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ABSTRACT

The Theory of Adaptive Dispersion and Acoustic-phonetic Properties of Cross-language
Lexical-tone Systems

Jennifer Alexandra Alexander

Lexical-tone languages use fundamental frequency (FO/pitch) to convey word meaning.
About 41.8% of the world’s languages use lexical tone (Maddieson, 2008), yet those systems are
under-studied. | aim to increase our understanding of speech-sound inventory organization by
extending to tone-systems a model of vowel-system organization, the Theory of Adaptive
Dispersion (TAD) (Liljencrants and Lindblom, 1972). This is a cross-language investigation of
whether and how the size of a tonal inventory affects (A) acoustic tone-space size and (B)
dispersion of tone categories within the tone-space.

| compared five languages with very different tone inventories: Cantonese (3 contour, 3
level tones); Mandarin (3 contour, 1 level tone); Thai (2 contour, 3 level tones); Yoruba (3 level
tones only); and Igbo (2 level tones only). Six native speakers (3 female) of each language
produced 18 CV syllables in isolation, with each of his/her language’s tones, six times. I
measured tonal FO across the vowel at onset, midpoint, and offglide. Tone-space size was the FO
difference in semitones (ST) between each language’s highest and lowest tones. Tone dispersion
was the FO distance (ST) between two tones shared by multiple languages.

Following the TAD, | predicted that languages with larger tone inventories would have
larger tone-spaces. Against expectations, tone-space size was fixed across level-tone languages
at midpoint and offglide, and across contour-tone languages (except Thai) at offglide. However,

within each language type (level-tone vs. contour-tone), languages with smaller tone inventories
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had larger tone spaces at onset. Tone-dispersion results were also unexpected. The Cantonese

mid-level tone was further dispersed from a tonal baseline than the Yoruba mid-level tone;
Cantonese mid-level tone dispersion was therefore greater than theoretically necessary. The
Cantonese high-level tone was also further dispersed from baseline than the Mandarin high-level
tone — at midpoint and offglide only.

The TAD cannot account for these results. A follow-up analysis indicates that tone-space
size differs as a function of tone-language type: level-tone and contour-tone systems may not be
comparable. Another analysis plots tones in an onset FO x offglide FO space (following Barry
and Blamey, 2004). Preliminary results indicate that the languages’ tones are well-separated in

this space.
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CHAPTER ONE: INTRODUCTION AND LITERATURE REVIEW

1.1.  Introduction

In principle, an overarching goal of linguists is to examine and describe all languages as
accurately as possible. This serves to document the complexity of the world’s languages and to
facilitate understanding of the complexities and range of human psycholinguistic abilities.
Complete understanding of the structure and organization of linguistic systems, how they
interact, and how humans process the varied information, is only possible by the thorough
investigation of all aspects of language. Despite the fact that lexical tones are a component of
about 42% of the world’s languages (Maddieson, 2008), lexical-tone systems are under-studied
compared to segmental contrast systems (consonants and vowels). The overarching goal of this
study is to increase our understanding of speech-sound inventory organization by extending a
well-studied model of vowel system organization — the Theory of Adaptive Dispersion (TAD)
(Liljencrants and Lindblom, 1972) — to lexical tone systems. In particular, this is a cross-
language investigation of whether and how the type and number of tones in a language’s
inventory (its tone inventory composition) affects (A) its acoustic tone-space size and (B) the
dispersion of its tone categories within the tone space.

A key element of a comprehensive study of lexical tone systems is the judicious inclusion
of tone systems and inventories that compare and contrast critical properties of tones. To this
end, | examine three East Asian languages that have both contour and level tones — Cantonese (3
contour tones, 3 level tones), Mandarin (3 contour tones, 1 level tone), and Thai (2 contour tones,
3 level tones) — and two Nigerian level-tone-only languages, Yoruba (0 contour tones, 3 level

tones) and Igbo (0 contour tones, 2 level tones). Such diversity facilitates examination of general
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principles of tone organization, via specific research questions such as: Do languages with larger

tone inventories make use of a larger acoustic space than languages with smaller tone
inventories? By including a range of languages | aim to provide a generalizable view of the
effect of tone-inventory composition on both acoustic tone-space size and dispersion of tones
within the tone space.

