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Abstract

A large amount of evidence for regularities of tonal alignment in various languages has

been accumulated recently. However, there is still much disagreement on the characteri-

sation and modelling of these alignment regularities. This thesis investigates tonal align-

ment in Tokyo Japanese with two objectives. One is to provide a thorough description

of tonal alignment in Tokyo Japanese, including a well-known phenomenon,ososagari

(‘peak delay’); the other is to contribute to the current understanding of tonal alignment,

based on empirical data of tonal alignment in Tokyo Japanese.

Three speech production experiments were performed. The first experiment examined

the alignment of the F0 targets at the beginning of initial-accented words, varying the

syllable/mora structures of the accented syllable. The results showed that both the F0

valley and peak were consistently aligned with specific segmental landmarks, and that

the alignment of the F0 peak depended on the syllable/mora structure of the accented

syllable. The second experiment explored how the alignment patterns found in the first

experiment were influenced in different speaking modes; the speaking modes of interest

were fast speech rate, raised voice, and local emphasis. The results showed that the

orderly alignment behaviour found in the first experiment remained intact irrespective

of different speaking modes, although different kinds of small effects were found. The

third experiment compared the F0 peak alignment of unaccented and non-initial-accented

words to those of initial-accented words. The results of unaccented words demonstrated

consistent alignment of the F0 peak with a specific landmark, which is comparable to

those of initial-accented words. On the other hand, the results of non-initial-accented

words showed earlier alignment of the F0 peak for the pitch accent than those of initial-

accented words.

The results of the current study as a whole demonstrate consistent alignment of the F0

targets with specific places in the prosodic structure in a language-specific way, which
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are rather resistant to changes caused by differences of speaking mode. Further dura-

tional analyses, together with the alignment data, also suggest that segments and tones

are mutually synchronised with each other. These findings provide further evidence that

segmental anchoring is a necessary concept in accounting for alignment regularities.
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C 1

Introduction and background

1.1 Association and alignment

In the autosegmental-metrical theory of tone and intonation (Bruce 1977; Pierrehumbert

1980; Ladd 1996, among others), an intonation contour is seen as a sequence of tones

which occurs at well-defined locations in the structure. Some of the tones in an utterance

are seen to be associated with specific elements of the segmental string such as mora or

syllable (and others with the edges of larger domains such as phrase). This relationship

is known asassociationand can be schematically represented as:

(1.1) T

TBU

where ‘T’ is a tone, and ‘TBU’ is a tone bearing unit. The elements on these two levels

(tiers) are linked via anassociation line.1 Association represents temporal relationship

between tones and tone-bearing units, so it can be interpreted that ‘T’ phonetically oc-

curs during the temporal interval of ‘TBU’. However, it has been reported that the pho-

netic realisation of such association does not simply follow this relationship, and that the

temporal synchronisation (alignment) of F0 events with segmental events may vary in

complicated ways across languages. It is pointed out that there are at least two types of

complications to the relationship between association and alignment (Ladd 2003). For

1The tone bearing unit may vary between languages; proposed units include syllable, mora, syllable
rhyme, syllable nucleus and vowel. In early work of autosegmental phonology, association is attained by
thewell-formedness conditions(Goldsmith 1975), whereas full association between all tones and all TBUs
is not always required. It has been argued that tones may float, i.e. stay in the representation without
association (floating tone), and more recently that TBUs need not to be associated with tones (phonetic
underspecification) .

1
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 Figure 1 .  Waveform (upper panel) and F0  contour (lower panel) of the
 utterance  El murmura autoaná lisis raicear antes .  The first two vertical dashed
 lines mark the beginning and end of the accented syllable  ná  ,  and the third
 solid line its corresponding F0  peak .

 While the second F0  peak in the phrase is located near the end of the postonic
 syllable  li  (indicated by the vertical solid line) ,  the third peak lays within the limits
 of the accented syllable .

 Although this ‘‘displacement’’ ef fect has already been noticed by Navarro – Tomá s
 (1944) ,  Fant (1984) ,  and Garrido ,  Llisterri ,  de la Mota ,  & Rı́ os (1993) for Peninsular
 Spanish ,2  no ef fort has been made to identify the factors that influence H* peak
 timing in Spanish .  The present investigation represents an attempt to provide a
 preliminary descriptive model of peak placement in this language and analyze the
 relationship between peak location ,  segmental durations ,  and other prosodic
 phenomena .

 The primary materials used in the experiment consisted of a total of 810 H* target
 accents placed in three positions in the word (Initial ,  Medial ,  and Final) and in
 dif ferent prosodic contexts (end of intonational phrase ,  end of intermediate phrase ,
 and phrase-medial position—varying the distance in syllables to the next stressed
 syllable) .  The main aim of the study is to examine the F0  alignments of the whole
 H*  accent gesture  in dif ferent structural positions .3  Results from an analysis of the
 entire accent gesture can increase our understanding of the active mechanisms
 controling F0  timing and are likely to improve the quality of existing F0  assignment
 algorithms in text-to-speech synthesis .  At least for Spanish ,  informal perceptual

2  Garrido  et al .  (1993) report that ‘‘more than 70% of F0  maxima appear one syllable after the stressed
 one .  Approximately one fourth of the number of F0  maxima appear simultaneously with the stressed
 syllables’’ .  Fant (1984 :  30) points out that there is a crucial dif ference in the F0  peak location of
 phrase-initial and phrase-medial H* accents :  while phrase-medial accents place the F0  maxima at the end
 of the stressed syllable ,  phrase-initial accents place it in the syllable following the stressed syllable .

3  We employ the term  gesture ,  typically used in articulatory phonetics to refer to segmental articulatory
 movements ,  to refer to melodic F0  movements corresponding to phonological F0  events .

Figure 1.1: An example of peak delay in an utterance,El murmura autoanálisis raicear
antes, of Mexican Spanish. The first two vertical lines mark the accented syllable (ná)
and the third line the F0 peak for a pitch accent (H*). Adapted from Prietoet al. (1995,
p. 430).

one thing, in some languages there appear to be linguistically significant contrasts of

alignment. To deal with these alignment differences, bitonal pitch accents are proposed

in the autosegmental-metrical theory. A bitonal pitch accent consists of a starred tone

which associates with the tone-bearing unit, and an unstarred tone which leads or trails

the starred tone. For example, Pierrehumbert (1980) applies L*+H, L+H*, H* +L, H+L*

and H*+H (as well as monotonal pitch accents, H* and L*) for the description of Amer-

ican English intonation. An unstarred tone then is considered to be phonetically realised

outside the tone bearing unit in languages which have bitonal pitch accents.2

For another, there is a phenomenon calledpeak delayin which the F0 peak of a pitch

accent may be aligned outside (usually after) the stressed syllable with which it is in-

tuitively associated (an example of peak delay is shown in Figure 1.1). Peak delay has

been widely reported across languages,3 and how it happens seems different from lan-

guage to language. Much attention has been paid to this phenomenon in the last decade

2However, starredness, as well as secondary association, has been recently re-examined and elaborated
with further evidence from various languages (Arvanitiet al.2000; Gussenhoven 2000; Griceet al.2000;
Atterer and Ladd 2004; Prietoet al. forthcoming).

3To name a few, (Mandarin) Chinese (Xu 2001), English (Silverman and Pierrehumbert 1990), Greek
(Arvaniti et al. 1998), Japanese (Neustupný 1966; Sugito 1982), Mexican Spanish (Prietoet al. 1995).
Although the term ’peak delay’ originally refers to the duration from a certain point in the segmental string
(e.g. the onset of the syllable rhyme) to the F0 peak of a pitch accent, it is now common to refer to the
phenomenon by this name. See, for example, Silverman and Pierrehumbert (1990) for the former use.
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or so, partly because it is regarded as an interesting mismatch between phonetics and

phonology.

Among the alignment studies, earlier studies focused more on factors affecting the tempo-

ral alignment of the F0 targets, (and some of them attempted to model the extent to which

those factors affect the alignment, using a multiple regression model). They showed that

the F0 target is affected by various factors, such as prosodic boundaries and stress clash.

On the other hand, more recent studies have provided various evidence in different lan-

guages that the F0 targets of a pitch accent are consistently aligned with a specific point

in the segmental string. The following sections are, as a whole, a review of previous

studies on tonal alignment. Section 1.2 discusses factors affecting temporal alignment of

tonal targets which early studies more attended to. Section 1.3 discusses cross-linguistic

regularities of tonal alignment which recent studies demonstrated.

1.2 Contextual factors affecting alignment

An early study on alignment by Silverman and Pierrehumbert (1990) demonstrated fac-

tors affecting the F0 peak alignment of the prenuclear H* accent in English. Building on

the data of Steele (1986) about the timing of the F0 peak for the nuclear H* accent, they

examined the timing of the F0 peak of the prenuclear H* pitch accent under a variety

of prosodic conditions (proximity of the following word boundary and of the following

pitch accent) and speech rate changes (fast, normal and slow). They modelled the F0

peak proportion (‘peak delay’ divided by the rhyme duration),4 as well as the rhyme

duration, using multiple regression. The results showed that the F0 peak occurred past

the end of the associated syllable, whereas it was systematically shifted earlier by the

right-hand prosodic context. For example, with fewer unstressed syllables between the

pitch accents, the longer the vowel became and the shorter the peak delay for a given

length of the vowel. That is, the too close proximity for the two pitch accents was mod-

erated both by lengthening the vowel and shifting the F0 peak earlier. The results also

showed the effect of the word boundary: the vowel was longer and the F0 peak was ear-

lier when the word boundary followed immediately than when there was an unstressed

syllable between the prenuclear pitch accent and the word boundary. As for the effect

of the speech rate changes, the absolute ‘peak delay’ (duration from the syllable rhyme

onset to the F0 peak) changed—increased and decreased—in correlation to the increase

and decrease in rhyme duration induced by the changes in speech rate: the ‘peak delay’

4‘peak delay’ is the duration from the beginning of the syllable rhyme to the F0 peak in Silverman and
Pierrehumbert (1990).
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was longer when the rhyme duration was longer, and the ‘peak delay’ was shorter when

the rhyme duration was shorter. On the other hand, in terms of the F0 peak proportion,

which they used to express the F0 peak alignment, the F0 peak occurred later in fast

speech and earlier in slow speech. Overall, the multiple regression models demonstrated

that, while the predictors such as word boundary, stress clash, and speech rate contributed

to both the peak proportion and the rhyme duration, the predictors’ contributions to them

were not in the same direction in the two models, and the degree of their contributions

were different between them—the factors affected both the peak location and the rhyme

duration in different ways. Thus, the peak, expressed in terms of the peak proportion,

was affected directly by the right-hand contexts like the word boundary and stress clash,

and indirectly by the change of the rhyme duration induced by the word boundary, stress

clash and speech rate change.

Caspers and van Heuven (1993) studied the invariant phonetic features of pitch accents

(‘accent-lending pitch movements’) in Dutch, in terms of the shape, the pitch level

and the alignment with the segmental string. They used three kinds of time pressure

(speech rate, vowel length and tonal composition) ‘as an experimental tool for focusing

the communicatively important properties of pitch movements’ (p. 162), expecting that

‘the speaker would have to sacrifice properties of lesser communicative importance while

preserving the more essential ingredients as much as possible’ (p. 162). They found that,

when the vowel was phonologically short, the excursion size for both the rise and the

fall increased, the duration of the rise became shorter, and the slope of the rise and fall

was steeper. They also found that the shape of the rise was influenced—shortened and

steepened—by the presence of a following fall, while the shape of the fall did not change,

regardless of the presence or absence of a preceding rise. As for the alignment, the on-

set of the F0 rise was consistently aligned with the beginning of the syllable, while the

offset did not have a fixed alignment point and was shifted earlier mainly because of the

closeness of the following accent-lending fall. Overall they concluded that the alignment

of the onset is invariant and essential for the rise, while the shape for the fall.

Prietoet al. (1995) explored the F0 peak alignment of the H* accent in Mexican Spanish

in different structural positions. In the language there are cases in which phrase-medial

F0 peaks are displaced further back from the syllable perceptually associated with the H*

pitch accent (as shown in Figure 1.1). Using a similar experimental design to Silverman

and Pierrehumbert (1990), they attempted to clarify the relationship between the peak

location, the segmental duration and other prosodic factors, providing a descriptive model

of the F0 peak placement. A test word which has H* on either the initial, medial or
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final syllable, was placed under different prosodic environments (intonational-phrase-

end, intermediate-phrase-end or phrase-medial), varying the distance between the target

stressed syllable and the following stressed syllable. They demonstrated the effects of

the right-hand prosodic contexts on the F0 peak alignment such as a word boundary, an

intonational- or intermediate-phrase boundary and proximity of the following stressed

syllable: the F0 peak was shifted earlier. Furthermore, as the syllable duration increased,

the duration from the beginning of the syllable to the F0 peak—what they called ‘peak

delay’—increased accordingly: the F0 peak occurred later.

All these earlier studies demonstrated that the alignment of F0 targets is influenced by

contextual factors—word boundary, phrase boundary, stress clash, tonal crowding and so

on.5 In other words, the F0 peak location is a consequence of the complex interaction be-

tween various factors. Particularly, it is obvious that the contextual factors influence the

F0 peak alignment in complicated ways. Although the extent of the effects of these fac-

tors differs between the languages, this can be basically regarded as avoiding a clashing

situation: shifting the pitch accent earlier to put distance, or lengthening the associated

syllable to provide more time (or both).

More recently, further evidence on the regularity of tonal alignment has been provided

in different languages, particularly by Arvaniti, Ladd and their colleagues (Arvanitiet al.

1998; Laddet al.1999, 2000; Atterer and Ladd 2004; Schepmanet al.2006, among oth-

ers). Overall, it has been revealed that, when the factors affecting pitch accent alignment

are properly controlled, both the F0 maxima and minima for pitch accents are consis-

tently aligned with specific segmental landmarks. Moreover, some of the work by Ar-

vaniti, Ladd, and their colleagues share a view that both the beginning and end of a pitch

accent are independently anchored at a specific point in the segmental string, which they

call ‘segmental anchoring’, and that these anchored F0 turning points (F0 maxima and

minima) mainly contribute to shaping an F0 movement of an utterance. In the following

sections, I review such studies about tonal alignment regularities, with a re-examination

of the results of the studies discussed above. I also discuss relevant studies on tonal

alignment in Mandarin Chinese and in Romance languages.

5There is also an extensive investigation into factors affecting tonal alignment in Mandarin Chinese
carried out by Xu and his colleagues (Xu 1997, 1998, 1999, 2001; Xu and Wang 2001; Xu and Sun 2002,
among others). For example, Xu (1997) provided extensive data about surface F0 variations in different
tonal contexts. Since Xu and his colleagues gave their own framework to explain surface F0 variations in
Mandarin Chinese, their work is discussed in Section 1.5.
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1.3 Regularity of alignment patterns

Arvaniti et al.(1998) ran an experiment in Modern Greek to see what factors are respon-

sible for the variability of the F0 peak of prenuclear accent rises, and to evaluate two

possible phonological interpretations (a bitonal accent, L*+H, or a phrase H following a

pitch accent L*) proposed by Arvaniti and Ladd (1995). They unexpectedly found that,

regardless of durational variation by segmental composition, the F0 peak for the prenu-

clear accent was consistently aligned at a specific point in the postaccentual vowel. This

result led them to another experiment in order to confirm this consistent alignment un-

der a condition in which segmental duration was systematically varied. They replicated

the results of the first experiment, and found that there was no systematic relationship

between the rise duration and the F0 difference between the L and the H targets, which

clearly indicated that the L and H tonal targets were independently scaled. They then

conducted another experiment to test whether these consistent alignment patterns were

unaffected in different prosodic environments, varying word stress location and proxim-

ity of the following accent. They found that there was little or no effect of the accent

position in a word on the F0 peak alignment, and no effect of the following accent when

there were at least two unaccented syllables between the accents. They claim that the F0

targets are independently aligned with a specific point in the segmental string.

One of the important findings from Arvanitiet al. (1998) is that both the F0 valley and

peak for the prenuclear pitch accent rise is aligned outside the accented syllable. Since, in

the autosegmental-metrical theory, a starred tone, either H* or L* regardless of whether

it is a monotonal or bitonal pitch accent, is phonetically presumed to occur within the

tone-bearing unit, this is an immediate mismatch between autosegmental representation

of segments and tones and surface temporal synchronisation between segmental events

and tonal events.

Laddet al. (1999) investigated the effect of speech rate (fast, normal and slow) on rising

prenuclear pitch accents in Standard Southern British English. Based on the findings of

Arvaniti et al.(1998), they predicted that ‘the tonal targets would be closer together at fast

rate and farther apart at slow rate, in correlation with the interval between their segmental

anchors’. The results showed a significant positive correlation between syllable duration

and F0 rise duration, and also invariant alignment points for both the valley and peak of

rising F0 contours in the segmental string regardless of the difference in speech rate. The

results thus showed that the interval between the tonal targets varied due to durational

change between the landmarks induced by speech rate change. They claimed that the F0
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level and alignment of tonal targets are the primary determinants of the shape of a pitch

accent.

Laddet al.(2000) explored phonological factors affecting the temporal peak alignment of

rising prenuclear pitch accents in Dutch. They conducted an experiment to look into how

phonological vowel length affects the alignment of rising pitch accents. They showed dif-

ferent alignment patterns depending on phonological vowel length: the peak of the rises

is aligned earlier when the vowel in the accented syllable is phonologically long than

when it is phonologically short. They also showed that the F0 valley of the rises was con-

sistently aligned close to the beginning of the accented syllable. They claimed that there

are two possible reasons for this result: one is consistent length of the F0 rise; the other is

segmental anchoring of the F0 peak to the end of the accented syllable. They performed

another experiment to decide between these two accounts, by taking advantage of the fact

that phonologically long high vowels in Dutch are phonetically almost as short as that of

its counterpart, phonologically short high vowels (Nooteboom and Slis 1972). The result

showed that there is a significant difference in alignment between phonologically long

vowel and phonologically short vowel, though the alignment of the F0 peak was after the

end of the vowel (i.e. the end of the syllable) in both cases. They interpreted the result as

follows: the F0 peak alignment is at the end of the vowel for the long vowel and in the

following consonant for the short vowel, except for the phonologically long unrounded

high front vowel in Dutch which is too short for the rise to complete.

Schepmanet al. (2006) elaborated on the findings of Laddet al. (2000). Dutch materials

were used in which phonological vowel length, and the presence or absence of a suffix

and prefix were carefully prepared, in order to explore the effects of phonological vowel

length and right-hand contextual factors such as stress clash and word boundary. They

found that there is an influence of phonological vowel length on alignment in Dutch

which is possibly partly independent of syllable structure. By comparing different de-

pendent variables defining alignment, they also demonstrated that the most appropriate

measurements for alignment are time intervals between the F0 target in question and a

close segmental landmark.

