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Abstract

This thesis investigates perceptual categories of contrastive pitch accents in Tokyo Japanese.
Pitch movement of the accent, the preceding context of the accent, the tonal structure in
an accentual phrase, and the vowel devoicing in and after the accented mora have been
investigated independently and unsystematically in the previous studies. The present study
integrates all these factors to reveal the category structure of all opposition types in 2-mora
words. There are three 2-way and one 3-way oppositions possible in 2-mora words. Two
of them involve accent-presence detection (accented or unaccented), and others involve
accent-location detection (where the accent is).

Three experiments were designed based on an explicit phonological model of tonal struc-
ture. The stimuli were created by STRAIGHT: a high-quality F0 resynthesis method. Ex-
periment 1 showed that the steepness of the falling pitch movement of the accent does not
interact with the tone alignment position in 2-way oppositions. Experiment 2 showed that
the preceding context of the accent does not influence the prominence of the pitch accent in
2-way oppositions. Thus, it is argued that the High-tone alignment determines the accent
location and the amount of the pitch drop determines the accent presence. Experiment
3 showed that this view basically holds in a 3-way opposition. An important difference
between Experiments 2 and 3 is that the category boundary for accent-presence detection
shifts more than that for accent-location detection.

The voicing condition was varied across fully voiced, partially devoiced, and fully de-
voiced moras in Experiments 1 and 2. Experiment 3 covered the latter two conditions.
Overall, it was found that the cessation of the pitch contour not only by a devoiced vowel
but also by a voiceless consonant affects the perception of pitch accents.

This study also investigates how to quantify the distinctive function of pitch accent and
how to develop a formally and experimentally plausible theory of functional load. Previ-
ous formalizations of functional load have been too focussed on segmental distinctions and
cannot handle privative oppositions seen in pitch accents in Japanese. Two quantitative
measures were proposed for the distinctive function of accent: one is called Lexical Distinc-
tiveness (LD) which is the ratio of opposing and non-opposing relations in homophones, the
other is called Familiarity Bias (FB) which is the sum of word familiarity differences across
opposed homophones. An analysis of a large-scale database was conducted to derive the
LD and FB values for the stimulus words used in Experiment 2. A post-hoc analysis was
conducted for the categorization results to find that, in the devoiced condition, the response
is biased to the word with a lower LD value in an accentual minimal pair.

The database analysis also revealed that the opposition of accent-location is dominant
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in 2-mora words while that of accent-presence is dominant in 3- and 4-mora words. Taken
together with the observation about the shift of category boundaries, it is suggested accent-
location detection is functionally more fundamental than accent-presence detection only in
2-mora words.
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Chapter 1

Introduction and background

1.1 Introduction

This study is an investigation of the pitch accent system in Tokyo Japanese, particularly
focusing on its distinctive function and the realization of the function through perceptual
categories. Speech perception and phonology have been two separated fields not interact-
ing very frequently until quite recently. Phonologists have long been relying on acous-
tic/articulatory data to ground their theories but have rarely incorporated perceptual data
in the construction of their theories. However, investigation into the role of speech percep-
tion in phonological systems has recently been revived (Hume and Johnson, 2000) partly
due to the development of a flexible constraint-based framework (Prince and Smolensky,
1993).

In light of this new interest to speech perception in phonology, the most frequently men-
tioned terms are perhaps “contrast” and “perceptual cue” (Boersma, 1997; Flemming, 1995;
Hayes, 1996a; Steriade, 1999). For example, Flemming (1995) argues that the requirement
for contrast maintenance interacts with the relative salience of perceptual cues in shaping
the vowel space.

Perceptual cues for pitch accent in Japanese is a well-cultivated area in the literature.
F0 is considered the main cue for the perception of accent (Sugito, 1982) and its dynamics is
modeled in various approaches (Fujisaki and Sudo, 1971; Haraguchi, 1977; Pierrehumbert
and Beckman, 1988). Among them, Pierrehumbert & Beckman’s model is grounded on
a phonologically well-defined framework and mathematically explicit enough to create a
stimulus set in perception experiments. However, there has been no systematic attempt to
apply their model in a perception experiment to describe the category structure of pitch
accents in terms of phonologically tractable parameters, such as High and Low tones.

Contrast is what the distinctive function supplies in order to distinguish lexical items.
Though it has been frequently mentioned that the distinctive function is not the primary
function of pitch accent in Japanese (Beckman, 1986; Komatsu, 1989; Shibata and Shibata,
1990; Vance, 1987), what type of contrast is still maintained and how many there are in the
entire lexicon have remained unanswered.

The interaction between the perceptual cue of pitch accent and contrasts served by
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Introduction and background 2

accent categories is thus a fruitful area to explore.
The outline of the present thesis is as follows: the remainder of this chapter gives a

review of studies on Japanese pitch accent, functionalism, and speech perception. The next
chapter introduces an overview of perception experiments conducted in the present study on
the basis of criticisms of previous perception studies on pitch accent in Japanese. Chapters 3
and 4 report three experiments addressing the category structure of pitch accents. Chapter
5 is an extensive analysis of a large-scale database including accent, word length, and word
familiarity. A new proposal about the quantification of the distinctive function of pitch
accent will be introduced as well. Chapter 6 shows a post-hoc analysis of the results of
experiments reported in Chapter 3 and 4 in order to evaluate the proposal given in Chapter
5. Chapter 7 gives a general discussion and concludes the thesis.

1.2 Pitch accent system in Tokyo Japanese

1.2.1 Phonological/descriptive studies

The pitch accent system of Tokyo Japanese has been studied in a variety of frameworks.
First of all, there is a long tradition of accent studies in Japanese linguistics including his-
torical and dialectal comparisons (Kindaichi, 1981; Uwano, 1977; Uwano, 1989). A number
of accent dictionaries have been published as a result of cumulative efforts (Kindaichi, 1981;
NHK, 1985; NHK, 1998). Akinaga (1998), included as an appendix in NHK (1998), is one
of the most comprehensive descriptions of the pitch accent system in Tokyo Japanese in the
tradition of the Japanese accent literature.

Studies within generative phonology have adopted diverse theoretical models over the
last 30 years. To name a few, there are linear models (McCawley, 1968; Shibatani, 1972;
McCawley, 1977), autosegmental models (Haraguchi, 1977; Clark, 1987; Ishihara, 1991),
metrical models (Zubizarreta, 1982; Abe, 1987; Haraguchi, 1991), a government phonol-
ogy model (Yoshida, 1995), and Optimality Theoretic models (Kubozono, 1995; Kitahara,
1996a; Alderete, 1999). Some of them have a scope over not only Tokyo Japanese but also
other dialects in Japan (Haraguchi, 1977; Haraguchi, 1991), while others focus on a specific
phenomenon such as compound accent (Kubozono, 1995; Alderete, 1999), accent in loan
words (Kitahara, 1996a), or the verbal inflection paradigm (Ishihara, 1991).

At the level of general description, however, most Japanese linguists and generative
phonologists agree on several basic points:

(1.1) 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 mora or can be unaccented.1

c. Thus, n-mora words have n+1 possible accentuations.
1This is true for words with only light syllables. The second mora in a heavy syllable usually does not

bear an accent (McCawley, 1968).
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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.2

Conventionally, accent location is counted from the beginning of a word in the literature
of Japanese accentology. Thus, the initial-accented form is called accent-1, the final-accented
form of a 2-mora word and the penultimate-accented form of a 3-mora word are called
accent-2, and so on. In addition, the unaccented form is called accent-0. Although some
of the phonological facts are captured more elegantly by counting from the end of the
word — e.g., reference to the antepenulmacy in (1.2)—, the present thesis follows the
conventional counting method because the database used in this study (cf. Chapter 5)
adopts the conventional method.

Accentual oppositions are labelled by a combination of the numbers for accent location.
For example, the 0-1, 0-2 and 1-2 opposition are the distinction between accent-0 and
accent-1, accent-0 and accent-2, and accent-1 and accent-2, respectively.

1.2.2 Statistical survey

There are several statistical analyses of the accent pattern using a database. Sato (1993)
uses about 60,000 items taken from an accent dictionary (Kindaichi, 1981) and sees the
gross correlation between word length (1—10 moras) and accent pattern. In other words,
the type frequency (Bybee, 1985: see Section 1.3.3 for discussion) was calculated for each
accent pattern within a set of words of equal length. Sato’s findings are summarized as
follows:

(1.2) a. All possible accent patterns appear at about equal frequency in 1–2 mora words.

b. The unaccented form is the most frequent pattern in 3–4 mora words. When sub-
analyses by vocabulary strata are performed, Sino-Japanese words contribute most
to the high frequency of unaccented forms while Native and Foreign words contain
a sizable number of accented forms.

c. Antepenultimate accent is dominant in 5- and 7-mora words while pre-
antepenultimate accent is dominant in 8 mora words. 6 mora words have a con-
siderable number of both antepenultimate and pre-antepenultimate forms.

d. Sub-analyses of 4-mora or longer words by the internal structure of words show
that the length of the second element in compound words is a good predictor of
accent location.

These findings suggest that longer words have very few minimal pairs by accent in
which the distinctive function of the accent is not at work. Pitch accent in longer words
have different patterns constrained by the internal structure of compounds (McCawley, 1968;

2When the phrase initial syllable is heavy, the initial low tone appears to be higher in pitch than normal.
This is represented as a weak variant of the boundary L tone (weak-L%) in Pierrehumbert & Beckman
(1988). See Section 1.2.4 for an introduction to their model of tonal structure.
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McCawley, 1977; Higurashi, 1983; Abe, 1987; Sato, 1989; Kubozono, 1993; Kubozono, 1995;
Yoshida, 1995; Alderete, 1999).

Sato’s study does not reveal the details of accentual minimal pairs, which is a necessary
step to investigate the distinctive function of pitch accent. There are at least two statistical
studies concentrated on accentual minimal pairs (Miyaji, 1980; Shibata and Shibata, 1990).
However, they are not extensive enough to quantify the distinctive function of accent.

Miyaji’s study was based on too coarse of a sampling (683 homophonous words in total),
and he further classified the population by word classes (e.g., Sino-Japanese, Native, and
Foreign). His view about the set size of homophones and the number of different accent
categories within the set seems to have an impact on any measure of the distinctive function
of accent. However, his claim about different tendencies across word classes is not decisive
enough due to such a small sampling of the data.

Shibata & Shibata (1990) not only investigated Japanese but also English and Chinese
in order to compare the distinctive function of prosody (as a cover term for pitch accent,
stress accent, and tone) across the three languages. They adopted a binomial probabilistic
model to estimate the maximal likelihood of a word being distinct from others in a set of
homophones by prosody. They estimate that the probability of a word contrasting in pitch
or tone in Japanese is 13.57% across the board while it is 0.47% and 71.00% in English
and Chinese respectively. Their analysis about the differences of the distinctive function
of prosody among languages seems insightful, but they also admit that there are known
problems in their corpus and in the data mining processes.

First, they did not count genuine homophones but relied on orthographic information
in a dictionary. They actually counted homographs but not homophones. For example,
“right” and “wright” are homophones but not homographs, which were not included in
their corpus. Similar situations arose in Japanese where a long vowel can either be written
by a sequence of two kana symbols or by a single kana followed by a hyphen-like symbol.
In such cases, they did not count them as homophones.

Second, their probabilistic model did not fit well when the set size of homophones is
larger than two. They just ignored the homophones with more than three members because
the majority of homophones have only two members in their corpus.

Third, when the model is applied to words of different length, the maximal likelihood
varies from 6% for 5-mora words to 30% for 1-mora words. They averaged out those for
1- to 7-mora words for their claim, but the variation across different lengths needs further
scrutiny.

In the present thesis, a large-scale (80,000 words) database was used to extract true
homophones irrespective of orthography. We will see that the distribution of opposition
types are remarkably different with respect to word length, which cast doubt on Shibata &
Shibata’s across-the-board analysis of the distinctive function.

1.2.3 Experimental studies

Experimental studies on Japanese pitch accent are also numerous since the 1920’s. A re-
view of early days of accent research is available in Sugito (1982). Limiting the scope
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after 1970 still leaves a number of studies. Experimental approaches classify into four cat-
egories. The categories are engineering-oriented, physiology-oriented, psychology-oriented,
and linguistics-oriented approaches. There is, of course, a considerable overlap between
these approaches which will be discussed later in this section.

Among engineering-oriented approaches, the superposition models first proposed in Fu-
jisaki and Sudo (1971) and developed since then are popular in speech synthesis applications
(Fujisaki, 1996; van Santen et al., 1998). The model additively superimposes a baseline F0

, a phrase component, and an accent component. The two components are controlled by
critically damped second-order systems responding to an impulse input in the case of the
phrase, and to a rectangular input in the case of the accent component. The importance of
this model to linguistic description will be discussed later in relation to Sugito (1982).

Among physiology-oriented approaches, studies about glottal mechanisms are of par-
ticular interest for this thesis. It has been generally agreed that the cricothyroid muscle
works for controlling the F0 of the voice source: “the contraction of this muscle elongates
the vocal folds, which results in an increase in the longitudinal tension and a decrease in the
effective mass of the vocal fold tissue involved in vibration during phonation (Sawashima,
1980: p. 53).” A research group at the University of Tokyo further found that extrinsic
laryngeal muscles, especially the sternohyoid, are involved in F0 lowering in the lower pitch
range in the case of Japanese pitch accent (Shimada and Hirose, 1971; Sawashima et al.,
1973). In later studies, they tested the relative timing of vowel articulation and activity
in pitch controlling muscles (Sawashima, 1980; Sawashima and Hirose, 1980; Sugito, 1981;
Sawashima et al., 1982).

What I classify as psychology-oriented approaches are those involving perception exper-
iments in some form, though most of such studies are done by linguists. First of all, there
are studies that confirmed that pitch is the fundamental cue to the perception of accent in
Japanese (Weitzman, 1969; Sugito, 1982; Beckman, 1986).

Impressionistic descriptions agree that pitch accent in Japanese carries a high tone.
However, it was found that the pitch peak is not necessarily located in the accented mora
but in the following mora in some cases (Neustupný, 1966). Sugito (1982) called this
phenomena “late fall [ososagari]” in which the high pitch of the accent-bearing mora shifts
to the following mora. This late fall tends to occur in initial accented words whose second
mora has a non-high vowel (Sugito, 1982: p. 249). Sugito conducted several perception
experiments to find that listeners perceive accent on a mora followed by another mora
which actually has a pitch peak. She also claimed that the downward pitch movement in a
mora induces a percept of accent in the preceding mora and that the exact location of the
peak is not the principal cue to the perception of accent.

Hasegawa & Hata (1992) further confirmed this by conducting a perception experiment
and revealed that there is a compensatory relationship between pitch peak location and
the pitch movement after the peak. According to them, a steeper pitch fall is necessary to
perceive the accent in the preceding mora when the peak location is later.

Vowel devoicing is a process where high vowels are devoiced between two voiceless con-
sonants. Since there is no pitch in the devoiced vowel, it has been a matter of debate how
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listeners perceive an accent when it is on the devoiced mora. Sugito (1982) conducted an-
other experiment on this phenomena and found that the pitch movement in the following
mora is the cue to the perception of accent in the devoiced mora, which is in line with her
results concerning late fall. Matsui (1993) further confirmed this with a more systematic
design of stimuli and estimated the structure of perceptual categories for accent types both
in voiced and devoiced cases. Since the present study also involves perception of accent
in a devoiced mora, Matsui’s work will be reviewed in more detail in Section 2.2.3 in the
next chapter. Phonetic and phonological studies on vowel devoicing will also be reviewed
in more detail in Section 1.2.5 in this chapter.

Finally, there are numerous experimental studies done by phoneticians. I briefly sketch
those as a class of linguistics-oriented approaches, where experiments are done mainly in
the production domain. The most influential and comprehensive study of Japanese accent
in this domain is Pierrehumbert & Beckman (1988). Their theoretical framework and its
descendants (Venditti, 1995) will be used as a basic descriptive tool in this thesis and will
be reviewed in the next subsection.

Sugito (1982) which has already been mentioned several times in this section is another
monumental piece of work which subsumes all the approaches I have mentioned so far. In
collaboration with people mentioned in engineering-oriented approaches, she simulated the
production data by using the superposition model (Fujisaki and Sudo, 1971) and found the
prototypical parameter setting for all the accent types in 2-mora words. Results of Sugito’s
experiments on accent perception are also stated in terms of these parameters, such as the
timing and the amplitude of accent component and phrase component.

She also did a collaboration with physiology-oriented approaches and investigated the
muscle activities in voiced and devoiced accented moras. As expected, the cricothyroid
muscle is active for the pitch raising activity. It is noteworthy, though, that the cricothyroid
muscle is also active in the devoiced region where there is no vocal fold vibration. She
concluded that this activity of the cricothyroid and the following activity of the sternohyoid
muscle creates the rapid pitch fall in the mora right after the devoiced accented mora.

Studies on phrases containing more than one pitch accent are also numerous. Higurashi
(1983), Poser (1984), Pierrehumbert & Beckman (1988), and Kubozono (1993) investigated
the effect of downtrend in F0 . The effect of focus on the pitch contour has been investigated
in Pierrehumbert & Beckman (1988), Kori (1989) and Maekawa (1997).

1.2.4 Phonology in Pierrehumbert & Beckman’s model

Figure 1.1 shows an example of the tonal representation of a phrase in Pierrehumbert &
Beckman’s framework. At the word level, a pitch accent (H*L) links to a lexically specified
mora: [se] in [seetaa] in this case.3 The other word [akai] in this example is an unaccented
word but there are two tones (L% and H) associated with it. These tones come from the
accentual phrase level. One or more words constitute an accentual phrase where the phrasal

3I will use “H*L” instead of “HL” notation for the pitch accent following more recent convention in
J ToBI system (Venditti, 1995)
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Word

α

ω ω

σ σ σ σ σ

µ µ µ µ µ µµµ

L% H H*L L%

a ka     i se’  e   ta     a    -wa

Accentual
Phrase

Syllable

Mora

Tone tier

Phoneme tier

Figure 1.1: Prosodic and tonal structure of a phrase [akai s’eetaa wa] ‘red
sweater+Topic marker’ taken from Pierrehumbert & Beckman, 1988, p. 21.

high tone (H) links to the second sonorant mora and the boundary tone (L%) links to the
last mora of the phrase. The L% boundary tone also links to the first mora of an upcoming
phrase when the first syllable is short and unaccented (p. 127).

What makes their model different from other generative studies is that it separates the
pitch accent (H*L) from the phrasal H. In studies other than theirs, just a single type
of high tone is assigned to every mora between the second mora of a phrase up to the
accent (McCawley, 1977) or the accentual high tone spreads (Haraguchi, 1977; Haraguchi,
1991). However, they showed that the F0 slope between the phrasal H and the L% after
the pitch accent is proportional to the inverse of the distance between the two tones (p.
39). They argue that this interval-dependent declination of pitch cannot be deduced from
a full specification model where all the moras in the high-pitch region, namely between
the phrasal H and H*L, are specified as plain H tones. In addition, several experimental
studies have revealed that the F0 of the phrasal high tone is lower than that of a pitch
accent (Poser, 1984; Kubozono, 1993). This phonetic fact cannot be captured by theories
with just a single type of high tone.

The separation between phrasal H and pitch accent H*L is also motivated by hierarchical
prosodic structure (Nespor and Vogel, 1986; Beckman and Pierrehumbert, 1986; Selkirk,
1986). As indicated by a surrounding curve from the accentual phrase node to the phrasal H
in Figure 1.1 and by its name, a phrasal H tone is not a property of a word but a property
of an accentual phrase. A phrasal H tone can occur only once per an accentual phrase,
which may contain more than one word. Thus, not every word bears a phrasal H tone but
the first word in an accentual phrase does.
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1.2.5 Vowel devoicing

Vowel devoicing is one of the most well-known phenomena in Tokyo Japanese. Descriptively,
high vowels (/i/ and /u/) tend to devoice between voiceless consonants under some con-
straints. Constraining factors include speech rate, consecutively devoiceable context, pitch
accent, (Kondo, 1996), the type of consonants surrounding the devoiceable vowel, lexical ori-
gin, such as Native, Sino-Japanese, or Foreign (Tsuchida, 1997), and morpho-phonological
boundaries (Yokotani, 1997).

As for the mechanism of vowel devoicing, electromyography and endoscopy have revealed
that the laryngeal activity during the production of a devoiced vowel is different from
a voiced vowel in that the glottis is wide open in the former by the activity of posterior
cricoarytenoid and interarytenoid muscles (Hirose, 1971; Sawashima, 1971; Yoshioka, 1981).
On the perception side, it has been shown that the spectral coloring from the devoiced
vowel to the preceding consonant gives listeners information about the identity of the vowel
(Beckman and Shoji, 1984).

Of most concern in the present study is the relationship between vowel devoicing and
the realization of accent. Traditionally, it has been said that an accented vowel is not
devoiceable. Either the accent on the devoiced vowel is shifted to neighboring syllables
or an accented devoiceable vowel is voiced in realization (Vance, 1987). However, it has
also been pointed out that the tendency to shift accent has become obsolete in younger
generation (Akinaga, 1985; Kondo, 1996). A number of experimental works support this
observation (Kitahara, 1996b; Kitahara, 1998; Kitahara, 1999; Maekawa, 1990; Nagano-
Madsen, 1994; Sugito, 1982; Varden, 1998).

Then, as mentioned earlier (Section 1.2.3), it has been a matter of debate how listeners
perceive an accent on the devoiced mora. In addition to Sugito (1982) and Matsui (1993),
Maekawa (1990) conducted a set of production and perception experiments to find that
the pitch right after the devoiced region is raised, which is a part of perceptual cues for
accent in the devoiced mora. However, these three studies only concerned with perception
of an accent in a fully devoiced mora, that is, a voiceless consonant followed by a devoiced
vowel. Since voiceless consonants surrounding a vowel are one of the necessary conditions
for that vowel to be devoiced, it is impossible to set a control condition in which a voiced
consonant is followed by a devoiced vowel. But, as for the realization of pitch accent,
voiceless consonants alone may erase a substantial part of accent information in a pitch
contour. Previous studies on vowel devoicing and accent seem too focused on the devoiced
mora and lack a comparison with control conditions, such as a fully voiced mora and a
partially voiceless mora due to voiceless consonants. The present study thus incorporates
these conditions in order to investigate the category structure of pitch accent in more general
terms.
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1.3 Functionalism in phonology

1.3.1 Classic functionalism

Trubetzkoy (1939) proposed three major functions of phonic substances in speech.4

(1.3) The culminative function

A function which serves to indicate how many significant units (words or word-
combinations) there are in an utterance.

For example, primary stress in English occurs only once per a content word, which helps
the listener to analyze the sentence into constituents.

(1.4) The delimitative function

A function whereby a phonic element indicates the boundary between significant
units (i.e. words, word-combinations, or morphemes) in an utterance.

For example, in languages with fixed accent at word edges (Czech, in the initial position,
and French, in the final position), the accent helps the listener to also analyze the sentence
into constituents.

(1.5) The distinctive function

A function whereby significant units are distinguished from each other.

Minimal pairs in any language can serve as an example of this function in which the phone-
mic difference that distinguishes the two words in the pair fulfills the distinctive function.

It is evident that the first two functions overlap with each other. That is part of the
reason Martinet (1960) proposed the contrastive function which subsumes the culminative
function and the delimitative function. It is true that the overlap is evident in cases where
the accent is fixed, but it is still worthwhile to treat the two functions separately in the case
of free accent languages like English or Japanese. Beckman & Edwards (1994) mention the
two functions in the general framework of prosodic phonology as follows:

(1.6) Beckman & Edwards, 1994: p. 8

4There are many other functions proposed in the literature. Akamatsu (1992) lists five other functions
proposed by Bühler (1920, 1934), Martinet (1960) and himself. They are the representative function, the
contrastive function, the appellative function, the indexical function, and the expressive function. All but
the first two functions are paralinguistic and thus are not the main focus of this thesis. The representative
function just denotes that a linguistic sign has some referent, which is a very basic function of language
but not particularly interesting in the context of phonetic research. The contrastive function subsumes the
delimitative and culminative functions.
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At any level of the prosodic hierarchy, the number of constituents can be in-
dicated by marking the edges or by marking the heads. In the classical linear
phonology of Trubetzkoy (1939), these two devices correspond to the demarca-
tive and culminative functions, respectively. In metrical representations, they
can be identified roughly with tree versus grids.

