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ABSTRACT
This paper presents two studies on the production of vowels
preceding the two nasal categories in Japanese, specifically
Osaka Japanese. These two nasal categories are the mora nasal
and the non-moraic nasal. As earlier studies have often focussed
on the difference in length of the nasals themselves which were
supposed to account for the ability to distinguish perceptually
between the nasal categories, these studies focus on articulatory
procedures which already take place anticipatorily in the
preceding vowel. Variation in the quality of the preceding vowels
is found to vary systematically and therefore is interpreted to
serve as an indication about the nasal category to follow. The
time course of anticipatory velar lowering on the other hand is
not found to vary systematically and therefore it does not seem
play an indicative role.

1. INTRODUCTION
The moraic structure of Japanese provides us with two kinds of
nasals, which are the syllable final nasal /N/ (as /N/ in Honshu,
/hoNshu/, the main island of Japan), a mora nasal, and syllable
initial nasals (as /m/ in Sumo, /sumo/, a famous Japanese sport),
which are the non-moraic nasals. The phonetic realisations of the
non-moraic nasals are quite uncontroversial and provide a
dental/alveolar nasal [n] and a bilabial one [m], which both form
a phonological category of their own (/n/ and /m/). The phonetic
realisations of the mora nasal /N/ on the other hand are not quite
as clear. Some researchers assume an underlying place and
manner of articulation of the mora nasal, which can be found in
the vicinity of a velar nasal. This underlying place and manner of
articulation is assumed to be modified and adjusted to the
phonetic context and speaking style, leaving a trace of the
original pronunciation. Others assume more context dependent
realisations, which do not refer to any kind of original
pronunciation.

As the mora is a metrical unit in Japanese, studies on the
length of the mora nasal in contrast to non-moraic nasals have
been pursued. It was found that the duration of a mora nasal is
clearly longer than the duration of a non-moraic nasal [1].

It was interpreted from perception studies that the
recognition of a nasal as being a mora nasal was based on its
length and its position in a syllable [2].

There is, however, a limited amount of studies which
concentrate on variation in the production of the preceding vowel.
Such a variation could anticipatorily convey information about
the following nasal category. In this study two different aspects in
the production of the pre-nasal vowels are presented, which are:
the time course of anticipatory velar opening and quality
variation of the vowels.

2. VELAR OPENING
In this section a study is presented, which investigates the
correlation between the time course of anticipatory velar opening
in vowels preceding either the mora nasal or the non-moraic
nasal. Systematical variation is assumed to account for different
production strategies for the two nasal categories.

In an EMG-study on velar opening [3], indications that the
velum was lowered faster in a vowel preceding a mora nasal than
in a vowel preceding a non-moraic nasal were found. This
assumption is based on the results for the vowel /e/ only.
Furthermore the samples containing the mora nasal /N/
accommodated a short vowel whereas the samples containing a
non-moraic nasal accommodated a long vowel. Hence more time
was available in the long vowel to lower the velum for the nasal,
which could have lead to a slower lowering procedure.

In a study on American English [4] earlier velar lowering
gestures were detected in vowels preceding syllable final nasals
when compared to vowels preceding syllable initial nasals.

With these findings in mind an investigation on the time
course of velar lowering in vowels preceding a mora nasal (i.e. a
syllable final nasal) and in vowels preceding a non-moraic nasal
(i.e. a syllable initial nasal) was carried out.

2.1 Experimental procedure
The data consists of read speech recorded from six speakers of
the Kansai variety of Japanese, spoken in Osaka. Target words
imbedded in carrier sentences contain either the mora nasal or the
non-moraic nasal in intervocalic position. All five Japanese
vowels are included in this investigation. Simultaneously to the
recording of the speech signal, the nasal vibration was recorded
with a light weight accelerometer attached to the upper part
outside of the nose. For more detail see [5].

The recorded material was analysed with ESPS/Waves+.
Assessment of the opening of the velar port was made from
aligned waveforms and spectrograms from both the speech signal
and the accelerometer signal. The presence of visible spectral
energy typical for each individual vowel speaker in the
spectrogram of the accelerometer signal reaching up to 8kHz,
starting at the onset of the pre-nasal vowel, was deemed to reflect
the lowering of the velum prior to the vowel onset. A sudden
increase of visible spectral energy during two or three periods of
the speech signal, was interpreted as a swift, wide opening of the
velar port. A more gradual increase of spectral energy was taken
to reflect a gradual lowering of the velum (cf. [5]).