Atterer and Ladd (2004) explored the alignment of the F0 valley and peak for rising

prenuclear accents in Northern and Southern German. They collected data to compare

the alignment patterns between these German regional varieties, and also these German

alignment patterns to those in English and Dutch reported in their other studies (Ladd

et al. 1999, 2000). The results showed that rising prenuclear accents in German were

aligned consistently later than those in English and Dutch, and that, between the German
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regional varieties, they were aligned consistently later in Southern German than in North-

ern German. Atterer and Ladd conducted another experiment to collect data spoken by

German learners of English in order to look into whether the alignment patterns found

in the first experiment were carried over into the L2 spoken data. They found similar

alignment patterns to those found in the first experiment: the rising prenuclear accent

of Southern German learners was aligned later than that of Northern German learners,

which was, in turn, aligned later than that of native English speakers.

Based on the results of these two experiments, Atterer and Ladd claimed that it is difficult

to explain these fine-grained phonetic differences in alignment in terms of phonologi-

cal association which presumes categorical differences between distinct representations.

Rather, they considered these alignment patterns as part of language-specific phonetics

based on a phonetic continuum of alignment, comparable to cross-linguistic VOT differ-

ences in stop consonants.

There are, to my knowledge, few experimental studies on the regularity of tonal align-

ment under pitch range variation. Knight (2002) explored the effect of changes in pitch

span on the alignment of the F0 peak and plateau.6 Assuming that it takes more time

to reach a higher target in expanded pitch span, she predicted two possible alignment

patterns of the F0 peak, and the onset and offset of the F0 plateau. One is that along with

later peak alignment both the beginning and end of the plateau may shift later whereby

the whole plateau occurs later. The other is that, in order to reach a higher target during

the limited amount of time available, the beginning of the plateau may occur later as well

as the F0 peak, while the end of the plateau earlier, whereby the whole plateau may be

shorter and more tapered. She found that the peak and the onset of plateaux were shifted

later due to pitch span expansion. However, she unexpectedly found consistent alignment

of the offset of plateaux, regardless of changes in pitch range. Knight suggested that the

6A plateauis defined as ‘the range of times around the peak where the F0 value was within 4% (approx-
imating to a range of perceptual quality)’ (Houseet al.1999). As shown in the figure below, the beginning
and end of the plateau are called PON and POF, respectively. LON is the onset of the low level tone.

To Appear: Proc. Int. Congress Phonetic Sciences, San Francisco, 1999

3.2.  Procedure
3.2.1. ProSynth Database.  Our analysis is based on a core
database of over 450 utterances, recorded by a single male speaker
of southern British English. The database includes structures
selected for various aspects of modelling within ProSynth [1].  For
preliminary intonation modelling, the range of prosodic structures
was restricted to a small subset of possible IPs, containing a
maximum of 2 AGs. Nuclear AGs all contained a single foot of one
or two syllables; accented syllables themselves covered a wide
range of sub-syllabic structures. The intonation used for all nuclear
AGs was essentially the same: a (low) falling tone (H*L), consistent
with an unmarked, utterance-final discourse context.

Database speech files have been exhaustively labelled to
identify segmental and prosodic constituent boundaries, using
careful hand-correction of an automated procedure. F0 contours,
calculated from a simultaneously recorded Laryngograph signal,
can be displayed time-aligned with constituent boundaries.

3.2.2. Visual analysis.  Phonological accounts of phrase-final H*L
pitch accents predict that we should be able to model the contour
using an F0 peak (H*) associated with the accented syllable, a
valley (L) representing the end of the fall, and a low boundary tone
(L%) associated with the right edge of the IP. However, in some
contexts the precise location of e.g. H* may be obscured, or there
may be competing positions [6, 7].  In constructing our own F0
template, we treated all observed turning-points as potentially
important, rather than searching for a single H* candidate.  Our
visual analysis of all final AGs confirmed the difficulties reported
in the literature. The peak F0 was often not so much a sharp peak as
a level plateau. For these items, a single turning point to denote the
peak was insufficient.

Within the final foot, three major F0 turning points were
identified: Peak Onset (PON), Peak Offset (POF) (the beginning of
the fall), and Level Onset (LON) (the point from which the low
tone spreads till the end of voicing). The timing of these points
seemed sensitive to type of Onset and Coda in the accented syllable
and to the presence/absence of a post-nuclear syllable (tail) within
the final foot. Four categories of Onset and Coda were potentially
important for F0 timing: (i) empty, (ii) sonorant, (iii) voiced
obstruent and (iv) voiceless.  

Level peaks were observed more often in two-syllable (Tail)
feet, especially in Tail feet with voiced obstruent Onsets, more
variably with sonorant Onsets. POF was found around the middle
of the vowel, and PON either at the beginning of the vowel or
within a  (non-nasal) sonorant Onset. Nasal Onset syllables tended
to have a simple but flattened peak mid-vowel; Tail feet with
voiceless or empty Onsets typically had simple peaks placed early
in the vowel. In Notail feet the simple peak was more common, but
level peaks were observed in a subset of cases of sonorant Onsets,
where PON was located within the Onset and POF near the
beginning of the vowel.

The Level Onset (LON) appeared sensitive to the proximity of
the IP boundary and to Coda type: sonorant or other. In Tail feet,
where the accented syllable had an obstruent Coda, LON occurred
at the end of the vowel; with a sonorant Coda it coincided with the
end of the Coda.  In Notail Feet, where a sonorant Coda was
available to carry the sustained low F0, LON typically occurred at
the end of the vowel; obstruent Codas often pushed LON back to
mid-vowel position.  In a few cases, LON coincided with the IP
boundary.

3.2.3. Informal auditory verification.  To check the validity of
using only PON, POF and LON to model the F0 contour for these

phrases, an informal listening experiment was conducted using
speech synthesized with the MBROLA system [8]. The durational
parameters for synthesis were taken from the natural recording,
while the F0 parameters were modelled on the natural F0 or
simplified according to the three turning points.  Perceptual
comparisons between the natural and the simplified contours
showed that they were essentially equivalent.  However further
simplification always gave a poorer result.

3.2.4. Automatic identification of F0 turning points. The
statistical analysis of the F0 contour described below is based on a
set of essential parameters derived by automatic means from the
Laryngograph recording.  Firstly, the location of the key syllable
components was established using the manual annotations.  Then
the peak F0 value in the accented syllable was found.  The onset
(PON) and the offset (POF) of the peak were then found by finding
the range of times around the peak where the F0 value was within
4% (approximating to a range for perceptual equality). The
schematic representation below illustrates the search for PON
and POF.

Figure 2.  Schematic representation of PON, POF and LON.

To find the onset of the low level tone (LON) a fair estimate of the
final F0 value was found from the mean value of the last 50ms of
the contour.  The onset was then taken to be the earliest point at
which the F0 contour dipped 75% down from the peak value to the
final tail value.  Voiceless regions were ignored.

3.2.5. Statistical analysis.  A set of analyses of variance was
performed separately on the timing of PON, POF and LON. The
timing for each of these was expressed in relation to the (accented)
syllable constituent. To allow for differences in syllable duration
across observations, the distance was measured between each point
and syllable onset, and this distance itself expressed as a proportion
of the syllable duration. The factors in the analysis were Onset type,
Coda type (categories for both: empty, sonorant, voiced, voiceless)
and Foot type (categories: Tail, Notail). A General Linear Model
(GLM) was used for the analysis, combined with a post-hoc Tukey
test to enable significantly different (p<0.01) pairs of means to be
identified. To provide a rough estimate of the relative strength of
the individual factors, a measure of the strength of association,
η2 was calculated (the sum of squares for the factor divided by the
total sum of squares [9]).

4. SUMMARY OF STATISTICAL RESULTS
Of the 457 utterance-final AGs analysed, 193 had Tail feet, and
264 Notail. Within accented syllables, Onset types were: empty
13, sonorant 284, voiced obstruent 55, voiceless 105, Codas:
empty 31, sonorant 161, voiced obstruent 106, voiceless 159.

4.1. Peak Onset (PON)

Foot

PON               POF        LON

4% range

F0-peak

Adapted from Houseet al. (1999).
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stable alignment of the end of plateaux may be of some importance to signal linguistic

structure.

1.4 Romance languages

There is also extensive work on tonal alignment in Romance languages recently carried

out by various researchers (D’Imperio 2000, 2001; Face 2001; Gili Fivela 2002; Prieto

et al. forthcoming, among others). Based on the data of three Romance languages, Cata-

lan, Pisa Italian and Neapolitan Italian, Prietoet al. (forthcoming) pointed out that these

languages have more intricate alignment contrasts than the traditional autosegmental-

metrical theory expresses. For example, Catalan has a three-way phonological distinction

between rising accents: rising accents with aligned peaks, rising accents with delayed

peaks and posttonic rises. In Pisa Italian, there is a difference in the relative position of

the peak within the syllable between broad and narrow focuses: while in a broad focus

accent the F0 maximum is reached later in the syllable, in a contrastive interpretation the

peak is reached earlier within the syllable. In Neapolitan Italian, later alignment of the

F0 peak distinguishes a question from a statement.

In order to properly represent the alignment contrasts in these Romance languages, Pri-

eto et al. (forthcoming) proposed ‘phonological anchoring’ which is a development of

‘secondary association’ originally devised in Pierrehumbert and Beckman (1988). By

phonological anchoring, tones of a pitch accent, like a phrase tone, can be secondarily

associated with metrical edges such as the end of a mora, a syllable and a prosodic word.

They claim that phonological anchoring helps ‘clarify the mapping procedure between

phonological representation and the surface alignment of pitch accents’.

While phonological anchoring is an engaging refinement to describe alignment differ-

ences, it is not free of any complication. As pointed out by Atterer and Ladd (2004),

the encoding of alignment differences into phonological representation can lead to an

unjustifiable increase of distinctions, as their data clearly display. Atterer and Ladd also

allege that it is difficult to treat small alignment differences as phonological categories,

and claim that they are best described as a continuum of phonetic alignment. Although

both notions of ‘phonological anchoring’ and ‘a continuum of phonetic alignment’ in-

tend to account for rather small alignment regularities, there is a disparity between them

in terms of how to encode them into a representation.
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1.5 Mandarin Chinese

A rather large-scale investigation of tonal alignment in a non-European language is a

series of work on Mandarin Chinese by Xu and his colleagues (Xu 1997, 1998, 1999,

2001; Xu and Wang 2001; Xu and Sun 2002). Based on various evidence from their

experimental studies, Xu and Wang (2001) proposed a framework for modelling surface

F0 contours. In their framework, there are four pitch targets and four rules of implemen-

tation. The four pitch targets are two static and two dynamic: [high], [low], [rise] and

[fall], 7 and the implementation rules are:

1. A pitch target is implemented in synchrony with the host, i.e., starting

at its onset and ending at its offset.

2. Throughout the duration of the host, the approximation of the pitch

target is continuous and asymptotic.

3. A falling F0 movement is implemented faster than a rising movement.

4. A pitch target containing a high pitch point is implemented with a

higher F0 peak when followed by a pitch target containing a low point

than when followed by a pitch target with no low point.

Xu and Wang (2001, p. 322)

They also suggest that the implementation rules described above are based on articu-

lartory constraints: ‘the maximum speed of pitch change the larynx can produce’, ‘the

maximum speed at which the larynx can change the direction of F0 movement’, and ‘ar-

ticulatory coordination of the production of pitch targets and their hosts’ (Xu and Wang

2001, p. 329).

One of the characteristics to note about the work by Xu and his colleagues is that it is

heavily dependent on data from Mandarin Chinese. This leads them to build their own

framework which has fundamental differences from the autosegmental-metrical theory

of tone and intonation on which the current study is based. Unlike the autosegmental-

metrical theory of tone and intonation, F0 peaks and valleys do not have their own phono-

logical significance in their framework. They are the by-product of pitch targets and their

implementation. It is claimed that the F0 peak can be predicted by ‘(a) the property of

the pitch target, (b) the properties of the adjacent pitch targets, and (c) the duration of the

7Xu and Wang (2001, p. 321) proposed that the pitch targets are ‘the smallest articulatorially [sic]
operable units associated with linguistically functional pitch units such as tone and pitch accents’. Thus,
the tones in their framework are more abstract than those in the framework on which the current study is
based.
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host’ (Xu and Wang 2001, p. 331). Moreover, according to the framework, peak delay is

given different explanations. It is supposed to occur under two situations: ‘when the pitch

target is [rise] and is followed by a target with a low pitch onset’; ‘when the pitch target

is [high] and surrounded by low pitch values and the duration of the host is sufficiently

short’ (Xu and Wang 2001, p. 332).

Although various F0 phenomena in Mandarin Chinese are well accounted for in their

framework, one of the critical issues to consider is, as mentioned above, that their work

relies almost exclusively on Mandarin Chinese data. Since their theory aims to explain

surface F0 contours basically in any languages as the auto-segmental metrical theory

does, it is important examine which theory is more plausible for further data.

1.6 Ososagariand tonal alignment

There is a well-known phenomenon in Japanese calledososagari(‘late fall’) in which

the beginning of the F0 fall (i.e. the F0 peak) for a pitch accent occurs after the end of

the associated mora (Neustupný 1966; Sugito 1982). While it has been known for some

time, there have been only a few studies on ososagari so far.8 Among the few, Sug-

ito (1982) reported that ososagari tended to occur in the initial-accented words whose

second mora had a non-high vowel. More recently, along with the development of the

autosegmental-metrical theory of tone and intonation, two small scale experimental stud-

ies on tonal alignment were carried out by Kagomiya (1998) and Shinya and Takasawa

(1999). Kagomiya (1998) found that the F0 peak for a pitch accent was aligned differently

in terms of the accent location of a word. Shinya and Takasawa (1999) demonstrated the

effect of right-hand prosodic boundary on the alignment of the F0 peak for a pitch accent,

as did some of the early studies on alignment in other languages. Considering the prelim-

inary findings of these studies, ososagari is more likely to occur in initial-accented words

(and possibly words with accent on the second syllable), and not in words with accent on

other syllables; the F0 peak for a pitch accent may be affected by a right-hand prosodic

boundary. On the other hand, it seems fair to say that these studies are far from satisfac-

tory. For example, Sugito (1982) is not a quantitative piece of research since the findings

were based on a very small set of samples, and the relevant segmental sequences of the

samples included obstruents, which perturbed the F0 tracking, and made it impossible

to look into the precise alignment patterns through the target portion. Thus, in the light

of consistency in tonal alignment recently found in various languages, it seems obvious

8The relationship between F0 peak location and accentperceptionhas been relatively more thoroughly
studied (Sugito 1982; Hasegawa and Hata 1992).
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that quite a few questions remain unclear about tonal alignment, including ososagari, in

Tokyo Japanese.

One of the main focuses of the current study is on the alignment of the accentual F0

rise at the beginning of the initial-accented word. Based on Venditti (2005), which is a

revised version of Pierrehumbert and Beckman (1988), the tonal structures of interest in

the current study are as follows:910

(1.2)

utterance-initial %wL H*+L ...

utterance-medial wL% H*+L ...

There are two main reasons for using this specific LHL sequence in Tokyo Japanese.

Firstly and most importantly, this isthe tonal sequence in Tokyo Japanese which is most

comparable to those used in previous studies on tonal alignment in other languages.11

The data on this tonal sequence thus enables us to make a direct comparison with the

alignment patterns between the languages. Secondly, as reported in previous work (e.g.

Sugito 1982), ososagari is more likely to occur in initial accented words, and the segmen-

tal composition of the accented syllable also seems to play a role in the F0 peak location.

Considering the findings from previous work, I presume that the data of initial-accented

words are most crucial to revealing tonal alignment in Tokyo Japanese. In addition, it is,

practically, much easier to prepare materials with exhaustive segmental combinations in

an initial-accented syllable than in a non-initial accented syllable.

Before presenting the main purposes of the experiments of the present study, I give a

summary of Tokyo Japanese prosody in the following two sections. The next section

provides a brief outline of accent and intonation in Tokyo Japanese. The section after the

next discusses, with various types of evidence, the phonological relevance of syllable,

mora and quantity in Tokyo Japanese, relevant to the current study.

9wL is a variant of the phrase-initial low tone. It is posited to describe the shorter and higher-valued
F0 valley occurring at the beginning of the accentual phrase with accent on the initial syllable and with the
long initial syllable (Pierrehumbert and Beckman 1988).

10Although the associations of the boundary low tones (%wL and wL%) are different (‘%’ indicates
the location of the accentual phrase boundary with which the boundary tones are associated), these two
structures are equivalent: the boundary low is at the (left or right) edge of the accentual phrase, and the
pitch accent, H*+L, is associated with the accented initial syllable.

11Of course, the pitch accent type of the accentual rise of the current study is not identical to that of the
previous studies. For example, H* was the pitch accent in Silverman and Pierrehumbert (1990) and Prieto
et al.(1995). In some other studies, thepitch accent typeis simply their empirical and theoretical question.
Nonetheless, they are all an accentual F0 rise.
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1.7 Accent and intonation in Tokyo Japanese

While the accent and intonation system of Tokyo Japanese has been studied in a variety

of frameworks, there are several points generally agreed across them:

(1.3) a. One characteristic pitch pattern, namely a high-low tonal sequence, marks

the word accent.

b. A word has at most one accent on any syllable or can be unaccented.

c. Thus,n-syllable words haven+ 1 possible accentuations.

d. Phrase initial moras have a low tone and second moras have a high tone

unless the word in that position has an initial accent.

Keeping these in mind, I will outline the ways in which different analyses describe the

pitch accent system of Tokyo Japanese in the following paragraphs.

In the traditional description of word accent in Japanese, it has been assumed that each

mora in a word is lexically specified as either High or Low, and this description is still

common in quite a few dialectal studies (e.g. NHK 1998). A classic generative descrip-

tion by McCawley (1968) also treats word accent in the same fashion.

(1.4)

ka ra su ko ko ro mu su me sa ku ra

‘crow’ ‘mind’ ‘daughter’ ‘cherry tree ’

Words in (1.4) are a set of examples of three-syllable words. As stated in (1.3c), there are

four accent types. The last two appear to have the same accent pattern as a citation form,

but the former has the accent on the third syllable, while the latter has no accent. With the

nominal particle,-ga, attached after the words, the accentual difference becomes clear,

as shown below.

(1.5)

mu su me (-ga) sa ku ra (-ga)

In an early autosegmental analysis of Japanese accent by Haraguchi (1977), tones and

vowels are separated on different tiers (‘segmental’ and ‘tonological’), and, when a word

is an accented word, only one vowel of the word is specified with a star (*) in the lexicon.

In a series of derivations, tones (H and L) are inserted and fully associated with the vowels
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by various association rules and conventions. Applications of them generate surface

accent patterns, comparable to those in (1.4), as in (1.6).

