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Abstract
Spontaneously spoken Japanese includes a lot of grammatically ill-formed linguistic phenomena such as fillers,
hesitations, inversions, and so on, which do not appear in
written language. This paper proposes a method of robust dependency parsing using a large-scale spoken language corpus, and evaluates the availability and robustness of the method using spontaneously spoken dialogue
sentences. By utilizing stochastic information about the
appearance of ill-formed phenomena, the method can robustly parse spoken Japanese including fillers, inversions,
or dependencies over utterance units. As a result of an experiment, the parsing accuracy provided 87.0%, and we
confirmed that it is effective to utilize the location information of a bunsetsu, and the distance information between bunsetsus as stochastic information.

1. Introduction
In order to develop a user-friendly spoken dialogue system, a technique for robustly understanding spoken language is strongly required. Although most conventional
spoken dialogue systems are only treating words or expressions decided beforehand, if the system tries to execute a richer spoken dialogue, analyzing the language
structure of spontaneous speech is essential. On the other
hand, spontaneously spoken Japanese includes a lot of
grammatically ill-formed linguistic phenomena such as
fillers, hesitations, inversions, etc., which the conventional dependency parsing method for written language
can not parse correctly.
This paper proposes a method of robust dependency
parsing using stochastic information. The usual methods
of Japanese dependency parsing have assumed the following three syntactic constraints[4]:
1. No dependency is directed from right to left.
2. Dependencies do not cross each other.

3. Each bunsetsu1 , except the last one, depends on
only one bunsetsu.
As far as we have investigated the corpus, however, many
spoken utterances do not satisfy these constraints because
of inversion phenomena, bunsetsus which do not have
the head bunsetsu, and so on[5]. Therefore, our parsing
method relaxes the above three constraints, that is, permits the dependency direction from right to left and the
bunsetsu which does not depend on any bunsetsu.
In this paper, we also evaluate the availability and robustness of our method. Especially, we report how effectively the method can parse bunsetsus which have no
head bunsetsu, dependencies directed from right to left,
and dependencies over utterance units.
This paper is organized as follows: The next section
explains stochastic dependency parsing of spoken language. Section 3 presents the parsing experiment. The
discussion about our experiment is reported in Section 4.

2. Robust dependency parsing of spoken
Japanese
In our method, a sequence of bunsetsus for which a morphological analysis and bunsetsu segmentation are provided is considered as an input. For a sequence of bunsetsus, B (= b1 · · · bn ), the method identifies the dependency structure S.
The conventional methods of dependency parsing for
a written language have assumed the above three syntactic constraints. Considering that there exist frequent
inversions, fillers, hesitations and slips in spoken language, we established that a dependency structure fulfills only one constraint: dependencies don’t cross each
other. However, we consider the other two constraints by
reflecting the stochastic information.
1 A bunsetsu is one of the linguistic units in Japanese, and roughly
corresponds to a basic phrase in English. A bunsetsu consists of one
independent word and more than zero ancillary words. A dependency
is a modification relation between two bunsetsus.

Table 1: Experimental result about parsing accuracy
for dependency
for turn
average accuracy 87.0% (21,089/24,250) 70.1% (4,260/6,078)

Assuming that each dependency is independent, the
P (S|B) can be calculated as follows:
P (S|B) =

n
Y
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P (bi → bj |B),

(1)

i=1
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where P (bi → bj |B) is the probability that a bunsetsu
bi depends on a bunsetsu bj when the sequence of bunsetsus B is provided. The parameter S, which maximizes
the conditional probability P (S|B), is regarded as the dependency structure of B and identified by dynamic programming (DP).
rel

Next, we explain the calculation of P (bi → bj |B).
First, the basic form of independent words in a dependent bunsetsu is represented by hi , its part-of-speech ti ,
type of dependency ri , and the basic form of the independent word in a head bunsetsu hj , its part-of-speech
tj . Furthermore, the distance between bunsetsus is denoted as dij , the number of pauses between them pij , and
the location of the dependent bunsetsu li . Here, if a dependent bunsetsu has an ancillary word, the type of the
dependency is the lexicon, part-of-speech and conjugated
form of that ancillary word, and if not so, it is the part-ofspeech and conjugated form of the last morpheme. Then
it is allowed that dij takes a minus value to treat inversion
phenomena. Moreover, the dependent bunsetsu’s location
indicates whether it is the last one of the turn. The method
uses the location attribute for calculating the probability
of the inversion, because most inverse phenomena tend to
appear at the last of the turn[5].
By using the above attributes, the conditional probarel
bility P (bi → bj |B) is calculated as follows:
rel

P (bi → bj |B)

(2)

3.1. Outline of the experiment
We used 81 dialogues, which included 6,078 turns consisting of 24,250 bunsetsus (i.e., the average length of
turn is 4.0 bunsetsus), in our syntactically annotated spoken language corpus[6]. We performed the cross validation experiment by dividing the entire data into dialogues. That is, we repeated the experiment, in which we
used one dialogue among 81 dialogues as the test data
and the others as the learning data, 81 times. Here, we
define a turn as a parsing unit according to the result of
our investigation[5].
3.2. Experimental result
Table 1 shows the average accuracy for dependency or
turn. Among the 24,250 dependencies in the experimental data, 21,089 were correctly parsed and its accuracy
was 87.0%. We have confirmed that the parsing accuracy of our method for spontaneously spoken Japanese
language is as high as that of another methods for written
language[1, 7].

