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ABSTRACT

Palatalization affects the acoustics of segments
in various ways. The present study investigates
the spectral and durational properties of Japanese
palatalized stops and fricatives in the data of 90
female and 111 male speakers taken from a large
speech corpus. The results show, as expected, that
palatalized consonants tend to have higher F2 and
higher CoG (except /sj/) of their release or frication
noise and mostly (all but labial /pj/) have longer
VOT or total duration than their plain counterparts.
The findings suggest that phonemically palatalized
consonants in Japanese, though variously realized in
phonetic terms, exhibit cross-linguistically common
acoustic characteristics of palatalization.
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1. INTRODUCTION

The phonology of Japanese systematically contrasts
plain and palatalized consonants [1, 2]; many
consonants have a plain form /C/ and a palatalized
form /Cj/. As is common cross-linguistically
[3, 4, 5], the actual phonetic realizations of the
phonemically palatalized consonants vary. Some are
produced with secondary palatalization, as in /pj/
[pj] and /kj/ [kj], while others are true palatals or
alveolo-palatals, as in /hj/ [ç] and /sj/ [C].

There is a large body of literature describing
the phonetic correlates of palatalization in other
languages (see e.g. [6, 7, 8, 9, 10] and references
therein). Common acoustic effects of palatalization
on stops and fricatives are as follows. When
palatalized, they tend to have release or frication
noise that is louder, longer, and spectrally distinct,
with higher second formant frequency (F2) and
higher center of gravity (CoG) values (except for
sibilants) than their plain counterparts.

Relatively little research has examined the
acoustic properties of Japanese palatalized stops and
fricatives. One experimental study [11] analyzed
/bja, gja, mja, nja, Rja/ and /ba, ga, ma, na, Ra/,
showing that the syllable duration of the former

group is longer; however, it did not examine the
duration of voiceless stops or fricatives. Other
studies [12, 13] conducted acoustic analyses of
word-medial /t, k, tj, kj/ in recordings taken from
a speech corpus, reporting that /kj/ tends to have
shorter closure and longer release noise than /k/,
but no such compensatory effect is found between
/t/ and /tj/. Note, however, that /tj/ [tC] involves
affrication, and direct comparison with plain /t/ [t]
or with palatalized dorsal /kj/ [kj] is not easy. The
study also excluded the labial stop /pj/ and fricatives
such as /sj/ and /hj/ from consideration.

The current study provides further analyses of
palatalized consonants in Japanese. Specifically,
I measure the spectral and durational features of
palatalized stops and fricatives /pj, kj, sj, hj/, and
compare them to those of plain /p, k, s, h/.

2. METHOD

Following [12, 13], I used the Corpus of
Spontaneous Japanese (CSJ) [14], which contains
speech data of 90 female and 111 male speakers
from various age groups with detailed annotations.
Fig. 1 is an image of annotated speech containing ky
/kj/ in the word keNkyuH /keðkju:/ ‘research’. The
palatalized stop is segmented into closure (<cl>)
and release (labeled ky) in the segment (“seg”) tier.
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Figure 1: Annotated speech in CSJ

To examine the acoustic properties of palatalized
stops, I measured the duration and midrange F2 and
CoG of the release of /pj/ and /kj/, and those of /p/
and /k/ for comparison. (The midrange was defined
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Figure 2: F2 of stop release noise

as a 20ms window, or a 5ms window if the release
was shorter than 20ms, centered at the midpoint.)
For fricatives, I measured the duration and midrange
F2 and CoG of /sj/ and /hj/, and those of /s/ and
/h/. (I excluded cases where the following vowel
was devoiced.) The measurement procedure was
automated using a modified version of the formant-
logger script [15] on Praat [16]. In total, 157,823
tokens of the target segments were analyzed.

3. RESULTS

3.1. F2 and CoG of release and frication noise

I first present the results of F2 of stop release noise.
Fig. 2 shows a violin plot of the speakers’ mean F2
of plain /C/ and palatalized /Cj/ by consonant type
and vowel context. Lines (—) and dots (•) represent
quartiles and grand means, respectively. There are
differences in sample size, as shown by width, since
some speakers’ data do not contain any instances of
the relevant sequences. The /e/ and /i/ contexts
are given for reference; in principle, /e/ only occurs
with plain /C/ (i.e. [pe], [ke]), and /i/ only with
palatalized /Cj/ (i.e. [pji], [kji]) on the surface level.