(1.6)
*ka ra su

%%
H L

*koko ro

L H L

*musume
ee

L H

sa ku ra
ee

L H

While Haraguchi’s work seems to employ richer representation and more elaborated tonal

specification mechanisms, it is little more than a notational variant of the traditional anal-

ysis. Considering the results from more recent studies, there is no distinction between

the H tone associating with the accented mora and the H tones associating with the unac-

cented moras, in spite of the fact that they are phonetically different. Moreover, like the

traditional description, his analysis assumes fully specified tonal representation.

An essentially different approach to Japanese accent and intonation has been developed

over the last two decades, based on a series of experimental studies (Poser 1984; Beck-

man and Pierrehumbert 1986; Pierrehumbert and Beckman 1988; Venditti 1997, 2005).

This approach, together with intonation studies of other languages, is now called the

autosegmental-metrical theory of intonation (Bruce 1977; Pierrehumbert 1980; Ladd

1996, among others). Unlike previous theories which assume full association of tones

with tone-bearing units, this theory regards tones to be sparsely distributed at well-

defined locations in the prosodic structure (phonetic underspecification). A distinction

is made between the pitch accent, H*L, and the phrasal high tone, H, which are not

treated as different elements in previous studies such as McCawley (1968) and Haraguchi

(1977), as discussed above. An example of the structure is shown in Figure 1.2. A pitch

accent, HL, associates with a specified mora (e.g./se/ in /seetaa/). A boundary low tone,

L, and a phrasal high, H, associates with the first mora/a/ and the second mora/ne/ of an

unaccented word/ane/, respectively. The boundary tone, L, marking the right edge of the

accentual phrase/ane-no/ associates with the first mora of the following accentual phrase

/akai/ since the first syllable is short and unaccented.

1.8 Syllable, mora and quantity in Japanese

Different languages exploit possible prosodic units to different degrees in their own ways.

In Tokyo Japanese, the syllable and the mora are both relevant prosodic units below the

prosodic word for the description of the language.12 On the one hand, much evidence is

12The (bimoraic) foot is also an important unit below the prosodic word, but it is not considered here.
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Figure 1.2: Prosodic and tonal structure of a phrase/ane-no akai se’etaa-wa do’ko desuka/
‘Where is big sister’s red sweater?’ adapted from Pierrehumbert and Beckman (1988, p.
21)

provided that the mora plays a role in various phonological and morphological phenom-

ena such as a timing unit, a determinant of phonological length of words and phrases, the

segmentation unit, the perceptual unit, and the unit defining the bimoraic foot. On the

other hand, although it has been neglected in Japanese linguistics for some time, the syl-

lable is also an indispensable unit to characterise phenomena related to word formation

and syllable weight.13

While various kinds of evidence support the significance of the mora and the syllable

in Tokyo Japanese, the definitions of the tone-bearing unit and the accent-bearing unit,

where the mora and the syllable are arguably relevant, are implicit and inconsistent across

the analyses. In a linear phonological analysis by McCawley (1968) where fully tonal

specification for the mora is presumed, it is argued that both the mora and the syllable are

relevant for accentuation: the former as the tone bearing unit, and the latter as the accent

bearing unit. Given that each mora is fully associated with a tone, one-syllable word,

13For a comprehensive review of phonological relevance of the syllable and mora in Japanese, see Kubo-
zono (1999).
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/kaN/ (HL) ‘completion’ has a High on the first mora,/ka/, and a Low on the second mora,

/N/, while /kaN/ (LH) ‘sense’ has a Low on the first mora and a High on the second mora.

On the other hand, the syllable also plays a role in accentuation. It is regarded as the

bearer of accent, since a two-mora syllable always has a accentual High on the first mora.

For example, while/koorogi/ ‘cricket’ (HLLL) is an actual word in Tokyo Japanese, there

is no such word as/koorogi/ (LHLL). However, /kogaisja/ ‘subsidiary company’, whose

second mora is a syllable itself, can bear an accentual High on the second mora with the

accent pattern as LHLL (Shibatani 1990, p. 160). If the mora alone determined Japanese

accentuation, then this restriction cannot be invoked. A clearer case is the loanword

accentuation. Loanwords can be divided on the basis of their accentuation. One of the

groups follow the ‘loanword accent rule: place an accent on the syllable containing the

antepenultimate mora’ (Kubozono 1999).

(1.7) a. o-o.su.to.ra.ri.a ‘Australia’, de-n.ma-a.ku ‘Denmark’

b. wa.si-n.to-n ‘Washington’, su.pa-i.da-a ‘spider’

(In (1.7), the dot and the hyphen are syllable and mora boundaries, respectively. Where

there is a syllable boundary, there is also a mora boundary. The location of lexical accent

is underlined. Examples are taken from Kubozono (1999).) While, with words like those

in (1.7a), it appears that the accent is placed on the antepenultimate mora, it is neces-

sary to refer to the syllable containing the antepenultimate mora to explain the accent

placement of words like those in (1.7b).

Although it is certain that the syllable plays a role in accent placement, it is imprecise to

define it as ‘the accent-bearing unit’ in the theory where full association is assumed. As

stated in (1.3a), the high-low tonal sequence marks the word accent, and, in an accented

word with only short syllables likeko.ko.ro‘heart’ (LHL), the last two syllables (‘ko.ro’)

bear the accent (HL), which is inconsistent with the definition that the syllable is the

accent-bearing unit.

In Haraguchi (1977), the tone-bearing unit is assumed to be vowels and the moraic nasal,

both of which, he argues, should be voiced. It is implicitly regarded that the star (*) is

specified to the first mora of two-mora syllables like vowel geminates or vowels followed

by a moraic nasal. Since the specification of the accentual HL sequence is determined by

association rules and conventions, the syllable is irrelevant in marking the accent.

In the autosegmental-metrical theory of Japanese intonation, Poser (1984) proposes that

the accent is a H tone linked to a particular mora in the lexical entry for accented words.
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Pierrehumbert and Beckman (1988) propose that the accent tone, T, on the tone tier which

is linked to the mora or the first mora of a two-mora syllable branches into the H and L,

while they do not clearly state whether accentual tones are lexical or post-lexical.

1.9 Outline of the thesis

Three speech production experiments were performed in the current study. Chapter 2

gives an overview of the data collection. Chapters 3, 4 and 5 present the data collected

under different experimental conditions. The first experiment examined the alignment

of the F0 targets at the beginning of initial-accented words, varying the syllable/mora

structures of the accented syllable. The second experiment explored how the alignment

patterns, found in the first experiment, were influenced in different speaking modes; the

speaking modes of interest were fast speech rate, raised voice, and local emphasis. The

third experiment compared the F0 peak alignment of unaccented and non-initial-accented

words to those of initial-accented words. In Chapter 6, in the light of the data gathered

in these experiments, I discuss theoretical issues outlined in Chapter 1, and also suggest

future directions of research.



C 2

General Method

2.1 Introduction

This chapter provides an overall description of the data collection and analyses of this

project. As stated at the end of the previous chapter, there are three chapters on the

experiments, and each chapter is concerned with different factors of interest related to

tonal alignment:

Chapter 3 syllable and mora structures

Chapter 4 speaking modes

Chapter 5 accent types and locations

The data were collected via a series of recordings: it took approximately an hour for a

speaker to perform. Each session has an analogous arrangement, apart from the factors

in question. The details of the recordings are first described in the following section.

2.2 Materials

2.2.1 Test words

Fifteen groups of five test words were prepared in such a way that each group varied in

initial segmental composition and accent type (see Tables 2.1, 2.2 and 2.3). Test words

were systematically collected to contain only vowels and sonorants (mostly nasals) in

target sequences for the F0 tracking and segmentation, and to balance, as far as possible,

the effects of intrinsic segmental properties on the F0 in each group. While the num-

ber of moras of unaccented and initial-accented words ranged between 3 and 5 (mainly

18



CHAPTER 2. GENERAL METHOD 19

3 or 4), that of second-, third- and fourth-syllable accented words was between 3 and

6 (mostly 4 or more). The target sequence of the test words was the first two moras

for unaccented words, and the accented mora and the mora following it for accented

words. Six different types of initial segmental make-up were arranged only for unac-

cented and initial-accented words, as shown in Tables 2.1 and 2.2. Second-, third- and

fourth-syllable-accented words were less comprehensive and thus fewer than unaccented

and initial-accented words, because of the limitations of collecting possible real words

(see Table 2.3).

#CV+CV. . . ne+mimi ni+meN+sei ni+mame ni+mono ma+na+mi
#CVCV. . . mimi+nari minamoto mono+no+ke nami+nari nama+nie
#CVR. . . mee+moku moo+moku noo+miN neemiNgu maazjaN
#CVV. . . mainasu nai+meN moe+nokori mae+muki niamisu
#CVN. . . maNneri niNniku niN+mei neN+matu naN+miN
#CVQ. . . maQ+seki maQ+satu miQ+situ niQ+saN meQki

Table 2.1: Unaccented words (# is a word boundary, and+ is a morpheme boundary. C
is an onset consonant, and V is a vowel. R, N and Q are the second part of a long vowel,
a moraic nasal and moraic obstruent, respectively. The second vowel of CVV is different
from the first one. (i.e. ‘VR’ indicates a long vowel, and ‘VV’ of CVV a diphthong.)

#CV+CV. . . mo+naka na+no+hana no+naka no+miti mi+nari
#CVCV. . . minimamu momizi namida mineraru memorii
#CVR. . . naabasu nuudoru mee+nichi noo+nai mii ra
#CVV. . . mai+nichi mairudo noize nao+ki noeru
#CVN. . . meNma maNmosu neN+maku niN+mu neNne
#CVQ. . . meQseezi meQka maQ+ki maQto miQto

Table 2.2: Initial-accented words (see Table 2.1 for special symbols).

2.2.2 Carrier sentences

All the test words were placed in two types of the carrier sentences in the first three

sessions:

• X-ga kaitearimasu.(‘X is written.’);

• Sokoni X-ga kaitearimasu.(‘X is written there.’).

There were two reasons for using these two types of carrier sentences; one was to look

into the effect of prosodic boundaries (left-hand in this study); the other to manifest the
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F0 valley before the target F0 peak. Additionally, an unaccented accentual-phrasesokoni

was used in order to avoid a clashing effect due to the use of an accented accentual phrase.

In the terminology of the Japanese ToBI system (Venditti 2005), these two sentences were

expected to be pronounced as a single intonation phrase.1 The first sentence consists of

one or two accentual phrases with a test word at the beginning, and the second of two

or three accentual phases where a test word was at the beginning of the second. Their

tonal structures can be assumed as follows: for the intonation phrases with the target

unaccented accentual phrase,

• %L H- L%
One accentual phrase; utterance-initial test word

• %L H- L% H- L%
Two accentual phrases; utterance-internal test word

and, for the intonation phrases with the target accented accentual phrase,

• %L (H-) H*+L L%
One accentual phrase; utterance-initial test word

• %L H- L% (H-) H*+L L%
Two accentual phrase; utterance-internal test word

In the scripts of the fourth session, test words were put in slightly different carrier sen-

tences to help the subjects to emphasise the target word;

• Y-deha naku, X-ga kaitearimasu.(‘Not Y, but X is written.’);

• Y-deha naku, sokoni X-ga kaitearimasu.(‘Not Y, but X is written there.’).

Although preceded by an extra phrase, the target phrases were the same as those of the

other three sessions (however, their tonal structures were expected to be different due to

the difference in the reading tasks. See Section 3.2.3 for details).

2.3 Subjects

Eighteen native speakers of Tokyo Japanese were recruited at Sophia University in Tokyo.

They were students, undergraduates and postgraduates, at the university, aged between 19

and 28: eight female undergraduates, two male undergraduates, one female postgraduate

1Comparable to an ‘intermediate phrase’ in Pierrehumbert and Beckman (1988).
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and seven male postgraduates. For their participation in the experiment, the speakers

were rewarded with 2000 yen, roughly 10 pounds.

2.4 Recording and reading tasks

The recording was conducted in a sound treated studio at the Phonetics Laboratory of

Sophia University in Tokyo, with a digital audio tape (DAT) recorder (Sony TCD-D8) and

an electret condenser microphone (Sony ECM-MS907). The recording of each speaker

was made up of four different sessions (see below), with a break between each. In each

session, after an appropriate instruction by the author and a brief practice, speakers read

the sentences printed on sheets of A4 paper, one by one. Test sentences were mixed

with filler sentences in random order by the ‘rline’ programme2 set in the UNIX/Linux

system at the Edinburgh University Department of Theoretical and Applied Linguistics.

The first and last sentences of each sheet were filler sentences to reduce the effect of

turning sheets. Each sheet had seventeen sentences. The sessions were set up in such a

way that the speakers would be unable to tell when a session would finish: filler sheets

were placed after the genuine sheets. No instruction was given during the sessions, and

misread and disfluent sentences were repeated according to each subject’s own decision.

Each session was spent on one type of reading task, and subjects were minimally in-

structed by the author in what manner to read the material (apart from the instructions

below, the subjects were not further directed either before or during the sessions).

First session to read as naturally as possible.

Second to read as if talking to someone on the other side of a busy street.

Third to read as fast as possible.

Fourth to place emphasis on the word printed in bold face.

With these instructions, they read aloud the material, from which four types of data were

expected (with a certain degree of intra- and inter-speaker variation): normal, raised

voice, fast and local emphasis.

2‘rline’ is a command-line program which arranges the lines of an input text file in random order, and
produce an output text file with the arranged lines.
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2.5 Analysis procedures

2.5.1 Corpus description

In anticipation of unusable or unsuitable data, more subjects were collected than neces-

sary for the statistical analyses carried out in this study. Out of the eighteen speakers

recorded, complete acoustic analyses were carried out for seven. The rest were discarded

for various reasons: (1) most importantly because they found it difficult to speak fast or to

raise their voice; (2) because they had lived for a certain period during their lives outside

the region where Tokyo Japanese is spoken; (3) because they produced utterances with

prosodic structures inappropriate to this study. These seven speakers whose recordings

were fully analysed consisted of four females and three males, and none of them had any

speaking or hearing difficulties.

2.5.2 Data conversion, annotation and measurements

With the equipment in the TAAL Laboratory of the University of Edinburgh, recorded

materials taken on DAT tapes were digitised at a sampling rate of 16 kHz after appro-

priate low-pass filtering, and transferred to a Sun Sparc Ultra-1 workstation. Digitised

speech signals, which were very large files containing many utterances, were cut into

small sound files including one test word each, with the aid of Praat scripts written by

Mietta Lennes which automatically set boundaries at pauses on the basis of an intensity

analysis3

Annotation and acoustic measurements were performed using Praat.4 The segmentation

was carried out manually on the basis of the visual display of the oscillogram and the

spectrogram with a controlled cursor. If there were two candidates for a segmented point,

the earlier was always taken. The segmentation points were basically marked at zero in

amplitude (zero crossing), except for cases like the release of voiced stops. Since almost

all target sequences were composed of nasals and vowels, there was little difficulty in

locating a boundary between the target segments. Only when it was hard to place a

boundary in the waveform, did I rely on the wide-band spectrogram. Figure 2.1 shows

examples of the segmentation. Target F0 minima and maxima were located via parabolic

3For more detail, seewww.helsinki.fi/˜lennes/praat-scripts/
4For detail of Praat, visitwww.praat.org
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C0 V0 C1 V1

Time (s)
0.23 0.4

V1 C2 V2

Time (s)
0.36 0.54

Figure 2.1: Portions of the oscillogram of utterance-initial ‘nonaka’: the top shows/non/
of /nonaka/ (from C0 to V1); the bottom,/ak/ (from V1 to V2).
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| C | V | C | V |

C0 V0 C1 V1

| C | V | N C | V

C0 V0 C1 V1

| C | V V | C | V

C0 V0 C1 V1

1

Figure 2.2: Labelling scheme of target sequences. A vertical line (‘|’) is a segmented
point. The letters below the vertical line are the labels. The first segment of a target
sequence starts from zero (e.g. ‘C0’). The first sequence is for CV+CV and CVCV; the
second for CVN; the third for CVR (a long vowel) and CVV (a diphthong).

interpolations between selected portions around them.5

Figure 2.2 shows the labelling scheme of target sequences. Target sequences were la-

belled at the beginning—i.e. point, not section—of each segment, and the first segment

of a target sequence was labelled starting from zero. So thebeginningsof the first con-

sonant and the first vowel of a target sequence were labelled ‘C0’ and ‘V0’, respectively.

While C0 and V0 can be used as a phonologically common segmental point for the F0

peak alignment (C0 to H, and V0 to H), it was unavoidably impractical to establish a seg-

mental point which was phonologically common to all types of the segmental sequences,

if required to choose the nearest segmental point to the F0 peak, as suggested in Atterer

and Ladd (2004). For example, ‘C1’ is acoustically at the end of the initial vowel across

the groups, but it is phonologically not the identical place. ‘C1’ is the end of both the

syllable and mora for CV+CV and CVCV; only the end of the mora for CVN; only the

end of the syllable for CVR and CVV. Therefore, three types of measurements were used

in the following section to examine the F0 peak alignment: alignment of H (F0 peak)

relative to C0; alignment of H relative to C1; alignment of H relative to V1.

5It might be possible to claim that, instead of the F0 peak and valley, some other features of the F0 curve
can be employed as appropriate mesurements. However, there are at least two good reasons for measuring
the F0 peak and valley for the current study. Firstly, it is empirically well-established in Japanese phonetics
to measure F0 peaks and valleys as linguistically relevant intonational features (e.g. Pierrehumbert and
Beckman 1988). Secondly, it often happens that it is unattainable to detect relevant F0 peaks and valleys,
thus alternative F0 features need to be drawn on. However, it is of little difficulty to locate the relevant F0
peak and valley in the current study.
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Figure 2.3: Oscillogram, spectrogram, F0 trace and labels of one of the tokens (utterance-
initial ‘nonaka’).

Figure 2.3 is an example of the labelling. As shown in Figure 2.3, both segmental and

tonal labels were put in the same field for later measurements. In order to reduce errors of

manual labelling, a Praat script was used to semi-automatically place labels at appropriate

boundaries in the field, based on the character string of the file name. For example, after

manually placing boundaries in the field of a file (e.g./nonaka/), based on the character

string of the file name (‘n’, ‘o’, ‘n’, ‘a’, ‘k’ and ‘a’), the script was run to insert ‘C0’ at

the beginning of/n/, ‘V0’ at the beginning of the/o/, and so on. Furthermore, annotated

files were later processed with abashshell script which checked missing labels in the

annotated files to find mistyping and mislabelling.

After the labelling, semi-automatic data extraction was performed on the duration of por-

tions of interest and the annotated F0 maxima and minima, with the aid of Praat scripts.

