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Abstract
The  pitch  realisations  of  Osaka  Japanese  (OJ)  and  Kagoshima  Japanese  (KJ)  accentual 
systems have been described in details,  and analysed in various phonological frameworks. 
However,  there  is  few  descriptive  research  on  the  acoustic-phonetic  realisation  of  the 
accentual systems of Japanese dialects, whereby the acoustic-phonetic realisation of a given 
pitch  pattern  is  described  and  represented  in  the  manner  that  allows  a  cross-dialect 
comparison.  In this study, the f0 realisations of the LH, LHL, LLH and LLLH pitch patterns
—which appear both in OJ and KJ—will be acoustically-phonetically described by means of 
the  z-score  normalisation.   Comparing  these  descriptions  across  these  dialects,  it  will  be 
demonstrated in this study that 1) OJ shows significantly lower f0 realisations than KJ at the 
initial low pitched syllable of these pitch patterns; 2) in KJ, these pitch patterns start around 
the average f0 of a speaker's f0 distribution and 3) the LLH and LLLH pitch patterns show a 
gradual f0 rise in OJ while they show a gradual f0 fall before a rise between the last two 
syllables in KJ.  The implications that these observed differences will bring out for the surface 
tonal representation of KJ will also be explored. 
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1. Introduction
The accentuation of Japanese dialects has been one of the most vigorously studied areas in 
Japanese linguistics.  This attributes to the long history of auditory based transcriptions of 
pitch patterns of words in various Japanese dialects (Ikeda 1951; Hirayama 1951, 1957; Kibe 
2000;  and  many  more).   Although,  using  a  high-low  pitch  dichotomy—which  has  been 
conventionally used to describe pitch patterns in many cases—various same pitch patterns are 
observed across many Japanese dialects, this does not necessarily mean that the same pitch 
pattern that is auditorily described across dialects is acoustically-phonetically  realised in the 
same manner.  The acoustic correlate of pitch, which is a term used in the perceptual domain, 
is fundamental frequency (f0).  Taking the HL pitch pattern as an example, this pitch pattern 
may exhibit a straight-falling f0 contour using a speaker’s entire f0 range or a convex-like f0 
contour starting from a speaker’s mid f0 range, or something else.  Osaka Japanese (OJ) and 
Kagoshima Japanese (KJ) which typologically belong to different accent systems (Hirayama 
1960, 1967; Uwano 1999) share some pitch patterns in the high-low dichotomy.  In this study, 
first of all,  the LH, LHL, LLH and LLLH pitch patterns observed both in OJ and KJ are 
acoustically-phonetically described using a  normalisation technique (Rose 1987, 1991), and 
these  descriptions  are  presented  as  linguist-phonetic  representations,  which  allow 
cross-dialect/language comparisons.  On the basis of observed acoustic-phonetic  realisation 
differences between OJ and KJ in terms of these pitch patterns, secondly, the implications that 
these differences will bring out for the surface tonal representation of KJ are explored.  The 
Japanese  dialects  called  OJ  and KJ  in  this  study are  dialects  spoken  in  Osaka  City  and 
Kagoshima City, respectively (refer to Figure 1).  All relevant speech samples to this study 
were  recorded  in  those  cities.   The  target  pitch  patterns  of  this  study  are  based  on 
syllable-by-syllable  pitch  transcriptions.   That  is,  the  LH  pitch  pattern  is  realised on 
two-syllable  words,  the  LHL and LLH are on  three-syllable  words,  and the LLLH is  on 
four-syllable words.

Figure 1: Map of Japan

Kagoshima

Osaka

Tokyo
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As mentioned above, OJ and KJ belong to different accent systems, namely the Kyoto-Osaka 
system and the two-pattern system, respectively (Hirayama 1957, Shibatani 1990).  Hayata 
(1999) argues that it would be more appropriate to say that the two-pattern system has a tonal 
system  rather  than  a  pitch-accent  system,  such  as  Standard  Japanese  (SJ).   He  further 
mentions that the Kyoto-Osaka system has dual characteristics, sharing the characteristics of a 
pitch-accent  system  and  a  tonal  system.   In  the  spectrum  of  accentual  complexity1,  the 
two-pattern system (i.e. KJ) has one of the simplest accentual systems and the Kyoto-Osaka 
system (i.e. OJ) has one of the most complex systems in Japanese dialects.  This difference in 
accentual  complexity  between  OJ  and  KJ  can  be  easily  understood  from  the  following 
explanations of OJ and KJ accentuations and pitch realisations.