2.2 Velar opening patterns
From the recorded data six different patterns could be elicited to
account for different velar opening procedures.
Pattern   ES   (early sudden)  : Full nasal spectral energy is observed
either right from the beginning of the pre-nasal vowel or at least
within the first three periods of the speech signal, which mirrors
velar opening either prior to the vowel onset or rapid velar
lowering simultaneously with the vowel onset and results in a
fully nasalised vowel.
Pattern    LS   (late sudden)  : A sudden appearance of full spectral
energy later in the pre-nasal vowel or at the onset of the nasal,
which mirrors a rapid velar opening closer to the beginning of the
nasal itself and results in a nasalised off-set of the pre-nasal
vowel or a consistently non-nasalised vowel.
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Pattern   EG   (early gradual)  : Gradually increasing spectral energy
from the vowel onset on, which becomes complete either later in
the vowel or at the onset of the nasal.
Pattern   LG   (late gradual)  : Gradually increasing spectral energy
beginning later in the vowel leading to full spectral energy either
later in the vowel or at the onset of the nasal.
Pattern   EGS   (early gradual sudden)  : Gradually slightly
increasing spectral energy from the onset of pre-nasal vowel
onwards and a sudden appearance of full spectral energy later in
the pre-nasal vowel or at the onset of the nasal. Here, a gradual
lowering of the velum is followed by a rapid lowering, which
results in a partially nasalised vowel where nasalisation increases
gradually, and a fully nasalised vowel offset.
Pattern   ILS   (intermediate late sudden)  : A moderate amount of
spectral energy over the whole spectral range from the beginning
of the pre-nasal vowel, followed by a sudden appearance of full
spectral energy either later in the vowel or at the onset of the
nasal. The velum appears to be partially open at the beginning of
the pre-nasal vowel. Later in the pre-nasal vowel a large velar
opening is achieved through a rapid velar lowering. A modestly
nasalised portion of the vowel is followed by a fully nasalised
portion of the vowel.

The patterns ES and LS could both reflect the velar opening
patterns for the mora nasal according to the findings in [3], which
showed a faster velar opening procedure for the mora nasal than
for the non-moraic nasal. The patterns EG and LG on the other
hand, would than be expected to reflect the velar opening
procedure for the non-moraic nasal. When referring to the
findings on American English in [4], where earlier velar lowering
gestures were stated in vowels preceding syllable final nasals
rather than syllable initial nasals, the patterns ES and EG would
correspond to the appropriate velar opening patterns during the
vowel preceding the mora nasal, whereas LS and LG would be
appropriate in the context of a non-moraic nasal. The observed
patterns EGS and ILS cannot be directly related to a particular
nasal category on the basis of the previous studies.

2.3 Results and discussion
The frequency of occurrrence of each velar opening pattern was
calculated as a percentage for each speaker across all target words
and for each of the two nasal categories. A paired t-test for
occurrence-values of the two nasal categories received from all
speakers was carried out for each velar opening pattern. A level
of significance of 5% was chosen, because of the small amount of
data, received from six subjects. Probability values (p) for a two-
tailed distribution are presented.

The results presented in Table 1 and Figure 1 show that
different patterns are found to a different extent by the individual
speakers. It also shows that the individually favoured velar
opening procedures are applied for both nasal categories. No
systematic interaction between any of the patterns and any of the
nasal categories can be found. The most favoured patterns are ES
and EG, however they are equally often found for both nasal
categories.

It can thus be stated that the results in the current study
cannot support the findings in [3], where faster velar lowering
was found in the vowel preceding the mora nasal. Neither can
they be related to the findings in [4], where earlier velar lowering
gestures were detected in vowels preceding a syllable final nasal
in American English.

This study showed that a particular nasal category is not
correlated with a particular type of velar opening procedure.

Varied types of velar opening procedures would have reflected
different degrees of vowel nasalisation which were expected to
give a perceptual indication about the following nasal category.
However, as a varied degree of vowel nasalisation in production
is not found to be symptomatic for the distinction between the
two nasal categories, this effect is not a remedy to the detection
of a particular nasal category in a speech string.

