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ABSTRACT

Edgy prosody: an articulatory investigation of the role of lexical pitch accent in Tokyo

Japanese boundary marking

by

Karen Tsai

This dissertation examines the interaction of word prosody with prosodic temporal and
tonal events at the phrasal level in Tokyo Japanese and aims to provide a unified account of
the coordination relations between them within the framework of Articulatory Phonology.
Previous research on phrase-final lengthening and boundary tone coordination in stress
languages such as Greek has found that there is some coordination between lexical and phrasal
prosodic events, as well as between tonal and temporal phrasal events. Specifically, research
on the interaction between word prosody and boundary events in Greek indicates that lexical
stress presents similar timing patterns with phrase-final lengthening as with boundary tone
initiation, which suggests that these two types of boundary-marking events (i.e., phrase-final
lengthening and boundary tones) are timed with respect to each other. This dissertation
investigates these relations in a language with lexical pitch accent and proposes an account of
the interaction of word prosody with boundary marking within the framework of Articulatory
Phonology.

In Articulatory Phonology, consonants and vowels are represented as sets of

constriction gestures in the vocal tract. Tonal events are also represented as sets of tone



gestures which unfold over time and can be coordinated with constriction gestures.
Phenomena such as phrase-final lengthening are accounted for by n-gestures, which
instantiate prosodic phrase boundaries and have clock-slowing effects on co-active speech
gestures. We examine how these types of gestures are coordinated with each other in Japanese
by analyzing kinematic and acoustic data of various Japanese words in controlled phrases.
These data were collected using EMA (electromagnetic articulography) in experiments
designed to test the interaction of lexical pitch accent position with phrase-final lengthening
and boundary tone coordination. Three analyses were conducted on (i) the effect of pitch
accent on the scope of phrase-final lengthening, (ii) the effect of pitch accent on boundary
tone coordination, and (iii) the kinematic correlates of pitch accent per se. Lexical pitch accent
position was found to have an effect on the scope of phrase-final lengthening such that the
latter was initiated earlier in words with non-final pitch accent. These results imply that the
tone gesture for the pitch accent is coordinated with the m-gesture. Similarly, pitch accent
position was found to affect the timing of the boundary tone, which was initiated earlier in
words with earlier pitch accent. Finally, no robust kinematic correlate of pitch accent was
detected. On the basis of these finding, a final account is proposed where the lexical pitch
accent gesture is coordinated anti-phase with the boundary tone, which in turn affects -
gesture coordination. This account considers tonal and temporal prosodic events together,
which may provide a more complete view of intonation and of how word- and phrase-level

events are connected.
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Introduction

1.1. Introduction

This dissertation aims to better understand prosodic structure by examining prosodic
phrasal boundary marking and its interaction with word prosody in Tokyo Japanese. Prosody
is a component of grammar which encodes meaning via grouping and prominence. These
functions include chunking the speech stream into larger cognitive units such as intonational
phrases and marking units of relative importance such as prominent syllables within words or
prominent words within phrases. This encoding has a fundamental role in speech production,
perception, and acquisition, so looking at what happens at the edge of the phrase, at how
phrase boundaries are marked, is of special interest to research which aims to better understand
linguistic structure and communication. Prosodic boundaries are known to affect boundary-
adjacent speech units in kinematic dimensions such as duration, displacement, and velocity,
resulting in phrase-final constriction gestures that are longer, larger, and slower than their
phrase-medial counterparts (Cho 2006). The temporal effects of prosodic boundaries are well-
supported by acoustic and kinematic data (acoustics: Oller 1973; Berkovits 1993a, 1993b;
Cambier-Langeveld 1997; White 2002; Turk and Shattuck-Hufnagel 2007; articulation:
Edwards, Beckman and Fletcher 1991; Beckman and Edwards, 1992; Byrd and Saltzman 1998;
Byrd 2000; Byrd, Lee, et al. 2005; Byrd, Krivokapi¢ and Lee 2006; Krivokapi¢ 2007; Katsika
2016; Kim, Jang and Cho 2017). However, the stretch of speech affected (i.e., the scope of
the effects) and how these effects interact with word prosody are unclear. Previous work on

Dutch, English, Greek, and Hebrew locates the largest and most systematic effect of phrase-



final lengthening in the rime of the phrase-final syllable (Berkovits 1993a, 1993b, 1994;
Cambier-Langeveld 1997; Nakatani, O'Connor and Aston 1981; Oller 1973; Wightman et al.
1992), a domain that seems to be important for the perception of boundaries as well
(Wightman et al. 1992). There is also evidence that the scope of phrase-final lengthening
interacts with the position of lexical stress (Turk and Shattuck-Hufnagel 2007; Katsika 2016).
However, it is unclear whether the interaction of phrase-final lengthening with stress involves
a continuous interval of speech such as the interval from the coda of the stressed syllable to
the boundary (British English: White 2002), or two separate intervals, i.e., the thyme of the
final syllable and the rhyme of the stressed syllable, excluding intervening syllables
(American English: Turk and Shattuck-Hufnagel 2007) (but see Byrd and Riggs 2008). An
articulatory study that systematically disentangled the effect of lexical stress from that of
phrasal pitch accent on boundary-related events in Greek found that phrase-final lengthening
stretched over a continuous interval, which was affected by stress but not pitch accent (Katsika
2016); constriction gestures that were immediately adjacent to the boundary were affected
when stress was final, but lengthening was initiated earlier when stress was earlier within the
word. These results were accounted for using the n-gesture model (Byrd and Saltzman 2003)
in which boundary effects on constriction gestures are modulated by clock-slowing n-gestures
(Byrd and Riggs, 2008; Katsika 2016). Crucially, previous work on the scope of phrase-final
lengthening is minimal and mainly focused on stress languages, and little is known about how
spatio-temporal boundary events are coordinated with speech articulation in languages with
different prosodic systems. This study of Tokyo Japanese contributes an analysis of a
head/edge-prominence language with lexical pitch accents, which do not have prominence-

lending functions (Venditti 2005; Venditti et al. 2008). In this way, Japanese differs from



previously studied stress languages where lexically stressed syllables are potential carriers of
phrasal pitch accents. Analyzing Japanese therefore enables us to separate word prosody from
phrasal prominence while focusing on the effect of word prosody itself on the scope of phrase
final lengthening.

In the tonal domain, boundary tones mark major phrase boundaries and are coordinated
with speech gestures, usually those consisting of the phrase-final syllable (e.g., Silverman,
Beckman, et al. 1992; Beckman and Pierrehumbert 1986). A study of Greek reported that the
coordination of boundary tones is further fine-tuned by the position of the last stress in the
phrase (Katsika, Krivokapi¢ and Mooshammer 2014). Interestingly, these results were similar
to the effects of lexical stress on phrase-final lengthening (Katsika 2016; see also Turk and
Shattuck-Hufnagel 2007; Byrd and Riggs 2008). Both boundary tones and phrase-final
lengthening were found to be initiated earlier in words with non-final stress as opposed to
words with final stress. However, this evidence comes primarily from stress languages, and
little is known about the role of word prosody in the coordination of boundary tones in
languages with different prosodic typology. Of special interest are languages such as Japanese,
which has a non-stress word prosodic system. Similar to stress languages, Japanese marks the
head of prosodic units. However, this differs from stress languages, as head-marking in
Japanese is achieved tonally with pitch accents; there are no strong correlations with duration
or intensity. Furthermore, phrase-level prominence in Japanese is marked in the tonal domain,
making it a head/edge-marking language (Jun 2014). Thus, in addition to the scope of phrase-
final lengthening in Japanese, this dissertation examines the coordination of boundary tones,
assessing whether the two effects present parallel patterns to each other in terms of their

interaction with the pitch accent. Such parallel patterns would support the hypothesis that



word prosody interfaces with phrase-level prosody, and that tonal and temporal phrasal events
are interrelated more than currently assumed by theories of intonation.

The structure of this dissertation is as follows. First this chapter will provide an overview
of prosodic structure and boundary-related kinematic effects, as well as the research questions
for this dissertation. This will be followed by an overview of Articulatory Phonology, the
theoretical framework for this study, in Chapter 2. Then, Chapter 3 will describe the common
methodology across the experiments conducted for this study, followed by the specific
methods for each experiment, their results, and interim discussions in Chapter 4 for phrase-
final lengthening, Chapter 5 for boundary tone coordination, and Chapter Error! Reference
source not found. for the kinematic correlates of lexical pitch accent. Finally, Chapter 7 will

conclude with a general discussion and provide a theoretical account for our results.

1.2. Prosodic structure

Prosody is “the organizational structure of speech” (Beckman 1996) with which we
structure information in the speech stream. It is the grammatical component which encodes
meaning through grouping and prominence (see Fletcher 2010 for an overview). This
grouping serves to chunk speech units into larger cognitive constituents, such as utterances
into phrases and phrases into words. An example of prosodic grouping is provided in (1),
where the two sentences are identical in terms of words but differ in prosodic boundary
placement. Because grouping marks cognitive constituents, it is pivotal for speech production,
perception, and acquisition.

(1) Grouping
a. I’'m sorry I'm trying.

b. I’m sorry. I'm trying.



Prosody also uses prominence to mark units of relative importance, which also has an
important role marking syllables within words or words within phrases as rhythmically or
conceptually important. For example, in the examples provided in (2a), this marking occurs
on the lexical level, where stress marks prominence on a syllable within a word; in the
examples in (2b), this marking happens on the phrasal level, where prominence marks focus
on a word within a phrase.
(2) Prominence
a. Lexical level: marks syllable within words
i. object (noun)
ii. object (verb)
b. Phrasal level: marks words within phrases
i. The money was donated, not pledged.

Typologically, there are different prosodic systems. For example, in a stress language
like English, prominence on the phrasal level can mark a word in a phrase as important with
a pitch accent on the focused word. Within the word, the phrasal pitch accent is located on the
stressed syllable, or the head of the word, as in the underlined syllable in (2b). This is called
head-prominence marking, in which the head of a phrase is marked as prominent.

There are also different types of prosodic systems, such as edge-prominence languages
and head/edge-prominence languages. Seoul Korean is an example of an edge-prominence
language. Edge-prominence languages are “head-less”, as there is nothing which specifies a
word- or phrase-level head (Jun 2014). Prominence is marked at the word and phrasal levels
with the edge of the prosodic unit, which is marked by a phrasal tone (Jun 2014). Meanwhile,

Tokyo Japanese is an example of a head/edge-prominence language, as there are lexical pitch



accents at the word level, but phrase-level prominence is primarily marked by means of the
phrase edge (Jun 2014).

In this dissertation, we will use the X-JToBI prosodic annotation conventions, which is
the extended version of ] ToBI (Venditti 2005), the Japanese version of the Tones and Break
Indices system (ToBI) (Silverman, Beckman, et al. 1992). These models were designed as a
standard for prosodic transcription and developed from the autosegmental-metrical theory
(Goldsmith 1976; Pierrehumbert and Beckman 1988), and the X-JToBI model is intended for
annotation of prosodic features in spontaneous speech (Maekawa, et al. 2002; Venditti 2005;
Venditti, Maekawa and Beckman 2008). Within this model, there are two levels within the
prosodic hierarchy: the Accentual Phrase (AP) and above that, the Intonational Phrase (IP)
(Beckman and Pierrehumbert 1986; Maekawa, et al. 2002; Igarashi 2015). An AP is marked
by a delimitative rise to a high (H) tone around the second mora (%L H-) and a gradual fall to
a low (L) tone at the end of the phrase (L%). Pitch accent is marked by ‘A’, ‘%’ refers to AP
or IP boundary tones, and ‘-’ to a phrasal tone. The following example in Figure 1. Pitch
contour and X-JToBI annotation for test word in an unaccented AP: is an example from our
experimental data which illustrates the tones in APs which have no lexical pitch accents.
Figure 2 illustrates the tones in an AP which contains a pitch-accented word. The example
utterance in Figure 1 is taken from the three-syllable word set and consists of an unaccented
AP honto ni ‘really’ followed by another unaccented AP namida ‘Namida (name)’. The
example utterance in Figure 2 is also from the three-syllable word set and consists of an
unaccented AP honto ni ‘really’ followed by an AP with word-initial pitch accent na*mina

‘Namina (name)’. ‘A’ marks the location of the pitch accent, which is followed by a fall in



F0, and ‘pL’ indicates the beginning of the rise in FO associated with the LH% boundary pitch

movement, which signals question intonation.



Figure 1. Pitch contour and X-JToBI annotation for test word in an unaccented

AP: %L H- L%.
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Figure 2. Pitch contour and X-JToBI annotation for test word in an accented AP:

%L H- A L%.
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The Intonational Phrase (IP), which we will refer to as the phrase level, is the prosodic domain
immediately above the AP and is identified both tonally and by the degree of disjuncture
(Venditti 2005). It is the domain in which pitch range is specified and is marked by pitch reset
and downstep. Figure 3 from Venditti et al. (2008, p.11) illustrates downstep in an IP with
multiple APs. The grey line shows the pitch for an IP with an unaccented word in the first AP;
the black line shows the same for an accented word. Pitch accent is marked on the preceding
syllable with the * symbol in the gloss. Note that this example uses J ToBI annotation

conventions, where pitch accent is marked as H*+L in the pitch track.

Figure 3. Overlaid FO contours for utterances of two sentences showing that within
one IP, the accent peaks of subsequent APs are lower than those in immediately

preceding APs (from Venditti et al. 2008, p.11).

360
300
240
180
120
Ao’i | Akai ya’ne-no ie’-ga mie’ru.
‘The house with the blue | red roof'is visible.’

IPs are also marked tonally with boundary pitch movements, which follow AP tones and
contribute to the pragmatic interpretation of the utterance, such as a question being indicated
with a pitch movement from a low to high tone (LH%). Other boundary pitch movements in
Japanese include L%, H%, HL%, LH%, and HLH% (Maekawa, Kikuchi and Igarashi, et al.
2002); the experiments in this dissertation only include LH% question intonation. This was

9



by design, so that we could concurrently measure kinematic dimensions, such as duration and
displacement of constriction gestures in test words, as well as the tonal dimension, by
measuring the timing of tonal events.

At the word prosody level, lexical pitch accents are marked by a sharp fall in FO on the
mora following the accented one. Lexical pitch accent is privative and syntagmatic, i.e., it
contrasts (i) presence vs. absence and (ii) location of accent. The pitch accent contrasts for a
minimal set of two-syllable real words are illustrated in Table 1. Each word in the table is
followed by enclitic nominative case particle to illustrate the full pitch contour (the tones for
(b) and (c) would be the same (both LH) without the particle). Pitch accent is notated with an
asterisk (*) on the preceding syllable. The images for FO contours were generated using the
Prosody Tutor Suzuki-kun tool from the Online Japanese Accent Dictionary (OJAD), in which
pitch accent is notated with ~ symbol and red font. Phonetic correlates of pitch accent are
discussed in more detail in Section 1.6. Since the location of pitch accent is lexically specified
and thus unpredictable, but its tone patterns are predictable, X-JToBI marks the location of
the accent with an ‘A’, as can be seen in Figure 2 (Maekawa, Kikuchi and Igarashi, et al.

2002).
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Table 1. Minimal set of unaccented vs. initial-accented vs. final-accented two-syllable

real words.

Word F0 Contour Tone Accent Gloss

/\
a.  na*mitga I HLL initial ‘Nami (name) + NOM’
RED

N\

b. nami*+ga 7«3:3_}‘7_){‘ LHL final ‘wavet+tNOM’
O

—

c. nami+ga AT LHH unaccented ‘medium+NOM’
AWH

1.3. Focus marking in Japanese

Given the close relationship between information structure and prosodic structure in
Japanese, it is also relevant to discuss how Japanese marks focal prominence. Units under
focus are marked by means of local pitch range expansion, prosodic restructuring to mark the
focal constituent, post-focal subordination, and prominence-lending boundary pitch
movements (Venditti et al. 2008).

To illustrate pitch range variation in prominence marking, Figure 4 from Venditti et al.
(2008, p.9) compares the FO contours of two utterances that differ only in the nominative -ga
or topic -wa particles. The accent peak in Ya ’mano-ga (grey line) is higher than the accent
peak in Ya’mano-wa (black line) because the former is in focus relative to the following

predicate. On the other hand, Ya 'mano-wa elicits the “thematic” interpretation of wa, which
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makes the following verb oyo’ideru ‘swim’ the focal constituent. Whereas the subject in
Yamano-ga exhibits an expanded pitch range, the same is seen on the verb in Ya 'mano-wa.
The relatively greater difference between FO peaks in Ya 'mano ga compared to Ya 'mano wa
also shows the combined effects of downstep and post-focal prosodic subordination. In post-
focal subordination, tone targets are realized in the FO contour, but the pitch range of all words

in the post-focal region is extremely reduced.
Figure 4. FO contours illustrating different pitch ranges between Ya’mano-ga
oyo’ideru ‘Yamano is swimming’ (grey line) and Ya’mano-wa oyo’ideru ‘As for

Yamano, he’s swimming’ (black line). From Venditti et al. (2008, p.9).

240
H*HL,
180 H*+L

0

120
NJ%
‘ 0
60- Do
Ya’mano ga oyo’ideru
Ya’mano wa oyo’ideru

b4

“Yamano is swimming.’
‘As for Yamano, he's swimming.’

Post-focal prosodic subordination also often involves dephrasing, which Pierrehumbert
and Beckman (1986) define as a total deletion of the [L% H-] AP-initial rise and prosodic
weakening of any post-focal pitch accents. Kori (1997) describes the weakening as a reduced
pitch range and a lack of the phrase-initial rise. This dephrasing in effect constitutes a
restructuring under focus that inserts a new IP boundary at the beginning of the focused

constituent and deletes any following AP-initial [L% H-] rises within the IP. The following
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example in Figure 5 illustrates post-focal prosodic subordination after narrow focus on an

accented word (ro 'oma-ni ‘to Rome) versus an unaccented word (oranda-ni ‘to Holland).

Figure 5. FO contours of utterances illustrating post-focal prosodic subordination
after an early narrow focus on (a) an accented word and (b) an unaccented word in the
sentences kyo’nen ro’oma/oranda ni ikima’shita ‘last.year Rome/Holland to go.PST’ ‘(I)

went to Rome/Holland last year’ (from Venditti et al 2008, p.25).

@ 240 H*4L
*4
1804 vl
bt L% H*+L
6 \ \ L 0
kyo'nen ro'oma-ni ikima'shita.
'(D went to ROME last year.'
(b 240
H*+L H-
1804 oL,
*+L
120- N \H\ L%
L%
6
kyo'nen oranda-ni ikima'shita.
'(I) went to HOLLAND last year.'

0.4 0.8 12 1.6
time (seconds)

Another main element of prominence-lending prosody in Japanese is boundary pitch
movements, which are tones following the AP-level boundary [L%] that contribute to the
pragmatic interpretation of the utterance (e.g., questioning, continuation, emphasis). There are
four main types of boundary pitch movements in Japanese: H%, LH%, HL%, and HLH%. (22)

illustrates the FO contours for these types in the sentence Sugo’i ne. ‘Amazing, isn’t it.’
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Boundary pitch movements were previously assumed to only occur sentence-finally
(McCawley 1968, Haraguchi 1977, Poser 1984), but examples from the Corpus of
Spontaneous Japanese (CSJ) have shown that they can also occur sentence-medially in

spontaneous speech (Venditti et al. 2008).

Figure 6. FO contours for the sentence Sugo’i ne. ‘Amazing, isn’t it.” Produced with

four different boundary tones (from Venditti et. al. 2008, p.15).
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*
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(©) (d)
1351 HLY%
% L Y L LH%
901 N\ @\L%
45
Sugo'i ne. Sugo'i ne.
(explanatory, emphatic) (question rise)
0 0.5 1 0 0.5 1
time (seconds) time (seconds)

According to Kori (1997), post-focal prosodic subordination is the only obligatory
prosodic marker of prominence; boundary pitch movements and expansion of pitch range on
the focal constituent are optional. Importantly, the literature on focus marking shows that

prominence marking in Tokyo Japanese occurs primarily in the tonal dimension.

1.4. Boundary kinematic effects

Previous research has documented strengthening and lengthening effects of prosodic

boundaries on the spatio-temporal profile of speech segments (cf. Fletcher 2010 for an
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overview). This dissertation focuses on boundary marking on gestures for segments at the
ends of prosodic phrases, which are known to have larger, longer, and slower constriction
gestures than their phrase-medial counterparts (Cho 2006). However, the scope of the effect,
or which or how many segments are affected, is unclear. For instance, while many studies find
boundary-related lengthening effects in the final syllable, some studies have also found
lengthening effects in the penultimate syllable of an intonational phrase or throughout a final
foot or word (Fletcher 2010, English: Lehiste 1977, Scott 1982, Turk and Shattuck-Hufnagel
2007; German: Kohler 1983, Kuzla et al., 2007; Hebrew: Berkovits 1994; Dutch: Cambier-
Langeveld 2000; Estonian: Krull 1997). This dissertation aims to better understand the scope
of lengthening effects, so that we may better understand speech production and the speech
planning system, and their interaction with grammar. The scope of phrase-final lengthening
can tell us about how the lexical level interacts with the phrasal level. In fact, there is evidence
that the scope of boundary effects may interact with word prosody or prominence (Turk and
Shattuck-Hufnagel 2007; Katsika 2016). However, most of the literature which explores the
scope of boundary lengthening and how it interacts with word prosody has focused on stress
languages where word prosody can carry phrasal prominence. Japanese is a language in which
we can examine the same question while separating word prosody from phrasal prominence,
as the head is marked in the tonal domain but does not carry phrasal prominence in the same
manner as stress languages. The following sections give an overview of research on the
kinematic effects of prosodic boundaries on speech gestures, the scope of these effects, and

their interaction with word prosody.
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1.4.1.Boundary marking: acoustic studies

The durational phenomenon of phrase-final lengthening, also known as pre-boundary
lengthening, is a robust phenomenon which may be universal (but see Downing and Rialland
2016) and is supported by both acoustic and kinematic data derived from different languages
and language varieties (e.g., acoustics: Oller 1973; Berkovits 1993a, 1993b, 1994; Cambier-
Langeveld 1997; White 2002; Turk and Shattuck-Hufnagel 2007; articulation: Edwards,
Beckman and Fletcher 1991; Beckman and Edwards 1992; Byrd and Saltzman 1998; Byrd
2000; Byrd, Lee, et al. 2005; Byrd, Krivokapi¢ and Lee 2006; Krivokapi¢ 2007; Katsika 2016;
Kim, Jang and Cho 2017). The majority of previous research in this area described below has
investigated stress languages.