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  (Shibatani 1990,  Sugito  1995).   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  latter  to  the 
‘high-pitch  beginning’  group.   A  pitch  rise  may  be  observed  at  the  ultimate  syllable  in 
unaccented ‘low-pitch beginning’ words, as can be seen in suzume [LLH] ‘sparrow’ (Sugito 
1997). 

KJ exhibits a two way accentual contrast; LnHL and LnH where n = a positive integer or zero 
(Hirayama 1960).  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 (Hirayama 1960).   As can be seen  from KJ’s Type A and Type B 
contrast, although unlike 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.

It is not difficult to find a large number of studies on the accentuation of OJ and KJ.  The 
accentuation of both OJ and KJ words and phrases have been phonologically analysed by 
many  scholars  within  various  phonological  frameworks  (McCawley  1968,  1970,  1977, 
Shibatani 1979, Haraguchi 1977), which are followed by more recent experimental studies 
investigating the  realisation of word accents in phonologically large units such as phrases, 
sentences,  and so forth for OJ (Kori 1987) and KJ (Kubozono and Matsui 1996, Ishihara 
2004a).   Seven volumes of ‘Study of Japanese Prosody and Speech Sounds’ compiled by 
Sugito  (1996-1999)  contain  a  series  of  detailed  studies  conducted  by herself  or  with her 
colleagues on the acoustics, phonetics, physiology, etc of the OJ accentuation.  Kibe’s (2000) 
descriptive  study  based  on  her  own fieldwork  and historical  records  is  a  comprehensive 

1 In this context, accentual complexity means the number of underlying accentual contrasts for a word of a 
given  syllables  (or  moras).   OJ  has  more  contrastive  accentual  types  than  KJ  for,  for  example,  words 
consisting of three light syllables.
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synchronic and diachronic study on two-pattern Japanese dialects (including KJ) of Kyushu 
which is the island where Kagoshima City is located (refer to Figure 1).

As for the target  pitch patterns of this  study (LH, LHL, LLH and LLLH),  some scholars 
remark  the  different  realisations between  OJ  and KJ.   It  was  reported  that  the  low-pitch 
beginning  words  of  OJ  have  a  continuous  pitch  rise  (Ikeda  1951)  and  are  ‘acoustically 
characterized  by  an  over-all  slow  [f0]  rise’  (Kori  1987:  44)  while  Ishihara  (2004a) 
demonstrated that in KJ, f0 gradually falls before the rise in the penultimate syllable of a Type 
A word or the ultimate syllable of a Type B word. Judging from these previous studies, there 
appears to be some acoustic-phonetic realisation differences in the LH, LHL, LLH and LLLH 
pitch  patterns  between  OJ  and  KJ.   However,  we  do  not  know  exactly  how  they  are 
acoustically-phonetically  different  due  to  the  lack  of  proper linguistic  acoustic-phonetic 
descriptions in Japanese dialects—this is also true of other languages as Catford (1997: 12) 
notes  that  no  more  than  10%  of  the  world’s  five  thousand  or  so  languages  had  been 
phonetically  described  fully  and  accurately,  or  even  moderately  well.   Proper linguistic 
acoustic-phonetic  description  is  the one which allows us to  identify  the phonetic  features 
which specify the sounds within a given language or variety and those features which underlie 
sounds contrasts between varieties (Ladefoged and Maddieson 1986, Rose 1987, 1991).  To 
my knowledge, Ishihara (2004a) is the very first and the only acoustic-phonetic descriptive 
study so far on a Japanese dialect (KJ).  However, the number of speakers employed in his 
study is only four speakers, which is still short of the minimum of three people for each sex 
for quantified phonetic work suggested by Ladefoged (1997: 140).  Therefore, without using 
the result of Ishihara (2004a), the acoustic-phonetic realisations of the target pitch patterns are 
described from new speech samples based on more speakers for KJ.  However, whenever it is 
appropriate, the result of Ishihara (2004a) and that of the current study are compared.

The LH, LLH and LLLH 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-pitch 
beginning word (having an accent on the second syllable) and a Type A word for OJ and KJ, 
respectively.