The values of the annotated F0 minima and maxima were obtained via an autocorrelation

method of F0 estimation (Boersma 1993).
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2.5.3 Statistical analysis

The statistical analyses consisted of testing for significant effects of independent vari-

ables, such as structure and speaking styles, on various dependent variables, mainly us-

ing appropriate ANOVAs. The details will be given where relevant in the subsequent

chapters.
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Regularity in tonal alignment

3.1 Introduction

As described in Chapter 1, there is a well-known phenomenon in Japanese calledososagari

(‘late fall’) in which the beginning of the F0 fall (i.e. the F0 peak) for a pitch accent oc-

curs after the end of the associated mora (Neustupný 1966). There are a few preliminary

descriptions of ososagari provided so far. For example, Sugito (1982) reported that os-

osagari tends to occur in the initial-accented word whose second mora has a non-high

vowel. However, there has been no detailed study which thoroughly looked into, for ex-

ample, in what environment ososagari occurs in terms of different prosodic structures, or

to what extent it occurs whenever it occurs. It thus seems fair to say that the description

of ososagari is still partial and far from complete. One of the purposes of this chapter is

to provide more comprehensive data of ososagari (and non-ososagari).

Another purpose is to investigate whether there is any regularity in the alignment of

F0 targets, particularly of the F0 peak, in Tokyo Japanese. Recent alignment studies, as

discussed in Chapter 1, provide evidence for fairly consistent language-specific alignment

patterns of F0 targets (both F0 valley and peak) in various European languages (Arvaniti

et al.1998; Laddet al.1999, 2000; Atterer and Ladd 2004, among others). I would like

to examine whether similar alignment regularity can be found in Tokyo Japanese.

The other purpose, related to the second one, is to decide what measurement is most suit-

able for the current study on tonal alignment in Tokyo Japanese. Different measurements

are used in previous studies to explore tonal alignment—for example, the alignment of

the F0 peak relative to the beginning of the syllable rhyme, or the alignment of the F0

peak relative to the end of the syllable—mainly because of the different purposes of those

28



CHAPTER 3. REGULARITY IN TONAL ALIGNMENT 29

Phoneme Syllable Mora Gloss
CV+CV /mi+nari/ mi.na.ri mi-na-ri ‘appearance’

CVCV /namida/ na.mi.da na-mi-da ‘tears’
CVN /maNmosu/ maN.mo.su ma-N-mo-su ‘mammoth’
CVR /nuudoru/ nuu.do.ru nu-u-do-ru ‘noodle’
CVV /mairudo/ mai.ru.do ma-i-ru-do ‘mild’

Table 3.1: Examples of the five types of the syllable/mora structure for the initial-
accented word. ‘C’ is an onset consonant, and ‘V’ is a vowel. ‘N’ and ‘R’ are a moraic
nasal and the second part of a long vowel, respectively. The second vowel of CVV is
different from the first one; ‘VV’ of CVV indicates a diphthong and ‘VR’ a long vowel.
The accented syllable is shown in bold type. A plus sign, a dot, and a hyphen are a
morpheme, syllable and mora boundaries, respectively.

studies. It is not yet clear which measurement is more plausible among the different mea-

surements, or whether it should be decided depending on the nature of data to be studied.1

As demonstrated in previous alignment studies on other languages, tonal alignment can

naturally be a rather complicated subject to deal with because of the large number of

factors involved. Some of the factors therefore should be explored separately in order

to gain a precise understanding. Considering the findings discussed in Chapter 1, par-

ticularly the observation in Sugito (1982) which suggested the relevance of structural

difference of the accented syllable, I first set up an experiment to collect data in terms

of the different structures of the accented syllable of the initial accented word. There are

five different syllable/mora structures of the target accented syllable for the material in

this experiment.2 Sample words for the structures are shown in Table 3.1. The initial

syllable bears the accent, and is mono-moraic for the words of CV+CV and CVCV, and

bi-moraic for those of CVN, CVR and CVV.

In order to obtain data comparable to those in previous studies, test words were placed

in two positions in an utterance, expecting to be produced with tonal structures as shown

below:3

(3.1) utterance-initial %wL H*+L ...

utterance-medial wL% H*+L ...

1But see the discussions of Appendix A in Atterer and Ladd (2004) and of Schepmanet al. (2006).
2See Section 2.2.1 in Chapter 2 for the full details of the material.
3See Section 2.2.2 in Chapter 2 for full details of the carrier sentences.
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The H* of H*+L is associated with the initial syllable of the test word. The %wL and

wL% are associated with the left and right edges of the acccentual phrase, respectively,

without the secondary association with a mora at the accentual phrase boundary.

With the material presented here, the first experiment was carried out in order

• to provide a comprehensive data of the alignment of the F0 targets (including os-

osagari) at the beginning of the initial-accented accentual phrase; and

• to test the hypothesis that there are differences in alignment due to syllable/mora

structures.

3.2 Results

I start with a visual inspection item by item in Section 3.2.1 in order to obtain a pic-

ture of how ososagari occurs in different syllable/mora structures, and also to look into

which measurement is suitable for quantitative analyses in the following section on the

F0 peak alignment (Section 3.2.2). I then present the data of the alignment of the F0 val-

ley for L: the visual inspection in Section 3.2.3, and the quantitative analyses in Section

3.2.4. Graphical acoustic representations for the visual inspections below are based on

the annotated data described in Section 2.5.2 of Chapter 2.

3.2.1 Visual inspection of ososagari and the F0 maximum

Figure 3.1 shows examples of the F0 peak for initial-accented words which begin with

the CV+CV and CVCV sequences.4 Ososagari (i.e. peak delay) clearly occurred in most

items across the subjects regardless of the presence or absence of a morpheme boundary.5

As can be seen in the examples on the left (/na+no+hana/, /mi+nari/ and/mo+naka/), the

F0 peak occurred after the end of the accented syllable (i.e. after the end of the vowel

of /na/, /mi/, and/mo/, respectively), and was aligned just around the beginning of the

vowel of the following syllable, which corresponds to the observation in Sugito (1982)

that ososagari tends to occur in initial-accented words whose second mora has a non-high

vowel. However, similar alignment also occurred in the initial-accented words whose

second mora has a high vowel, as can be seen in the examples on the right. In fact, this

alignment pattern was uniformly observed regardless of the segmental composition of the

first two syllables, which clearly departs from Sugito’s characterisation. I believe that her

4For comparison, all the examples in this section are from the data of one male speaker (Speaker TN).
5There were eight non-ososagari items out of 140 (20 items× 7 subjects): four from one of the subjects,

and four from another.
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Figure 3.1: Examples of the F0 peak for initial-accented words which begin with the
CV+CV and CVCV sequences. The CV+CV items are from the top to bottom on the
left: /na+no+hana/ ‘rape blossoms’,/mi+nari/ ‘appearance’ and/mo+naka/ ‘bean-jam-
filled wafers; the CVCV items from the top to bottom on the right,/mineraru/ ‘mineral’,
/namida/ ‘tears’ and/momizi/ ‘red leaves’.

characterisation is imprecise because it was based on a very small set of words without

quantitative analysis.

Clear ososagari did not happen in the items of the other three sequences. In the items of

CVN, as shown in Figure 3.2, the F0 peak occurred just around the end of the first mora

(around C1 in Figure 2.2 of Chapter 2) in most cases across the subjects regardless of the

vowel type of the accented syllable.

In the items of CVR (‘R’ is the second part of a long vowel), the F0 peak occurred

within the long vowel of the accented syllable, as shown in Figure 3.3. Although it
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Figure 3.2: Examples of the F0 peak location for initial-accented words which begin with
the CVN sequence./meNma/ ‘bamboo shoots’,/niN+mu/ ‘duty’, /maNmosu/ ‘mam-
moth’ and/neNne/ ‘sleep’ (N is a moraic nasal).

was impossible to locate the boundary between the two moras in the long vowel, it was

aligned somewhere slightly after the middle, regardless of the vowel type and across the

subjects.

In the items of CVV (‘VV’ of CVV is a diphthong), the F0 peak occurred within the

vowel sequence, as in the CVR items, though its location appeared to depend on the

vowels comprising the vowel sequence (see Figure 3.4). While the F0 peak occurred

after the middle of the vowel sequence in almost all cases, it tended to occur later when

the first vowel of the vowel sequence was a low vowel. This tendency was observed

across the subjects.

Visual inspection revealed that ososagari was realised differently according to the syl-

lable/mora structure: CV+CV and CVCV (with ososagari) vs. CVN, CVR and CVV

(without obvious ososagari). It was also (though impressionistically) observed that the

F0 peak was aligned with certain places in the segmental sequence in fairly consistent

manners depending on the syllable/mora structures: with the beginning of the vowel of

the syllable following the accented syllable for CV+CV and CVCV; with the end of
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Figure 3.3: Examples of the F0 peak for initial-accented words which begin with the
CVR sequence. ‘R’ is the second part of a long vowel./meeniti/ ‘the anniversary of
somebody’s death’,/nuudoru/ ‘noodle’ /miira/ ‘mummy’ and/naabasu/ ‘nervous’.
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Figure 3.4: Examples of the F0 peak for initial-accented words which begin with the
CVV sequence. ‘VV’ of CVV is a sequence of two different vowels./mairudo/ ‘mild’,
/nao+ki/ ‘Naoki (male name)’,/noizu/ ‘noise’ and/mai+niti/ ‘daily’.
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Figure 3.5: Mean duration from C0 to H in seconds. ‘C0’ is the beginning of the target
word, as shown in Figure 2.2 of Chapter 2. The value zero in the graph amounts to C0.

the vowel of the accented syllable for CVN; in the middle of the vowel of the accented

syllable for CVR and CVV.

3.2.2 Alignment of the F0 maximum

Figure 3.5 shows the alignment of H to C0.6 The F0 peak was on average aligned 152 ms

after C0 in the CV+CV; 162 ms after C0 in the CVCV cases; 157 ms after C0 in the CVN

cases; 148 ms after C0 in the CVR cases; and 155 ms after C0 in the CVV cases. The

data were analyzed in a two-way (5×7) mixed design ANOVA, with items as the random

factor, Structure (structures of the target syllable) as a within-items factor, and Speaker

as a between-items factor.7 The ANOVA showed that there was no significant effect of

Structure:F(4,216)= 2.409;p = 0.05: no significant interaction between Structure and

Speaker:F(24,216)= .883;p = .626. The mean values for Speaker differed significantly

beyond the 1% level:F(6,54)= 9.462;p < 0.0005.8

6The tables of the measurements described in the current chapter are all in Appendix A.
7Pseudo F-test is an alternative test to the ANOVA used here, but the ANOVA was employed because

of its accessibility in SPSS 12.0.
8Post hoc comparisons using the Tukey test indicated that the mean for RM was significantly different

from that of all the speakers except TN, or vice versa. The mean for TN was significantly different from
that of AK, FS, NI and ST, or vice versa.
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Figure 3.6: Mean duration from H to C1 in seconds. ‘C1’ is the end of the initial mora
(as well as the initial syllable) for CV+CV and CVCV; it is the end of the initial mora
(not the initial syllable) for CVN; it is the end of the initial syllable (not the initial mora)
for CVR and CVV, as shown in Figure 2.2 of Chapter 2. ‘cv1’ stands for CV+CV, and
‘cv2’ for CVCV.

Figure 3.6 shows the alignment of H to C1. The F0 peak was on average aligned 47

ms after C1 in the CV+CV cases; 57 ms after C1 in the CVCV cases; just about C1

(0.2 ms before C1) in the CVN cases; 53 ms before C1 in the CVR cases; and 48 ms

before C1 in the CVV cases. Again, the data were analyzed in a two-way (5×7) mixed

design ANOVA, with items as the random factor, Structure (structures of the target syl-

lable) as a within-items factor, and Speaker as a between-items factor. The ANOVA

showed that the mean values for Structure differed significantly beyond the 1% level:

F(4,208) = 323.498;p < 0.0005. There was no significant interaction between Struc-

ture and Speaker:F(24,208) = .731;p = .816. The mean values for Speaker also

differed significantly beyond the 1% level:F(6,52) = 15.896;p < 0.0005. A post hoc

Bonferroni test revealed a significant difference between the target sequences (p < 0.05).

The five target sequences thus can be grouped into three types—i.e. before, around, and

after C1—in terms of the F0 peak alignment.

Figure 3.7 shows the alignment of H to V1. The F0 peak was aligned 5 ms before V1

in the CV+CV cases; 1 ms before V1 in the CVCV cases; 100 ms before V1 in the

CVN cases; 92 ms before V1 in the CVR cases; and 95 ms before V1 in the CVV cases.
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Figure 3.7: Mean duration from V1 to H in seconds. ‘V1’ is the beginning of the vowel
of the second syllable across the groups, as shown in Figure 2.2 of Chapter 2. The value
zero in the graph amounts to V1. ‘cv1’ stands for CV+CV, and ‘cv2’ for CVCV.

Again, the data were analyzed in a two-way (5×7) mixed design ANOVA, with items as

the random factor, Structure (structures of the target syllable) as a within-items factor, and

Speaker as a between-items factor. The ANOVA showed that the mean values for Struc-

ture differed significantly beyond the 1% level:F(4, 196)= 200.842;p < 0.0005. There

was no significant interaction between Structure and Speaker:F(24,196) = .812;p =

.719. The mean values for Speaker also differed significantly beyond the 1% level:

F(6,49) = 13.024;p < 0.0005. A post hoc Bonferroni test revealed a significant dif-

ference between the target sequences (p < 0.05), and it can be regarded that there are

two types of the F0 peak alignment: one around V1 for CV+CV and CVCV, the other at

approximately 100 ms before V1 for CVN, CVR and CVV.

The F0 peak of CVR and CVV occurred in the two-mora vowel of the accented syllable.

Figure 3.8 shows the proportional F0 peak location within the vowel. The F0 peak for

both CVR and CVV occurred at a point about 70 % through the vowel. To see if the F0

peak synchronised with the mora boundary in the diphthongs (i.e. CVV), the F2 transition

of the diphthongs was examined.
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Figure 3.8: Proportional F0 peak location within the vowel (V0 to C1 in Figure 2.2) of
the accented syllable for the CVR and CVV sequences. The horizontal scale shows the
proportional vowel duration.

The data were analysed with a paired-samplest test; proportional locations of the most

prominent F2 transition point9 and the accentual F0 peak were compared. The most

prominent F2 transition (M = 0.60,S D = 0.09) occurred earlier than the accentual F0

peak (M = 0.69,S D= 0.16). The paired-samplest test showed significance beyond the

1% level: t(64) = 5.366, p < 0.0005. Although item-by-item visual inspection revealed

that the accentual F0 peak occurred at around the same point as the most prominent F2

transition of the diphthong, the test showed that the F0 peak was aligned with a point

slightly later than the mora boundary in the diphthong.

One of the important findings of the data above is that all the speakers showed similar

alignment patterns across all the measurements (the alignment of H with C0, C1, and

V1) and across all the syllable/mora structures of the target accented syllable. First of

all, as the ANOVAs demonstrated above, there were no interactions between Structure

and Speaker in any of the three measurements. Together with the result that there were

9The most prominent F2 transition point was manually labelled for each item.
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Figure 3.9: Mean F0 peak values in Hz. Each panel shows the data of individual speakers.
The last letter (‘M’ or ’F’) of each speaker indicates gender (male or female).

no interactions between Structure and Speaker, these observed general patterns show that

the F0 peak alignment was due to the syllable/mora structure of the accented syllable

across all the speakers (I will return to these overall patterns in the discussions below

about segmental anchoring and the appropriate measurement).

As supplementary information, Figure 3.9 shows the mean F0 peak values. The F0 value

in Hz at H was used as a measurement, rather than the F0 change from the F0 valley to

the F0 peak, since it was difficult to locate the F0 valley for L in some of the data (see
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Figure 3.10: Schematic representation of alignment points (as shown with a downward
arrow). The first sequence is for CV+CV and CVCV; the second for CVN; the third for
CVR (a long vowel) and CVV (a diphthong). The segmental measurement points for the
first two sequences are shown in bold. The F0 peak location for the third sequence is the
ratio of H, to the period from V0 to C1 (the vowel duration). The values below are the
average for each group.

Section 3.2.3 for details). The data were analyzed by individual speakers, using one-way

ANOVAs, with items as the random factor and Structure as a single within-items factor.

There was no significant difference between the structures for all the speakers except one

(Speaker FS:F(4,20) = 3.648;p < 0.05). Compared to the data of the other speakers,

it seems that the significant effect found in the data of Speaker FS is negligible. Apart

from the individual variation in F0, the peak value can be regarded as being consistent

regardless of the syllable/mora structures.

The above data on the F0 peak alignment can be interpreted in at least two different ways.

Firstly, based on the data about the alignment of H to C1 and of H to V1, as well as the

visual inspection, the F0 peak was consistently aligned with a specific point in the seg-

mental string, depending on the syllable/mora structures of the accented syllable. Figure
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3.10 shows these alignment patterns according to the syllable/mora structure schemati-

cally. As can be seen, for CV+CV and CVCV, V1 is the segmental landmark for the F0

peak; C1 for CVN; within the vowel of the accented syllable (about 70% of the vowel)

for CVR and CVV. Moreover, in terms of the organisation of the mora and syllable in

Tokyo Japanese, it seems feasible to interpret these alignment patterns as a consequence

of segmental anchoring. According to one of the proposals of moraic phonology (Hayes

1989), the organisation of the mora and syllable is as follows.

(3.2)
a.
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Given that onset consonants are attached directly to a syllable node, rather than to a

mora, it can be claimed in terms of the current data that the F0 peak is anchored to the

beginning of the second mora across all the syllable/mora sequences. This may lead to a

more precise description of ososagari (i.e. peak delay in Japanese). That is, ososagari is

one of the consequences of the anchoring of a pitch accent to the beginning of the second

mora.

On the other hand, there is an alternative characterisation, because the mean duration

from C0 to H was not significantly different between the syllable/mora structures. It

is possible to claim that the F0 peak location resulted from some constant F0 rise du-

ration, which made the F0 peak occur by accident at a specific point in the segmental

sequence, and appear to show the consistent alignment described above. However, the

ANOVA showed an almost significant effect of Structure (p = .05). Moreover, consid-

ering the possibility that this non-significance resulted from the greater variance due to

the choice of a larger domain (C0 to H), as pointed out in Atterer and Ladd (2004), this

non-significance is questionable, and therefore the claim of constant F0 rise duration is

less convincing.