1.3.2 Functional load

As for the distinctive function, the notion of functional load has been frequently discussed in
the pre-generative literature (Martinet, 1952; Martinet, 1960; Martinet, 1962; King, 1967;
Hockett, 1967). A casual definition of functional load is like the following: when a contrast
is more frequently used, that contrast bears a higher functional load. The chief motivation
for proposing functional load is to find a driving force for diachronic language changes.
King (1967) succinctly summarizes the argument for functional load in the form of three
hypotheses (p. 835):

(1.7) a. The weak point hypothesis states that, if all else is equal, sound
change is more likely to start within oppositions bearing low functional
loads than within oppositions bearing high functional loads; or, in the case
of a single phoneme, a phoneme of low frequency of occurrence is more
likely to be affected by sound change than is a high-frequency phoneme.

b. The least resistance hypothesis states that, if all else is equal, and
if (for whatever reason) there is a tendency for a phoneme x to merge
with either of the two phonemes y or z, then that merger will occur for
which the functional load of the merged opposition is smaller.

c. The frequency hypothesis states that, if an opposition x 6= y is de-
stroyed by merger, then that phoneme will disappear in the merger for
which the relative frequency of occurrence is smaller.

His formulation of functional load is not explicitly given in the paper cited here but, as
he states, it is essentially a product of two factors: the global text frequencies of the two
phonemes involved and the degree to which they contrast in all possible environments.5

Hockett (1967) gives an information-theoretic approach for quantification of functional
load which is worth reviewing here since, on the one hand, his proposal is mathematically
simple and explicit, but on the other hand, his approach makes it clear that the classic

5King (1967) however claims that functional load has very little explanatory power for language change.
He investigated four cases from historical Germanic and calculated functional loads for mainly vowel con-
trasts. All together, there are 19 cases supporting the three hypotheses but 24 cases rejecting them (p. 848).
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notion of functional load of phonemes has problems when applied to an analysis of the
pitch accent system in Japanese.

He first introduces a simple system Lm which contains m phonemic units: for example,
L4: /1/, /2/, /3/, /4/. If the first two phonemes in L4 coalesce, the system is now called
L3 which has /12/, /3/, and /4/. He states that this corresponds to a diachronic analog in
the coalescence of two phonemes of an earlier stage of a language to form a single phoneme
at a later stage. Now, the notion of functional load is that a phonemic system Lm has a
quantifiable job to do, and that the contrast between any two phonemes, say /a/ and /b/,
carries its share. (p. 305)

Let f(L) be the load carried by a system L, and let f(/a/, /b/) be the share carried by
the contrast between /a/ and /b/. Then we have

f(Lm−1
1 ) = f(Lm)− f(/a/, /b/)(1.8)

Or, in a transformed form:

f(/a/, /b/) = f(Lm)− f(Lm−1
1 )(1.9)

Thus, if we can find a way to measure the total load of the system f(L) in different
stages, we can obtain the functional load of a particular contrast, i.e., a pair of phonemes
contrasting in a given language.

He then equated the f(Lm) with entropy H (where pi is the probability of occurrence
of the i-th unit) based on mathematical properties of the system L.

H = −
m∑

i=1

pi log2 pi(1.10)

So far, the formulation is simple and tractable. However, when it is extended to fea-
tures as subcomponents of phonemes, a problem arises: as Hockett notes, “. . . it would
be awkward to have to talk about a component coalescing with nothing — that is, disap-
pearing or appearing (p. 316).” This is because his system L only allows coalescence of
units, such as /1/,/2/,/3/,/4/ → /12/,/3/,/4/, but not deletion, such as /1/,/2/,/3/,/4/
→ /2/,/3/,/4/. In the case of phonemes, the units /1/, /2/, and /12/ can be anything: for
example, /1/=/p/, /2/=/b/, and /12/=/p/ where the coalescence of /p/ and /b/ results in
losing the voicing contrast in some environment. Feature-wise, however, this coalescence is
the deletion of a privative feature [voiced], which cannot happen when we take those units
/1/, /2/ . . . as features in a system L.6 Hockett’s solution to this is simple: do not use
privative features, but use traditional binary features everywhere for the analysis of func-
tional load. However, as we have seen in (1.1b), the pitch accent in Tokyo Japanese has a
privative contrast: unaccented vs. accented. A simple application of Hockett’s formulation
of functional load would cause a problem.

6I assume privativity for the voicing feature here (Lombardi, 1995).
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Of course, it is not impossible to represent the pitch accent system with a binary
High/Low feature assigned to each tone-bearing unit of some sort, but such a represen-
tation cannot capture the phonology of accentual contrast in Japanese. For example, tonal
sequences LHL and LHH are contrastive not because the last tone is different but because
there is a characteristic pitch pattern “HL” in the former but not in the latter. If we
compare longer sequences, such as LHLL and LHHH, it is clear that the presence/absence
of the characteristic pattern “HL” determines the contrast. The approach with a binary
High/Low feature specification for each unit would require the final two L tones in LHLL
to somehow group together and contrast with the final two H tones in LHHH. Moreover,
it would be complicated and unintuitive to apply Hockett’s formulation of functional load
to such a system in which the load can only be calculated for each High/Low feature. To
obtain the functional load of a particular accentual contrast, a second-order analysis of
sequences of High/Low features would be required.

Functional load in King (1967) and Hockett (1967) is considered as an property of each
phonemic contrast across the entire lexicon. However, the difficulty of this “across-the-
board” definition becomes clear when we consider oppositions in features and privative
oppositions. In Chapter 5, I will attempt to quantify the functional load in an alternative
method based on opposing relations in a set of homophones and word familiarity differences
within opposing items.

1.3.3 Type/token frequency and word familiarity

There are more recent theoretical works of phonologists who profess themselves to be func-
tionalists (Bybee, 1994; Bybee, 1998; Flemming, 1995; Hayes, 1996b; Boersma, 1997; Kirch-
ner, 1998). Among them, Bybee admits her model of lexicon and grammar is functional,
though clearly distinguished herself from the European tradition of functionalism including
Trubetzkoy and Martinet. For her, functionalism “does not assume that grammar is created
to serve certain functions, but rather that grammar is the conventionalization of frequently-
used discourse patterns” (Bybee, 1994: p. 286). Thus, her so-called usage-based phonology
takes frequency of usage as one of the main driving forces in shaping the grammar.

Though her framework has a different scope from the present study, functionalism in
Bybee’s sense makes us think more carefully about the notion of “frequency.” There are
two types of frequency when we talk about the usage of language: type frequency and token
frequency.

Token frequency is the frequency of individual items, which corresponds to the vanilla
case of the term “word frequency.” According to Bybee, this has two seemingly contra-
dicting effects. One effect of high token frequency is the reductive effect, which makes
words and phrases to undergo compression and reduction. The other effect of high token
frequency is so-called lexical strength. Frequent items have greater strength of storage in
memory, which contributes to easier access and more resistance to change (Bybee, 1985;
1998). The “easy access” part of the lexical strength is well attested in the psycholinguis-
tic literature. The “word frequency effect” is that high frequency words are responded to
faster than low frequency words (Balota and Chumbley, 1984; Balota and Chumbley, 1985;
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Forster and Chambers, 1973). Token frequency in speech is, however, very cumbersome
to obtain. First, it needs a tremendous amount of recording of natural speech in various
settings, various registers, and various social-groups. Second, the recorded material has to
be segmented and labeled by trained people. Then, words (or so defined units in certain
principles) are extracted and counted. Studies about token frequency are often based on
word frequencies in large-scale text corpora as a substitute of word frequencies in speech.
There are of course some problems in this substitution. Of most concern here is that written
and spoken languages may differ substantially in their style and vocabulary. In addition,
the difference in modality may cause a fundamental difference in psychological/lexical pro-
cessing. Especially, ideographic Chinese characters used in written Japanese must have a
special impact on the processing in visual modality but not in auditory modality (Amano
et al., 1995; Hino and Lupker, 1998).

Type frequency is the number of lexical items participating in a certain morphological
pattern. In the case of accent, for example, this can be equated with the dominance of
the pattern within a certain fixed repertoire of the accent type. Type frequency is claimed
to correspond closely to the productivity of a morphological pattern (Bybee, 1998). An
oft cited example is the irregular inflection in English verbs where certain sub-regularities
are observed within the “irregular” verbs. Type frequency describes how dominant those
sub-regularities are within the class of irregular verbs. Type frequency can be obtained
from a carefully structured dictionary in which relevant morpho-phonological information
has to be well-organized.

Word familiarity is a type of psychological measure obtained from subjective ratings.
Though the intricate psychological processes that account for the source of familiarity are
not clear yet (but see Whittlesea & Williams, 2000), it has been known that token frequency
and word familiarity are positively correlated. Moreover, word familiarity is claimed to be
a better probe for investigating the properties of the mental lexicon than token frequency
(Nusbaum et al., 1984). Recently, a large-scale word familiarity database in Japanese
was published (Amano and Kondo, 1999). They took subjective ratings of words in three
modalities: Audio, Visual, and Audio-visual. If we use the audio word familiarity, we can
circumvent the aforementioned problems in text-based token frequency for investigating
the psychological/lexical processes. The database not only includes familiarity but also
necessary phonological information. Thus, a type frequency analysis can also be done from
this database. We will see a detailed introduction of the structure of the database and
analyses in Chapter 5.

1.4 Functions of pitch accent

It has been argued that the culminative function is dominant and the distinctive function
is minimal, though present, in the Japanese pitch accent system. Komatsu (1989) states
that the balance between the two functions has been changing diachronically.

(1.11) Komatsu, 1989: p. 1662 (translation by MK)
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Pitch accent in Old Japanese played an important role both in distinctive func-
tion and culminative function. However, the gradual change has reduced the
role of distinctive function and has lead culminative function to flourish. The
emergence of accentual phrase crucially determines the trend that distinctive
function is abandoned in order to make culminative function more active.

Previous statistical studies on pitch accent in Japanese have concentrated on the type
frequency of accent locations (Shibata and Shibata, 1990; Shibata et al., 1994; Sato, 1993;
Akinaga, 1998). Token frequency of each item has not been taken into consideration in
any of the studies I know of. However, it is quite unlikely that token frequency and type
frequency are totally independent. There might be a combined effect of both frequencies in
the comparison between a pattern to which a number of items with high token frequency
belong and the other pattern to which only items with low token frequency belong.

As pointed out in Uwano (1996), function of pitch accent is frequently mentioned but
rarely approached quantitatively. Thus, the present thesis includes an extensive database
analysis not only to count the number of oppositions or type frequency but also to incorpo-
rate word familiarity data from Amano & Kondo (1999) in order to quantify the distinctive
function of pitch accent.

1.5 Lexical access

As reviewed in previous sections, type/token frequency and word familiarity must play
a pivotal role in quantifying the distinctive function of pitch accent. Then, a question
arises: where do these properties come from and how do they affect the process of speech
perception? Word frequency/familiarity are obviously the property of words and words are
assumed to be stored in the lexicon. Thus, to answer the above question, it is necessary
to briefly review the role of the lexicon in current models of speech perception and spoken
word recognition. In addition, as pitch accent is subsumed under a general term “prosody”,
the role of prosody in lexical access is another topic to be covered in this section.

A succinct definition of the lexicon and lexical access is given in Cutler (1989) as in the
following:

(1.12) Cutler, 1989: p. 342

The lexicon, considered as a component of the process of recognizing speech,
is a device that accepts a sound image as input and outputs meaning. Lexical
access is the process of formulating an appropriate input and mapping it onto
an entry in the lexicon’s store of sound images matched with their meanings.

This definition focuses, as explicitly stated in the first line, on speech perception and
neglects orthography and retrieval in speech production. Models of spoken word recognition
have been heavily influenced by those of visual word recognition, however. Early models
of spoken word recognition, such as Logogen theory (Morton, 1979), Autonomous search
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model (Forster, 1978) and Connectionist model (McClelland and Elman, 1986) seem to be
influenced by, or closely connected to, models in visual word recognition. As a result, those
models are eager to implement word (token) frequency effect in some way or another, but
are reluctant to incorporate the effect of prosody in lexical access. The reason is simple:
the word (token) frequency effect has been a big issue in the research history of visual word
recognition (Broadbent, 1967; Forster & Chambers, 1973; see Balota, 1994 for a review),
but prosody has been outside its scope.

Word (token) frequency is coded via the level of activation of a word-like unit in Logogen
and Connectionist models where high-frequency words have higher resting level activations
than low-frequency words. In Autonomous search model, it is implemented as the order of
the search in which high-frequency words are searched earlier than low-frequency words.

More recently, Anne Cutler and her colleagues have been providing supporting evidence
for an active role of prosody in lexical access (Cutler and Norris, 1988; Cutler, 1989; Cut-
ler, 1994). They propose the rhythmic strategy of speech segmentation in which listeners
hypothesize a word boundary before a metrically strong syllable (Cutler and Norris, 1988).
This strategy helps listeners to access the lexicon successfully partly because the type fre-
quency of words beginning with a strong syllable is quite high (about 73% in a 30,000 word
corpus). Moreover, when the mean token frequency is taken into consideration, about 85%
of open-class words in average speech contexts begin with a strong syllable (Cutler, 1989).

However, Japanese does not have the strong-weak rhythm of stress languages like En-
glish. Pitch accent in Japanese is distinctive while there are very few genuine minimal pairs
by stress in English since the stress often alters the vowel quality. Thus, the role of prosody
in lexical access as evidenced by Cutler and others does not directly help investigating the
distinctive function of pitch accent in speech perception. The proposed rhythmic strategy
rather corresponds to the delimitative function of prosody in English.

In another study, Cutler and Otake investigated the role of pitch in speech segmentation
in Japanese (Cutler and Otake, 1999). They concentrate on the difference between the
initial-accented words and the unaccented words to see if the pitch in the initial portion of
a word has a facilitating effect on lexical access. Their results are positive, which can be
interpreted as evidence for the delimitative function of accent in Japanese. If we extend
their paradigm to the differences between accented and unaccented words in general, we
will be able to see not only how the delimitative function but also how the culminative
function work in lexical access.

The review of the psycholinguistic literature in this section reveals that the distinc-
tive function of pitch accent in speech perception is still an uncultivated area. Though
type/token frequency and word familiarity are assumed as a property of the lexicon, their
effects in categorization performance have not been investigated either.



Chapter 2

Overview of perception experiments

2.1 Introduction

The first part of this chapter reviews claims and methods employed in previous studies
on pitch accent perception in more detail than in the previous chapter. Criticism and
remaining questions in their work directly motivate the methods and procedures taken in
the present study. It will be pointed out that there has been no systematic treatment of
accent on devoiced moras and accented words in context. Next, a review of the intonation
synthesis model in Pierrehumbert & Beckman (1988) will be given with an emphasis on
the phonetic implementation and technical details. These details also directly influence the
implementation of the stimulus resynthesis system employed in the present study. Finally,
we will see the methods and techniques common to the three experiments in the present
study. In particular, an F0 resynthesis technique developed on the basis of STRAIGHT
(Speech Transformation and Representation using Adaptive Interpolation of weiGHTed
spectrogram) technology (Kawahara and Masuda, 1996) is introduced.

2.2 Previous experimental studies on accent perception

Three studies are of paramount importance to the present work: Sugito (1982), Hasegawa
& Hata (1992), and Matsui (1993). Their claims and methodologies lay the groundwork for
designing the three experiments which will be presented in the subsequent chapters. Thus,
though they have been mentioned in Chapter 1, the methods and results in these previous
studies are reviewed in more detail in this section.

2.2.1 Sugito (1982)

Sugito (1982)’s claims about pitch accent perception can be summarized as follows:

(2.1) a. F0 is the fundamental cue to pitch accent perception in Japanese.

b. Intensity does not matter for accent perception even when the accented mora is
devoiced.

16
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c. Accent is perceived in the mora immediately before the falling contour.

d. The start of the fall need not to be aligned with the mora boundary.

The first point here is widely acknowledged in the most studies on pitch accent per-
ception in Japanese including the present work. (2.1b) is proposed against impressionistic
observations by phoneticians, such as Hattori (1954, 1960) and Kawakami (1969). They
claim subjectively that the accent in the devoiced mora is perceived because of the greater
intensity in that mora. Though they admit that pitch is the fundamental cue to accent
perception, they take accent on a devoiced mora as a special case. Sugito, however, con-
ducted a number of experiments to find that the intensity in the devoiced mora does not
affect the perception of accent in the devoiced mora. The percept of accent on a certain
mora is achieved by the falling contour in the following mora, which can be generalized
for any accent occurrences justifying (2.1c). The final claim in (2.1d) is originally found
in Neustupný (1966) where he observed that the pitch starts to fall in a mora after the
accented mora in some cases. Sugito confirmed this from the results of her experiments and
called this phenomenon “late fall (ososagari)”.

Results of Sugito’s experiments on accent perception are stated in terms of the param-
eters in the superposition model (Fujisaki and Sudo, 1971), such as the timing and the
amplitude of accent component and phrase component.

However, linguistic generalizations and the parameter setting in the model do not always
meet (Ladd, 1996). For example, in Sugito’s analysis unaccented forms have to have the
accent component in the same way as accented forms do (p. 292). The amplitude of the
accent component in unaccented forms is not crucially lower than that of accented forms.
The difference between accented and unaccented forms is just a matter of the timing of the
accent component. This is against most phonological analyses of accent in Japanese. The
privative nature of accent, that is, the presence/absence of accentual marking at some level
plays a crucial role in the linguistic description of accent. For this reason, the superposition
model is not adopted as a device for stimulus preparation in the present study.

2.2.2 Hasegawa & Hata (1992)

Hasegawa & Hata (1992) conducted an experiment focussed on this “late fall” phenomenon.1

Their research question was how late the fall can be tolerated and how the slope of the fall
interacts with the starting point of the fall. They used MITalk-based full-synthesis system
to create the stimuli which are located in the space shown in Figure 2.1.

The stimulus word is a 3-mora non-word /mamama/ which was presented in isolation.
The peak location is varied within the second vowel in 5 steps. The peak occurred at 20, 30,
50, 60, and 70% into the second vowel. The slope was varied in 14 steps from 0.24Hz/ms
to 3.30Hz/ms. They also varied the speech rate of the stimuli. Two speech rates (slow
and fast) were used. The vowel duration was 130ms in the slow rate and 100ms in the

1The late fall phenomenon per se is claimed to have a paralinguistic function to signal feminity in their
subsequent study (Hasegawa and Hata, 1995).
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Figure 2.1: Hasegawa & Hata’s stimuli design in the fast speech rate condition.

fast rate. Fifteen subjects were asked to determine whether the accent pattern was like an
initial accented word /námida/ ‘tear’ or like a penultimate accented word /okáshi/ ‘snack’
for each stimulus.

Their results show that the later the peak in the second vowel, the greater the fall rate
required for subjects to perceive an accent in the first mora. The speech rate condition did
not change this overall picture. The only difference was that the two latest peak locations
(60 and 70%) have a lower percentage of response for the initial accent in the slow speech
rate condition.

We can point out several problems in the stimuli and the task in their experiment. First,
as we can see from Figure 2.1, the pitch in the initial portion of the contour is quite low,
which might have biased the response to the penultimate accent. What if the contour starts
from a relatively high frequency (e.g., 150 Hz)? We expect more response of initial-accented
even though the start of the fall is later in the next mora. However, a natural utterance
cannot have a pitch contour starting abruptly from high frequency. Thus, it may sound
unnatural to start the pitch contour at a high F0 . We can circumvent this problem by
putting the stimulus word in a carrier sentence with a preceding context. Then, the initial
part of the stimulus word may have a high F0 with the preceding context starting at a
lower F0 and gradually approaching it. Second, not all opposition types are covered in their
experiment. In particular, the distinction between the unaccented form and the penultimate
accent is of a matter of concern when the slope of the F0 contour is shallow. In other words,
not only the location of accent but also the presence or absence of accent needs to be
investigated in relation to the slope and the peak location of the F0 contour. Third, the
stimuli were fully synthesized from scratch whose quality and the naturalness of the sound
is still far below those of human voice. As we will see later, the STRAIGHT-technology
developed by Kawahara and others makes it possible for us to modify and resynthesize
natural speech with minimum loss of quality. Finally, the material used for the stimuli is a
non-word /mamama/, but subjects had to respond with existing words, such as /námida/
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Devoiced

ha toshi +
+ fu kuni

Figure 2.2: Schematic representation of Matsui (1993)’s stimuli design.

‘tear’ and /okáshi/ ‘snack’. This is not a simple accent judgment task but some extra
steps are intervening. Subjects first had to memorize the pitch pattern of the stimuli, then,
search the mental lexicon and retrieve either /námida/ ‘tear’ or /okáshi/ ‘snack’, and then
compare the memory trace of the pitch pattern of the stimulus with canonical representation
of accent of those words which might further be converted into a mental representation of
a pitch pattern. This task must have been introduced to circumvent the problem of asking
an accent pattern of a non-word /mamama/, which does not exist in the lexicon. Subjects
thus have to go back and forth between the pitch pattern of a non-word and presumably
more abstract accent information of real words in the lexicon. However, if we ask subjects
to judge an accentual minimal pair, such as [ame] ‘candy’ and [áme] ‘rain’, there is no need
for subjects to go over those extra steps. They can just directly compare two real words in
the lexicon, which is a more naturalistic situation in assessing the process of lexical access.

2.2.3 Matsui (1993)

Matsui (1993) ran two perception experiments to see the effect of devoicing in accent per-
ception. His first experiment used an accentually-opposing triplet — /hashi/ ‘edge’, /háshi/
‘chop stick’, and /hash́ı/ ‘bridge’ — where the second mora /shi/ is devoiced when followed
by a voiceless consonant. A particle /to/ ‘and’ was attached after /hashi/ to induce devoic-
ing. Still, this experiment is a word-in-isolation type because there is no preceding context
involved. In his second experiment devoiceable words are put in a carrier phrase to see the
effect of the preceding context.

Matsui (1993)’s stimulus design for both his two experiments is shown in Figure 2.2.
The F0 in the first mora was kept constant at 196Hz. The onset and the final point of F0

in the last mora were varied from 160Hz to 212Hz in 4Hz steps under the condition that
the final point is never higher than the onset. The duration of each mora is kept constant
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at 200msec.
The results from experiment 1 basically confirm Sugito (1982)’s claim in (2.1c) suggest-

ing that the falling contour immediately after the devoiced mora induced the percept of an
accent in the devoiced mora. The results also suggest that the interpolated F0 contour in
the devoiced mora has to be falling in order to perceive an accent in the mora before the
devoiced mora.

In his experiment 2, a minimal pair — /fuku/ ‘wipe’ and /fúku/ ‘blow’ — was used
with two preceding contexts: /kemmee-ni/ ‘perseveringly’ and /téenee-ni/ ‘carefully’. The
two context words were chosen in order to contrast the difference in phrasal tone patterns
in terms of a traditional mora-by-mora description of accent (Akinaga, 1998).

(2.2)

H  H
|    |

H  H
|   |

ke.m.me.e.ni.+ fu.ku

L  H  H  H H    H*L

a. b.
te.e.ne.e.ni.+ fu.ku

or or

 |    |    |    |   |      |    |
’    

fu. ku fu. ku

H*L L  L L   H*L
 |   |   |   |   |      |    |

’    ’    

The sentence in (2.2a) has an initial L tone and all the following moras up to the word
boundary “+” have H tones while the one in (2.2b) has an inverse tone specification up to
the word boundary. Thus the mora immediately preceding the target word has a contrasting
condition between H and L tones.

The results from this experiment suggest that the preceding context has only a small
effect on the perception of accent. The only difference between the H-preceding (/kemmee-
ni/) and the L-preceding (/téenee-ni/) condition is that, in the latter, the categorization
boundary between unaccented /fuku/ and initial accented /fúku/ slightly shifted toward
the unaccented word. In other words, the response for the unaccented form increased when
the preceding word has a pitch accent.

