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ABSTRACT

The present paper studies the effects of speech tempo (fast
vs. slow), syllable condition (open vs. closed), preceding
and following consonants (/b/ vs. /d/ and /b/ vs. /g/) in C-
to-V coarticulation in Japanese and English.  The results
showed strong correlation between C-to-V coarticulation
and vowel duration.  It was also shown that the preceding
consonant exerts stronger effect on the vowel than the
following consonant for both Japanese and English.

1. INTRODUCTION

This study was motivated as part of a project in exploring
the nature of coarticulation in Japanese.  The present study
focuses on C-to-V coarticulation.  The four variables to be
examined are:

¥ the effect of minimal prosodic unit (syllable) on C-to-V
coarticulation

¥ the effect of tempo
¥ the effect of preceding consonant
¥ the effect of following consonant

English material was also studied for the purpose of
comparison in order to highlight language specific aspects
and universal aspects of C-to-V coarticulation.  The effect of
syllable was included in order to test the following null
hypothesis:  there is no significant difference in the effect
of the following consonant whether it is within a syllable
(CVC/CV) or it is outside a syllable (CV/CV).

2.  METHOD

Two sets of consonantal contexts were examined: /b/ vs. /d/
and /b/ vs. /g/ for the four variables mentioned above.  Table
1 shows the Japanese and English material used in the
present study.  They were embedded in the carrier sentences:
"Kono-ko-ga ____ desu." (This child is ____.) for Japanese
and "I said _______." for English and read at  fast and slow
tempi five times each by 4 Japanese and 4 English subjects.
The English subjects were speakers of non-rhotic British
accent.

The recording was done in a sound-treated recording
studio in the Department of Linguistics, Edinburgh
University. The sentences for analyses were sampled at 16
kHz into a UNIX SUN workstation with WAVES speech
analysis facilities.  The vowels were hand labeled by using
the XLABEL system of WAVES, displaying the waveform
and a wide band spectrogram.  Formant values were obtained
by running FORMANT program for LPC analysis with a 25
ms cos**4 window moving in 5 ms steps.  The vowel
midpoint F1 and F2 were recorded.  Where there were even
numbers of records for a segment, the mean of the middle
two values was chosen as the midpoint value.   Formant

tracking errors were corrected where possible.  Otherwise,
values judged spurious were treated as missing values.
Formant tracks were overlaid on top of spectrograms to
check errors.  Many of the errors resulted from the confusion
between different formants and correction was possible.
Most of the F2 values were recovered this way.   For
statistical analyses 4-way repeated measures ANOVAs were
done using Superanova.  Mean comparisons were also done
using contrasts.

3.  RESULTS
3.1  Duration
There was obviously a significant effect of tempo (F(1,144)
= 435.644, p = 0.0001) for the duration.  There was also a
significant effect of syllable (F(1, 144) = 311.048, p =
0.0001).  Vowels in closed syllables were longer than those
in open syllables resulting in the interaction of tempo and
syllable as shown in Figure 1.  This durational difference had
effect on F1 and F2 values of the vowels.  This effect will be
discussed in the subsequent sections.  The vowel qualities are
quite different between the Japanese and the British English
vowel selected in the present experiment and the inherent
duration that characterizes each vowel quality is also
different resulting in much longer duration for the British
vowel.   Also, as the British English test word was placed in
the utterance final position, this further lengthened the
vowel duration.

3.2  F1
For the Japanese vowel, significant effects were observed
for tempo, syllable, and preceding consonant for both b/d
and b/g contexts.  There was no main effect of following
consonant on the vowel midpoint F1 value.  F1 values are
higher when preceded by /b/ (873 Hz (b/d) and 883 Hz (b/g))
than when they are preceded by /d/ (840 Hz) or /g/ (855 Hz).
This may be due to greater freedom of the tongue body in
producing vowels in the labial context, letting the tongue to
reach more open target position.  The statistical values for
the Japanese vowels are shown in Table 2.