The upcoming sections of this chapter are organized as follows. In section 1.2., | review
the TAD and how it approaches the study of the acoustics of vowel systems. In section 1.3,
review the literature on tone systems. Finally, in section 1.4., | provide a brief overview of the

current study, including a description of the structure of the dissertation document.

1.2. The Theory of Adaptive Dispersion (TAD)

The main aim of the Theory of Adaptive Dispersion (TAD) (cf. Liljencrants and
Lindblom, 1972; Lindblom, 1975; Lindblom, 1986) is to predict the phonetic structure of the
vowel inventories of the world’s languages. Crucially, the TAD evaluates the role that
perceptual contrast plays in vowel systems, positing that the vowels of a given language are
positioned in phonetic space in such a way as to make them highly contrastive. Certain
predictions of the theory have changed over time, including the predicted distance in acoustic
space for vowels to be considered maximally (or sufficiently) contrastive; assumptions regarding
language-universal vs. language-specific effects on vowel dispersion and vowel space
boundaries; and quantitative characteristics of the vowel space boundaries.

Liljencrants and Lindblom (1972) utilize a principle of maximal contrast within a

universal vowel space. This universal vowel space is modeled after a typical male speaker’s
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acoustic output of vowels according to specifications of the position and shape of the jaw, lips,

tongue, and larynx as defined by Lindblom and Sundberg’s (1969, 1971) articulatory model of
speech production. The articulatory constraints of the model determine the range of vowel
sounds producible by the vocal tract; the vowel inventory of a given language is comprised of a
subset of these producible sounds. The vowels are located in a three-dimensional acoustic space
defined by the first three formant frequencies (in Hz). Liljencrants and Lindblom then transform
the linear frequency scale into the quasilogarithmic (mel) scale, as this more accurately reflects
the manner in which the auditory system perceives sound contrasts (Fant, 1973). In a given
inventory, vowels are predicted to be maximally dispersed across the vowel space, with as many
vowels as possible finding equilibrium at equidistant intervals along the boundaries of the
acoustic vowel space. The perceptual distance between any two vowels is calculated as being
the linear distance in mel units between the points representing those vowels. For ease of
visualization, Liljencrants and Lindblom redefine the vowel space using just two dimensions: F1
and F2". F1 conveys articulatory opening and vowel height, while F2", which is a combination
of F2 and F3, conveys frontness/backness and rounding. This approach appears to reasonably
successfully predict three-, four-, five-, and six-vowel inventories attested in early cross-
linguistic surveys (those of Trubetzkoy, 1929; Hockett, 1955; and Sedlak, 1969). No major
discrepancies exist between Liljencrants and Lindblom’s computer-generated simulations and
actual attested three-vowel systems. Just as predicted, attested systems usually contain what are
the three most common vowels in the world’s languages: the corner (point) vowels [i, a, u].
Given the range of F1/F2 values that are producible in vowels, these vowels, which are

maximally distinct, can be most often distinguished from one another. Also as predicted, most
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attested four-vowel systems contain [i, €, a, u], which are the next most common vowels cross-

linguistically (Crothers, 1978; Maddieson, 1984). Minor discrepancies exist between predicted
and attested five-, and six-vowel systems. Natural seven- to twelve-vowel systems had a lower
number of high-vowels than was predicted by the model. Predicted seven- and eight-vowel
systems lacked the attested interior mid vowels such as [@] and exhibited four, rather than two or
three, degrees of backness in the high vowels. Predicted nine-, ten-, eleven-, and twelve-vowel
systems had five degrees of backness in the high vowels rather than the attested four or fewer
degrees of high-vowel backness.