There are three issues not explored in Matsui’s experiments. First, his construction of
stimuli did not test the “late fall” phenomenon at all. As we have seen in Hasegawa &
Hata’s experiment, the slope and the timing of the start of the fall may interact. The F0

contour in Matsui’s stimuli all change only at mora boundaries and thus it is impossible
to test the timing of the change. Second, the contour is too angular and unnatural. Nat-
ural F0 contours never show such a pattern with straight lines connected at a few points.
Moreover, no downtrend including natural declination and catathesis (downstep) was taken
into consideration in the stimuli design. For example, the F0 of the target word in natu-
ral utterances may be much lower due to the catathesis effect because the existence of a
pitch accent H*L in /téenee/ will trigger a compression of the pitch range in the following
accentual phrase(s) (Poser, 1984). The weak effect of the preceding context found in his
results may be due to listeners’ expectation for the catathesis. They might have expected
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a lower pitch range at the end of the phrase with an accent in the preceding context and
thus responded to the accented tokens as unaccented. Third, he did not include a control
condition where the to-be-devoiced mora is partially voiced, namely, /shi/ in /hashi/ or
/fu/ in /fuku/. Although he showed the results from a pilot experiment using fully voiced
pair /áme/–/ame/ ‘rain’–‘candy’, the question remains whether the accent perception is
affected only by vowel devoicing or by the combination of voiceless consonant and vowel
devoicing.

2.3 Intonation synthesis in Pierrehumbert & Beckman’s
model

This section reviews the intonation synthesis model in Pierrehumbert & Beckman (1988)
on which the design of the stimuli in the present study is based. As I have criticized in the
previous sections, perception experiments by Hasegawa & Hata (1992) and Matsui (1993)
used angular and unnatural F0 contours as their stimuli. Moreover, their stimulus design is
not phonologically well-grounded. In other words, there is no explicit model of phonology
that produces the F0 contours used in their experiments. Thus, there is a possibility that
their stimuli are out of the range in which a human speaker can naturally produce. The
chief motivation for adopting Pierrehumbert & Beckman’s model in this study is to pursue
a phonologically tractable model of the perception of pitch accents.

Their model essentially consists of 4 major steps to produce the output intonation
pattern for Tokyo Japanese, which are summarized in (2.3) and plotted graphically in
Figure 2.4.

(2.3) a. Set a sequence of boundary tones (L%), phrasal H tones, and accent H*L’s.

b. Add constant declination.

c. Convolution with a mora-sized window for smoothing.

d. Add random noise for natural jitter.

The following subsections review each of these steps in order.

2.3.1 Tone sequencing

The first step in (2.3) is a linguistic specification of tonal units whose alignment (horizontal
dimension in msec) and scales (vertical dimension in Hz) are fine-tuned by various phono-
logical and speaker-specific requirements. As reviewed in Section 1.2.4, the output of the
phonological system contains only a sparse representation of tones and thus not all moras
are bound to a tone. At most one pitch accent (H*L) and some boundary or phrasal tones
in the vicinity of edges are allowed in each accentual phrase even when the number of tone
bearing units (i.e., moras) by far exceeds the number of tones. The phonetic implementation
of the timing and the duration of those tones are specified by a rule in the following:
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(2.4) Pierrehumbert & Beckman (1988: p. 178)

Whenever a tone is associated to a mora, it has a duration. Any other tone
is a single point in time, located at the relevant edge of the interval of moras
governed by the node to which it is attached.

Thus, a phrasal H tone linked to the second mora of the phrase has a mora-length
duration while the L% tone at the edge of the phrase has only a point specification. The
pitch accent H*L has a combined representation of time: the H* part is associated to the
accented mora and thus has a mora-length duration while the L part only has a point right
after the H*.

As for the tone scaling, the pitch range is a speaker-specific property which is set by the
upper and the lower limit. The upper limit is called a high-tone line (h) which is defined as
the value for a hypothetical H tone of maximal prominence in the phrase (Pierrehumbert
& Beckman, 1988: p. 182). The lower limit is called a reference line (r) which is tentatively
defined as a speaker-specific constant but they also offer several alternative models which
relate r to h in a linear fashion.2 In their implementation of the intonation synthesizer,
only one speaker whose r value is derived from production data is modeled.

The prominence level of tones, denoted as “T(X)” where “X” represents either H or L
tones, is defined as a value of F0 expressed as a proportion of the range between h and r. H
tones are scaled upward from the reference line while L tones are scaled downward from the
high-tone line. Thus, the prominence value for H tone and L tone are defined in equation
(2.5) and (2.6) respectively.

T(H) =
H− r

h− r
(2.5)

T(L) = 1− L− r

h− r
(2.6)

For example, if h = 180Hz, r = 90Hz, H = 165Hz, and L = 120Hz, the T(H)= (165 −
90)/(180 − 90) = 0.83, and T(L)= 1 − (120 − 90)/(180 − 90) = 0.67. When synthesizing
an intonation contour for an utterance, we can specify the F0 of each tone by setting the
prominence level as T(X). When T(H) is larger, the H tone is more prominent and thus
scaled higher in Hz. On the contrary, the prominence level for L tone is scaled downward:
when T(L) is larger, the L tone is lower in Hz.

By transforming the tone scale from Hz to a 0-1 ratio in the pitch range defined by
h and r, all the prominence relations including boundary strength, catathesis effects, and
H*-to-phrasal H relation are handled in a uniform way. On the other hand, the effect of
focus and the final lowering process are captured not by the prominence of each tone but

2They propose that the relationship between r and h are captured by a simple linear equation r = ah+ b
and discuss possible interpretations for cases where a or b is zero. Taking r as a constant is one instance
of this model when a is set to zero. Their discussion is based on the shift of pitch range in emphasized
utterances which is out of the scope of this study, however.
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by the expansion/compression of the pitch range. Though the purpose of the present study
is not to study the issue of focus and pitch contour, the final lowering process is still of
concern since the pitch accents in our material are always placed in the domain of the final
lowering. Let us review the basic facts of final lowering and its implementation in their
model next.

The final lowering process in Pierrehumbert & Beckman (1988) is a direct inheritance
from Liberman & Pierrehumbert (1984)’s model on English intonation. They found that
in English final accent is always lower than what would have been predicted from a simple
downstep process. They proposed that the final lowering is an effect from the end of an
utterance and is independent from both declination (a function of time from the beginning)
and downstep (a function of the number of accents from the beginning). Their proposal
was exemplified across different conditions which made it possible to show the underlying
generalization in pitch scaling. In fact, this is claimed as an advantage to a superposition
model where a manipulation on a specific accent as Liberman and Pierrehumbert did seems
to be rather difficult to achieve with the same simplicity (Ladd, 1996).

The two synthesis parameters, “f rate” and “f ms”, are introduced for the final lower-
ing process in Pierrehumbert & Beckman (1988, p. 207). However, their meaning is not
explained and the algorithm for the final lowering is not explicitly stated. According to
Beckman (personal communication), the role of “f rate” (final lowering rate) is to specify
the rate of declination of the high tone line and the role of “f ms” (final lowering domain) is
the starting point from the end of the utterance of the final lowering in seconds. The “f rate”
parameter works in the following fashion to specify the ending point of the high-tone line
in Hz.

h = r + (f rate× (h− r))(2.7)

To summarize, the tone sequencing part of the intonation synthesis gives target values
both in horizontal and vertical dimensions. The horizontal dimension is basically determined
by the alignment of tones with moras while the vertical dimension is determined by an
intricate set of rules for prominence levels and pitch range. An example of a sequence
of tones for a short phrase similar to the one used in the present study is described in
Figure 2.3 with hypothetical parameter settings in Table 2.1. Sample values are not based
on measurements but arbitrary for purely expository purposes.

2.3.2 Declination

The next step in (2.3) is to tilt the whole sequence, which imitates the overall declination
of pitch seen in natural speech. The ratio of declination is a speaker specific constant in
Pierrehumbert & Beckman (1988) because their data show that the variability of declination
is quite huge across speakers. They give −10Hz/sec as an example in their demonstration
taken from one speaker’s data. See Figure 2.4 for the effect of declination from panel (a) to
(b).
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Figure 2.3: A hypothetical case of tone sequencing with the parameter setting in
Table 2.1. (1) The L% at the utterance boundary position has the prominence level of
0.67. The F0 value is obtained from equation (2.6): 0.67= 1− (L−90)/(180−90), thus,
L= (180 − 90) × (1 − 0.67) + 90 = 120. (2) The phrasal H tone is determined by the
prominence level u. It is the ratio between h and r which is applied to the following
equation: u× (h−r)+r = 0.55× (180−90)+90 = 139.5. (3) The final lowering process
applies as in equation (2.7). If there were no catathesis, the final point of h would be
h = r+(f rate×(h−r)) = 90+(0.8×(180−90)) = 162Hz and the starting point is given
by “f ms” parameter. The hypothetical new h-line is given as a dashed line. (4) The
H* tone is realized on the slanted high-tone line as it has the full prominence level. (5)
Catathesis applies after each H*L pitch accent. The catathesis constant c = 0.5 slides
down the slanted high-tone line. (6) The L in pitch accent H*L has the same prominence
level 0.67 as the initial L%. However, the new catathesized and final-lowered h = 130Hz
gives a radically compressed pitch range: L= (130−90)× (1−0.67)+90 = 103.3Hz. (7)
The final L% also has the same prominence level 0.67. Thus, it is slightly lower than
the preceding L tone: L= (120− 90)× (1− 0.67) + 90 = 100Hz.
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Table 2.1: Hypothetical parameter settings for the tone sequencing part of Pierrehum-
bert & Beckman’s model described in Figure 2.3.

Symbol Parameter Sample value Unit
h high-tone line 180 Hz
r reference line 90 Hz
T(H) prominence level for H* 1.0 0-1 ratio
T(L) prominence level for L 0.67 0-1 ratio
c catathesis constant 0.5 0-1 ratio
u phrasal-H-to-accent-H ratio 0.55 0-1 ratio
f rate final lowering rate 0.8 0-1 ratio
f ms final lowering domain 0.4 sec

2.3.3 Convolution and jitter

The third step smoothes the step-wise contour by convolution with a roughly mora-sized
square window. According to Pierrehumbert & Beckman, this smoothing filter is handled
causally since the smoothing approximates a physical process and physical processes are
causal (p. 176).3

As shown in Figure 2.4, a step-wise F0 line from [no] to [mi] in panel (b) is smoothed as
a convex whose apex is at the boundary between those two moras in panel (c). The final
step in (d) is to add a slight amount of random variation to the contour in order to imitate
natural jitter in human speech.

Pierrehumbert & Beckman (1988) show the outcome of those 4 steps in order and put
the original F0 contour at the end for comparison (p. 177). They substituted the original
contour with the synthesized one and used LPC resynthesis to generate speech with the
model-based intonation. They assert that the resynthesized speech sounds highly natural
to native speakers (p. 175). As we will see shortly, however, the convolution step that
works fine for synthesis from scratch is problematic for preparing the stimuli for perception
experiments in the present study. We had to modify the convolution step in order to
accommodate the requirements for the perception experiments. We will see why convolution
is problematic and how to circumvent the problem in the next subsection.

3“Convolution” is a type of mathematical operation common in digital signal processing (DSP). It is also
called a “running average filter” in which the size of the window determines how long the filter takes as an
input to average. Convolution means to slide that window step by step and average out all the input in the
window. Thus, convolution with a mora-sized window smoothes any bumps and cranky lines whose stretch
is less than about 150msec. A filter that uses only the present and past values of the input is called a causal
filter (McClellan et al., 1998). Thus, the output always appears later than the input.
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c. smoothing

b. declination

a. linear 
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L L%

H*

L%

o n o m i adn

d. jitter 

phrasal H

Figure 2.4: A replication of Pierrehumbert & Beckman’s intonation synthesis for an
utterance [ano nómi da] “It’s that chisel.” (a) Tone sequencing — Most tone scaling
processes and the final lowering process is omitted from this figure, however. This is
because the h and r parameters were unknown for the speaker from the limited amount
of data. Thus, tone scaling is hand-tweaked to produce this figure — (b) Declination,
(c) Convolution, and (d) Jitter. Dashed line in each panel shows the original F0 contour
of the utterance.
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Figure 2.5: Effect of smoothing at different window sizes.

2.4 Resynthesis procedure

As reviewed in section 2.2.2, Hasegawa & Hata (1992) claim that the later the start of the
F0 fall, the steeper the slope has to be for the accent to be perceived in the mora before the
fall. To test this claim, we need to vary the alignment of falling and the slope systematically.
However, the smoothing method employed in Pierrehumbert & Beckman’s model makes it
difficult to vary those parameters. Figure 2.5 shows the effect of smoothing at a variety of
window size on five different slopes from [no] to [mi].

Five different slopes are distinct when the smoothing window size is 0 (no smoothing) and
20msec though the lines are still too step-like and inhuman for natural speech. However,
when we stretch the window size to 80msec, the slopes are now all look similar. They
actually have the same steepness when the size of the window is 160msec, which is close to
the length of a mora. Furthermore, the start of the fall shifts away from the mora boundary
in the bottom panel (160msec window). This is an inevitable outcome of a causal averaging
filter. Thus, for the purpose of testing the alignment and slope parameters, we cannot
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directly adopt the smoothing method in Pierrehumbert & Beckman (1988).
To avoid too much smoothing while keeping the naturalness of the F0 contour, a different

approach was taken in the present study. Remember random variation was added in the
last step of Pierrehumbert & Beckman’s model for intonation synthesis summarized in (2.3)
and in Figure 2.4. The idea is to use this last step also for the smoothing. The stimuli in
the present study are not fully synthesized from scratch but resynthesized from a natural
speech with modified F0 contour. Thus, the stimuli always have the original utterance in
contrast to full-synthesis models. We can always go back to the original utterance and
fetch whatever properties we want in order to make the outcome of the resynthesis process
natural. Thus, the source of smoothed but somewhat jittered contour is taken from the
original utterance in the present study. This is a rather desirable step for a perception
experiment where no other parameters than the one under the scrutiny are changed from
the original.4

The four common steps in resynthesizing the stimuli in all experiments in the present
study are depicted in Figure 2.6. In the top panel, the F0 contour of the original utterance
of [ano kámi da] “It’s that God.” is shown in a solid line. Dashed line indicates its slightly
smoothed contour obtained by a convolution with a 50msec window.5 The purpose of this
smoothing is to obtain the difference between the smoothed contour and the original one.
As for the input to the filter, the devoiced part of [k] is filled with the median of the F0

value in order to avoid a sudden drop of F0 in the smoothed contour.
The second panel in Figure 2.6 shows this difference which extracts the perturbation

of F0 contour by consonants and some jitter from the original contour. This difference
term is added to the interpolated tone sequences in the next panel. The diagonal line in
this panel shows the amount of declination which is also added to the interpolated tone
sequence. The third panel shows interpolated tone sequences whose alignment and slopes
are systematically varied in order to create a stimulus continuum between an initial-accented
word [kámi] “God” and a final-accented word [kamı́] “paper.” The bottom panel shows the
final outcome of the resynthesis procedure in which all the elements in the second and the
third panel are summed up. As we can see, the alignment and slope structure in the stimuli

4Another technique introduced for creating a naturalistic contour was to specify level tones not for the
entire duration of a mora as in Pierrehumbert & Beckman (1988) but only for the vowel part of the mora.
They admit that the specification of the duration of tonal targets in their implementation is tentative and
speaker specific (p. 178). There seems to be no strong argument for stretching the duration of tones for the
entire mora in terms of phonetic evidence. Phonologically, we can interpret the association from a tone to
a mora to be equivalent to the association to the nucleus vowel following standard assumptions in moraic
phonology (Hayes, 1989) where the onset consonant does not pertain to the syllable weight because it is
not linked to the mora node but directly to the syllable node. As a consequence, only vowels can bear level
tones for its entire duration and onset consonants cannot.

5This averaging filter is non-causal. In other words, the output of the filter was re-aligned with the original
utterance. Pierrehumbert & Beckman (1988) used a causal filter based on the fact that physical processes
are causal in a real-time speech production system of humans. We are not aiming at a real-time speech
production system but rather at a system of stimulus-preparation whose outcome is reasonably natural and
at the same time manipulable for the purpose of our experiment. Thus, we do not adhere to the use of a
causal filter.
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are modified from those in the third panel but kept distinct at least visually. Still, each
contour seems reasonably natural and more importantly, consonantal perturbations in the
original utterance are maintained and well-aligned with the timing of segments.

2.5 Stimulus preparation and presentation

Procedures for stimuli preparation and presentation were basically common in all the ex-
periments in the present study. This section summarizes these common steps. First of all,
the original utterances for resynthesis were recorded in a sound-proof room by the author
(33 years, male, Eastern dialect of Japanese) on a DAT at 44.1 kHz sampling frequency in
16 bit accuracy. Then, the digitized sound files were transferred to a workstation keeping
the original sound quality and processed by the STRAIGHT package (version 30 release
16) developed by Kawahara and others (Kawahara and Masuda, 1996; Kawahara et al.,
1997a). The sound quality and the naturalness of the output of the STRAIGHT package
is extremely good as evidenced by a number of evaluation experiments (Kawahara et al.,
1997b; Zolfaghari and Kawahara, 1999; Atake et al., 1999). The version I used was the lat-
est development of the STRAIGHT package at that time which includes an algorithm for
processing aperiodic characteristics of the input signal, which has an advantage in treating
the voiceless part (Kawahara et al., 1999).

The input signal to STRAIGHT was normalized in amplitude since the analysis-
resynthesis processes are sensitive to amplitude differences. The utterance was visually
segmented using the STRAIGHT as an analysis tool. The duration of each mora was not
manipulated so that each stimulus had slightly different duration. A Matlab-based script
was used to create a set of F0 contours for resynthesis. The output contours and the seg-
mented speech signal were then fed to the STRAIGHT package to create resynthesized
speech. The output of the resynthesis processes kept a 44.1 kHz sampling frequency and 16
bit accuracy for the best sound quality possible. The amplitude of the resynthesized speech
was again normalized for the perception experiment.

All experiment sessions were controlled by a Matlab script designed and programmed
by the author and colleagues. Subjects were asked to click a mouse button to select an
appropriate word displayed on a CRT upon hearing the audio stimuli. The audio stimuli
were presented to subjects through a STAX SR-ΛPRO headset at 69dB in a sound-proof
room. Subjects listened to each stimulus as many times as they wanted and then proceeded
to the next stimulus at their own pace.

Post-trials were added after all the experimental trials were done. At least 50 proto-
typical stimuli in each experiment were selected for post trials from the stimuli set. Thus,
the stimuli selected for post-trials were presented twice to subjects. Subjects were not told
whether they were doing the post trials or not, however. Correlation of answers between
the post trials and main trials were taken to check the consistency of subjects’ performance.



Chapter 3

Categorization in a 2-way distinction

3.1 Introduction

Two experiments were carried out to investigate the category structure of pitch accents in
a 2-way distinction. The first experiment was designed to check the compensatory relation
between the H* alignment and the slope after the H* tone as claimed by Hasegawa & Hata
(1992). The design also has an exploratory aspect in which the tone scaling and voicing
condition are introduced to study the category structure in 2-mora words in more general
terms.

The second experiment was a direct development from the first one with some modifi-
cations in the stimulus design. Most notably, the preceding context of the pitch accent was
introduced as another variable while the slope variable was dropped. The second experi-
ment had another independent purpose, that is to investigate the role of functional load of
pitch accent in performance. This aspect of the experiment will be dealt with separately in
Chapter 6.

3.2 Experiment 1: Purpose

The main purpose of Experiment 1 is, as stated earlier, to check the compensatory relation
between the H* alignment and the slope after the H* tone as claimed by Hasegawa &
Hata (1992). A simple replication of their experiment only involves the accent-location
distinction, such as initial vs. final. However, as reviewed in Chapter 2, the manipulation
of slopes in accent-presence distinction, such as the 0-1 and the 0-2 oppositions, is a related
but unexplored area. Thus, it is necessary to probe the stimulus space for the more general
category structure in accent perception. Another extension from the Hasegawa & Hata’s
paradigm is the issue of the effect of devoicing in accent perception. Sugito (1982) and
Matsui (1993) both claim that the following falling contour induces the percept of accent
in a devoiced mora. Sugito (1982) further claims that the “late falling” phenomena, which
motivated Hasegawa & Hata’s experiment, and the percept of accent in a devoiced mora
are common in the sense that the falling contour after the devoiced mora is just another
type of “late” realization of the fall because of the intervening devoiced region between the

31
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peak and the fall. Therefore, it is natural to extend the scope of the present experiment to
the question of devoicing.

At first glance, the cessation of pitch contour by any voiceless segment would seem
harmful to the recovery of the accent information. However, since vowel devoicing is such
a peculiar topic in the history of Japanese phonetics (see review in Section 1.2.5), most
attention has been paid only to the effect of a devoiced vowel on pitch accent. As far as
I am aware, no study has compared the effect of cessation of pitch contour by a voiceless
consonant and by a devoiced vowel (cf. House, 1990 for the effect of a brief cessation by
a voiced consonant in Swedish). By incorporating a voiceless consonant, there are three
different voicing conditions for a certain mora: fully voiced (C V), voiceless consonant (C◦
V), and devoiced (C◦ V◦).

The location of the accent with respect to the target mora of the voicing variation is
another crucial factor. Fixing the location of the mora with voicing variation to the second
mora, the falling contour will be in that mora for accent-1, or after that mora for accent-2.
As for accent-0, the cessation of the pitch contour may cause an ambiguity between the
unaccentedness and the accentedness.

As stated in Section 1.2.1, three types of two-way distinctions are possible in 2-mora
words. They are labelled by a combination of the numbers for accent location. Thus, the
0-1, 0-2 and 1-2 opposition are the distinction between accent-0 and accent-1, accent-0 and
accent-2, and accent-1 and accent-2, respectively.

Several hypotheses can be formulated by crossing these three opposition types and the
three voicing conditions. As a null hypothesis, there is a possibility that the cessation of
the pitch contour does not matter. If it does matter, then more specific hypotheses about
the role of tonal specification are in order. Let us see a schematic illustration of voicing
conditions and their effect on stylized pitch contours in Figure 3.1. Note that the consonants
around a vowel have to be voiceless for that vowel to be devoiced. Therefore, the duration
of the voiceless region changes with a leap from the voiceless consonant condition to the
devoiced condition.1

In the 0-1 opposition, the falling part of the contour is erased partially in the voiceless
consonant condition, or completely in the devoiced condition. Still, the remaining pitch
contour keeps the whole length of the H* and the L% level tones. Assuming that the
falling contour and level tones have independent contributions to the perception of accent,
it is expected that the the erasure of the falling contour will shift the principal source of
information to the two level tones. Since the two level tones are kept anyway in the devoiced
condition, the effect of this shift will be more visible in the comparison between the fully
voiced condition and the voiceless consonant condition than in the comparison between the

1As reviewed in Section 1.2.5, vowel devoicing is not a mandatory process which applies to all devoiceable
contexts. Kondo (1996) mentions some constraining conditions under which the devoiceable vowel is fully or
partially voiced. Thus, the voiceless consonant condition can be further divided into two cases: (a) followed
by a voiced consonant (C◦ V C), and (b) followed by another voiceless consonant (C◦ V C◦). The vowel in
case (a) is intrinsically undevoiceable while that in case (b) is a voiced realization in a devoiceable context.
Experiment 3 in Chapter 4 deals with the comparison between these two cases. The discussion in the present
chapter only concerns the case (a) of the voiceless consonant condition.
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Figure 3.1: Schematic illustration of pitch contours in three voicing conditions for the
0-1 and the 0-2 oppositions. “pH” stands for the phrasal H.

voiceless consonant condition and the devoiced condition.
On the contrary, the falling part will be kept in the voiceless consonant condition but

erased in the devoiced condition in the 0-2 opposition. In the voiceless consonant condition,
only a portion of the rising contour before the H* tone will be erased, which will not affect
any of the three sources of information, namely, the two level tones and the falling contour.
In the devoiced condition, the change from the voiced condition is rather drastic since only
the L% tone remains. Thus, it is expected that the difference between the fully voiced
condition and the voiceless consonant condition will be smaller than the difference between
the voiceless consonant condition and the devoiced condition.