2. Procedure
As the database, the ‘DVD version Speech Database of the Dialects all over Japan’ is used 
(Sugito and Kakehi 2005). The recordings for this database were collected from 1989 to 1993. 
Besides  other  dialects,  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 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.  

Table 1 contains the target words which were selected for acoustically-phonetically describing 
the f0 realisation of the four 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  (Peterson  and Barney  1952,  Lehiste  and 
Peterson 1961).
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Table 1: Target words.

OJ KJ

LH kata matsu umi koko naka nani iro kame hato deru

shoulder wait sea here middle what colour turtle pigeon exit

LHL nezumi suzume mukashi - - - kuruma musume asobu owaru

mouse sparrow old car daughter play finish

LLH ichigo kujira katana - - - kotoba kagami oyogu nigeru

strawberry whale sword words mirror swim escape

LLLH imasara karakuchi koroshiya - - - kudamono yorokobu furiyamu -

at this time sharp killer fruit glad stop 
raining

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

After being segmentally annotated, all target tokens were analysed using the ESPS routine of 
the ‘Snack Sound Toolkit’ (Sjölander 2006).  The ESPS routine is an implementation of ‘the 
Robust Algorithm for Pitch Tracking’ proposed by Talkin (1995), which is widely used for 
estimating f0.  On the basis of the annotation, f0 was sampled at the onset and every 20% 
point for each vowel.   The ESPS routine is very accurate in estimating f0, yet will never be 
free from errors (i.e. halving and doubling effects).  The f0 values of each token were visually 
inspected, and those tokens which contain obvious f0 tracking mistakes were re-analysed by 
setting different  tracking thresholds.   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 discontinuity in the regularity of increase of period’ (Rose 
1982: 7).  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
This study investigates acoustic-phonetic realisation differences of the LH, LHL, LLH and 
LLLH  pitch  patterns  between  OJ  and  KJ.   For  this,  it  is  essential  to  give  quantified 
descriptions  of  the  linguistic-acoustic  properties  of  the  four  pitch  patterns  in  question. 
However, the identification of the specific phonetic properties of a given language or variety 
is  not an easy task because different  speakers  have different  acoustic outputs for what is 
perceived to be the same linguistic information.  This is because ‘[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’ (Rose 1987: 343).  Furthermore, the between-speaker differences caused by individual 
speakers’ physiology are troublesome because ‘[t]he magnitude of between-speaker acoustical 
variance caused by physiological differences is often enough to swamp the linguistic content 
of the signal’ (Rose 1987: 343).  Therefore, the individual content needs to be factored out as 
much as possible to extract the linguistic-acoustic content of the target pitch patterns by a 
process  of  normalisation.   Therefore,  normalisation  enables  us  to  identify  the  invariant 
acoustic property from different acoustic outputs and present it as a representation (Pinker, 
1997: 87), which then can be compared across languages and dialects.    Normalisaton is ‘the 
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only way, other than (the unlikely) resources to bilingual speakers, of testing transcriptionally 
based hypothesis on the nature of linguistic-phonetic tonal variation’ (Rose 1987: 344). 

The z-score normalisation  technique,  of  which  performance  has  been  empirically  attested 
(Rose 1991, Zhu 1994, Ishihara 2004a), is used in this study to extract the acoustic correlates 
of the target pitch patterns. The z-score normalisation procedure is:  f0norm = (f0i – my) / sy, 
where f0i is a sampling point, my and sy are the arithmetic mean and standard deviation of f0i (i 
= 1, 2, …, n), respectively.  The z-score normalisation parameters (my and sy) were obtained 
from various monosyllabic and polysyllabic words (see Table 2).  Thus, if the f0 value of a 
given sampling point is, for example, 162.5 Hz for OJM1 (my=149.6; sy=24.7), the normalised 
value of  this  f0  value is  (162.5 – 149.6)  / 24.7 = 0.52.   In  this  particular  normalisation 
procedure, each f0 observation is expressed as so many standard deviations above and below 
a speaker’s overall mean f0.  Standard deviation (sd) is used as the unit for normalised f0 
values because normalisation is based on the sd of the samples. 