4. Discussions
In this section, we focus attention on dependencies with
no head bunsetsu, dependencies directed from left to right
and dependencies over utterance units, and discuss the robustness of our method for spontaneous spoken Japanese
based on the experimental results described in section 3.

rel

4.1. Dependencies with no head bunsetsu

rel

Although each bunsetsu, except the last bunsetsu, has one
head bunsetsu in usual written Japanese, there are some
bunsetsus, which has no head bunsetsu, such as fillers
or hesitations, in spoken Japanese. Figure 1 shows an
example of the dependency structure with such the dependency. The bunsetsus which do not have the head
bunsetsu occupy 51.1% of the whole in the used corpus.
Among these bunsetsus, whose number is 12,384, 4,937
bunsetsus are not located right before pause. The items
of these bunsetsus are shown in Fig. 2. About 70% of
the whole is fillers or hesitations. Since the corpus are
constructed based on the rule that fillers or hesitations do

∼
= P (bi → bj |hi , hj , ti , tj , ri , dij , pij , li )
=

experiment, we used the syntactically annotated spoken language corpus[6] which we constructed by semiautomatically providing dependency analysis for each of
the driver’s utterances in CIAIR in-car speech dialogue
corpus[2, 3].

C(bi → bj , hi , hj , ti , tj , ri , dij , pij , li )
.
C(hi , hj , ti , tj , ri , dij , pij , li )

Note that C is a cooccurrence frequency function. The
probability of a bunsetsu not having a head bunsetsu can
also be calculated in formula (2) by considering that such
a bunsetsu depends on itself ( i.e. i = j).

3. Parsing experiment
In order to evaluate the effectiveness of our method,
we made an experiment on dependency parsing. In the








   
 

Figure 1: Example of dependency with no head bunsetsu














  
  
    

Figure 2: Types of bunsetsus with no head bunsetsu (except the last bunsetsu of an utterance)

Table 2: Parsing result for dependencies with no head
bunsetsu (except bunsetsus which is located right before
pause, or which is fillers or hesitation)
precision 60.4% (996/1,650)
recall
69.5% (996/1,434)

not have the head bunsetsus, it is not difficult to identify
the head bunsetsu. Consequently, Table 2 shows the experimental results for the remaining 30%. Among 1,434
bunsetsus which were included in the 30%, 996 were correctly parsed. Thus it means that our method can identify
the dependencies with high accuracy.
4.2. Dependencies directed from right to left
In order to identify inversion, our method does not assume that no dependency is directed from right to left.
An example of inversion is shown in Fig. 3. If the dependency parsing is performed based on the assumption
that inversions exist, it becomes difficult to realize correct parsing because the search domain for identifying
the head bunsetsu spreads about twice. There existed 256
dependencies directed from right to left, thus we can not
always ignore them. However, since the rate is only 1%
of the whole, it is not necessarily clear whether we should
parse these bunsetsus or not.
Table 3 shows the experimental results for dependencies directed from right to left. Although the recall is not
always high, the precision is over 60%. This means that

     

Figure 3: Example of dependency directed from right to
left



















     
  
Figure 4: Distance between bunsetsus of inversion

the parsing accuracy increase by accepting that dependency is directed from right to left, furthermore shows the
robustness of our method for inversions. Obtaining these
good results is attributed to the following two tendencies
about the appearance of inversions.
One is the tendency about the location of bunsetsus.
Many of inversions have the dependent bunsetsus which
appears at the last of an utterance unit. Concretely speaking, 85.2% of inversions appear at the last bunsetsu of
a turn. From the experimental results, we can see the
effects that we adopt the location of a dependent bunsetsu as the attribute of the formula (2) in consideration of
the above things. Indeed, among 81 dependencies which
were judged to be directed from right to left, the precision of dependencies which is located at the last of a turn
is 75.0%.
The other is the tendency about the distance between
bunsetsus. Among dependencies directed from right to
left, dependencies whose the distance between bunsetsus
is -1 or -2 occupy 90.2% of the whole. The fact is reflected in the calculation of the dependency probability
by accepting the value of dij is less than 0. In the experimental result, the precision of inversions whose distance
between bunsetsus is no less than -2 is 61.0%.

Table 3: Parsing result for dependencies directed from
right to left
precision 60.5% (49/ 81)
recall
19.1% (49/256)
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4.3. Dependencies over utterance units
In spoken Japanese, it is not easy to define a grammatical
unit corresponding to a sentence in written language. Although the possibility that a pause means a boundary of
the unit is high, we can see a little different case. Thus
we defined one turn as a parsing unit in the experiment.
There were 92 dependencies over utterance units in the
used corpus. Figure 5 shows an example of such the dependency.
Table 4 shows the experimental result for dependencies over utterance units. The precision brought a remarkable low result. The result was thought to be caused by
the following reason:
• The appearance frequency of those dependencies is
not many (the probability is 0.4% of the whole).
• Since the grammatical feature of dependencies
over utterance units is not clear, our method does
not introduce it into the probability calculation.
On the other hand, since the recall was 37.0%, we can see
the certain degree of effect.

5. Conclusions
In this paper, we have proposed a method of robust dependency parsing of Japanese speech using a large-scale
spoken language corpus, and also evaluated the availability and robustness of the method using spontaneously
spoken dialogue sentences. In the result, we have confirmed that our method can efficiently parse dependencies
with no head bunsetsu, dependencies directed from right
to left and dependencies over utterance units.
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