Patter
n

ES LS EG LG EGS ILS S %

FU m 30.78 10.62 44.5 9.8 2.84 1.46 100
S n 17.38 2.26 56.36 19.34 1.67 2.99 100
P MA m 25.03 0 47.47 3.41 9.19 14.89 100
E n 42.36 1.34 38.03 2.5 3.76 12.01 100
A MI m 4.58 0 86.17 0.67 8.58 0 100
K n 26.18 0 65.55 0 4.57 3.7 100
E NO m 33.05 5.95 40.35 0.91 6.71 13.03 100
R n 16.22 9.33 30.94 0 15.06 28.45 100
S ShO m 40.4 3.49 24.74 0.63 8.21 22.55 100

n 35.29 8.45 9.07 0 14.75 32.44 100
TO m 26.92 17 11.37 0.83 19 24.87 100

n 18.53 41.18 2.05 2.94 11.32 23.98 100

m, xÛ 26.79 6.18 42.43 2.71 9.09 12.8 100

n, xÛ 25.99 10.43 33.67 4.13 8.52 17.26 100
p 0.91 0.38 0.11 0.44 0.84 0.18

Table 1.Frequency of occurrence (in %) of each of the six spectral
patterns in the context  of the mora nasal (m) and the non-moraic nasal (n)
for six speakers, the mean frequency of occurrence across the speakers for
each nasal category and the probability values obtained from a paired t-
test.
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Figure 1. Frequency distribution of velar opening procedures used,
reflected by the six different patterns, for the mora nasal (m) and the non-
moraic nasal (n) for six different speakers.

3. QUALITY VARIATION
The previous section has shown that there is no consistent
variation in the timing of velar opening in the vowels preceding
the two nasal categories. If vowel nasalisation is not a pointer to a
particular nasal category, the question arises, to what extent
varied vowel quality for the vowels prior to the nasals can
account for the distinction of the two nasal categories at an early
stage. A variation in vowel quality depending on the following
nasal category could help listeners to identify the respective nasal
category before the nasal is produced. This might be possible
irrespectively the degree of anticipatory vowel nasalisation.

As the mora nasal is produced as a nasal vowel in some
contexts, the quality of the preceding vowel would be expected to
be similar to that of a nasal vowel. Thus, a vowel in the context of
a mora nasal would assimilate to something similar to a nasal
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vowel, whereas a vowel in the context of a non-moraic nasal
would assimilate to a nasalised vowel.

The historical derivation of nasal vowels from a sequence of
an oral vowel followed by a nasal consonant brought along a
lowering of the vowel itself. This was found for French [6] and
some Chinese dialects [7]. In addition, marked articulatory
difference has been found from cineoradiographic studies on
French between the oral vowels [ a O] and the corresponding
nasal vowels [8]. Formant perturbation was thus judged to be
intentional. The general relationship between vowel height and
the formants is classically described as being connected to F1, in
that the first formant frequency increases as a speaker moves
from the high vowel to a low vowel and it decreases as the
speaker moves from the low vowel to a high vowel [10]. Vowel
lowering, i.e. perturbation of F1 is one aspect which is
investigated and presented in this study.

In an analysis of the acoustic characteristics of oral vowels
and their nasal(ised) counterparts in Hindi, Igbo, Turkish and
English [9], it was observed that nasalisation resulted in increased
proximity between F1 and F2 for the non-front vowels /a o u/. It
was concluded that back nasal vowels are perceptually expected
to be further back than their oral counterparts.

According to Ladefoged [10], the proximity of the first two
formants is a better measure to the degree of vowel backness than
F2-values. A possible variation of the degree of backness of the
vowels preceding the two nasal categories in Japanese, based on a
variation in the proximity of F1 and F2 is also investigated and
presented below.

3.1 Experimental procedure
The same recordings used for the investigation presented in the
section above were used for this study. The labelled test vowels
preceding either a mora nasal or a non-moraic nasal were
subjected to a spectral analysis using the EPSPS/waves+ program
package, which is based on an LPC analysis (12th order).
Formant frequency values and their bandwidth values were
obtained for four formants in 5ms steps.

For comparison of the formant values for the vowels
followed by the different nasal categories, the formant value of a
point in the middle section of the labelled vowel was used for
statistical analysis. It was checked from the spectrograms of the
accelerometer signal obtained at the nose whether the vowel was
nasalised in the middle section or not. Only vowels nasalised at
this point were included in the further analysis procedure. In
some cases, when the mora nasal was realised as a nasal vowel
and no discrete boundary between the nasal and the vowel could
be detected, formant values at a hypothetical middle point were
chosen. The position of the hypothetical midpoint was based on

the statistical average duration of the corresponding vowel
preceding a non-moraic nasal, which was then devided by two.
The decision in using this solution was also motivated by the idea
that at an equal distance from the onset of the vowel, the vowel
quality might already give information about the type of nasal
following after.