In an acoustic study of American English, Oller (1973) analyzed the effect of position
in an utterance (initial, medial, or final) on the duration of speech segments in nonsense words.
Regardless of the number of syllables, syllable structure, or stress position in the word,
boundary lengthening effects were found in word-final, phrase-final, and utterance-final
positions. The strongest effect of final lengthening was on the word-final vowel. An additional
effect of stress was also found, as stressed final syllables lengthened more than unstressed
final syllables. Boundary lengthening was found to be cumulative (i.e., larger effects at
constituents higher in the prosodic hierarchy), with greater lengthening in sentence-final
conditions compared to word-final conditions.

Berkovits (1993a, 1993b) also provided evidence of lengthening in phrase-final
syllables in Hebrew. These studies examined the distribution of utterance-final lengthening
within the final syllable in words with final stress. Berkovits tested disyllabic words ending

in fricatives or stops (1993a) and words with open or closed final syllables (1993b).
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Regardless of syllable type, the greatest amount of lengthening occurred on segments closest
to the boundary, and in some cases, lengthening extended to the penultimate syllable.
Berkovits (1994) further tested utterance-final lengthening effects on initially-stressed and
finally-stressed disyllabic words and found that this was also the case for unstressed syllables.

Cambier-Langeveld (1997) further explored the domain of phrase-final lengthening and
offered evidence from another language. The study examined the role of different boundary
types, stress, and syllable structure on the domain of phrase-final lengthening in Dutch and
found that the amount of lengthening differed between two main levels of prosodic boundaries,
namely prosodic word/phonological phrase vs. intonational phrase/utterance. Final
lengthening effects were strongest closest to the boundary (agreeing with Berkovits 1993a,
1993b, 1994) and limited to the final syllable of the word. The domain of lengthening did not
interact with boundary strength or stress position, but lengthening extended to the penultimate
nucleus when the final syllable was super-light (i.e., when the final vowel was reduced to a
schwa).

White (2002) considered different word lengths and the position of stress. This study
examined phrase-final boundary lengthening in monosyllabic, disyllabic, and trisyllabic
words with initial or final stress in British English. Utterance-final lengthening was found to
affect stressed syllable codas in all positions (antepenultimate, penultimate, ultimate), as well
as any following unstressed syllables. As with previous studies, the lengthening effect was
found to be greater closer to the boundary. Word length also affected the amount of
lengthening, as stressed syllables were lengthened less in a disyllable than a monosyllable,

and even less in a trisyllable.
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Turk and Shattuck-Hufnagel (2007) investigated the interaction between lexical
prominence and the scope of phrase-final lengthening in American English by looking at
various word lengths (1-4 syllables) and stress position (antepenultimate, penultimate,
ultimate). They found that the phrase-final lengthening occurred reliably on the rime of the
final syllable and the stressed syllable. Notably, they found that while lengthening was
strongest in the final syllable, the effect did not operate in one continuous domain as
lengthening skipped over the penultimate syllable in three-syllable words with
antepenultimate stress.

In comparison, there is limited work on phrase-final lengthening in Japanese. An
acoustic study by Shepherd (2008) examining phonemically short and long vowels in
unaccented Japanese words found that immediately preboundary moras showed
proportionally greater lengthening in short vowels than long vowels, suggesting that the
temporal scope of lengthening in Japanese is one mora. However, more recent acoustic studies
by Seo, Kim, et al. (2019a, 2019b) suggest that the scope of boundary lengthening in Japanese
may begin earlier. These acoustic studies looked at two-syllable words with light (CV) and
heavy syllables (CVN) and also introduced pitch accent as a factor to examine the interaction
of word prosody with the scope of phrase-final lengthening in Japanese. While these studies
did not investigate lengthening as a function of pitch accent position, their comparison of
initial-accented and unaccented words found that accented words underwent less lengthening
in the final rime compared to unaccented words. Seo, Kim, et al. (2019b) also found that the
scope of lengthening was better accounted for by syllable structure rather than moraic
structure, as lengthening on final CV syllables was comparable to that of the combined effect

of lengthening in the rime of a final CVN syllable. Overall, lengthening was greatest closest
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to the boundary and extended up to the penultimate vowel in all accent conditions, regardless
of mora count. It should be noted, however, that the stimuli used in these studies differ slightly
from those in the current study, which have LH% boundary tones at the IP boundary. The
relationship between the effects of phrase-final lengthening and boundary tone marking will

be discussed further in Chapters 4, 5, and 7.

1.4.2. Boundary marking: articulatory studies

Articulatory studies have found similar patterns at phrase edges, showing that gestures
become spatially larger, temporally longer, and less overlapped at prosodic boundaries (Cho
and Keating 2001; Fougeron 2001; Fougeron and Keating 1997; Keating, et al. 2004; Byrd
and Saltzman 2003; Byrd 2000; Byrd, Kaun, et al. 2000; Byrd and Saltzman 1998). The spatio-
temporal effects of prosodic boundaries have also been found to increase with boundary
strength, such as higher linguo-palatal contact with higher prosodic boundaries (Byrd 2000;
Byrd and Saltzman 1998; Cho 2006; Tabain 2003; Tabain and Perrier 2005). This occurs
together with lower gesture overlap at lower prosodic boundaries (Byrd 2000, Byrd and Choi
2010; Cho 2004).

In one articulatory study, Fougeron and Keating (1997) used electropalatography data
to examine linguopalatal contact (contact between the tongue blade/front and the hard palate)
at initial and final domain edges in American English. They found that most of the prosodic
domains tested were delimited by strengthened articulations and that these effects were
cumulative (increasing with boundary strength). Relevant to our discussion of final boundary
marking, Fougeron and Keating (1997) found that the final edge of prosodic domains was
marked by lengthening and decreasing contact for the vowel, a pattern which held regardless

of lexical stress position.
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Another articulatory study of boundary effects was Cho (2008), which used
Electromagnetic Midsagittal Articulography (EMMA) data to look at V-to-V lingual
movement in American English CV#CV contexts across various prosodic boundaries (word
vs. IP). Cho found that both boundary and accent were marked by prosodic strengthening
through spatial and temporal expansion. Vowel articulation was larger (greater displacement),
slower (lower peak velocity), and longer (longer duration) at larger prosodic boundaries, and
these patterns did not vary as a factor of post-boundary accent.

An articulatory study which used EMMA data to look at consonant gestures in
boundary-adjacent constrictions was Byrd and Saltzman (1998). They analyzed labial /m/
gestures in /CVCV # CVCV/ contexts across five different boundary types (syllable, word,
list, vocative, utterance). Lengthening of post-boundary closing movements and, to a lesser
degree, phrase-final boundary opening movements were differentiated on three levels.

Another electromagnetic articulography study analyzing the scope of kinematic effects
of prosodic boundaries in American English was Byrd, Krivokapi¢ and Lee (2006) which
looked at consonant constriction gestures in the word ‘dodo.” All speakers showed a
significant and large effect of phrase-final lengthening in the opening movement of the
boundary-adjacent consonant (C1). Two speakers also showed longer time-to-peak-velocity
for C1 opening movement. Other phrase-final spatial effects (displacement, maximum
constriction) were inconsistent.

Byrd and Riggs (2008) investigated the scope of kinematic boundary effects using
articulatory EMA data. Importantly, they looked at how prominence (stress and pitch accent)
interacts with the scope of prosodic lengthening and examined consonant constrictions up to

three syllables away from the boundary. In accordance with previous acoustic studies, phrase-
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final lengthening occurred in the consonant coda gestures immediately preceding the
boundary. One speaker also showed a lengthening effect on the consonant onset of the final
syllable, when the prominent syllable (stressed and pitch accented) was one syllable away
from the boundary. Interactions between phrase-final lengthening and prominence appeared
to vary by speaker.

Riggs and Byrd (2011) similarly examined the effect of prominence position (stress and
pitch accent combined) on the scope of phrase-final lengthening. Acoustic and articulatory
measurements were taken. Effects of phrase-final lengthening were most systematic
immediately adjacent to the phrase boundary, but prominence could attract phrasal
lengthening; one subject showed lengthening in a pitch accent syllable which was located
three syllables away from the boundary. In cases where the remote prominent syllable was
lengthened, gestures in-between the phrase edge and the prominent syllable also showed
phrasal lengthening.

Katsika (2016) examined the scope of temporal boundary effects in an EMA study of
Greek. Notably, this study experimentally tested the effects of lexical stress and pitch accent
on boundary lengthening separately. Phrase-final lengthening was found to be initiated earlier

in words with non-final stress, and these effects held regardless of accentuation.

1.5. Boundary tone coordination

While phrase-final boundary lengthening and boundary tones have mainly been
considered independently, new research raises the possibility of parallelism between the two
with regards to their interaction with word-level prosody. Katsika, Krivokapi¢, et al. (2014)
conducted a study of boundary tone coordination in Greek, on the timing of tonal events with

the constriction movements that make up the consonants and vowels of the speech signal, and
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found that boundary tone coordination and phrase-final lengthening effects were affected
similarly by the position of stress in phrase-final words. To further investigate this relationship
between tonal and temporal events, we look at boundary tone coordination in Japanese.

A relevant, widely used, term is tonal alignment, which refers to the timing of tonal
events with acoustic events pertaining to segment production (e.g., the acoustic onset of a
vowel). Previous research has found systematic patterns of tonal alignment, with phrasal tones,
better approximated with FO ‘turning points’ (FO minima and maxima), being coordinated in
time with specific acoustic events in the segmental string (Ladd 2008). Within this literature,
boundary tones, i.e., the tones that mark major phrase boundaries and which are the topic of
focus here, are typically expected to occur within the phrase-final syllable (e.g., Silverman,
Beckman, et al. 1992; Beckman and Pierrehumbert 1986).

A well-established finding in tonal alignment studies is tonal crowding, where tones are
“too close together” and systematic adjustments occur. For instance, in cases of co-occurrence
in the same syllable, tonal events may be altered in language-specific ways, such as
compression or truncation (see Ladd 2008 for an overview). The alignment of boundary tones
has received less attention; there is little data on the coordination of constriction movements
with phrasal tones in general, and with boundary tones specifically. Previous work using
Greek data reported that boundary tones were coordinated anti-phase (sequentially) with the
vowel constriction gesture of the phrase-final syllable (Katsika 2016). Moreover, Katsika,
Krivokapié, et al. (2014) was the first study to experimentally examine the effect of stress and
pitch accent on timing of boundary tones. In an EMA study of Greek, their results for
boundary tone coordination paralleled that of boundary lengthening; boundary tones were

initiated earlier in words with non-final stress (see also evidence from tonal alignment in
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Arvaniti and Ladd (2009) as well as Lickley, Schepman and Ladd (2005), Barnes, et al. (2006),
Grice, Ladd and Arvaniti (2000)). Interestingly, boundary tone coordination was affected by
lexical stress, but not phrasal pitch accent. These patterns held for both accented and de-
accented phrase-final words, making a tonal crowding interpretation less plausible.

In this dissertation, we turn to Tokyo Japanese, a language which marks phrase heads
and edges with tones, which could distinctively give rise to tonal crowding conditions at
prosodic boundaries. We ask the following questions: (i) how are boundary tones coordinated
with constriction gestures in Japanese, and (i1) how is this coordination affected by the position
of lexical pitch accent while keeping phrasal prominence conditions constant? The specific
hypotheses that emerge from these questions are listed in Section 2.4, after we present the

theoretical framework of this work in Chapter 2.

1.6. Lexical pitch accent

The word prosodic system of Japanese is known as a “pitch accent” or “non-stress”
system. We use pitch accent as a term to refer to the location of the pitch fall, and not based
on the claim that pitch accent languages are a distinct typological category (see Hyman 2009
for more discussion). The following sections describe the phonetic correlates of lexical pitch

accent in Japanese.

1.6.1. Primary cue

While in stress languages such as English word accent commonly has phonetic
correlates such as duration or intensity, the primary correlate of Japanese accent is pitch, or
fundamental frequency (FO) (Beckman 1986; Weitzman 1970). Pitch accent in Japanese is

marked by a steep fall in FO, which is realized on the mora following the accented one. Pitch
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accent is culminative (every lexical word has at most one accent) but not obligatory (not every
word is required to have at least one accent) (Hyman 2009). While the pitch accent systems
of Japanese dialects are many and vary in their prosodic properties (see Haraguchi 1968,
Kubozono 2011, 2012, Igarashi 2012), the current study focuses only on Tokyo Japanese.

In Tokyo Japanese, the number of possible pitch contrasts is n+1, where z is the number
of syllables in the word. For example, in two-syllable words, there are three possible contrasts:
initial-accented, final-accented, and unaccented words. Refer to Table 1 for illustrates of FO
contours for such a minimal set.

Since pitch accent is realized as a fall in FO on the following mora, the tonal contour of
the word is predictable based on the position of pitch accent in the word. Consequently,
Japanese pitch accent has been analyzed both tonally and accentually (Hyman 2009). Figure
7 compares different approaches researchers have taken in analyzing Japanese pitch accent.
Accentual models typically mark accent with a downstep arrow or A to indicate a pitch drop
from H to L. Tonal models associate accented syllables to the H of an HL (or H*+L) sequence
to produce an HL pitch drop. Notice that without a mora following the accented syllable, one
would not be able to differentiate final-accented from unaccented words based on the pitch,
as the tones associated with them are both LHH. The fact that final-accented and unaccented
words are not distinguishable in isolation because they are both LHH pitch contour has led
some researchers to argue that there is no difference (Kindaichi 1947; McCawley 1968). Other
studies predict different surface representations for final-accented and unaccented words
(Pierrehumbert and Beckman 1988). The approximate pitches of each syllable in Figure 7¢
reflect observations and findings by previous researchers that the phrasal H tone (associated

with the second mora of the AP) is lower than the H of a pitch accent (Warner 1997; Matsui
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and Hwang 2018; Poser 1984; Pierrchumbert and Beckman 1984; Beckman and

Pierrehumbert 1988; Venditti 2005). In short, there is some debate whether final-accented and

unaccented words are different within the word itself.

(from Hyman 2009, p. 218).

Figure 7. Summary of accentual and tonal analyses of Tokyo Japanese pitch accent

‘pillow” + NOM  ‘heart’ + NOM  ‘head’ + NOM  ‘fish’ + NOM
a) | accentual ma“kura ga koko*ro ga atama” ga sakana ga
b) | tonal makura ga kokoro ga atama ga sakana ga
| | |
HL HL HL
c) | approx. pitch | mékura ga kokoéro ga atama ga sakana ga

1.6.2. Secondary cues

While FO is considered the most clear and consistent correlate of pitch accent in
Japanese, studies on pitch accent in devoiced or whispered speech suggested the existence of
secondary cues (Sugito, Higashikawa, et al. 1991; Sugiyama 2012; Sugiyama 2017). However,
several studies have searched for correlations of duration or intensity with Japanese pitch
accent and only found weak or inconsistent correlations (Beckman 1986, Cutler and Otake
1999; Kaiki, Takeda and Sagisaka 1992; Weitzman, 1970). Neustupny (1966) examined
intensity and FO of words produced in isolation and found that whereas in some words,
accented moras showed a rise in FO but not in intensity, in some other words, accented moras
showed no rise in FO but did in intensity. Neustupny concluded that accent in Japanese is
realized by some inconsistent set of interacting features, which included FO and intensity.
Neustupny (1978) replicated their 1966 results with monomoraic and bimoraic minimal pairs

of final- and unaccented words, and found a distinction between the two. However, findings
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form Weitzman (1970) and Beckman (1986) suggest that pitch accent and intensity are not so
strongly correlated. Weitzman (1970) analyzed the intensity of six bimoraic words and
controlled for vowel quality. They used six different measures for intensity and found that
intensity was not consistently correlated with accent patterns, and was therefore only a
secondary cue to FO. Beckman (1986) examined F0, duration, and amplitude of six minimal
pairs of disyllabic words and also found that Japanese accent patterns did not have significant
corelates in peak or average vowel intensity. Similarly, accented syllables in Japanese did not
correlate with longer durations.

Articulatory studies have also investigated correlations between jaw displacement and
pitch accent in Japanese. Jaw displacement is well correlated with stress in English, where
stressed syllables show larger jaw opening (e.g., Erickson, Suemitsu, et al. 2012; Erickson,
Kawahara, et al. 2014a; Erickson, Kawahara and Williams, et al. 2014b; Kelso, et al. 1985;
Menezes and Erickson 2013; Vatikiotis-Bateson and Kelso 1993). Vatikiotis-Bateson and
Kelso (1993) found that H-toned syllables in Japanese had smaller jaw displacement than L-
toned syllables but did not specifically investigate the effect of pitch accent. Kawahara, et al.
(2014a) conducted an EMA study of Japanese metrical structure and tested the effect of pitch
accent on jaw displacement with a minimal set of stimuli that included unaccented, initial-
accented, and final-accented two-syllable words. They found that there were no substantial
differences for any speaker and concluded that there was no correlation between pitch accent

and jaw displacement.

1.7. Research questions and predictions

This dissertation has two main goals: (i) to examine how phrase boundaries are marked

in Japanese, especially with respect to lexical pitch accent, and, in order to further understand
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boundary marking, (ii) to investigate what, if any, are the kinematic correlates of pitch accent.
To address these topics, our research questions are as follows:
1.What is the scope of phrase-final lengthening in Japanese? Is the scope affected by
lexical pitch accent?
ii. What is the coordination of boundary tones in Japanese? Is coordination affected by
lexical pitch accent?
iii. What are the kinematic correlates of pitch accent?

On the scope of phrase-final lengthening, one hypothesis is that the effects occur mainly
in the final mora, as suggested by previous acoustic work on unaccented Japanese words
(Shepherd 2008). An alternate hypothesis is that effects will begin in the penultimate syllable,
following the results of previous acoustic studies which tested unaccented and initial-accented
two-syllable words in Japanese (Seo, Kim, et al. 2019a, 2019b). The stimuli used in Shepherd
(2008) and Seo, Kim, et al. (2019a, 2019b) suggest that moraic structure may have an effect
on the scope of phrase-final lengthening effects, as Shepherd tested two-syllable words with
a long vowel in the initial syllable, and short or long vowel in the second syllable
(CVV.CV(V)). On the other hand, Seo, Kim, et al. (2019a, 2019b) tested the effect of moraic
structure with heavy syllables with coda consonants (CVN.CV(N)) and found that the
presence of a moraic N coda in the final syllable did not appear to have a significant effect on
the scope of boundary-related lengthening, suggesting that the patterns in scope are better
described by syllable structure rather than moraic structure. While the role of moraic structure
in phrase-final lengthening in Japanese merits further research, it is not the focus of this
dissertation, which has intentially selected test words consisting only of light syllables

(CV.CV.(CV)) to control for possible effects of moraic structure.
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As duration is not typically considered a correlate of pitch accent in Japanese (Weitzman
1970; Poser 1984; Beckman 1986; Pierrehumbert and Beckman 1988; Sugito 1998), it is
unlikely that Japanese would exhibit a pattern similar to English, where the prominent syllable
is lengthened as a function of boundary (e.g., Turk and Shattuck-Hufnagel 2007, but see Byrd
and Riggs 2008). Previous studies also suggest that pitch accent may affect phrase-final
lengthening in Japanese such that accented words undergo less lengthening in the final
syllable compared to unaccented words (Seo, Kim, et al. 2019a, 2019b), although to our
knowledge there are no previous studies examining these boundary effects as a function of
lexical pitch accent position. However, it is important to note that these studies did not test
stimuli in utterance-final position. Nevertheless, if pitch accent is orthogonal to stress, it is
possible that in Japanese, we may find an interaction similar to that of Greek where the
initiation of boundary lengthening varies as a function of pitch accent position, and we could
expect boundary effects to be initiated earlier when pitch accent is earlier (Katsika 2016).

Regarding boundary tone coordination, we expect boundary tones to occur within the
phrase-final syllable (e.g., Silverman, Beckman, et al. 1992; Beckman and Pierrehumbert
1986). We also expect an interaction between boundary tone timing and lexical pitch accent,
with tones occurring later with respect to the phrase-final vowel in words with penultimate
pitch accent than in words with antepenultimate pitch accent. This expectation arises both
from previous effects of stress, another word prosodic marker, on boundary tone coordination
(Katsika, Krivokapi¢, et al. 2014; see also Arvaniti and Ladd 2009), and from the tonal
crowding hypothesis. No effect is hypothesized in words with ultimate pitch accent, since the

latter is expected to delete phrase-finally (Matsui and Hwang 2018).
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Lastly, if lexical pitch accent is found to interact with the timing of boundary
lengthening and boundary tones, it follows that we should investigate whether there are any
secondary cues to pitch accent in our kinematic data. While lexical stress has been found to
interact with boundary lengthening, it is possible that this interaction arises because they both
act in the same temporal dimension. However, most studies examining pitch accent and
intensity or displacement have found weak or non-existent correlations, so we do not expect
to find any robust correlation between duration or displacement with pitch accent. If there is
such a correlation, we would expect syllables with pitch accent to be longer or larger than
unaccented syllables (Beckman 1986; Cutler and Otake 1999; Kaiki et al., 1992; Weitzman

1970).
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2. Articulatory Phonology

The theoretical framework for this dissertation is Articulatory Phonology (Browman
and Goldstein 1986, 1989, 1990, 1991, 1995, 2000), a formal theory of phonology in which
there are three types of gestures: (i) constriction gestures, (ii) tone gestures, and (iii) clock-
slowing gestures. Like constriction gestures, which make up consonants and vowels, temporal

and tonal events are also represented as phonological units known as gestures.