Table 1.  Material
Japanese English

CVCV CVCCV CVCV CVC
baba babba Barbie Barb
bada
baga

badda
bagga

Bardie
Bargie

Bard
Barg

daba
gaba

dabba
gabba

Darbie
Garbie

Darb
Garb

dada
gaga

dadda
gagga

Dardie
Gargie

Dard
Garg

Table 2.  Statistical values
for the main effects on F1 for Japanese
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Main
Effect

F-Value P-Value

tempo
(b/d)

F(1, 152) = 163.83 0.0001

tempo
(b/g)

F(1, 136) = 48.736 0.0001

syllable
(b/d)

F(1. 153) = 12.997 0.0026

syllable
(b/g)

F(1,136) = 17.609 0.001

pre-C
(b/d)

F(1,152) = 5.416 0.0344

pre-C
(b/g)

F(1,136) = 11.533 0.0048

fol-C
(b/d)

F(1, 152) = 0.254 0.6319

fol-C
(b/g)

F(1,136) = 0.461 0.5092

There was also good correlation between F1 value and
duration for the Japanese vowel.  F1 value gets higher as
duration gets longer.  This seems to suggest that longer
duration permits the tongue to attain the target open
position.  The relationship is illustrated in Figure 2.  F1
values grew higher in the following order: fast, open < fast,
closed < slow, open < slow, closed.  There  was significant
difference in F1 values between the fast/open and fast/closed
groups and between the fast/closed and slow/open groups.
No significant difference was observed between the
slow/open and slow/closed groups according to mean
comparisons.

For the English vowel significant main effect was
observed only for the syllable condition for the b/d set (F(1,
136) = 7.507, p = 0.0169).  Vowels in closed (therefore
longer) syllables had higher F1 values than those in open
syllables. The English vowel being much longer, the
consonantal effects did not seem to reach the vowel
midpoint to affect the F1 value.

3.3  F2
There were significant main effects of tempo, syllable,
preceding consonant, and following consonant on F2
except for the tempo condition for the b/g and the syllable
condition for the b/d context for Japanese.  For English, no
significant main effect was observed for following
consonant.  The other main effects were significant.
Statistical values are shown in Tables 3 and 4.

The F2 values are higher in the /d/ or /g/ contexts than in
the /b/ context.  Difference in F2 value as a function of /b/
vs. /d/ and /b/ vs. /g/ in carryover and anticipatory C-to-V
coarticulation are summarized in Tables 5 and 6.  For both
English and Japanese, differences are greater for carryover
effect.  That is, preceding consonant exerts stronger effect
than following consonant.

The extent of C-to-V coarticulation as measured by
difference in F2 value as a function of context was strongly
correlated with duration which varied with the interaction of
tempo and syllable conditions.  Figure 3 shows the
correlation between mean F2 difference as a function of the
symmetric /b/ and /d/ contexts and mean duration for the
tempo ´ syllable conditions (fast, open; fast, closed; slow,
open; slow, closed) for Japanese.  Very strong correlation

with the R2 value of 0.99 is observed.  In Figure 4, both
Japanese and English tokens are plotted.  A logarithmic
curve fits the tokens.  The British vowel selected in the
present study is at the end of the scale of inherent vowel
duration in British English and thus seems to lie near the
limit of the effect of C-to-V coarticulation.  The simple line
fit for the British vowel alone was y = 25.556 + 7.9371e -
3x, R2 = 0.002.

Table 3.  Statistical values
for the main effects on F2 for Japanese

Main
Effect

F-Value P-Value

tempo
(b/d)

F(1, 152) = 25.910 0.0001

tempo
(b/g)

F(1, 144) = 0.003 0.9591

syllable
(b/d)

F(1, 152) = 0.896 0.3589

syllable
(b/g)

F(1, 144) = 5.876 0.0295

pre-C
(b/d)

F(1, 152) = 106.69 0.0001

pre-C
(b/g)

F(1, 144) = 157.74 0.0001

fol-C
(b/d)

F(1, 152) = 38.795 0.0001

fol-C
(b/g)

F(1, 144) = 59.134 0.0001

Table 4.  Statistical Values
for the main effects on F2 for English

Main
Effect

F-Value P-Value

tempo
(b/d)

F(1, 144) = 4.771 0.0465

tempo
(b/g)

F(1, 136) = 5.924 0.0301

syllable
(b/d)

