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ABSTRACT

The objective of this study is to examine acoustically the
effects of an intra-sentential pause on neighboring
utterances. A Japanese test sentence was read by 10 native
speakers in two contrasting ways, i.e., with and without an
intra-sentential pause. The effects of pause insertion were
analyzed on the basis of the measurements of mora
duration, vowel formant frequency, and fundamental
frequency. The results showed that all three parameters
were affected by pause insertion. More interestingly, the
pausal effect on the mora duration and vowel formant
frequency was basically limited to a single mora whereas
the effect on the fundamental frequency extended over
multiple moras.

1. INTRODUCTION

Pausing with a stretch of silent interval is perhaps the most
obvious and unmistakable strategy for indicating the
boundary between two utterance chunks [1]. However,
there are very few systematic studies on the effects of
pause insertion on neighboring utterances. There are
numerous studies on the temporal and intonational
organization of an utterance at a linguistic boundary, but it
is not always clear from the reports whether or not such a
boundary was accompanied by a silent interval. ([2] and
[3] are some exceptions.) The present study attempts to
clarify the effects of pause insertion where a "pause" is
specifically realized as an "intended insertion of a silent
interval". In this respect, the term "pause" will be used
interchangeably with "silent interval" in this study. The
analysis is based on the comparison of the utterances that
differ solely in the presence or absence of an intra-
sentential pause and, therefore, the results obtained are
attributable exclusively to pause insertion.

2. METHOD

2.1  TEST SENTENCE
The test sentence used in the present study was:
"nakamani siraseta keredomo (Pause) nakanaka henziga
nakatta". (I informed my friends, but their response was
very late.) The sentence consisted of 24 moras and had a
possible pause location in the middle of the sentence,
corresponding to the largest syntactic boundary. The
length of the test sentence was heuristically determined so
that it could be read naturally both with and without an
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entential pause. The meaning of the sentence was
tered by the insertion of a pause.

TTERANCE PRODUCTION
ative speakers of Japanese took part in the recording
 test sentence. The speakers read the test sentence in
ontrasting ways, i.e., (1) with a pause at the possible
 location (the "Pause" condition below), and (2)
ut a pause (the "NoPause" condition below).  For the
 condition, the speakers were instructed to "pause
 silent interval". The speakers employed the speech
d pause duration that were most natural to them.

e pairs of Pause and NoPause utterances were
ced by each speaker. Within a pair, the order of the
rance of the Pause and the NoPause utterances was
m. The production of the test sentence in pairs
d, at a later stage of analysis, statistical tests using a
 comparison method, e.g., the Wilcoxon matched
test. The test sentence was printed on individual
 of paper to be read by speakers. A "comma" was
to indicate that the sentence is to be read with an
entential pause. The first and the last utterance pairs
discarded as dummy samples, and the analysis was
 on 10 samples each for the Pause and the NoPause
ions.

ECORDING
tterances were recorded with a DAT recorder (Sony,
D10) and a headset-type microphone (Sennheiser,
 25-1). The speech signals were digitized with 22
sampling rate and 16 bit amplitude quantization.
h analysis software SoundScope/16 (GW
UMENTS) was used for the observation and

rement of the data. Both the raw acoustic
orms and the wide-band spectrograms were
lted in acoustic measurements.

3. RESULTS

FFECT ON MORA DURATION
 1 presents the effect of an intra-sentential pause on
ration of each of the 24 moras constituting the test
ce. The box-plots indicate the "mora duration ratio",
he duration of  the mora in the Pause condition
lized with respect to that in the NoPause condition.
ox-plot is based on the data for 10 speakers.

clear from the figure, the effect of an intra-sentential
 is most marked in the immediately pre-pausal and



post-pausal moras. The pre-pausal mora lengthens by 40%
on the average while the post-pausal mora shortens by
about 30%. The pre-pausal lengthening is primarily due to
the increase in the duration of the vowel segment whereas
the post-pausal shortening is due to the decrease in the
duration of the consonantal segment [4]. The difference in
the duration of these two moras was statistically
significant for all speakers. [Wilcoxon test, p<0.05]
Compared to the changes shown by these two moras, the
remaining parts of the utterance show very little change
due to pause insertion. It should be mentioned, however,
that two of the speakers demonstrated a statistically
significant difference in the duration of the mora /do/ that
precedes the immediately-prepausal mora /mo/. The
increase in the mora duration in the Pause condition was
approximately 10% for both speakers. A more detailed
analysis is necessary in order to provide a comprehensive
explanation of this observation.

3.2  EFFECT ON VOWEL FORMANTS
Figure 2 shows the effect of an intra-sentential pause on
the formant frequency values of the vowels in the region
near an intra-sentential pause location. The formant
frequency values were measured vowel-medially. The
circles and squares denote the values of the first and
second formants (F1 and F2) respectively, while the filled
and unfilled marks indicate the values for the NoPause and
Pause conditions respectively. The result pertaining to one
speaker is shown here.

The difference between the Pause and the NoPause
conditions is most clearly demonstrated by the F2
frequency values of the  immediately pre-pausal vowel /o/.  
In the NoPause condition, the value is not only higher
compared with the Pause condition but also closer to the
F2 value of the following vowel /a/, indicating that there is
a coarticulatory influence of the tongue configuration for
the following vowel. In the Pause condition, in contrast,
the F2 value is lower, and spectrographic observation
shows that the value is maintained throughout the vowel
segment until the beginning of the silent interval. This
indicates that anticipatory coarticulation does not extend
beyond an intervening pause.