2.1. Constriction gestures

Constriction gestures form or release constrictions in the vocal tract. They take place
across time and space and therefore have spatio-temporal properties. They are specified for
abstract linguistic tasks and triggered by internal oscillators, which are coupled with each
other. In Articulatory Phonology, consonants and vowels are made up of constriction gestures,
where various articulators such as the lips, tongue, velum, and glottis form and release
constrictions within the vocal tract. These gestural units are coordinated with each other to
form consonants and vowels, which in turn are units of phonological contrast. In this way,
consonants and vowels are considered constellations of consonant and vowel constriction
gestures. These gestures are defined using the Task Dynamics model in which each gesture
controls a specific articulator, which is specified for constriction degree and constriction
location (Saltzman 1986; Browman and Goldstein 1989). These gestures are inherently
spatiotemporal, unfolding over time and space. Their temporal relationship is modeled by
dynamic coupling, where gestures are coordinated with each other and their initiation is
controlled by planning oscillators or clocks which have two simple modes: in-phase (0°, where

movements are activated synchronously) and anti-phase (180°, where movements are
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activated sequentially) (Saltzman and Byrd 2000; Nam and Saltzman 2003). For example, as
Figure 8 illustrates, the C and V gestures in a CV syllable are coordinated in-phase, where the
associated gestures for the consonant and vowel are triggered simultaneously. In contrast, the
V and coda C gestures in a CVC syllable are triggered sequentially. In a CCV syllable with a
complex onset, the planning oscillators for each consonant is in-phase with the vowel gesture
but anti-phase with the other consonant gesture. This results in a competitive coupling
relationship where the onset consonant gestures shift in relation to the vowel gesture. This is
known as the c-center effect, where the timing of consonants in a complex onset are timed
relative to the vowel gesture onset. In complex onsets, the anti-phase coordination between
the two C gestures pushes the first C gesture earlier and the second C gesture later, resulting

in both consonant onset gestures being centered around the V gesture.

Figure 8. In-phase and anti-phase oscillator coupling relationships. Adapted from

Krivokapic 2020.
Competitive coupling (onset) No competition (coda)
Oscillator Coupling O C2 Vi ct - c2
\/
in-phase @ — \Y;
anti-phase ----
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v ‘ v |
Gestural Timing C2
] Q2 c1
Y | v |
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2.2. Tone gestures

As with constriction gestures, tonal events are represented in Articulatory Phonology as
tone gestures. Tone gestures act on articulators in the larynx such as the thyroarytenoid,
cricoarytenoid, and cricothyroid muscles (Hirose 2010), and are also associated with planning
oscillators. Note that tone gestures for pitch targets in a speaker’s lower pitch range also
involve extra-laryngeal muscles (Honda, et al. 1999; Honda 2004). How tone gestures interact
with global pitch range control is not understood (Erickson, Honda, et al. 1994; Fuchs, et al.
2015), and have yet to be fully incorporated into the theory of Articulatory Phonology. Tone
coordination is determined by in-phase and anti-phase coupling mechanisms, and tone
gestures are coordinated with C and V constriction gestures. For example, Gao (2008) applied
this gestural approach to lexical tones. Gao proposed two tone gestures (an H and an L target)
to model the four lexical tones of Mandarin, with tones 2 (rising) and 4 (falling) made up of a
combination of two tonal targets. Similar to constriction gestures, tone coordination is
determined by in-phase and anti-phase coupling mechanisms. In tone 2, the L and H gestures
are coordinated in-phase to produce an overlap of L and H that results in a mid-level FO
followed by a rise to H. In tone 4, the H and L gestures are coordinated anti-phase to produce
a sequential H to L falling tone contour. Figure 9 shows the proposed coordination of tone
gestures with consonant and vowel constriction gestures for lexical tones in Mandarin, and

Figure 10 provides an illustration of their relative timing in a gestural score.
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Figure 9. Coupling graphs of Tones 1-4 from Gao 2008 (p. 95-96).

Tone 1 c-—- - T — in-phase coupling
Tone 2 \/ ----- anti-phase coupling
Tone 3

\")
Tone 4 e . T2

\'}

Figure 10. Gestural scores of CV syllables adapted from Gao (2008).

C
Tone 1
Tone 2 \
Tone 3

T

C

Tone 4 V
T1 T2

Tone gestures have also been proposed for post-lexical pitch accents. Miicke et al. (2012)
examined coordination of rising (LH) nuclear pitch accents in Catalan and Viennese German
with vowel and consonant gestures in a kinematic, acoustic, and modeling study. They found
that in Catalan, the H gesture is in-phase coordinated with the vowel and anti-phase
coordinated with the L gesture (see Figure 11). In Viennese German, the L and H are in-phase

coordinated with the vowel and anti-phase coordinated with each other. This leads to
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competitive coupling and shifts the L gesture leftwards and the H gesture rightwards. This
alignment may also differ based on the language variety, as the alignment of the rise in

German varies across regional varieties.

Figure 11. Gestural score and coupling graphs for (i) Catalan and (ii) Viennese
German. Coupling graphs show solid lines for in-phase and dotted lines for anti-phase

target specifications. From Miicke, et al. (2012, p.20).

(i) Catalan ____in-phase coupling

L “ T v anti-phase coupling
BT -

(ii) German (Vienna)

T
: e

Notably, Miicke, et al. (2012) compares the results of post-lexical pitch accent tones in
Viennese German and Catalan to the lexically-determined tones of Mandarin and observes
that “when a Tone gesture is added to a syllable in Catalan it produces no effect on the C-V
coordination, while in Mandarin a Tone gesture causes the C to precede the V, because of the
competitive syllable structure” (p. 21-22). The competitive syllable structure mentioned here
refers to the c-center effect, where a competitive coupling relationship results in a shift in
gesture timing. So, the main difference between the two types of tonal coordination appears

to be that lexical tone gestures in Mandarin are fully integrated into the coupling relations of
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the syllable, whereas post-lexical tone gestures in Catalan are coupled to V gestures without
affecting coupling relations within the syllable.

Katsika, Krivokapi¢, et al. (2014) and Katsika (2016) considered the coordination of
phrasal boundary tone gestures with constriction gestures and put forward a different proposal
in which phrasal tones are indirectly connected to C and V constriction gestures by being
activated through a third type of gesture, clock-slowing gestures (see Figure 15).

Tone gestures for pitch targets in a speaker’s lower pitch range also involve extra-
laryngeal muscles (Honda, et al. 1999; Honda 2004), and given that how tone gestures interact
with global pitch range control is not understood (Erickson, Honda, et al. 1994; Fuchs, et al.
2015), these aspects of tone have yet to be fully incorporated into the theory of Articulatory

Phonology.

2.3. Clock-slowing gestures

Like other types of gestures, clock-slowing gestures also extend over a temporal interval
and overlap with constriction gestures. Unlike other types of gestures which control specific
articulators, these gestures affect the temporal unfolding of constriction gestures by slowing
the local “clock-rate” that controls them. Clock-slowing gestures are realized through their
local slowing effect on concurrently active constriction gestures. They modulate the “clock-
rate” that controls the temporal unfolding of speech gestures. One type of clock-slowing
gesture is called the m-gesture, or prosodic gesture, which instantiates prosodic phrase
boundaries; m-gestures are realized via their effect on the constriction dynamics, which locally
slows all concurrently active constriction gestures (Byrd and Saltzman 2003). Another term
for clock-slowing gestures is p-gestures, for modulation gestures, because they can modulate

the spatial or temporal activation of co-active gestures. Technically, this means all clock-
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closing gestures are modulation gestures. However, to make the distinction between
prominence and boundaries, we will use the term m-gestures to refer to boundary-related
gestures, and p-gestures to refer to other prominence-related gestures. An example of a non-
boundary related gesture would be a spatial or temporal p-gesture associated with stressed
syllables, which results in larger or longer constriction gestures.

The m-gesture captures the temporal effects of prosodic boundaries. The schematic

figure presented in Figure 12 illustrates the activation of the m-gesture at a phrase boundary.

Figure 12. A schematic representation of a n-gesture (adapted from Byrd &

Saltzman 2003).

Prosodic
Tier T-gesture

Tract
Variable 1 constriction 1

Tract

Variable 2 constriction 2

domain of slowing

The n-gesture is also hypothesized to have a specific shape, shown in the Prosodic Tier, which
shows its level of activation or the strength of its clock-slowing effects. The maximum height
of the m-gesture corresponds with the boundary, where effect is the strongest. The end of
constriction gesture 1 can be seen to overlap with the n-gesture’s area of maximum activation,
shown as a dark blue area in Figure 12. A smaller slowing effect further away from the

boundary corresponds the light blue area of pi-gesture activation, which overlaps earlier with
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constriction 1. The overlap of the n-gesture with constriction 2 also shows that the n-gesture
also has slowing effects on constriction gestures in the beginning of the following phrase.

Articulatory gestures at phrase edges have been found to undergo local lengthening in
the temporal domain (increased duration) (Beckman, Edwards and Fletcher 1992; Byrd and
Saltzman 1998; Byrd 2000) and sometimes kinematic slowing (decreased peak velocity) and
an increase in spatial magnitude (larger displacement) as well (Cho 2006). These effects are
accounted for in Articulatory Phonology by the presence of a n-gesture at the phrase boundary
which results in less-overlapped constriction gestures which are slower, longer, and larger at
the end of the phrase. This model understands boundaries as gestures, and n-gestures, like
other articulatory gestures, have inherent durational properties and overlap with constriction
gestures. As the m-gesture’s maximum activation is approached at the phrase edge, the degree
of slowing gradually increases; as the boundary recedes, the clock-slowing decreases. The
clock-slowing effect is strongest closer to the boundary, and the level of activation depends
on the strength of the boundary. Prosodic boundaries higher in the hierarchy are expected to
have stronger clock-slowing effects. The shape of the m-gesture is also relevant, with
maximum activation of the m-gesture occurring at the phrase boundary and a lesser clock-
slowing effect at the edge of the n-gesture. This accounts for the progressive effect of phrase-
final lengthening found in previous work, with gestures closest to the phrase edge undergoing
stronger clock-slowing effects, and thus greater lengthening, than gestures further away from
the phrase edge.

The coordination of m-gestures is related to the scope of prosodic effects, as only
constriction gestures which overlap with the m-gesture undergo slowing. The amount of

slowing, corresponding to the amount of overlap of dark or light blue in Figure 12, also
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indirectly reflects the m-gesture’s coordination with constriction gestures. Therefore,
understanding the scope of boundary lengthening effects can help us understand m-gesture
coordination, which is not well understood. As mentioned in Chapter 1, in a study of the scope
of boundary lengthening in Greek, Katsika (2016) found that lengthening began earlier in
words with non-final stress. Based on these findings, a model within the Articulatory
Phonology framework was put forth in which the n-gesture’s coordination is affected by the
stressed syllable, or the p-gesture associated with the stressed syllable, which results in
differences in the scope of lengthening. In the n-gesture framework, there are a couple of
alternative proposals to account for the effects of stress on the scope of prosodic lengthening:
(a) extension or (b) coordination shift of the n-gesture (Byrd & Riggs, 2008). One possibility
is that the m-gesture extends towards the p-gesture, the clock-slowing gesture that instantiates
the lexical stress of the last word, resulting in greater overlap between the m -gesture and
constriction gestures and thus a greater scope of effect. Another possibility is that the n-gesture
might be attracted towards the p-gesture, resulting in a shift in its coordination. Shifting the
n-gesture closer to the p-gesture would result in earlier overlap between constriction gestures
and the m-gesture, also accounting for lengthening being initiated earlier in the word. A third
proposal described in Katsika (2016) is the most recent account for the interaction between
stress and boundary event and enriches the previous two accounts. Katsika (2016) proposed
that the m-gesture is coordinated with both the final constriction gestures (the final vowel) and
the final lexical p-gesture; this account was further supported with post-boundary evidence
and evidence from boundary tone coordination. Katsika, Krivokapi¢, et al. (2014) examined
the role of lexical stress in boundary tone coordination in Greek and found that boundary tones

were initiated earlier in words with non-final stress, findings which parallel those of from the
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Greek study on phrase-final lengthening in Katsika (2016). The schematic in Figure 13
illustrates the proposed relationship between the p-gesture, the phrase-final n-gesture, and the
initiation of boundary tone. The timing of the n-gesture, and thus the timing of the boundary
tone triggered by the m-gesture’s activation level, with the constriction gestures in the final
syllable is affected by its relationship with the p-gesture associated with the lexically stressed
syllable. In this way, the position of lexical stress in the phrase-final word may affect temporal

and tonal boundary events.

Figure 13. A schematic representation of m-gestures and their coordination with
final- and medial-stressed words. Figure adapted from Katsika (2016). Dotted lines
indicate anti-phase coordination; solid black lines indicate in-phase coordination. Lines
of crosses indicate uncertain types of coordination. Stress is indicated on the
antepenultimate or penultimate syllable with by ¢’ and blue shading. Boundary tone

initiation is indicated by the red triangle.

Y, l.,l, ++4;+@-++++++++++++++++++++ty+++ 7T “K
a v Y Vv
Y, u R T \_
b v v v

39



2.4. Research questions and predictions

This dissertation aims to expand on this work by examining the relationship between
boundary events and word prosody in Japanese. While n-gestures can account for the phonetic
findings, it is unclear how they are coordinated with other gestures. Understanding the scope
of temporal and tonal boundary effects can help us understand this coordination. Findings
from previous studies suggest that word prosody plays a role in the coordination of boundary
events in stress languages; however, it is unclear whether it is word prosody or phrase-level
prominence which drives this coordination. Japanese can help separate these issues, as the
word prosodic system is not associated with phrase-level prominence in the same way as in
stress languages.

Chapter 3 outlines the common methodologies for the following studies presented in
Chapters 4-6. The general background and procedures regarding participants, experimental
design, data collection, and analysis are described.

Chapter 4 addresses the question of whether or not word prosody affects the scope of
boundary-related lengthening; in other words, does lexical pitch accent affect the coordination
of m-gestures in Japanese? It is clear that lexical stress, which is associated with a p-gesture,
has an effect on n-gesture coordination in Greek. While typological variation of p-gestures
may also play a role in the interaction between word prosody and phrase-final lengthening, it
remains to be seen whether lexical pitch accent, which may or may not be associated with a
p-gesture, also has an effect on n-gesture coordination. If, like stress, lexical pitch accent does
affect m-gesture coordination, we expect to see an effect of pitch accent position on the scope
of lengthening on constriction gestures where boundary lengthening begins earlier in the word

when pitch accent is earlier in the word (Katsika 2016). Alternatively, we may find that like
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Seo, Kim, et al. (2019a, 2019b), lengthening effects begin in the penultimate syllable, or that
effects occur mainly in the final rime (Shepherd 2008).

Chapter 5 looks at boundary tone coordination, and, following Katsika, Krivokapi¢, et
al. (2014) our first hypothesis is that boundary tone (BT) gestures in Japanese are anti-phase
coordinated with the phrase-final vowel (V) gesture and have no coordination with the
consonant (C) gesture. If this is the case, we expect to see the onset of BT gestures in
synchronicity with the target of the V gesture. A competing hypothesis is that BT gestures are
in-phase coordinated with the phrase-final V gesture, but do not interfere with the C-V
coordination of this syllable, i.e., do not show the c-center effect, per Miicke, et al. (2012).
The onset of BT gestures would occur synchronously with the onset of V gestures. A third
hypothesis based on findings from Gao (2008) is that BT gestures are in-phase with V gestures
but anti-phase with C gestures, creating a c-center effect. In other words, the c-center between
the C and BT gestures would be in synchronicity with the onset of V gestures. Finally, based
on findings on phrasal pitch accents (d'Imperio, et al. 2007), a fourth hypothesis is that BT
gestures are initiated synchronously with the time of peak velocity of one of the phrase-final
constriction gestures.

Chapter 6 takes a closer look at pitch accent per se. Finding a similar effect of pitch
accent on m-gesture and BT coordination in the previous chapters would suggest that pitch
accents are associated with p-gestures, just as p-gestures are associated with lexical stress,
and that it is this p-gesture that is coordinated with m-gestures and BT gestures. If this is the
case, we expect to find evidence of a p-gesture through the observation of modulation effects
on co-active constriction gestures. In other words, we expect to see longer or larger

constriction gestures in pitch accented syllables.
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Finally, Chapter 7 concludes with a general discussion and provides an account for our

results within the theoretical framework of Articulatory Phonology.
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3. Methods

This section describes the shared methodology of the dissertation experiments such as
data collection, labelling, and analysis. Experiment-specific methods will be described in their

corresponding chapters.

3.1. Participants

Participants were 5 female native Tokyo Japanese speakers, all undergraduate students
affiliated with University of California Santa Barbara (UCSB) (4) or Santa Barbara
Community College (1) at the time of the study. The mean age was 21 years, with a range of
20-23 years old. No speech, hearing, or vision problems were reported, and all participants
could read Japanese orthography. In order to control for regional varieties, information on
participants’ language background was also collected; we confirmed that all participants grew
up speaking Japanese in the Kanto region (specifically, participants’ hometowns were Tokyo,
Saitama, Chiba, or Kanagawa prefectures). Participants were not aware as to the purpose of
the experiment and were compensated for their time. The experiments were conducted at the

UCSB Phonetics Lab.

3.2. Experimental design

Two experiments were designed with the goal of examining (a) spatio-temporal and (b)
tonal boundary events and their interaction with lexical pitch accent position. The first
experiment included real words as test stimuli, and the second included neologisms.
Neologisms were made-up words which participants were trained to recognize as names of

different dolls before the experiment began. The data from these experiments were also
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designed to allow for a systematic analysis of the kinematic correlates of pitch accent, so the
same set of words were analyzed for spatio-temporal and tonal boundary effects.

In order to test the effect of phrase boundaries on speech gestures, test words for all
experiments were embedded in frame sentences in a phrase-medial (PhM) control condition
or at the end of an IP in a phrase-final (PhF) test condition, as illustrated in Figure 14.. Frame
sentences consisted of a honto ni X [verb.PST] ‘really X [verb.PST]” ‘Really X verb-ed?’
pattern, in which X is the test word. The verb was varied to produce sensical responses to
context sentences, and the length (number of mora) and pitch accent of the verb were
controlled. In this way, test utterances for phrase-medial and phrase-final conditions only
differed in that phrase-medial test words were followed by a verb and then a phrase boundary
honto ni X [verb.PST]? ‘really X [verb.PST]?’ ‘Really, X verb-ed?’, while phrase-final test
words were immediately followed by a phrase boundary, with the verb following in a separate
phrase honto ni X? [verb.PST] ‘really X? [verb.PST]?’ ‘Really, X? Verb-ed?’. A couple of
aspects of the stimuli which we keep in mind for interpretation are that the phrase-final frame
puts an emphatic focus (incredulity question intonation) on both the target word and the
following verb, while the phrase-medial frame could be putting a single emphatic focus on
the following verb. So, it is possible that some of the effects that we document could be the
effects of narrow focus. It is also the case that all phrase boundaries in the elicited utterances
were associated with LH% boundary tones, which may also play a key role in the interaction
between word prosody and boundary effects. All utterance elicitation utilized short dialogues,
which were created to prompt frame sentences embedded with the target words to be read
aloud as responses to a context sentence read silently. Frame sentences and dialogues were

independently checked by two native Japanese speakers for grammaticality and plausibility.
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All elicited test sentences were also checked by a native speaker for accurate and fluent

production of the test sentences.

Figure 14. Sample context and frame sentences for test word na*mi ‘Nami (name)’.

Context (read silently)
Nami ni katta!
Nami DAT won
‘I won against Nami!’
Response (read aloud)
Phrase-medial:  [honto: ni na*mi makasita?].,
really Nami defeated?
‘Really (you) defeated Nami?’
Phrase-final: [honto: ni na*mi?].  [makasita?].

really Nami defeated?
‘Really Nami? (You) defeated (her)?’

Test words included two- and three-syllable words (see Table 2). Accent patterns were
verified using the Online Japanese Accent Dictionary (OJAD, n.d.). A set of three-syllable
neologisms based on Katsika, Krivokapi¢, et al. (2014) and Katsika (2016) was also used
(Table 2). Two-syllable real words and neologisms were minimal sets differing only in pitch
accent position. However, no minimal set of three-syllable words within the constraints of
stimuli measurable in an EMA experiment could be found, as there are no pairs of final-
accented and unaccented words that differ only in pitch accent for three-syllable or longer
words in Japanese. Constraints for the experimental design included requirements that words
consist of only stop consonants (i.e., no liquids, glides or fricatives) and alternating vowel
heights where possible for constriction gesture measurability. Stimuli were also restricted to

voiced segments only, in order to measure FO and boundary tone initiation.
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Table 2. Test words for all experiments. Pitch accent is indicated on the preceding

syllable with an asterisk (*).

Pitch Accent Position Real words Neologisms

Antepenultimate na*mina ma*mima
‘Namina (name)’

Penultimate na*mi nana*me/nama*mi mami*ma

‘Nami (name)’ ‘slanted/living body’
Ultimate nami* nigami* mamima*
‘wave’ ‘bitterness’

Unaccented nami namida mamima

‘medium’ ‘Namida (name)’

To compare the effects of phrase boundaries on segments in words of different lengths,

the consonant (C) and vowel (V) gestures were coded according to their position from the

right edge of the word, with the word-final syllable coded as CO V0. This coding scheme is

illustrated in Figure 15, where CV gestures in the penultimate syllable

being one syllable away from the phrase edge, and so on.

Figure 15. Consonant and vowel coding scheme.

2-syllable words: e.g. nami ‘Nami (name)’

Cl1vl CO0VO

3-syllable words: e.g. namina ‘Namina (name)’

C2v2 C1Vl COVO
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In order to allow for testing of boundary tone coordination, boundary tone type was

controlled for in all experiments. The higher-level Intonation Phrase (IP) in Japanese is

marked by boundary pitch movements at the right edge of the phrase, and all frame sentences

for the experiments were produced with question intonation to elicit LH% boundary tones.

The verbs in test utterances were varied to make sensible responses, while being controlled

for length (number of mora) and pitch accent. Table 3 illustrates the basic tonal contour for

all conditions tested. AP-level tones are notated as %L and L%. Pitch accent is notated with

H*+L (instead of A) to show the tone targets associated with word accent. The example pitch

contours shown here were generated automatically using the Prosody Tutor tool from the

Online Japanese Accent Dictionary (Prosody Tutor Suzuki-kun n.d.)

Table 3. Tonal contour for test sentences.

Phrase-medial Phrase-final

Ve [honto: ni nami  nakusita?];, [honto: ni nami?];, [nakusita?];p
[%L H-L% H-L% H- L% LH%]p [%L H-L% H-L%LH%]p  [%L H- L% LH%];p
really medium lost.PST really medium lost.pST
‘Really (the) medium (one) was lost?’ ‘Really? (The) medium (one) was lost?’

