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ABSTRACT
The identification of basic units in spontaneous Japanese is

an indispensabl e issue for spoken language processing. This
paper describes a method for the semi-automatic detection
of “sentences’ from the Corpus of Spontaneous Japanese
(CSJ).

1. INTRODUCTION

The Corpus of Soontaneous Japanese (CSJ) [3], a large
scale spontaneous speech corpus of common Japanese, is
now being compiled under a project entitled “ Spontaneous
Speech: Corpus and Processing Technology.” This corpus
consists mainly of monologues, including ‘ academic presen-
tation speech (APS)’ and ‘simulated public speech (SPS)’,
which will be afruitful resource for the research of sponta-
neous speech.

In written language processing, a sentence is generdly
used as a basic unit for syntactic parsing, translation, text
summarization, and so on. In spoken language processing,
however, it is difficult to use a sentence as a basic unit be-
cause a spoken language corpus often contains no punctu-
ation. Therefore, it is necessary to find reasonable “sen-
tences’ in spoken language, instead of sentences in writ-
ten language, which will be useful for automatic text sum-
marization, parsing the dependencies between bunsetsus
(Japanese phrasal units) [1], and analyzing discourse struc-
ture[7].

In this paper, we describe a semi-automatic method of
detecting “sentence” boundaries from the CSJ. We first
extracted clause boundaries automatically as candidates
(Chapter 3), then manually modified the results along pre-
viously defined criteria (Chapter 4). The modification was
applied to various characteristic phenomena in spoken lan-
guage, such as noun final clauses, shared topics, quotations,
insertions, and inversions.

2. “SENTENCES” IN SPONTANEOUS JAPANESE
In generd, asentenceis avery standard unit for natural lan-
guage processing, syntactic analysisin linguistics, and ordi-
nary human language activities. In dealing with the spon-

taneous speech, however, a sentence is not necessarily ap-
propriate for processing or analysis because spontaneous
speech basically contains no periods to mark the sentence
boundaries. Moreover, it is fundamentally difficult to find
obvious sentence boundaries from spontaneous utterances,
which usually contain utterance errors, utterance stops, and
other characteristic phenomena. Thus, we need to defineand
detect some reasonable segmented unit for processing as a
“sentence” in spontaneous speech.

Here, we will introduce clauses as candidates for these
basic units, “sentences’, in spontaneous speech. Clauses,
whose boundaries are marked mainly by verb phrases in
Japanese, are meaningful constituents for a variety of pur-
poses. The boundaries between each clause can be detected
more easily than those of sentences, considering the conju-
gated verb forms or conjunctive particles put at the end of
clauses. Accordingly, we divide utterances into small units
by detecting clause boundaries.

3. AUTOMATIC SEGMENTATION

Japanese is a SOV language, and verb phrases are placed
at the end of clauses [6]. Clause boundaries are marked by
conjugated forms of verb phrases or conjunctive particles.
We can extract various types of boundaries quite precisely
by referring to part-of-speech (POS) tags. We developed
a program that segments the transcription of the CSJ into
clauses automatically by referring to POS tags [4].

The program we developed to detect clause boundaries
from the CSJ is in reality a set of conversion rules which
finds particular patterns of concatenations of one to three
morphemes and inserts labels after the boundaries. When
a particular concatenation of morphemes is accepted as an
input, the program compares it with the boundary patterns
prepared manually. Each morpheme is formed by four tags,
i.e., surface form, POS, conjugation form, and conjugation
type [8]. If the input matches a certain boundary pattern,
boundary labels are inserted into the text. Examples of the
rules are shown below.

1. s/(*_0OO_*_000) /$1 <0oOo> /g;
2. s/(0_0O0O0O_ ) /$1\/oooo\N/ /g



Rule 1 accepts an infinitive form (0O O O) of any verb (O
0) asaninput and puts aboundary label <O O O > (infinite
clause) after the verb. Rule 2 accepts a conjunctive particle
ga(Od), and putsaboundary label / O OO0 / (ga-clause).
Applying these rules, we can obtain the labeled text, asin

().

() DODDOOOOO0OO0 <OOO>00000000 <0
0>0000000000 [00]00000000000
0000000 /M000/0000000 <00>000
ooooo [oo]...

Theinserted labelsare bracketed like <O 0 O >. Thepro-
gram consists of 142 conversion rules, and extracts 33 types
of clause boundaries that can be classified into three levels
asfollows:

e AB: Absolute boundary (Iabeled by [ ***] )
e SB: Strong boundary (labeled by /***/ )
WB: Weak boundary (labdled by < *** >)

These three levels differ in terms of their degree of com-
pleteness as a syntactic and semantic unit, and their indepen-
dencies of the subsequent clauses. Absolute boundaries cor-
respond to sentence boundariesin the usual meaning. Strong
boundaries are the points which can be regarded as major
breaks in utterances, and proper points for segmentation.
Weak boundaries are aso clause boundaries, however, they
are not regarded as proper points for segmentation because
they are strongly dependent to other clauses.