In order to address these discrepancies, Lindblom (1975) revised the TAD so as to give
more weight to the F1 dimension and less to the F2° dimension. This is motivated by the
observation that F1 is favored in vowel contrasts over higher formants. Lindblom (1975) posits
that vowel systems, developed so as to guarantee some amount of perceptual clarity under
suboptimal acoustic conditions, would be expected to exploit F1 (height or sonority) more than
other formants because F1 is more intense and is therefore more salient in noise. Predictions for
seven- to nine-vowel systems are improved as a result, but they remain imperfect. Specifically,
for systems of seven or more vowels, it predicts more degrees of high-vowel backness than is
attested.

Lindblom (1986) revises the TAD even further, questioning the adoption of the formant-
based distance measure. He takes a cue from Bernstein (1976) which found that it was not
possible to describe perception of steady-state synthetic vowels solely in terms of F1, F2, and F3.
Lindblom notes that, while we might suppose that spectral peaks play a significant role in

determining vowel quality, there is in fact little evidence to suggest that the ear literally tracks
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formants and discards all other information. (Lindblom, 1986:23) Therefore, Lindblom

abandons the assumption that perceptual distance parameters ought to be defined on acoustic
parameters, and replaces it with distance functions more relevant to the auditory perception
system. He bootstraps a model by Schroeder, Atal, and Hall (1979) where an input — the
harmonic power spectrum of an arbitrary vowel — is passed through an auditory filter whose
parameters are defined by psychoacoustical data on pure-tone masking. The output, an auditory
spectrum, represents the effect of masking on a pure tone by that vowel. This version of the
model accounts for aspects of human hearing (e.g., frequency resolution). In addition to this
change, Lindblom (1986) replaces the idea of maximal contrast with that of sufficient contrast.
He does so because, in his words, [IJanguages offer a rich variety of phonetic realizations for a
given size and shape of vowel system...This quality variation suggests that predictions should
not be restricted to the criterion of maximal perceptual contrast which gives one unique
configuration per system of size n. (Lindblom, 1986:32-33) To define the notion of sufficient
contrast, Lindblom has the algorithm enumerate the best subset of systems (m) for each n. He
assumes that sufficient contrast operates in real systems and is invariant across languages and
system sizes. Following from this is the assumption that phonetic values of vowels ought to
exhibit more variation in small systems than in large ones. In putting it to the test, Lindblom
finds that this model generates vowel systems sharing a number of essential characteristics with
natural systems. (Lindblom, 1986:34) One notable improvement is that it is less likely to over-
generate high vowels in systems with six or fewer vowels. However, the model still falls short in

crucial ways: it still over-generates high vowels for systems with seven or more vowels, and its
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predictive powers are weaker for the substitution of the notion of sufficient contrast for that of

maximal contrast.

Later, Lindblom revises and renames his theory the Hyper- and Hypoarticulation (H&H)
theory (Lindblom, 1990). H&H takes into account inter-speaker and intra-speaker variation in
production of phonetic targets. This modification is prompted by observations suggesting that
the acoustic signal alone is not sufficient for accurate lexical access. Instead, lexical access is
driven by the signal after it has been modulated by signal-independent information. For
example, the utterance less’n twenty is a felicitous response to both the questions How many
people came to the lecture? and What was your homework assignment? Despite the fact that
there may be no actual signal information disambiguating the two possibilities, understanding of
context allows the listener to easily perceive the intended meaning (Lindblom, 1990:143). This
fact is taken as further evidence that sufficient contrast, rather than maximal contrast or signal
invariance, allows speech sounds like vowel categories to be differentiated. According to this
version of the theory, speech production operates within a feedback loop: in short, talkers
attempt to emulate hyperarticulated (clear) speech, under the presumption that sounds in
hyperarticulated speech are especially contrastive.