Accented | o i na*mi  makasia?ly [howto: ni na*mi?],p fmakasjta?],p

[%L H-L% AL% H- L% LH%]p | [%L H-L% AL% LH%]p [%L H- L% LH%]p
really Nami defeat.psT really Nami defeat.psT
‘Really Nami defeated (them)?’ ‘Really Nami? (She) defeated (them)?’

3.3. Procedures

Stimuli were presented on a computer screen placed about 60 inches away from the

participant. Prior to recording, a short training session took place to introduce neologisms and

their meanings and check that participants could produce correct pitch accents for all stimuli,
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as neologisms required some practice, and the three-syllable unaccented test word namida
‘Namida (name)’ has an initial-accented homophone na*mida ‘tears’ which needed to be

clarified with participants. All sentences and stimuli were presented in Japanese orthography,

which also served to disambiguate some homophones (e.g., 3= na*mi ‘Nami (name)’, j

nami* ‘wave’, i nami ‘medium’). Neologisms were presented in Hiragana and

disambiguated with the ~ symbol (K & X ma*mima, EH X mami*ma, EH X mamima*,

& & X mamima). This symbol was chosen to represent pitch accent after consultation with a

native speaker. During the training session, participants were trained to recognize this notation,
as well as practice the meanings of each neologism, which were presented as names of
different dolls. They also received instructions on how to read sentences presented on the
computer screen and were directed to read context sentences silently and target sentences out
loud.

Data for other Japanese experiments were also collected within the same session for
each speaker. This included a third experiment which used the same frame sentence structure
but varied moraic structure for the test words, a fourth experiment for error elicitation with
tongue twisters, and a fifth experiment with two passage readings (in English and Japanese).
The data for Experiments 1 and 2 are analyzed in this dissertation. The order of data collection
was as follows (one block includes one repetition of each stimulus, and additional blocks are
run to collect multiple repetitions):

1. Two blocks of randomized one-syllable words to collect Japanese vowels
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2. Four blocks of randomized utterances from Experiment 1 (real words), Experiment
2 (neologisms), and Experiment 3 (moraic structure)

3. One block of randomized utterances from Experiment 4 (error elicitation)

4. Five blocks of randomized utterances from Experiment 1-3

5. One block of randomized utterances from Experiment 4

6. Experiment 5: Japanese reading passage

7. Experiment 5: English reading passage
Each session took a maximum of three hours, which also included time spent obtaining
consent, training, attaching sensors, multiple breaks as needed, recording data for all five

experiments, and removing sensors.

3.4. Recording Apparatus

Data was collected via the AG501 three-dimensional electromagnetic transduction
device (Carstens Medizinelektronik) at the UCSB Phonetics Lab. Sensors were attached to
five areas of interest: tongue dorsum (TD), tongue body center (TB), tongue tip (TT), upper
lip (UL), and lower lip (LL) (see Figure 16). An additional five sensors were attached as
reference points: upper incisor (UI), lower incisor (LI), nose, and left and right ears. Audio
recordings were collected simultaneously to the kinematic recordings with a Sennheiser

shotgun microphone set at a sampling rate of 16 kHz.
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Figure 16. EMA Sensor Placement. Red dots indicate reference sensors; blue dots

indicate active articulators of interest.
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3.5. Analysis

The following sections detail the labeling and analysis of data collected for this study.

3.5.1.Labelling

Consonant and vowel constriction gestures composing the test words were semi-
automatically labeled using custom software in Matlab which detects kinematic landmarks on
the basis of velocity criteria (Tiede, Haskins Laboratories). The kinematic landmarks used for
labeling are illustrated in Figure 17. Labial consonants were labeled using lip aperture (LA),
coronal consonants with tongue tip (TT) vertical displacement, and velar consonants and
vowels with tongue dorsum (TD) vertical displacement. Landmark timepoints labeled for each
constriction gesture included the onset, peak-velocity, target, and offset. Duration of
constriction gestures were measured by the formation phase of the gesture (onset to release)
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and the release phase of the gesture (release to offset). Measurements for the antepenultimate
and penultimate vowel gestures in three-syllable real words were not reliable enough for

analysis due to coarticulation, so these were not able to be labeled for that set of data.

Figure 17. Kinematic landmarks in labeling of oral constriction gestures.
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Figure 18 shows sample labels for the consonant constriction gestures in the test word
na*mi ‘Nami (name)’. In (1) is the waveform for the entire utterance, with the target word in
the shaded area. (2) shows the waveform for the shaded area, including the test word na*mi.
(3) shows the spectrogram for the test word. (4) shows the measurement for the vertical
trajectory of the tongue tip movement in which /n/ is labeled, and (5) shows the measurement
for lip aperture (distance between upper and lower lips) labeled for the /m/. The start and end
of the boxes in (4) and (5) align with the onset and offset landmarks in Figure 17; the solid-
colored portion of the boxes align with the target and release landmarks in Figure 17. The

height of the boxes corresponds to the size of the gesture.
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Figure 18. Sample labels for /n/ and /m/ C gestures in test word na*mi ‘Nami (name)’.
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3.5.2. Statistical analysis

The ImerTest package (Kuznetsova, Brockhoff and Christensen 2017) in R (R
Development Core Team 2009) was used to run linear mixed effects models. Separate models
were run for consonants and vowels. Emmeans (Lenth 2020) with Holm correction was used
for pairwise comparisons (o = 0.05). Specific information on the statistical models used will
be given for each experiment separately in their respective chapters. In this study, we employ
a deductive modeling approach which uses a “full” model containing all variables relevant to

our research questions (Tizon-Couto and Lorenz 2021).
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4. Boundary lengthening and pitch accent

This chapter investigates the scope of phrase-final lengthening as a function of lexical
pitch accent position in Tokyo Japanese. The results will be analyzed within the framework
of Articulatory Phonology, in which phrase-final lengthening effects are the result of clock-
slowing effects of the m-gesture which instantiates the prosodic boundary. The scope of
phrase-final effects can be interpreted as the degree and timing of overlap between consonant
and vowel constriction gestures with the n-gesture, which imposes clock-slowing effects on
co-active gestures. Thus, the scope of phrase-final lengthening effects, which can be measured
by comparing the duration of phrase-medial and phrase-final constriction gestures, will allow

us to examine the coordination of the m-gesture with constriction gestures in Japanese.

4.1. Questions and predictions

In order to understand how prosodic boundaries affect speech gestures and interact with
word prosody in Japanese, we address the following questions:

(1) Which constriction gestures in the phrase-final word are affected by phrase-final

lengthening?

(i1) Does lexical pitch accent affect the scope of phrase-final lengthening?
Based on previous research, we expect that phrase-final constriction gestures will be longer
(Oller 1973; Berkovits 1993a, 1993b; Cambier-Langeveld 1997; White 2002; Turk and
Shattuck-Hufnagel 2007; Edwards, Beckman and Fletcher 1991; Beckman and Edwards, 1992;
Byrd and Saltzman 1998; Byrd 2000; Byrd, Lee, et al. 2005; Byrd, Krivokapi¢ and Lee 2006;
Krivokapi¢ 2007; Katsika 2016; Kim, Jang and Cho 2017). On the scope of phrase-final

kinematic effects, one hypothesis is that that effects occur mainly in the final rime, as
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suggested by previous acoustic work on Japanese (Shepherd 2008). An alternate hypothesis
is that effects will begin in the penultimate syllable, following the results of previous acoustic
studies which tested unaccented and initial-accented two-syllable words in Japanese (Seo,
Kim, et al. 2019a, 2019b). The difference in scope between Shepherd (2008) and Seo, Kim,
et al. (2019a, 2019b) may possibly be related to the difference in stimuli used, as Shepherd
only tested two-syllable words with a long vowel in the initial syllable, and short or long vowel
in the second syllable (CVV.CV(V)), and Seo, Kim, et al. (2019a, 2019b) only tested the effect
of moraic structure with heavy syllables with coda consonants (CVN.CV(N)).)). This suggests
that moraic structure may have an effect on the scope of phrase-final lengthening effects, a
topic which is outside the scope of this dissertation. To control for possible affects of moraic
structure, test words for the experiments in this disertation consist only of light syllables
(CV.CV.(CV)). While Shepherd (2008) only tested CVV.CV(V) words, Seo, Kim, et al.
(2019a, 2019b) also included CV.CV test words. Another notable difference is that these
Shepherd (2008) used materials with statements, whereas the current study elicited question
utterances with rising LH% boundary tones. Future research could possibly explore the
interaction between boundary tone type and phrase-final lengthening effects using the Corpus
of Spontaneous Japanese (Maekawa 2003; Maekawa, Kikuchi and Tsukahara 2004).

As duration is not typically considered a correlate of pitch accent in Japanese (Weitzman
1970, Poser 1984; Beckman 1986; Pierrchumbert and Beckman 1988; Sugito 1998), it is
unlikely that Japanese would exhibit a pattern similar to English, where the prominent syllable
is lengthened as a function of boundary (Cho 2006; Turk and Shattuck-Hufnagel 2007); (Byrd
and Riggs 2008). To our knowledge, there are no previous studies examining boundary effects

as a function of lexical pitch accent position in Japanese. However, if pitch accent has similar
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effects as stress, we could expect boundary effects to be initiated earlier when pitch accent is
earlier. It is possible that we may find an interaction similar to that of Greek, in which the
initiation of boundary lengthening varies as a function of pitch accent position (Katsika 2016).
In fact, previous studies suggest that the presence of lexical pitch accent may affect the amount
of lengthening in Japanese (Seo, Kim, et al. 2019a, 2019b). In the m-gesture framework,
amount of lengthening may be related to the m-gesture’s coordination, as a greater amount
may result from greater overlap of the constriction gesture with the m-gesture’s area of
maximum activation. This was the account proposed in the case of Greek, where the earlier
initiation of prosodic lengthening when stress was earlier in the word was accounted for by
an effect of lexical stress on the coordination of the n-gesture, in that the n-gesture was shifted
earlier. This will be further described and discussed in later chapters, as the Greek results were
accounted for by coordination with a p-gesture, which we investigate for Japanese in Chapter
6. For the purpose of this chapter, if the scope of prosodic lengthening in Japanese is affected
by word prosody, it may be the case that the coordination of the n-gesture is affected, as it is

in Greek.

4.2. Methods

4.2.1. Experimental design

As a reminder, there were three stimuli sets: two-syllable real words, three-syllable real
words, and three-syllable neologisms. Stimuli were elicited in frame sentences in phrase-final
(test) or phrase-medial (control) conditions to test the effect of phrase boundaries. To test the

effect of pitch accent position, test words included all possible pitch accent conditions:
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antepenultimate (possible only in the three-syllable word sets), penultimate, ultimate, and

unaccented.

Table 4. Test words for all experiments. Pitch accent is indicated on the preceding

syllable with an asterisk (*).

Pitch Accent Position Real words Neologisms

Antepenultimate na*mina ma*mima
‘Namina (name)’

Penultimate na*mi nana*me/nama*mi mami*ma

‘Nami (name)’ ‘slanted/living body’
Ultimate nami* nigami* mamima*
‘wave’ ‘bitterness’

Unaccented nami namida mamima

‘medium’ ‘Namida (name)’

4.2.2. Statistical Analysis

The experiments included 2 phrasal positions, 3 or 4 pitch accent positions (3 in two-
syllable words and 4 in three-syllable words), 9 repetitions, and 5 speakers. 360 utterances
were collected for neologisms, and 720 for the other two- and three-syllable words, yielding
1,080 utterances in total. Of these, a total of 1,035 utterances were analyzed (338 and 697
from each respective set), as some tokens were excluded due to speech errors or technical
problems. We ran a linear mixed effects model on each stimuli set: (i) neologisms, (ii) two-
syllable real words, and (iii) three-syllable real words. Each data set was run on a separate
model due to different conditions resulting from word length (only three-syllable words have
antepenultimate conditions) and different dependent variables (not all non-final V gestures

were measurable).
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Since we are interested in the effect of phrase boundaries, the role of pitch accent
position on boundary effects, and the scope of these effects on consonant (C) and vowel (V)
gestures, our fixed effects and their levels were BOUNDARY [phrase-medial (PhM), phrase-
final (PhF)], PITCH ACCENT [antepenultimate, penultimate, ultimate, unaccented], and
SYLLABLE POSITION [CO VO (word-final), C1 V1 (penultimate), C2 V2 (antepenultimate)].
Antepenultimate and C2/V2 conditions were only applicable to three-syllable words. C and V
gestures were labeled for all stimuli sets, except non-final V gestures in three-syllable real
words which were not reliable enough for measurement. Emmeans with Holm correction was
used for pairwise comparisons (o = 0.05).

To investigate boundary kinematics, we fit two models using the ImerTest package in
R, each with formation duration (FormDUR) or release duration (RelDUR) as response
variables, the same three factors as independent variables, and random intercepts by Speaker.
The model included a three-way interaction between BOUNDARY, PITCH ACCENT, and
SYLLABLE POSITION, as well as their two-way interactions. Separate models were run for
data for C and V constrictions, and z-score normalization was used to normalize durations by

phoneme across speakers.

4.3. Results

4.3.1.Neologisms: consonant constriction gestures

In neologisms, there was no significant three-way interaction between BOUNDARY,
PITCH ACCENT, and SYLLABLE POSITION in formation duration or release duration of C
gestures. Significant two-way interactions indicated that the formation duration (p<.001) and

release duration (p<.0001) of final C constriction gesture (CO) underwent phrase-final
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lengthening. Figure 19 shows the results for normalized C formation duration. Figure 20
shows the raw durations of data for the formation phase of C gestures to provide context for
model predictions which use normalized values. The reader is reminded that consonants (and
vowels) in this study were coded based on their distance from the phrase edge, so that the
word-final consonant is CO (being at the boundary), the penultimate consonant is C1 (being
one syllable away from the boundary), and the antepenultimate consonant is C2 (being two
syllables away from the boundary). Planned pairwise comparisons showed that neologisms
had phrase-final lengthening in the consonant formation gesture of the word-final syllable (CO)
for antepenultimate (Bantepenuti=0.42, SE=0.12, p<.001), penultimate (Bpenui=0.30, SE=0.12,

p<'01)a and unaccented (BUnaccentedzo-zs, SE=012, p<05) words.

Figure 19. Boundary lengthening for normalized durations of the formation phase

of C constriction gestures in neologisms by pitch accent position.
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Figure 20. Raw durations for the formation phase of C constriction gestures in

neologisms by boundary and pitch accent position.
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The lack of CO phrase-final lengthening in ultimate words can be attributed to CO in ultimate
words being longer than other accent conditions phrase-medially (ultimate: Bantepenu=-0.58,
SE=0.12, p<0.0001; Bpenui=-0.36, SE=0.12, p<0.01; Bunaccentea=0.30, SE=0.12, p<0.05). In
other words, the lack of a significant difference between phrase-medial and phrase-final
conditions for ultimate-accented words may originate from a longer CO duration phrase-

medially, and not a shorter duration phrase-finally.

In the release duration of the final consonant (CO0), there was boundary-related
lengthening for all pitch accent conditions (Bantepenur=2-38, SE=0.11, p<.0001; Bpenu=2.21,
SE=0.11, p<.0001; Byim,=1.86, SE=0.12, p<.0001; Buypaccentea=2-10, SE=0.12, p<.0001).
Figure 21 shows the results for the release durations of C gestures in neologisms Figure 22

shows the raw durations to provide context for model predictions which use normalized values.
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Similar to formation gestures, phrase-medial CO release gestures in ultimate-accented words
were slightly longer than phrase-medial CO release gestures for other pitch accent conditions
(ultlmate. BAntepenu1[='0.42, SE=O.12, p<0.01; BPenult='0.39, SE=O.11, p<0.01; BUnaccented=0.38,

SE=0.12, p<0.01).

Figure 21. Boundary lengthening for normalized durations of the release phase of C

constriction gestures in neologisms by pitch accent position.
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Figure 22. Raw durations for the release phase of C constriction gestures in

neologisms by boundary and pitch accent position.
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4.3.2.Neologisms: vowel constriction gestures

In vowel gestures for neologisms, there was a significant three-way interaction between
BOUNDARY, PITCH ACCENT, and SYLLABLE POSITION (p<.05). Regardless of pitch accent
position, there was significant boundary-related lengthening in the final VO gesture
(Bantepenui=1.92, SE=0.16, p<.0001; Bpenu=1.71, SE=0.16, p<.0001; Byjim,=0.91, SE=0.17,

P<.0001; Bunaccenea=1.14, SE=0.16, p<.0001).
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Figure 23. Boundary lengthening for normalized durations of the formation phase of

V constriction gestures in neologisms by pitch accent position.
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Figure 24. Raw durations for the formation phase of V constriction gestures in

neologisms by boundary and pitch accent position.
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As can be seen in Figure 23, lengthening extended to the penultimate vowel (V1) gesture in
antepenultimate (Bantepenui=0.59, SE=0.17, p<.001), penultimate (Bpen,=0.38, SE=0.16,
p<.05), and unaccented (Bynaccentea=0.39, SE=0.16, p<.05) words. The difference in scope for
ultimate-accented words can be attributed to a longer phrase-medial duration in V1
(Bantepenut=-0.97, SE=0.16, p<.0001; Bpenu=-0.64, SE=0.16, p<.001; Bynaccentea=0.71, SE=0.17,
p<.001). There is also a difference in the amount of lengthening in the final syllable (VO0)
which can be seen when comparing phrase-final VO gestures for antepenultimate and
penultimate words versus ultimate and unaccented words; VO vowel formation gestures were
longer phrase-finally for antepenultimate and penultimate words (antepenultimate:
Buiima=0.65, SE=0.16, p<.001, Bynaccented=0.57, SE=0.16, p<.01; penultimate: Byj;m,=0.59,

SE=0.17, p<.01, Bunaccentea=0.52, SE=0.16, p<.01).

4.3.3.Neologisms summary

The following figures show the combined results for consonant and vowel constriction
gestures in neologisms. Figure 26 shows the scope of boundary-related lengthening, which
appears to vary by pitch accent position. In all pitch accent conditions except ultimate-
accented words, phrase-final lengthening begins in the penultimate vowel gesture (V1). There
is also a difference in the magnitude of effects, as shown in Figure 27, which shows the
difference (delta) between phrase-final and phrase-medial durations for each constriction
gesture by pitch accent condition. Words with antepenultimate pitch accent had a greater
amount of lengthening in the constriction gestures of the penultimate vowel (V1) and the
formation of the final consonant (CO0). In the latter, the amount of phrase-final lengthening
differed by pitch accent position, with antepenultimate words lengthening the most, followed

by words with penultimate pitch accent, then unaccented words, and finally ultimate-accented
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words having no significant effect of phrasal boundary. Especially in the final vowel gesture
(VO0), antepenultimate- and penultimate-accented words saw a greater amount of lengthening

compared to words with no pitch fall realized within the word.

Figure 25. Summary of results for the effect of phrase boundary on each constriction
gesture in the test word by pitch accent position. Gestures are presented sequentially

following orthographic conventions, but C and V gestures overlap in each syllable.

Neologisms: Effect of Boundary on Normalized Duration of CV Constriction Gestures

Antepenult Penult Ultima Unaccented

kkk
%k %k %k %k k

kkk

N

C

0o

5

= |

a i- Boundary
3 < PhF
S o PhM
(]

£

—

]

z

Vi
CO_F-
CO_R-
VO _F-

64



Figure 26. Summary of raw durations by phrase boundary and pitch accent for each
constriction gesture in the neologism test word. Gestures are presented sequentially

following orthographic conventions, but C and V gestures overlap in each syllable.
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Figure 27. The absolute magnitude of increase in raw duration from phrase-medial
to phrase-final boundary condition for each constriction gesture by pitch accent
condition. Delta refers to the difference between boundary conditions (phrase-final
minus phrase-medial). Consonant and vowel constriction gestures are coded so that
gestures belonging to the word-final syllable are C/V0 and those belonging to the

antepenultimate syllable (two syllables away from the boundary) are C/V2. Gestures
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labeled with ‘F’ belong to the formation phase of that gesture; those labeled with ‘R’

belong to the release phase of that gesture.

Nonce Words: Magnitude of Phrase-final Boundary Lengthening
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4.3.4. Three-syllable real words: consonant constriction gestures

Three-syllable real words also did not have a significant three-way interaction in
formation duration of C gestures. Figure 28 shows the results for normalized formation
duration of consonant constriction gestures; Figure 29 provides raw durations for the same

consonant constriction gestures for context.
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Figure 28. Boundary lengthening for normalized durations of the formation phase of

C constriction gestures in three-syllable real words by pitch accent position.
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Figure 29. Raw durations for the formation phase of C constriction gestures in three-

syllable real words by boundary and pitch accent position.
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There was phrase-final lengthening in the formation of the final consonant constriction gesture
(CO0) for all pitch accent conditions (Bantepenut=0.71, SE=0.19, p<.001; Bpepy=0.88, SE=0.13,
p<.0001; Byyim,=0.54, SE=0.19, p<.01; Bunaccentea=0.40, SE=0.19, p<.05). The larger
difference between boundary conditions indicates that antepenultimate (p<.001) and
penultimate words (p<.0001) had a greater amount of boundary lengthening compared to

ultimate (p<.01) or unaccented words (p<.05).

Figure 30 shows the results for durations of the release phase of consonant constriction
gestures in three-syllable real words; Figure 31 shows the raw durations for context. In release
durations, there was a significant three-way interaction (p<.01). The C constriction gestures
of word-final consonants (C0) were longer phrase-finally in antepenultimate, penultimate, and
unaccented words (Baneepenui=1.44, SE=0.19, p<.0001; Bpenu=1.25, SE=0.13, p<.0001;
Bunaccentea=0.81, SE=0.19, p<.0001). Similar to formation duration results for neologism
consonants, in three-syllable real words, ultimate words did not show significant boundary
lengthening in release durations because they were longer phrase-medially (ultimate:
Bantepenui=-0.41, SE=0.20, p<.1; Bpenu=-1.13, SE=0.17, p<.0001; Bynaccentea=0.86, SE=0.20,
p<.001). This may indicate an effect of pitch accent on boundary lengthening in the final

syllable (CO0) of ultimate-accented words.
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Figure 30. Boundary lengthening for normalized durations of the release phase of C

constriction gestures in three-syllable real words by pitch accent position.