These three levels were set up manually according to
the classification of Japanese subordinate clauses by Mi-
nami(1974) [5], and its empirical revision. Preparing these
three levels makes it possible to estimate the syntactic and
semantic relations among clauses in advance, e.g., the scope
of auxiliary verbs, the sharing of arguments and topics.

We applied this program to 338 CSJ monologues (con-
taining 804,983 morphemes). Table 1 shows the result of
segmentation.

Table 1. Clause boundariesin the CSJ

| Boundary | Frequency | Rate |
Absolute 21,693 (25.00%)
Strong 14,350 (16.53%)
Weak 50,770 | (58.48%)

[ Tota | 86813 | (100%) |

We adopt absolute boundaries and strong boundaries as
default boundary candidates because we considered that
both are useful and meaningful for the many aspects of pro-
cessing. We left the labels of weak boundariesin thetext for
later manual modification (See Chapter 4). We also haveto
deal with the problem of utterance errors, utterance stops,

and a few kinds of clause boundaries that cannot be ex-
tracted by the program. We need to check and modify the
candidates manually along the criteria described bel ow.

4. MANUAL MODIFICATION

As described above, the automatic segmentation rule deter-
mines the boundary by referring only to thelocal concatena-
tion of morphemes. However, there are some characteristic
phenomenawhich neither be extracted nor treated appropri-
ately by the local segmentation rule, i.e., noun final clauses,
shared topics, quotations, inserted clauses. In these cases,
the default boundaries must be manually modified by refer-
ring to the recorded speech to construct processing units that
are syntactically well-formed as well as semanticaly ade-
guate. Manual modifications comprise three kinds of opera-
tions:

Connecting two or more default units by +
Separating a default unit by -

Enclosing some elements by (***),
O***0,

{***} or

Annotators are required to modify the results of automatic
segmentation based on several prescribed criteria, which
consist of definitions of phenomena and the operations re-
quired. Some of these definitions of phenomena and exam-
ples of manual operation are explained below.

4.1. Noun final clauses

Nouns sometimes constitute independent clauses by them-
selves. The most typical pattern of thisis the title of alec-
ture, which isindependent of both the preceding and follow-
ing clauses. Since the automatic segmentation rule cannot
detect these points because of a lack of verb phrases, the
noun must be separated from the following part.

AAA BBB*
— AAA-#BBB*!

Operation: If AAA constitutes a noun final clause which
is syntactically independent of BBB, AAA must be
separated from BBB.

(2) 0OOO0-;Noun final clause?
00 0000000o0Ogg - ; Noun final
Ooooooooo <oooo>
“Title. Dream land, Disney World.
much,”

cl ause
| like traveling very
4.2. Shared topics

In Japanese, topicalized elements are marked by the topic-
marking particleswa (O ) or mo (O ). Topicalized elements

1% means the default boundary ([AB] or /SB/), “#’ means a new
boundary after modification. - ,+, () ,{ } andO O areoperation symbols
described below.

2\We put comments after *;’ to show the type of operation.



tend to take wide scopes over the default boundaries. In
these cases, two or more default units must be connected as
one unit.

XXXwa AAA /SB/BBB *
—  XXXwa AAA/SB/+BBB*

Operation:  If the topicalized element ‘XXXwa' depends
not only on AAA but also on BBB, i.e, it is shared
by the verb phrases of both AAA and BBB, the de-
fault boundary must be removed and AAA must be
connected with BBB.

(3 DDOOOOODOO/MO00/+000000000000
00000 /ooooooal, Shared topic
“1 like traveling very much, + and have been to many places,”

4.3. Embedded clauses

Default units ending in absolute or strong boundaries may
be embedded in the quotation. Since the local segmentation
rule cannot parse the full structure of utterances, it segments
al of the default boundaries even if they are embedded in
the quotation, and thus the main clauseis not completed. In
such cases, embedded clauses must be bracketed by { },

and the default boundaries replaced by “: ™.

AAA BBB* CCC DDD*
— AAA {BBB:CCC} DDD*

Operation:  If AAA dependson DDD, and BBB and CCC
are embedded in them, BBB and CCC must be en-
closed by { }. Default boundaries between the em-
bedded clauses must be replaced by : .

(49 0D0DO0O0DDDO0ODDOO00O0O00<O0O0>{000 /000
0/: 000 00000 }0<00D0>00 000000
00 0000 <O0000>; Quotation
“I have been feeling for along time that { the place must be
very nice: and | hope to go there someday } every time |
watched it on TV.”

4.4. Phenomena Characteristic to Spontaneous Speech

In the production of spontaneous speech, speech plans con-
structed beforehand are sometimes changed during the ut-
terance due to phonological, lexical, syntactic or ordering
problems. In particular, long spontaneous monologues im-
pose heavy linearization problem on speakers, such as de-
cidingwhat to say first, and what to say next [2]. Thiscauses
various disfluencies, such asinsertions, inversions, utterance
stops, and so on. If these disfluencies bring about indesirable
default units, they must be marked.