The next section reviews literature relevant to this study: that which tests TAD
predictions about (a) the effect of sound-inventory size on acoustic-space size, and (b) the
dispersion of sound-categories within the acoustic space. Note that, over the years, several
studies have also investigated the accuracy of the predictions of the TAD with respect to speech-
sound perception as well, but that literature is not reviewed here, as it is outside the scope of this

study.
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1.2.1. Research testing predictions of the TAD

The size of the acoustic vowel-space is positively correlated with the size of the vowel inventory

Several studies have used the TAD to motivate and test hypotheses about the vowel
spaces of languages with larger vowel inventories vs. those of languages with smaller vowel
inventories. One key prediction of the TAD is that languages with larger vowel inventories will
have larger acoustic vowel spaces, relative to languages with smaller vowel inventories. The
results of some studies have supported this notion. Jongman, Fourakis, and Sereno (1989) found
that English and German, with 11 and 14 monophthongs, respectively, have more crowded
vowel spaces than Greek, which has five monophthongs. That is, the vowels /i/, /a/, and /u/,
which are shared among the three languages, occur in similar positions in the languages’ F1 x F2
and F3 vowel spaces. However, the other German and English vowels were more peripheral
than the Greek vowels. Similarly, Al-Tamimi and Ferragne (2005), compared the 5 vowels of
Moroccan Arabic, the 8 vowels of Jordanian Arabic, and the 11 vowels of French as produced in
three conditions: in isolation, in syllables, and in words. The authors defined the vowel-space as
the Euclidean distance between point vowels [i, a, u] in an F1xF2 Bark space. They found that
French > Jordanian Arabic > Moroccan Arabic in vowel space size, in all three vowel-production
conditions. Similarly, Bradlow (1995) found that English (11 vowels) had an expanded vowel
space relative to Spanish (5 vowels), when those vowels were produced in a closed-syllable
context (vowel-space was determined by intervocalic Euclidean distances in an F1 x F2 Hz
space). Finally, Flege (1989) used a glossometer to compare native English speakers’ vowels

with native Spanish speakers’ vowels. He surmised that native English speakers, who have a
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more crowded vowel space, would maximize the articulatory distance between point vowels by

using more extreme tongue positions than native Spanish speakers. Indeed, Flege found that
English vowels were produced with a greater range of vertical tongue positions. Specifically,
English /i/ and /u/ had higher tongue positions than Spanish /i/ and /u/, and English /a/ was
produced with a lower tongue position than Spanish /a/. Flege suggested that the reason English
speakers use more extreme tongue positions to articulate vowels than Spanish speakers is
because perceptual confusions are more likely to occur in English due to its larger vowel
inventory.

The studies discussed above appear to support the hypothesis that larger vowel
inventories lead to larger vowel spaces. However, this hypothesis seems to not be unequivocally
true. As a matter of fact, this prediction of the TAD may be one of its most problematic. For
instance, Gendrot and Adda-Decker (2007) compared eight languages with differently-sized
vowel inventories (English, French, German, Italian, Mandarin Chinese, Portuguese, and
Spanish) in order to investigate whether these languages’ acoustic vowel spaces differed as a
function of inventory size. The authors determined the shape and size of the languages’ vowel
spaces by measuring the Euclidean distance between peripheral vowels (F1-FO x F3-F2 on a
Bark scale), and found that languages with larger vowel inventories did not have respectively
expanded vowel spaces. On an even larger scale, Livijn (2000) compared the differently-sized
vowel inventories of twenty-eight languages that were chosen to be as genetically and
typologically varied as possible. Livijn measured the sum of the Euclidean distances between F1
and F2 (in Bark) between point vowels /i/, /a/, and /u/ and plotted them as a function of inventory

size. He found that the Euclidean distances between point vowels in languages with 4-8 vowels
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in their inventories were comparable. In other words, the distances were expanded only in

languages with 11 or more vowels.

