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Abstract

One of the difficulties in spontaneous speech process-
ing lies in the pausal phenomena. This paper de-
scribes an effect of incorporating pausal information
into the syntactic rules, and an advantage of using
an “utterance unit” as a processing unit in spoken
dialogue recognition. A speech recognizer was im-
plemented with utterance unit grammar and pausal
information as word bigram probability. Recogni-
tion experiments were conducted using various goal-
oriented spoken dialogues. The method employing ut-
terance unit grammar and pausal information showed
best performance: content word detection rate is
50.4% for spontaneous speech, which was 8.8% bet-
ter than the method based on sentence recognition
without the constraints by pause information.

1 Introduction

Most of the existing continuous speech recognition
systems assume that the input is the read speech,
which meets the grammar of written language. On the
other hand, various levels of disfluencies take place in
spontaneous speech: filled pauses, hesitations, self-
corrections, interruptions, out-of-vocabulary words,
elliptic sentences, inversions of word order, etc. Meth-
ods capable of handling ill-formed utterances should
be developed in order to process spontaneous speech.

There are studies on the speech recognition meth-
ods utilizing the characteristics of these phenomena
including pausal information and filled pauses [1, 2, 3].
In this paper, a preliminary recognizer is implemented
with its syntax rule based on “utterance unit” and
pause information of spontaneous speech. The perfor-
mance of the recognition method was evaluated with
simulated spoken dialogue materials that are much
closer to spontaneous speech than to read speech.

In the following sections, firstly the “utterance
unit” is defined as the processing unit of recognition.
Then, a recognizer based on the utterance unit struc-
ture 1s implemented. An effect of introducing the
pause information to the grammar and an advantage
of employing the utterance unit as a recognition unit
in spoken dialogues are discussed.
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Table 1: Utterance unit

UU  Transcription (English equivalent) [pause in sec]

Al “ato” (and) [0.15]
A2  “bashonan’desukedo” (as for the place) [0.58]
A3 “anoo” (uh) [0.60]
A4 “dokoe ikeba iin” (where to go) [0.37)
A5 “deshou” (should I) [turn change]
Bl  “e-to,daitaino houkouwa” [0.34]
(well, roughly, the direction is)
B2  “kou” (say) [0.07]
B3  “touhokuno houkoude” (north-west, and) [0.47]
B4  “kyoriwa gokirokurai hanareta tokorodesu”[0.25]

(the distance is about five kilometers from here)

2 Utterance unit

One of the problems in recognizing spontaneous
speech 1s that the processing unit is not well known.
As the planning of the next utterance and the articu-
lation are being carried out in parallel, disfluencies at
various levels take place. For example a speaker of-
ten utters interjectory words, makes self-corrections,
inserts pauses at unexpected places of the sentence,
thus even a word becomes fragmentary. Furthermore
in spoken dialogues, an utterance of one speaker is
often interrupted by the other speakers.

It is mentioned in the literature [5, 6] that phrases
are often bounded by naturally placed pauses and that
the speech segments bounded by pauses often function
as a processing unit of discourse. Several previous
studies on spoken dialogue processing have proposed
the “Inter-pausal phrase” or “utterance unit” as a pro-
cessing unit [1, 4].

A speech interval segmented by pauses is the sim-
plest unit for speech processing, because a pause is
the most prominent break observed in the time do-
main speech signal. In this paper. an “utterance unit
(or UU)” is defined as a speech segment bounded by
pauses. Table 1 is an example of time aligned utter-
ance units in a spoken dialogue. There are five utter-
ance units of the client speaker (A) and four utterance
units of the agent speaker (B). As table 1 shows, an
utterance bounded by pauses seems to be an appropri-
ate processing unit of a moderate length somewhere
between syntactic phrase and sentence. An utterance
unit does not necessarily correspond to a syntactic
unit nor an intonational phrase, because pauses in
spontaneous speech may occur within a2 word or a
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phrase, and because there may be no pause at a syn-
tactic boundary in some cases.

In the following sections, a spontaneous speech
recognizer is implemented in order to examine the fea-
sibility of incorporating utterance unit structure and
pause information into recognition grammar.

3 Recognizer

3.1 Front-end

The recognizer was implemented with HTK (HMM
Toolkit) developed at Cambridge University [9]. The
HMM phoneme model employed in this paper is a
standard continuous four-mixture, left-to-right model
consisting of 5 states and 3 loops. A set of 43 phoneme
HMDMs, which includes 40 Japanese phonemes plus
3 kinds of pause models (#, silB, silE) was trained.
Pause models “#”, “silB”, “silE” represent short
intra-utterance pauses, pauses at sentence beginning
and end respectively. Models for non-lexical speech
sounds were not built.

The training data used to create phoneme HMMs
were ATR phonetically balanced 503 sentences spoken
by 27 male and 31 female speakers (8400 sentences
in total) recorded in ASJ Corpus Volume 1 to 3 [8].
Earlier sentence recognition experiments based on a
grammar of Japanese syntactic phrase network using
this phoneme HMM set showed 72% phrase recogni-
tion accuracy on read style speech material.