For the 1-2 opposition, see Figure 3.2 for a schematic illustration of pitch contours.
Here, we posit a stimulus continuum with varying H* alignment. Based on the predictions
about the 0-1 opposition, we hypothesize that the erasure of the falling contour in early
alignment positions will not severely damage the percept of accent-1 in the voiceless conso-
nant condition. The percept of accent-2 will be unaffected as well because the level tones
and the falling contour all remain. Thus, the change in categorization performance from
the fully voiced to the voiceless consonant condition will be minimal. On the contrary, the
devoiced condition will erase two out of three sources of information (H* and the falling
contour) about accent-2 while only one will be erased (the falling contour) about accent-1.
Thus, we predict that accent-1 will be preferred in the categorization task.

It is now clear what variables we have to manipulate in the design of the stimulus.
Variables in the present experiment range over (1) voicing of the final mora of the stimulus
words. (2) alignment of the H* tone, (3) scaling of the H* tone, (4) F0 slope from the H*
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Figure 3.2: Schematic illustration of pitch contours in three voicing conditions for
the 1-2 opposition. The rising contour from pH to H* are simplified for intermediate
alignment positions.
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to the L% tone, and (5) scaling of the L% tone.
Predictions about the effect of those variables in (2)–(5) in non-devoiced condition ba-

sically follow the results and ideas from previous studies. First, as for the slope-alignment
interaction, it is predicted that the Hasegawa & Hata’s results will be replicated. Second,
both the H* and the L% scaling variables will contribute to the percept of accentedness
because the way catathesis is implemented in Pierrehumbert & Beckman’s model assumes
that the pitch accent H*L induces a compression of pitch range. This compression lowers
the following L% tone substantially (see Figure 2.3 in Section 2.3.1). From a perceptual
point of view, the lowered L% will then be one of the cues for the accent-presence detection.
Third, the alignment of the H* tone will be the main determinant for the accent-location
detection.

In addition, there is an issue of the role of slope of the falling contour in the accent-
presence detection, which has not been explored so far in the literature. Two different
positions can be taken with respect to this issue. First is the no-effect hypothesis based on
the idea of underspecification in Pierrehumbert & Beckman’s model. In their model, slope
is never explicitly specified and, as pointed out in Section 2.3.3, the convolution process
for smoothing kills slope differences anyway within a range shorter than a mora. In other
words, there is only one slope possible with respect to the falling contour of the pitch accent
at the surface.2 The second position is the “steeper-more-accented” hypothesis based on
an idea that a rapid pitch change is more salient in perception.

3.3 Experiment 1: Methods

3.3.1 Materials

Devoicing of the final mora of stimulus words is one of the crucial variables. There are non-
devoiceable (e.g., [noŕı] ‘sea weed’) and devoiceable (e.g., [seḱı] ‘cough’) words as shown
in Table 3.1. Devoiceable words are put in two different contexts where the particle right
after the stimulus words is varied between [da] and [to] as shown in (3.1). Thus, there are
three conditions with respect to the voicing of the final mora: fully voiced (e.g., [nori-da]),
voiceless consonant (e.g., [seki-da]), and devoiced (e.g., [seki◦-to]).

(3.1) a. ano da “It’s that .”

b. ano to “That and . . .”

3.3.2 Stimulus design

The stimulus space was designed to cover three different accentual oppositions in 2-mora
words: 0-1 (unaccented vs. initial accent), 0-2 (unaccented vs. final accent) and 1-2 (initial

2Of course, this hypothesis needs support from a wide range of production data. Although the primary
goal of this study does not cover an extensive analysis of production data, see Section 3.7.2 for an informal
survey of the slope in production.
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Table 3.1: Corpus for Experiment 1

Opposition type Non devoiceable Devoiceable
shiro chiri uki washi

0-1
‘castle’ ‘dust’ ‘float’ ‘eagle’
sh́ıro ch́ıri úki wáshi

‘white’ ‘geography’ ‘rain season’ ‘Japanese paper’
ása kámi j́ıku séki

1-2
‘morning’ ‘god’ ‘string’ ‘seat’

asá kamı́ jikú seḱı
‘hemp’ ‘paper’ ‘axis’ ‘cough’
hana nori hashi hachi

0-2
‘nose’ ‘groove’ ‘edge’ ‘bee’
haná noŕı hash́ı hach́ı

‘flower’ ‘glue’ ‘bridge’ ‘bowl’

vs. final accent). Figure 3.3 shows the range of the two tone-scaling variables for the 0-1
opposition. The 0-2 opposition has a similar stimulus structure where the H* tone is located
in the second mora of the target word instead of the first mora. As we can see, the scale
of the H* tone and the final L% tone were varied in 4 steps. The step size was 1 semitone
(ST) relative to the phrasal H which is fixed at 125 Hz. The initial L% tone is also fixed
at 1 ST below the phrasal H. The H* tone varies from 0 to 3 ST above the phrasal H tone
while the L% tone varies from 0 to 3 ST below the phrasal H.

Figure 3.4 shows the range of the H* alignment variable in the 1-2 opposition. The
number of steps was 8 and the step size was specified relative to the duration of the two
moras, one of which is the last mora of the stimulus word and the other is the particle in
the carrier sentence. For example, the duration of /ri da/ in the sentence /ano nori da/
was taken as the base duration. One step was 1/10th of the base duration. The durational
variation across different stimulus words were normalized by this relative specification of
timing. In the case of devoiced stimuli, those alignment steps whose H*−L tone sequence
was completely entailed within the devoiced region were omitted in order to reduce the total
number of stimuli.

Finally, the slope from the H* was varied in all opposition types in 5 steps. The step
size and the range were determined in reference to Hasegawa & Hata’s results. By trimming
extreme slopes from their stimuli, slopes of −1 semitone per 10msec, 13.3msec, 16.7msec,
20msec, and 23.3msec were chosen for the present study. Those correspond to −0.7256,
−0.5442, −0.4354, −0.3628, and −0.3110Hz/msec respectively. Figure 3.5 shows the range
of the slope variable in the 0-1 opposition as an example. The slope variable was crossed with
all voicing conditions in the 1-2 opposition in order to compare the results from devoiced
stimuli to those of Hasegawa and Hata (1992). Slope was varied only in the fully voiced
condition in other oppositions.
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Figures 3.3–3.5 show the timing and the scaling of tones as a rather abstract specifi-
cation. Declination, perturbation, and devoicing are added to those tonal specifications
afterwards to create more realistic F0 contours as stated in Section 2.4. The final lowering
process was omitted to simplify the design. The amount of declination was not taken from
Pierrehumbert & Beckman (1988) but from ’t Hart, et al. (1990). They assert that the
general declination slope can be approximated as D(slope ST/sec) = −11/(t(sec) + 1.5) (p.
128), which corresponds to about -36 Hz for an utterance with 1 sec duration and 125 Hz
starting pitch. This is much larger than the production data in Pierrehumbert & Beckman
(1988). However, as a compensation for the lack of final lowering process, this formulation
was adopted in the present experiment.

Figure 3.6 shows a set of input specifications and corresponding outputs of such pro-
cesses. As we can see, the H* tone is scaled “virtually” in the devoiced region where no F0

contour is observed in the original utterance. Different virtual tones give different contour
shapes around the devoiced region as shown in the lower panel of the figure. Those vir-
tual tones are considered to be targets in an abstract space of articulatory planning. They
sometimes are undershot or overshot depending on their environment. Thus, the output
trajectory may have discrepancies from the target values. This virtual tone specification
makes voiced and devoiced conditions directly comparable and more interpretable, which is
an advantage to Matsui’s surface-oriented specification of F0 contour around the devoiced
region.

3.3.3 Procedure

Subjects for Experiment 1 were 4 males and 4 females. Their age ranges from 19 to 24 years
and they were all born and raised in Kanto (around Tokyo) area. They all have normal
hearing and normal or corrected vision. Subjects were paid hourly. The task was a two-
alternative forced-choice (2AFC) task. The number of trials was 693 including 71 post-test
trials, which were divided into 4 blocks. The threshold of the correlation with post-test
was 0.5. The subjects’ mean correlation score was 0.741 and all the subjects passed the
threshold.

3.4 Experiment 1: Results

3.4.1 Representations

Before going into the presentation of the results, let us consider what representational tool
is suitable for the categorization data in the present experiment. The standard way to
present categorization data is a line plot where the predictor variable is plotted on the
abscissa and the percent of responses for one category or another is plotted on the ordinate.
This is useful when there is only one predictor variable on a linear scale, such as VOT in
the case of voicing judgments of stops. However, in the present experiment, a maximum of
three out of four tonal variables were manipulated in each opposition type. When we plot
the responses against each variable in separate panels or in a single panel with different
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Figure 3.7: Three different representations of the same categorization data: Line plot
(left), 3D perspective (center), and Contour plot (right).

lines and symbols, it is rather difficult to see an overall picture because the information is
spread over space and/or notational variants. One way to put more information in a single
plot is to expand the dimensionality. A three-dimensional (3D) perspective plot is useful
to see the overall trend in data, but sometimes it is rather hard to grasp the main point
of the data because the information is spread out over different dimensions. A vertically
compressed version of a perspective plot is the contour plot which, with some additional
lines and markers, can express the main point in a compact fashion.

Figure 3.7 shows a comparison of the three different representations of the same data
(“accent 0” response for words with voiceless consonant in the 0-1 opposition). The left
panel shows a line plot where different L% scaling is plotted as different lines and symbols.
The center panel shows a 3D perspective plot where the L% scaling is represented as depth of
a cube. The right panel shows a contour plot transformed from the 3D plot. The difference
among them is just a matter of the viewpoint. A 3D perspective plot seen from above is
the contour plot and seen from the front is the line plot. The intervals between lines or
contours indicate the slant of the surface of the 3D perspective plot.

In the contour plot, a 50% categorical boundary is drawn as a thick line, which shows
that the interaction between the H* and the L% scaling variables is non-linear. From 0 to
+2.0 ST in H* scale, the L% scale increases from −2.0 to −1.0 ST linearly but the thick
line rises more sharply in higher H* scale. It is not very straightforward to derive such
interpretations from line plots or from perspective plots. For the purposes of the present
experiment, contour plots was chosen as the main representational tool and will be used in
the current and the next chapter.
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3.4.2 Effect of scaling

As we have seen in the previous section, the interaction of the two scaling variables is
sometimes non-linear. But, what if they are linearly related? As schematically shown in
the left panel in Figure 3.8, if the contour runs more horizontally than the diagonal, the
effect of the L% scaling is stronger and if it runs more vertically, the effect of the H* scaling is
stronger in categorization. In extreme cases where the contour runs completely horizontally
or vertically, the effect of only one scaling variable is visible and the other has no effect on
performance. The intercept of the contour as in the right panel of the figure indicates the
amount of H*−L% difference necessary for a percept of accent. When the contour runs in
the upper left triangle, the difference is smaller and when the contour runs in the lower
right triangle, the difference is larger.

Having these in mind, we can see the results for the 0-1 and the 0-2 opposition with fully
voiced words in Figure 3.9 as the linear pattern with a slight propensity that the effect of
L% scaling is more than that of the H* scaling. The 50% contour (thick line) runs almost
linearly in both panels though the intercept is much lower in the case of the 0-1 opposition.
This indicates that more H*−L% difference is necessary in the 0-1 opposition for pitch
accents to be perceived. Other contours run almost parallel to the 50% contour with some
exceptions in the 0-2 opposition where the contours for the two highest ratios (0.8 and 0.9)
deviate slightly from the slope of the thick line.

3.4.3 Effect of slope

Figure 3.10 shows the ratio of responses for accent 1 or 2 as contour plots. For oppositions
involving unaccented forms, such as 0-1 and 0-2, responses for accented forms are plotted
while for the accent-location contrast, the 1-2 opposition, responses for accent 1 are plotted.
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Figure 3.9: Ratio of responses for accented words in the 0-1 and the 0-2 oppositions.
Fully voiced tokens only.

The abscissae in three panels are also different. The first two panels have the H*−L%
difference while the last one has the H* alignment steps on the abscissa.3

Overall, most contours run vertically, which indicates that the effect of slope is mini-
mal to the categorization performance. Most importantly, the right panel which directly
corresponds to what Hasegawa & Hata did in their experiment shows no systematic com-
pensating relation between the slope and the alignment variables. If the later alignment is
compensated for by a steeper slope for accent-1 perception, we should observe slanted con-
tours from the top-left corner to the bottom-right corner. The first two panels in Figure 3.10
also show no systematic effect of the slope variable either. The “steeper-more-accented”
hypothesis for the accent-presence detection is not confirmed by the results.

3.4.4 Effect of devoicing

0-1 and 0-2 oppositions The devoicing of the final mora affects the perception of accent
in the 0-1 and the 0-2 oppositions. Figure 3.11 shows the ratio of responses for the former
in the upper row and for the latter in the lower row. Columns are organized by voicing

3As I have discussed in Section 3.4.2, the H* and the L% scaling have an almost linear relationship
but their difference is not a constant. In the cases at hand, the 50% contour in Figure 3.9 runs around
L%= −3.75 + 0.75H* line in the 0-1 opposition and L% = −2.0 + 0.8H* line in the 0-2 opposition. From
a general linear formula L%= a + bH*, we can derive the difference term H*−L%= (1 − b)H*−a. Thus, if
we expect perpendicular lines in the slope-difference plot, the difference term has to be compensated for by
the term (1 − b)H* which increases as the H* increases. However, the first two panels in Figure 3.10 are
not compensated for because the maximum value of the term (1 − b)H* does not exceed 0.75 ST and thus
it does not alter the whole picture drastically.



Categorization in a 2-way distinction 45

 0.1 

 0
.2

 

 0.4 
 0.5 

 0.6 

 0.8 
 0.9 

1 2 3 4 5 6

1
2

3
4

5

H*−L% diff (ST)

S
lo

pe

0−1 opposition

 0
.1

 

 0.2 
 0.3 

 0
.5

 

 0
.8

 

 0
.8

 

 0.9 

 0
.9

 

1 2 3 4 5 6

1
2

3
4

5

H*−L% diff (ST)

S
lo

pe

0−2 opposition

 0.1 

 0.2 

 0.5 

 0
.6

 

 0.7 
 0.9 

1 2 3 4 5 6 7 8

1
2

3
4

5

H* align

S
lo

pe

1−2 opposition

Figure 3.10: Ratio of responses for accent-1 words in the 0-1, accent-2 words in the
0-2, and accent-1 words in the 1-2 oppositions. Smaller value in slope-axis indicate
steeper slopes from the H* tone. Results from the fully voiced condition are plotted.

conditions. The first column here is the same as Figure 3.9 which is shown again for a
comparison. First, a common trend across the two oppositions is that the area of responses
for accented forms is greater in the devoiced condition than the other two voicing conditions.
Another common trend is a non-parallel transition of contours observed more in the devoiced
condition than in the other two conditions. Especially, the transition from the 0.6 contour
to the 0.8 contour indicates a trend from horizontal toward vertical lines which suggests a
shift from the L% effect to the H* effect in accent perception only in the devoiced condition.
For example, in the 0-1 opposition, 90% of the subjects judged the stimulus as accented in
the devoiced condition no matter where the L% tone is scaled when the H* tone is scaled at
2.0 ST. However, in the voiceless consonant condition, the same H* tone at 2.0 ST induced
90% of the responses as accented only when the L% tone is lower than −2.5 ST. In the 0-2
opposition, the situation is similar though the difference of the L% tone scaling between
the devoiced and the voiceless consonant conditions is more subtle (−1.0 ST or lower for
the devoiced condition and −2.0 ST or lower for the voiceless consonant condition).

One opposite trend is also observed across the two oppositions. In the 0-1 opposi-
tion, contours in the fully voiced condition shift toward the top-left corner in the voiceless
consonant condition. This indicates that the boundary shifts to the state of less H*−L%
difference when the consonant in the final mora of the word is voiceless. A difference of
4.0–4.5 ST is necessary at the 50% contour in the fully voiced condition while only 2.0–2.5
ST is necessary for the voiceless consonant condition. In the 0-2 opposition, however, the
shift is slight and in the opposite direction. In other words, more H*−L% difference is
necessary for an accent to be perceived in the voiceless consonant condition than in the
fully voiced condition.
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the 0-2 oppositions.
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Figure 3.12: Ratio of responses for accent-1 words in the 1-2 opposition.

1-2 opposition The effect of devoicing of the final mora for the perception of accent
in the 1-2 opposition is not as clear as those in the other two oppositions. Figure 3.12
shows the ratio of responses for accent-1 in the 1-2 opposition with three different voicing
conditions in each panel. The difference between the fully voiced and the voiceless consonant
conditions is very subtle: a slight shift of the boundary toward right (late alignment) in the
voiceless consonant condition. Another slight difference is that the interval between contours
is narrower in the voiceless consonant condition, which indicates the sharper categorical
distinction. The results from devoiced condition show a rather chaotic pattern where the
response for accent-2 is not steady.

3.5 Experiment 1: Discussion

The H* and the L% scaling variables in the 0-1 and the 0-2 oppositions are clearly inter-
acting. Neither variable alone can induce a percept of accent in both oppositions. The
difference term between the two tones, namely the amount of pitch drop of the falling con-
tour is not a constant, however. We can interpret from the slope of the category boundaries
in contour plots that the L% variable works slightly more than the H* variable in both
oppositions (see Figure 3.9).

The two oppositions differ in that the amount of pitch drop necessary for a percept
of accent is greater in the 0-1 opposition. This difference may be attributed to the final
lowering process which was not incorporated in the design of the present experiment. The
final lowering process works stronger for the tones closer to the final edge of the utterance.
Thus, the amount of pitch drop for H* tones is greater in the 0-2 opposition than in the 0-1
opposition. If listeners compensated for the final lowering process, the lowered H* tone in
the 0-2 opposition can induce the same response ratio as the not-so-much lowered H* tone
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in the 0-1 opposition. We, thus, have to reconsider the design of the stimulus space and
incorporate the final lowering process in the next experiment.

Observations about the effect of slope (section 3.4.3) suggest that the F0 information
about the slope does not correlate with the H* alignment variable nor other variables. This
is in contrast to the view in Hasegawa & Hata (1992) where they claim that there is a
compensatory relation between the timing of the fall and the slope.

A possible reinterpretation of Hasegawa & Hata’s results is that there may be other
unintended parameters manipulated in their paradigm. Back in Figure 2.1, what they call
slope is the rate of fall within the 160 Hz to 127 Hz range right after the peak. To change
the local slope of this region, they had to manipulate the connecting line from 127 Hz point
to 80 Hz point at the end of the utterance. For the slope to be steep until 127 Hz, the
line from 127 Hz to the end must be relatively flat. In other words, if the first part of the
fall is steep, the second part of the fall is gradual and vice versa. Thus, not only the local
slope for the pitch accent but also the global shape of the pitch contour is modified in their
stimulus design. We could speculate that the shape, such as concave, convex, or linear, of
the contour after the peak may influence the accent location detection. For example, the
falling part as a whole has a convex shape when the peak is quite late and the slope of the
first part is gradual. This convex shape may decrease the percent of response for initial
accent because it is unusual for that accent.

In the present design of the stimulus space, the pitch at the end of the utterance was
independently specified by the final L% tone. The line from the end of the fall (L in H*L)
to the L% was set to flat at the level of tonal specification (i.e., before declination and
smoothing applied). Thus the global shape of the contour after the H* was always concave.
The slope variable modifies the depth of the concavity.

As we have seen in Figure 3.10, the effect of the slope variable is not quite visible in
accent-presence detection either. If the steeper-more-accented hypothesis is true, we should
expect that the H*−L% difference is smaller when the slope of the fall is steeper. In other
words, we predict that the salience induced by a steeper slope requires less pitch drop from
the H* to the L% tone. However, the contours in the figure are running rather inversely
from this prediction. The steepest slope (1 at the bottom of the figure) requires no less pitch
drop than gradual slopes. Considering the effect of the adjustment for the linear relationship
between the H* and the L% (see Footnote 3), the evidence is not strong enough to claim
that the slope has a negative effect on accent perception, however. Thus, I conclude that
the slope in the 0-1 and the 0-2 oppositions is not effective for accent-presence detection.

As for the effect of devoicing (section 3.4.4), our results give an interesting insight
from a full comparison among the fully voiced, the voiceless consonant, and the devoiced
condition in all opposition types in 2-mora words. This is achieved by setting an abstract
stimulus space based on the tone-sequence model in Pierrehumbert & Beckman (1988).
The difference between a partially devoiced mora (the voiceless consonant condition) and a
voiced mora for accent perception has not received much attention in previous studies. Most
production and perception experiments on pitch accent have used fully voiced token (e.g., all
consonants involved are nasals or liquids) in order to obtain a clear and uninterupted pitch
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Table 3.2: Y-intercept (ST) of the 50% contour in the H*-by-L% scaling plot of the
0-1 and the 0-2 opposition.

Opposition type Fully voiced Voiceless cons Devoiced
0-1 −3.75 ¿ −2.0 < −1.5
0-2 −2.0 = −2.0 ¿ −0.7

contour. Those studies presumably assume that pitch accent perception is not perturbed by
a short disruption by voiceless consonants. Studies on a devoiced accent, on the other hand,
have concentrated on devoiced vowels and have not explored the intermediate condition.

As stated in Section 3.2, the null hypothesis was that there is no effect of the cessation
of the pitch contour on the perception of pitch accent. This is evidently false. There is a
considerable shift of categorical boundaries among different voicing conditions and among
different opposition types.

The alternative hypotheses were that (1) in the 0-1 opposition, the fully voiced condition
and the voiceless condition differ more than between the latter and the devoiced condition,
and (2) in the 0-2 opposition, the devoiced condition and the voiceless condition differ more
than between the latter and the fully voiced condition. As shown in Figure 3.11 and in
Table 3.2, these hypotheses are true when we compare the intercept of the 50% line in the
contour plots.

As we can see in the table, the differences between intercepts show the predicted pattern.
This supports the idea that the erasure of a certain part of the pitch contour can be
supplanted by the information from other parts.

However, for the direction of boundary shifts, I have not given any explicit hypotheses.
As pointed out in the results section, the shift from the fully voiced condition to the voiceless
condition was in the opposite direction between the 0-1 and the 0-2 opposition although the
shift in the latter was subtle and not reflected in the merely single point comparison at the
intercept. The intercept is an index of the minimum H*−L% difference which is equivalent
to the amount of pitch drop for the accent. To investigate the issue of the direction of
shifts, we need to understand the relationship between the pitch range and the amount
of pitch drop. The parallel shift of the boundary indicates that the amount of pitch drop
necessary for the perception of accent changes. If it decreases in a certain condition but
increases in another condition, there is a possibility that the change is concomitant with the
expansion or compression of the pitch range. In the present experiment, the original pitch
range specification in Pierrehumbert & Beckman’s model was abandoned because their h is
determined by the H* scale which is manipulated as a variable. In other words, the pitch
range cannot be independently controlled from the tone scaling variables in the present
paradigm.

The effect of devoicing in the 1-2 opposition also follows the prediction. The difference
between the voiced condition and the voiceless consonant condition is subtle as far as the
location of the 50% boundary, which is in accordance with the prediction. Though the
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contours for the devoiced condition (Figure 3.12, right panel) is rather chaotic, it is true
that the accent-1 response prevails.

Overall, Experiment 1 gave us a substantial amount of data and insights. The most
interesting finding is that the local slope of the falling contour does not affect the perception
as expected. As stated in the methods section (3.3.2), the number of steps was kept small
and the step size was rather large to probe an appropriate stimulus space. These factors
will be revised in the next experiment.

3.6 Experiment 2: Purpose

The main purpose of Experiment 2 is to see the effect of the preceding context in accent
perception. The role of the preceding context was not explored in Experiment 1 though its
effect was pointed out in Matsui (1993). As I mentioned in section 2.2.3, he claimed that
the relative height of the F0 offset and the F0 onset around the devoiced region is one of the
crucial cues for determining the accent location. F0 offset has to be lower than F0 onset for
an accent on the devoiced mora to be perceived (e.g., [hash́ı◦]). For an accent on the mora
before devoiced region (e.g., [háshi◦]), the F0 offset has to be higher than the onset.

