54.5

e 3: Dependency accuracy (%) for each depen-
y distance. Data used is Set(i).

d Cond. mht mtk fkn fym

1
p1only 94.5 94.5 94.9 96.3

p1 and p2 94.3 94.9 95.1 96.5

2
p1only 82.6 86.3 81.4 74.5

p1 and p2 87.0 88.2 85.7 83.2

3
p1only 89.2 86.5 86.5 83.8

p1 and p2 89.2 83.8 86.5 81.1

4
p1only 80.0 80.0 73.3 76.7

p1 and p2 76.7 73.3 76.7 70.0

Results of dependency analysis

4 and Fig. 5 show how the parsing accuracy
ges with α for speaker mht and mtk, respec-
y. When α = 1 only p1 is used, which is the con-
n employed in our past work, while when α = 0
p2 is used. There appears a maximum of the

ing accuracy for α between 0 and 1. For other
kers, the tendency was the same.
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Figure 4: Parsing accuracy as a function of weighting

factor α for speaker mht.
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Figure 5: Parsing accuracy as a function of weighting

factor α for speaker mtk.

Table 2 shows the parsing accuracy, averaged over
Set(i) and Set(ii), for α = 1 (p1 only) and for op-
timum α (p1 and p2). “Dist.” means a case where
only the distribution of dependency distance is used
to define the penalty function: P (j − i | p) in Eq.(2)
is replaced with P (j − i). Thus by the use of p1,
the parsing accuracy was improved by 4.0 points on
the average compared to Dist. case, adding p2 infor-
mation further improved the parsing accuracy by 2.7
points. Table 3 shows the dependency accuracy for
each dependency distance when Set(i) was used. Im-
provement was attained mainly at d = 2 by adding
p2 information. Because the dependency distance
equals 2 for about 17% of phrase pairs in modifica-
tion relation, improvement of dependency accuracy
at d = 2 contributes to improvement of parsing ac-
curacy.

5. Conclusion

This paper described the use of multiple pauses in
dependency analysis of spoken Japanese sentences.
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“M
as shown by using the first pause and the sec-
pause simultaneously, the parsing accuracy was
oved compared to the case where only the first
e was used as in our past work. Improvement
pendency accuracy was attained mainly when
ndency distance equals 2. Future work includes
r statistical modeling of the distribution of pause
tion, more effective method of combining multi-
ause information, as well as integration of mul-
pause information and other prosodic informa-
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