In the light of the results discussed above, although segmental anchoring seems more

compelling so far, further analysis is necessary in order to decide which explanation

is more plausible. Figure 3.11 shows the mean duration of the segments of the target

sequences. The aligned points described above—i.e. V1 for CV+CV and CVCV, C1 for

CVN, and 70% through the vowel for CVR and CVV—all came around 150 ms after C0,
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Figure 3.11: Mean duration of the segments of the target sequences. The value zero
amounts to the beginning of the target sequence (i.e. C0). ‘c0tov0’, ‘v0toc1’ and ‘c1tov1’
are from C0 to V1, V1 to C1, and C1 to V1 in Figure 2.2 of Chapter 2, respectively.

as also demonstrated in the data on the alignment of H to C0. Taking this into account, it

seems more plausible to say that the F0 peak location arose from constant F0 rise duration

(and that the observed alignment was at most a coincidence).10

However, it is also very important to note that the vowel duration of the CVN sequence

was considerably longer than that of the first syllable of the CV+CV and CVCV se-

quences. While the initial ‘CV’ of both CV+CV and CVCV, and CVN is one mora

(though ‘CV’ of CV+CV and CVCV is also a syllable), the vowel duration of CVN

is about twice as long as that of CV+CV and CVCV (also note the predictably longer

vowel duration of the CVR and CVV sequences which consist of two moras). This vowel

lengthening of CVN is reported in Homma (1981), and has been taken as evidence for a

mora-based control of speech in Tokyo Japanese. While it is not clear why the accentual

F0 peak was aligned with the end of this lengthened vowel of the CVN sequence regard-

less of the type of vowel, it might be possible to say that the F0 peak and the segmental

landmark coordinated (or constrained) each other in order to achieve this alignment.

10It must be noted that constant F0 rise duration is only one of a possible set of non-alignment hypothe-
ses, and there may be other non-alignment characteristics which explain the F0 patterns observed in the
current data. One of the main reasons for the choice of constant F0 rise duration here is that it has been
employed to express the pitch accent in some of the important studies (e.g. Fujisaki 1983).
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Figure 3.12: Schematic representation of segmental duration shown in Figure 3.11. ‘V’
(and ‘N’) phonologically amount to one mora on Hayes’ terms. ‘C’ means an onset
consonant.

The durational analysis of the segments of the target sequences here raises further issues

of timing control in Tokyo Japanese. Looking at the pooled data shown in Figure 3.11,

the duration from V0 to V1 for CV+CV and CVCV, the duration from V0 to C1 for CVN,

and 70% of the duration from V0 to C1 for CVR and CVV seems quite similar. Moreover,

though less convincingly, the duration from C1 to V1 and the duration of the last 30% of

the vowel and the following consonant (C1 to V1) for CVR and CVV also seem similar.

A graphical representation of Figure 3.11 is shown in 3.12. Based on these observations,

it may be possible to suggest that the parts between the first and second dotted lines,

and between the second and third, work as some sort of a timing unit. Moreover, these

parts correspond to a mora (plus the onset consonant of the following syllable when

there is) in the syllable/mora structure on Hayes’ terms (see (3.2) above). That is, unlike

the traditionally proposed timing unit (CV and the moraic phoneme), V and the moraic

phoneme like N—plus the onset consonant of the following syllable, if there is one—

are a timing unit, which tends to be of similar duration. To test this hypothesis, the

durational data were analysed using a one-way repeated-measures ANOVA with items as

the random factor, and Mora (four proposed domains marked by the vertical lines below)

as a within-items factor.
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Figure 3.13: Boxplots of the duration (in seconds) of the proposed domains. ‘First’
means the first domain, and ‘Second’ means the second domain. See (4.1) for the detail.

(3.3)

# C V . C V . C V . -- CV+CV & CVCV

| 1st | 2nd |

# C V N . C V . -- CVN

| 1st | 2nd |

The ANOVA showed that there was a statistically significant difference between duration

of the proposed domains beyond the 1% level:F(5,295) = 14.2; p < 0.0005, while a

post hoc Bonferroni test revealed that the duration of first domain for CV+CV was not

statistically significantly different from that of the first domains for CVCV and CVN. The

data were also analysed using paired-samplest tests to compare between the first and sec-

ond domains for CV+CV, CVCV and CVN separately. Thet tests showed no significant

difference between the first and second domains for CVCV:t(61) = −0.508, p = 0.613,

and CVN:t(69) = −1.950, p = 0.55, but showed a statistically significant difference for
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CV+CV: t(66) = −5.144, p < 0.0005. Figure 3.13 displays the data of the duration of

the proposed domains. The results showed that the duration of the first domains were

similar, and that the duration of the first and second domains were similar for at least

CVCV and CVN. Although these are negative evidence, it may be interpreted that there

were some sort of timing in action, and that as a consequence the vowel duration of the

CVN sequence was made longer, and the F0 peak was aligned with the end of this timing

unit, which made the F0 rise duration appear constant in the data.

3.2.3 Visual inspection of the F0 minimum

There were a number of cases which presented problems in carrying out visual inspection.

First of all, the amount of the data of the F0 valley for L was half of that of the F0 peak

for H, since it was not practical to locate the F0 valley for L reliably as an F0 turning

point in utterance-initial items11 (as described in Section 2.2.2 of Chapter 2, test words

were put either at the beginning, or in the middle, of a test utterance).

Additionally, there was an unanticipated case in which it was impossible to track the

target F0 valley. As described in Section of Chapter 2, speakers were only given mini-

mal directions in the recordings in order to elicit natural renditions. Consequently, one

speaker (Speaker CE) spontaneously put a brief pause between the target phrase and the

phrase preceding it for most of the data, and another (Speaker ST) did this for about half

of the data. This made it impossible to track the target F0 valley of the data, although

there was no trouble tracking the target F0 peak. An example of this is shown on the left

panel in Figure 3.14.

Since individual variations in the data were observed by the visual inspection, they were

further explored with boxplots before statistical analyses in order to check the distribu-

tions of the F0 valley location. As shown in Figure 3.15, because Speaker FS clearly

showed more idiosyncratic and much more variable alignment patterns, compared to the

other speakers, his data was not included in the quantitative analyses. Due to these ad-

verse cases described above, the data of four speakers (out of the seven) were eventually

used.

It is also necessary to note that, even without a pause before an utterance-medial target

phrase, there were items in which it was difficult to locate the F0 valley as a conspicuous

F0 turning point. In these items, while the target F0 valley for L—as shown as the label

‘L’ on the right panel in Figure 3.14—was determined by a parabolic interpolation, there

11This can be seen in the examples in Figures 3.1, 3.2 and 3.3 of Section 3.2.1.
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Figure 3.14: Examples of two kinds of cases difficult to locate the F0 valley. On the left
is utterance-medial ‘namida’ from the data of Speaker CE, showing ‘<p>’ (a brief pause)
before the target phrase. On the right is utterance-medial ‘momizi’ from Speaker AK. ‘L’
is the point of the F0 valley for L (determined by a parabolic interpolation), while the
point at the allow might visually (or subjectively) be an alternative F0 valley for L.

-0.10

0.00

0.10

C
0 

to
 L

ak fs ni

rm tn

cv1 cv2 cvn cvr cvv

Structure

-0.10

0.00

0.10

C
0 

to
 L

cv1 cv2 cvn cvr cvv

Structure

Figure 3.15: Boxplots of the alignment of L relative to C0. Each panel shows the data of
individual speakers.

was an alternative point which seemed equally plausible for L in terms of the overall F0
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Figure 3.16: Examples of the utterance-medial F0 valley alignment: from the top on
the left to the bottom on the right,/momizi/ ‘red leaves’ (CVCV),/neN+maku/ ‘mucous
membrane’ (CVN),/mee+niti/ ‘the anniversary of somebody’s death’ (CVR), and/noizu/
‘noise’ (CVV). The first vertical dotted line indicates C0 (the beginning of the target
sequence).

shape, as shown in the figure. The point identified by the parabolic interpolation was

finally taken as the F0 valley for L for the objectivity in the measurement.

Figure 3.16 shows examples of the utterance-medial F0 valley alignment in the different

syllable/mora structures of the accented syllable.12 It was clear, based on the item by

item visual inspection, that the F0 valley alignment was much more unstable than the

F0 peak alignment. On the other hand, as shown in the figure, it seemed that the F0

valley occurred around C0 (the point at the first vertical dotted line) across the different

syllable/mora structures. C0 was thus used as a measurement to examine the F0 valley

alignment.

3.2.4 Alignment of the F0 minimum

Figure 3.17 shows the alignment of L to C0. The F0 valley was on average aligned 0.5 ms

12Again, for comparison, all the examples in Figure 3.16 are from the data of one male speaker (Speaker
TN).
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Figure 3.17: Alignment of L relative to C0. ‘C0’ is the beginning of the target accented
syllable, as shown in Figure 2.2 of Chapter 2. The value zero in the graph corresponds
to C0. The vertical scale shows the different structures, and the horizontal scale time (in
seconds).

before C0 in the CV+CV; 4.0 ms before C0 in the CVCV cases; 17.7 ms after C0 in the

CVN cases; 2.7 ms before C0 in the CVR cases; and 5.2 ms after C0 in the CVV cases

(Overall 3.2ms after C0). The data were analyzed in a two-way (5×4) mixed design

ANOVA, with items as the random factor, Structure (structures of the target syllable)

as a within-items factor, and Speaker as a between-items factor. The ANOVA showed

that there was no significant effect either both Structure:F(4,56) = 1.613;p = .184,

or Speaker:F(1,14) = .670;p = .427. There was no significant interaction between

Structure and Speaker:F(12,56)= .529;p = .887. While the data showed some speaker

idiosyncrasies (like Speaker FS) and measurement difficulties, the result showed the F0

valley was aligned just around C0. As can be seen in the figure, the F0 valley alignment

for CVN appears different from that for the other structures, but there was no statistical

difference.

The data of the minimum F0 level were also analyzed in a two-way (5×5) mixed design

ANOVA, with items as the random factor, Structure (structures of the target syllable) as

a within-items factor, and Speaker as a between-items factor. The ANOVA showed that

there was no significant effect of Structure:F(4, 56) = 1.613;p = .184, no significant

interaction between Structure and Speaker:F(12,56) = .529;p = .887. As expected,

there was a significant effect of Speaker:F(4,20) = 3.648;p < 0.05). Apart from the
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individual, particularly gender, variations in F0, it can be concluded that the minimum

F0 level is stable regardless of the syllable/mora structures.

In sum, the results showed that the F0 valley is aligned with the beginning of the accented

syllable, regardless of the syllable/mora structure of the accented syllable. The Low tone

in this prosodic context is proposed to be associated with the edge of the accentual phrase,

without the secondary association with the mora preceding the phrase boundary. Thus,

the consistent F0 valley alignment at the beginning of the accented syllable seems to

reflect the association of L to the edge of the accentual phrase in the prosodic structure.

3.3 Summary of the findings

• The levels of a boundary L and a pitch accent H are consistent regardless of the

syllable/mora structures of the accented syllable, though there is individual varia-

tion.

• The F0 valley for a boundary L is consistently aligned with the beginning of the

accented syllable—a few milliseconds after it on average—regardless of its seg-

mental composition, while the data shows some individual variation.

• The F0 peak for a pitch accent H*+L is consistently aligned with a specific segmen-

tal landmark depending on the syllable/mora structures of the accented syllable. In

particular the alignment patterns between the CV+CV, CVCV and CVN sequences

are clearly distinct, regardless of the segmental differences in the initial syllable(s)

(i.e. /m/ vs. /n/, and/i/, /e/, /a/, /o/ or /u/).

• The vowel duration of the accented syllable varies considerably depending on the

syllable/mora structure of the accented syllable. The vowel duration of the ac-

cented syllable of .CV.CV. is about half of that of .CVN.CV., which is about

two third of that of .CVV .CV. (the accented syllable is shown in bold type). Fur-

ther durational analyses reveal that ‘V.C’ in .CV.CV., ‘V’ in . CVN.CV., ‘NC’ in

.CVN.CV., the first ‘V’ in .CVV.CV. (which is the first mora of the two-mora

vowel), and the ‘V.C’ in .CVV .CV. (which is the second mora of the two-mora

vowel and the onset consonant of the following syllable) are all similar in duration.
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Tonal alignment in different speaking modes

4.1 Introduction

Changing ways of speaking, such as talking fast or raising the voice, is likely to affect

the phonetic realisation of a pitch accent. For example, an F0 rise may become shorter

in a situation where only limited time is available. On the other hand, as reviewed in

Chapter 1, some of the previous studies have demonstrated the regularity of at least some

aspects of a pitch accent regardless of change in speaking modes. Laddet al. (1999),

for example, showed invariant alignment of both the valley and peak of the prenuclear F0

rise with their segmental landmarks regardless of speech rate changes. Xu (1998) showed

that, regardless of speech rate changes (and changes in segmental duration), the F0 peak

of the rising tone in Mandarin Chinese is consistently aligned with a specific segmen-

tal landmark, and may shift earlier or later, synchronising with its segmental landmark.

Knight (2002) found that the offset of the F0 plateaux (objectively defined section around

the F0 peak) was consistently aligned with a specific segmental landmark regardless of

pitch span expansion, while the F0 peak and the onset of plateaux were shifted later due

to pitch span expansion.

The purpose of this chapter is to explore how tonal targets are influenced in different

speaking modes, and whether there is any regularity regardless of change in speaking

modes. The speaking modes of interest here are raised voice, fast speech rate, and local

emphasis. As described in the previous chapter, the F0 peak for H in the normal spoken

data is consistently aligned with a specific segmental landmark depending on the sylla-

ble/mora structure of the accented syllable. As shown in Figure 3.10 of Chapter 3, the

alignment patterns can be divided into three types. The F0 peak is aligned with V1 (the

beginning of the vowel of the syllable following the accented syllable) for CV+CV and

49
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CVCV; with C1 for CVN (with the end of the first mora of the accented syllable); and

about 70 percent into the two-mora vowel of the accented syllable for CVR and CVV.

Based on comparisons between the alignment patterns found in the normal spoken data

and those of the data with different speaking styles, the effects of the different speaking

modes on the alignment of the tonal targets for a pitch accent, and phonetic invariance of

tonal targets across different speaking modes are examined.

The data were collected under four different experimental conditions in order to elicit

four types of data: normal, raised voice, fast speech rate and local emphasis on the target

word. The same materials were used across the four experimental settings in order to

make a direct comparison between the alignment patterns in normal speaking and those

in the other speaking styles (sample words shown Table 3.1 of Chapter 3, and labelling

scheme of target segmental sequences shown in Figure 2.2 of Chapter 2).1

4.2 Results

I first confirm in Section 4.2.1 that the manipulations were successful. Then I examine

how the F0 peak alignment was influenced in the different speaking modes, based on the

alignment pattens found in the normal spoken data.

4.2.1 Confirmation of speaking style manipulations

In order to confirm the rate manipulation, a comparison was made of the duration of the

target syllable of the CV+CV and CVCV sequences (the duration from C0 to C1 of the

first sequence in 2.2 of Chapter 2) between the normal and fast spoken data. A paired-

samplest test was conducted to evaluate the effect of the two speaking styles, Normal

and Fast, on the duration of the accented syllable. There was a statistically significant

difference in the duration between Normal (M= 0.104, SD= 0.029) and Fast (M= 0.090,

SD= 0.032): t(117)= 3.117, p< 0.005. This indicates that the speech rate manipulation

was successful.

The mean F0 peak values of the normal spoken data were compared with those of the data

with raised voice and local emphasis to verify their manipulations to confirm the pitch

range manipulations. Figure 4.1 shows the mean F0 peak values between the speak-

ing modes for each speaker. The data were analyzed using a two-way (3×7) mixed

design ANOVA with Speaking Mode (Normal, Raised Voice and Local Emphasis) as

1See Chapter 2 for the full details of the material and experimental settings.
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Figure 4.1: Mean F0 peak values in Hz between Normal, Raised Voice and Local Em-
phasis. ‘fs’, ‘rm’ and ‘tn’ are male speakers, and the rest are female speakers.

a within-items factor, and Speaker as a between-items factor. The ANOVA showed

that the mean values for Speaking Mode differed significantly beyond the 1% level:

F(2,634)= 3893.18;p < 0.0005, and there was a significant interaction between Speak-

ing Mode and Speaker beyond the 1% level:F(12,634) = 145.337;p < 0.0005. The

mean values for Speaker also differed significantly beyond the 1% level:F(6,317) =

4756.004;p < 0.0005. A post hoc Bonferroni test revealed that the F0 peak values be-

tween the speaking modes were significantly different from each other (p < 0.0005).

The ANOVA confirmed that all the speakers uttered in different manners depending on

the speaking modes. As can be seen in the figure, all the speakers clearly raised their

voice. On the other hand, in the data with local emphasis, while the mean F0 values

for five speakers (AK, FS, RM, ST and TN) were higher than those of the normal spo-

ken data, the values of the other two speakers were almost the same (Speakr CE) or

lower (Speaker NI). Since there are various ways, including pitch range expansion, which

Japanese speakers may take when producing an utterance with local emphasis, these two

speakers are likely to have produced utterances in this experimental setting by means

of some other way such as putting a pause before the target word or inserting an extra
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Figure 4.2: Alignment of H with V1 (in seconds) for CV+CV and CVCV across the
different speaking modes. The vertical dotted line at the zero corresponds to V1 (the
beginning of the vowel of the syllable following the accented syllable).

high tone at a certain place (this issue will be returned to later). Apart from these indi-

vidual variations in the data with local emphasis, the result shows that the pitch range

manipulations were successful.

4.2.2 Alignment of the F0 maximum

Alignment patterns were separately compared in terms of the syllable/mora structures to

examine the effects of the different speaking modes. That is, rather than putting three

factors (Structure, Speaking Mode and Speaker) into a three-way ANOVA, I conducted

two-way ANOVAs, with the alignment of H with proposed segmental landmarks as a

dependent variable, and Speaking Mode and Speaker as independent variables. The pro-

posed landmarks were V1 for CV+CV and CVV; C1 for CVN; and C1 for CVR and

CVV (because C1 was the closest to the F0 peak for CVR and CVV).

Alignment of H in CV+CV and CVCV

Figure 4.2 shows the alignment of H with V1 for CV+CV and CVCV across the different

speaking modes. The F0 peak was on average aligned just about V1 (less than 1 ms



CHAPTER 4. TONAL ALIGNMENT IN DIFFERENT SPEAKING MODES 53

Figure 4.3: Alignment of H with C1 (in seconds) for CVN across the different speaking
modes. The vertical dotted line at the zero corresponds to C1 (the end of the vowel of the
CVN sequence).

before V1) in Normal; 23 ms after V1 in Raised Voice; 5 ms after V1 in Fast; 17 ms

before V1 in the data with local emphasis.2 The data were analyzed in a two-way (4×7)

mixed design ANOVA, with items as the random factor, Speaking Mode as a within-items

factor, and Speaker as a between-items factor. There was a significant effect for Speaking

Mode: F(3, 288) = 77.009;p < .0005, and a significant interaction between Speaking

Mode and Speaker:F(18, 288) = 9.383;p < .0005. There was also a significant effect

for Speaker:F(6,96) = 4.273;p < .005. Post hoc comparisons using the Bonferroni

test revealed that the mean scores for the different speaking modes were significantly

different from each other. The results showed that the F0 peak was shifted later by the

effect of overall pitch raising. The increase of speech rate shifted the F0 peak slightly

later, but the effect was not statistically significant. The F0 peak was shifted much earlier

by the effect of local emphasis.