It can be seen that /Cj/ has relatively high F2 in
general. A mixed-effects model was constructed on
R [17, 18, 19] to predict F2 values with the presence
of palatalization (/C/, /Cj/), the consonant type
(/p/, /k/), and their interaction as its predictors.
The random structure included by-speaker random
intercepts and slopes, as well as random intercepts
for the vowel context (/a/, /o/, /u/). The data
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Figure 3: F2 of frication noise

in the /e/ and /i/ contexts with no real contrast
in palatalization were excluded, and the remaining
117,120 tokens were used as fitting data.

The model shows that /Cj/, or palatalization,
significantly raises F2 in /pj/ (β= 525.77, t = 20.47,
p< 0.001) with the baseline intercept being /p/;
the same is true for /kj/ (β= 830.26, t = 77.12,
p< 0.001) if the baseline is set to /k/. The main
effect of the consonant type is also significant;
/p/ has higher F2 than /k/ (β= 219.44, t = 17.93,
p< 0.001). (However, see §4 for discussion of
possible measurement errors.) In addition, the
interaction term of the two predictors is significant,
indicating that the F2-raising effect of /Cj/ is greater
on /kj/ than /pj/ (β= 304.49, t = 11.43, p< 0.001).

Fig. 3 plots the F2 values of fricatives, contrasting
/C/ and /Cj/. Here too, /Cj/ shows consistently
higher F2 in every vowel context. Another mixed-
effects model was applied in the same manner as
above, except that the consonant type was fricatives
(/h/, /s/). It predicts that palatalization raises F2 in
both /sj/ (β= 403.73, t = 28.19, p< 0.001) and /hj/
(β= 587.48, t = 38.70, p< 0.001). /h/ generally
has lower F2 than /s/ (β= –402.33, t = –41.05,
p< 0.001), but palatalization has a greater effect
on /hj/ than /sj/, as is indicated by a significant
interaction (β= 183.75, t = 8.55, p< 0.001).

Fig. 4 gives the results for the CoG of stop release
noise. Generally speaking, /Cj/ shows higher CoG
than /C/. A mixed-effects model indicates that the
effect of /Cj/ is significant in both /kj/ (β= 1819.92,
t = 43.96, p< 0.001) and /pj/ (β= 625.76, t = 9.69,
p< 0.001). Also, CoG is higher in dorsal /k/ than

9. Phonology-Phonetics Interface ID: 548

2270



p

k

e     i a o u

0

2000

4000

6000

0

2000

4000

6000

C
oG

 (
H

z)

C Cj

Figure 4: CoG of stop release noise

labial /p/ (β= 446.19, t = 16.78, p< 0.001), and a
significant interaction further shows that the effect of
palatalization is greater on the dorsal (β= 1194.16,
t = 16.08, p< 0.001).

Fig. 5 shows the results for fricatives. As can
be seen, /s/ has higher CoG than /h/ (β= 3602.75,
t = 69.18, p< 0.001). The effect of palatalization
is significant, with CoG higher in /hj/ than in /h/
(β= 1221.57, t = 17.63, p< 0.001). However, a
significant interaction between palatalization and the
consonant type suggests that no such relationship
holds for /sj/ and /s/ (β= –1355.83, t = –15.87,
p< 0.001); in fact, when directly compared, the
CoG of /sj/ is lower than that of /s/ (β= –134.265,
t = –2.90, p = 0.004). That is, palatalization rather
lowers CoG in the case of sibilants.

In sum, palatalization is associated with high F2
and CoG of stop release and frication noise, except
that sibilant /sj/ has relatively low CoG.

3.2. VOT and total duration

Turning to the durational properties of palatalized
consonants, I present in Fig. 6 the duration of
voiceless stop release noise, namely voice onset
time (VOT). Notice that in the /k/ conditions, /Cj/
tends to have longer VOT than /C/. As for the /p/
conditions, in contrast, the differences between /C/
and /Cj/ seem at best marginal.

A mixed-effects analysis reveals that the effect
of /Cj/ is significant in /kj/ (β= 9.95, t = 16.84,
p< 0.001), but its interaction with the consonant
type of /p/ is negatively significant (β= –8.96,
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Figure 5: CoG of frication noise

t = –7.92, p< 0.001); /Cj/ actually does not
lengthen VOT in the case of /pj/ (β= 0.99, t = 1.03,
p = 0.305). Additionally, the main effect of the
consonant type is significant; /k/ has longer VOT
than /p/ (β= 9.11, t = 22.29, p< 0.001).

