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Abstract
This paper, first of all, demonstrates that the LHL and the
L(L)H pitch patterns exhibit significantly different F0 realisa-
tions between Osaka Japanese (OJ) and Kagoshima Japanese
(KJ) which typologically belong to different accent groups.
Secondly, it is argued that the observed difference results from
the phonological differences between OJ and KJ in terms of
their tonal representations. Finally, some implications of the
observed difference to the tonal representations of KJ are dis-
cussed. This study is based on the acoustic–phonetic descrip-
tions of the LHL and the L(L)H pitch patterns using a normali-
sation technique based on 12 OJ and 14 KJ speakers.
Index Terms: Osaka Japanese, Kagoshima Japanese, F0, ac-
cent, normalisation

1. Introduction
The accentuation of Japanese dialects has been one of the most
vigorously studied areas in Japanese linguistics [1, 2, 3]. This
attributes to the long history of auditory based transcriptions of
pitch patterns of words in various Japanese dialects [4, 5, 6].
Although various same pitch patterns are observed across many
dialects, this does not necessarily mean that the same pitch
pattern that is auditorily described across dialects (i.e. HL) is
acoustically–phonetically realised in the same manner.

In this study, first of all, it is demonstrated that the LH,
LHL and LLH pitch patterns observed both in Osaka Japanese
(OJ) and Kagoshima Japanese (KJ) significantly differ between
these two dialects in their F0 realisations. This is done by
acoustically–phonetically quantifying the F0 realisations of the
LH, LHL and LLH pitch patterns by means of a normalisation
technique with a multiple number of speakers. Secondly, it is ar-
gued that the observed acoustic–phonetic realisation difference
between OJ and KJ is due to the phonological difference be-
tween them in their tonal representations. Finally, the implica-
tions the observed difference would bring for the surface tonal
representation of KJ are explored.

The pitch pattern of words in OJ is determined: 1) by the
presence or absence of a lexical accent, 2) if it is present, by
its position, which dictates where the accentual pitch fall starts,
and 3) by which group, that is either ‘low–pitch beginning’ or
‘high–pitch beginning’, a word belongs to [7, 8]. Those words
which have a lexical accent—of which phonetic realisation is
a pitch fall—are called ‘accented’ words, and those which do
not are called ‘unaccented’ words. That is, both kabuto [LHL]
‘helmet’ and otoko [HHL] ‘man’ are ‘accented’ words having
a lexical accent on the second syllable. The former is a ‘low–
pitch beginning’ word and the latter is a ‘high–pitch beginning’
word. Likewise, suzume [LLH] ‘sparrow’ and sakura [HHH]
‘cherry blossom’ are both ‘unaccented’ words. However, the

former belongs to the ‘low–pitch beginning’ group and the lat-
ter to the ‘high–pitch beginning’ group. A pitch rise may be
observed at the ultimate syllable in unaccented ‘low–pitch be-
ginning’ words, as can be seen in suzume [LLH] ‘sparrow’ [9].

KJ exhibits a two way accentual contrast; LnHL and LnH
where n = a positive integer or zero [10]. In the former pattern,
only the penultimate syllable of a word has a high pitch, and
every other syllable has a low pitch (i.e. sakura LHL, ‘cherry
blossom’ and kagaribi LLHL, ‘watch fire’). In the latter pattern,
only the last syllable of a word has a high pitch, and every other
syllable before it has a low pitch (i.e. usagi LLH, ‘rabbit’ and
kakimono LLLH, ‘document’). The LnHL type is referred to as
Type A and the LnH type as Type B in this paper [10]. As can
be seen from KJ’s Type A and Type B contrast, although unlike
Standard Japanese (SJ), there is not a lexical contrast in terms
of the location of an accent in KJ, the main contrast between
Type A and Type B is whether there is a fall in pitch at the end
or not.

Typologically, OJ and KJ belong to different accent sys-
tems (the Kyoto–Osaka system and the two–pattern system, re-
spectively) [11, 7]. In the spectrum of accentual complexity,
the two–pattern system (i.e. KJ) has one of the simplest ac-
centual systems and the Kyoto–Osaka system (i.e. OJ) has one
of the most complex systems in Japanese dialects. It has been
reported that the phonological–typological differences regard-
ing suprasegmental features observed in different languages
or dialects are manifested in some aspects of their phonetics
[12, 13, 14].

This study focuses on the LH pattern of disyllabic words
and the LHL and LLH patterns of trisyllabic words, because a
significant between–dialect difference is constantly observed at
the beginning of these pitch patterns. The LH and LLH pitch
patterns are unaccented low–pitch beginning words and Type B
words, respectively for OJ and KJ. The LHL pitch pattern is an
accented low-beginning word and a Type A word for OJ and
KJ, respectively.