Three-Syllable Real Words: Effect of Boundary on Normalized C Release Duration

Antepenult Penult Ultima Unaccented
* kK

-
i

Fkk %3k %k
Boundary

< PhF
‘- PhM

o
'

Normalized Duration

C2R C1R COR C2R CIR COR C2R CIR COR C2R CIR COR
Gesture

Figure 31. Raw durations for the release phase of C constriction gestures in three-

syllable real words by boundary and pitch accent position.
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4.3.5. Three-syllable real words: vowel constriction gestures

Only the final vowel was able to be measured in three-syllable real words, which meant
this model did not include a factor of SYLLABLE POSITION. There was a significant two-way
interaction between BOUNDARY and PITCH ACCENT (p<.001). Vowel gestures (VO0) in all
pitch accent conditions were significantly longer when the word was phrase-final
(Bantepenui=2.34, SE=0.15, p<.0001; Bpenu=1.93, SE=0.14, p<.0001; Byim,=1.17, SE=0.13,
p<.0001; Bypaccentea=1.31, SE=0.16, p<.0001). There was also a difference in the amount of
lengthening in VO; antepenultimate words were longer phrase-finally than all other words
(antepenultimate:  Bpe,=0.53, SE=0.15, p<.001; Bygm=1.54, SE=0.14, p<.0001;

Bunaccented=0.68, SE=0.15, p<.0001).

Figure 32. Boundary lengthening for normalized durations of the formation phase of

the final VO constriction gesture in three-syllable real words by pitch accent position.
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Figure 33. Raw durations for the formation phase of V constriction gestures in three-

syllable real words by boundary and pitch accent position.
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4.3.6. Three-syllable real words summary

Figure 34 and Figure 35 summarize the scope and amount of phrase-final lengthening
in three-syllable real words, where phrase-final lengthening affected gestures in the final CO
and VO gestures. In this set of data, penultimate and antepenultimate vowel gestures were not
able to be measured, so we were unable to confirm whether or not phrase-final lengthening
was initiated in the penultimate vowel formation gesture (V1). Unlike neologisms, phrase-
final lengthening in three-syllable real words with ultimate pitch accent appears to affect at
least the formation gesture of the final CO. In three-syllable real words, pitch accent also
affected the amount of phrase-final lengthening in the formation gesture of the final consonant
(CO0), with antepenultimate and penultimate words having the greatest amount of lengthening,
followed by ultimate words, and then unaccented words. In the release gesture of the final

consonant (C0), antepenultimate words were longer phrase-finally than all other pitch accent
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conditions (antepenultimate: Bpe,,=0.62, SE=0.17, p<.001; By;m.=0.51, SE=0.19, p<.05;
Bunaccentea=0.78, SE=0.19, p<.001). This was also the case for the final vowel gesture (VO0)
(antepenultimate:  Bpe,=0.53, SE=0.15, p<.001; Bygm=1.54, SE=0.14, p<.0001;

Bunaccentea=0.68, SE=0.15, p<.0001).

Figure 34. Summary of results for the effect of phrase boundary on each constriction
gesture in the test word by pitch accent position. Gestures are presented sequentially
following orthographic conventions, but C and V gestures overlap in each syllable.
Antepenultimate (V2) and penultimate (V1) vowel gestures are excluded from the figure

as they were not measurable.
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Figure 35. Summary of raw durations by phrase boundary and pitch accent for each
constriction gesture in the three-syllable real word stimuli. Gestures are presented

sequentially following orthographic conventions, but C and V gestures overlap in each
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syllable. Antepenultimate (V2) and penultimate (V1) vowel gestures were not

measurable and thus excluded from the figure.
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There is also a difference in the magnitude of effects, as shown in Figure 36, which shows the
difference (delta) between phrase-final and phrase-medial durations for each constriction
gesture by pitch accent condition. In the case of three-syllable real words, the stimuli were not
a minimal set, so the patterns in magnitude differences in raw duration is affected by inherent
durational differences in vowel quality; the antepenultimate and unaccented test words ended
in [a], whereas the final vowel was [e/i] for penultimate-accented words and [i] for ultimate-

accented words.

Figure 36. The absolute magnitude of increase in raw duration from phrase-medial
to phrase-final boundary condition for each constriction gesture by pitch accent
condition in three-syllable real words. Delta refers to the difference between boundary
conditions (phrase-final minus phrase-medial). Consonant and vowel constriction
gestures are coded so that gestures belonging to the word-final syllable are C/V0 and
consonant constriction gestures belonging to the antepenultimate syllable (two syllables

away from the boundary) are C2. Gestures labeled with ‘F’ belong to the formation
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phase of that gesture; those labeled with ‘R’ belong to the release phase of that gesture.

Non-final vowel gestures were not measured and are not included in the figure.
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4.3.7. Two-syllable real words: consonant constriction gestures

In the two-syllable real words, there was a significant three-way interaction between
BOUNDARY, PITCH ACCENT, and SYLLABLE POSITION for formation duration (p<.01) and
release duration (p<.001). Figure 37 and Figure 38 show the results for boundary lengthening

by pitch accent condition for normalized and raw durations, respectively.
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Figure 37. Boundary lengthening for normalized durations of the formation phase of

C constriction gestures in two-syllable real words by pitch accent position.
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Figure 38. Raw durations for the formation phase of C constriction gestures in two-

syllable real words by boundary and pitch accent position.
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Phrase-final lengthening occurred in the formation gesture of the final consonant (CO0) for all
pitch accent conditions (Bpen,=1.13, SE=0.17, p<.0001; By;m,=0.87, SE=0.17, p<.0001;
Bunaccentea=0.38, SE=0.17, p<.05). In CO, penultimate and ultimate words appeared to have a

greater durational difference between phrasal boundary conditions compared to unaccented
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words, but may be an effect of pitch accent, as in the phrase-medial condition, where there
was no effect of phrase-final boundary, unaccented words were longer (unaccented: Bpep,=-

0.63, SE=0.17, p<.001; Byima=-0.45, SE=0.17, p<.05).

Figure 39 and Figure 40 show the results for the release phase of consonant constriction

gestures by pitch accent position for normalized and raw durations, respectively.

Figure 39. Boundary lengthening for normalized durations of the release phase of C

constriction gestures in two-syllable real words by pitch accent position.
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Figure 40. Raw durations for the release phase of C constriction gestures in two-

syllable real words by boundary and pitch accent position.
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All pitch accent conditions also saw phrase-final lengthening for release gesture of the final
consonant (CO) (Bpenu=1.18, SE=0.12, p<.0001; Byim,=1.64, SE=0.12, p<.0001;
Bunaccentea=0.42, SE=0.11, p<.001). Again, there was a difference in the amount of lengthening,
with penultimate- and ultimate-accented words undergoing more lengthening in C0. This was
also due to unaccented words being longer phrase-medially in CO (unaccented: Bpe=-1.57,

SE=0.12, p<.0001; Byima=-1.52, SE=0.12, p<.0001).

4.3.8. Two-syllable real words: vowel constriction gestures

There was also a significant three-way interaction between BOUNDARY, PITCH
ACCENT, and SYLLABLE POSITION in two-syllable word vowel gestures (p<.05). Figure 41
and Figure 42 show the results of boundary lengthening in the formation phase of vowel

constriction gestures for normalized and raw durations, respectively.
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Figure 41. Boundary lengthening for normalized durations of the formation phase of

V constriction gesture in two-syllable real words by pitch accent position.
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Figure 42. Raw durations for the formation phase of V constriction gestures in two-

syllable real words by boundary and pitch accent position.
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There was phrase-final lengthening in the final VO gesture for all pitch accent conditions

(Bpenui=1.91, SE=0.13, p<.0001; Byjim,=1.35, SE=0.14, p<.0001; Bynaccentea=1.40, SE=0.14,
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p<.0001). There was also a greater amount of lengthening in VO for words with penultimate

pitch accent (penultimate: Byyn,=0.57, SE=0.14, p<.001; Bypaccentea=0.61, SE=0.14, p<.001).

4.3.9. Two-syllable real words summary

In Figure 43 and Figure 44, the results for two-syllable real words are summarized. In
two-syllable real words, phrase-final lengthening was initiated in the formation phase of the
final C constriction gesture. The amount of phrase-final lengthening also differed by pitch
accent. In the formation and release gestures of the final consonant (C0), words with pitch
accent (penultimate or ultimate) had a greater difference between boundary conditions than
unaccented words. There was also an effect of pitch accent position in the final vowel gesture
(V0), as words with penultimate pitch accent saw the greatest amount of phrase-final
lengthening. The scope of boundary lengthening reached the formation of the final consonant

gesture (CO).

Figure 43. Summary of results for the effect of phrase boundary on duration of C

and V constriction gestures by pitch accent position.
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Figure 44. Raw durations of C and V constriction gestures by pitch accent position

and boundary.
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4.4. Discussion

In this study, we set out to better understand the interaction between word prosody and

prosodic boundaries in Japanese by asking the following questions:

(1) Which constriction gestures in the phrase-final word are affected by phrase-final

lengthening? Is it a continuous interval?

(i1) Does lexical pitch accent affect the scope of phrase-final lengthening?

We answered these by examining phrase boundary effects on duration in C and V constriction
gestures in three sets of data: three-syllable neologisms, three-syllable real words (consonants

and final vowel only), and two-syllable real words.
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Based on previous work on Japanese, we had two hypotheses on the scope of phrase-
final lengthening. The first was that lengthening effects occur mainly in the final rime
(Shepherd 2008). The second hypothesis was that phrase-final lengthening effects begin in the
vowel of the penultimate syllable (Seo, Kim, et al. 2019a, 2019b). The latter was the case in
our neologism data, where boundary lengthening reached the V gesture of the penultimate
syllable. In three-syllable real words, the penultimate V gesture was not measurable, but the
C formation gesture was affected. In two-syllable real words, boundary lengthening was
initiated also in the C formation gesture of the final syllable. However, constriction gestures
in speech do not occur sequentially, and adjacent gestures overlap (see Figure 45). This means
that here, the C formation gesture might coincide to some degree with the preceding vowel,
so the finding that lengthening is initiated in C formation gestures of the final syllable does
not necessarily contradict findings from acoustic studies where boundary lengthening reaches

the penultimate vowel.
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Figure 45. Overlap between /m/ gesture and the acoustic signal for /a/. The yellow
highlighted area shows that the /m/ formation gesture occurs during the acoustic signal

for the penultimate vowel /a/.
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Overall, the final VO constriction gestures, being immediately next to the phrase
boundary, were more strongly affected than less proximal gestures, such as C formation
gestures. This effect is also in concordance with the n-gesture account, in which the domain
of prosodic lengthening is fixed at the boundary, and gestures closer to it experience larger

clock-slowing effects.

On the effect of pitch accent on boundary-related lengthening, previous studies on the
phenomenon in Japanese have also found that pitch accent affects the amount of lengthening

(Seo, Kim, et al. 2019a, 2019b). While Seo, Kim, et al. (2019a, 2019b) found less lengthening
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in two-syllable words with initial pitch accent compared to unaccented words, the current
study, which uses articulatory data and is able to compare antepenultimate vs penultimate
pitch accent position, finds that words with pitch accent undergo a greater amount of
lengthening. It is important to note that Seo, Kim, et al. (2019a, 2019b) used acoustic data and
only examined two-syllable words with initial accent vs. unaccented words; they did not
include stimuli to test the effect of different positions of pitch accent. Also, their test words
did not come at the end of the utterance, which means their phrase-final test words did not
have utterance-final boundary tones, an aspect which will be investigated and discussed
further in the following chapters. Interestingly, in our data, pitch accent did interact with the
scope of effects. Pitch accent position had an effect on the amount of lengthening, such as in
the final V gesture in all three sets of data, where antepenultimate and penultimate words had
greater phrase-final lengthening than ultimate or unaccented words. Within the m-gesture
account, the degree of lengthening depends on a constriction gesture’s overlap with the n-
gesture, which has a steady increase in activation approaching the boundary and a maximum

level of activation at the boundary itself. Figure 46 is a schematic representation of a m-gesture.

83



Figure 46. Schematic diagram of a n-gesture and two constriction gestures at the

prosodic boundary. Figure adapted from Byrd and Saltzman (2003).

Prosodic
Tier n-gesture

Tract
Variable 1 constriction 1

Tract

Variable 2 constriction 2

domain of slowing

Blue shading indicates activation of the n-gesture, with darker blue indicating the maximum
level of activation. Overlap of the blue shading with constriction gestures represents local
slowing effects on those co-active gestures. Therefore, a greater amount of lengthening may
be accounted for by greater overlap of the constriction gesture with the maximum activation
area of the m-gesture. The finding that words with earlier pitch accent experience greater
amounts of lengthening earlier in the word suggests earlier overlap with higher levels of n-

gesture activation.

The n-gesture account has two proposals for such a difference: (a) coordination shift, in
which the entire m-gesture is shifted towards the pitch accented syllable, or (b) extension, in
which the m-gesture is extended towards the pitch accented syllable. However, we are
primarily interested in the third account offered in Katsika (2014), which proposes a
coordination between clock-slowing gestures, where the p-gesture associated with the

lexically stressed syllable is coordinated with the m-gesture at the phrase edge. So far, the
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interaction of pitch accent position with phrase-final lengthening in Japanese also suggests
that something is affecting n-gesture coordination. However, it is unclear whether the cause
is a p-gesture, as in Greek, or something else. The account in Katsika (2014) also connected
this issue with the coordination of boundary tones, which were also found to be initiated later
in words with stress later in the word. Similarly, it follows that we investigate the role of
lexical pitch accent position and boundary tone coordination to further understand the

components involved in m-gesture coordination in Japanese.
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5. Boundary tone coordination and pitch

accent

This chapter investigates the coordination of boundary tones with constriction gestures
in Tokyo Japanese and the role of word prosody in this relationship. Previous studies have
found systematic patterns of tonal alignment, or the timing of tonal events with speech
segments, and found that FO turning points (FO minima and maxima) are coordinated in time
with specific acoustic events in the segmental string (Ladd 2008). Boundary tones which mark
the end of major phrase boundaries are expected to occur within the phrase-final syllable (e.g.,
Silverman, Beckman, et al. 1992; Beckman and Pierrechumbert 1986). Results from recent
research on Greek indicates that boundary tone coordination may be related to lexical stress,
as boundary tones were found to initiate earlier when stress was earlier in the word (Katsika,
Krivokapié, et al. 2014). However, unlike Tokyo Japanese, word prosody in languages like
Greek or English can serve as anchors for phrasal pitch accents. The Greek study of boundary
tone coordination in Greek systematically examined these issues separately and found that the
result that boundary tones were initiated earlier when stress was earlier in the word held for
accented and de-accented phrase-final words, indicating that this effect was not affected by
phrasal prominence (Katsika, Krivokapi¢, et al. 2014).

The account proposed for Greek within the Articulatory Phonology framework involves
u-gestures, which are coordinated in-phase with the constriction gestures of stressed syllables.
Katsika (2016), which analyzed the interaction between word prosody and boundary tone

coordination along with the interaction between word prosody and phrase-final lengthening,
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proposed that the p-gestures are also coordinated with the clock-slowing m-gesture at the
prosodic boundary, which has anti-phase coordination with the phrase-final vowel. The
boundary tone is triggered by the n-gesture, and its timing is therefore affected by effect of
lexical stress on m-gesture coordination (Katsika 2016). In Chapter 4, we found that similar to
Greek, the scope of phrase-final lengthening interacts with the position of word prosody.
While we have not determined whether there may similarly be a p-gesture involved in these
patterns in Japanese, this chapter continues the investigation by examining the interaction of
word prosody and boundary tone coordination in Japanese. Japanese is a language in which
word- and phrase-level prosody are both realized in the tonal domain, so an interaction would
not be surprising. We will look at the timing of the final H boundary tone initiation with
constriction gestures, investigate boundary tone coordination as a function of lexical pitch
accent position, and discuss the implications of these interactions between lexical and phrasal

levels.

5.1. Questions and predictions

The current study aims to answer the following research questions: (i) how are boundary
tones coordinated with constriction gestures in Japanese, and (ii) does boundary tone
coordination interact with the position of lexical pitch accent?

Based on previous research, we expect boundary tones to occur within the phrase-final
syllable (Silverman, Beckman, et al. 1992; Beckman and Pierrehumbert 1986). We also
expect to see pitch accent marked by a high (H) tone on the accented syllable, followed by a
peak and sharp fall in FO to a low (L) tone on the following mora. As a reminder, pitch accent
in Japanese is typically represented as ‘H*+L’, although the X-JToBI annotation system

represents accent simply as ‘A’ because the sharp fall in FO is predictable, but the location of
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pitch accent is lexically defined. Since pitch accent requires a following mora on which to
realize the pitch fall, we also expect that phrase-final ultimate-accented words, where the pitch
accented syllable is not followed by another syllable, may not show such a pitch fall. This
follows the tonal crowding hypothesis, where in the case of multiple tones “too close together,”
with not enough syllables per tones, tones may be compressed or truncated (Ladd 2008). The
pitch contour of test utterances containing phrase-final ultimate-accented words may therefore
look similar to those of phrase-final unaccented words. Note that while some studies have
investigated differences between the two such as in the height of FO (Warner 1997; Matsui
and Hwang 2018; Poser 1984; Pierrchumbert and Beckman 1984; Beckman and
Pierrehumbert 1988; Venditti 2005), the distinction between ultimate-accented and
unaccented words is beyond the scope of the current study and will not be discussed in depth.
There are a few possibilities for the gestural coordination of boundary tone gestures with
the constriction gestures forming the V gesture of the phrase-final syllable, based on previous
studies. Gao (2008) showed that word-level tones in Mandarin can affect C-V coordination,
which could be seen in a c-centering effect on C gesture coordination, where C gestures were
and lexical tones were in-phase with the vowel but anti-phase coordinated with each other.
This results in respective left-ward and right-ward shifts in timing for the C gesture and tone
gestures. Research on phrase-level pitch accents in German (Miicke, et al. 2012), suggests that
one difference in word-level and phrase-level tonal coordination is that word-level tones are
integrated in the coupling relations of the syllable, so that tone gestures may affect C-V
coordination, while phrase-level tones are coupled with V gestures without affecting C-V
coordination. Following these studies, we may expect that word-level pitch accents in

Japanese are in-phase with the vowel, and may have effects on the coordination of consonant
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constriction gestures. Boundary tones are phrase-level; in this case, we expect that the LH%
boundary tone used in the test utterances to be L and H tone gestures that are anti-phase with
each other, being sequential to produce a rise.

Assuming that boundary tones are similar to other tones and also coordinated with
constriction gestures, our first hypothesis is that the boundary tone gestures are in anti-phase
coordination with the V gesture and occur sequentially with the V gesture, occuring near the
onset of the V target (Hsieh 2011). A second hypothesis is that boundary tone gestures in
Japanese have in-phase coordination with the phrase-final V gesture, beginning
simultaneously with the start of the V gesture (Gao 2008; Miicke, et al. 2012). A third
possibility is that boundary tone gestures are in-phase with the V gesture but anti-phase with
the C gesture, which may result in a c-center effect where the onset of the C gesture and the
onset of the boundary tone gesture shift in relation to the V gesture. Alternatively, boundary
tones could be aligned with the time of peak velocity of the V gesture (d'Imperio, et al. 2007).

On the effect of lexical pitch accent on boundary tone coordination, previous studies on
stress languages have reported that the onset of edge tones appears to vary with the position
of lexical stress (Katsika, Krivokapi¢, et al. 2014). Our hypothesis for the effect of lexical
pitch accent on boundary tone coordination is therefore that lexical pitch accent, which
operates on the same tract variable as boundary tones (i.e. vocal fold vibrations), would also
have some interaction with boundary tones. Acoustic studies describe pitch accent as an H*+L
tone pattern which is expected to begin in the accented syllable and peak in the following
mora; from an articulatory perspective, this means we can expect an H* tone gesture to begin
in the accented syllable, followed by a L tone gesture which begins in the following mora. In

the case of penultimate-accented words, this L tone would be expected within the word-final
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syllable, which is also where we expect the phrase-level boundary tones. Therefore, we predict
that in penultimate-accented words, boundary tone initiation may be shifted later compared to
words with antepenultimate pitch accent.

Given that word prosody in Japanese occurs in the tonal domain, an effect of pitch accent
position on boundary tone coordination in Japanese may be explained through tonal crowding.
In the phrase-final syllable, we may expect that a word with pitch accent in the preceding
syllable (penultimate accent) may have more tones “crowded” at the end of the word
compared to a word with pitch accent earlier in the word (e.g., antepenultimate accent), and
thus expect boundary tones to be initiated later in penultimate-accented words because of this
“crowding”. However, another motivation for examining the effect of pitch accent position
on boundary tone coordination is that in Greek, the effect of lexical stress on the timing of
boundary tone initiation was proposed to be related to a similar effect of stress position on the
scope of phrase-final lengthening. In Greek, both phrase-final lengthening and boundary tones
began later in words with stress later in the word. The account proposed to connect these
parallel findings in the temporal and tonal domains was that the p-gesture associated with
lexical stress was coordinated with the n-gesture associated with the phrase boundary. The n-
gesture is assumed to trigger the boundary tone, so this coordination may explain the
connection between lexical stress position and the scope of n-gesture-related slowing effects.
This relates to our investigation on Japanese, as the results from Chapter 4 showed a similar
pattern to Greek, as lexical pitch accent position also had an effect on the scope of phase-final
lengthening. Thus, this prediction also arises from previous findings on the effects of stress,
another word prosodic marker, on boundary tone coordination (Katsika, Krivokapi¢, et al.

2014; see also Arvaniti and Ladd 2009). If, like Greek, we find parallel patterns in the effect
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of pitch accent position on phrase-final lengthening and boundary tone coordination, it will
be important to interpret the results in light of both the temporal and tonal interactions, as
tonal crowding (which alone cannot account for the Greek findings) may not be the most

complete explanation.

5.2. Methods

This chapter includes two analyses: (i) a tonal analysis using X-JToBI (Maekawa,
Kikuchi and Igarashi, et al. 2002), and (ii) a kinematic analysis using linear mixed effects

models to test boundary tone coordination as a function of pitch accent position.