Gendrot and Adda-Decker (2007) and Livijn (2000) appear to contradict Jongman et al.
(1989), Flege (1989), and Al-Tamimi and Ferragne (2005): the latter three suggest that a larger
vowel inventory leads to a more expanded vowel space, while the former two do not. The reason
for this discrepancy is unclear, but may possibly be due to methodological factors (see also
Bradlow, 1993 for a discussion of this issue). Jongman et al. (1989) and Flege (1989) studied
vowels produced in isolation; Livijn (2000) and Gendrot and Adda-Decker (2007) examined
vowels as produced in words; and Al-Tamimi and Ferragne (2005) studied vowels as produced
in words, syllables, and isolation. As will be discussed in detail in chapter three, the current
study employs rigorously-controlled methodology for eliciting speech sounds to be analyzed,
both because methodologically-varied studies impair our ability to make generalizations and
well-motivated predictions, and because evaluating multiple languages under controlled

conditions maximizes our ability to plausibly compare their sound systems.

Vowels will be maximally (or sufficiently) dispersed throughout the vowel space

Another assumption of the TAD is that the vowels in a language’s inventory will be
maximally dispersed throughout the vowel space (or sufficiently dispersed, in later versions).
The literature on this topic does not consistently support this notion, however. On the one hand,
Disner (1984) reported that about 96% of the 317 languages documented in UCLA Phonological
Segment Inventory Database (UPSID) (Maddieson, 1984), which is based on transcribed data (as

opposed to acoustic measurements of data), have vowel systems that contain vowels that
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approach even dispersion along the boundaries of the acoustic vowel space. On the other hand,

Lindau and Wood (1977) report that while the closely-related languages Yoruba, Ghotuo, and
Edo each have seven vowels, the vowels in Edo and Ghotuo are quite evenly dispersed across
their respective vowel spaces, but those of Yoruba are less evenly dispersed. Likewise, Recasens
and Espinosa (2006) compared the F1xF2 characteristics of the vowels of three dialects of
Catalan (Valencian, Eastern Catalan, and Western Catalan) that each have seven vowels, as well
as that of the vowels of a fourth system (Majorcan) that has the same seven vowels plus stressed
/a/. They found that the vowels of the three Catalan dialects were comparably dispersed across
their respective vowel spaces (and that the vowel space of Majorcan was comparatively larger).
However, intervocalic distances varied according to dialect and vowel pair, which is inconsistent
with the TAD prediction that adjacent vowels will be evenly spaced in identical vowel systems.
Additionally, Disner (1983) reported that the nine vowels of Swedish and the ten vowels of
Danish are crowded into a small section of their respective vowel spaces, instead of being more

thoroughly dispersed.

1.2.2. The TAD and consonant systems and click systems

Most work on the TAD is based on studies of vowel systems, but not all. At least one
study has tested predictions of the TAD with respect to consonant inventories. De Jong and
Obeng (2000) examined the typologically uncommon occurrence of simultaneous labial
rounding and palatal constriction in Twi (labio-palatalization). Upon examination of
distributional patterns, palatograms of the articulation of secondarily articulated consonants, and

acoustic analyses, the authors conclude that labio-palatalization in Twi is the result of a historical
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and functional convergence of consonantal rounding and vocalic palatalization. Specifically,

they argue that the principle of maximal dispersion explains the combinations of constriction
location and rounding degree found in Twi labio-palatalization, in that both articulations
contribute to a common acoustic function of altering the timbre of consonantal noise, thereby
dispersing contrastive speech sounds further apart.