Figure 3 presents the effect of an intra-sentential pause on
the F2 value in the form of "F2 frequency ratio", i.e., the
F2 value in the Pause condition relative to that in the
NoPause condition. Each box-plot is based on the data for
10 speakers. The F2 value for the pre-pausal vowel /o/ is
20%-25% lower in the Pause condition compared with the
NoPause condition. The difference in the F2 value for this
vowel was statistically significant for all speakers.
[Wilcoxon test, p<0.05]. The differences in the F2 values
between the Pause and NoPause conditions in the
remaining moras were not statistically significant.

3.3  EFFECT ON F0
Figure 4 presents the effect of an intra-sentential pause on
the voice pitch in the vicinity of pause location. An
example for one speaker is shown. The vowel-medial F0
values for the NoPause and Pause conditions are shown by
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igure indicates that the F0 values are lower before a
 and higher after a pause in the Pause condition
red with the NoPause condition. It also indicates

he pausal effect on the F0 extends over a larger
er of moras, both pre-pausally and post-pausally,
red with the effect on the mora duration or the  F2
ncy value which is primarily limited to a single

 5 shows the F0 ratio, i.e., the F0 value in the Pause
ion relative to that in the NoPause condition in the
of box-plots. Each plot is based on the data for 10
ers.

igure clearly demonstrates that intra-sentential pause
on has the effect of lowering the pre-pausal pitch
aising the post-pausal pitch. It also shows that the
l effect extends over multiple moras both pre-
lly and post-pausally.

interestingly, the figure shows that the pausal effect
e F0, which extends over several moras, is
essive" in nature, that is, the closer to the pause
n, the greater the pausal effect. The difference in the

lues increases roughly from several percent to 10%
increasing proximity to the pause location. The
nce in the F0 values between the two conditions

tatistically significant for most of the speakers (more
 out of 10) for the pre-pausal vowel /o/ and the four
ausal vowels. [Wilcoxon test, p<0.05]

4. DISCUSSION AND CONCLUSIONS

 6 compares the results obtained in the present study.
ffect of an intra-sentential pause is shown for each of
ree acoustic parameters, i.e., (a) the mora duration,
e F2, and (c) the F0. The data points represent the
n of 10 speakers.  

 are two major findings. First, an intra-sentential
 has substantial effects on all three acoustic
eters. That is, an intended insertion of a silent
al is accompanied by changes in the segment
on, the vowel formant frequency, and the voice pitch
e pre-pausal and post-pausal utterance regions.
d, the extent over which the pausal effect is
ed, viz. the number of moras in the present study,
 characteristically according to the acoustic
eter. The effects on the mora duration and the F2 are
lly, i.e., in most speakers in the present study,
ed to a single mora whereas that on the F0 extends
 number of moras. Moreover, the effect on the F0 is

ressive" in nature, i.e., greater for the moras closer to
ause location. This characteristic difference in the
 of the pausal effect may be interpreted to reflect the
nce between the two major aspects of speech

ction,  articulation and phonation.
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Figure 1: The effect of an intra-sentential pause on the duration of the moras constituting the test utterance. Box-
plots present the "duration ratio", i.e., the mora duration in the Pause condition normalized with respect
to that in the corresponding NoPause condition. Each box-plot is based on the data for 10 speakers.
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Figure 2: F1 and F2 frequency values of the vowels in
the utterance region near an intra-sentential
pause location.  Each data point represents
the median of 10 samples. (Speaker: MYJ.)
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Figure 3: The "F2 frequency ratio", i.e., the F2
value in the Pause condition relative to
that in the NoPause condition in the
utterance region near an intra-
sentential pause location. (10 speakers.)
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Figure 4: The F0 values of the four pre-pausal
and post-pausal vowels in the Pause
and NoPause conditions. (Speaker:
KKN, the median of 10 samples.)
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Figure 5: The "F0 ratio", i.e., the F0 value in
the Pause condition relative to that
in the NoPause condition, near a
pause location. (10 speakers.)
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Figure 6: The effect of an intra-sentential pause on (a)
the mora duration, (b) the F2, and (c) the F0.
The effect of a pause is expressed as a ratio,
i.e., the value obtained in the Pause condition
relative to that obtained in the corresponding
NoPause condition. Each data point
represents the median of 10 speakers.

The relation between segment lengthening and pitch
variation at linguistic boundaries has been discussed by a
number of researchers in the past. Lyberg [5] proposed to
explain utterance-final lengthening as a secondary effect
of F0 change. Berkovits [6] carried out a comparative
study of finished and unfinished sentences in Hebrew and
English, and found out that the F0 patterns in the final
stressed syllables were very similar in Hebrew and English
but that there was no such similarity in duration.
Consequently she came to the conclusion that timing and
F0 are independent parameters in speech production. A
study by Snow [7], which revealed that phrase-final F0
patterns were acquired earlier in childhood than phrase-
final lengthening, also supported the latter view. In the
present study, based on Japanese utterances, the pausal
effects on the segment duration and the F0, shown by a
majority of speakers, were found to be characteristically
different. This, too, is in agreement with the view that
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relation between the durational and intonational
s — or more fundamentally the segmental and
ic aspects — of speech phenomena is one of the

crucial topics for a speech production theory (e.g.
Systematically obtained data such as the one
ted in this study should be of substantial help not
in the development of a theory but also in

standing the fundamental nature of speech
ction.
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