Table 2: Normalisation parameters.
OJ KJ

sex speakers mean (my) sd (sy) sex speakers mean (my) sd (sy)

male OJM1 149.6 24.7

OJM2 162.1 30.9

OJM3 115.5 26.5

OJM4 155.7 29.5

OJM5 86.8 10.2

OJM6 112.5 16.1

- - -

male KJM1 150.2 28.1

KJM2 111.7 16.3

KJM3 112.8 21.8

KJM4 124.6 13.8

KJM5 146.4 13.5

KJM6 134.7 22.6

KJM7 135.3 11.4

female OJF1 148.7 19.7

OJF2 211.1 45.4

OJF3 209.9 40.6

OJF4 199.2 32.5

OJF5 222.1 23.8

OJF6 216.8 34.9

- - -

female KJF1 182.8 24.3

KJF2 194.6 23.0

KJF3 192.3 22.6

KJF4 197.2 20.2

KJF5 205.7 43.6

KJF6 217.9 22.8

KJF7 216.1 24.9

4. Normalisation Results
Figure 2 contains the mean normalised f0 curves of the four pitch patterns concerned, plotted 
for OJ (Figure 2-1) and KJ (Figure 2-2), respectively against the mean absolute durations with 
one standard deviation above and below the mean.  That is, ‘assuming normally distributed 
normalised values, two standard deviations around the mean will include about 68% of all 
observations’ (Rose 1993: 201-202).  In other words, if ‘every further n speakers investigated 
under the same condition,  n x 0.68 of these would be expected to…[be]  lying within the 
standard deviation corridors’ shown in Figure 2 (Rose 1993: 202). 



8

Figure 2: Mean normalised f0 curves of all target pitch patterns plotted together against the 
mean absolute duration together with one sd above and below the mean for OJ (1) and KJ (2), 
respectively.

The normalised f0 contours presented in Figure 2-1 can be considered as a linguistic-phonetic 
representation of accented low-pitch beginning type on 3 syllable words (having an accent on 
the second syllable) and those of unaccented low-pitch beginning type on 2~4 syllable words 
for OJ.  Likewise, Figure 2-2 can be considered as linguistic-phonetic representations of Type 
A and Type B on 2~4 syllable words for KJ.  These linguistic-phonetic representations can 
now be used to compare with one another not only within the same dialect—for example, to 
investigate the acoustic-phonetic realisation differences between different accentual types—
but also across dialects—for example, to investigate the realisation differences in the LH pitch 
pattern across different dialects. 

4.1. Within Dialect Comparison
Figure 2 shows that the mean normalised f0 curves for the target pitch patterns lie between 
about -2.5 sd and 1.5 sd.  A relatively large amount of variation (≈ 0.7~0.8 sd), which is 
expressed by vertical bars in Figure 2, is found at the onset and offset points of each vowel for 
some syllables.  This is due to the perturbatory effect of the initial consonant 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 Figure 2) is realised significantly higher in normalised f0 than those of the 
LH,  LLH and LLH patterns  (p  <  0.0001  at  the  highest  point).   This  is  a  well  reported 
phenomenon associated with accented words of OJ (Kori 1987) and Type A words of KJ 
(Kubozono and Matsui 1996, Ishihara 2004a).  The same phenomenon can be found in  SJ, 
and it is called ‘accentually induced f0 boost’ (Kubozono 1993).

4.2. Between Dialect Comparison
Figure 3 is essentially the same as Figure 2, but in Figure 3, the mean normalised f0 curves 
are plotted separately according to the pitch patterns across the dialects, without one sd above 
and below the mean.  The X-axis of Figure 3 is equalised duration (%).
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Figure 3: Mean normalised f0 curves of the LH (1), LHL (2), LLH (3) and LLLH (4) patterns. 
Black lines are for OJ and grey lines for KJ.  1s, 2s, 3s and 4s stand for the first, second, third 
and fourth syllable, respectively.

A notably consistent difference between OJ and KJ is the normalised f0 value associated with 
the first syllable (which is indicated by arrows in Figure 3).  The normalised f0 value of the 
first syllable lies between -1 and 0 sd for OJ, while it is around 0 sd for KJ.  This observation 
about KJ conforms to Ishihara’s (Ishihara 2004a) report that normalised f0 declines around 0 
sd in the initial low pitched syllable(s).  The first syllable has significantly higher normalised 
f0 values (p < 0.0001 at all sampling points) in KJ than OJ for all target pitch patterns.  In the 
case of the LLLH pitch pattern (Figure 3-4), for example, the difference in normalised f0 
value at the onset point is 1.1 sd between OJ and KJ (OJ = -0.52 sd; KJ = 0.58 sd).  The actual 
magnitude of 1.1 sd in Hz depends on the sd of a given speaker’s f0 distribution.  Taking 
OJM1 (male) as an example, 1.1 sd is equivalent to 27.1 Hz (= 24.7 * 1.1) for him.  27.1 Hz is 
significantly large , and this magnitude of difference should be clearly audible.