A small amount of work on TAD based on click inventories has been done as well.
Miller-Ockhuizen and Sands (2000), in a study on the forward released dental-alveolar lateral
click in Mangetti Dune !Xung (M.D. !Xung), determined that inclusion of this new click in the
language’s click inventory ultimately causes the acoustic-phonetic characteristics of the entire
click inventory to adjust. To accommodate the new click while maintaining maximal perceptual
distinctiveness between it and other clicks in the inventory, M.D. ! Xung speakers alter their
production of one of its other clicks, the lateral alveolar click. As a result, the M.D. Xung
lateral alveolar click has a shorter burst duration than the same click in Jul’hoansi, which is a
related language that lacks a forward released dental-alveolar lateral click. Because the larger
contrastive set of M.D. Xung clicks is less widely dispersed over the acoustic space than the
smaller contrastive set of Jul’hoansi clicks, M.D. !Xung speakers manipulate the temporal cue of

burst duration to ensure its clicks are distinct.

1.3. Tone systems
Millions of people across the globe speak a tone language as their native language; some

of the more well-known tone languages include Mandarin Chinese, with 885 million speakers
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and Yoruba, with 20 million speakers (Yip, 2002:1). In some areas of the world, e.g., China,

Central America, and sub-Saharan Africa, almost all the languages are tonal.

The first sub-section that follows is a brief discussion of the common defining
characteristic of tone languages: their use of fundamental frequency variation to convey semantic
meaning. The next sub-section builds upon this understanding of the role of pitch to describe
tone inventories in general. The final sub-section discusses tone rules (e.g., rules for tone-tone
interactions). This section relies heavily on the work of Maddieson (1978), Yip (2002), Hyman

and Schuh (1974), and Hyman (2007).

1.3.1. Phonemic use of fundamental frequency (F0)

According to most sources (e.g., Yip, 2002; Hyman, 2001), the defining acoustic
characteristic of a tone language is its phonemic use of fundamental frequency (FO) (pitch, in
psychoacoustic/perceptual terms), meaning that tone languages use pitch changes to convey
semantic contrasts at the lexical (word) level. Pitch variations in non-tone languages like
English express pragmatic meaning; in English, pitch conveys affect (e.g., lower pitch, when the
talker is unhappy), utterance type (e.g., declarative statement You re a good student. Vvs.
interrogative You re a good student?), and emphasis (e.g., | have a cat, not a dog.).

The term tone language subsumes two types of languages: (1) lexical-tone languages like
Mandarin Chinese, where pitch variation operates upon a language-specific segment (e.g., a
syllable) and thereby systematically changes the meaning of the word; and (2) pitch-accent
languages like Japanese, where pitch is also phonemic but may be restricted in distribution (e.g.,

on only one of the last two syllables of a word), the result of which is that not every word is a
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member of a pitch-contrastive minimal pair. This thesis concentrates on the former category,

lexical-tone languages (as such, a discussion of lexical tone languages, but not of pitch-accent
languages, follows).

In lexical-tone languages, tone is a suprasegmental feature, meaning that it operates
above (independently of) the segment (cf. Goldsmith, 1990; Liang and van Heuven, 2004). The
tone-bearing unit (TBU) is typically considered to be a single syllable (Yip, 2002) or the vowel
of that syllable (see, e.g., Zhao and Jurafsky, 2007, 2009). For instance, in Mandarin Chinese,
pitch changes across a syllable signal word meaning (e.g., the syllable /di/ with high level pitch
means low, but the same syllable with falling intonation means ground).

In other tone languages, the distinctive pitch must appear somewhere in the word, but its
exact location is variable depending on both the morphology of that word and the surrounding
phonological context (Yip, 2002:1). For instance, in the Bantu language Chizigula (Kenstowicz
and Kisseberth, 1990), some words have a low tone across all the syllables of the word, while
others have one or more syllables with a high tone. Table 1.1 is reproduced from Yip (2002),
who cites Kenstowicz and Kisseberth (1990); because it can be shown that the syllables with low
tones are not actually phonologically specified for tone, they are called toneless. Here, the high

tone is marked with the accent mark “, as in /é/.