Alignment of H in CVN

Figure 4.3 shows the alignment of H with C1 for CVN across the different speaking

modes. The F0 peak was on average aligned just about C1 (less than 1 ms before C1) in

2The tables of the measurements of the current chapter are all in Appendix B.
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Figure 4.4: Alignment of H with C1 (in seconds) for CVR and CVV between the different
speaking modes. The vertical dotted line at the zero corresponds to C1 (the end of the
accented syllable) for CVR and CVV.

Normal; 6 ms after C1 in Raised Voice; 2 ms after C1 in Fast; 18 ms before C1 in Local

Emphasis. The data were analyzed in a two-way (4×7) mixed design ANOVA, with items

as the random factor, Speaking Mode as a within-items factor, and Speaker as a between-

items factor. There was a significant effect for Speaking Mode:F(3,168)= 25.071;p <

.0005, and a significant interaction between Speaking Mode and Speaker:F(18,168)=

4.544;p < .0005. There was also a significant effect for Speaker:F(6,56)= 11.893;p <

.0005. Post hoc comparisons using the Bonferroni test revealed that the mean score for

Local Emphasis was significantly different from the other three modes, and not between

the other three. The results thus showed that, compared to the normal spoken data, the

F0 peak was shifted earlier by the effect of local emphasis. In the data of raised voice and

fast rate speech, the peak was shifted only slightly later (6 ms and 2 ms, respectively), as

can be seen in the figure, though their alignment was not significantly different from that

of the normal spoken data. It can be noted that there was little effect of raised voice and

fast rate on the F0 peak alignment in the CVN sequence.
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Alignment of H in CVR and CVV

Figure 4.4 shows the alignment of H with C1 for CVR and CVV between the different

speaking modes. The F0 peak was on average aligned 53 ms before C1 in Normal; 31 ms

before C1 in Raised Voice; 28 ms before C1 in Fast; 79 ms before C1 in Local Emphasis.

With reference to the mean value of the normal spoken data, the F0 peak occurred 23

ms later it in raised voice data; 25 ms later in fast speech data; 25 ms earlier in the data

with local emphasis. The data again were analyzed in a two-way (4×7) mixed design

ANOVA, with items as the random factor, Speaking Mode as a within-items factor, and

Speaker as a between-items factor. There was a significant effect for Speaking Mode:

F(3,336) = 131.889;p < .0005, and a significant interaction between Speaking Mode

and Speaker:F(18,336) = 6.365;p < .0005. There was also a significant effect for

Speaker:F(6,112)= 9.258;p < .0005. Post hoc comparisons using the Bonferroni test

showed that the mean scores for Raised Voice, Fast, Local Emphasis were significantly

different from those for Normal, and that the mean scores for Raised Voice and Fast were

not different from each other, as also seen in Figure 4.4. The results showed that the F0

peak was shifted later by the effect of raising the voice and speaking fast, while it was

shifted earlier by the effect of local emphasis.

Relative F0 peak location between the speaking modes

The results above appear to show similar effects of the speaking modes on the F0 peak

alignment between the syllable/mora structures. In order to combine these separate re-

sults into one comparable measure, relative F0 peak locations within a certain domain

were calculated. Since it is impossible to establish a measurement common to all the

syllable/mora structures within the first two moras, the ratio of the duration from V0 to

H, to the duration from V0 to the vowel onset of the third mora was employed (shown

below as the parts between the vertical lines).

(4.1)

# C | V . C V . C | V . -- CV+CV & CVCV

# C | V N . C | V . -- CVN

# C | V V . C | V . -- CVR & CVV

This ratio expresses relative F0 locations between these portions. Figure 4.5 shows the

distribution of the ratios between the speaking modes. As can be seen in the figure, the
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Figure 4.5: Ratio of the duration from V0 to H, to the duration from V0 to the vowel
onset of the third mora

median ratio of Normal was at about 0.5, which indicates that the F0 occurred at the

centre of this domain. Taken together with the result in Chapter 3 that the duration of

the proposed timing units (V, or N, plus the onset consonant of the following syllable if

there is one) were similar, this ratio of the normal spoken data also confirms that the F0

peak was aligned at the beginning of the second mora. That is, the F0 peak and the end

of the timing unit proposed in Chapter 3 both took place at the middle of the domain in

the normal spoken data.

Based on the alignment pattern for Normal, Figure 4.5 also enables us to examine the

effects of the other speaking mode on the F0 peak alignment. The F0 peak occurred later

in raised voice speech, compared to normal speech, while it occurred earlier in the data

with local emphasis. The F0 peak occurred later in fast speech, but not as late in raised

voice speech. All the alignment patterns between the speaking modes were consistent

with those demonstrated in the separate results above.
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Alignment of H with C0

significant effect of Speaking Mode:F(3,894)= 123.564;p < 0.0005, and a significant

interaction between Speaking Mode and Speaker:F(18,894)= 12.256;p < 0.0005. The

mean values for Speaker also differed significantly beyond the 1% level:F(6,298) =

31.062;p < 0.0005. A post hoc Bonferroni test revealed that the mean values between

the speaking modes were different from each other, except between Normal and Local

emphasis (p < 0.05).

Figure 4.6 shows the mean duration from C0 to H between the speaking modes. All the

panels show similar patterns: the duration from C0 to H for Raised Voice was longer, and

for Fast was shorter, compared to that for Normal; the duration for Local Emphasis was

similar to that for Normal. The data were analyzed using a two-way (4×5) within-subjects

design ANOVA, with Speaking Mode and Structure as within-items factors. The ANOVA

showed a significant effect of Speaking Mode:F(3,150) = 73.969;p < 0.0005, and a

significant effect of Structure:F(4, 200) = 2.801;p < 0.05, There was no significant

interaction between Speaking Mode and Structure:F(12,600) = 1.414;p = 0.154. A

post hoc Bonferroni test revealed that the mean values for Normal and Local Emphasis

were different from those for Raised Voice and Fast (p < 0.05), and that the mean values

for Normal and Local Emphasis were not different from each other. Thus, these tests

corroborated the patterns seen in the figure.

The normal spoken data of the alignment of H with C0, presented in Chapter 3, showed no

statistically significant difference between the syllable/mora structures. As the alignment

of H with C0 was regarded as being equivalent to the duration of the F0 rise in the

previous chapter, this non-significance was considered to indirectly support constant F0

rise duration hypothesis. The present result clearly shows that the F0 rise duration was

not constant between the speaking modes, which can be regarded against the constant F0

rise duration hypothesis.

Moreover, these alignment differences between the speaking modes seem to have resulted

from changes in segmental duration due to the speaking styles, which is consistent with

the segmental anchoring proposed in Chapter 3. For example, the earlier alignment in fast

speech is likely to have resulted from the shorter segmental duration between C0 and the

segmental landmark (such as V1 for CV+CV and CVV, or C1 for CVN) in fast speech. In

order to explore this potential relationship between segmental duration and the duration

from C0 to H, the segmental duration was also analysed. The data are shown in Figure

4.7. It can be clearly seen that the segmental duration, particularly the vowel duration,
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Figure 4.6: Alignment of H with C0 (in seconds). The large panel at the top shows the
pooled data, and the small ones below it show the data in terms of the syllable/mora
structures separately.
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Figure 4.7: Segmental duration (in seconds) between the speaking modes.

was influenced by some of the speaking modes. In all the syllable/mora structures, the

duration of the segments for Fast was considerably shorter, and the duration for Local

Emphasis was considerably longer, compared to that for Normal. On the other hand, the

segmental duration for Raised Voice was very similar to that for Normal.

Considering together the data of the alignment of H with C0 above, there are several

points to note about the F0 peak alignment. For Raised Voice, since the duration from

C0 to V1 for Normal and Raised Voice was similar and the duration from C0 to H for

Raised Voice was longer than that for Normal, the F0 peak occurred later, compared to
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Normal. For Fast, the duration from C0 to H and from C0 to V1 was shorter than that

for Normal. On the other hand, as presented in the previous sections, the alignment of

H with the segmental landmark was not different from that for Normal. These data of

Raised Voice and Fast reaffirm the results of the F0 peak alignment presented above, and

support the segmental anchoring to the proposed segmental landmarks.

The results for Local emphasis seem more complicated than those for Raised Voice and

Fast. The data of the alignmnet of H with the proposed segmental landmarks showed that

the F0 peak was aligned earlier. As shown in Figure 4.6, the alignment of H with C0 for

Normal and Local Emphasis were similar. The segmental duration for Local Emphasis

was considerably longer than that for Normal, as shown in Figure 4.7. In sum, the F0 peak

location for Local Emphasis was determined by earlier alignment and longer segmental

duration.

Although the alignment in speech with local emphasis showed a different behaviour from

that in speech with the other speaking styles, there are some reasons for this. As men-

tioned in Section 4.2.1, there are various ways (including pitch range expansion) which

Japanese native speakers may take when producing utterances with local emphasis, and

they use one or more of the ways when speaking with local emphasis. Apart from

pitch range expansion, these include putting a pause before and/or after the emphasised

word/phrase, inserting an extra high tone around the end of the accentual phrase with

the emphasised word, elongating the word, and so on. Also, it seems that these features

influenced the F0 peak alignment of the current data in complicated ways (shifting the

F0 peak earlier by an extra high tone around the end of the target accentual phrase, and

longer segmental duration by elongation of the target word), which results in the earlier

F0 peak alignment in locally emphasised speech.

4.3 Summary of the findings

In general, the orderly alignment behaviour seen in the data of Chapter 3 remains intact

across different speaking modes.

• There were basically no significant differences in alignment between the normal

spoken data and the fast spoken data.

• The F0 peak generally occurred slightly later in loud speech than in normal speech.

However, the differences were very small in spite of the effect of overall pitch
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raising, and it was clear that the syllable/mora structure of the accented syllable

played an important role in the alignment, as in normal and fast speech.

• In speech with local emphasis, the F0 peak was aligned much earlier than in normal

speech. Because the speakers took different procedures when producing an utter-

ance with local emphasis (e.g. putting a pause before and/or after the target word,

or inserting an extra high tone around the end of the target word), more factors are

involved affecting the alignment and durational patterns. However, it was still pos-

sible to identify the alignment patterns depending on the syllable/mora structure of

accented syllable, comparable to those seen in the other speaking modes.



C 5

Tonal alignment in different accent patterns

5.1 Introduction

It has been suggested that ososagari is less likely to occur in non-initial-accented words

(e.g. Sugito 1982). Since previous studies have focused more on the F0 peak alignment in

initial accented words where ososagari is more likely to occur, it is not clear whether there

is any regularity of the F0 peak alignment in non-initial-accented words. On the other

hand, while it is reported that there are cases where the F0 peak for the phrasal H- occurs

after the end of the associated mora (ososagari) (e.g. Venditti 2005), again, there is no

quantitative study on alignment regularity of the F0 peak in unaccented words. Thus, the

alignment of the F0 peak in structures with unaccented words and non-initial-accented

words is largely unknown.

The aim of this chapter is to explore how the F0 peak is aligned with the segmental string

in tonal structures other than those with the initial-accented words—i.e. in tonal structures

of unaccented words and of words with accent on the syllable other than the initial. The

results reported in the previous two chapters, which are based on the data of initial-

accented words, show that the F0 peak for the pitch accent is consistently aligned with

a specific segmental landmark depending on the syllable/mora structure of the accented

syllable, and the alignment patterns were largely unchanged regardless of the changes of

the speaking modes. The F0 peak alignment in the data of non-initial-accented words

and unaccented words is examined, and compared to that in the data of initial-accented

words.

The tonal structures of test utterances in the data of this chapter were different from those

in the data of the previous chapters (though the same carrier sentences were used in the

62
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experiments).1 Differences include the presence/absence of accent, and the location of

the accented syllable. There are three types of target tonal structures of the test utter-

ances. One is of an accentual phrase which begins with a word with accent on the second

syllable. In the terminology of Venditti (2005), the tonal structure of the accentual phrase

can be represented as:

(5.1)

utterance-initial %L H*+L ...

utterance-medial ... L% H*+L ...

where the pitch accent H*+L is associated with the second syllable of the test word,

and %L and L% is associated with the left and right edges of the acccentual phrase,

respectively.

Another type is of an accentual phrase which begins with a word with the accent on either

the third or fourth syllable. The tonal structure of the accentual phrase is:

(5.2)

utterance-initial %L H- H*+L ...

utterance-medial ... L% H- H*+L ...

where the pitch accent H*+L is associated with the third or fourth syllable of the test

word; H- with the second mora; and %L and L% with one of the edges of the acccentual

phrase and (secondarily) with the initial mora of the test word. So the difference between

words with accent on the third syllable and the fourth syllable is the presence/absence of

one syllable between the syllable with which the phrasal H- is associated and the accented

syllable.2

The third type is of an accentual phrase which begins with a lexically unaccented word:

(5.3) utterance-initial %L H- ... or %wL H- ...

utterance-medial ... L% H- ... or ... wL% H- ...

1See Section 2.2.2 in Chapter 2 for the full details of the carrier sentences.
2The absence of the F0 peak for the phrasal H- in the accentual phrase with pitch accent on the first or

second syllable is explained in Pierrehumbert and Beckman (1988). In accentual phrases with pitch accent
on the initial syllable, association of the phrasal H- with the second mora is blocked by autosegmental
constraints. In those with pitch accent on the second syllable, the phrasal H-, as well as the accent H, is
attached to the second mora. Pierrehumbert and Beckman conclude that the phrasal H- in both the cases
would be phonetically invisible. In Venditti (2005), the phrasal H- is labelled ‘on all unaccented phrases,
and on accented phrases only where the H- is distinguishable from the high of the lexical accent’ (p. 180).
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where the phrasal H- is associated with the second mora of the target word, and that the

boundary %L and L% are associated with both the initial mora and the accentual phrase,

while wL% and %wL are associated only with the accentual phrase (wL% and %wL

occur with words with a heavy initial syllable). Besides, all of them have a LH sequence

at the beginning of the phrase.

Unaccented test words begin with one of the five different syllable/mora structures, analo-

gous to those in the initial-accented target words used in the previous chapters: CV+CV,

CVCV, CVN, CVR and CVV. On the other hand, non initial-accented test words only

have a light accented syllable (e.g./na.ma.ni.ku/ and/ma.me.mo.na.ka/), because it was

impossible to find enough actually occurring words with various syllable/mora struc-

tures.3

In the following section, I first present the data of the accentual phrase (Section 5.2.1),

and then the data on the alignment of the unaccented accentual phrase (Section 5.2.2).

Note that, because the results of Chapters 3 and 4 showed that the alignment patterns

between the speakers were similar and also because there was not enough time to carry

out an analysis of the entire data, only the data of four speakers (two males and two

females) were used.

5.2 Results

5.2.1 Accented accentual phrase

Visual inspection

As in Chapter 3, I began with a visual inspection of the alignment of the F0 targets in or-

der to see how the F0 peak was aligned with the segmental string in different structures.4

Figure 5.1 shows examples of the F0 peak alignment for the pitch accent on either the

second, third or fourth syllable of the test word. For words with accent on the second

syllable (the two panels on the top in the figure), it can be seen that the F0 peak was

aligned around the end of the accented syllable. For words with accent on the third and

fourth syllables (the examples on the middle and bottom panels in the figure), the F0 peak

was aligned with the beginning of the vowel of the accented syllable, or somewhere in

the middle of it. On the other hand, relatively large variation in the F0 peak alignment

was informally observed in the data of non-initial-accented words, compared to those of

3See Section 2.2.1 in Chapter 2 for full details of the material.
4For comparison, all the examples in this section are from the data of one male speaker (Speaker TN).
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Figure 5.1: Examples of the F0 peak location for words with accent on the sec-
ond (top), third (middle) and fourth syllable (bottom)./ma+minami/ ‘due south’
(utterance-initial),/ma+minami/ ‘due south’ (utterance-medial,/mini+monaka/ ‘mini
bean-jam-filled wafers’,/monomorai/ ‘stye’, /minami+momizi/ ‘southern maple’, and
/nami+momo+niku/ ‘regular-grade chicken thighs’.

initial-accented words. Based on visual inspection, it seems plausible to choose between

the beginning of the vowel of the accented syllable, and the end of the syllable, as a mea-

surement point. Both were used. In the following sections, accent patterns of the test

words are given abbreviated names for clarity: accent on the second syllable for+A2;

accent on the third syllable for+A3; accent on the second syllable for+A4.

Alignment of the F0 maximum for the pitch accent H*+L

Figure 5.2 shows the alignment of H relative to the end of the accented syllable. The F0

peak was on average aligned 24 ms after the end of the accented syllable for+A2; 35 ms
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Figure 5.2: Boxplots of the alignment of H with the end of the accented syllable (in
seconds). The value zero in the graph corresponds to the end of the accented syllable.

before the end of the accented syllable for+A3; 37 ms before the end of the accented

syllable for+A4. Because there were quite a few missing cases for some speakers, par-

ticularly in the data of the+A2 words (some of the+A2 words have the alternative accent

pattern (unaccented) and were arbitrarily pronounced with that pattern by these speakers),

the data were analyzed in a one-way within-subjects ANOVA, with Accented Syllable as

the within-items factor.5 The ANOVA showed that there was a significant effect of Struc-

ture: F(2,42) = 23.230;p < 0.0005. A post hoc Bonferroni test revealed that the mean

values between+A2, and+A3 and+A4, were significantly different (p < 0.05), while

there was no significant difference between+A3 and+A4.

The data was also examined in terms of the alignment of H with the beginning of the

vowel of the accented syllable (see Figure 5.3). The F0 peak was on average aligned

87 ms after the end of the accented syllable for+A2; 45 ms after the beginning of the

vowel of the accented syllable for+A3; 29 ms after the beginning of the vowel of the

accented syllable for+A4. The data were again analyzed in a one-way within-subjects

ANOVA, with Accented Syllable as the within-items factor. The ANOVA showed that

there was a significant effect of Structure:F(2,42) = 11.668;p < 0.0005. A post hoc

Bonferroni test revealed that the mean values between+A2 and+A4 were significantly

5The tables of the measurements of the current chapter are all in Appendix C.
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Figure 5.3: Boxplots of the alignment of H with the beginning of the vowel of the ac-
cented syllable (in seconds). The value zero in the graph corresponds to the beginning of
the vowel of the accented syllable.

different (p < 0.05), while there was no significant difference between+A2 and+A3,

and between+A3 and+A4.

