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ABSTRACT

This study explores the articulatory realisation of vowel
devoicing in Japanese, using the combined techniques of
electropalatography (EPG) and electrolaryngography (Lx). 
Various spatiotemporal parameters were compared among 
syllables with a devoiced, voiced, and accented vowel. The 
EPG results show that, in the ‘articulatory syllable’ with a 
devoiced vowel, the duration of the consonantal
constriction becomes longer and the following consonantal 
gesture is activated earlier. Consequently, the vocalic
gesture for the devoiced vowel is contracted temporally.
This time-dependent adjustment correlates with changes in 
prosody. The findings suggest that the vowel devoicing
gesture is not confined within the larynx only.

1 INTRODUCTION

The issue of tongue control during vowel devoicing has
been given little attention in previous studies (e.g. [1], [2]).
There is considerable uncertainty about whether or not
voiceless vowels maintain the same lingual articulation as 
their voiced counterparts.

An attempt is made to identify how lingual gestures,
consonantal and vocalic, are coordinated under the change 
of laryngeal gestures; voicing, devoicing, and accenting.
The data come from standard Japanese where the
unaccented high vowels [h, L] are devoiced when preceded 
by a voiceless consonant and followed by a voiceless
consonant or a pause. EPG correlates in the spatiotemporal
domains are described in detail. Implications for the
relation between coarticulation and prosody are considered.

2 EXPERIMENTAL METHODOLOGY

2.1 SPEECH ITEMS
The speech items consisted of C1V1C2V2 words, where
the consonants were [r, y, j, f] and the vowels were [h, L].
The constriction places of the consonants are maximally
distant within the range that sufficient contact is obtained 
by EPG. Table 1 shows the two groups of test words, sk-

 (a) sV1kV2
[rLfi$j&h]
‘plough’

[rL$f&h]
‘cedar’

*[!rLj&h]

(b) kV1sV2 *[j&hfi$rL]
[j&h$yL]
‘injury’

[!j&hrL]
‘kiss’

Accent
V1-Voicing

Unaccented
devoiced

Unaccented
voiced

Accented
voiced

Table 1: Test words (*=nonsense word)
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nces in  (a) and ks-sequences in (b).

st words were embedded in the frame sentence [!lnn
D] !a`j`3&hc`«] (‘There is/are only [WORD] now’).
ale native speaker of Japanese (MN) repeated the

ce six times at normal speed. Five repetitions were
or the analysis. The EPG, Lx, and acoustic recordings 
done in the phonetics laboratory of the School of
tal and African Studies, University of London.

EASUREMENTS
Reading EPG artificial palate has 62 electrodes
ed in eight rows and eight columns. The backmost
ow 8) does not extend over the soft palate. The EPG 
 experiment tracks linguopalatal contact at the rate of 
ames per second.

spatial properties were analysed at the point of
um contact (Max). The Max frame was determined 

 EPG frame showing the maximum number of con-
 electrodes within rows 1-3 (Front) for [r, y] and the 
lete central occlusion at row 8 (Back) for [j, f]. Com-
n was made between the onset (the first frame) and 
 (the last frame) of the Max consonantal constriction.

easurement points to quantify temporal character-
are shown in Figure 1. Sequence duration (i) is the
uration of linguopalatal contact for the two regions
dicating time between the initial and final contact for 
oduction of a whole word: syllable durations (iia, b) 
easured at the three temporal points; the initial contact 
, the first Max contact for C2, and the final contact 
. The percentage value is calculated relative to the

nce duration: Max C1 duration (iii) is the duration of 
aximum narrowing, or the complete closure, of C1
 calculated relative to the first syllable duration (iia): 
1-C2 interval (iv) is the temporal interval between the 
ax contact for C1 and the first Max contact for C2.

 the analysis was limited to one speaker the results
 be interpreted as preliminary.

(iii) (iv)

V1 V2
C1 C2

(iia) (iib)

(i)
e 1: Schema of EPG trajectories of a CVCV word and 

the four temporal indices
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Figure 2: Linguopalatal configurations at the onset and offset of the maximum contact (Black=100-80%; grey=79-60%;
striped=59-40; dotted=39-20%; white=19-0%)

(1a) [rLfi$j&h] (1b) [rL$f&h] (1c) [!rLj&h]

(2a) [j&hfi$rL] (2b) [j&h$yL] (2c) [!j&hrL]

Figure 3: EPG-contact trajectories of sk-sequences (1a-c) and ks-sequences (2a-c)
3 RESULTS AND DISCUSSION

3.1 SPATIAL CHARACTERISTICS
Figure 2 indicates the EPG prototypical palatograms of [r]
and [j] in the C1 position of the devoiced and accented
syllables. Although the palatograms of [rL$f&h] and [j&h$yL]
are not presented, they exhibited a pattern similar to the
accented syllables.