Put in the framework adapted in the present study, however, the F0 offset and onset
values cannot be directly set by the tonal specification. When an accent is on the devoiced
mora, F0 offset is somewhere on the interpolated line from the phrasal H to the “virtual”
H* tone on the devoiced mora. When the accent is on the mora before the devoiced region,
the F0 onset is somewhere on the interpolated line from the H* tone to the following L tone.
Moreover, perturbations on the F0 contour by consonants are added to the interpolation
lines in the present framework to keep the naturalness of the contour. This makes the
actual F0 value of the onset/offset point somewhat unpredictable and quite variable across
the stimulus words.

As stated in Section 2.3, the motivation for using an abstract tonal specification is,
however, to pursue a phonologically tractable model of the perception of pitch accents.
Artificial F0 contours in Hasegawa & Hata (1992) and Matsui (1993) are designed only
for perception experiments and thus are not suitable for this purpose. Put differently, the
exact F0 value of the onset/offset of the devoiced region should not be directly specified
when we consider a model of tonal phonology in Japanese. It is quite unlikely that the F0

onset/offset of the devoiced region is an independently controlled phonological parameter
in the system of tone structure.

The preceding context of the pitch accent can be specified as the scale of the phrasal H
tone in terms of Pirrehumbert-Beckman model. When both the phrasal H and the final L%
tones are set low, the whole contour resembles a “hat” pattern. Under a constraint that
the final L% is equal or lower than the phrasal H tone, setting the phrasal H tone lower
makes the height of the hat higher.4 Given that, it is expected that the salience of the H*
tone will be enhanced when the phrasal H tone is lower. In other words, the role of phrasal

4This constraint is necessary to keep the declarative intonation as opposed to the question intonation
with the final H%.
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H tone can be stated as the following hypothesis:

(3.2) The lower the phrasal H tone is, accent-presence detection is facilitated.

Moreover, the height of the phrasal H affects the slope of the rising contour from the
phrasal H to the H* tone. Although the effect of the “falling” slope from the H* tone is
denied in Experiment 1, we have not confirmed whether the effect of the rising slope is
negligible. As in Experiment 1, a rapid change is expected to be more salient in perception.
When the phrasal H tone is varied in the same amount, the change of the slope is greater as
the H* tone is closer to the phrasal H tone. Thus, the earlier the H* is aligned, the steeper
the rising slope is from the phrasal H to the H*.

(3.3) The effect of the phrasal H tone is more salient when the H* is aligned earlier.

Following this hypothesis, it is predicted that accent-1 will be more prominent than
accent-2 when the phrasal H is scaled lower. Thus, in the 1-2 opposition, the category
boundary is expected to be biased toward accent-1. It is also expected that the effect of
the phrasal H is more salient in the 0-1 opposition than in the 0-2 opposition.

In addition to the main purpose, there are a number of questions and problems carried
over from Experiment 1. First of all, the density of the stimulus set is sparse in the vertical
dimension in Experiment 1. There are only 4 steps in the scaling of the H* and the L%
tones. What if we overlook some crucial perceptual differences between those steps? Next,
the effect of the H* alignment variable in the devoiced condition is not clear from the results.

Also, the results in Experiment 1 suggest that not the slope of the falling contour but
the global shape of the whole contour affects the detection of the presence and the location
of pitch accent. Thus, we can drop the slope variable and add another variable for changing
the global shape of the contour. This is another motivation for adding the phrasal H as
a variable in the present experiment. In relation to the global shape of the contour, the
final lowering process skipped in Experiment 1 is another factor which might influence the
results. The hypotheses in Experiment 1 about the voicing conditions and opposition types
still hold with these modifications.

3.7 Experiment 2: Methods

3.7.1 Materials

The material for Experiment 2 was slightly modified from that for Experiment 1. Only 2
pairs of words were substituted for reasons related to the functional load measurement (see
Chapter 6 for details). Again, devoicing of the final mora of stimulus words is one of the
crucial variables. Non-devoiceable words are put in one context while devoiceable words are
put in two different contexts. Table 3.3 shows the entire corpus for Experiment 2.

Carrier sentences were lengthened by 1 mora at the end from those used in Experiment
1. In Experiment 1, only one mora was put after the stimulus words which was sometimes
not long enough to have F0 contours ending at the specified L% tone.
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Table 3.3: Corpus for Experiment 2.

Opposition type Non devoiceable Devoiceable
shiro kama uki washi

0-1
‘castle’ ‘boiler’ ‘float’ ‘eagle’
sh́ıro káma úki wáshi

‘white’ ‘sickle’ ‘rain season’ ‘Japanese paper’
úmi kámi j́ıku séki

1-2
‘sea’ ‘god’ ‘string’ ‘seat’
umí kamı́ jikú seḱı
‘pus’ ‘paper’ ‘axis’ ‘cough’
hana nori hashi hachi

0-2
‘nose’ ‘groove’ ‘edge’ ‘bee’
haná noŕı hash́ı hach́ı

‘flower’ ‘glue’ ‘bridge’ ‘bowl’

(3.4) a. ano dake “Only that .”

b. ano kara “From that .”

3.7.2 Stimulus design

The stimulus design is modified from that of Experiment 1 in a number of respects. As
stated in Section 3.6, the phrasal H scale is added as a new variable while the slope variable
is dropped. The step size is decreased while the number of steps is increased for tone
scaling variables. In addition, there is a change in resynthesis procedure from Experiment
1 for a better simulation of Pierrehumbert & Beckman’s model of production. A modified
version of the final lowering procedure in Pierrehumbert & Beckman (1988) is included in
the calculation of the output contours which was omitted in the stimuli for Experiment 1.
Finally, the baseline for tone scaling variation is not fixed to an arbitrary value but is taken
from the mean F0 of each utterance.

There are four variables all together and three of them are manipulated in each oppo-
sition type. The scale of the H* tone and the final L% tone were varied in 6 steps above
for H* and below for L% for 0-1 and 0-2 oppositions. For the devoiced condition, however,
the lower 3 steps for the H* tone were skipped in the 0-2 opposition in order to reduce the
total number of the stimuli. When the inflection point of the contour between the H* and
the L% (that is, the location of the L tone of the H*L pitch accent) is within the devoiced
region, the output contours have no difference in the region after the devoiced part.

The step size was 0.8 ST relative to the phrasal H tone. The phrasal H tone in Experi-
ment 1 was fixed to 125 Hz. In Experiment 2, it takes the mean F0 value of the voiced part
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Figure 3.13: Stimulus space for Experiment 2. Example of F0 scale modification in
the 0-1 opposition.

of the original utterance as a reference point. This is done because the original F0 contour is
sometimes not covered in the stimulus space in Experiment 1. When the original utterance
has a somewhat displaced mean pitch from 125 Hz, the whole set of output contours is
slightly offset from the original contour.

The scale of phrasal H tone was also varied in 6 steps for the 0-1 and the 0-2 oppositions.
The 6th (lowest) step was skipped for the 1-2 opposition in order to avoid a rising trend
from the phrasal H tone to the final L% tone. As we will see shortly, the final L% was
fixed to −3.2 ST in this condition. Thus, the lowest step in the phrasal H scaling variable
(−4 ST) would go lower than the final L%, which would have induced an unnaturally rising
contour for a declarative intonation.

The phrasal H is lowered from the reference line (mean pitch) by 0.8 semitone at each
step. Thus, if all the variables are kept to “0” (= no change) for the 0-1 or the 0-2 opposition,
the pitch contour is completely flat from the phrasal H tone to the fianl L% tone at this
stage. The final lowering and declination procedure introduced below will modify the flat
pitch. Figure 3.13 shows the steps of the three tone scaling variables at the stage before
final lowering and declination are applied.

The final lowering process was introduced to account for natural declination particu-
larly at the end of declarative sentence. Synthesis parameters for the process are just briefly
mentioned in Pierrehumbert & Beckman (1988, p. 207) but its algorithm is not explicitly
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stated. Beckman (personal communication) informed me of the role of “f rate” (final low-
ering rate) and “f ms” (final lowering duration) parameters (see Section 2.3 for more about
those parameters).

The final lowering process in the present experiment is modified from that of Pierrehum-
bert & Beckman (1988) in a few aspects due to the fact that the present experiment does
not utilize the transformed pitch range between the high-tone line and the reference line. In
fact, the pitch range cannot be uniformly defined across the stimuli because the scaling of
the H* tone was one of the variables. To simplify the construction of the stimulus space, the
domain of final lowering (“f ms”) was fixed to the region between the end of the phrasal H
tone and the end of the utterance. The amount of lowering at the end of the utterance was
also fixed to 16 Hz for H tones and 4 Hz for L tones, which roughly corresponds to those
in a hypothetical example in Figure 2.3 simulating the original Pierrehumbert & Beckman
model. The amount of final lowering for each tone was determined linearly by its distance
from the phrasal H tone. For the H* tone, the lowered F0 value Hnew in Hz was determined
as a subtraction from the original H as in the following equation where tX stands for the
time of X’s occurrence.

Hnew = H − 16× tH − tphrasal H

tend − tphrasal H
(3.1)

The final L% tone is lowered by a similar equation to the H* tone. The only difference
is that the amount of maximal lowering is fixed to 4 Hz instead of 16 Hz.

Lnew = L− 4× tL − tphrasal H

tend − tphrasal H
(3.2)

The L tone right after the H* could have been specified and then lowered independently
from the L%. But as we can see in equation 3.2, the maximum amount of final lowering
is only 4 Hz for L tones, which does not alter the pitch contour very much. Thus, an
independent lowering for the L tone was omitted. See Figure 3.14 for the effect of final
lowering on the H* tone. The later the H* tone is aligned, the less it is lowered. The
effect of final lowering on the L% tone is not visible within a set of stimuli resynthesized
from a single token. As specified in equation 3.2, the location of the L% tone (tL) which
determines the amount of lowering is invariant within a single set of stimuli. The difference
is only visible across different words where the durational properties of segments are of
course different.

The alignment of the H* location was varied in 10 steps for the 1-2 opposition. In
Experiment 1, the number of steps was 8 but the results in the devoiced condition suggest
that more steps are necessary to find the categorical structure in that condition. The carrier
sentences for Experiment 2 are thus modified to cover a larger range of the alignment
variable. The step size is again relatively specified to the duration of the two moras, one of
which is the last mora of the stimulus word and the other of which is the penultimate mora
in the carrier sentence. For example, the duration of [ri da] in the sentence [ano nori dake]
was taken as the base duration. One step was the 1/10th of the base duration. In the case
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Figure 3.14: Stimulus space for Experiment 2. Example of F0 alignment modification
in the 1-2 opposition.

of devoiced stimuli, those alignment steps whose H*−L tone sequence is completely within
the devoiced region were omitted in order to reduce the total number of stimuli. The H*
tone is fixed for the 1-2 opposition at 5 steps (= 4 semitones) above the phrasal H tone.
The L% tone is also fixed at 4 steps (3.2 semitones) below the phrasal H. Those fixed values
were determined from informal listening sessions by the author. Figure 3.14 also shows the
range of alignment variable.

Finally, the local slope from H* to L% is now fixed to −0.423 Hz/msec. This is based
on an average of 24 tokens recorded by the author in preparation for the stimuli in the
current experiment. The slope was calculated from the first-order derivative of the slightly
smoothed F0 contour in the accented mora.

See Figure 3.15 as an example of the stimulus space for 0-2 opposition where all the
scaling variables and the final lowering process described above are put together in the
upper panel and the outcome of the resynthesis is shown in the lower panel.

3.7.3 Procedure

Sixteen subjects (8 male and 8 female) naive to phonetics and phonology participated in
Experiment 2. None of them participated in Experiment 1. Age, dialect, physical conditions
and terms are the same as those in the previous experiment. The task was a self-paced 2-
alternative forced choice task. The number of trials was 1758 including 100 post-test trials
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which were divided into 7 blocks. Subjects had 5 to 10 minutes break between blocks. The
threshold of the correlation with the post-test was 0.5. The subjects’ mean correlation score
was 0.556. Six subjects were dropped and thus 10 subjects remained for the data analysis.

3.8 Experiment 2: Results

3.8.1 Effect of devoicing

0-1 and 0-2 opposition The results for the 0-1 and the 0-2 oppositions are plotted in
Figure 3.16 in the same manner as in Figure 3.11. Note that the two scaling variables were
widened by 1 ST so that the square space given by H* times L% in Experiment 1 covers
only the top-left portion of the space in Experiment 2.

In the 0-1 opposition in the upper row, there is a shift of the 50% contour toward the
upper-left corner from the fully voiced condition to the voiceless consonant condition. In
contrast to the results in Experiment 1, the 50% contour in the devoiced condition does
not go further toward the top-left corner but stays closer to the one in the fully voiced
condition. However, by looking at the 80% and the 90% contour, we can still see the trend
that accent-1 is more prevalent in the given space in the devoiced condition.

In the 0-2 opposition in the lower row, the shift of the 50% contour among the three
voicing conditions is more salient and consistent. It starts from close to the top-left corner
in the fully voiced condition and ends at the bottom-right corner in the devoiced condition.
Note that the blank space in the left-half of the devoiced condition is due to the skipped
pitch contours (see Section 3.7.2). This is again in contrast to the results in Experiment 1
where the 50% contour in the devoiced condition was closer to the top-left corner. We will
see more about the comparison between the two experiments in the discussion section.

1-2 opposition The 1-2 opposition in Figure 3.17 shows a different pattern from other
two oppositions. The shift of the 50% contour from the fully voiced condition to the voice-
less consonant condition is slight while that from the voiceless consonant to the devoiced
condition is substantial. In the right panel of Figure 3.17, the thick line runs around the
8th step of the H* alignment variable while it runs around the 4th or the 5th step in the
other two panels. Though the number of steps was increased in the current experiment from
Experiment 1, the step size is defined in the same way. Thus, the seemingly chaotic results
in the devoiced condition in Experiment 1 (Figure 3.12) in fact corresponds to the results in
the present experiment. The fact that a fragment of the 50% contour runs around the 8th
step in the devoiced condition in that figure matches with the results in Figure 3.17. The
number of H* alignment steps in Experiment 1 was not just enough to cover the necessary
range.

Another observation we can make from Figure 3.17 is that the contours run densely and
in parallel in the fully voiced condition but sparsely in the other two voicing conditions.
This indicates that the categorization boundary is sharp in the former but not in the latter
two conditions, which is predictable from the erasure of the pitch contour.
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Figure 3.16: Ratio of responses for accent-1 words in the 0-1, and accent-2 words in
the 0-2 oppositions.
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Figure 3.18: Ratio of responses for accent-1 words in the 0-1 and accent-2 words in the
0-2 opposition plotted in the space given by the phrasal H scale × H*−L% difference.

3.8.2 Effect of phrasal H scaling

Figure 3.18 shows the same data in Figure 3.16 plotted in spaces given by the phrasal H
scale on the ordinate and the H*−L% difference on the abscissa.5 There is no clear effect of
the phrasal H variable seen in any of the panels. This is incompatible with the hypotheses
in (3.2) and (3.3) in section 3.6: the lower phrasal H is expected to raise the accentedness,
and that effect is expected to be more salient in accent-1. If these hypotheses were true,
we should see contours slanted diagonally to the upper-right corner, especially in the upper
row, but it is not the case.

As for the 1-2 opposition, Figure 3.17 shows the results for the effect of the phrasal H
variable. Again, there is no visible effect of the phrasal H in any of the panels. The 50%
contour runs almost vertically, which indicates that the H* alignment variable is the sole
determiner for the accent-location detection at least in the present experiment.

5Again, the coefficient in the linear relationship between the H* and L% are disregarded as in Figure 3.10
in Experiment 1. See footnote 3 for reasoning.
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3.9 Experiment 2: Discussion

The effect of the preceding context was not confirmed either in the devoiced nor in the
voiced conditions. We have just seen in the previous section that the results were negative
for all of the opposition types tested in the experiment. Several reasons can be thought
of. First, the range of the phrasal H variable might be wrong. The phrasal H in the
present experiment varied in the range lower than the mean pitch. The range setting was
motivated by the hypothesis that the lower phrasal H triggers more accented responses.
Compared to Matsui (1993)’s design in which the preceding context is fixed at 196 Hz, the
range covered in the present experiment was from about 100 Hz up to 145 Hz in the actual
stimuli. Though the F0 peak in Matsui’s design is 212 Hz while it was about 180 Hz in the
present experiment, the relative height of the phrasal H was still quite low. Second, what
Matsui compared in his experiment is the linguistic assignment of the H or the L tone to
the preceding context but not the actual pitch (see (2.2) in section 2.2.3). Thus his claim
about the effect of the preceding context is not directly applicable to the variable phrasal
H in the present experiment.

However, other results resolve most of the questions carried-over from Experiment 1.
First, the widened and more fine-grained stimulus space confirms that the overall trends
observed in Experiment 1 are on the right track. Especially, the results from the devoiced
condition in the 1-2 opposition reveal that the categorical boundary lay at the edge of the
H* alignment range in Experiment 1. The widened range confirms that the boundary shifts
later in the devoiced condition compared to the voiced conditions. However, we cannot
expect to have more responses to accent-2 if the range of the alignment variable is extended
further. Beyond the 10th step, the H* tone will be placed on the vowel of the first mora
of the following context. This is not desirable for testing the accentual contrast within
the target word. Put differently, the area in which accent-2 is perceived is compressed in
the given range in the devoiced condition both in Experiments 1 and 2. This is a natural
outcome from the predicted schema in Figure 3.2 where the erased part contains the crucial
information for accent-2.

Second, the fixed slope did not alter the overall picture. The rate of the fall in the
present experiment was −0.423 Hz/msec which roughly corresponds to the 3rd step (−0.435
Hz/msec) in Experiment 1. As expected, the percept of accent was achieved without any
problem.

Third, the hypotheses about the effect of devoicing tested in Experiment 1 hold for the
results in Experiment 2. In a nutshell, the hypotheses were based on a view that there
are three sources of information for the identification of an accent: a high pitch at the H*
tone, a low pitch at the L% tone, and the falling contour. Cessation of a pitch contour
by a voiceless segment causes a loss of the information sources (see Figures 3.1 and 3.2 in
Section 3.2 for a more detailed explanation). Predictions among different voicing conditions
are derived from the number of the losses of information sources as in Table 3.4.

The number of asterisks in each cell in Table 3.4 predicts that there is a difference in the
performance of a categorization task between the fully voiced and the voiceless consonant
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Table 3.4: The loss of information sources for accent in each voicing condition.

Opposition type Fully voiced Voiceless cons Devoiced
0-1 none * (falling contour) * (falling contour)
0-2 none none ** (falling contour & H*)

Table 3.5: Y-intercept (ST) of the 50% contour in the H*-by-L% scaling plot (Fig-
ure 3.16) of the 0-1 and the 0-2 opposition in Experiment 2. The intercept for the 0-2
opposition in the devoiced condition is an extrapolated value.

Opposition type Fully voiced Voiceless cons Devoiced
0-1 −3.2 ¿ −2.3 > −2.5
0-2 −1.2 > −2.0 À −4.5

Table 3.6: Y-intercept (ST) of the 50% contour in the H*-by-L% scaling plot of the
0-1 and the 0-2 opposition in Experiment 1.

Opposition type Fully voiced Voiceless cons Devoiced
0-1 −3.75 ¿ −2.0 < −1.5
0-2 −2.0 = −2.0 ¿ −0.7

conditions in the 0-1 opposition. Also, a difference between the voiceless consonant and the
devoiced conditions is predicted in the 0-2 opposition.

As in Experiment 1, the Y-intercept of the 50% contour in the H*-by-L% scaling plot
of the 0-1 and the 0-2 opposition are listed in Table 3.5. Table 3.6 is repeated here for
a comparison which lists the Y-intercepts of the same type of plots from Experiment 1.
Although the direction of unequal signs are inconsistent between the two tables, there is
one common trend: a large difference occurs between the fully voiced and the voiceless
consonant conditions in the 0-1 opposition, and between the voiceless consonant and the
devoiced conditions in the 0-2 opposition. Remember that the predictions derived from the
number of losses of the information sources are only about the amount of boundary shifts,
not about the direction of them. Thus, the results in Experiment 2 are compatible with
those in Experiment 1.

Of course, the still-remaining question is the direction of the shift of the boundaries
among different voicing conditions. In Experiment 1, the 50% contour consistently shifts
toward the upper-left corner from the fully voiced condition to the devoiced condition in
the 0-1 opposition while it goes back and forth in the 0-2 opposition (see Figure 3.11). In
Experiment 2, however, the shift is consistently toward the lower-right corner in the 0-2
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opposition but it is not consistent in the 0-1 opposition. Thus, it is rather difficult to find
a general pattern for the direction of the shift at this point.

Another remaining question is the effect of the final lowering process added to the present
experiment. In Section 3.5, it was argued that the difference in the amount of pitch drop
required for the 0-1 and the 0-2 opposition might be attributed to listeners’ compensation
for the final lowering in the 0-2 opposition. Since the final lowering process was skipped
in Experiment 1, the apparent difference between the two oppositions was expected to
disappear if it is incorporated. However, the results in the present experiment show that
the difference persists even when final lowering was incorporated in the stimulus design. In
fact, the difference becomes larger in the present experiment. In the fully voiced condition,
the 50% contour lies around the H*−L% difference at 3 ST in the 0-1 opposition but at 0.5
ST in the 0-2 opposition (Figure 3.18).

The two remaining questions can be subsumed under a single heading: why do bound-
aries (unpredictably) move around in the accent-presence detection? In fact, boundaries do
shift in the accent-location detection across different voicing conditions but the direction
of the shift was predictable and consistent between the two experiments. The reason for
this is simple. The accent-location detection only involves the time-axis (i.e., the H* align-
ment). Different voicing conditions also involve only the time-axis. The cessation of the
pitch contour by a voiceless consonant or a devoiced mora occurs at different durations but
it is just a matter of a single dimension on which the accent is located. As we have seen in
Figures 3.12 and 3.17, the H* has to be aligned later than the other voicing conditions for
the accent to be perceived when the second mora of the word is devoiced. However, in the
accent-presence detection, the cessation of the pitch contour on the time-axis is orthogonal
to the two scaling variables, namely, H* and L%.

What is more complicating is the variability of durational properties in each token.
In Experiments 1 and 2, the stimulus words were not controlled in terms of segmental
duration. The speech rate of the carrier sentences was not controlled either. Since the
duration of each level tone was based on a visual segmentation process, tones within a word
nor across different words have different durations. Thus, the global shape of the pitch
contour can be different across words even with the same setting in the scaling variables.
In addition, the voiced token and the devoiced token of the same word are somewhat
different in durational properties because of the mere fact that they are different tokens. The
comparison across different voicing conditions might have been affected by those unintended
durational differences. In the next chapter, this variability problem in durational properties
will be resolved by introducing a splicing technique to created devoiced tokens from the
voiced ones.

So far in this section, we have discussed that some unintended or not-tightly-controlled
physical properties, such as pitch and duration, in the stimulus design might have obscured
the true picture of the categorical structure. However, there might be something other than
physical properties which differentiates one of the words in minimal pairs used in the two
experiments. For example, if the familiarity of the words in a minimal pair greatly differ,
the responses for one word might exceed those for the other word ceteris paribus. When
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there is a known bias from familiarity, the results in a categorization experiment has to
be calibrated. However, studies on word familiarity and pitch accent in Japanese have not
appeared at all, as far as I know. We have to first establish the basic strategy for dealing
with word familiarity in terms of the category structure of pitch accents. Chapter 5 will
explore this issue using the word familiarity data in Amano & Kondo (1999).



Chapter 4

Categorization in a 3-way distinction

4.1 Introduction

In 2-mora homophones with a 2-way accentual distinction, there is always the third accent
category which does not correspond to an existing word. Accent-2 in the 0-1 opposition,
accent-1 in the 0-2 opposition, and accent-0 in the 1-2 opposition are never involved in the
categorization task. When subjects hear a word with the F0 contour corresponding to the
third category, it may sound somewhat odd for the two alternatives at hand. Subjects,
however, have no choice but the given two alternatives because the stimulus with the third
accent category is not a word.