2. Procedures
As the database, the ‘DVD version Speech Database of the
Dialects all over Japan’ is used [15]. The recordings for this
database were collected from 1989 to 1993. Besides other di-
alects, this database contains the recordings of a large amount of
citation words and utterances together with syllabic sounds and
numbers uttered by 86 OJ and 79 KJ native speakers of various
generations. The speech samples of 12 OJ speakers consisting
of 6 males and 6 females and 14 KJ speakers consisting of 7
males and 7 females are used for this study. These speakers
belong to the three generations of Old (Old ≥ 60), Middle (60
> Middle ≥ 40), and Young (40 > Young ≥ 20). The average
age (standard deviation) of the 12 OJ speakers is 57 (18.6) for
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Table 1: Target words.
OJ KJ

LH kata matsu umi koko naka nani iro kame hato deru
LHL nezumi suzume mukashi - - - kuruma musume asobu owaru
LLH ichigo kujira katana - - - kotoba kagami oyogu nigeru
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Figure 1: Mean normalised F0 curves of all target pitch patterns (LH, LHL and LLH) plotted together against the mean absolute
duration (sec.) together with one standard deviation above and below the mean for OJ (a) and KJ (b), respectively.

males and 46 (14.8) for females. That of the 14 KJ speakers is
41 (24.8) for males and 47 (16.7) for females.

All speech samples of the citation words were read once
by each speaker in this database, and recorded on professional
digital equipment. All sounds are digitised in 16 KHz.

Table 1 contains the target words which were selected for
acoustically–phonetically describing the F0 realisation of the
three target pitch patterns. The syllable structure of all target
words is (C)V. Various voiced and voiceless consonants and
vowels are included in the target words in order to neutralise
their known intrinsic effects [16, 17].

After being segmentally annotated, all target tokens were
analysed using the ESPS routine of the ‘Snack Sound Toolkit’
[18]. On the basis of the annotation, F0 was sampled at the on-
set and every 20% point for each vowel. The identification of
the vowel onset is determined straightforwardly from the audio
speech waveforms and spectrograms; however, the offset of a
word is more difficult to judge. It ‘was adjudged to occur at the
point where the glottal pulse train showed an obvious discon-
tinuity in the regularity of increase of period’ [19, p7]. Some
sort of glottal stop–like laryngeal tension was observed in many
recordings of the falling pitch tokens (i.e. [LHL]) at their word
final position.

3. Normalisation Results
As stated in §1, this study investigates acoustic–phonetic re-
alisation differences of the LH, LHL and LLH pitch patterns
between OJ and KJ. For this, it is essential to give quantified
descriptions of the linguistic–acoustic properties of the three
pitch patterns in question. However, this is not an easy task be-
cause ‘[t]he acoustic properties of the radiated speech wave are
a unique function of a speaker’s vocal tract anatomy, and since
speakers’ vocal tracts differ, so will their acoustic output—even
for phonetically the same sound’ [20, p7]. Therefore, the in-
dividual content needs to be factored out as much as possible

to extract the linguistic–acoustic content of the target pitch pat-
terns. The z–score normalisation technique, of which perfor-
mance has been empirically attested [21, 22, 23], is used in
this study to extract the acoustic correlates of the target pitch
patterns [20]. The z–score normalisation procedure is: F0norm
=

F0i−x̄
sd , where F0i is a sampling point, x̄ is the average F0 from

all sampling points, and sd is the standard deviation around the
mean of those points. The z–score normalisation parameters
(x̄ and sd) were obtained from various monosyllabic, disyllabic
and trisyllabic words. In this particular normalisation proce-
dure, each F0 observation is expressed as so many standard de-
viations above and below a speaker’s overall mean F0. Standard
deviation (sd) is used as the unit for normalised F0 values be-
cause normalisation is based on the sd of the samples.

3.1. Within Dialect Comparison

Fig. 1 contains the mean normalised F0 curves of the three pitch
patterns concerned plotted for OJ and KJ, respectively against
the mean absolute durations with one sd above and below the
mean.

A relatively large amount of variation (≈ 0.7-0.8 sd) is
found at the onset and offset points of each vowel for some syl-
lables. This is due to the perturbatory effect of the initial con-
sonant of syllables and the final laryngeal tension which was
referred to at the end of §2. Otherwise, variation is relatively
small (≈ 0.4-0.6 sd), which implies that all speakers behaved
uniformly .

Within each dialect, it is clearly shown that the high pitched
syllable of the LHL pattern (refer to the arrows of Fig. 1) is re-
alised significantly higher in normalised F0 than those of the
LH and the LLH patterns (p ≤ 0.0001 at the highest point).
This is a well reported phenomenon associated with accented
words of OJ [24] and Type A words of KJ [23]. The same
phenomenon can be found in SJ, and it is called ‘accentually
induced F0 boost’ [25].
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Figure 2: Mean Normalised F0 curves of the LH pattern.

3.2. Between Dialect Comparison

Figs. 2, 3 and 4 contain the mean normalised F0 curves of the
LH, LHL and LLH pitch patterns plotted separately between OJ
and KJ against the equalised durations.