The results above, based on the two measurements, clearly showed that the F0 peak

alignment for+A2 was different from that for+A3 and+A4. On the other hand, it was

not clear whether the F0 peak alignment between+A3 and+A4 was different. While

one of the statistical tests demonstrated the difference, the other did not, and they do

not appear different in Figures 5.2 and 5.3. To examine this further, the data of propor-

tional peak locations in the vowel of the accented syllable between+A3 and+A4 was

explored in a paired-samplest test. There was no significant difference between+A3

(M = 0.51,S D = 0.49) and+A4 (M = 0.43,S D = 0.42): t(34) = 0.823, p = 0.416.

Hence, while there was a rather large variation of values, the F0 peak proportionally

occurred around the centre of the vowel of the accented syllable for both+A3 and+A4.

Although there seems to have been no statistically significant difference in the F0 peak

alignment between+A3 and+A4, it seems that the F0 peak for Fourth occurred earlier

than that for+A3, which occurred earlier than that for+A2. This is not strictly consistent

with what was found in the data of the initial-accented words discussed in Chapters 3 and

4 in which the accentual F0 peak was consistently aligned with the beginning of the
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vowel of the syllable following the accented syllable in the sequence of light syllables

like /mo.na.ka/.

This shifting of the F0 peak alignment may have correlated with the number of moras

between the accented syllable and the end of the target word, given that there would

have been some right-hand contextual effect. However, because all the target non-initial-

accented words except one had two moras between the accented syllable and the end of

the word, it was impossible to test this with the current data. It seems unlikely that some

right-hand contextual effect caused the shifting the F0 peak earlier, since there were still

alignment differences between these structures, as demonstrated above.

With the current data, it is hard to give conclusive evidence to these alignment differences

between the non-initial-accented words. One possible explanation to this may be that,

since tonal structures turned out to be different depending on the accent location (LHL

where H was on the initial mora for the initial-accented word; LHL where H was on the

second mora for the word with accent on the second syllable; LHHL where the first H

was on the second mora, while the second H was on either third or fourth mora, for the

word with accent on the third and fourth syllable), and thus the tonal sequence for+A3

and+A4 (and probably+A2) were looser, their F0 peak alignment was more variable

and less stable than that for initial-accented words. Nevertheless, the present data was

not sufficient to investigate this claim.

There are at least two interpretations on the alignment differences between words with

accent on different syllables. One is that the alignment in initial-accented words does not

result from segmental anchoring or the like. That is, they are just consequences of the

interactions of factors affecting alignment. The other interpretation is that the alignment

in the initial-accented wordsdoesresult from segmental anchoring, but the alignment of

the non-initial-accented words are influenced by some factors (and as a result the F0 peak

is aligned earlier). In the light of the results of Chapters 3 and 4, the first interpretation

is very unlikely. On the other hand, if the second interpretation is correct, that is, that

the segmental anchoring in the initial-accented words is genuine, there are at least two

questions to ask. One is what types of factors affect the alignment of non-initial-accented

words. The other is why only the alignment of initial accented words is so consistent.

One possible answer to these questions is overall ‘tightness’ between the tonal events due

to the differences of prosodic structure. For example, words with accent on the initial

or second syllables have a tonal sequence, LHL, while words with accent on the third

or fourth syllables have a LHHL sequence. So their accent patterns give rise to different
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tonal sequences in an utterance. Moreover, there is no syllable between the phrasal H- and

H*+L in words with accent on the third syllable, while there is one syllable between them

in words with accent on the fourth syllable. Thus, there are differences in the proximity

of tones. As a consequence of these differences, the LHL sequence of initial-accented

words has to be realised within the first two syllables (or even within one syllable when

the first syllable is long), while the LHHL sequence of the words with accent on the fourth

syllable can be realised within four syllables. It may be possible to claim that, because of

the difference in tightness, the alignment in initial-accented words is consistent and less

variable compared to that in non-initial-accented words.

Another possible answer is based on the distance from the left-hand phrase boundary.

The pitch accent, H*+L, in initial-accented words, for example, is adjacent to the left-

hand phrase boundary, while it is one syllable away from the boundary in words with

accent on the second syllable. The pitch accent is two and three syllables away from the

phrase boundary in words with accent on the third syllable and on the fourth syllable,

respectively, though there is a phrasal H- between them. As a result, the F0 rises from

the boundary low to the pitch accent through different intervals depending on the tonal

sequence, which may affect the alignment of the F0 peak for the pitch accent: the longer

the time interval the F0 rise goes through, the earlier the F0 peak tends to be aligned.

Both these explanations, however, seem inadequate. It is widely reported that when two

similar tones are too close to each other, they try to moderate the clashing situation in

various ways such as pushing the neighbouring tone away (e.g. Silverman and Pierre-

humbert 1990). Even though the phrasal H and the pitch accent H*+L are next to, or just

one syllable away from, each other in words with accent on the third syllable and on the

fourth syllable, the F0 peak is aligned earlier in words with accent on the third syllable

and on the fourth syllable. That is, the accentual F0 peak was shifted leftward, rather

than rightward. The account based on tightness seems contradictory in this respect. On

the other hand, if the distance from the left-hand phrase boundary makes a difference,

as suggested by the second explanation, there should be a gradual earlier shift of the F0

alignment in words with accent on the fourth syllable than in those with accent on the

third syllable. However, as described in Chapter 5, there was no significant difference

between them. Although it is very likely that the differences of tonal structures are in-

volved in these alignment differences (or some other factor may come into play), it seems

difficult to investigate any further with the data available in the current study.
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Figure 5.4: Examples of the F0 peak location for the phrase tone of an unaccented ac-
centual phrase whose initial syllable is CV+CV and CVCV:/manami/ ‘(female name)’,
/miminari/ ‘ringing in ears’, /nimame/ ‘boiled beans’ and/naminari/ ‘the roar of the
waves’.

5.2.2 Unaccented accentual phrase

Visual inspection

Figure 5.4 shows examples of the F0 peak alignment for the phrasal H- in the CV+CV

and CVCV sequences.6 It can be seen that the F0 peak was aligned with the beginning of

the third mora, which was observed in almost all the cases of the data. Figure 5.5 shows

examples of CVN. The F0 peak was aligned in the vicinity of the beginning of the third

mora. Figure 5.6 shows examples of CVR and CVV. Again, the F0 peak was aligned

with the beginning of the vowel of the third mora. As in the data of CV+CV and CVCV,

it was observed in most cases that the alignment of the F0 peak for the phrasal H- for

CVN, CVR and CVV was fairly consistently aligned with the beginning of the vowel of

the third mora. Thus, peak delay (i.e. ososagari) occurred in all the structures. Based on

the patterns between the syllable/mora structures observed above, it seems reasonable to

6It is assumed that the phrasal H- is associated with the second mora in all the syllable/mora structures.
See Section 2.2.1 in Chapter 2 for the full details of the material.
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Figure 5.5: Examples of the F0 peak location for the phrase tone of an unaccented accen-
tual phrase whose initial syllable is CVN:/maNneri/ ‘mannerism’,/naNmiN/ ‘refugee’,
/nimeNsee/ ‘bilateral’ and/neNmatu/ ‘the end of the year’ (N is a moraic nasal).

use the beginning of the vowel of the following (third) mora as a segmental measurement

point for the alignment of the F0 peak for the phrasal H-.7

Alignment of the F0 maximum for the phrasal H-

Figure 5.7 shows the alignment of H to the onset of the vowel of the third mora. The F0

peak was on average aligned 19 ms after the beginning of the vowel of the third mora

in the CV+CV; 22 ms after the beginning of the vowel of the third mora for CVCV; 11

ms after the beginning of the vowel of the third mora for CVN; 2 ms after the beginning

of the vowel of the third mora for CVR; and 19 ms after the beginning of the vowel of

the third mora. The data were analyzed in a two-way (5×4) mixed design ANOVA, with

items as the random factor, Structure (structures of the target syllable) as a within-items

factor, and Speaker as a between-items factor. The ANOVA showed that there was no

significant effect of Structure:F(4,96) = 1.663;p = 0.165: no significant interaction

7There were quite a few cases where the onset consonant of the fourth mora was an obstruent, and it
was often difficult to track the F0 movement around it. For example, it can be seen in/moomoku/ and
/maemuki/ in Figure 5.6. In these adverse cases, the F0 was perturbed, and thus the F0 peak specification
became unavoidably less reliable. At any rate, the best possible candidate was selected via a parabolic
interpolation in these cases.
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Figure 5.6: Examples of the F0 peak location for the phrase tone of an unaccented ac-
centual phrase whose initial syllable is CVR and CVV:/moomoku/ ‘blind’, /maemuki/
‘facing front’, /neemiNgu/ ‘naming’, and/naimeN/ ‘inside’.

between Structure and Speaker:F(12,96) = 1.598;p = 0.105. There was no significant

effect of Speaker:F(3,24)= 2.998;p = 0.51.

The results showed that the F0 peak for the phrasal H- was aligned slightly after the

beginning of the vowel of the third mora (i.e. the mora following the mora with which

the phrasal H- is associated) in all the syllable/mora structures. Moreover, as discussed

in (3.2) of Section 3.2.2 in Chapter 3, it can be regarded on Hayes’ terms that the F0

peak was anchored to the beginning of the second mora, and this is consistent with the

alignment patterns found in the data of the previous chapters. To my knowledge, there is

no quantitative study so far on the regularity of the F0 peak alignment for the phrasal H-.

Some studies state that the F0 peak is delayed to the following mora or later, and that it is

influenced by various factors (e.g. Venditti 2005). The current data clearly demonstrated

fairly consistent alignment of the F0 peak for the phrasal H- with the beginning of the

vowel of the following mora.
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Figure 5.7: Boxplots of the alignment of H with the beginning of the vowel of the third
mora (in seconds). The value zero in the graph corresponds to the beginning of the vowel
of the third mora

5.3 Summary of the findings

On the data of the accented accentual phrase:

• The F0 peak was aligned around the end of the accented syllable in the word with

accent on the second syllable, while it was aligned somewhere in the middle of

the vowel of the accented syllable in the word with accent on the third or fourth

syllables.

• There was a tendency for the accentual F0 peak to occur earlier relative to the

accented syllable when the pitch accent was associated with a later syllable.

• There was a relatively large variation in the F0 peak alignment, compared to the

data of initial-accented words.

On the data of the unaccented accentual phrase:

• The F0 peak for the phrasal H- was aligned slightly (about 15 ms) after the begin-

ning of the vowel of the third mora of the accentual phrase in all the syllable/mora

structures.
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Discussion and conclusion

I have been investigating tonal alignment in Tokyo Japanese. As stated in Chapter 1,

the present study has two chief goals. One is to provide a thorough description of tonal

alignment in Tokyo Japanese, including a well-known phenomenon,ososagari. Since

there has been no large study on tonal alignment, particularly on the regularity of tonal

alignment, in Tokyo Japanese so far, I have attempted to fill the gaps in our knowledge

concerning the alignment of the F0 targets in Tokyo Japanese. The other goal is to con-

tribute to the current understanding of tonal alignment, based on the empirical data of

tonal alignment in Tokyo Japanese. As reviewed in Chapter 1, a large amount of ev-

idence for regularities on tonal alignment in various languages have been provided re-

cently, though there is still much disagreement on the characterisations and modelling of

these alignment regularities. I have sought to provide further evidence to improve our

understanding of tonal alignment. I discuss below to what extent these two goals were

achieved.

6.1 Summary of the findings

The experiment described in Chapter 3 provides the data of the alignment of the F0 tar-

gets at the beginning of the initial-accented word. As discussed in Chapter 3, these data

are most comparable to the data of the previous studies on tonal alignment in other lan-

guages and and most relevant toososagari(a well-known tonal alignment phenomenon

in Japanese). Examining the alignment of F0 targets in different syllable/mora struc-

tures of the accented syllable, I attempted to reveal how the F0 targets are aligned with

the target segmental sequence, and whether there is any sort of alignment regularity. The

overall results of the experiment indicate that both the F0 valley and peak are consistently

74
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aligned with specific segmental landmarks, and the alignment of the F0 peak depends on

the syllable/mora structure of the accented syllable. The F0 peak is aligned with the

beginning of the vowel of the syllable following the accented syllable for CV+CV and

CVCV; with the end of the first mora of the accented syllable for CVN ; and about 70

percent of the two-mora vowel of the accented syllable for CVR and CVV (see Section

2.2.1 of Chapter 2 for the use of the labels). These alignment patterns are seen across the

speakers and regardless of the durational variation of the target segments.

In Chapter 4, I explored how the alignment patterns found in the experiment of Chapter

3 are influenced in different speaking modes; the speaking modes of interest were fast

speech rate, raised voice, and local emphasis. Since some of the previous studies con-

cerning tonal alignment in other languages show regularity of some aspects of the align-

ment of the F0 targets regardless of changes in a speaking mode, I assumed that some

aspects of the alignment in Tokyo Japanese would also be unaffected by the changes in

speaking modes. The results, on the whole, show that the orderly alignment behaviour

seen in the data of Chapter 3 remain intact across different speaking modes. Firstly, there

were basically no significant differences in alignment between the normal spoken data

and the fast spoken data. Secondly, the F0 peak generally occurred slightly later in loud

speech than in normal speech. Although the differences were very small, they were sta-

tistically significant in most conditions.1 Despite the effect of overall pitch raising, it is

also evident that the syllable/mora structure of the accented syllable plays an important

role in the alignment, and that the alignment patterns are comparable to those in normal

and fast speech. In effect, while the segmental durations are considerably influenced by

the speech rate change and the overall pitch range is lifted up by raising the voice, the

alignment is rather consistent irrespective of changes of these two speaking modes.

On the other hand, in speech with local emphasis, the F0 peak was aligned much earlier

than in normal speech, and there were statistically significant differences between them.

As reported in Chapter 4, because the speakers took different procedures when producing

an utterance with local emphasis (e.g. putting a pause before and/or after the target word,

or inserting an extra high tone around the end of the target word), more factors are in-

volved in affecting the alignment and durational patterns. Among the factors involved, an

extra high tone around the end of the target word plays an important role in the alignment

by shifting the F0 peak leftward. However, it is also worth noting that, even in the data

1As shown in Chapter 4, overall pitch raising influenced overall F0 movements (which could be seen
in the F0 trace as the less steep accentual F0 fall and, as a consequence, as the less acute F0 peak for the
pitch accent). This seems to affect the automatic F0 peak specification in the form of the later F0 peak
alignment.
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of local emphasis, the alignment patterns depending on the syllable/mora structure of

accented syllable can be detected, comparable to those seen in the other speaking modes.

In Chapter 5, I presented data on unaccented and non-initial-accented words, and com-

pared the alignment patterns found in these data to those found in the data of initial ac-

cented words. It has been suggested that ososagari is less likely to occur with non-initial-

accented words (Sugito 1982), and there is no accepted knowledge about the alignment

with unaccented words. The results of the unaccented word demonstrated consistent

alignment of the F0 peak with the beginning of the vowel of the syllable following the

syllable with which the phrase H- is associated. It has been claimed that the F0 peak for

the phrase H- may occur after the associated mora, but it is easily influenced by various

factors such as information status and speech rate (e.g. Venditti 2005). The results of

Chapter 5 confirmed ososagari—the F0 peak occurs after the associated mora—as previ-

ous studies claim. However, the results also demonstrated that the F0 peak for the phrase

H- is consistently aligned with a specific segmental landmark. The F0 peak is actually

aligned with the beginning of the vowel of the following syllable, like the alignment of

the accentual F0 peak demonstrated in Chapters 3 and 4. The results therefore provide a

more accurate description of the alignment of the F0 peak for the phrase H-.

As for the data of non-initial-accented words, I assumed, based on the results of Chapter

3, that the alignment of the accentual F0 peak would become similar to that of initial-

accented words. The results of Chapter 5, however, showed that the F0 peak alignment

of non-initial-accented words was not identical to that of initial-accented words presented

in Chapter 3. The F0 peak was aligned not with the proposed segmental landmark, but

somewhat earlier. It occurred earlier in words with accent on the third or fourth syllable

than in words with accent on the second syllable, which, in turn, had the F0 peak earlier

than initial-accented words. There was also much more variation of the alignment in the

data of the non-initial-accented words than that of the initial-accented words. As dis-

cussed in Chapter 5, There are two explanations proposed for the alignment differences

between the initial-accented word and the non-initial-accented word. One is based on

overall ‘tightness’ between the tonal events due to the differences of prosodic structure;

the other is based on the distance from the left-hand phrase boundary. However, it is also

pointed out that the both explanations seem inadequate. Although it is very likely that

the differences of tonal structures are involved in these alignment differences (or some

other factor may come into play), it seems difficult to investigate any further with the data

available in the current study.
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In the remainder of this chapter, I will discuss issues raised from the results of the three

experiments of the current study, and then point out several directions of future research.

6.2 Alignment under global changes

As summarised in Section 6.1 above, overall results of Chapter 4 show that the orderly

alignment behaviours found in normal spoken data discussed in Chapter 3 remain unaf-

fected regardless of speaking modes. Firstly, the alignment is basically not influenced

under changes of speech rate. This is comparable to the findings from recent studies on

other languages (Xu 1998; Laddet al. 1999). Although Silverman and Pierrehumbert

(1990) claim small effects of speech rate on alignment (i.e. the F0 peak is slightly later

in fast speech than in normal speech) based on the result that it makes their model a

slightly better fit in the multiple regression model, it can also be clearly seen that there

is synchronisation between segments and F0 targets. Thus, based on the findings from

this and other alignment studies, it seems that, while speech rate could have small effects

on alignment, the alignment is rather consistent under speech rate changes. Secondly, as

it is reported that both F0 peaks and valleys are affected by overall pitch raising, which

can be thought that the whole pitch range is lifted up (e.g. Ladd and Terken 1995), it was

supposed that, while the scaling of the F0 targets would be naturally affected (i.e. higher

F0 values), the alignment was not, or was only little, affected by overall pitch raising.

However, the F0 peak is aligned later in loud speech than in normal speech. One possible

cause for this is that global F0 shapes were affected by the speakers’ effort to speak as

loud as possible. More specifically, the later peak was given rise to by a tendency in loud

speech for the F0 be kept high after the initial rise at beginning of the accentual phrase.

Thirdly, the F0 peak was aligned much earlier in speech with local emphasis than in nor-

mal speech. As described in 6.1 above, more factors are involved in speech with local

emphasis, and their effects seem to override the normal segmental anchoring, which is

comparable to clashing effects found in some of the previous studies (e.g. Silverman and

Pierrehumbert 1990; Caspers and van Heuven 1993; Prietoet al.1995).