Evidently the pattern of coarticulatory overlap of the C1
and V1 gestures varies with the voicing feature of the vowel 
and the manner of consonant articulation. For [rLfi$j&h] in 
Figure 2(1a), the vocalic gesture overlaps substantially with 
the preceding consonantal gesture at the Max offset: the
posterior contact reflecting the articulatory gesture for [Lfi]
increased during the latter half of the Max narrowing for [r].
In Figure 2(1b) [!rLj&h], in contrast, little vowel-dependent
effects were allowed at the offset of the Max fricative
narrowing: the contact at row 8 and the posterior region
increases after the Max narrowing for [r] starts to decrease. 

The ks-sequences in Figure 2 (2a,b) demonstrate a co-
articulatory pattern different from the sk-sequences. The
velar stop is palatalised before [h]. The complete closure is 
effectively fronted and the tongue medio-dorsum is
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MPORAL CHARACTERISTICS
3 below shows the EPG-contact trajectories of the

 tip/blade contact (rows 1-3) and the dorsum contact 
) for five tokens. The three temporal indices, syllable 

ons, Max C1 duration, and C1-C2 interval, were
tely examined in one-way ANOVAs. The pair-wise
risons by t-test were conducted to identify the
cant relation between particular syllable pairs: the
on for the significance was p<0.05. The results are
arised in Table 2 and the average measurements in
 are given in Table 3 at the end of this paper.

 4 indicates a composite diagram of the percentage of 
V1- and C2V2-syllable durations averaged over five 
ions. There is a strong tendency for the duration of 
st CV syllable with a devoiced vowel to be shorter
e others. It systematically affects the duration of the 
 syllable: the shorter the first syllable, the longer the 
 syllable. It can be asked how the substantial short-

of ‘articulatory syllable’ [4] with a devoiced vowel is 
d. The syllable-internal controls are inferred by ex-
g the indices, Max C1 duration and C1-C2 interval.
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Figure 4:  Mean percentage values of syllable duration (s.d.)

Mean percentage values of Max C1 duration in the first
syllable are given in Figure 5(a,b). Both the Max narrowing 
for [r] and the complete occlusion for [j] are significantly
longer in the devoiced production than in the others. There is 
no significant difference between the voiced and accented 
productions of the two sequences (see Table 2).

The measurements of the C1-C2 interval in Figure 6(a,b) are 
indicative of the implementation of vocalic gesture. For the 
sk-sequences in (a) the devoiced production reveals the
shortest temporal interval: after the narrow constriction for 
[s] in rows 1-3 is attained, the complete occlusion for [k] at 
row 8 is formed within the minimum temporal loss. The
degree of gestural overlap between the two components of 
the tongue is higher than the other productions. This, in turn, 
signifies the fact that, when devoiced, the vocalic gesture is 
reduced, or contracted, in the temporal domain.

The C1-C2 intervals of the ks-sequences Figure 6(b) reveal a
variation similar to sk-sequences. However, it is obvious that 
the interval is longer than the sk-sequences. This is due to the 
(weak) aspiration of [k] in the initial position. After the
articulatory release of the complete closure there is a
moment at which no changes of the contact pattern were
observed (1-3 frames). This ‘freezing’ of the gesture [5]
corresponds to the period of aspiration and prevents the two 
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Figure 5: Mean percentage values of Max C1 Duration F
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One-way ANOVA results of the three temporal indices
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antal gestures from overlapping freely even in a
ed syllable.

ediately becomes obvious from the EPG contact
 in Figure 7 that the timing control, or the degree of
l overlap, varies considerably in [rLfi$j&h]. In (a) the 
 of the Max narrow constriction for [r] is followed by 
plete closure for [j]. This time interval is shortened 

In (c), however, the two gestures completely overlap 
ther and the releasing activity for [r] occurs after the 
te closure for [j] is attained.

mary, there are five major findings: (i) the laryngeal 
ing gesture caused the articulatory syllable involving 
iced vowel to shorten: (ii) lingual gestures for

ed vowels were retained in the spatial domain but
ubstantially reduced, or contracted, in the temporal
; (iii) the extent of the consonantal constriction
 larger in articulatory syllables with a devoiced