F(1, 144) = 5.894 0.0293

syllable
(b/g)

F(1, 136) = 9.132 0.0098

pre-C
(b/d)

F(1, 144) = 23.710 0.0002

pre-C
(b/g)

F(1, 136) = 125.43 0.0001

fol-C
(b/d)

F(1, 144) = 0.189 0.6703

fol-C
(b/g)

F(1, 136) = 0.027 0.8710
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Table 5.  Difference in F2 value as a function of
/b/ vs. /d/ or /g/ for Japanese

Difference
in F2

L to R
(carryover)

R to L
(anticipatory)

b vs. d 134.047 Hz 68.35 Hz
b vs. g 52.553 Hz 42.896 Hz

Table 6.  Difference in F2 value as a function of /b/ vs.
/d/ or /g/ for English

Difference
in F2

L to R
(carryover)

R to L
(anticipatory)

b vs. d 22.312 Hz -1.252 Hz
b vs. g 33.191 Hz 3.476 Hz

4. Discussion and Conclusion
In Conclusion, consonantal effect was much smaller for the
British vowel due to its longer duration.   No significant
consonantal effect on F1 was observed for the British
English vowel.  For F2 values, only the effect of preceding
context was observed.  For both F1 and F2, preceding
consonant had stronger effect than following consonant for
Japanese.  

Some correlation was observed between duration and F1
values for the Japanese vowel.  A vowel  seemed  to
approach its target open position as its duration gets
longer.  Similarly, there was very strong correlation
between the extent of C-to-V coarticulation as measured by
difference in F2 value between the symmetric b_b and d_d
contexts and duration.  For the British F1, no such
correlation was observed except that in the b/d set, vowels
in closed and therefore longer syllables had higher F1
values.  Again for F2, there was hardly any correlation due to
the long duration observed in the present study.

The null hypothesis, i.e., there is no significant
difference in the effect of the following consonant whether
it is within a syllable (CVC/CV) or it is outside a syllable
(CV/CV), was not rejected.  If we assume the boundary
constraint of a syllable in C-to-V coarticulation, there would
be greater difference in acoustic values as a function of the
following consonant within a syllable than outside the
syllable.  However, the results showed a reverse trend as
syllable condition was closely correlated with duration.  As
vowel duration was consistently greater for closed syllables,
there was generally smaller difference in acoustic values as a
function of the following consonant for vowels within
closed syllables than those within open syllables.   Thus,
no effect of syllable constraint per se was observed in the
present study.   

Duration seems to be a very strong variable in
determining the extent of C-to-V coarticulation.  This result
is not surprising as the close correlation of duration and
vowel reduction (target undershoot) due to consonantal
perturbation has been suggested by Lindblom [2].  Bates [1]
suggested vowel inherent variability as a function of
context using a British English data.  The  hierarchy of
inherent variability as measured by the R square values of
the right-hand side and left-hand side contexts, however,
seems to correlate quite well with the hierarchy of inherent
duration. If the degree of vowel variability as a function of

context is induced mainly by the durational factor,  it may be
suggested that C-to-V coarticulation per se is largely
language universal.  If the equality of slopes was observed
for the representations of the correlation between duration
and C-to-V effect for all the languages,  it is suggested that
C-to-V effect is simply universal.  On the other hand, if
there are characteristically different slopes for different
languages, this difference must be specified somehow in the
phonetic representation of each language.  This would be an
interesting question to be addressed in future studies.
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Figure 1.  Vowel Duration
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Figure 2. The correlation between
mean F1 values and duration at
fast, open; fast, closed; slow, open;
and slow, closed conditons for Japanese:
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Figure 3.  The correlation between mean
F2 differences as a function of consonantal
contexts b_b vs. d_d and mean duration
for fast, open; fast, closed; slow, open;
and slow, closed conditions for Japanese:
 y = 526.19 - 2.6528x   R^2 = 0.990
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Figure 4.  The correlation between mean
F2 difference as a function of consonantal
contexts b_b and d_d and mean duration
for fast, open; fast, closed; slow, open;
and slow, closed for Japanese and English: 
y = 949.11 + -359.64*LOG(x)  
R^2 = 0.840
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