Meanwhile, each accent category has a realization in a 3-way distinction. A categoriza-
tion task in a 3-way distinction is expected to be harder than a 2-way distinction in two
respects. First, subjects will have to choose from a wider range of categories. Second, two
functionally different tasks that are segregated in a 2-way distinction will be involved at
the same time. The two tasks are the accent-presence detection and the accent-location
detection. Both the 0-1 and the 0-2 oppositions are in the realm of the accent-presence
detection task while the accent-location detection task is involved in the 1-2 opposition.
Thus, only either one of the two tasks is involved in a 2-way opposition. However, when
the third category exists as a word, not only are the available choices for subjects wider,
but the two tasks will be involved.

As we have seen in the results of Experiments 1 and 2, the H* and the L% tones are the
two interacting variables in the accent-presence detection task while the H* alignment is the
sole cue for the accent-location detection task. This is achieved because the two tasks are
segregated. In a 3-way distinction, the role of each variable and their interaction might be
different from those in a 2-way distinction, which is the primary motivation for conducting
another experiment.

Another motivation for conducting the third experiment is that the results in Experiment
1 and 2 are to some extent conflicting in the direction of the shift of category boundaries.
One potentially relevant factor is the durational variation across the stimuli. In Experiment
1 and 2, stimulus words were not controlled in terms of segmental duration. The speech rate
of the carrier sentences was not rigorously controlled either. It is worth trying to control

64
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the durational variation across the voiced and the devoiced conditions.1 By splicing out
the voiced vowel of the second mora of a devoiceable word and filling that region with the
noise of an aspiration, voiced and devoiced stimuli can be created from a single token in
which the duration of each segment is to be the same.2 Since we are dealing with a 3-way
distinction, the three opposition types, 0-1, 0-2 and 1-2, in the previous experiments are all
covered in a single triplet, which eliminates durational variation across different minimal
pairs set up for each opposition type.

Finally, the effect of the phrasal H was not observed in Experiment 2. As pointed out
in Section 3.9, this may be due to the fact that the range of the variable was too low to
produce visible effects. In real speech, the phrasal H tone can be as high as the H* tone.
Therefore, it is worth trying a wider range for the phrasal H tone variable.

The present experiment thus introduces several modifications in the design from that of
Experiment 2. They are: (1) use of a triplet with a 3-way accentual distinction, (2) splicing
technique to control the duration across voiced and devoiced conditions, and (3) the range
of the phrasal H tone variable. Two of these modifications imply a large increase in the
number of stimuli, however. Testing a 3-way distinction requires the three variables, namely
the H* scale, the L% scale and the H* alignment, fully crossed for each token. Adding a
wider range of the phrasal H as another variable; the total number of the stimuli will be
impractically large. Thus, a trade-off will be made in the number of words, the number of
steps, and the step sizes, which are further modifications from Experiment 2.

4.2 Purpose and predictions

The main purpose of Experiment 3 is to investigate the perception of pitch accent in ho-
mophones with a 3-way accentual distinction. From what we have seen about a 2-way
distinction in the previous chapter, we can make several predictions about the role of each
variable and their interaction. First, the H* and the L% scaling variables are expected
to work together in the accent-presence detection. If we take the difference between the
two variables, the difference term will roughly correspond to the boundary in the accent-
presence detection. Second, the H* alignment will be the main cue for the accent-location
detection. Accent-1 will be perceived when the H* is aligned early while accent-2 will be
perceived when the H* is aligned late. Third, in the devoiced condition, the boundary in
the accent-presence detection will be shifted to the direction in which the H*−L% differ-
ence is larger and the boundary in the accent-location detection will be shifted to the right.
Fourth, the “gray area” in categorization is predicted to increase in the devoiced condition.
Since the present experiment is not a two-alternative forced choice but a three-alternative
one, there may be an area in which none of the choices reach the 50% response rate. As

1In the present experiment, “voiced” condition corresponds to the “voiceless consonant” condition in
Experiment 1 and 2 in which the consonant is voiceless but the vowel in that mora is “voiced”.

2One might ask whether the intrinsic duration of a voiced mora and a devoiced mora differ or not. In a
production study, the total duration of the devoiced mora and a corresponding voiced mora are about the
same (Kitahara, 1999).
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Figure 4.1: Schematic representation of predicted results: categorical division of a
plane defined by the H*−L% difference and the H* alignment variables.

we have seen in the results in Experiment 1 and 2, lines in contour plots in the devoiced
condition run more sparsely than those in the voiced condition especially in the case of the
1-2 opposition (Figure 3.17). We can infer from the sparse contours in a 2-way distinction
that the “gray area” in a 3-way distinction will be larger between accent-1 and accent-2.
The above predictions are schematically illustrated in Figure 4.1 where lines dividing the
square represent only the 50% boundaries between the three accentual categories.

Differences between a 2-way and a 3-way distinction is another issue. As stated earlier,
there must be two different tasks involved in the perception of accent categories. One is the
accent-presence detection and the other is the accent-location detection. We can only test
one at a time in a 2-way distinction since the two tasks are not involved simultaneously.
However, in a 3-way distinction, the two tasks will have to be managed at the same time.

One possible hypothesis is that the two tasks are separately processed by the perceptual
system. This implies that there are two separate processes corresponding to each task. A
subsidiary hypothesis based on this view is that the two processes will be totally independent
and thus there will be no visible difference in performance between a 2-way and a 3-way
distinction. The category boundaries among accent-0, 1, and 2 in a 3-way distinction will
all coincide with those in a 2-way distinction. This can be taken as a null hypothesis.

Another subsidiary hypothesis is that the two processes will interact in some way or
another. Using the schematic illustration as in Figure 4.1, one possibility is that the area
for unaccented forms may increase in a 3-way distinction (Scenario 1 in Figure 4.2). In this
scenario, the accent-presence detection process is interfered by the accent-location detection
process. The accent-presence detection process in a 2-way distinction only requires listeners
to concentrate on the tone scaling (vertical) dimension and disregard the time dimension.
Thus, listeners may be able to detect a small difference in the vertical dimension to find an
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accented form. However, in a 3-way distinction, the listeners’ attention may be distributed
to the other process, which might lead to a decrease of sensitivity to the accentedness.

Another possibility is that the accent-location detection process is interfered by the
accent-presence detection process. In this case, the division of the area by the three cat-
egories will be like Scenario 2 in Figure 4.2. Listeners’ sensitivity to the time dimension
may be lowered in the area between accent-1 and accent-2 and that area will be filled with
accent-0.

The above two scenarios are based on the “higher-level” hypothesis that the accent-
location detection and the accent-presence detection are two separate but interfering pro-
cesses in the perceptual system. The difference between the two scenarios is that either
accent-presence detection process or accent-location detection process is the default, that
is, functionally more fundamental to the perception of accent.3

Another possible “high-level” hypothesis is that the two tasks are processed in a single,
integrated way in the perceptual system. Based on this view, the third possibility can be
thought of as an increase of the gray area around category boundaries in general (Scenario
3 in Figure 4.2: “gray area” is depicted as a gap between the boundaries). If both the
accent-location detection task and the accent-presence detection task are processed in a
single, integrated way, they will be equally worn down by the heavier burden of the 3-way
distinction. Thus, the categorization is predicted to be less sharp.

The second purpose of Experiment 3 is to see the effect of the phrasal H tone in a wider
range. In Experiment 2, the phrasal H tone varied in a lower range than the mean pitch
showed no effect. The upper side from the mean pitch will be added to the variable range
in the present experiment to see if it has any effect on the perception of pitch accent.

3This point will be further discussed from a quite different point of view: a post-hoc analysis in Chapter 6
on the basis of a database analysis of the Japanese lexicon in Chapter 5.
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Table 4.1: Corpus for Experiment 3

Unaccented Initial accent Final accent

set 1
hashi hàshi hash́ı
‘edge’ ‘chopstick’ ‘bridge’

set 2
kaki kàki kaḱı

‘persimmon’ ‘summertime’ ‘fence’

The phrasal H tone set to the mean pitch creates a big bump of the H* tone in the pitch
contour. When the phrasal H is raised closer to the H* tone in the upper range, the pitch
contour will become more like a plateau between the two H tones and thus the bump of the
H* tone will become less popped-out. A prediction derived from this is that the location of
the H* tone will become more obscured by losing the left edge of the bump. That is, the
accent-location detection may become less sensitive when the phrasal H is raised. On the
contrary, the accent-presence detection may not be affected as much because the H*−L%
difference is independent from the preceding context. Therefore, if we plot the results in a
“phrasal H by H* align” space, we will see curved contours in the responses for accented
forms and if we plot in a “phrasal H by H*−L% difference” space, we will see straight
contours.

4.3 Methods

4.3.1 Materials

The corpus for the present experiment consists of two sets of homophones which constitute
a 3-way accentual distinction within each set. Words are all 2 moras in length whose second
mora is devoiceable. Members of the two sets of homophones are listed in Table 4.1.

The carrier sentence is one of those used in Experiment 2. As in the previous exper-
iments, it was intended that the preceding part “[ano]” bears the phrasal H tone, which
makes it possible to observe the effect of pitch accent independent from the phrasal H tone.
The following part “[kara]” was chosen as a devoiceable context for the final mora of the
word.

(4.1) ano kara “From that .”

As opposed to Experiment 1 and 2, Experiment 3 was not designed to induce devoicing
forcefully by the difference in carrier sentences. Voiced tokens were recorded first and the
devoiced variant was created by splicing the voiced tokens. Since devoicing is an optional
rule in Tokyo Japanese, a voiced utterance in a devoiceable context does not sound very
unnatural.
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4.3.2 Stimulus design

The splicing procedure was done on a sound editing program by first cutting off the voiced
vowel in the second mora of the word and then inserting a voiceless vowel [i◦] taken from
tokens with a devoiced pronunciation. The duration of the spliced token was kept exactly
the same as the original. Figure 4.3 shows spectrograms and F0 contours of the original
(voiced) token and the edited (devoiced) token.

The design of the stimulus space was modified from that of Experiment 2 in a few
points. First, the scaling of the phrasal H tone was extended to cover the upper range. In
Experiment 2, the phrasal H was only lowered from the mean pitch, which did not induce
visible effects in performance. Thus, the range was extended to cover the pitch higher than
the mean. However, the number of steps was smaller to keep the number of total stimuli
manageable. Therefore, the step size for the phrasal H tone was set to 1.5 ST, a rather large
value compared to 0.8 ST in Experiment 2 and 1 ST in Experiment 1. The number of steps
was 5 which is reduced by 1 from that of Experiment 2. Second, the number of steps and
step sizes of the H* and the L% tones were also modified. To test a 3-way distinction, the
H* alignment variable and the scaling variables were fully crossed. If we kept the number of
steps to 6 for all the variables, there would have been maximally 64 = 1296 stimuli for each
word. In experiments for a 2-way distinction, only two or three variables are crossed in a
single opposition. The 0-1 opposition, for example, needs the H*, the L% and the phrasal
H variables crossed but not the H* alignment variable. Thus, only 63 = 216 stimuli are
necessary for each word. That is why the number of steps in the present experiment was
reduced.

See Figure 4.4 for the scaling of three variable tones in the stimulus space. The H*
alignment variable and interpolation lines are omitted but the final lowering process has
already been applied in this figure.

In Pierrehumbert & Beckman (1988), the scaling of the phrasal H tone is determined
relative to the H* tone if it is present. More precisely, the H* tone determines the high tone
line and the prominence level of the phrasal H tone always falls between the reference line
and the high tone line (see Section 2.3 for a review of their intonation synthesis system).
In other words, the phrasal H tone is never scaled higher than the H* tone nor lower than
the reference line which is the lower limit of the speaker’s pitch range. This constraint
on the possible range of the phrasal H tone was respected in the stimulus construction
with a necessary modification for unaccented cases in which the H* tone is not present
(zero-raised) and thus the phrasal H is the highest point in the contour. Other than the
unaccented cases, the phrasal H tone went no lower than the final L% tone nor higher than
the H* tone. Those which exceeded the possible range of the phrasal H tone were omitted
in the resynthesis procedure.

Both the H* tone and the final L% tone were varied in 5 steps. The former was raised
and the latter was lowered from the mean F0 at the step size of 1 ST. Therefore, if all
the variables are kept to “0” (= no change) the pitch contour is completely flat from the
phrasal H tone to the final L% tone at this stage. The final lowering process and declination
procedure which are the same as those in Experiment 2 modify the flat pitch.
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Figure 4.3: Spectrogram and F0 contour of the unedited voiced token of [ano kaki
kara] (upper two panels) and those of edited devoiced token [ano kaki◦ kara] (lower two
panels).
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Figure 4.4: Stimulus design for Experiment 3: variable tone scales in semitones mea-
sured from the reference pitch (mean F0 ). Interpolation and H* alignment is omitted.

Though the initial portion of the utterance is considered to be the location of another
L% tone, it is not relevant for the pitch accent in Pierrehumbert & Beckman’s model and
thus not manipulated in the present experiment. It is just stipulated as 1 ST lower than the
phrasal H tone in order to implement the rising contour at the utterance-initial position.

Next, let us see the dimension of the tone alignment variable and the effect of final
lowering process in Figure 4.5. The scaling of tones in this figure is specified as the following:
phrasal H = 0, H* = 4, and L% = 0. The H* alignment was varied in 5 steps whose step
size was again relatively specified to the summed duration of the two moras. One was
the last mora of the stimulus word and the other was the penultimate mora in the carrier
sentence. One step was 1/5th of the base duration which is twice the step size in Experiment
2. In Experiments 1 and 2, some of those alignment steps whose H*-L tone sequence are
completely within the devoiced region were omitted. There was no omission of steps in
Experiment 3 to keep complete matching between the voiced and devoiced stimuli.

Figure 4.5 also shows that the local slope from H* to L is fixed as in Experiment 2. The
slope value was again 0.423Hz/msec which was obtained from an average of 24 tokens in
Experiment 2. All the major steps in resynthesis and the final outcome of the stimuli for
devoiced [hashi◦] token are given in Figure 4.6.
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Figure 4.6: Stimuli design for Experiment 3: (1) Original F0 contour and its smoothed
approximation, (2) Difference between the original and the approximation, and the
constant declination slope (−10Hz/sec), (3) Interpolation of variable tones with final
lowering, (4) Output F0 contours for [ano hashi◦kara].
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4.3.3 Procedure

Sixteen subjects (8 male and 8 female) naive to phonetics and phonology participated in
Experiment 3. None of them participated in Experiment 1 and 2. Age, dialect, physical
condition, and terms are the same as those in previous experiments. The task was a self-
paced 3-alternative forced choice task. The number of trials was 1634 including 66 post-test
trials which were divided into 7 blocks. Subjects had a 5- to 10-minute break between
blocks. The threshold of the correlation with the post-test was 0.4. The subjects’ mean
correlation score was 0.330. Nine subjects were dropped and thus 7 subjects’ data were
used for analyses.

4.4 Results

4.4.1 Distribution of 3 accentual categories in voiced and devoiced con-
ditions

First, the overall distribution of responses is illustrated in contour plots on the plane de-
fined by the H*−L% difference and the H* alignment variables in Figure 4.7. In general, a
bundle of contours around the 50% boundary cluster together, which indicates that the cat-
egorization task was done successfully. Looking closely, however, the clustering of contours
is slightly looser in the devoiced condition than the voiced condition.

Figure 4.8 shows only the 50% contours extracted from Figure 4.7 in order to see the
core category structure. Now we can compare the predictions in Figure 4.1 repeated in
Figure 4.9 with the results. In the voiced condition, the three categories divide the given
space in the way close to the prediction. The only difference is the gap between the accent-0
and accent-1 areas, which shows that the categorization was less sharp between those two
categories. In the devoiced condition, the contour for accent-0 rises from the one in the
voiced condition, which is in accordance to the prediction. However, the rise is not uniform
across the x-axis, namely, the H* alignment variable. In the mid-range of the H* alignment
variable, the contour rises most as if the accent-0 area is filling the gap between the accent-
1 and accent-2 areas. Other differences between the voiced condition and the devoiced
condition are: (1) the category boundary between accent-1 and 2 shifts to the right; (2)
the gap between the accent-1 and accent-2 areas is larger; (3) The gap in the center of the
given space is larger. (1) and (2) agree with the predictions and (3) is plausible considering
the fact that the categorization task in the devoiced condition is generally more difficult.

4.4.2 Comparison with the results in a 2-way distinction

Next, let us see the difference between the 2-way and a 3-way distinctions by comparing
the results in Experiment 2 with those in the present experiment. Note that the results
in Experiment 2 are collected in terms of a subset of variables used in Experiment 3. For
accent-presence detection (the 0-1 and the 0-2 oppositions), the H* tone scaling, the L%
tone scaling, and the phrasal H tone scaling were varied but the H* alignment variable was
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Figure 4.7: Contour plots of the ratio of responses for accent-0, accent-1, and accent-2
in voiced and devoiced conditions.
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not involved. The H* alignment is considered to be fixed to the earliest position for the
0-1 opposition and the latest for the 0-2 opposition. Likewise, for accent-location detection
(the 1-2 opposition), the H* alignment and the phrasal H tone scaling were varied but
the two scaling variables were fixed.4 The H* tone was set to 4 ST and the L% tone
was set to −3 ST from the mean pitch respectively. Ignoring the phrasal H tone variable,
the results in Experiment 2 can be plotted as points in the plane given in Figure 4.8.
Though each opposition type gives only one point in the plane, we can interpolate the
points corresponding to the three opposition types tested in Experiment 2 to infer the
categorical boundaries.

Figure 4.10 is the same plot as in Figure 4.8 with the results from Experiment 2 overlayed
as dashed lines. Square dots represent the 50% boundary points for accent-1 and crosses
represent those for accent-2 in Experiment 2.5 Figure 4.11 is the same as Figure 4.2 repeated
here for comparison.

In the voiced condition, the results roughly correspond to Scenario 1; the boundary be-
tween accent-0 and other two accents is raised. The interpolated boundary between accent-1
and accent-2 from the results in Experiment 2 nicely overlaps with that of Experiment 3.
The only discrepancy between the results and Scenario 1 is the gap between accent-0 and
accent-1 in Experiment 3, which is more like Scenario 3.

In the devoiced condition, however, the results seem to be a mixture of the three scenar-
ios. Remember, these scenarios are based on hypotheses about the default process in accent
perception: Scenario 1 suggests that the accent-presence detection is the default, Scenario
2 suggests that the accent-location detection is the default, and Scenario 3 suggests there is
no default process but the two tasks are more difficult in a 3-way distinction. An apparent
discrepancy between the predictions and the results comes primarily from the fact that the
interpolated boundary between accent-0 and others is slanted, which was not included in
the prediction. However, if we slide the slanted dotted line up about 1.5 ST in parallel, the
new line will run in the middle of the gap between accent-0 and accent-1. This is close to the
prediction in Scenario 1. The lower edge of both accent-1 and accent-2 areas in the results
from Experiment 3 are slanted, which is the part that the results coincide with Scenario
2. Finally, the gap around the dashed line indicates that categorization was less sharp in a
3-way distinction, which corresponds to what Scenario 3 shows.

4.4.3 Effect of phrasal H scaling

The effect of phrasal H tone can be seen in two different ways. Its effect on the accent-
location detection is supposed to appear in contour plots on a plane given by the phrasal H
tone scaling and the H* alignment variables. Likewise, a plane given by the phrasal H and
the H*−L% difference will be able to show the effect of phrasal H in the accent-presence
detection. Let us first examine the former in Figure 4.12.

This figure primarily focuses on the accent-location detection process in which the
4The step size of the H* alignment in Experiment 2 is a half of that in Experiment 3
5The dots and lines in the left panel of Figure 4.10 are taken from the “voiceless consonant” condition

in Experiment 2 which corresponds to the “voiced” condition in Experiment 3.
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Figure 4.12: Contour plots of the ratio of responses for each accent category in voiced
and devoiced conditions. Phrasal H (pH) in semitone on the ordinate and H* alignment
on the abscissa.
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Figure 4.13: Contour plots of the ratio of responses for accent-0 in voiced and devoiced
conditions.

phrasal H tone in the upper range is predicted to lower the categorization performance
(see Section 4.2). In the voiced condition in the left column, the 50% contour runs almost
perpendicular and straight in accent-1 and 2, which is against the prediction. Moreover, the
60% and higher contours in those two panels make a right-angled turn consisting a shallow
valley around the phrasal H at 0 ST. This indicates that the phrasal H tone does affect the
accent-location detection process only in the mid range. The contours in the top-left panel
for accent-0 responses confirm this fact in that they form a gradually-sloping hill in the mid
phrasal H range.

In the devoiced condition in the right column, valleys in accent-1 and 2 and the hill in
accent-0 are more prominent. The panels for accent 1 and 2 show almost all contours are
curved which indicates the presence of the valley in the middle. Even the phrasal H in the
lower range has a strong effect on the accent-location detection, which is contradictory to
the results in Experiment 2.

Meanwhile, in Figure 4.13, the effect of the phrasal H tone is not quite visible on the
plane given by the phrasal H and the H*−L% difference. This agrees with the prediction
that the phrasal H has no effect on the accent-presence detection process.

4.5 Discussion

The results so far show that the perception of pitch accent in a 3-way distinction has the
properties more or less predictable from the general pattern in a 2-way distinction. The
H*−L% difference captures the accent-presence detection process and the H* alignment
captures the accent-location detection process as in the way in a 2-way distinction. The
discrepancy from the prediction in the case of the voiced condition is the gap between
accent-0 and accent-1 (Figure 4.8). This is due to the spread of responses for accent-2 over
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the whole area in the given space. The left-bottom panel in Figure 4.7 shows that the
20% contour spreads in the low H*−L% difference area. In other words, listeners showed
a slight amount of uncertainty between accent-0 and accent-2 even when the H* is aligned
early. We can speculate from this result that accent-0 and accent-2 are perceptually more
approximate than between accent-0 and accent-1. The effect of devoicing was also in the
predicted fashion. The boundary for accent-0 shifted upward and the gap between accent-1
and 2 widened.

The comparison with a 2-way distinction reveals that Scenario 1 provided in Section 4.2
is close to the results at least in the voiced condition. Scenario 1 is based on a high-level
hypothesis that the accent-location detection and the accent-presence detection are two
separate processes and the former is functionally more fundamental in the perception of
accent. That is, the overall increase of the accent-0 area from a 2-way distinction to a
3-way distinction indicates that the accent-presence detection is interfered with the accent-
location detection process. The coincidence of the boundaries between accent-1 and 2 in a
2-way distinction and a 3-way distinction also suggests that accent-location detection is not
perturbed by accent-presence detection since the accuracy of the accent-location detection
has not changed.

As for the effect of the phrasal H tone, the prediction is right in that the accent-presence
detection process is not affected at all (Figure 4.13), but it was wrong in that the accent-
location detection process is affected most in the mid range of the phrasal H (Figure 4.12).
More specifically, the response rates for both accent-1 and accent-2 are lowered when the
phrasal H tone was around 0 ST from the mean pitch of the original token.

A possible interpretation of this result comes from the fact that the original token is
unaccented. The 0 ST specification for the phrasal H tone means that it is on the original
unaccented pitch contour. Though other scaling and alignment variables are modified from
the original, “unaccentedness” is somehow kept best in the stimuli with the phrasal H tone
at 0 ST. This may lead to the lowered response rate for accented forms only around the
mid range of the phrasal H tone variable.



Chapter 5

Functions of pitch accent: a database
analysis

5.1 Introduction

Previous chapters have dealt with behavioral data in experiments in order to investigate the
category structure of pitch accent in Japanese. This chapter, in turn, deals with a database
of Japanese words in order to investigate the function of pitch accent. The database used
in this study is a recently published work by Amano & Kondo (1999) including word-
familiarity, accent, and usage frequency among others. The next section first summarizes the
structure of the database and then gives a detailed analysis of the distribution of accentually
opposed homophones extracted from the database. Section 5.3 proposes an attempt to
formalize the opposing relations within homophones and the difference in familiarity scores
between the competing homophones in order to quantify the distinctive functional load of
pitch accent. Section 5.4 summarizes the database analyses and discusses predictions for a
post-hoc analysis of categorization results based on the summary.

5.2 Database analysis

5.2.1 Structure of the database

The database (Amano & Kondo, 1999) has seven volumes, each of which focuses on different
aspects of Japanese lexicon shown in Table 5.1. Entries in all volumes are cross-referenced by
common ID numbers. Words in Volume 1-4 are taken from a standard Japanese dictionary
(Kindaichi et al., 1989). For the purposes of the present study, only the data in Volume 1
and 3 were used. Fields in these two volumes are shown in Table 5.2 and 5.3.