The data for the analyses in this chapter are a subset of the phrase-final data presented
in Chapter 3 (see Table 2 and Table 3). Data from four female native Tokyo Japanese speakers
were included in this analysis; data from one speaker were omitted due to the speaker’s
naturally low, creaky voice, which did not allow for measurements of a turning point from L
to H in the final syllable. Of the words in which we expected measurable H and L tones for
the pitch accent (i.e., antepenultimate- and penultimate- accented words), about 12% of data

were omitted due to creakiness.

5.2.1.Labelling

Prior to annotation, all utterances were checked by a native Japanese speaker who
confirmed each test utterance was produced fluently and perceived with the intended meaning.
The tonal analysis was conducted in Praat (Boersma and Weenink 2022) using X-JToBI
annotation conventions. X-JToBI was chosen over JToBI because its notation convention
boundary tones aligns with the landmarks used for labels in our kinematic data. Namely, X-

JToBI marks phrase-final complex boundary tones differently from JToBI. Whereas an LH%

91



complex boundary tone in JToBI is marked at the right edge of the IP, X-JToBI additionally
marks the start of the L boundary tone with ‘pL’ to indicate where the rise from L to H begins.
This is similar to the landmark we used to label the onset of the H boundary tone in the
kinematic data, excepting that we also used available FO velocity information to mark the
turning point in the kinematic data.

The kinematic data were labeled using a custom program in Matlab (Tiede, Haskins
Laboratories) to manually mark the FO turning point from L to H% detected based on a 20%
increase in the FO velocity (see Figure 47). This turning point is used as the onset of the H
tone in the LH% question boundary tone. Kinematic landmarks for the word-final consonant
and vowel were also labeled (see Chapter 3 for a detailed description of these labeling
methods). Then, the interval between H boundary tone turning point and the onset of the vowel

in the final syllable was calculated.

Figure 47. Sample label of tonal landmarks for na*mina ‘Namina (name).’
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5.3. Results

5.3.1.X-JToBI analysis

The tonal analysis showed that words with antepenultimate and penultimate pitch accent
had a clear LH% rise within the final syllable of the phrase-final word (representative
examples provided in Figure 48 and Figure 49). There was also a clear fall from H to L to

mark pitch accent in these words (marked by A for accent in the following figures).

Figure 48. F0 contour of antepenultimate-accented test word na*mina ‘Namina

(name)’.
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Figure 49. F0O contour of penultimate-accented test word nama*mi ‘living body’.
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Since pitch accent in Japanese is realized by a fall in FO on the following mora, we expected
that pitch accent located on the ultimate syllable of a phrase-final word has no room for
realization, resulting in final-accented words which may be indistinguishable from unaccented
words (Kindaichi 1947; McCawley 1968). The X-JToBI analysis of final-accented words in
our data showed a distinct lack of any pitch fall in the word (compare Error! Reference
source not found. and Figure 49 vs. Figure 50) suggesting that the pitch accent was not
realized. Future work into FO height could help clarify whether the tonal contour of ultimate-
accented and unaccented conditions are indistinguishable, as previous studies have shown that
phrasal H is lower than the H* of a pitch accent (Warner 1997; Matsui and Hwang 2018).
These studies may also differ from the current study, which uses a complex LH% frame
sentence, as opposed to a L% frame sentence. However FO height was not measured for the

current study, so this topic will not be discussed further here. In any case, ultimate-accented
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and unaccented words had similar pitch contours, showing a more gradual rise to a final H%
such that there was no identifiable turning point based on a 20% increase in FO velocity.
Therefore, a turning point for the H boundary tone was not labeled for these pitch accent
conditions. While a precise turning point could not be labeled, the figures below still show
that there is a clear LH% rise which occurs within the phrase-final syllable.

The X-JToBI analysis for the tonal contour of two-syllable word revealed similar
patterns. In Figure 52, there is a clear fall from high to low after the first syllable of nami
‘Nami (name)’ which indicates pitch accent on the initial syllable. However, the pitch contour
for final-accented nami ‘wave’ in Figure 56 does not have the characteristic pitch fall

indicative of accent and looks more similar to the unaccented nami ‘medium’ in Figure 57.

Figure 50. FO contour of ultimate-accented test word nigami* ‘bitterness’.
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Figure 51. FO contour of unaccented test word namida ‘Namida (name)’.
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Figure 52. FO contour of initial-accented test word nami ‘Nami (name)’.
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Figure 53. FO contour of final-accented test word nami ‘wave’.
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Figure 54. FO contour of unaccented test word nami ‘medium’.
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5.3.2.Boundary tone coordination

We then conducted a series of analyses on boundary tone coordination and its
interaction with pitch accent. Based on the results of the X-JToBI analyses, ultimate-accented
and unaccented words did not have a measurable turning point and were therefore excluded
from the following analyses. Test words were therefore a near-minimal pair of three-syllable
real words and a minimal pair of neologisms with antepenultimate or penultimate pitch accent.
A comparison of these two conditions allows us to examine the timing of the H boundary tone
and the effect of pitch accent position. The results from Greek, which found that word prosody
may affect the timing of boundary tones, along with conditions for tonal crowding, lead us to
predict that in Japanese, penultimate-accented words will have a later boundary tone initiation
compared to antepenultimate-accented words.

To examine the effect of pitch accent on boundary tone coordination, linear mixed
effects models were run with the normalized interval between the onset of the vowel and the
onset of the boundary tone turning point in the final syllable (i.e., V-onset to BT-onset) as the
dependent variable, PITCH ACCENT [levels: antepenultimate, penultimate] as the fixed factor,
and random intercepts by Speaker. The reader is reminded that V-onset refers to the kinematic
onset of the V constriction gesture, and not the onset of the acoustic signal; this differs from
older studies of tone timing such as Silverman and Pierrehumbert (1990) for English and
Venditti, Maeda and Santen (1998). The interval was normalized by the length of the vowel
to account for effects of vowel duration on the relative timing of boundary tone initiation, as
vowel height may affect vowel duration (Han 1962; Port, Al-Ani and Maeda 1980; Beckman
1982; Homma 1981). A shorter interval would indicate earlier initiation of the H boundary

tone relative to the vowel, and a longer interval a later initiation of the H boundary tone.
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Separate models were run for real words and neologisms. The model selection process began
with a maximal model that included random slopes and intercepts by the predictor per Speaker,
but models with random slopes by predictor did not converge. The final models for real words
and neologisms included random intercepts by Speaker.

Both models showed a significant effect of pitch accent position, with boundary tones
being initiated earlier in antepenultimate words compared to penultimate words, as predicted.
The effect of pitch accent position was larger in real words (B=1.42, SE=0.21, p<0.01) than
neologisms ($=0.79, SE=0.26, p<0.01). The results shown in Figure 55 indicate the effect of

lexical pitch accent position on the timing of H boundary tone initiation.

Figure 55. Normalized interval of BT-to-V onset per pitch accent in real words and

neologisms. A longer interval indicates later initiation of the H boundary tone.
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Figure 56 and Figure 57Error! Reference source not found. schematize these results
as gestural scores to show the initiation of the H boundary tone relative to the onset of the

phrase-final V gesture, which are set to 0 on the number line. The figures show consonant and
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vowel constriction gestures of the phrase-final syllable as well as the boundary tone H gesture.

The start of the L tone is unclear and therefore not marked in the figures, only indicted with a

grey dashed box.

Figure 56. Coordination of gestures in the phrase-final syllable by pitch accent

position for three-syllable real words. The solid vertical line inside the solid rectangle

indicates the time-point of peak velocity within the gesture. The dotted lines indicate

the start and end of the gesture’s target. Onset of vowel gestures are set to 0 on the

number line, so that the timing of all gestures can be seen relative to the start of the V

gesture.
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Figure 57. Coordination of gestures in the phrase-final syllable by pitch accent

position for three-syllable neologisms.
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Because the boundary tone in these utterances is a complex LH%, the H boundary tone is
assumed to be anti-phase with the L boundary tone, as it occurs sequentially to produce a rise.
Indeed, the timing of the H boundary tone occurs after the target of the final vowel constriction
gesture is reached. The boundary tone offset is measured as the maximum FO, although it
should be noted that this may be affected if there is creakiness or loss of phonation at the end
of a phrase. In the penultimate-accented words, the onset of the pitch accent L tone gesture
was also measurable; this is labeled in the figures with a vertical grey dashed line. The left
edge of the pitch accent H gesture is left open, as the onset was not measured. Note that the
gestural score for penultimate real words has a longer vowel target duration; this may be
related to vowel quality, as the gestural score reflect means of raw duration and are not
normalized to account for different phonemes. The penultimate real word condition is the only

vowel which is /i/; all other vowels shown here are /a/.
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There are two notable observations from these gestural scores. First, pitch accent
position does appear to affect the timing of the boundary H tone, which occurs later in the
vowel in penultimate-accented words. Second, the onset of the pitch accent L tone appears to
be well-aligned with the peak velocity of the C gesture. Notably, regardless of whether the L
tone begins slightly before or after the V gesture, the onset of the pitch accent L tone looks to
occur in tandem with the C gesture’s peak velocity timepoint. To further investigate this
observation, the following analyses were conducted on words with penultimate pitch accent,
where there timing relationships between the pitch accent L tone and H boundary tone in the
final syllable could be measured. We examined the stability of the H boundary tone with the
C gesture, alignment and stability of the pitch accent L tone with various kinematic landmarks,

and the stability of the H boundary tone gesture with the pitch accent L tone gesture.

5.3.2.1. Stability of the H boundary tone gesture with kinematic landmarks

Alignment of the H boundary tone with kinematic landmarks was not tested here, since
we expect certain predictions to hold. Namely, we expect that boundary tones will occur in
the phrase-final syllable, and that the H tone should come after the other tones in the vowel,
being anti-phase with its L component in a complex LH% boundary tone. To examine the
stability of the H tone gesture’s coordination with the V constriction gestures, the temporal
intervals between the onset of the H tone and the following kinematic landmarks of the phrase-
final syllable were calculated:

* Onset of V gesture (V-onset)
* Peak velocity of V gesture (V-pvel)

* Target of V gesture (V-target)
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We ran linear mixed effects models for penultimate-accented real words and
neologisms with standard deviation (in ms) as the dependent variable and INTERVAL
ORIGIN (V-onset, V-pvel, V-target) as fixed factors, and the same model selection process
as above. Models with random slopes did not converge, and the final model included random
intercepts by Speaker. The models showed main effects of INTERVAL ORIGIN for real
words (F(2)=93.12, p<.001) and neologisms (F(2)=3.94, p<.05). Figure 58 and Figure 59
show the standard deviations for each interval origin; a smaller standard deviation indicates a
more stable coordination with the respective timepoint. Based on post-hoc pairwise
comparisons using emmeans with Holm correction, the H tone to V target interval was the

most stable, and the H tone to V onset interval was the least stable.

Figure 58. Stability of H boundary tone to kinematic landmarks within the phrase-
final vowel in real words. Smaller standard deviation indicates more stable coordination

with the respective timepoint.
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Figure 59. Stability of H boundary tone to kinematic landmarks within the phrase-
final vowel in neologisms. Smaller standard deviation indicates more stable coordination

with the respective timepoint.
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5.3.2.2. Alignment of the pitch accent L tone gesture

To better understand how pitch accent effects the coordination of the H boundary tone
in the phrase-final syllable, we then examined the timing of the pitch accent L tone gesture
with V and C constriction gestures by using the temporal intervals between the onset of the
pitch accent L and the following kinematic landmarks of the phrase-final syllable:

* Onset of C gesture (C-onset)

* Peak velocity of C gesture (C-pvel)

* Target of C gesture (C-target)

* Interval between V onset and the c-center (VtoCcenter)
* Onset of V gesture (V-onset)

* Peak velocity of V gesture (V-pvel)

* Target of V gesture (V-target)
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We also included the interval between the onset of the V gesture and the c-center. The c-center
is calculated as the midpoint between the C gesture onset and the pitch accent L tone onset. If
the interval between the c-center and the V onset is relatively small, that would indicate a c-
centering effect.

In order to determine which articulatory landmark in the list above was most closely
aligned with the pitch accent L onset, we ran linear mixed effects models for real words and
neologisms with duration (in ms) as the dependent variable and INTERVAL ORIGIN (V-
onset, V-pvel, V-target, C-onset, C-pvel, C-target) as the fixed factor. The model selection
process began with a maximal model that included random slopes and intercepts by all
predictors per Speaker. The models did not converge with random slopes, so the final models
only included random intercepts by Speaker. The model for real words indicated main effects
of INTERVAL ORIGIN (F(6)=17.27, p<.001). Figure 60 shows the results of the model for
real words. Post-hoc pairwise comparisons using emmeans with Holm correction revealed
that the interval between the onset of the pitch accent L tone and peak velocity of the C gesture
(10.23ms) was shorter than the interval between the L tone and C target (B=-24.75, SE=6.74,
p<0.01), V onset (3=24.02, SE=6.74, p <.01), or V target (3=-59.83, SE=6.74, p<.001). This
indicates that the pitch accent L tone is more closely aligned with the peak velocity timepoint
of the C gesture, compared to the other timepoints. It should also be noted that the interval
between the vowel onset and the c-center, which is calculated as the midpoint between C onset
and L tone onset, is also relatively small. It is not significantly longer than the interval between

the L tone onset and C peak velocity, meaning it is also relatively well aligned.
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Figure 60. Alignment of the pitch accent L tone onset with various kinematic

landmarks in real words with penultimate pitch accent. The interval between the L tone

and peak velocity of the C gesture is smallest (except compared to C onset or V onset to

c-center ), indicating that the L tone is initiated closest to those timepoints.
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For neologisms, the model also showed main effects of INTERVAL ORIGIN (F(6)=

534.57, p<.001). Figure 61 shows the results of the model for neologisms. Post-hoc pairwise

comparisons using emmeans with Holm correction revealed that the interval between the onset

of the pitch accent L tone and peak velocity of the C gesture (8.47ms) was shorter than all

other landmarks (p<.01).

Figure 61. Alignment of the pitch accent L tone onset with various kinematic

landmarks in neologisms with penultimate pitch accent. The interval between the L tone
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and peak velocity of the C gesture is smallest, indicating that the L tone is most closely

aligned with the peak velocity timepoint of the C gesture.
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We followed this analysis with an analysis of their variance to evaluate the stability of

the L tone’s alignment in these intervals.

5.3.2.3. Stability of the pitch accent L tone gesture with kinematic landmarks

To analyze stability, we ran linear mixed effects models for real words and neologisms
with standard deviation (in ms) as the dependent variable and INTERVAL ORIGIN (V-onset,
V-pvel, V-target, C-onset, C-pvel, C-target, VtoCcenter) as fixed factors, and the same model
selection process as above. Models with random slopes did not converge, and the final model
included random intercepts by Speaker. The model for real words showed main effects of
INTERVAL ORIGIN (F(6)=30.27, p<.001). Figure 62 shows the standard deviations for each
interval origin; a smaller standard deviation indicates a more stable coordination with the
respective timepoint. Based on post-hoc pairwise comparisons using emmeans with Holm

correction, L pitch accent tone to V onset and V onset to c-center intervals were least stable,
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followed by L pitch accent tone intervals with V peak velocity and V target. L tone intervals

with C onset, C peak velocity, and C target were the most stable.
Figure 62. Stability of L tone with kinematic landmarks in real words.
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The standard deviations for each interval origin for neologisms is provided in Figure 63. The
model for neologisms indicated main effects of INTERVAL ORIGIN (F(6)= 16.89, p<.001),
but post-hoc pairwise comparisons using emmeans with Holm correction revealed that
interval origins using C gesture timepoints were more stable than those of V gestures. V onset
to c-center interval was also stable. C gesture timepoints and V onset to c-center were not

significantly different from each other, indicating that they were relatively equally stable.

Figure 63. Stability of L tone with kinematic landmarks in neologisms. Smaller

standard deviation indicates more stable coordination with the respective timepoint. The
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pitch accent L tone was more stable with C gesture timepoints than with V gesture

timepoints.

Standard Deviation of Pitch Accent to Kinematic Landmark Intervals for Neologisms
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5.3.2.4. Stability of the pitch accent L tone gesture with H boundary tone

Finally, we analyzed the stability of the relative timing between the pitch accent and the
boundary tone in the final syllable of penultimate-accented words by examining the stability
of the interval between the onset of the pitch accent L tone and the onset of the H boundary
tone. Since we know that these tones occur sequentially, with other tones such as the L
component of the LH boundary tone occurring in between, we expect anti-phase coordination.
However, even if the two tones vary relative to kinematic landmarks (such as C or V onset),
do they stay relatively stably timed with respect to each other? To examine this question, we

looked at the coefficient of variation, which is a measure of dispersion which takes the
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standard deviation and the mean to show the relative dispersion of data points around the
mean. The coefficient of variation is typically expressed as a percentage.

In real words, the coefficient of variation for the interval between the pitch accent L and
the H boundary tone (L to H) was only 7.36%, a relatively low value compared to the CV of
intervals with other landmarks which were all above 29%. In neologisms, the coefficient of
variation for L to H was 9.64%, again the lowest out of all other landmarks, although V target
was similarly low at 9.71%. These measures are a good indication the pitch accent L and the

boundary tone H are quite stably timed relative to timing with other kinematic landmarks.

5.4. Discussion

In this study, we asked two questions: (i) how are boundary tones coordinated with
constriction gestures in Japanese, and (ii) does boundary tone coordination interact with the
position of lexical pitch accent? We began our investigation with a X-JToBI analysis which
confirmed that, as expected, all test words had a LH% boundary tone rise in FO in the phrase-
final syllable. The analysis also confirmed that pitch accented words showed a fall in FO from
H to L in the syllable following the accented one. In final-accented words and unaccented
words, where there is no pitch accent or no syllable following the accented one, there was no
such fall in FO.

Gestural scores generated based on the timing of the H tone with C and V constriction
gestures within the phrase-final syllable of antepenultimate- and penultimate-accented words
showed that the BT H tone is initiated after the target of the V constriction gesture is reached.
We then examined the alignment of the onset of the H boundary tone, which was measured
based on the turning point from L to H in the final syllable. Intervals based on the relative

timing of the vowel onset with various kinematic landmarks (e.g. onsets, peak velocity, and
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target onset/offset timepoints for C and V constriction gestures) were calculated. Linear mixed
effects models for real and nonce words found that the onset of the H boundary tone occurs
later when pitch accent is later in the word. In other words, regardless of the vowel’s duration,
relative to the onset of the vowel, the H boundary tone is initiated later in penultimate-accented
words, compared to antepenultimate-accented words. So with regards to our research question,
pitch accent position does indeed appear to affect boundary tone coordination.

To better understand the effect of pitch accent on the timing of the boundary tone H, we
ran a linear mixed effects model on the stability of the H tone with kinematic landmarks in
the phrase-final vowel in penultimate-accented words, where there is additionally a pitch
accent tone gesture within the phrase-final syllable. We found that the BT H tone is most
stably aligned with the target timepoint within the final V gesture.

We then similarly examined the coordination of the pitch accent L tone with kinematic
landmarks. The linear mixed effects models indicated that pitch accent L was timed closely
with the peak velocity timepoint of the C constriction gesture. In terms of stability, C gesture
timepoints generally seemed more stable compared to those of V gestures. However, the L
tone being timed with peak velocity is not predicted in the Articulatory Phonology framework,
where boundary tone coordination is either in-phase (synchronous) or anti-phase (sequential),
with the L tone aligned with the onset or target of the C or V gestures. Alignment with peak
velocity of the C gesture suggests there may be a weak c-centering effect, where the tone
gesture and the C gesture are shifted relative to the V onset.

To get a better sense of the coordination of tonal gestures with C and V constriction
gestures, we also analyzed the stability of the pitch accent L tone with the boundary tone H

gesture, to explore whether the tone gestures are stably timed with respect to each other. An
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analysis using the coefficient of variance found that the L and H tones are quite stably timed
with each other. These two tones are assumed to be anti-phase with each other since they
occur sequentially, with other L tones in between. Given that the timing between the L and H
is relatively stable, it makes sense that the pitch accent “pushes” the H tone later in
penultimate-accented words. This also fits predictions from tonal crowding account.
However, tonal crowding per se cannot account for the related temporal effects at the
boundary. In the previous chapter, we found a similar effect of pitch accent position on the
scope of phrase-final lengthening, which suggests some coordination between the pitch accent
and the m-gesture. In Greek, boundary tone gestures were similarly found to be initiated earlier
in words with non-final stress (Katsika, Krivokapi¢, et al. 2014). For Greek, an alternative
explanation was proposed, in which the boundary tone is coordinated with (i) the p-gesture
associated with the lexical stress in the phrase-final word and (ii) the n-gesture associated with
the phrase boundary (see Figure 13). Similar to Greek, the Japanese data so far indicate similar
patterns of interaction between lexical pitch accent and tonal and temporal boundary-related
events. However, while in Greek it is proposed that the p-gesture affects the coordination of
the m-gesture, which in turn triggers the boundary tone, there is no evidence this account can
be similarly applied to Japanese. Chapter 6 therefore explores the kinematic correlates of pitch
accent per se, in order to see if there is evidence of pitch accent correlation with longer
duration or greater displacement in Japanese, and help us better understand the connection

between word prosody and boundary marking.
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6. Lexical pitch accent

We have seen in Chapters 4 and 5 that boundary marking — phrase-final lengthening and
boundary tone coordination — interacts with lexical pitch accent in Japanese. In Greek, there
was a similar interaction between lexical stress and boundary marking, and an account within
the framework of Articulatory Phonology was proposed in which the n-gesture is coordinated
with the p-gesture associated with the stressed syllable of the phrase-final word. This
coordination with the p-gesture accounts for shifting of the n-gesture, which is evidenced by
changes in the scope of phrase-final lengthening. The initiation of boundary tones is likewise
shifted, being coordinated with the m-gesture. However, it remains to be seen whether an
account involving the p-gesture can be extended to and the similar findings so far regarding
the effect of lexical pitch accent on the scope of boundary lengthening and boundary tone
coordination, as it is also possible that the connection is due to some other relationship
between word prosody and boundary events in Japanese, such as a connection in the tonal
domain. This chapter investigates the durational and spatial correlates of lexical pitch accent

in Japanese.