3.2 Syntax rules

The syntax rules for spoken dialogue recognition were
written in network representation. Two kinds of net-
work for Japanese syntactic phrase and utterance unit
were generated from morphological analysis results of
the transcription text so that they cover all utterance
occurrences in the present dialogue material.

3.2.1 Japanese syntactic phrase

The network of Japanese syntactic phrases is so cre-
ated that the connection rules of a content word and
the possible function words are specified for each con-
tent word categories. Morphological analysis of the
transcription text ! of the dialogues was conducted
using the morphological analyzer JUMAN developed
at Kyoto University [10].

The transcriptions were first analyzed by JUMAN,
then analysis errors were corrected by updating user
dictionaries and connection rules. The errors caused
by syntactic variations of spontaneous speech were
corrected manually, i.e., false starts, fragmentary ut-
terances, ellipses, inversion of sentences. Fixed forms

1In the transcriptions phenomena specific to spontaneous
speech such as interjections, restarts, speaker overlaps, chim-
ings are transcribed and marked up as precisely as possible.

EUROSPEECH ’95, Madrid, Spain, September 1995

of post-positional word sequences that were always ut-
tered together (which includes colloquial and reduced
forms, some dialectal expressions) were categorized as
special parts of speech.

The transcriptions tagged with morphological la-
bels were converted to phonemic representations.
Then, connection networks of function words for each
content word categories were generated to cover all
utterances appeared in the dialogue data.

3.2.2 Utterance unit

The network for the utterance unit structure in the
present recognizer defines the utterance unit as a con-
nection of short pauses (#) and a loop of interjections
and Japanese syntactic phrases, in which all of them
are optional. Figure 1 depicts the network topology of
utterance unit grammar. This network is loosely spec-
ified so that it allows an utterance unit to contain an
arbitrary number of interjections and Japanese syn-
tactic phrases.

As described in section 2, an utterance unit does
not necessarily end at a morpheme boundary. The
morpheme connection constraints of the Japanese
syntactic phrase network for utterance unit has null
transitions, which allow ellipses of function words.

Japanese
Syntactic
Phrase

Figure 1: Utterance unit grammar

3.3 Lexicon

In the present experiment, the lexicon was divided
into two parts: common lexicon and individual lexi-
cons. The former consists of the parts of speech whose
lexical entries are common to all tasks of the dialogue.
The latter specify the lexical entries belonging to the
categories that are relatively task-dependent. Individ-
ual lexicons are composed of verbs, common nouns,
proper nouns, adjectives, and numerals.

Word instances of conjugation and inflection forms
were treated as different entries. Numerals are imple-
mented as whole word instances for simplicity, though
they should be implemented as a network of digits,
unit names, prefixes and suffixes in more sophisticated
system.

3.4 Pause information

Pausal phenomena of spontaneous speech were uti-
lized in the recognizer in two ways: one as the utter-
ance unit syntax, and the other as recognition gram-
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mar constraint implemented as word bigrams in which
three pause models are treated as word entries.

Firstly pauses longer than 150 [msec] in utter-
ance unit label file were converted to “silB” or “silE”;
shorter pauses were converted to “#”. Secondly, the
morphologically tagged transcriptions and the utter-
ance unit label file were merged so that the label files
were generated in which each word was represented by
the pair of the phonemic description and morpheme
category name.

4 Recognition experiments

4.1 Spoken dialogue material

Spoken dialogue materials used in this paper were
taken from ASJ Continuous Speech Corpus for Re-
search vol. 7 [8]. The dialogues are not completely
“spontaneous” because they were simulated ones, but
are much closer to spontaneous speech than to read
speech?.  Ten goal-directed dialogues in the cor-
pus recorded at two institutions (“et]”,”o0sa”) were
selected whose task domains are restaurant guide,
tourist guide, inquiry on passport application, geo-
graphical guide, and so on. Because several speakers
participate in plural dialogues, there are 9 different
speakers. The dialogues were conducted in face-to-
face situation.

Previous analysis on the utterance unit character-
istics [7] showed that pause and segment distributions
of the spoken dialogues of the two institutions are
different, which reflect participants’ attitudes of each
recording site 3. For this reason, two sets of syntax
rules and bigrams were created for each spoken dia-
logue materials of “etl” and “osa”.

Lexcon size ranges from 412 to 491 words in the
present material.

4.2 Experimental conditions

Experiments were conducted for sentence-based (SB)
and utterance-unit-based (UB) recognition. Word bi-
gram models without the pause labels were generated
in order to test the effect of pausal information in the
recognition accuracy for each condition, SB and UB.
Table 2 is a summary of experimental conditions of
the recognizer fornt-end.

4.2.1 Sentence based recognition

In SB condition, speech intervals for sentences of each
participant of the dialogues were cut out using the
UU label file. Then recognition was performed with

2The goal of the task and the necessary information (e.g.,
maps, time tables) were given to the participants before the
recording. Then the speakers were asked to make a conversa-
tion freely. No concrete scenarios were drawn.