The familiarity score in Volume 1 is based on subjective rating in multi-modal (Audio-
Visual) and uni-modal (Audio or Visual) stimulus presentation. At least 32 subjects per
word rated the familiarity of each word in a 7-step scale starting from 1 (not familiar) to 7
(most familiar). Scores for three modes of presentation for a single entry differ substantially
in their magnitude in some cases. For instance, a visually very familiar Chinese character
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Table 5.1: Contents of the database

Volume # Contents
1 Word familiarity
2 Word orthography
3 Word accent
4 Parts of speech
5 Characters, pronunciation, and radicals
6 Character-word cross reference
7 Word frequency

Table 5.2: Data fields in Volume 1

Field # Contents
1 ID number across volumes
2 pronunciation in Kana
3 orthography
4 word length in moras
5 accent location from the beginning of the word
6 Audio-Visual familiarity
7 Audio familiarity
8 Visual familiarity
9 number of subjects
10 pronunciation with diacritics for compound accent
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Table 5.3: Data fields in Volume 3

Field # Contents
1 ID number across volumes
2 pronunciation in Kana with diacritics for compound accent
3 orthography with diacritics for compound accent
4 word length in moras
5 accent location from the beginning of the word
6 accent judgment score
7 judgment score for known or unknown
8 number of subjects
9 pronunciation in Roman-characters
10 name of sound file in CD-ROM
11 pronunciation in Kana
12 orthography in Kana
13 pronunciation in Roman-characters

coupled with a rarely used sound has a high Visual familiarity score but very low Audio
and Audio-Visual familiarity scores. Audio familiarity is always the same for a set of words
with the same sound (homophones), but Visual familiarity and Audio-Visual familiarity are
different within that set since the orthographic information influences the rating. For the
purpose of this study, Audio familiarity is most relevant since we are primarily interested
in speech. However, when the same word (entries with the same ID) has orthographic
variation, the Visual familiarity score was used to select the most familiar form of the word
for the analysis in the present thesis.

One complication for the purpose of the present analysis arises when looking at the
accent information in Volume 1. Since Audio familiarity was rated from the presentation
of each stimulus word in isolation, the accentual distinction between final accent and unac-
cented form is difficult to be achieved. Thus, accent category information for final accented
words is identical to those of unaccented words in Volume 1, which does not correspond to
the correct accent category in Volume 3. Data in Volume 1 and 3 were thus merged for
entries with matching ID numbers for the purpose of the present analysis.

When the same word varies in accent location, Volume 3 gives the accent judgment
score (field 6) independent from familiarity ratings. The score was obtained in a 5-step
rating scale from 1 (unappropriate accent) to 5 (appropriate accent). To prevent multiple
correspondences between volumes, the entry with the best accent judgment score was chosen
for the later analyses. This is a more consistent way of approaching the accent variation
than the way taken by most phonologists. For example, Miyaji (1966) consulted just with
his intuition to decide which accent category to be included in his analyses of the accentual
opposition when there is a variation of accent in a single word. Shibata & Shibata (1990)
used a version of learner’s dictionary whose accentual information is somehow pre-selected
by the editor of the dictionary. Compared to those, the judgment scores for each accent
category is more reliable and objective.



Functions of pitch accent: a database analysis 85

i*to 

‘string’

i*to 
‘intention’

hachi 

‘bee’

hachi* 
‘bowl’

hachi* 

‘eight’

distinct

non-distinct

Accent opposed Non opposed

Figure 5.1: Schematic representation of sets and relations relevant to homophones.
Accent location is shown by an “*” after the accented vowel. Arrows indicate distinct
and dashed lines indicate non-distinct relations.

After these two screening processes, the two volumes were merged. From the merged
data, all homophones were extracted based on the pronunciation data in field 9 of Volume 3.
Then, they were divided into sets with and without accentual opposition based on the accent
category data in field 4 of Volume 3. For the sets with accentual oppositions, classification
of opposition types, such as initial-vs.-final, initial-vs-penultimate, and so on, was done.
The next subsection presents the results of these analyses.

5.2.2 Homophones

“Homophones” in its usual sense is a set of words that segmentally identical. There are
two types of homophones: accentually opposed ones and non opposed ones. The left set in
Figure 5.1 is an example of accentually opposed homophones where there is one unaccented
word [hachi] ‘bee’ opposed to two final-accented words [hach́ı] ‘bowl/eight’. On the contrary,
the right set in the figure shows no opposition.

Figure 5.2 shows the ratio of the number of accentually opposed words, non-opposed
words and non-homophones for each word length. The darkest part of the bars diminishes
in 5-mora or longer words, which means that pitch accent plays no role in distinguishing
homophones in words longer than 4 moras. Since we are interested in the distinctive function
of pitch accent, we will limit ourselves to 4-mora or shorter words (let us call them just
short words) in the following analyses in this section.

Another observation from Figure 5.2 is that the ratio of opposed words decreases from 1
to 4 mora. However, the numbers on the right side of the bars indicate that the total number
of words at each word length also greatly differ. Thus, although the ratio of accentually
opposed words in 4-mora words is only about 10% while that of 1-mora words is nearly 70%,
the number of accentually opposed 4-mora words by far surpasses that of 1-mora words.
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Figure 5.2: Ratio of the number of accentually opposed words, non-opposed words,
and non-homophones at each word length.
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5.2.3 Distribution of accent locations

Before going further into the analysis of homophones, let us see the overall distribution
of accent locations in Tokyo Japanese. As we have reviewed in Chapter 1, Sato (1993)
observed the distribution of accent patterns in a 60,000-word dictionary. What is new in
the present analysis is that the familiarity rating of each word is considered. Figure 5.3
shows accent locations in short words (not just homophones) classified by ranges of the
familiarity score. For example, the first bar in each panel shows the distribution of accent
locations of all the words at a given length with a familiarity score above three.

In 2-mora words (top), accent-1 is prevalent across all bars but its proportion decreases
when the lower limit of the familiarity score raises. The unaccented form is dominant in 3-
and 4-mora words (middle and bottom) but its proportion decreases when the lower limit
of the familiarity score raises. Thus, there is a common trait among short words that the
distribution of accent locations is heavily skewed when words with a low familiarity score
are included, but it is more equalized when the population is limited to highly familiar
words. Still, the ratios are far from equal, which is in contrast to Sato (1993)’s observation.

It is known that the prevalent accent location in 5-mora or longer words is the ante-
penultimate syllable (Sato, 1993). Phonological studies of Japanese accent system have
pointed out that this antepenultimacy resembles that of Latin accent system (Suzuki, 1995;
Kubozono, 1998). However, short words do not follow this generalization. Though initial-
accented 3-mora words (denoted as “1” in the figure, which is the antepenultimate position
in 3-mora words) are almost as common as unaccented words, it is not the most preva-
lent type. Moreover, antepenultimate accent in 4-mora words (denoted as “2”) is just a
minority.1

5.2.4 Distribution of oppositions

In Tokyo Japanese, an n-mora word can theoretically take n + 1 different accent locations.
If each set of homophones contains every combination of these n+1 accent locations, there
will be n+1Cr possible opposition types where r is the number of ways of oppositions.
For example, 4-mora homophones can have ten different 2-way opposition types, such as
unaccented-initial, unaccented-antepenultimate, unaccented-penultimate ... etc., ten differ-
ent 3-way opposition types, five different 4-way opposition types, and one 5-way opposition
type, making the total number of possible opposition types 26.

Of course, some oppositions are more common than others. However, the distribution
1Accent location is not truly equiprobable for any mora in a word, though. When there is a heavy

syllable, such as (C)VV and (C)VC, in a word, accent can only occur on the head mora of the syllable, or
the first vowel in Tokyo Japanese (McCawley, 1968). Figure 5.3 and the rest of figures in this chapter only
show the surface distribution of accent locations and are not adjusted in terms of this constraint imposed by
the syllable structure. This is because there is no reliable source for the underlying accent location in most
short words. We cannot tell whether the surface accent on the head of a heavy syllable is underlyingly on
other moras or not. The underlying accent location is relatively easier to obtain in long compound words
where the accent location of component words can be thought of as underlying. However, this is not the
case in short words.
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Figure 5.3: Distribution of accent locations in 2- to 4-mora words at different famil-
iarity thresholds. The number n in f>n notation on the left side stands for the lower
limit of familiarity score. Accent location is counted from the beginning of the word by
mora. Initial accent is “1”, final accent in 2-mora words is “2”, and so on. Unaccented
forms are denoted as “0”-accent. Numbers on the right side denote the number of words
in the population.
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Figure 5.4: Distribution of opposition types in 2- to 4-mora words at different famil-
iarity thresholds. Numbers on the right side stand for the total number of homophonous
sets.

of opposition types has rarely been discussed in the literature. Though many have pointed
out the dominating accent locations in relation to word length, word classes, compound
structure, historical characteristics and so on, no one has discussed, to my knowledge, the
role of opposition types in accentual distinction.

Figure 5.4 shows the distribution of opposition types. Several things can be pointed
out from this figure. First, all opposition types are realized in 2-mora words where three
2-way and one 3-way opposition exhaust all the possibilities. However, 3- and 4-mora words
exhibit only a small part of possible opposition types. Notably, 3-way opposition types are
very rare (appearing as thin bars to the right in the figure, too thin to allow labels) in 3-
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and 4-mora words.
Second, realized opposition types mostly involve unaccented forms. This is particularly

striking in 3- and 4-mora words. At least 75% in 3-mora words and 90% in 4-mora words
involve unaccented forms. On the contrary, the sum of the ratios of the 1-2 opposition and
the 0-1-2 opposition (3-way) are around 50% in 2-mora words except for the “f>6” bar at
the bottom.

Third, there is a common trend in all panels that the ratio of the 0-1 opposition con-
stantly decreases from “f>3” to “f>6”. When the familiarity score of a word in an accentu-
ally opposed pair is below the lower limit, that pair no longer constitutes an opposed pair.
This decrease in the ratio of the initial-unaccented opposition may indicate a decrease in the
number of words in unaccented forms, or of the initial-accented words, or both. However,
the distribution of accent locations (including non-homophones) in Figure 5.3 by different
lower limit of familiarity scores tells us that the change of the ratio of words with each
accent locations differs for each word length. In 2-mora words, the ratio of initial-accented
words slightly decreases while that of unaccented words increases as with the raising of the
lower limit. In 3-mora words, the ratio of initial-accented words almost stays the same while
that of unaccented words decreases. In 4-mora words, the situation is similar to the one
in 3-mora words, but there is a slight increase of the ratio of the initial-accented words in
the “f>6” range. Therefore, the common decreasing trend of initial-unaccented opposition
observed in Figure 5.4 cannot be attributed to a single reason, such as there would be a
decreasing trend of unaccented words at any word length. This third point supports the
idea that the distribution analysis of opposition types is worthwhile since it is independent
from the distribution of accent locations.

5.3 Formalization of oppositions

In this section, the size of subsets within accentually opposed homophones and familiarity
scores of each word are taken into consideration in order to quantify the functional load of
pitch accent. In the previous section, we have seen the actual distribution of various words
and sets in the database in terms of accent and familiarity. However, ratios and distributions
can only reveal general tendencies. When we want to investigate the functional load of a
particular item or a class of items, we need a more powerful and rigorous tool to scrutinize
the nature of distinctive function of accent.

Lexical access to homophones has rarely been discussed in the literature. Current spoken
word recognition models such as Cohort theory (Marslen-Wilson, 1989), TRACE (McClel-
land and Elman, 1986), and NAM (Luce, 1986) are segment-based and do not go beyond
identifying a segmentally unique string. Accentually opposed homophones are still segmen-
tally identical. Thus, those models have nothing to say about identifying a particular target
word based on accent. As reviewed in Section 1.5, there are some studies on the role of
prosody in lexical access (Cutler, 1989; Cutler, 1994; Cutler and Chen, 1997; Cutler and
Otake, 1999; Slowiaczek, 1986). However, they do not focus on accentual homophones ei-
ther. For our purpose, to quantify the distinctive functional load of accent, we must assess
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Figure 5.5: Schematic representation of the set-size and opposing relations in accen-
tually opposed homophones. T: Target word for recognition; N: Total number words in
a set; m: Number of words in the subset that contains the target word T. Circle and
square denote that they are different in accent.

homophones in more detail.
Suppose there is an N -word set of homophones and a word in that set is the target of

access which belongs to an m-word subset in one accent category. In the case of a 2-way
opposition, N−m words, then, belong to the other accent category. The number of distinct
and non-distinct relations for the target word depends on N and m. See Figure 5.5 where
two examples are given schematically. In the left set, N is 5 and m is 2. For the target
word T, there are 3 distinct relations and 1 non-distinct relation. In the right set, N is only
2 and thus m is 1. In this case, there is only 1 distinct relation and non-distinct relation is
absent.

5.3.1 Lexical distinctiveness

When accessing the target word in one accent category of m words, there are m− 1 other
completely homophonous words. Thus, for m words in that category, there are m− 1 non-
distinct relations as a total. Since m words are indistinguishable from each other without
top-down information, lexical access to a particular item among m words is expected to
be more difficult when m is larger. In other words, each non-distinct relation works as an
inhibitory factor for the target. On the contrary, each distinct relation works as a facilitative
factor. For an individual target word among m words, there are N −m distinct relations
which all facilitate the lexical access in that the target item is accentually different from
those N − m items. Therefore, the ratio of the number of distinct relations to that of
total relations can be thought of as a first approximation to the usefulness of accent in
distinguishing homophones.

Let us call this ratio “Lexical Distinctiveness (LD)” since this is a measure of distinctive-
ness that emerges from the distribution of homophones in the lexicon. In a set of N -word
homophones, the LD of a target word in a non-distinct subset with m-members is defined
as in the following equation (5.1). LD falls within the range between 0 and 1: LD is 1
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when m = 1; LD approaches 0 when both N and m become large.

LD =
Number of distinct relations

Number of total relations
(5.1)

=
N −m

(N −m) + (m− 1)

=
N −m

N − 1

where m ≥ 1 and N > m

Let us examine more concrete cases to check the validity of the definition of LD. Suppose
a set of 2-way opposed homophones where the set-size N is very large and the size of the
subset m to which the target word belongs is very small: for example, N = 20 and m = 2.
Then, there are N − m = 18 words which belong to the other accent category than the
target word and there is only one word which is indistinguishable from the target both
segmentally and accentually. In other words, there are 18 accentually opposed homophones
but only one non-opposed homophone with respect to the target word. This means that
accent helps distinguishing the target word from 18 words while it does not from only one
word. Therefore, accent is quite useful for lexical access to the target word in this case.
Given N = 20 and m = 2, the value of LD is 0.947 following the equation (5.1), which
means that the usefulness of accent is very close to the upper limit in this case.

5.3.2 Familiarity bias

When all words in the lexicon are equally familiar, the number of distinct and non-distinct
relations defined as LD in the previous section quantifies the function of accent. However,
words differ in familiarity. Suppose the target word is highly familiar and all the non-
opposing homophones of the target are unfamiliar. In such a case, the target word will be
successfully accessed without much help from accentual information. On the contrary, if the
target word is very low in familiarity and all the accentually competing words are highly
familiar, it is only the accent information that we can rely on to identify the target word.

To formalize these intuitions, we need to consider familiarity differences between the
items in accentual opposition. The database used in the present study has a 7-step subjective
rating of word familiarity: 7 for the most familiar items and 1 for the least familiar items.
Therefore, the difference in familiarity scores between any two items can fall within the range
of −6 to +6. Foreseeing the possibility of combining this difference with the calculation of
LD, it is better to normalize the difference into a 0-to-1 range.

The use of word familiarity data for the calculation of the functional load is novel to the
present study. In the process of lexical access, word familiarity is considered to be a part of
top-down information that works as a bias on the perceiver’s side. The role of bottom-up
information such as pitch contour should be maximized if it were not for such top-down
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biases. From this stand point, let FB be the normalized difference of the familiarity scores
of the target word and the other word in a comparison, where FB stands for the Familiarity
Bias to be incorporated into the calculation of the functional load of accent.

FB =
1
12
{6− (ft − fo)}(5.2)

In this equation, ft is the familiarity of the target word and fo is the familiarity of the other
word in a pair of homophones. The difference of the familiarity scores is first subtracted
from 6 to turn the range of difference from −6 ∼ 6 to 0 ∼ 12. Then, it is divided by 12 in
order to normalize the range to 0 ∼ 1.

In an extreme case, for example, FB can be 0 where ft = 7 and fo = 1. The bias
from the familiarity difference has no effect in this case. In the other extreme, FB can be
1 where ft = 1 and fo = 7, which is the maximum bias from the familiarity difference to
the function of accent. In other words, when the target word is very unfamiliar and there
are other highly familiar words competing with the target, lexical access relies most on the
accentual information. When the two words are equal in familiarity, FB = 0.5.

The bias term FB in equation (5.2) only defines the difference in familiarity in one
distinct relation, i.e., a set of homophones consisting of only one minimal pair. As we have
seen in the example given in Figure 5.1, the set of homophones sometimes contains more
than one distinct relation for each target word. Thus, the average of FB is taken over all the
distinct relations for each target word independently where the number of distinct relations
for each target word is, as in equation (5.1), N −m. Equation 5.3 gives the averaged bias
term FBave.

FBave =
1

N −m

N−m∑

i=1

FBi(5.3)

5.3.3 Examples

Let us see example words in Table 5.4 from the database. In the first two rows of the table,
[asa] constitutes a set of homophones with only one member in each subset. The audio
familiarity score for ‘morning’ is higher by almost 1 than that of ‘hemp’. Since there are
only two words in the set of homophones, there is only one distinct relation and nothing
else. Hence, the LD value is 1 for both words and FBave is equal to FB. As stated before,
less familiar words have to rely more on accent if everything else is equal. Thus, the FBave

value for ‘hemp’ is higher than that of ‘morning’.
In the next set of homophones, [shiwa] in the middle of the table, there is one unaccented

word [shiwa] ‘wrinkle’ and there are two initial-accented words [sh́ıwa] ‘historic tale’ and
‘poetic tale’. The audio familiarity score for ‘wrinkle’ is quite high (6.0) while those of the
other two words are less than half of it. Thus, the FBave value is quite low for ‘wrinkle’
while it is high for ‘historic/poetic tale’. The ratio of relations LD for ‘wrinkle’ is the
maximum value 1 while that of ‘historic/poetic tale’ is 0.5. Remember the equation (5.1)
where LD is determined by the two variables: N =set size of the homophones, and m =
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Table 5.4: Examples of accentual minimal pairs with audio familiarity score (A-fam),
ratio of relations (LD), and the averaged bias term (FBave).

word gloss A-fam LD FBave

ása ‘morning’ 6.281 1.000 0.419
asa ‘hemp’ 5.312 1.000 0.580

shiwa ‘wrinkle’ 6.000 1.000 0.247
sh́ıwa ‘historic tale’ 2.969 0.500 0.752
sh́ıwa ‘poetic tale’ 2.969 0.500 0.752
kawá ‘river’ 6.375 0.500 0.223
kawá ‘skin’ 6.375 0.500 0.223
kawá ‘side’ 6.375 0.500 0.223
káwa ‘beautiful story’ 3.062 0.750 0.776
káwa ‘story about poem’ 3.062 0.750 0.776

the number of items in the subset which includes the target. When m = 1, LD is always
1 and LD decreases inversely with m. Thus, in this set of examples, the LD is higher and
the FBave is lower for ‘wrinkle’ than its accentually opposed words ‘historic/poetic tale’.

In the last set of homophones [kawa], there are 3 final-accented words [kawá]
‘river/skin/side’, and 2 initial-accented words [káwa] ‘beautiful story/story about poem’.
The audio familiarity score of ‘river’ is again about the twice of those of ‘beautiful story’.
Therefore, both the LD and the FBave is lower for ‘river/skin/side’ than their opposed
words.

5.4 Summary and discussion

In the first part of this chapter, we have seen the distribution of homophones, accent
locations, and opposition types extracted from the database. The database analyses can be
summarized as follows:

(5.4) a. Homophones with accentual oppositions are not rare in short words (6332 among
49702 words: 12.7%).

b. Accents are unevenly distributed in short words but they are more equalized in
high-familiarity ranges.

c. Within homophones, accentual oppositions involving accent-0 are prevalent in 3-
and 4-mora words in all familiarity ranges.

The first point reinforces the importance of perception experiments in previous chap-
ters. As reviewed in Chapter 1, we cannot deny the trend in the history of Japanese that
the distinctive function has declined and the culminative function has become more promi-
nent (Komatsu, 1989). However, there still remains a considerable number of homophones
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distinguished only by pitch accent.
There are some predictions and conjectures we can make from the the summary in

(5.4b) and (5.4c). First, (5.4b) suggests that the dominant accent in each mora-length
can be taken as the default accent assigned by a productive morphological/phonological
process. The dominance of a certain accent is what is referred to as the type frequency.
Type frequency is related to morphological productivity as reviewed in Section 1.3.3. The
increasing trend of the dominance of a certain accent in lower-familiarity ranges suggests
that the dominant accent is assigned to low-familiarity words by some phonological rules.

Second, in relation to the more equalized distribution of accents in high-familiarity
ranges, the delimitative function served by accent-1 words seems to be relatively small.
As reviewed in Section 1.5, Cutler & Norris (1988) and Cutler (1989) show that metrical
prosody in English has a delimitative function which is enhanced by the high type and
token frequency of words beginning with a strong syllable. Cutler & Otake (1999) found
an analogous situation where accent-1 words have a delimitative function in Japanese.
However, the database analysis in this chapter suggests that the situation in Japanese
is not quite comparable to English because accent-1 words are not increasingly dominant
in high-familiarity ranges.

Third, (5.4c) indicates that accent-presence detection is more important than accent-
location detection in the perception of 3- and 4-mora words. From a word-recognition
perspective, only the presence or the absence of an accent is of importance in oppositions
involving accent-0 words. When one of the alternatives in a 2-way opposition is unaccented,
accent location does not really matter to identify the other accent pattern. Just knowing
that the target word is accented is enough for narrowing down the search space within a
given set of homophones and no further information about accent location is necessary.

However, this conjecture does not apply to 2-mora words which were the focus of Exper-
iments 1 through 3 in the previous chapters. As we have seen in Figure 5.4, the distribution
of opposition types in 2-mora words are quite different from those in 3- and 4-mora words.
First, oppositions by accent-location (1-2 and 0-1-2) are about 50% in all familiarity ranges
except the highest one (f>6). Since the total number of homophonous sets in the “f>6”
range is only 11, this exception does not seem to affect the general tendency that the
accent-location detection process is functionally most important in 2-mora words. Second,
the ratio of the 0-2 opposition increases from the f>3 range to the f>6 range and that of
the 0-1 opposition decreases inversely. This suggests that the 0-2 opposition is functionally
more important than the 0-1 oppositions within 2-mora words. These conjectures can be
restated as a hypothesis in the following:

(5.5) The rank order of functional importance among opposition types is:
the 1-2 opposition > the 0-2 opposition, > the 0-1 opposition.

As stated in Section 4.2, a comparison between the results of the 2-way distinction and
the 3-way distinction leads to an intriguing question about the primacy of the two processes:
accent-location detection and accent-presence detection. The analysis in Section 4.4.2 sug-
gests that accent-location detection wins over accent-presence detection due to the fact
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that the boundary between accent-1 and accent-2 does not move around across the data in
Experiments 2 and 3.

The analysis of type frequencies of oppositions and word familiarity ranges in this chap-
ter suggests that the 1-2 opposition is consistently dominant in 2-mora words, which also
leads to the same conclusion that accent-location detection is functionally most important
in 2-mora words.

We can also infer from the results in the 3-way distinction that the 0-2 opposition is
functionally more important than the 0-1 opposition. Remember the unexpected gap only
between accent-0 and accent-1 in Figure 4.8 in Chapter 4. This can be taken as a piece
of evidence that the 0-2 opposition is more stable than the 0-1 opposition, at least in the
voiced condition. Vowel devoicing is a confounding factor in analyzing the effect of type
frequency in this respect.