Due  to  this  difference  between  OJ  and  KJ,  the  LLH  and  LLLH  pitch  patterns  exhibit 
significantly  different  normalised  f0  contours  between  OJ  and  KJ  in  that  normalised  f0 
gradually rises from the first to the ultimate syllable in OJ, while in KJ it gradually declines 
from the first to penultimate syllable before rising in the ultimate syllable.  The normalised f0 
curves  of  OJ  demonstrated  in  Figure  3  well  agree  with  the  auditory  based  transcription 
reporting  the  rising  pitch  contour  of  low-pitch  beginning  words  (Ikeda  1951),  yet  the 
normalised  f0  curves  provide  much  finer  details  about  the  contour,  for  example,  in  that 
low-pitch beginning unaccented words start around -0.5 sd (which means 0.5 sd lower than a 
given speaker’s mean f0) while low-pitch beginning accented words start around 0 sd.  The 



10

same realisation difference can be observed in KJ as well in that Type A words start higher in 
normalised f0 than type B words.  This observed difference in the starting f0 value between 
low-pitch beginning  accented and unaccented words and also between Type A and Type B 
words is due to the f0 raising effect of an accent for OJ (Kubozono 1993) and that of Type A 
for KJ (Ishihara 2004a). 

Kibe (2000) argues that a rise in pitch observed in Type A and Type B words is one of the 
indispensable aspects of KJ pitch realisation while a rise in pitch observed in the ultimate 
syllable of low-pitch unaccented OJ words is not because this rise in pitch may be cancelled 
depending on some phonological conditions in OJ.  The f0 realisation difference between OJ 
an  KJ  which  has  been  demonstrated  in  Figure  3  acoustically  supports  Kibe’s  argument 
because the gradual fall before a rise in f0 makes the f0 rise perceptually more significant in 
KJ than the gradual f0 rise throughout low-pitch unaccented words in OJ. 

5. Discussion
Having demonstrated  in  Figure 3  the  acoustic-phonetic  realisation  differences  in  the  LH, 
LHL, LLH and LLLH pitch patterns between OJ and KJ, in this section, some implications 
resulting  from  these  observed  differences  will  be  explored  with  respect  to  the  tonal 
representation  of  KJ  using  the  Autosegmental-Metrical  (AM)  Theory  (Pierrehumbert  and 
Beckman 1988, Pierrehumbert and Hirschberg 1990).  

Pierrehumbert  and Beckman (1988) present evidence that the linking and spreading of the 
tones  of  the  accent  to  other  syllables—as  is  assumed  in  much  autosegmental  work  on 
Japanese (Haraguchi, 1977)—is not the best analysis for surface tone patterns in SJ.  Instead, 
they argue that the surface pitch contour is produced by phonetic interpolation between tone 
targets, including not only the lexically stipulated accent but also tones associated with higher 
levels of prosodic structure.  On the basis of this idea, they introduced an entirely new model 
of  describing  Japanese  pitch  accent  by  using  a  few  tones  per  phrase  with  interpolation 
between them. 

As introduced in §1, it is lexically determined whether a word starts with a high or a low pitch 
in  OJ.   Using  the  AM  Theory,  Pierrehumbert  and  Beckman  (1988)  give  the  tonal 
representations of the low-pitch beginning accented (i.e.  LHL) and unaccented (i.e.  LLH) 
words as presented in Figure 4.  As can be seen in Figure 4, in which 3 syllable accented 
(accent  is  on the second syllable)  and unaccented  low-pitch beginning words are used as 
examples, a significant aspect of these representations is that an initial L boundary tone is 
linked to the first  syllable of  the low-pitch beginning words,  and this  boundary tone is  a 
property  of  a  word  (in  the  case  of  unaccented  low-pitch  beginning  words,  the  final  H 
boundary tone is also a lexical tone).  The gradually rising normalised f0 contour exhibited by 
the LLH and LLLH pitch patterns of OJ (refer to Figure 3) is adequately explained by the 
tonal  representation  of  the  low-pitch  beginning  unaccented  words  (refer  to  Figure  4-2) 
because the rising f0 contour can be straightforwardly generated by interpolating the L and 
the H tones.
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1) accented low-pitch beginning

                                       ω

                         σ            σ             σ

                          L          HL          

2) unaccented low-pitch beginning

                                       ω

                         σ             σ            σ

                          L                          H

Figure 4: Underlying tonal representations of accented (accent is on the second syllable) (1) 
and unaccented low-pitch beginning OJ words in the AM theory, using three syllable words as 
examples.