?For example, mean pause duration of “etl” is longer and
the distribution is broader than “osa”.
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Table 2: Experimental conditions
Phoneme model 5 state, 3 loop, left-to-right
40 Japanese phonemes
+ 3 pause models
4 mixture continuous HMM
+ beam search + word bigram
Frame period 10 msec
Feature parameter  12th order mel cepstrum
+ 12th order A mel cepstrum
ATR PB sentences
58 speakers (male:27 female:31)
8400 sentences

Algorithm

Training data

the syntax rule that covers all instances of Japanese
syntactic phrase connections appeared in the present
speech material. Total number of sentences was 673.

4.2.2 Utterance unit based recognition

In UB condition, speech segments bounded by pauses
longer than 150 [msec] are detected using speech
power. Then recognition was performed upon each
utterance unit with the syntax rule illustrated in fig-
ure 1. There were 1334 speech segments detected as
utterance units.

4.3 Results and discussions

Experiments were conducted in four conditions: SB
and UB recognition using the word bigram without
the pause information (SB1,UB1), and the word bi-
gram with the pause information (SB2, UB2).
Figure 2 illustrates typical recognition results of
condition UB. Ex. 1 is a recognition result in which
the pausal information of the recognition syntax rule
led the correct answer. In the first recognition re-
sults (11), the interjection word “eeqto”’ was substi-
tuted with “keqkoo”; and extra pauses were inserted,
thus the latter half was incorrect. The recognizer
with pausal information got the correct labels (12)
and located the pauses properly. In Ex. 2, the bi-
gram probability including pauses invited an adverse
effect. The closures and geminate consonant in the in-
terjection word “choqto” were replaced with pauses,

Ex. 1
(1A)sokowa #[eeqto](onaji) #resutoraNto-onaji-keiretsuno
(the place is ... uh ... (the same) belong to the same
affiliation of the restaurant)
(11) sokowa#keqkoo#onajidegtiqtaN#keiretsuno (w/o pause)
(12) sokowa#[eeqto]onaji#tresutoranto-onaji-keiretsuno (w pause)

Ex. 2
(2A)[maa]#[choqto]yoku-wakaranaiNdesukeredo.

{well, I don’t know very much )
(21) [maa[chogto]yoku-wakaranaiNdesukedo (w /o pause)
(22) [maal#to#iku#t yoku# wakaranaiNdesukedo (w pause)

Figure 2: Example of the recognition result (UB)

(*A)correct answer, (*1)UB1, (*2)UB2 ; [ ): interjection,
( ): false start, #: pause, - : syntactic phrase boundary
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Table 3: Detection rate of content words (First rank)

] Sentence-based UU-based
Dialogue w/o pause (SB1) | w/ pause (SB2) | w/o pause (UB1) | w/ pause (UB2)
etl 42.6 47.5 47.4 51.3
osa 40.5 45.7 46.1 49.5
mean 41.6 46.6 46.7 50.4

because of relatively high probabilities of the pairs
of a pause and the words “to” (conjunctive), “iku”
(verb), “yoku” (adjective). Errors of this kind will be
reduced by using more dialogue data for syntax rule
creation.

The recognition performance of the methods were
evaluated by the content word detection rate. The
recognized content word labels overlapping more than
two-thirds of the interval of the correct label were
counted as correct labels. Errors caused by simul-
taneous utterances of the dialogue participants were
excluded in the evaluation procedure. Table 3 shows
the content word detection rates in the four recogni-
tion conditions.

The method employing utterance units and pausal
information showed best performance of 50.4%. Im-
provements on detection rate by the pausal informa-
tion was observed in both SB and UB condition. Most
errors of SB1, SB2 occurred at speech segment bound-
aries where utterance units inter-pausal phrases are
separated. The difference on the performance be-
tween “etl” and “osa” is due to pausal characteristics
mentioned in the previous sections.

The mean detection rate was modest considering
the phrase recognition accuracy 72% achieved of the
earlier experiment, but an encouraging one as a pre-
liminary result on spontaneous speech. It can be said
from the present results that a positive effect of pause
information and employing the utterance unit as a
recognition unit was suggested, though further exam-
inations should be carried out for verification of the
results.

5 Conclusions

This paper showed an effect of incorporating pausal
information into the recognition rules and an advan-
tage of using an utterance unit as the recognition unit.
The method employing utterance units and pausal in-
formation showed best performance: 50.4% of content
word detection rate for spontaneous speech, which
was 8.8% better than the method based on sentence
recognition without pause information. The detection
accuracy obtained in this experiment is not satisfac-
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tory. The degrade in recognition accuracy is probably
due to the recognition accuracy of phoneme HMMs
and the UU grammar that was loosely defined. Fu-
ture works thus include the retraining of the phoneme
recognition HMMSs, and the reformation of the present
recognition grammar into more constrained one.
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