The first two formant frequency values at the midpoint of the
vowel or the hypothetical midpoint were extracted for each target
word and added to the formant value list of each vowel. A
grouped t-test, assuming equal variance, comparing the data of
the two nasal categories for each speaker and each vowel was
carried out for the phonetic aspect of the degree of openess of the
vowel (F1) and the degree of backness of the vowel (F2-F1-
values).

3.2 Results and discussion
In the following, the averaged formant frequency values (x Û) of
the first formant (F1) and the distance between the two
formantsÐwhich is based on the substraction of F1 from F2 (F2-
F1) and reflects the proximity between these formantsÐfor each
vowel adjacent to each nasal category and each speaker will be
presented.  The resulting probability values (p) for a two-tailed t-
test are also listed in the table. For more information on the data
(e.g. the number of tokens and the standard deviation) see [5].
Male speakers are marked with "¥"

3.2.1 Results for openess (F1, Table2).For the open vowel /a/,
F1-values are lower in the case of a following non-moraic nasal
for half of the speakers. It is assumed that separation of the first
two formant frequency values during the formant analysis
procedure was not successful for those speaker, who had very
high frequency values for F1 in /a/ (i.e. ShO).

For the other vowels, a significant variation in F1-values,
depending on the following nasal category can be observed for
single speakers only. The majority of speakers do not
differentiate between the two categories. Apart from individual
speakers with a large data variance in general (e.g. ShO), data
variance is mostly spread for the vowel /a/.
 This is probably due to the same factor as the extremely high
average F1 value for some speakers in /a/, namely, a difficulty in
separating the frequency values of the first two formants during
the procedure of formant calculation of this vowel. However,
there is no difference in data variance between the two nasal
categories.  Thus, the results concerning the first formant (F1) do
not present us with a satisfactory answer to the question of
whether a particular nasal category influences the quality of the
preceding vowel.

F1 FU¥ n m MA n m MI n m NO n m ShO¥ n m TO n

/a/   xÛ 650.27 732.13 744.87 916.0 610.41 739.7 815.44 865.22 952.94 944.41 503.02 480.01

p 4e-8 n<m 0.0 n<m 0.0383 n<m 0.777 n=m 0.8826 n=m 0.5385 n=m

/e/   xÛ 459.49 479.86 389.25 373.74 398.93 375.75 412.84 451.17 604.33 452.35 467.97 473.62

p 0.2379 n=m 0.48 n=m 0.276 n=m 0.4654 n=m 0.005 n>m 0.63 n=m

/i/    xÛ 330.78 314.92 273.64 277.53 298.5 312.62 289.40 301.43 443.17 436.69 356.91 356.57

p 0.0447 n>m 0.33 n=m 0.0041 n<m 0.1798 n=m 0.441 n=m 0.494 n=m

/o/   xÛ 471.47 510.93 398.78 376.78 465.53 445.28 388.97 374.22 651.5 652.21 444.45 429.96

p 0.0427 n<m 0.518 n=m 0.6898 n=m 0.5538 n=m 0.9934 n=m 0.4383 n=m

/u/   xÛ 370.36 341.32 295.89 285.78 335.80 352.01 342.08 347.53 462.23 407.53 401.58 415.11

p 0.0256 n>m 0.082 n=m 0.3193 n=m 0.7768 n=m 0.2081 n=m 0.4666 n=m
Table 2. Mean formant frequency values for F1 for each speaker and category, and the p-values between the categories, obtained from an unpaired t-test.
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3.2.1 Results for backness (F2-F1, Table 3). For both vowels /a/
and /o/, which are the two most open vowels in Japanese, there is
a closer proximity between F1 and F2 when the vowels are
placed prior to the mora nasal. For the close vowels /i/ and /e/ no
significant differences can be found for the majority of speakers,
but there is a tendency towards the reverse effect, with a wider
distance between the first two formants in the vowels adjacent to
the mora nasal. For the vowel /u/ the distance between F1 and F2
seems to be insensitive to the category of the adjacent nasal.