Unlike OJ, a gradual  fall is observed before a rise at the ultimate syllable in the LLH and 
LLLH pitch patterns in KJ.  In order to derive the f0 contours which are typical to Type A and 
Type B words, such as those normalised f0 curves of KJ words presented in Figure 3, target 
points need to be specified at four points (T1, T2, T3 and T4) for Type A and three points for 
Type B (T1, T2 and T3) as shown in Figure 5 in which four syllable and three syllable words 
are used as examples.  T1 and T2 mark the onset and the offset of the low-pitched syllables 
and T3 marks the high-pitched syllable.   T2 needs to be specified because the descriptive 
results presented in Figure 3 do not show a linear interpolation from T1 to T3, but show a 
descending contour from T1 to T2 before it starts rising from T2 to T3.  In this paper, we 
focus on T1 and T2 because these are relevant tones to the main f0 realisation difference 
between OJ and KJ observed in Figure 3.

1) Type A

                                        ω

               σ             σ                 σ             σ

              T1           T2               T3          T4

2) Type B

                                       ω

                         σ             σ             σ

                        T1          T2            T3

Figure 5:  Necessary target  tones for Type A (1) and Type B (2) KJ words,  using a four 
syllable word and a three syllable word, respectively, as an example.

As for T2, Ishihara (2000) investigated the f0 behaviour of the (L)HLnH(L) sequence (n = 1,  
2, 3, 4, 5, 6) of KJ adjective + noun phrases (i.e. LHL.LLLLH, where a period stands for a 
word boundary) and reported that the f0 minima between the high pitched syllables—which 
can be considered as the f0 realisation of the T2 of the noun—varies as a function of n in an 
exponential  manner, but a base-line appears to exist  beyond which f0 does not fall.   The 
existence of this base-line indicates that there is a pitch target at T2.  Since T2 has the lowest 
f0 realisation out of T1, T2 and T3, an L tone is the appropriate tone value for T2.

As for T1, there  appears to  be three possibilities.   As given in Figure 6-1,  following the 
traditional auditory-based pitch transcriptions of Type A and Type B words (i.e. LLLLHL and 
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LLLLH),  one might intuitively posit  a L tone as T1.  However,  a few points need to be 
addressed regarding this point.

1)

                       ω

         σ            σ             σ

         T1         T2          T3

         L            L

2)

                       ω

         σ            σ             σ

         T1         T2          T3

         Ø            L

3)

                       ω

         σ            σ             σ

         T1         T2          T3

         H            L

Figure 6: Three possible target tone values for T1.

As can be seen in Figure 3, the normalised f0 value of the initial low pitched syllable is 
around the mean (= 0 sd).  This means that the 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 initial low pitched syllable as the most neutral f0 value that is around the 
mean f0 value of a speaker’s f0 distribution.  Considering this, as given in Figure 6-2), it 
might not be necessary to assign a particular tone as T1 because the f0 realisation of the initial 
low pitched syllable is predictable from the information regarding a speaker’s f0 distribution. 
A very similar interpretation can be seen  in  Dainora (2001)  in  the intonation of English. 
Referring to  the analysis  on the intonation of  English by Goldsmith (1978)  in  which the 
intonation was analysed in terms of H, M and L, Dainora (2001: 36) 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.

In the AM theory, it is not clear on what basis low and high tones are actually identified in f0 
contour.   Bruce (1977:  131-143) initially  identified  intonational  tones on the basis  of the 
turning  points  in  the  f0  contour.   Local  maxima  then  correspond to  high  tone  and local 
minima to low tone.  In the AM theory, however, tones do not always correspond to turning 
points,  and turning points  do  not  always reflect  the  surface  phonetic  realisation  of  tones 
(Pierrehumbert 1980).  In terms of their surface phonetic realisation, phonological ‘High’ and 
‘Low’ tones  are not clearly  defined in any works relating to the development of the AM 
theory (Ladd 1996: 104).  As an answer to this problem, one might possibly say that the 
high-low representation can be phonologically  characterised in the ‘relative’  Jackobsonian 
sense (Anderson 1985: 116-139).  That is, the first syllable, for example, is represented as L 
because it  is relatively lower in pitch than the maximum pitch that is associated with the 
second syllable.  The only condition is whether it is relatively high or relatively low, and the 
actual pitch does not matter. 