6.1. Questions and predictions

The main question this chapter seeks to answer is whether there is any kinematic
evidence for durational or spatial correlates of lexical pitch accent in Tokyo Japanese. Since
p-gestures are expected to modulate the temporal or spatial unfolding of all co-active gestures,
consonant and vowel gestures coordinated with a p-gesture are expected to be affected in
durational or spatial dimensions. In order to further investigate the relationship between our

findings from Chapters 4 and 5, our questions for this chapter are the following:
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(1) Are the consonant and vowel constriction gestures in pitch accented syllables
longer than those in unaccented syllables?
(i1))  Are the consonant and vowel constriction gestures in pitch accented syllables
larger than those in unaccented syllables?
Duration is an unlikely correlate of accent in Japanese because vowel and consonant length is
phonemic (Cutler and Otake 1999; Kaiki, Takeda and Sagisaka 1992; Mori 2001).
Furthermore, while duration and intensity have been previously investigated as secondary
correlates of pitch accent, studies have only found weak or inconsistent correlations. For
instance, articulatory studies have found correlations between jaw displacement and stress in
English, with stress syllables showing larger jaw opening (e.g., Erickson, Suemitsu, et al. 2012;
Erickson, Kawahara, et al. 2014a; Erickson, Kawahara and Williams, et al. 2014b; Kelso, et
al. 1985; Menezes and Erickson 2013; Vatikiotis-Bateson and Kelso 1993), while similar
studies examining the effect of lexical pitch accent on jaw displacement in Japanese have
shown no correlation between the two (Kawahara, Erickson, et al. 2014). Since duration and
intensity are not typically considered strong correlates of lexical pitch accent in Japanese, we
do not expect to find that consonant and vowel constriction gestures in pitch accented syllables

are longer or larger than consonants and vowels constriction gestures in unaccented syllables.

6.2. Methods

In this chapter, we use the same kinematic data as the previous chapters to examine the
relationship between pitch accent and (i) temporal length and (ii) displacement. The data were
the same data described in Chapter 4 (two-syllable real words, three-syllable real words, and
neologisms), subsetted for phrase-medial words only in order to test the effect of lexical pitch

accent without any effects of boundary-related lengthening. As a reminder to the reader,
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antepenultimate and penultimate vowels in three-syllable real words were not reliable for
kinematic labeling, so that data set only includes constriction gestures for consonants and the
word-final vowels.

Duration was measured as the formation phase of consonant (C) and vowel (V)
constriction gestures, and displacement as the absolute displacement of gestures (absolute
values were used to account for the directions of high vs. low vowels). To test the effect of
pitch accent on duration and displacement, we ran linear mixed effects models on C and V
constriction gestures for each data set. Given that in Japanese, pitch accent is said to be
realized as a sharp fall in FO on the following mora, we decided to code our data to distinguish
a three-way contrast between ACCENTED syllable in an accented word (AA), UNACCENTED
syllable in an accented word (UA), and UNACCENTED syllable in an unaccented word (UU).
In this way, we hope to be able to detect any effect of pitch accent on duration or displacement
of consonant and vowel constriction gestures in the accented syllable as well as in the syllable
following a pitch accented syllable, as that is where the main pitch correlate occurs.

Consonant and vowel constriction gestures were labeled in Matlab with the procedures
described in Section 3.5.1. C and V duration were measured using formation duration of the
constriction gesture. We used z-scores to normalize all durations by Phoneme to account for
inherent differences by segment (Han 1961; Nishinuma 1979). Displacement was measured
using absolute values and also normalized by phoneme (Erickson, Kawahara and Moore, et
al. 2013; Kawahara, et al. 2014; Menezes and Erickson 2013; Williams, et al. 2013). Real
words were normalized separately from neologisms to reduce noise; data sets were not able
to be combined for models because of difficulties resolving different word lengths, number of

factors dependent on word length, and missing measurements for three-syllable word vowels.
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6.2.1. Statistical Analysis

The linear mixed effects model included (i) duration or (ii) displacement as the
dependent variable, ACCENT [levels: AA, UA, UU] and SYLLABLE POSITION for the model
of C gestures [C2 (antepenultimate), C1 (penultimate), CO (word-final)] as fixed factors, and
random intercepts by Speaker. Since only the final vowel was measured in three-syllable real

words, that model does not include a fixed factor of SYLLABLE POSITION.

6.3. Results: Duration

6.3.1. Neologisms

In neologisms, the data were a set of three-syllable words mamima with pitch accent
being antepenultimate, penultimate, ultimate, or unaccented. In consonant constriction
gestures, there was a significant interaction between ACCENT and SYLLABLE POSITION (p<.01).
Figure 64 shows that the only significant pairwise comparisons from emmeans was in the final
consonant (C0), where pitch accented syllables were longer than unaccented syllables in
accented (i.e., antepenultimate or penultimate accent) or unaccented words (Bua=0.46,
SE=0.10, p<0.001; Buu=0.29, SE=0.12, p<0.05). In vowel constriction gestures, there was no

main effect of ACCENT or SYLLABLE POSITION.
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Figure 64. Model predictions for normalized duration per constriction gesture in
neologisms. C2/V2 are in the antepenultimate syllable; C1/V1 in the penultimate

syllable; and C0/V0 in the word-final syllable.
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6.3.2. Three-syllable real words

In the three-syllable real word data, the model for consonant constriction gestures also
showed an interaction between ACCENT and SYLLABLE POSITION (p<.0001). However, there
was a complementary effect on duration in the final and penultimate syllables, which can be
seen in Figure 65. In the penultimate consonant (C1), pitch accented syllables were shorter
than unaccented syllables in accented or unaccented words (Bua=-0.38, SE=0.15, p<0.05;
Buu=-0.70, SE=0.17, p<0.001). In the final consonant (CO0), pitch accented syllables were
longer (Bua=0.94, SE=0.16, p<0.0001; Buu=-0.68, SE=0.20, p<0.01). In the model for vowel
constriction gestures, there was no factor of SYLLABLE POSITION because the data only

included final vowels. There was a main effect of ACCENT (p<.0001) in the opposite direction
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as consonants, with VO gestures being shorter in the final syllable when accented (Bua=-0.94,
SE=0.17, p<0.0001; Buu=-0.95, SE=0.21, p<0.0001) (compare CO and VO patterns in Figure

65).

Figure 65. Model predictions for normalized duration per constriction gesture in
three-syllable real words. C2 is the antepenultimate C gesture, C1 the penultimate, and

C0/V0 are the word-final C and V gestures.
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6.3.3. Two-syllable real words

The two-syllable word data were a minimal set consisting of the words nami versus
nami* versus na*mi. Again, there was a significant interaction between ACCENT and
SYLLABLE POSITION (p<.01). However, in this case the final consonant constriction gestures
(CO) of unaccented syllables in an unaccented word (UU) were longer than unaccented

syllables in an accented word (UA) (Bua=-0.67, SE=0.18, p<0.001) and longer than pitch
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accented syllables (AA) (Baa=-0.46, SE=0.18, p<0.05), as can be seen in Figure 66. In vowel
constriction gestures, there was no significant interaction between ACCENT and SYLLABLE
POSITION. There was a main effect of ACCENT (p<.001), with duration of vowel gestures in
unaccented words (UU) overall being shorter than accented words (fasa=0.41, SE=0.11,

p<0.001; Bua=0.41, SE=0.11, p<0.001). There was no main effect of SYLLABLE POSITION.

Figure 66. Model predictions for normalized duration per constriction gesture in

two-syllable real words.
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6.3.4.Summary

All in all, there were no consistent correlations found between pitch accent and duration.
While the models for some data sets showed significant interactions between ACCENT and
SYLLABLE POSITION, this interaction was only on the final consonant (CO0) in two-syllable real
words and neologisms, and on the penultimate consonant (C1) in three-syllable real words.

Furthermore, the direction of the effect of pitch accent was not consistent. For example,
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although there was an effect of pitch accent on duration in vowels, in real words the
constriction gestures were longer when accented in two-syllable words, whereas in three-
syllable words the constriction gestures were shorter when accented. Neologisms showed no
significant interaction at all in the models for vowel gestures. There was also inconsistent
patterning between unaccented syllables in pitch-accented words vs. unaccented syllables in
unaccented words. It is possible that rhythmic reasons may also play a role, as three-syllable
real words and three-syllable neologisms both showed longer CO formation duration when the

final syllable was accented, while two-syllable real words did not show the same pattern.

6.4. Results: Displacement

6.4.1. Results: Neologisms

There was no significant interaction between ACCENT and SYLLABLE POSITION in
consonant or vowel models, SO a visualization of the model predictions for the interaction
could not be generated. In consonant constriction gestures, the only effect on displacement
was a main effect of SYLLABLE POSITION (p<.0001), with a three-way distinction in the size
of gestures in antepenultimate, penultimate, and ultimate syllables (see Figure 67). Gestures
in the antepenultimate syllable (C2) were the largest (Bc1=1.23, SE=0.06, p<.0001; Bco=1.89,
SE=0.06, p<.0001), and consonants in the final syllable (C0O) were the smallest (Bc1=0.66,
SE=0.06, p<.0001). This difference is illustrated in the figure below and may be explained by
the fact that the antepenultimate syllable is AP-initial, an inherently strong position in this
head/edge prominence language (Jun 2014). There were no significant interactions or main

effects in the models for vowel gestures.
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Figure 67. Normalized displacement per constriction gestures in neologisms.
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6.4.2. Results: three-syllable real words

In three-syllable real words, there was a significant interaction between ACCENT and
SYLLABLE POSITION for consonant constriction gestures (p<.01). Figure 68 shows the results
of pairwise comparisons using emmeans where consonant constriction gestures of accented
syllables in the final syllable (C0) were larger than those of unaccented syllables (Bua=1.05,
SE=0.18, p<.0001; Buu=0.78, SE=0.22, p<.001). There was no significant difference between
the two unaccented conditions. Since only the final vowel was measured in three-syllable
words, the model for vowels did not include a factor of SYLLABLE POSITION. There was a main
effect of ACCENT (p<.0001). Opposite to the results for consonant gestures, vowel gestures in

the final syllable were smaller when accented (Bua=-1.11, SE=0.12, p<.0001; Buu=-1.04,
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SE=0.15, p<.001). The results for CO and VO gestures in the final syllable match with the

patterns found for temporal effects.
Figure 68. Normalized displacement per constriction gesture in three-syllable real
words.
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6.4.3. Results: two-syllable real words

In two-syllable real words, there was no significant interaction between ACCENT and
SYLLABLE POSITION for consonant constriction gestures, so no figure to illustrate those
comparisons was produced. Figure 69 shows the main effect of SYLLABLE POSITION (p<.0001),
where word-final (C0) consonant gestures were larger than penultimate (C1) gestures (Bco=-
0.63, SE=0.08, p<0.0001). This was also the case for the vowel gestures, where there was no
significant interaction, but a main effect of SYLLABLE POSITION (p<.05) where the word-final
vowel (VO0) gesture was larger than the penultimate (V1) gesture (Bvo=-0.12, SE=0.08,

p<0.05). There was no main effect of ACCENT for consonants or vowels.
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Figure 69. Normalized displacement per constriction gesture in two-syllable real

words.
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6.4.4. Summary

Except for consonants in three-syllable real words, none of the models for consonant or
vowel constriction gestures showed a significant interaction between ACCENT and SYLLABLE
PoOsITION. The model for three-syllable real words had an effect of ACCENT in the final C and
V gestures, where the C0 gesture was larger when accented and VO was smaller when accented.
Neologisms and two-syllable real words had main effects of SYLLABLE POSITION with
inconsistent directions. In neologisms, the antepenultimate C gesture was larger than the final
C gesture, but in two-syllable real words, the penultimate C and V gestures were smaller than
the final C and V gestures. In summary, there were no consistent correlations between pitch
accent and displacement in any of the data. In other words, pitch accented syllables were not

systematically larger than unaccented syllables.
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6.5. Discussion

The kinematic data in this study confirms that there is no strong or consistent correlation
between pitch accent and consonant or vowel duration in Tokyo Japanese, as expected based
on previous literature. Across the three data sets, accented syllables were not consistently
longer or larger than unaccented syllables. In languages like English, constriction gestures in
a stressed syllable are correlated with longer durations or larger displacement, which may be
modeled in Articulatory Phonology as a result of clock-slowing effects of a p-gesture with
concurrently active constriction gestures within the stressed syllable. However, we have found
a lack of such a correlation between pitch accent and duration or displacement in consonant
and vowel constriction gestures in Japanese. As p-gesture would be expected to exert global
slowing effects on all overlapping gestures, this suggests that pi-gesture account does not hold
for pitch accented syllables in Tokyo Japanese.

One aspect of this study which merits further research is the role of rhythm and foot
structure. Results across models were inconsistent, which may possibly be related to factors
such as word length and stress. Word length is relevant because many phonological and
morphological processes in Japanese can be generalized with the existence of bimoraic feet
as a prosodic unit above the mora (e.g., compound clipping (Kubozono 1999), noun-noun
compound accent rule (Haruo 1997), hypocoristic formation (Poser 1990)). Further studies to
directly investigate the effect of moraic structure on kinematic and tonal effects in Japanese
are warranted. The main finding from the current study is that the results from our analysis
show that lexical pitch accent in Japanese does not correlate with longer duration or larger

displacement of consonant and vowel constriction gestures.

124



The main conclusion from this analysis is that there is no robust correlation between
lexical pitch accent and consonant and vowel duration or displacement. Within the
Articulatory Phonology framework, we take this to mean that there is no evidence for the
account that pitch accented syllables are associated with a temporal or spatial p-gesture

affecting consonant or vowel constrictions.
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7. General Discussion/Conclusions

In this dissertation, we have taken a close look at how word-level prosody in Japanese
interacts with phrase-level prosodic marking in the temporal and tonal domains. Using
carefully designed experiments, we collected kinematic data to examine the effect of lexical
pitch accent position on the scope of phrase-final lengthening and the coordination of phrasal
boundary tones.

Recent work has found that in head-prominence languages, the position of lexical stress
can affect the stretch of speech affected by phrase-final lengthening. In an articulatory study
on Greek, Katsika (2016) found that lengthening began earlier in words with non-final stress.
Within the framework of Articulatory Phonology, prosodic boundaries are instantiated by a
prosodic gesture known as a n-gesture, which has slowing effects on any co-active gestures;
the earlier the overlap with the n-gesture, the earlier the slowing effects begin. Furthermore,
another study found that in Greek, the position of lexical stress in the phrase-final word also
affects the initiation of the boundary tone (Katsika, Krivokapi¢, et al., 2014). Boundary tones
were found to be initiated earlier when lexical stress was earlier in the word. An account for
the similarity of these findings to those of the interaction of lexical stress with the scope of
phrase-final lengthening was proposed in which the pi-gesture associated with lexical stress is
coordinated with the m-gesture at the prosodic phrase boundary. The m-gesture triggers the
boundary tone, so that lexical stress being later in the phrase-final word affects m-gesture
coordination, which in turn affects boundary tone timing.

Turning to Japanese, we have similarly found effects of word prosody on the scope of

phrase-final lengthening and the timing of boundary tone initiation. In particular, Chapter 4
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found that there is more lengthening in words with pitch accent earlier in the word compared
to words with pitch accent later in the word. Within the Articulatory Phonology framework, a
greater amount of lengthening can be interpreted as greater overlap with the maximum
activation of the m-gesture. Thus, pitch accent position in Japanese also affects the scope of
slowing effects imposed by the n-gesture. In the tonal domain, we found in Chapter 5 that the
final H of the complex LH% question boundary tone was also initiated later in penultimate-
accented words compared to antepenultimate-accented words. Furthermore, an alignment
analysis of the timing of tones in the phrase-final syllable of penultimate-accented words
showed that the L tone of the lexical pitch accent was initiated near the peak velocity of the C
constriction gesture, and there were indications of a weak c-centering effect where the timing
of the C gesture and the pitch accent L tone may be shifted in relation to the V gesture onset.
A c-centering effect is not unexpected, especially as lexical tones in Mandarin have also been
proposed to influence C and V gesture coordination and have c-center effects (Gao 2008). In
addition, an analysis of the interval between the pitch accent L and the boundary H tones
found that the two tones were relatively stably timed with respect to each other. These findings
together must also be interpreted in light of the results from Chapter 6, where no strong or
consistent correlation between lexical pitch accent and longer duration or larger displacement
of consonant and vowel gestures was found. We interpret these findings as no evidence
supporting a spatial or temporal p-gesture account for constriction gestures.

Altogether, a new account for the relationship between word-level prosody and temporal
and tonal events at the phrase-level is proposed. Whereas the account for Greek involves the
p-gesture associated with the lexically stressed syllable, we have not found any correlation

between duration or displacement with constriction gestures in pitch accented syllables.
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However, Japanese word prosody is realized in the tonal domain, where an interaction with
boundary tones is expected. Indeed, tonal crowding predicts the effects we see, where in the
case of penultimate-accented words, more tones in the phrase-final syllable results in later
initiation of the final tone gesture. Our analysis indicated that the pitch accent L tone and the
H boundary tone may be timed most stably with respect to each other, in anti-phase
coordination. Since the boundary tone is connected to the m-gesture at the phrase edge, it is
possible that the coordination between the pitch accent L tone and the boundary H tone affects
the m-gesture’s coordination, which in turn is realized as an effect on the scope of phrase-final
lengthening in the temporal domain. A schematic representation of the proposed account is

provided in Figure 70.

Figure 70. Schematic representation of the coordination of phrase-final n-gestures,
lexical and boundary tones, and V constriction gestures in three-syllable words with (a)
antepenultimate and (b) penultimate pitch accent. Dotted black lines represent anti-

phase coordination, while solid black lines represent in-phase coordination. The blue
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triangle corresponds to the point where the boundary tone is triggered by the n-gesture’s

strength of activation. This model is based on the one proposed in Katsika (2016).

PA .................... BT

PA | BT
‘/ )

b Vv Vv Vv

The main implications of this proposed account is that a more complete view of
intonation might need to consider both tonal and temporal events. In Japanese, we have seen
that similarly to Greek, word-level prosody and phrase-level prosody are interconnected, and
the position of word accent has an effect on the timing and coordination of events at the phrase
edge. By using articulatory data to closely examine the timing of temporal and tonal events
with respect to consonant and vowel constriction gestures, we have found that the n-gesture’s
coordination can be affected by the coordination of lexical and phrasal tone gestures in the
tonal domain. The interaction of boundary marking with word prosody suggests that the most

complete account of intonation involves both temporal and tonal domains.
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Appendix: Model outputs of analyses

provided in the order presented in the

dissertation

A. Model output for neologism C models. Normalized formation duration and release

duration by boundary, pitch accent position, and syllable position.

Predictors

FormDUR_norm

RelDUR_norm

Estimates Cl p  Estimates Cl p
(Intercept) .15 0.77-1.52 <0.001 -0.51 -0.78—-  <0.001
0.24
Boundary [PhM] -0.07 - 0.515 0.12 - 0.280
0.30-0.15 0.10-0.34
PitchAccent [Penult] -0.20 - 0.085 0.04 - 0.715
0.43 -0.03 0.18-0.26
PitchAccent [Ultima] -0.26 -0.49 — - 0.028 0.09 - 0.410
0.03 0.13-0.32
PitchAccent -0.38 -0.60 — - 0.001 0.10 - 0.363
[Unaccented] 0.15 0.12-0.32
SyllPos [C1] -1.89 211—--  <0.001 0.04 - 0.707
1.66 0.18-0.26
SyllPos [CO] -1.36 -1.59--  <0.001 245 223-2.67 <0.001
1.14
Boundary [PhM] * 0.20 - 0.207  -0.02 - 0.922
PitchAccent [Penult] 0.11-0.52 0.33-0.30
Boundary [PhM] * 0.25 - 0.132 0.02 - 0.882
PitchAccent [Ultima] 0.08 —0.57 0.29-0.34
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Boundary [PhM] *
PitchAccent
[Unaccented]

Boundary [PhM] *
SyllPos [C1]

Boundary [PhM] *
SyllPos [CO]

PitchAccent [Penult]
*SyllPos [C1]

PitchAccent [Ultima]
*SyllPos [C1]

PitchAccent
[Unaccented]
* SyllPos [C1]

PitchAccent [Penult] *
SyllPos [CO]

PitchAccent [Ultima]
*SyllPos [CO]

PitchAccent
[Unaccented]
* SyllPos [CO]

(Boundary [PhM] *
PitchAccent [Penult])
*SyllPos [C1]

(Boundary [PhM] *
PitchAccent [Ultimal)
*SyllPos [C1]

(Boundary [PhM] *
PitchAccent
[Unaccented])

* SyllPos [C1]

(Boundary [PhM] *
PitchAccent [Penult])
*SyllPos [CO]

0.17

-0.01

-0.35

0.23

0.15

0.21

0.29

0.29

0.48

-0.11

-0.02

0.02

-0.08

0.15-0.49

0.33-0.31

-0.67 —-
0.03

0.09 - 0.55

0.18 —0.47

0.11 -0.53

0.03-0.61

0.03-0.61
0.16 - 0.80

0.56 - 0.33

0.48 -0.44

0.43 -0.47

0.53-0.37
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0.310

0.957

0.032

0.161

0.369

0.199

0.072

0.080

0.003

0.617

0.939

0.929

0.719

0.03

-0.08

-2.50

0.05

0.09

0.01

-0.18

-0.19

-0.34

0.01

0.07

0.01

0.18

0.28 -0.35

0.39-0.23

-2.81 —-
2.19

0.26 - 0.36

0.22-0.41

0.30-0.32

0.49-0.13

0.51-0.13

-0.65 —-
0.03

0.43-0.45

0.38 -0.51

0.44 -0.45

0.26 - 0.62

0.829

0.615

<0.001

0.759

0.566

0.963

0.261

0.239

0.031

0.962

0.774

0.978

0.413



(Boundary [PhM] * 0.30 - 0.200 0.49 0.04-0.94 0.031
PitchAccent [Ultima]) 0.16 —0.76
*SyllPos [CO]
(Boundary [PhM] * 0.01 - 0.964 0.24 - 0.280
PitchAccent 0.44 - 0.46 0.20-0.69
[Unaccented])
* SyllPos [CO]
Random Effects
o’ 0.28 0.27
T00 0.15 Speaker 0.06 Speaker
ICC 0.34 0.19
N 5 Speaker 5 Speaker
Observations 1014 1014
Marginal R? / 0.567/0.716 0.667 /0.730
Conditional R?