 (iv) both the sk- and ks-sequences exhibited a shorter 
terval between the two consonantal gestures when the 
wel was devoiced; and (v) the timing of the second 
ant was less constrained in the sk-sequences than in 
sequences. It is possible to try out a parametric

etation of the vowel devoicing gesture in relation to
sodic specification of the syllable.
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igure 6: Mean values of C1-C2 Interval (msec)

sk-sequences
F(2,12)

ks-sequences
F(2,12)

 1
 (%)

15.19, p=0.0005
D<V<A†

14.90,p=0.0005
D<V=A

 2
 (%)

15.19, p=0.0005
D>V>A

14.90, p=0.0005
D>V=A

 (%)
3.97, p=0.04

D>V=A
4.38, p=0.03

D>V=A
nterval 35.86, p<0.001

D<V<A
10.00, p=0.002

D<V=A



[r] [j]

(a) [rLfij]

[r] [j]

(b) [rL fij]

[j] [r]

(c) [rLfij]

FIGURE 7: EPG patterns for the [rLfi$j&h] productions. [r]=the last Max contact; [j]=the first Max contact

Table 3: Mean values in millisecond and 1-way ANOVA results of the temporal indices. D=devoiced, V=voiced, A=accented

Sequence Duration Syllable 1 Duration Syllable 2 Duration Max C1 Duration
Sk-devoiced 395.25 (20.87) 174.64 (12.87) 220.60 (17.26) 78.13 (13.16)

Sk-voiced 425.89 (20.52) 204.52 (15.22) 221.37 (8.73) 70.47 (16.16)
Sk-accented 444.04 (13.38) 229.03 (6.29) 216.01 (12.59) 81.96 (11.99)

1-way Anova, F(2,12) 9.13, p=0.003: D<V=A 25.45, p<0.001: D<V<A 0.23, p=0.79: D=V=A 0.88, p=0.43: D=V=A
Ks-devoiced 461.13 (9.99) 205.28 (7.47) 255.84 (9.54) 82.72 (14.73)

Ks-voiced 430.49 (16.61) 229.80 (25.11) 200.69 (19.07) 65.11 (15.08)
Ks-accented 461.13 (10.35) 259.67 (20.52) 201.45 (16.16) 67.40 (23.55)

1-way Anova, F(2,12) 9.72, p=0.003: V<D=A 10.04, p=0.002: D<V<A 20.95, p=0.0001: D>V=A 1.37, p=0.28: D>V=A
The findings of our experiment are compatible with the
results and assumptions of previous studies on the laryngeal 
gesture. A single gesture of the glottal opening is executed
for the C1VfiC2 sequences [6]. This opening gesture is
assumed to be fundamentally composed of two separate
laryngeal gestures and they are aggregated, or reorganised 
in timing, with each other at a certain level of speech
production process [7]. Given the invariant gestural
specifications, the lingual gesture for the unaccented high 
vowel fails to generate its inherent gestural contents in the 
temporal domain. The ‘articulatory contraction’ in the
temporal domain is caused by the lengthening of the
consonantal constriction and by the earlier activation of the 
following consonantal gesture. That is, the vowel devoicing 
gesture is characterised as ‘gestural aggregation’ in the
laryngeal component on the one hand and as ‘gestural
contraction’ in the lingual component on the other.

Another way of summarising our findings is to discuss
them in terms of the relationship between coarticulation
and prosody. It was found that there is a distinctively
contrasting pattern of the spatiotemporal control of the
tongue movements between a devoiced high vowel and an 
accented high vowel. This is conditioned by the laryngeal 
articulation of prosody. Whereas the laryngeal devoicing
gesture effectively leads to the articulatory contraction of 
lingual gestures for a devoiced high vowel, the laryngeal
realisation of an accent nucleus makes the contextual con-
sonants set apart and supports the realisation of a steady vo-
calic gesture. These contrastive gestures can be understood 
in terms of the continuum of hyper-hypo articulation [8].

4 CONCLUSIONS

The analysis of the EPG data clearly uncovers the surface 
realisation of the lingual component specific to the vowel 
devoicing gesture. The two components, lingual and
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eal, involve various articulatory effects that are
med under an increase of gestural overlap. An accent 
s, an HL pattern, is not only realised as a distinctive 

ment of pitch, but also provides a spatiotemporal
work for the tongue articulation of the vowel.
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