Toneless verbs English gloss H-tone verbs English gloss
ku-damap-a Todo ku-lombéz-a To request
ku-damap-iz-a To do for [someone] | ku-lombez-éz-a To request for [someone]
ku-damap-iz-an-a | To do for each other | ku-lombez-ez-4n-a | To request for each other

Table 1.1. Toneless vs. H-tone verbs (Yip, 2002)
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The high tones are part of the lexical entry of verb roots such as / lombéz/ (‘to request’), and

occur on the penultimate syllable of the complex verb form rather than on the verb root itself
each time, but regardless, it always appears so as to distinguish high tone verbs from low
(toneless) ones like /damap/ ‘to do’.

Because the common thread of all lexical-tone languages is their use of pitch to convey
lexical meaning, linguists generally typify the tones of a language according to their fundamental
frequency characteristics. From this comes a description of the inventory of a language’s tones.
As Yip (2002) states, before we can describe tonal systems, we must determine how to read

them, which can be difficult considering there is no consensus on how to transcribe them.

/////

Africanists (e.g., Hyman and colleagues) traditionally use a set of accent marks ( ) and/or

Roman letters to indicate different tones; Asianists and Meso-Americanists use digits but, for the
former, 5=high and 1=low while for the latter, 5=low and 1=high. For Asianists and Meso-
Americanists, two digits also are used to show the pitch at the end of the syllable. Table 1.2 is

adapted in part from Yip (2002:3):

Africa Asia | Central Am.
high H acute accent ‘ a 55/5 1
low L grave accent : a 11/1 5
mid M level accent | ~ (orunmarked) | a,a | 33/3 3
fall hightolow | HF | acute + grave " a 51 15
rise lowto high | LR | grave + acute v a 15 51

Table 1.2. Tone symbols (Yip, 2002)
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1.3.2. Tone inventories

Level tones

Maddieson (1978) observes that while many phonetically distinguishable levels of pitch
are possible in speech, no known language makes a phonological contrast of more than five tone
levels. According to Maddieson, several languages have five contrastive level tones, including
African languages Dan (Béarth and Zemp, 1967) and Ngamambo (Asongwed and Hyman,
1976), Asian languages Black Miao (data from F.K. Li, cited in Chang, 1953) and Tahua Yao
(Chang, 1953), and American languages Ticuna (Anderson, 1959) and Usila Chinantec (Rensch,
1968). Four-level tone languages include African languages Mambila (cf. Connell, 2000) and
Igede (Bergman, 1971), Asian languages Po-ai (Li, 1965) and Yay (Gedney, 1965), and
American languages Chatino (Upson, 1968) and Ojitlan Chinantec (Rensch, 1968). Five- and
four-level tone languages are relatively rare, however. Languages with three level tones are
much more common, and those with two level tones are the most frequently encountered type of
tone language (Maddieson, 1978:338). Examples of languages with three level tones include the
African language Yoruba (Hombert, 1976) and the Asian language Thai (Erickson, 1974).
Languages with two level tones include the African language Zulu (Cope, 1959) and the
American language Navajo (Hoijer, 1945).

Table 1.3, adapted from Maddieson (1978:339), shows the FO of each tone in an
illustrative sample of two-, three- and four-level tone languages. The numerical values indicate

the difference, in Hz, between the lowest tone in each system and its other tones.
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Two levels Three levels Four levels
Siswati Kiowa Yoruba Thai Taiwanese Toura
+50
+52 +28 +32 +30
+18 +22 +27 +16 +18 +10
Lowest tone +0 +0 +0 +0 +0 +0

Table 1.3. Pitch intervals between tones in languages with different numbers of level tones

Note first that the FO of the highest tone of one language is not equivalent, nor even necessarily
close, to that of another. Maddieson argues that, while it is possible for a two-level tone
language to have its tones at the extremes of the pitch range, it is not probable for this to occur.
Extra-high tones and extra-low tones do not normally occur unless there are other tones in
between. For instance, systems with three level tones most frequently contain a mid-level tone
along with high and low level tones (e.g., Yoruba). (For a discussion on tone-markedness
constraints and their effect on tone-inventory composition, see Maddieson, 1978).