Fig. 7 shows the duration of fricatives. For the
most part, /Cj/ is longer than /C/. Statistically,
palatalization lengthens both /sj/ (β= 6.07, t = 8.13,
p< 0.001) and /hj/ (β= 9.49, t = 8.24, p< 0.001),
although its significant interaction with the
consonant type indicates that the effect is stronger
in the latter (β= 3.42, t = 2.53, p = 0.013). Also, /s/
is longer than /h/ (β= 23.88, t = 37.39, p< 0.001).

The results as a whole thus show that
palatalization lengthens the VOT of stops and
duration of fricatives, except in the case of labial
/pj/ where no such lengthening effect is found.

4. DISCUSSION

Acoustic analyses of plain and palatalized stops and
fricatives in Japanese have shown that palatalization
lengthens their release and frication noise and raises
their F2 and CoG, although these effects are not
observed with certain segment types. These results,
including the null effects, in fact align well with
cross-linguistically common patterns, and also hold
some theoretical implications.

As stated above, palatalized consonants tend to be
longer. [9] further reports that in Connemara Irish,
palatalization lengthens stop release duration, but
the effect is weaker in labials than in coronals. This
is parallel to the null result regarding the VOT of
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Figure 6: VOT of stops

/pj/ in Japanese (Fig. 6). Labial stops are known
for already having relatively short VOT [20, 21].
The facts above suggest that they even resist the
lengthening effect of palatalization.

The results of CoG are also compatible with
cross-linguistic data. Secondary palatalization itself
tends to raise CoG, but alveolo-palatal and post-
alveolar sibilants such as [C] and [S] inherently show
lower CoG than alveolar [s] (see [8, 9, 22, 23]).
As we have seen, Japanese palatalized consonants
also have higher CoG than their plain counterparts,
except that /sj/, phonetically realized as alveolo-
palatal [C], has lower CoG than /s/ [s] (Fig. 5).

The results for fricative duration (Fig. 7) can be
relevant to debates on representations in traditional
Japanese phonology. For alveolo-palatal sibilants
such as [C] and [ý], some scholars posit underlying
/Cj/, as in /sj/ and /zj/, based on the fact that
they pattern with other phonemically palatalized
consonants [1, 2]. Others propose representations
that are closer to the surface forms, as in /C/ and /ý/,
partly because they are phonetically single sounds
[11, 24]. Although arguments about phonological
representations should be based on phonological
evidence, the results here suggest that [C] (as well
as [ç]), which is transcribed as a single sound, shows
common characteristics of “palatalized” consonants;
it is longer, as if involving two articulatory gestures,
as implied by the notation /Cj/.

The results for the F2 of stop release noise
(Fig. 2.) also require some attention. Recall that
plain /p/ has higher F2 than /k/. This is somewhat
unexpected given that labials generally lower F2.
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Figure 7: Duration of fricatives

It is possible that the automated measurement had
errors when F2 was too low, especially in the
cases of /po/ and /pu/. That said, the low F2
values of /k/ in back vowel contexts seem genuine.
Impressionistically, some speakers’ production of
/k/ before /a, o, u/ is quite back, sometimes
sounding like uvular [q]. This may be interpreted
as a kind of enhancement effect, as seen in Russian
[25]; not only are palatalized consonants fronted, but
non-palatalized ones are backer.

Another caveat is that the phonological contexts
and the frequencies of the target segments are not
uniform. In principle, /p(j)/ occurs word-medially
as a geminate or after a moraic nasal [26] (e.g.
/happa/ ‘leaf’, /kaðpai/ ‘toast’). The occurrence of
/h(j)/ is also limited to word-initial position in the
native vocabulary. Even though the analyzed corpus
data include recent loans where these restrictions
do not hold (e.g. /pað/ ‘bread’), the results above
may still have been affected by the distributional
and frequency differences. Conducting a production
experiment using nonce words with more control on
these factors would solve the issue.

There are other possible acoustic features of
palatalization which this study has not explored. For
example, previous studies show that the intensity
of stop release and F2 of following vowels could
also differentiate palatalized and plain consonants.
Intensity was especially difficult to address using
speech data of different speakers recorded in various
environments. Future experimental work should
examine these other acoustic properties with respect
to palatalized consonants in Japanese.
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