B. Summary of the results of linear mixed effects models with regard to boundary

effects and the interaction between boundary and pitch accent (*p<.05, **p<.01,

xip<,001).
BxPAxS CF CR V F
Neologisms n.s. n.s. X%(6)=2.52*
Three-syllable real words | n.s. X%(6) =2.92 ** X2(3) = 15.129 ***

Two-syllable real words

X2(2) = 5.76 **

X2(2) = 11.861%**

X2(2) =3.8277 *
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C. Model output for neologism V models. Normalized formation duration by

boundary, pitch accent position, and syllable position.

FormDUR_norm

Predictors Estimates Cl p
(Intercept) -040 -0.81-0.02 0.062
Boundary [PhM] 0.03 -0.29-035 0.838
PitchAccent [Penult] 0.01 -0.31-0.33 0970
PitchAccent [Ultima] 0.06 -0.26 -0.39  0.702
PitchAccent [Unaccented] 0.10 -0.22-0.41  0.555
SyllPos [V1] 0.48 0.16-0.80  0.003
SyllPos [VO0] 1.79 1.48-2.11 <0.001
Boundary [PhM] * 0.08 -0.36-0.53 0.716

PitchAccent [Penult]

Boundary [PhM] * 0.07  -0.38—-0.53 0.751
PitchAccent [Ultima]

Boundary [PhM] * -0.02  -047-0.44 0.946
PitchAccent [Unaccented]

Boundary [PhM] * SyllPos ~ -0.62  -1.07--0.17  0.007
[V1]

Boundary [PhM] * SyllPos -1.96 -241--1.51 <0.001
[VO]
PitchAccent [Penult] * 0.12 -0.34-0.57 0.614

SyllPos [V1]

PitchAccent [Ultima] * 0.11 -0.35-0.56  0.650
SyllPos [V1]

PitchAccent [Unaccented] -0.03 -048-042 0.902
* SyllPos [V1]

PitchAccent [Penult] * -0.06  -0.51-0.39 0.794
SyllPos [VO0]
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PitchAccent [Ultima] *
SyllPos [VO0]

PitchAccent [Unaccented]
* SyllPos [VO]

(Boundary [PhM] *
PitchAccent [Penult]) *
SyllPos [V1]

(Boundary [PhM] *
PitchAccent [Ultima]) *
SyllPos [V1]

(Boundary [PhM] *
PitchAccent [Unaccented])
* SyllPos [V1]

(Boundary [PhM] *
PitchAccent [Penult]) *
SyllPos [VO0]

(Boundary [PhM] *
PitchAccent [Ultima]) *
SyllPos [VO0]

(Boundary [PhM] *
PitchAccent [Unaccented])
* SyllPos [VO]

Random Effects

02

T00 Speaker

ICC

N Speaker

-0.71

-0.67

0.12

0.73

0.21

0.13

0.94

0.80

0.54
0.16
0.22
5

-1.17--0.26

-1.11--0.23

-0.51-0.75

0.09 - 1.37

-0.42-0.85

-0.49-0.76

0.30 - 1.58

0.16 -1.43

0.002

0.003

0.700

0.026

0.508

0.678

0.004

0.014

Observations
Marginal R? / Conditional R?

1001

0.298 /0.456
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D. Model output for three-syllable word C models. Normalized formation duration and

release duration by boundary, pitch accent position, and syllable position.

FormDUR_norm RelDUR_norm

Predictors Estimates Cl p  Estimates Cl p
(Intercept) 0.32 - 0.144 -0.17 - 0.303
0.11-0.75 0.50-0.16
Boundary [PhM] -0.01 - 0976 -0.18 - 0.336
0.38-0.37 0.55-0.19
PitchAccent [Penult] -0.48 -0.80—--  0.004 -0.23 - 0.162
0.16 0.55-0.09
PitchAccent [Ultima] 0.11 - 0.555 1.25 0.88-1.62 <0.001
0.26 -0.48
PitchAccent -0.41 -0.78—- 0.031 0.24 - 0.204
[Unaccented] 0.04 0.13-0.61
SyllPos [C1] -0.31 - 0.106 0.54 0.16—0.91 0.005
0.68 —0.07
SyllPos [CO] 0.43 0.06-0.80 0.022 135 097-1.72 <0.001
Boundary [PhM] * -0.01 - 0.967  0.09 - 0.697
PitchAccent [Penult] 0.47-0.45 0.37-0.55
Boundary [PhM] * -0.03 - 0923 0.14 - 0.614
PitchAccent [Ultima] 0.57-0.52 0.41 -0.69
Boundary [PhM] * 0.28 - 0295  0.17 - 0.512
PitchAccent 0.24-0.80 0.35-0.70
[Unaccented]
Boundary [PhM] * 0.03 - 0.900 0.19 - 0.493
SyllPos [C1] 0.50 - 0.56 0.35-0.72
Boundary [PhM] * -0.71 -1.23—-- 0.008 -0.96 -1.49--  <0.001
SyllPos [CO] 0.18 0.44
PitchAccent [Penult] * 0.15 - 0.521 -0.58 -1.04 — - 0.014
SyllPos [C1] 0.31-0.61 0.12
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PitchAccent [Ultima] *
SyllPos [C1]

PitchAccent
[Unaccented]
* SyllPos [C1]

PitchAccent [Penult] *
SyllPos [CO]

PitchAccent [Ultima] *
SyllPos [CO]

PitchAccent
[Unaccented]
* SyllPos [CO]

(Boundary [PhM] *
PitchAccent [Penult]) *
SyllPos [C1]

(Boundary [PhM] *
PitchAccent [Ultima]) *
SyllPos [C1]

(Boundary [PhM] *
PitchAccent
[Unaccented])

* SyllPos [C1]

(Boundary [PhM] *
PitchAccent [Penult]) *
SyllPos [CO]

(Boundary [PhM] *
PitchAccent [Ultima]) *
SyllPos [CO]

(Boundary [PhM] *
PitchAccent
[Unaccented])

* SyllPos [CO]

Random Effects

02

T00

-0.16

0.56

-0.09

0.02

-0.15

-0.06

-0.26

-0.27

-0.16

0.20

0.03

0.77

0.71 -0.39

0.03 -1.08

0.54 -0.37

0.50 -0.55

0.67-0.37

0.71 -0.59

1.08 —0.55

1.01 -0.47

0.80-0.48

0.57-0.96

0.70 - 0.77

0.15 Speaker
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0.574

0.037

0.706

0.930

0.573

0.853

0.528

0.475

0.629

0.614

0.928

-1.47

-0.27

-0.39

-1.76

-1.02

-0.21

-0.59

-0.11

-0.20

0.78

0.16

0.77

-2.02 —-
0.92

0.79 - 0.26

0.84 - 0.07

-2.28 —-
1.23

-1.55—-
0.50

0.86 -0.44

1.40-0.22

0.85-0.64

0.84-0.45

0.01-1.54

0.58 - 0.89

0.05 Speaker

<0.001

0.319

0.096

<0.001

<0.001

0.531

0.155

0.774

0.549

0.046

0.678



ICC 0.16 0.06

N 5 Speaker 5 Speaker
Observations 1241 1241
Marginal R? / 0.126/0.270 0.263/0.308
Conditional R?

E. Model output for three-syllable word V model. Normalized formation duration by

boundary and pitch accent.

Predictors

FormDUR_norm

Estimates Cl p
(Intercept) 1.78 1.51-2.05 <0.001
Boundary [PhM] -2.33  -2.62--2.04 <0.001
PitchAccent [Penult] -045 -0.74—-0.17 0.002
PitchAccent [Ultima] -1.53  -1.82--1.25 <0.001
PitchAccent [Unaccented] -0.67 -098--0.37 <0.001
Boundary [PhM] * 0.33 -0.06 -0.72  0.100
PitchAccent [Penult]
Boundary [PhM] * 1.16 0.77-1.55 <0.001
PitchAccent [Ultima]
Boundary [PhM] * 1.02 0.59-1.44 <0.001
PitchAccent [Unaccented]
Random Effects
o? 0.38
T00 Speaker 0.04
ICC 0.09
N Speaker 5
Observations 303

Marginal R? / Conditional R 0.686/0.713
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F. Model output for two-syllable word C models. Normalized formation duration and

release duration by boundary, pitch accent position, and syllable position.

Predictors

FormDUR_norm

RelDUR_norm

Estimates Cl p  Estimates Cl p
(Intercept) -0.19 - 0.391 -0.07 - 0.639
0.64 —0.25 0.36-0.22
Boundary [PhM] 0.20 - 0.223  -0.24 -0.47 — - 0.044
0.12-0.53 0.01
PitchAccent [Ultima] 0.11 - 0.482 0.02 - 0.888
0.20-0.43 0.21-0.24
PitchAccent 0.19 - 0.245  -0.12 - 0.289
[Unaccented] 0.13-0.51 0.35-0.10
SyllPos [CO] 0.76  043-1.08 <0.001 0.65 0.42-0.88 <0.001
Boundary [PhM] * -0.32 - 0.167 0.01 - 0.938
PitchAccent [Ultima] 0.78 -0.14 0.31-0.34
Boundary [PhM] * -0.38 - 0.102 033  0.01-0.66 0.044
PitchAccent 0.84 —0.08
[Unaccented]
Boundary [PhM] * -1.34 -1.80--  <0.001 -1.57 -1.90--  <0.001
SyllPos 0.87 1.25
[CO]
PitchAccent [Ultima] -0.18 - 0.447  -0.13 - 0.421
* SyllPos [CO] 0.64 —0.28 0.45-0.19
PitchAccent -0.31 - 0.193 0.30 - 0.065
[Unaccented] 0.77-0.15 0.02 -0.63
* SyllPos [CO]
(Boundary [PhM] * 0.59 - 0.080 0.16 - 0.505
PitchAccent [Ultimal) 0.07-1.24 0.30-0.62
* SyllPos [CO]
(Boundary [PhM] * .13 048-1.79 0.001 1.06  0.60-1.52 <0.001

PitchAccent
[Unaccented])
* SyllPos [CO]
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Random Effects

o’ 0.61 0.30

T00 0.19 speaker 0.08 speaker
ICC 0.24 0.21

N S Speaker S Speaker
Observations 523 523
Marginal R? / 0.122/0.334 0.477/0.586
Conditional R?

G. Model output for two-syllable word V model. Normalized formation duration by

boundary, pitch accent position, and syllable position.

FormDUR_norm

Predictors Estimates Cl p
(Intercept) -0.16 -039-0.06 0.156
Boundary [PhM] -0.04 -030-0.22 0.762
PitchAccent [Ultima] -0.09 -035-0.18 0.522
PitchAccent [Unaccented] -0.03 -031-024 0.817
SyllPos [VO0] 1.37 1.11-1.63 <0.001
Boundary [PhM] * 0.02 -035-040 0.899
PitchAccent [Ultima]

Boundary [PhM] * -020 -0.57-0.18 0.308
PitchAccent [Unaccented]

Boundary [PhM] * SyllPos -1.87 -2.24—--1.51 <0.001
[VO]

PitchAccent [Ultima] * -0.48 -0.86--0.10 0.013

SyllPos [VO0]

PitchAccent [Unaccented] -0.58 -0.97--0.20 0.003
* SyllPos [VO]
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(Boundary [PhM] * 0.54 0.01 -1.07  0.047
PitchAccent [Ultima]) *
SyllPos [VO0]

(Boundary [PhM] * 0.72 0.18—1.25  0.009
PitchAccent [Unaccented])
* SyllPos [VO]

Random Effects
o’ 0.37
T00 Speaker 0.02
ICC 0.06
N Speaker 5
Observations 482

Marginal R? / Conditional R?  0.472/0.502

H. Summary of the results of linear mixed effects models for H boundary tone

initiation showing a main effect of pitch accent (*p<.05, **p<.01, ***p<.001).

Real words Neologisms

PITCH ACCENT X2(1) = 43.093 ** X%(1)=6.5931 *

1. Model output for linear mixed effects models for real words and neologisms. Interval

between V gesture onset and onset of boundary H tone by pitch accent position.

VONStoBT norm VONStoBT norm
Predictors Estimates Cl p Estimates Cl p
(Intercept) -0.76  -1.07--0.44 <0.001 -046 -0.97-0.06 0.080
PitchAccent 1.42 099-1.84  <0.001 0.79 0.27-1.30 0.004
[Penultimate]
Random Effects
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o’ 0.48 0.72

T00 0.00 speaker 0.12 speaker
ICC 0.14

N 4 speaker 4 speaker
Observations 43 44

Marginal R? / 0.516/0.516 0.158/0.275
Conditional R?

J. Model output for normalized formation duration of neologism consonant and vowel

constriction gestures. Formation duration by accent status and syllable position.

Consonants Vowels
FormDUR_norm FormDUR_norm
Predictors Estimates Cl p  Estimates cl p
(Intercept) 1.06 0.69-1.44 <0.001 0.10 - 0.626
0.31-0.52
ACCENT [UA] -0.00  -0.19-0.19 0.983 -0.02 - 0.816
0.22-0.17
ACCENT [UU] -0.21  -0.43-0.02 0.071 -0.04 - 0.738
0.26-0.19
SyllPos [C1] -1.73 -1.95--  <0.001
1.51
SyllPos [CO] -1.10 -1.33—-- <0.001
0.88
ACCENT [UA] * -0.06  -0.33-0.21 0.683
SyllPos [C1]
ACCENT [UU] * 0.11 -0.21-0.42 0.506
SyllPos [C1]
ACCENT [UA] * -0.45 -0.73 —- 0.001
SyllPos [CO] 0.18
ACCENT [UU] * -0.09 -0.41-0.23 0.598

SyllPos [CO]
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SyllPos [V1] -0.04 ; 0.700

0.23-0.16
SyllPos [VO0] -0.09 - 0.382
0.28-0.11
Random Effects
o? 0.28 0.82
T00 0.15 speaker 0.17 speaker
ICC 0.36 0.17
N 5 Speaker 5 Speaker
Observations 510 506
Marginal R? / 0.572/0.724 0.001/0.174
Conditional R?

K. Model output for normalized formation duration in consonant and vowel
constriction gestures in three-syllable real words. Formation duration by accent status

and syllable position.

Consonants Vowels
FormDUR_norm FormDUR_norm
Predictors Estimates Ccl p  Estimates Ccl p
(Intercept) 036 -0.10-0.82 0.124 -0.80 -1.36 —- 0.005
0.24

ACCENT [UA] -0.33 -0.64—-  0.035 094 0.61-126 <0.001

0.02
ACCENT [UU] -0.13  -0.50-0.24 0498 0.95 0.53-1.36 <0.001
SyllPos [C1] -0.57 -0.89—-  0.001

0.24
SyllPos [CO] 030 -0.09-0.69 0.127
ACCENT [UA] * 0.71 029-1.13 0.001

SyllPos [C1]
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ACCENT [UU] * 0.83 0.34-1.32 0.001
SyllPos [C1]
ACCENT [UA] * 2061 -1.05—-  0.008
SyllPos [CO] 0.16
ACCENT [UU] * -0.55 -1.08 —-  0.041
SyllPos [CO] 0.02

Random Effects
o’ 0.77 0.76
T00 0.18 Speaker 0.31 Speaker
ICC 0.19 0.29
N 5 Speaker 5 Speaker
Observations 613 155
Marginal R? / 0.077/0.254 0.143/0.390
Conditional R?

L. Model output for normalized formation duration of consonant and vowel

constriction gestures in two-syllable real words. Formation duration by accent status

and syllable position.

Consonants

FormDUR_norm

Vowels
FormDUR_norm

Predictors Estimates CcI p  Estimates Cl p

(Intercept) 0.05 - 0.838 023 -0.27-0.73 0.365
0.44—-0.55

ACCENT [UA] -0.21 - 0.233 -0.07 -0.38—-0.24 0.652
0.55-0.13

ACCENT [UU] -0.19 - 0.265 -0.33 -0.63—-  0.037
0.53-0.15 0.02

SyllPos [CO] -0.16 - 0.367
0.50-0.19

ACCENT [UA] * -0.01 - 0.975

SyllPos [CO] 0.49 —0.48
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ACCENT [UU] *
SyllPos [CO]

SyllPos [VO0]

ACCENT [UA] *
SyllPos [VO0]

ACCENT [UU] *

0.65 0.17-1.14 0.008

0.09 -023-0.40 0.589

0.12  -032-0.56 0.579

-0.18  -0.62-0.26 0.427

SyllPos [VO0]
Random Effects
o’ 0.64 0.52
T00 0.24 speaker 0.26 speaker
ICC 0.27 0.34
N S Speaker 5 Speaker
Observations 257 250
Marginal R? / 0.049/0.308 0.052/0.373
Conditional R?

M. Summary of the results of linear mixed effects models for duration with regard to

ACCENT and SYLLABLE POSITION (*p<.05, **p<.01, ***p<.001).

ACCENT*SYLLABLE POSITION | Consonants Vowels
Neologisms X?%(4) = 3.86 ** n.s.
Three-syllable real words X2(4)=11.316 *** | __
Two-syllable real words X2(2) = 4.8507 ** n.s.
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N. Model output for normalized displacement of consonant and vowel constriction

gestures in neologisms. Normalized displacement by accent status and syllable position.

Consonants Vowels
DISP_norm DISP_norm
Predictors Estimates Cl p  Estimates Cl p
(Intercept) 1.08 0.84-1.33 <0.001 0.10 - 0.743
0.52-0.73
ACCENT [UA] -0.06 -0.18—-0.06 0.309 -0.07 - 0.357
0.22-0.08
ACCENT [UU] -0.11  -0.25-0.03 0.129 0.05 - 0.542
0.12-0.23
SyllPos [C1] -1.23 -1.35—- <0.001
1.11
SyllPos [CO] -1.89 -2.01 —- <0.001
1.77
SyllPos [V1] -0.02 - 0.777
0.17-0.13
SyllPos [VO0] -0.06 - 0.438
0.21-0.09
Random Effects
o’ 0.32 0.49
Too 0.06 Speaker 0.48 Speaker
ICC 0.15 0.49
N 5 Speaker 5 Speaker
Observations 510 506
Marginal R? / 0.617/0.676 0.003/0.494
Conditional R?
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O. Model output for normalized displacement of consonant and vowel constriction

gestures in three-syllable words. Normalized displacement by accent status and syllable

position.
Consonants Vowels
DISP_norm DISP_norm

Predictors Estimates Cl p  Estimates Ccl p

(Intercept) -0.02  -0.38-0.35 0.922 -0.89 -1.42 —- 0.001

0.36

ACCENT [UA] -0.25  -0.60-0.09 0.152 1.11 0.89-1.34 <0.001
ACCENT [UU] -0.29  -0.71-0.12 0.164 1.04 0.75-1.34 <0.001

SyllPos [C1] 0.35 -0.01-0.72 0.055

SyllPos [CO] 0.81 0.37-1.24 <0.001

ACCENT [UA] * 0.05 -0.42-0.52 0.837

SyllPos

[C1]

ACCENT [UU] * 0.25 -0.30-0.80 0.368

SyllPos

[C1]

ACCENT [UA] * -0.80 -1.29 —- 0.002

SyllPos 0.30

[CO]

ACCENT [UU] * -049 -1.09-0.10 0.106

SyllPos

[CO]
Random Effects

o’ 0.97 0.37

Too 0.06 Speaker 0.31 Speaker

ICC 0.06 0.46

N 5 Speaker 5 Speaker

Observations 613 155
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Marginal R? /
Conditional R?

0.087/0.140

0.262/0.601

P. Model output for normalized displacement of consonant and vowel constriction

gestures in two-syllable real words. Normalized displacement by accent status and

syllable position.
Consonants Vowels
DISP_norm DISP_norm
Predictors Estimates Ccl p  Estimates Ccl p
(Intercept) -0.26 - 0.187 0.16 - 0.661
0.64-0.13 0.55-0.87
ACCENT [UA] -0.03 - 0.765 -0.00 - 0.991
0.23-0.17 0.20-0.20
ACCENT [UU] -0.01 - 0.959 -0.09 - 0.359
0.21-0.20 0.29-0.11
SyllPos [CO] 0.63 0.46-0.79 <0.001
SyllPos [VO0] 0.20 0.03-0.36 0.018
Random Effects
o’ 0.45 0.43
T00 0.15 Speaker 0.62 Speaker
ICC 0.25 0.59
N 5 Speaker 5 Speaker
Observations 257 250
Marginal R? / 0.141/0.358 0.011/0.597
Conditional R?
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Q. Summary of the results of linear mixed effects models for displacement with regard

to ACCENT and SYLLABLE POSITION (*p<.05, **p<.01, ***p<.001).

ACCENT*SYLLABLE POSITION | Consonants Vowels
Neologisms n.s. n.s.
Three-syllable real words X2(4) =3.95 ** --
Two-syllable real words n.s. n.s.

R. Model output for tonal alignment of pitch accent L tone with kinematic landmarks

in real words

duration
Predictors Estimates Ccl P

(Intercept) 23.10 16.80 -29.40 <0.001
GROUP [C.pvel] -14.55  -22.00--7.09 <0.001
GROUP [C.target] 14.91 7.45-22.36  <0.001
GROUP [V.onset] -4.91 -12.36 - 2.55 0.196
GROUP [V.pvel] 53.09 45.64 -60.55 <0.001
GROUP [V.target] 126.00 118.55-133.45 <0.001
Expt [real] -3.06 -11.80 — 5.68 0.491
GROUP [C.pvel] * Expt 6.96 -527-19.19  0.263
[real]

GROUP [C.target] * Expt 2.26 -997-1449  0.716
[real]

GROUP [V.onset] * Expt 21.34 9.11 -33.57 0.001
[real]
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GROUP [V.pvel] * Expt -42.40  -54.63 —-30.17 <0.001
[real]
GROUP [V.target] * Expt -73.75  -85.99 —-61.52 <0.001
[real]
Random Effects
o? 157.17
T00 Speaker 11.83
ICC 0.07
N Speaker 4
Observations 210

Marginal R? / Conditional R  0.909/0.915
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