A notably consistent difference between OJ and KJ is the
normalised F0 values associated with the first syllables (refer
to the arrows of Figs 2, 3 and 4). The normalised F0 values
of the first syllables lie between -1 and 0 sd for OJ, while they
are around 0 sd for KJ. This observation about KJ conforms to
Ishihara’s [23] report that normalised F0 declines around 0 sd in
the initial low pitched syllable(s). The first syllables have signif-
icantly higher normalised F0 values (p ≤ 0.0001 at all sampling
points) in KJ than OJ for all target pitch patterns.

Due to this difference between OJ and KJ, the LLH pitch
pattern exhibits significantly different normalised F0 contours
between OJ and KJ in that normalised F0 gradually rises from
the first to the third syllable in OJ, while in KJ it gradually de-
clines in the first two syllables before starting to rise in the last
syllable. This rising F0 contour of low–pitch beginning unac-
cented words has previously been reported [24, 26].

4. Discussion
As introduced in §1, it is lexically determined whether a
word starts with a high or a low pitch in OJ. Using the
Autosegmental–Metrical Theory [26, 27], Pierrehumbert and
Beckman [26] give the tonal representations of the low–pitch
beginning accented (i.e. LHL) and unaccented (i.e. LLH) words
as presented in Fig. 5. As can be seen in Fig. 5, a significant as-
pect of OJ is that both initial and final boundary tones are lexical
tones and they are the properties of words.

Although it is not entirely clear about the tonal representa-
tions of KJ both at the lexical and surface levels, it is sensible
to consider, if we posit an initial boundary tone for KJ, that
it should be a non–lexical tone because KJ does have the same
kind of lexical contrast as OJ for the initial boundary tone. With
respect to the value of the initial tone, two possibilities which
are presented in Fig. 6 have been proposed by Ishihara [23].

As given in Fig. 6a, following the phonological pitch con-
figurations of Type A and Type B words (i.e. LLLLHL and LL-
LLH), one might intuitively posit an L tone as the initial tone.
However, a few points need to be addressed regarding this L
tone.

First of all, the onset normalised F0 value of the initial low
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Figure 3: Mean Normalised F0 curves of the LHL pattern.
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Figure 4: Mean Normalised F0 curves of the LLH pattern.

pitched syllable is around the mean (= 0), as can be seen in Figs.
2, 3 and 4. This means that the onset F0 value of the initial low
pitched syllable is around the average F0 of the speakers’ F0
distribution. It is possible to interpret the F0 associated with
the onset of the initial low pitched syllable as the most neu-
tral F0 value that is around the mean F0 value of a speaker’s
F0 distribution. Considering this, as given in Fig. 6b, it might
not be necessary to assign a particular tone as the initial tone
because the F0 realisation of the initial low pitched syllable is
predictable from the information regarding a speaker’s F0 dis-
tribution. A very similar interpretation can be seen in Dainora
[28] in the intonation of English. Referring to the analysis on
the intonation of English by Goldsmith [29] in which the into-
nation was analysed in terms of H, M and L, Dainora [28, p36]
mentions that ‘the M does not represent a tone at all, but, rather,
represents the neutral frequency used from the beginning of an
utterance to the first pitch accent.’ In Goldsmith’s analysis, M
tone is always the first tone in the sequence and is not associated
with an accented syllable.

If Fig. 6b is the case for KJ, it is straightforward to under-
stand the F0 realisation difference between OJ and KJ regarding
the initial low pitched syllables because OJ and KJ assign dif-
ferent tonal values (L vs. ∅) to the initial tone. Even if Fig. 6a is
the case for KJ, there is a significant difference between OJ and
KJ in that the initial L tone of OJ is lexical while that of KJ is
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Figure 5: Tonal representation of low–pitch beginning accented
(a) and unaccented (b) words.
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Figure 6: Two possible tone values (a and b) of the initial tone
are given using a 3 syllable word as an example.

non–lexical. It is well known and reported that a tone is realised
differently in F0 depending on whether or not it is a lexical tone,
even if the same value is associated with it [26, 25, 23].

Referring to Fig. 4, it has been pointed out above that the
LLH pitch pattern shows a gradual rising normalised F0 contour
in OJ while a gradual fall is observed in the first two syllables
in KJ. The rising normalised F0 contour exhibited by the LLH
pitch pattern of OJ (refer to Fig. 4) is adequately explained by
the tonal representation of the low–pitch beginning unaccented
words (refer to Fig. 5b). In order to phonologically explain this
gradually falling contour observed during the low pitched syl-
lables in question, it is necessary to assign two target tones, one
at the onset of the low pitched syllables and the other at the off-
set. Otherwise, without assigning any tones to those syllables,
the gradual fall can be phonetically accounted for as a declina-
tion. The latter would make the tone inventory of KJ simpler;
however this point needs to be further investigated.

5. Conclusions
This study has first of all demonstrated that the LHL and L(L)H
pitch patterns of OJ have significantly higher F0 realisations
than those of KJ at the initial low–pitched syllables. Secondly,
it has been argued that this observed F0 realisation difference
can be phonologically accounted for with respect to the differ-
ent tonal representations. Finally, some implications to the tonal
representations of KJ have also been discussed.
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