3.2.3. Discussion. No significant variation for the first formant in
the vowels for Osaka Japanese can be observed depending on
which of the nasal categories is preceded. Therefore, any
lowering of a vowel, as observed in the historical process of
vowel nasalisation, based on the perturbation of F1 cannot be
supported with this investigation.

On the other hand, for the openÐand rather backÐvowels /a o/
a decreased distance between F1 and F2 was found, if these
vowels occurred prior to the mora nasal. According to the
analysis that a smaller distance between F1 and F2 represents a
greater degree of backness [10], open vowels which occur prior
to a mora nasal should then be produced further back than the
respective vowels occurring before a non-moraic nasal. These
findings correlate with some of the results from an earlier study
[9], where the nasalised variants of the vowels /a o u/ were found
to be expected to have a greater degree of perceptible backness
than their oral counterparts by native speakers of Hindi, Igbo,
Turkish and English.

The more fronted and more close vowels /i e/ show an
opposite tendency, although no significant results were obtained
for the majority of speakers. Thus vowels prior to the mora nasal
exhibit a wider distance between the first and the second formant,
which would reflect a stronger degree of fronting.

It can be summarised that the quality of the vowels
preceding the mora nasals have a tendency to be less central. The
front-back dimension, which originates in traditional descriptions
of tongue position, but rather reflects the auditory impression
given by the acoustic output, based on the action of various
articulators, seems to be a parameter of vowel articulation that is
sensitive to the adjacent nasal category. Vowel quality varies
depending not only on the position of the velum but of other
articulatorsÐlike the tongueÐas well.

The difference of quality in the vowels depending on
whether they precede the mora nasal or the non-moraic nasal can
thus be an indicator by which the listener identifies the following

nasal category. The evidence is, however, much clearer for open
vowels which at the same time are non-front vowels.

3. CONCLUSION
A specific nasalisation processes does not seem to occur during
the pre-nasal vowel, which is connected to a specific nasal
category. The procedure of nasalisation is chosen individually by
a speaker and does not vary across the categories. Thus acoustic
features in the vowel, which are related to nasalisation do not
serve as indicators for a specific nasal category to follow. Vowel
quality, however, is systematically varied in that the vowels
preceding the non-moraic nasals are produced more central then
the corresponding vowels preceding the mora nasal, based on the
proximity of the first two formants.

These studies are however limited concerning the included
variety of allophones of the mora nasal and they are furthermore
based on read speech. Extended studies on spontaneous speech,
including all varieties of nasals is wished for. Other factors, like
reduction phenomena would thus also be expected to occur in the
material, which could give some information to facilitate the
distinction between the nasal categories.
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F2-F1 FU¥ n m MA n m MI n m NO n m ShO¥ n m TO n m

/a/   xÛ 600.12 428.8 1040.42 788.42 1173.05 842.8 1017.62 872.52 909.7 858.69 1246.09 1056.13

p 0.00073 n>m 4.862e-5 n>m 0.00025 n>m 0.0944 n=m 0.4419 n=m 0.00015 n>m

/e/   xÛ 1433.77 1519.28 1853.73 2106 1912.35 2014.16 2149.04 2084.72 1241.36 1499.7 1706.88 1900.1

p 0.0762 n=m 7.64e-6 n<m 0.2177 n=m 0.3366 n=m 0.0242 n<m 00.0063 n<m

/i/    xÛ 1888.93 2084.76 2255.73 2317.33 1714.47 1689.87 2595.55 2621.37 1668.0 1788.91 2132.85 2304.59

p 0.0008 n<m 0.25059 n=m 0.903 n=m 0.5867 n=m 0.2138 n=m 0.00222 n<m

/o/   xÛ 613.17 294.51 809.47 495.32 1056.39 682.79 986.57 703.18 1054.69 878.52 909.31 562.77

p 0.00068 n>m 5.706e-5 n>m 0.0007 n>m 0.00015 n>m 0.163 n=m 2.45e-8 n>m

/u/   xÛ 899.81 813.68 1245.47 1084.63 1280.45 1379.09 1441.76 1560.39 1045.48 1079.32 1276.89 1152.82

p 0.3886 n=m 0.1374 n=m 0.333 n=m 0.3369 n=m 0.7506 n=m 0.2343 n=m
Table 3. Mean formant frequency values for F2-F1 for each speaker and category, and the p-values between the categories, obtained from an unpaired t-
test.
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