In the second part of this chapter (Section 5.3), we have seen that each word in a set
of accentually opposed homophones has different properties depending on the familiarity
balance in that set and the number of opposed and non-opposed members in that set.
Namely, a pair of LD and FBave values are specific to each word, or more precisely, to
each accentually homogeneous subset of homophones. These two values are considered to
constitute the functional load of pitch accent. This view is in contrast to the more traditional
“across-the-board” view about functional load (Hockett, 1967). In the traditional view,
functional load is the property of each phonemic contrast across the entire lexicon, not each
word. However, as we have seen in Section 1.3.2, it is difficult to apply the traditional view
to elements with a privative opposition. Pitch accent in Japanese has a privative opposition
which is the dominant opposition type in short words.

Thus, another objective of the post-hoc analysis is to find if there is any effect of LD
and FBave values in the data obtained in the categorization experiment. Before examining
any data, let us investigate what are the prerequisites for finding the correlates of LD and
FBave. In contour plots, the correlates of the two values are expected to be found, if any,
in the shift of the categorical boundary. For example, when a pair of words with a high
LD value and a low LD value are compared, there may be a shift of the boundary toward
either a high or a low LD value word compared to the pair with an equal LD values. That
is, the shift can only be detected in a comparison between a test pair and a control pair.
The necessity for a pairwise comparison also applies to testing correlates of FBave.

Predictions about the direction of the shift can be made based on the definition of LD
and FBave: indices of the usefulness of pitch accent in distinguishing homophones. More
precisely, they indicate how crucial pitch accent is in identifying the target word. Losing
the crucial information cuts off the only path to the target word. Thus, it is predicted that
words with higher LD or FBave values will be more damaged than those with lower values
when the speech signal is degraded or ambiguous. In a minimal pair with an unbalanced
LD or FBave values, the item with the lower LD or FBave value will be preferred for an
ambiguous/noisy speech input.

As for the degraded stimuli, Slowiaczek (1986) used noise patterns shaped in a speech-
like envelope in her attempt to measure the function of stress in English. But the results
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suggest that semantic cues override the pure effect of prosody mimicked by the noise en-
velope. All the experiments in the previous chapters involve the devoicing condition. In
contrast to a noise envelope, devoicing is a naturally occurring degraded input with which
listeners must deal in an everyday situation. Thus, devoiced stimuli are expected to give us
a better probe for the nature of the function of accent.



Chapter 6

Functional load of pitch accent: a
post-hoc analysis

6.1 Introduction

Based on the predictions about the role of LD and FBave in the previous chapter, a post-hoc
analysis of Experiment 2 was conducted. Experiment 2 was not just an improved version
of Experiment 1 but also was designed to investigate the functional load of pitch accent in
terms of LD values. The corpus consists of pairs of accentually opposed words in which LD
values are systematically controlled. However, for the reasons stated in the next section, the
FBave values were difficult to control. Moreover, it was suggested that the two-alternative
forced choice task used in Experiment 2 is not suitable to test the effect of word familiarity
(David Pisoni, personal communication). In studies about the word frequency effect, it has
been pointed out that the effect observed in an open-set experiment is canceled in a closed-
set experiment (Pollack et al., 1959; Black, 1968). Assuming that word familiarity is an
analogue of word frequency in terms of lexical processing, it is likely that word familiarity
effects will not be clearly observed in a two-alternative forced choice task. Thus, the role of
FBave was dropped from the objective of the post-hoc analysis. The hypothesis tested in
the analysis in this chapter is as follows:

(6.1) Ambiguous/impoverished F0 information in the input will bias the response to the
lower LD item in homophones.

6.2 Material

Methods and procedures of Experiment 2 have been already stated in Section 3.7. Ad-
ditional information about the corpus including audio-familiarity scores, the set size N , the
size of the subset m, LD, and FBave values are listed in Table 6.1. As shown in the table,
there are pairs with equal LD values (e.g., /shiro/-/sh́ıro/) and with non-equal LD values
(e.g., /kama/-/káma/) in each opposition type and in each voicing condition.
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Table 6.1: Stimulus words and their A-fam (Audio-Familiarity), N (set size), m (num-
ber of words in the subset of homophones), LD, and FBave values.

word accent gloss A-Fam N m LD FBave

shiro 0 ‘castle’ 5.688 2 1 1.000 0.531
sh́ıro 1 ‘white’ 6.062 2 1 1.000 0.468
kama 0 ‘boiler’ 5.062 6 4 0.400 0.481
káma 1 ‘sickle’ 4.844 6 2 0.800 0.518
uki 0 ‘float’ 4.750 2 1 1.000 0.572
úki 1 ‘rain season’ 5.625 2 1 1.000 0.427

washi 0 ‘eagle’ 5.406 3 2 0.500 0.510
wáshi 1 ‘Japanese paper’ 5.531 3 1 1.000 0.489
úmi 1 ‘sea’ 6.312 2 1 1.000 0.411
umı́ 2 ‘pus’ 5.250 2 1 1.000 0.588
kámi 1 ‘god’ 5.281 7 5 0.333 0.557
kamı́ 2 ‘paper’ 5.969 7 2 0.833 0.443
j́ıku 1 ‘string’ 4.562 2 1 1.000 0.573
jikú 2 ‘axis’ 5.438 2 1 1.000 0.427
séki 1 ‘seat’ 5.188 7 6 0.166 0.554
seḱı 2 ‘cough’ 5.844 7 1 1.000 0.445
hana 0 ‘nose’ 6.312 2 1 1.000 0.500
haná 2 ‘flower’ 6.312 2 1 1.000 0.500
nori 0 ‘groove’ 5.969 4 1 1.000 0.500
noŕı 2 ‘glue’ 5.969 4 3 0.333 0.500
hashi 0 ‘edge’ 5.906 2 1 1.000 0.500
hash́ı 2 ‘bridge’ 5.906 2 1 1.000 0.500
hachi 0 ‘bee’ 5.469 3 1 1.000 0.500
hach́ı 2 ‘bowl’ 5.469 3 2 0.500 0.500
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The word familiarity score on which the FBave value is based is known to have a non-
linear characteristic in recognition. It is reported that words with a very low familiarity
score cannot be recognized in a lexical decision task (Amano and Kondo, 1999). The
authors of the database advised the use of words with a familiarity score higher than 4 in
usual psycholinguistic experiments. In a categorization experiment for accentual distinction,
low-familiarity words would cause a problem in that subjects cannot recognize the stimuli
as a valid word. Thus, the lower limit of the familiarity score was set to 4.5 for all the
words in the stimulus set in Experiment 2. As we have seen in Figure 5.4 in Section 5.2.4,
the number of sets becomes quite small in high-familiarity ranges. From that small set,
minimal pairs in each opposition type (0-1, 0-2, and 1-2) and in three voicing conditions
(fully voiced, voiceless consonant, and devoiced) had to be selected. However, as FBave is
defined as a difference between the familiarity scores of minimal pairs, it is rather difficult
to set FBave values well-separated in one pair and close in another pair under the condition
of the lower limit of the familiarity score.

6.3 Analysis and discussion

In contrast to previous chapters, results in this section are plotted in a traditional line plot
in order to focus on differences between individual items in the corpus. Figure 6.1 shows
the categorization results for four pairs of words with the 0-2 opposition. The solid line
is the response curve for the equal LD pair and the dashed line is that for the non-equal
LD pair. The x-axis is the H*-L% difference in semitones and the y-axis is the percent of
responses for accent 0. As shown in Table 6.1, the /hana/-pair and the /hashi/-pair have
an equal LD value while the accent 2 in the /nori/-pair and the /hachi/-pair have smaller
LD value than the accent 0 form. Thus, following the hypothesis in (6.1), /hachi/-pair is
predicted to be under the pressure for more responses to accent 2 than the /hashi/-pair. As
we can see in the figure, the dashed line stays lower than the solid line only in the devoiced
condition, which suggests that the prediction is borne out. Since word familiarity scores for
accent-0 and accent-2 are not distinguished in the database, the FBave values are all the
same in this set. Thus, what we see in the devoiced condition is the pure effect of LD. That
the solid and the dashed lines are almost overlapping in the fully voiced and the voiceless
consonant conditions indicates that the effect of LD becomes visible only under the strong
pressure of the pitch-erasing effect of vowel devoicing.

Figure 6.2 shows the results in the same way as Figure 6.1 for the /shiro/-pair, the
/kama/-pair, the /uki/-pair and the /washi/-pair which all have the 0-1 opposition. Again,
the solid line is the response curve for the pair with an equal LD value while the dashed
line is that for unequal LD values. In this case, the accent-0 form in pairs with unequal
LD values has a smaller LD value. Thus, it is predicted that the /washi/-pair is biased
toward the accent-0 form in the devoiced condition. Though the difference between the solid
and the dashed lines is slight, the result is in line with the prediction. That only a slight
difference is observed may be due to the fact that the FBave values in the /washi/-pair
are in the opposite direction to the LD values: FBave values is smaller for accent-0 while
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Figure 6.1: Percent of responses for accent 0 in the 0-2 opposition in equal LD pairs
(solid) and non-equal LD pairs (dashed).
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(solid) and non-equal LD pairs (dashed).
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Figure 6.3: Percent of responses for accent 1 in the 1-2 opposition in equal LD pairs
(solid) and non-equal LD pairs (dashed).

LD values is smaller for accent-1 in the /washi/-pair. However, in the fully voiced and the
voiceless consonant conditions, the solid and the dashed lines do not overlap. The dashed
line stays lower than the solid line, which indicates that the response was biased toward
Accent-1 in these two cases. There may be other confounding factors involved, such as the
low type frequency of the 0-1 opposition and durational differences or some idiosyncrasy in
the stimuli.

Figure 6.3 shows the results for the 1-2 opposition. Here, the x-axis is the H* alignment
variable and the y-axis is the percent of responses for accent 1. The solid line is the response
curve for the pair with an equal LD value while the dashed line is that for unequal LD
values. In this case, accent-1 form in pairs with unequal LD values has the smaller LD
value. Thus, it is predicted that the /seki/-pair is biased toward the accent-1 form in the
devoiced condition. As we can see, there is a huge gap between the solid and the dashed
lines in the predicted direction with respect to LD values only in the devoiced condition.
Although there is a slight difference in FBave values the difference in LD values in that pair
is much larger, which might have induced the observed gap in the panel. The solid and the
dashed lines in the other two panels show a considerable overlap, which again supports the
hypothesis.

So far, we have seen that the hypothesis in (6.1) is supported by a post-hoc analysis of
the data in Experiment 2. Comparing the direction of the shift in Figure 6.1 and Figure 6.3,
it is evident that the LD value in the material affects the categorization performance. In
the rightmost panel in Figure 6.1, the dashed line is lower than the solid line, while they are
reversed in the rightmost panel in Figure 6.3. That is, the dashed line (unbalanced LD pair)
is shifted not toward a particular accent category, but toward the accent of the item that
has a lower LD value (accent-2 in Figure 6.1 and accent-1 in Figure 6.3, respectively). The
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shift of dashed lines thus cannot be attributed to a preference or avoidance of a particular
accent category in the devoiced condition.

Also, the lack of the shift in the voiceless consonant condition confirms that the observed
gap between the dashed and the solid line is not due to some idiosyncratic properties of a
particular word pair but due to the effect of LD values. The voiceless consonant condition
and the devoiced condition compares the same word pairs. That the gap is observed only
in the devoiced condition is another support for the hypothesis in (6.1).



Chapter 7

Discussion and conclusions

In the present study, I investigated the categories in perception of contrastive pitch accents
in Tokyo Japanese. The primary goal of the study has been to fill the gaps in previous
studies in which the slope of the falling contour, the preceding tonal context of the pitch
accent, the scaling and the alignment of tonal units, and various voicing conditions are
claimed to affect the perception of pitch accent, but the interaction and the overall picture
of those components have not been made clear systematically. It has been attempted to
apply a linguistically plausible model of intonation in a broader context of speech perception
to fill those gaps in a principled and structured manner. The secondary goal of the study
has been to quantify the distinctive function of pitch accent and to develop a formally and
experimentally tractable theory of functional load which can handle privative oppositions.
The following sections discuss how much the two goals are achieved and how they contribute
to the understanding of the issues around pitch accents in Japanese.

7.1 Category structure of pitch accents

7.1.1 Slope of the falling contour

As reviewed in Chapters 1 and 2, it has been claimed that the slope of the falling contour
and the timing of the pitch fall have a compensatory relationship (Hasegawa and Hata,
1992). However, results in Experiment 1 failed to find such a relationship in any voicing
conditions. This, in turn, supports the assumption in Pierrehumbert & Beckman’s model
in which no linguistically significant role is assigned to the slope of the falling contour. The
L tone in the accent H*L is not linked to any mora but aligned right next to the H* tone.
Thus the slope from the H* to the L tone is very steep and fixed at the tonal specification
level. The gradual slope in the output contour is determined by the amount of smoothing
which is posited as a very low-level physical process beyond speakers’ control.

In this respect, Fujisaki model (Fujisaki and Sudo, 1971) reviewed in Chapter 1 does not
utilize the slope as a variable that determines the shape of the contour either. The accent
and the phrase component in the model are both a simple decaying function responding
to a vector or a rectangular input. Thus, two major models for intonation synthesis in
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Japanese do not consider the slope of the falling as a necessary input to the system. Results
in Experiment 1 confirmed this point from the perceptual side.

7.1.2 Preceding context

The effects of the preceding context to the perception of pitch accent were investigated in
Matsui (1993), which only covered a limited subset of the possible opposition types in the
devoiced condition. His results showed a weak effect of the preceding context: the response
for the unaccented form increased when the preceding word had a pitch accent. However,
as pointed out in the review (Section 2.2.3), this may be due to the compensation for the
catathesis effect.

Experiments in the present study do not involve the catathesis effect, however. The
preceding context of the target word never contains a pitch accent but only the initial L%
and a phrasal H tones. The two tones constitute a rising contour of the beginning of an
accentual phrase. If the target word has an accent, the contour from the phrasal H tone to
the H* tone is also rising. Manipulations on the scaling of the phrasal H tone thus modifies
the slope of the rising contour toward the target word. This has been an unexplored area
in the literature of Japanese accent. As a working hypothesis, the steeper rising contour
was expected to give more salience to the pitch accent. The results in Experiment 2 and 3,
however, refute any major effects of the rising contour. The scaling of the phrasal H tone
do not alter the categorization performance in all cases in a 2-way opposition (Experiment
2) nor in the voiced condition in a 3-way opposition (Experiment 3). The effect is only
seen in the devoiced condition in a 3-way opposition as an unexpected island centered
at the neutral phrasal H scaling in the response pattern for the unaccented form in a
contour plot (Figure 4.12). This might be due to the fact that the base material for the
resynthesis procedure was recorded in an unaccented form. Thus, an ambiguous stimulus
between accent-1 and accent-2 with unmodified phrasal H might have been attracted to an
unaccented form.

To counterbalance a possible bias from the base material, I should have included the
stimuli resynthesized from both accent-1 and accent-2 forms. This would triple the total
number of stimulus which was already large in Experiment 3. We need some smart tricks
to solve this situation, which is left for future investigation.

7.1.3 Tonal specifications

Since the slope and the preceding context are basically irrelevant, the core category structure
of pitch accents in Japanese is quite simple: H* alignment determines the accent location
and the difference between the H* and L% tones determines the accent presence. This is
true both in a 2-way and a 3-way oppositions. An insight is derived from the difference
between the two opposition types: accent-presence detection and accent-location detection
are functionally separate processes in the perceptual system. Moreover, it was shown that
the accent-location detection is functionally more fundamental in 2-mora words, which was
evidenced both by behavioral experiments and by a large-scale database analysis (Amano
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& Kondo, 1999).
Not much attention has been paid to the dichotomy between the accent-presence detec-

tion and the accent-location detection in the generative literature mentioned in Chapter 1.
Most analyses treat the unaccented form as just another type of accent pattern. It has an
equal status with other accent patterns which are contrasted by the location. Engineering-
oriented approaches are in the same vein. As pointed out in Section 2.2.1 in relation to
Sugito (1982), Fujisaki model (Fujisaki and Sudo, 1971) even sets an accent command for
unaccented forms to generate an appropriate intonation pattern. In perception studies, at
least Sugito (1982) and Matsui (1993) reviewed in Chapter 2 do not separate the accent-
presence detection from the accent-location detection.

However, in traditional accent description studies, the dichotomy has been a common
view. The primary grouping of accent patterns is to separate accented forms (Kifuku-shiki,
literary “undulated style”) from unaccented forms (Heiban-shiki, literary “flat style”). The
secondary grouping is done by the location of the accent within the undulated style: they are
Atamadaka-gata “initial-high type”, Nakadaka-gata “mid-high type”, and Odaka-gata “final-
high type”. If there is a need to distinguish, for example, 5-mora words with the penultimate
accent from those with the antepenultimate accent (they are both “mid-high type”), the
accent location is counted from the beginning by the number of moras (Kindaichi, 1981;
Kindaichi et al., 1989; NHK, 1985; NHK, 1998).

Note that there is a clear correspondence between the primary groups and the gram-
matical structure of Japanese: verbs and adjectives have only the primary level distinction
while nouns need the secondary grouping. That is, there is no accent-location distinction in
verbs and adjectives. They are either unaccented or penultimate-accented. Thus, listeners
may have to care only about accent-presence detection in verbs and adjectives.

That the accent-location detection is functionally more fundamental in 2-mora words
may thus be limited to nouns since the target words used in experiments in the present
thesis are all nouns. To confirm this point, we need to design another experiment for verbs
and adjectives with appropriate carrier phrases which should be different from those used
for nouns. This is again left for future investigation.

7.1.4 Effect of devoicing

The effect of devoicing has been clearly demonstrated in the results of the three experi-
ments. As it has been criticized in Sections 2.2.3 and 3.2, previous studies were concerned
mainly with the vowel devoicing and paid less attention to a comparison among fully voiced,
partially voiced, and fully devoiced moras. Experiments 1 and 2 investigated all three types
of voicing conditions: the fully voiced condition (C V), the voiceless consonant condition
(C◦ V), and the devoiced condition (C◦ V◦). Target words for F0 manipulation or carrier sen-
tences were different among the three voicing conditions, however, to cover the full range of
conditions. Thus, durational properties and spectral transitions could not be strictly con-
trolled. In contrast, Experiment 3 investigated the voiceless consonant condition and the
devoiced condition. The latter was an edited version of the former in order to completely
match the factors other than voicing.
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Hypotheses tested in Experiments 1 and 2 are based on a view that there are three
sources of information for the identification of an accent: a high pitch at the H* tone, a low
pitch at the L% tone, and the falling contour. Cessation of a pitch contour by a voiceless
segment causes a loss of the information sources. Fixing the location of the voicing variation
to the second mora of the word, accent-1 forms lose the falling contour while accent-2 forms
lose none of the three sources in the voiceless consonant condition. In the devoiced condition,
accent-1 forms lose the falling contour while accent-2 forms lose both the H* tone and the
falling contour.

Predictions about the categorization task were: (i) in the 0-1 opposition, it is harder
in the voiceless consonant than in the fully voiced condition, while the devoiced condition
is as hard as the voiceless consonant condition; (ii) in the 0-2 opposition, the devoiced
condition is harder than the other two conditions, (iii) accent-1 forms are preferred in the
1-2 opposition.

The results in Experiment 1 support these predictions in terms of the amount of shift
of the category boundaries among the three voicing conditions. The results in Experiment
2 are consistent with those in Experiment 1 in terms of the amount of the shift but not
in terms of the direction of the shift. When devoiced, the area for accent-2 forms on a
contour plot enlarges in Experiment 1 but shrinks in Experiment 2. This inconsistency of
the direction of the shift between the two experiments can be attributed to the durational
variations and presumably some other unintended variations among stimulus tokens.

Experiment 3 used a splicing technique to remove any unintended variations among the
stimulus sets. Since the main purpose of Experiment 3 is to see the category structure of
a 3-way distinction, the results are not directory comparable to those in Experiments 1
and 2. However, the area for accent-2 forms on a contour plot also shrinks in the devoiced
condition, which is in accordance with the results in Experiment 2.

7.2 Functions of pitch accent

As for the secondary goal of the present thesis, a novel approach to the functional load of
pitch accent was proposed based on an extensive analysis of the database. The proposed two
indices, LD obtained from opposing and non-opposing relations, and FBave obtained from
word familiarity differences within accentually opposed homophones provide a quantitative
measure for the distinctive function of pitch accent. As reviewed in Section 1.3.2, Hockett
(1967)’s formulation for a quantification of the functional load is unsuitable for pitch accents
in Japanese due to the fact that they include a privative opposition. Both LD and FB are
designed to represent the usefulness of the accent in any type of oppositions including a
privative one.

The effect of LD was confirmed in a post-hoc analysis of experimental data for the
category structure. Within a pair of accentually opposed homophones, the response was
biased toward the item with a lower LD value. This effect was observed only in the de-
voiced condition, which suggests that the listeners rely on the relational properties between
homophones in the lexicon when the source of the crucial identifying cue in the auditory
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signal is degraded or lost.
The support for FBave in experimental data could not be obtained partly due to limita-

tions in the closed-set task and partly due to the non-linear nature of the word familiarity.
Words with a low familiarity score in average are simply unknown to many people. It is
very unlikely that categorization or identification to unknown items fairly compares with
that to known items.

7.3 Future directions

Finally, I suggest several directions for future research. Two points have already been
mentioned as a direct extension of the experiments in the present study: (1) the base form
for the resynthesis should be counter balanced, and (2) verbs and adjectives should be
included in the materials. Other than these, more ambitious extensions are listed in the
following.

First, the category structure of pitch accents in 3-mora or longer words has to be clar-
ified. As we have seen in the discussion about the distribution of oppositions, oppositions
involving accent-0 is by far dominant in 3- and 4-mora words. Thus, the accent-presence
detection process is predicted to be more fundamental in those words. Future research
needs to consider the effect of lexical strata (McCawley, 1968; Vance, 1987; Itô and Mester,
1995; Fukazawa et al., 1998), such as Yamato, Sino-Japanese, Mimetics and Foreign in the
distribution of accent patterns. As reviewed in Section 1.2.2, Sino-Japanese words con-
tribute most to the dominance of unaccented forms in 3- and 4-mora words. However, there
has been no reliable resource for determining the psychological status of lexical strata. An
etymological survey for each word can go as far as historical data are available, but such
knowledge does not necessarily correspond to what an average person has. Though there
is a recent psychological study of lexical strata (Moreton and Amano, 1999), much more
collective effort is awaited on this topic.

Second, the delimitative and the culminative functions of pitch accent have to be more
quantitatively approached to pursue the functional approach to pitch accents. An investi-
gation of the perception of compound accent may be especially helpful to clarify the role
of those two functions. As reviewed in Chapter 1, there have been a number of studies
about the description and formalization of compound accent phenomena. For example, it
has been known that there is a class of morphemes which deaccents the whole compound
(McCawley, 1968; Kubozono, 1993; Kubozono, 1995). When the compound is deaccented,
the culminative function of the pitch accent is lost and the rising contour made of a combi-
nation of the initial L% tone and the phrasal H tone only fulfills the delimitative function.
A database analysis of those compounds will reveal how the two functions interact with the
morphological processes of the language.

Third, the two indices proposed for the distinctive function of pitch accent can the-
oretically be extended to other contrasts not only in prosody but in segmental/featural
domains. As for the familiarity bias (FB), future research first needs to establish an ap-
propriate paradigm to probe the familiarity differences within contrasted and uncontrasted
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items. For languages other than Japanese, a word familiarity database of a comparable size
to the one used in the present study is necessary. As for the lexical distinctiveness (LD),
featural level distinctions, such as voicing, nasality, labiality and so on in various languages
are immediate candidates for future research. The proposed definition of LD circumvents
the problem for privativity in Hockett (1967)’s method for the quantification of the func-
tional load. Thus, LD can handle oppositions including privativity at the featural level as
well as those at the prosodic level.

It seems that the classic functional load has been forgotten in the generative era. How-
ever, as mentioned in the beginning of Chapter 1, the new interest brought up among
phonologists to the perceptual studies will flourish if we can explicitly handle the functional
load of both prosodic and segmental contrasts.
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