Inserted clauses

In spontaneous speech, it can be observed that speakers in-
sert clausesin the middle of other clauses. Thisoccurswhen
speakers change their speech plans while producing utter-
ances, which results in supplements, annotations, or para-
phrases of main clauses.

AAA BBB /SB/ CCC*
— AAA ( BBB/SB/) +CCC*

Operation: If BBB can be judged as an inserted clause,
and, in addition, AAA depends on CCC, BBB must be
enclosed by (), and the default boundary after BBB
must be removed and connected with CCC.

(5) 0DDOOODOODO (00000000 DODOOoOooOl/
00o0O0d/) 400000000000 [00];Inserted
cl ause
“1 collected, ( the number written here presents frequency, )
various patterns.”

Inversion

Bunsetsus are sometimes placed immediately after the verb
phrase on which they depend. This can be regarded as an
inversion from the viewpoint of canonica word order of
Japanese, which may be caused by various reasons in the
production of speech, such as supplements or afterthoughts.

AAA BBB* CCC DDD*
— AAABBB+0OCCCO -#DDD*

Operation: If bunsetsu CCC can be judged as an inverted
element which depends on the verb phrase in BBB, the
default boundary after BBB must be moved after CCC,
and CCC must be separated from DDD.

() DO ODDOODDOODOODODOOODOOO [DO]+00
OooooaQg-;lnversion
gooodbObO0obOoOobooooboobobooooo
00 /Mooooooal...

“1 have been called whenever | am at home, O severa timesa
day O - And news about stalkersis frequently shown on TV
recently,...”

Cut off — giving up the utterance

Speakers sometimes give up uttering following parts in the
middle of a clause when they change the speech plans they
constructed beforehand during the utterance. The aban-
doned part is left alone, and cannot be treated as a mean-
ingful unit in the subsequent processing.

AAA BBB*
— AAA - #BBB*

Operation: If some elements AAA can be judged as a
fragment of a clause left alone by giving up the utter-
ance that does not constitute a meaningful unit, AAA
must be separated from BBB.

(7) DODODODOD - ;cut-off
0000000 0000000 00000 00000 O
00O [oo]
“In this experiment - The table on the next page shows the
list of conditions and results of the experiment.”



Table 2. Manual modification results.

| [ Default [ Modified [MMrate | + [ - [() [{}]O0DO |
APS 102.1 94.4 169% || 108 |48 | 35 | 17 0.1
SPS 89.6 84.5 244% || 124 |85 | 44 | 15 05
Total 94.0 88.0 216% || 119 |72 | 41 | 16 04

5. DISCUSSION

5.1. Results of manual modification

Based on the criteria described in the previous chapter, 43
monologues, comprising 15 academic presentation speeches
(APS) and 28 simulated public speeches (SPS), were mod-
ified manually and “sentences’ in the CSJ were extracted.
Two or more annotators tagged the automatic segmentation
results of each lecture. The modification results presented
by each annotator were compared and complied.

In table 2, “Default” means the average number of de-
fault units through automatic segmentation within alecture,
“Modified” means the average number of “sentences’ after
the manual modification, and “MM rate” means the ratio
of the total number of operations® to the number of default
units. The average number of times that each operation was
performed is aso shown.

The point to notice hereisthe significant differencein the
MM rate between APS and SPS. It can be considered that
thisis caused by the difference in spontaneity between APS,
academic presentations that are generally spoken in accor-
dance with prepared manuscripts, and SPS, persond narra-
tives that are spoken less formally. This tendency roughly
correspondsto the fact that SPS contains more phonol ogical
or morphologica disfluencies than APS[3].

5.2. Necessity of supporting tool for the modification
The total average of the MM rate was 21.6%. This result
shows that manual modification is not an exceptional task if
phenomenaas described in Chapter 4 are significant. There-
fore the work should be supported by annotation tools that
can decrease the number of inevitable errors as well as the
strain on annotators in the modification process.

We developed an annotation tool for manual modifica-
tion, as shown in Figure 1. Thistool restricts annotators to
the prescribed uses of symbols, and ensures the correspon-
dences between symbols and obligatory comments showing
the kinds of operations. Thistool also enables easy compar-
ison of the results of annotators and efficient data manage-
ment.

6. CONCLUSION AND PROSPECTS

The identification of useful units in spontaneous speech is
a necessary but difficult task. This paper has proposed a

SRegular correlations of symbols such that each (
are taken into consideration.

) isfollowed by +
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Fig. 1. Annotation tool for manual modification.

method for semi-automatically detecting “sentences’ from
the CSJ.

We are tagging the “ sentences’ to a subset of the CSJ (183
monologues), whose size will be 500K words. The CSJ
tagged with these “sentences’ will be used for automatic
text summarization, parsing the dependencies between bun-
setsus, and analyzing discourse structure.
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