As an alternative idea for T1, purely judging from the f0 contour that Type A and Type B 
words  exhibit,  it  is  certainly  possible  to  posit  an  H  tone  for  T1  (refer  to  Figure  6-3) 
(particularly  with  respect  to  the  concept  of  f0  maxima  and  minima  in  the  ‘relative’ 
Jackobsonian  sense (Anderson 1985:  116-139)).   However,  positing  an  H tone  for  T1 is 
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highly  counter-intuitive  from  a  perceptual  point  of  view  because  the  initial  syllable  in 
question is perceived as a low pitch.  At this stage, as far as the f0 realisation of citation words 
are concerned, it is inconclusive as to what value it is necessary to assign to T1 because all 
candidates given in Figure 6 appear to be plausible in one way or another.  This point needs to 
be further investigated using phonologically longer units than words.

Nevertheless, whichever of the three possibilities presented in Figure 6 the tone value of T1 
is, the f0 realisation difference between OJ and KJ observed in the initial syllable of the pitch 
patterns concerned can be phonologically accounted for.  If the tonal value of T1 is either the 
case of Figures 6-2 or 6-3 for KJ, it is straightforward to phonologically understand the f0 
realisation difference between OJ and KJ regarding the initial low pitched syllables because 
OJ and KJ assign different tonal values (Ø or H) to the initial tone.  Although it is necessary 
to  look  into  the  f0  behaviour  of  KJ  in  larger  phonological  units,  such  as  sentences  and 
utterances to conclude the tone value of T1 (cf. Ishihara 2004b), it is sensible to consider, if 
we posit an initial boundary tone for KJ at T1, that it should be a non-lexical tone because KJ 
does not have the same kind of lexical contrast as OJ for the initial boundary tone.  Therefore, 
even if Figure 6-1 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 not.  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  (Pierrehumbert  and Beckman 1988,  Kubozono 1993, 
Ishihara 2004a).  That is, the f0 realisation difference observed at the initial syllable between 
OJ and KJ can be phonologically explained.

6. Conclusions
In this study, the f0 realisations of the LH, LHL, LLH and LLLH pitch patterns have been 
acoustically-phonetically  described  for  OJ and KJ  by means of  the  z-score  normalisation 
technique, and these descriptions have been presented as linguistic-phonetic representations. 
These  linguistic-phonetic  representations  can  be  used  to  make  comparisons  with  other 
varieties  of  Japanese  or  other  languages.   By  comparing  these  linguistic-phonetic 
representations between OJ and KJ, this study has first of all demonstrated that these pitch 
patterns  of  OJ  have  significantly  lower  f0  realisations  than  those  of  KJ  at  the  initial 
low-pitched syllables.  More precisely, the LHL pitch pattern starts around 0 sd and the LH, 
LLH and LLLH patterns start around -0.5 sd in OJ while they start higher in KJ than OJ by 
0.5~1 sd.  An overall significant difference in contour shape can be also observed between OJ 
and KJ in that the former exhibits a gradual rise in the LLH and LLLH pitch patterns while 
the latter  shows a gradual fall before a rise between the last two syllables.  Finally, some 
implications to the tonal representations of KJ have also been discussed from the observed f0 
realisation differences between OJ and KJ.  In particular, focusing on the fact that these pitch 
patterns stay around 0 sd in the first syllable in KJ, the possibility of Ø tone as the initial tone 
was also discussed.

7. Further studies
This study focused on the f0 realisation of OJ and KJ citation words.  Particularly relating to 
KJ, it is necessary to look at the f0 realisation of larger phonological units than words, such as 
phrases and sentences in order to understand the tonal phenomena of KJ.  This study is part of 
a large study which investigates the acoustic-phonetic realisations of various accentual types 
across Japanese dialects, aiming at a acoustic-phonetic basis reconstruction of Japanese accent 
systems.  For this purpose, we continue to investigate the f0 realisation of various accent types 
across Japanese dialects.
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