The data discussed in Chapter 4 seem to emphasise the difficulty of explaining the align-

ment patterns found in fast speech rate by Xu and his colleagues’ framework, as the

normal spoken data above. One of the two situations in which Xu and Wang (2001) pro-

pose peak delay occurs is ‘when the pitch target is [high] and surrounded by low pitch

values and the duration of the host sufficiently short’ (the other situation they propose

is presumably irrelevant in Tokyo Japanese), and this seems to be the case for the target
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tonal sequence, L H*+L, of the data in Chapter 4. Nonetheless, peak delay occurs re-

gardless of the changes of segmental duration due to speech rate changes. It may still

be possible to claim that peak delay occurs even in the normal spoken data because the

duration of the host is not long enough, but I think this is a less plausible explanation,

compared to segmental anchoring, which successfully generalises the alignment patterns

found in the data of Chapters 3 and 4.

6.3 Alignment and syllable structure

As reviewed in Section 1.3, previous studies, particularly by Ladd and his colleagues,

showed alignment regularities mainly with the data on the alignment of a bitonal pitch

accent (such as L+H*). The pitch accent of interest in the data of Chapter 3 (and Chap-

ter 4) is a bitonal pitch accent preceded by a low tone (L H*+L). Thus, it was to be

expected that the valley and peak for the F0 rise (L and H* of H*+L) would be inde-

pendently aligned with the segmental string. Nonetheless, what is comparable about the

findings from the data in Chapter 3 is that the F0 peak for the pitch accent (H*+L) is

consistently aligned with a specific segmental landmark depending on the syllable/mora

structure of the accented syllable. Provided that an onset consonant is attached directly

to a syllable node, these alignment patterns can be interpreted as a consequence ofseg-

mental anchoring: the F0 peak is anchored to the beginning of the second mora. This

alignment regularity conforms to the findings from a series of work by Ladd and his

colleagues. In addition, the data discussed in Chapter 3 also demonstrates phonological

relevance to the alignment of the F0 targets as the Dutch data did in studies by Ladd

et al. (2000) and Schepmanet al. (2006), although the type of phonological factor is

different—syllable/mora structure for Tokyo Japanese and phonological vowel length for

Dutch.

As for ososagari, the data presented in Chapter 3 provide a more accurate description. It

is generally stated that ososagari tends to occur in initial accented words whose second

mora has a non-high vowel (Sugito 1982). However, as pointed out in Chapter 1, since it

is based on observations of a very few samples, this characterisation is only partial and

fragmentary. The results of Chapter 3 show that ososagari is not just a tendency of the

phonetic realisation of a pitch accent. It is rather an orderly alignment behaviour, and, as

noted above, it can be regarded as one of the consequences of segmental anchoring.

The alignment patterns found in the data in Chapter 3 provide evidence against the frame-

work developed by Xu and his colleagues (e.g. Xu and Wang 2001). It is assumed in their
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framework that a pitch target is synchronised with its ‘host’: it starts at the beginning of

the host and ends at the end of the host. It is also assumed that a pitch target is realised

through a process of continuous and asymptotic approximation during the duration of

the host. Since it is normally considered that the mora is the tone-bearing unit (and the

syllable is the accent-bearing unit) in Tokyo Japanese, the mora can be considered as the

‘host’ in Tokyo Japanese, and a pitch target (e.g. ‘high’) can be presumed to start at the

beginning of the mora and end at the end of the mora. The results of Chapter 3, however,

show that the ‘high’ does not end at the offset of the mora as Xu and his colleagues’

model predicts; rather, it ends at different segmental points depending the syllable/mora

structure of the accented syllable. As shown in Figure 3.10 in Chapter 3, while the F0

peak for the pitch accent in CVN and CVV can be regarded as ending at the end of the

mora as suggested, the peak in CVCV ends at the beginning of the vowel of the following

syllable. Even if we consider the syllable as the ‘host’ instead, the end of the pitch target

does not synchronise with the end of the syllable; in fact, none ends at the offset of the

syllable. In sum, the F0 peak ends neither at the offset of the mora nor the offset of the

syllable.2

The results of Chapter 3 also have an implication for the syllable/mora structure in Tokyo

Japanese. As reviewed in Chapter 1, there are various kinds of evidence that both the

syllable and the mora play an important role in the phonology of Tokyo Japanese: the

syllable in word formation and syllable weight; the mora in speech timing, phonological

quantity, speech perception and so on. On the other hand, the internal structure of the

syllable is still debatable. There are two important choices which make syllable-internal

structures different from each other. One is whether the syllable has the rhyme as an

independent constituent, that is, either whether the mora replaces the rhyme, or whether

the rhyme is on a different metrical plane from that on which the mora is. The other is, if

the mora is posited as a constituent in the syllable structure, whether the onset consonant

is attached to the mora or directly to the syllable. Since it is almost indisputable as to

the significance of the mora in Tokyo Japanese, and also since it seems that there is no

evidence for the significance of the rhyme which has the peak and the coda as its con-

stituents in Tokyo Japanese (i.e. the mora can completely replace the rhyme), the only

relevant question seems to be whether the onset consonant is attathed to the mora, or

directly to the syllable. As described in Section 6.1 above, the results of Chapter 3 show

2Furthermore, even if the accentual F0 fall is viewed as the implementation of the pitch target ‘fall’
(there are dynamic pitch targets, as well as static, proposed in Xu and Wang (2001)’s framework), their
model fails to predict the alignment patterns found in Chapter 3, because the F0 fall for the pitch target
‘fall’ in CVCV begins at the beginning of the vowel of the following syllable, which is well after the offset
of the accented syllable. As stated above, one of the implementation rules in their framework is that a pitch
target is synchronised with the ‘host’.
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that there are three-way alignment patterns of the accentual F0 peak: it is aligned with the

beginning of the vowel of the syllable following the accented syllable for CV+CV and

CVCV; with the end of the first mora (i.e. the end of the vowel ) of the accented syllable

for CVN; and in the middle of the two-mora vowel of the accented syllable for CVR

and CVV. These alignment behaviours can be generalised, given that the onset conso-

nant is directly attached to the syllable. On the other hand, it is difficult to generalise the

alignment patterns across the different structures of the accented syllable, given the onset

consonant is attched to the mora. Since the internal structure of the syllable provided

leads to a better explanation for the alignment patterns due the different syllable/mora

structures found in Chapter 3, it seems possible to claim that the results indirectly sup-

ports the validity of the internal structure of the syllable in which onset consonants are

attached directly to a syllable node, as proposed in moraic phonology (e.g. Hayes 1989).

As reviewed in Chapter 1, there are two competing proposals for accounting for align-

ment patterns across languages. One is based on thephonetic continuum of alignment

(Atterer and Ladd 2004). The other isphonological anchoring(Prietoet al. forthcom-

ing). Considering the results of Chapters 3 and 4, there are implications for these propos-

als. Phonological anchoring is originally proposed in order to explain language-specific

contrasts of alignment in Romance languages, and can also be applicable to the descrip-

tion of alignment regularities in other languages. Although it makes no difference which

metrical edge H* is secondarily associated with because Tokyo Japanese has only one

pitch accent type, H*+L, and no contrast of alignment, H* of H*+L can be regarded as

being secondarily associated with the left edge of the second mora, based on the results

of Chapter 3. This actually ends up in two different autosegmental representations, how-

ever. One is where H* is associated with the left edge of the mora in the syllable with

which the pitch accent is primarily associated; the other is where H* is associated with

the left edge of the mora in the syllable after the accented syllable. While it is not clear

whether this is allowed in Prietoet al. (forthcoming), there are two different representa-

tions provided for one type of pitch accent. On the other hand, there seems to be no such

incompatibility with the proposal by Atterer and Ladd (2004). It can be considered that

Tokyo Japanese chooses a distinct place along the phonetic continuum of alignment in

a language-specific way. Nevertheless, there is still an open question as to why Tokyo

Japanese chooses this specific location of prosodic structure.
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6.4 Timing control and synchronisation

One of the related findings from the data of Chapter 3 is that the vowel duration of the

accented syllable varies considerably depending on the syllable/mora structure of the ac-

cented syllable. The vowel duration of the accented syllable of .CV.CV. is about half of

that of .CVN.CV., which, in turn, is about two thirds of that of .CVV .CV. (the accented

syllable is shown in bold type). Note that, even though the first ‘CV’s in .CV.CV. and

.CVN.CV. can be considered to have the same length phonologically, the duration of the

first vowel of .CVN.CV. is much longer than that of .CV.CV. Further durational analy-

ses reveal that ‘V.C’ in .CV.CV., ‘V’ in . CVN.CV., ‘NC’ in .CVN.CV., the first ‘V’ in

.CVV.CV. (which is the first mora of the two-mora vowel), and the ‘V.C’ in .CVV .CV.

(which is the second mora of the two-mora vowel and the onset consonant of the follow-

ing syllable) are all similar in duration. Based on these results, I propose that ‘V.C’ (or

‘V’, if there is no onset consonant in the following mora) and a moraic consonant work

as the timing unit in Tokyo Japanese, rather than ‘.CV.’ (or ‘V’, when it is the second

mora of a two-mora vowel) and a moraic consonant, which has normally been regarded

as the timing unit.

Although it has been reported that vowels in a syllable with a moraic consonant in the

coda position are longer than those in a light syllable (e.g. Homma 1981), the findings

described above, together with those from the data of tonal alignment, have an interesting

implication. The results of Chapter 3 show that the F0 valley for the boundary L is aligned

with the beginning of the accented syllable (which is the left edge of the target accentual

phrase), while the F0 peak for the pitch accent is aligned with the beginning of the second

mora. Since the segmental members between these segmental landmarks vary depending

on the syllable/mora structure of the accented syllable, the time between the landmarks

for the F0 rise may not be long enough if the number of the segments is too small or their

intrinsic duration is too short. I suspect that this is the case for the rise of the .CVN.CV.,

because the F0 peak is aligned with the beginning of the moraic nasal and there are only

an onset consonant and a vowel between the segmental landmarks. As a consequence,

the vowel is lengthened in order to give it enough time to reach the high target. Thus,

the longer vowel duration of the syllable with a moraic nasal at the end results from the

mutual temporal coordination between segments and tones.
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6.5 Limitations of the current study and future directions

Finally, I suggest several directions for future research. First, as discussed above, fac-

tors producing the alignment differences between initial-accented words and non-initial

words have to be clarified. Differences in tonal structure are likely to be involved,

though the data of the current study thorough enough, particularly in terms of the syl-

lable/mora structures of the accented syllables in non-initial-accented words. Further

research with appropriate material will give us a better picture of alignment regularity

in Tokyo Japanese. Secondly, the cause of the longer vowel duration of the syllable

with a moraic consonant in the coda position has to be fully investigated. I suggest that

this longer vowel duration is one of the consequences of the mutual synchronisation be-

tween segments and tones. If this interaction is well established, it can be considered as

strong evidence for how significant segmental anchoring is in the overall timing control in

Japanese speech. Thirdly, the segmental duration with the domain proposed in the current

study has to be explored with appropriate data. A vowel and the onset consonant of the

following mora (‘V.C’), rather than the onset consonant in the same mora (‘CV’), seem to

work as the timing unit in Japanese speech. Although the findings from the data of Chap-

ter 3 are still preliminary, this is a novel analysis of mora-timing, a longstanding issue

in Japanese phonetics and phonology, and further research may give us solid phonetic

data about what ‘mora-timing’ actually is. Fourthly, the significance of the alignment

regularity found in the current study in speech perception needs to be investigated. In the

present work, tonal alignment in Tokyo Japanese has solely been described in terms of

speech production. A perceptual study based on the language-specific alignment patterns

found in the current study is awaited. Finally, the effects of contextual factors on tonal

alignment have to be thoroughly explored. As demonstrated with data in Chapter 4, dif-

ferent contextual factors affect tonal alignment in complicated ways, so it is necessary to

study those, as well as alignment regularity, in order to achieve a deeper understanding

of temporal coordination between segments and tones.
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Tables of the data in Chapter 3

Speaker CV+CV CVCV CVN CVR CVV
Mean SD Mean SD Mean SD Mean SD Mean SD

AK 181.5 22.6 181.0 30.2 164.5 31.0 153.7 23.9 165.5 24.3
CE 147.6 18.7 156.9 29.3 168.8 21.9 151.7 26.5 172.2 22.6
FS 161.2 30.5 173.0 31.4 175.8 24.1 159.4 22.5 163.7 24.4
NI 174.3 29.0 176.4 30.9 163.4 37.0 162.1 39.5 171.0 39.9
RM 121.8 16.1 131.8 29.6 116.3 20.1 121.7 34.2 134.5 26.3
ST 150.7 25.9 168.0 23.2 165.8 20.8 163.5 21.8 160.9 21.9
TN 130.3 22.5 146.2 28.5 140.4 16.3 124.9 20.3 143.4 17.1
Total 152.8 30.7 162.6 31.8 156.5 31.0 148.1 31.2 159.1 27.5

Table A.1: Alignment of H relative to C0 in ms.

Speaker CV+CV CVCV CVN CVR CVV
Mean SD Mean SD Mean SD Mean SD Mean SD

TN 30.9 30.2 45.7 25.6−10.4 15.9 −65.0 19.0 −55.8 30.2
ST 52.8 15.4 58.2 15.2 −4.8 16.0 −44.3 16.9 −42.7 25.3
CE 58.2 7.2 64.8 16.4 8.0 15.6−62.1 19.7 −41.2 20.5
RM 11.1 34.0 22.8 37.8−28.3 12.3 −90.5 14.0 −88.2 34.3
FS 56.8 31.9 64.7 28.7 19.4 17.0−38.9 13.2 −46.0 17.4
AK 45.9 39.3 64.1 12.1 8.6 20.4−44.9 17.9 −43.6 18.0
NI 67.0 17.3 71.0 25.1 6.3 30.9−25.9 11.7 −31.6 15.0
Overall 46.9 30.0 56.9 25.6−0.2 22.3 −52.7 24.1 −48.2 27.1

Table A.2: Alignment of H relative to C1 in ms.
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Speaker CV+CV CVCV CVN CVR CVV
Mean SD Mean SD Mean SD Mean SD Mean SD

TN −17.0 30.1 −10.9 27.2−108.3 23.5−104.3 21.5−107.0 26.9
ST −2.2 15.0 −6.1 19.0 −94.3 17.0 −84.3 24.1 −94.2 37.0
CE 10.3 7.6 11.8 7.4 −92.2 23.1 −87.9 16.4 −87.9 26.1
RM −43.0 37.0 −32.2 38.9−151.3 14.3−143.3 18.3−122.9 43.5
FS 14.9 32.9 12.6 32.0−73.1 14.4 −72.7 14.4 −98.5 15.9
AK 8.1 13.3 −1.6 9.1 −99.3 19.4 −87.7 18.1 −90.8 30.5
NI −13.0 75.0 17.7 25.0−86.1 37.4 −71.7 22.5 −72.2 27.6
Overall −5.1 37.7 −0.9 26.4−100.2 29.7 −92.2 27.9 −94.9 32.2

Table A.3: Alignment of H relative to V1 in ms.
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Structure c0tov0 v0toc1 c1tov1 Total
CVV 4.8 15.8 4.5 25.1
CVR 5.2 15.2 3.9 24.2
CVN 5.1 10.6 10.0 25.7
CVCV 4.4 5.6 5.9 16.0
CV+CV 4.3 6.1 5.4 15.8

Table A.5: Mean duration of the segments of the target sequences in ms.

Structure Mean SD
CVV 0.5 0.8
CVR −0.3 0.9
CVN 1.8 0.3
CVCV −0.5 0.7
CV+CV −0.1 0.7

Table A.6: Alignment of L relative to C0 in ms.
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Speaker Normal Raised Fast Local Emphasis
Mean SD Mean SD Mean SD Mean SD

ak 0.3 8.0 16.3 20.4 1.7 7.6 −0.3 9.1
ce 10.0 7.3 49.3 21.9 23.0 14.0−25.8 27.4
fs 8.9 29.8 24.6 21.6 4.8 18.0−13.1 34.9
ni 14.8 22.8 19.8 12.7 21.8 12.1−41.9 38.8
rm −29.1 21.9 7.9 9.9 −11.8 15.0 −11.2 11.4
st −6.7 16.7 39.6 27.3 4.2 14.5−33.2 29.9
tn −6.3 20.4 9.2 13.5 −6.5 27.7 4.4 16.1
Total −0.6 23.3 22.5 22.6 5.1 20.1−17.1 30.8

Table B.2: Alignment of H relative to V1 in ms for CV+CV and CVCV across the
different speaking modes.

Speaker Normal Raised Voice Fast Local Emphasis
Mean SD Mean SD Mean SD Mean SD

ak 5.1 21.3 9.4 18.8 −0.1 13.7 −7.1 10.8
ce 8.0 15.6 −0.3 15.5 19.0 20.1−34.4 20.7
fs 17.9 13.1 41.4 16.2 18.4 13.2 −7.7 12.4
ni 6.8 29.0 −6.7 5.5 −10.5 3.9 −28.0 9.0
rm −27.3 11.1 −11.7 11.5 −17.0 10.4 −17.5 10.4
st −5.0 16.9 3.2 13.0 16.3 14.1−16.1 9.6
tn −10.4 15.9 10.1 44.2−12.0 5.3 −9.2 4.8
Total −0.6 22.3 5.9 25.9 1.9 18.9−17.8 15.3

Table B.3: Alignment of H relative to C1 in ms for CVN across the different speaking
modes.

Speaker Normal Raised Voice Fast Local Emphasis
Mean SD Mean SD Mean SD Mean SD

ak −45.2 17.0 −18.8 24.2 −26.3 10.3 −62.8 31.4
ce −49.5 20.8 −17.5 11.4 −21.7 12.1 −97.8 31.0
fs −51.7 26.3 −37.7 29.8 −32.9 26.7 −64.1 20.9
ni −27.0 12.1 −17.4 18.6 −18.8 5.3 −65.3 19.7
rm −92.7 22.6 −43.5 41.4 −43.8 25.1 −79.3 31.0
st −43.5 21.0 −20.5 31.4 −13.7 19.4−101.5 30.6
tn −58.5 26.6 −52.5 32.2 −45.4 21.8 −77.0 19.8
Total −52.1 27.8 −29.1 30.6 −28.2 21.5 −79.5 30.5

Table B.4: Alignment of H relative to C1 in ms for CVR and CVV across the different
speaking modes.
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Second Third Forth
Mean SD Mean SD Mean SD
23.7 32.3 −32.5 46.2 −43.7 28.5

Table C.1: Alignment of H with the end of the accented syllable in ms.

Second Third Forth
Mean SD Mean SD Mean SD
86.5 34.9 62.5 42.6 35.1 33.1

Table C.2: Alignment of H with the beginning of the vowel of the accented syllable in
ms.

CV+CV CVCV CVN CVR CVV
Mean SD Mean SD Mean SD Mean SD Mean SD
19.1 9.4 17.9 7.5 10.5 6.8 1.8 9.2 19.0 5.4

Table C.3: Alignment of H with the beginning of the vowel of the third mora in ms.
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