Pike (1948) suggests that, relative to a language with fewer tone levels, a language with
more levels would be expected to (a) occupy a greater overall pitch range, and (b) have a smaller
pitch difference between tone levels. As Maddieson points out, however, Table 1.3 shows that
the tones of languages with more levels can occupy a smaller overall pitch range than the tones
of languages with fewer levels. For instance, Toura (4 levels) occupies a 50 Hz space, while
Yoruba (3 levels) occupies a 52 Hz space. Additionally, Table 1.3 indicates that the tones of
languages with a greater number of tone levels are not necessarily separated by smaller pitch
intervals than the tones of languages with fewer tone levels. For example, the pitch difference
between the lowest and next-highest level tones in Siswati (with 2 levels), Thai (3 levels), and

Taiwanese (3 levels) is smaller than the pitch difference between Toura’s highest two tones.
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Finally, note that the tones in languages with three or more levels are not equivalently separated

(e.g., Toura’s lowest and next-highest tones are separated by 10 Hz, while its highest and next-
highest tones are separated by 20 Hz). These data may provide a first indication that tones are
not made sufficiently distinctive by overall FO differences alone. This point will become
particularly important in later chapters of this dissertation, when | test hypotheses and predictions
of the TAD with regard to cross-language tone systems.

The above observations notwithstanding, it is important to note that the trends shown in
Table 1.3 might well be inconclusive, because the methods used to collect these data vary
considerably. The Siswati data (Goldstein, 1976) reflect an average of peak FO in the first
syllable of two repetitions of eight words balanced for vowels and initial consonants but with
contrastive tones, produced by a female talker. It is a reasonably rigorous and methodologically
well-controlled study, but has a small n and is therefore limited in power. The Kiowa data
(Sivertsen, 1956) reflect an average of two repetitions of a tonal minimal pair in identical
(utterance-initial) environments by a male talker. The Yoruba data (Hombert, 1976) reflect the
central point of tones measured from diagrams representing averages of 35 monosyllabic words
produced by two male talkers. The Thai data (Erickson, 1974) reflect measurements from
diagrams indicating averages of the central point of each of several tones by a male talker;
number of tokens is not reported. The Taiwanese data (Zee, 1978) reflect fifteen tokens of each
of the three level tones produced by each of two male talkers. Béarth and Zemp’s (1967) data on
Toura tones, for instance, reflect averages from several hundred utterances by one male talker,
and the study omits information about the sentence frame used and specific tokens measured.

The methodological variation seen in studies on lexical tone such as those reviewed above limits
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the extent to which results and conclusions from one study can be generalized as applicable to

other languages. Once again, the current study uses controlled methodology to avoid such

pitfalls.

Contour tones

Lexical-tone languages may also contain contour tones, wherein the pitch changes across
the tone-bearing unit (TBU). Authorities on tone systems, including Maddieson (1978) and Yip
(2002) hold that contour tones are additions to a level-tone inventory. That is, if a language has
contour tones, it must also have at least one level tone. This typification of contour-tone
languages is widely-accepted, and is reflected in the literature and in the current study (but see
Pike, 1948; Newman, 1986; and Ray, 1967; they suggest that some contour-tone-only systems
exist). A number of languages have more level tones than contour tones. For example, Yay has
four level tones, one rising tone, and one falling tone (Maddieson 1978:345). Languages with
two level tones and one contour tone (e.g., Zulu, with two level tones and one falling tone) are
very common. Some languages have the same number of level and contour tones, e.g., Central
Monpa (das Gupta, 1968), which has a high level tone and a rising tone. Other languages have
fewer level tones than contour tones, e.g., Muong (Barker, 1966) which has two level tones, two
rising tones, and one falling tone.

Many languages have more than one type of contour tone. Maddieson (1978:346) further
stipulates that a language with complex (bidirectional, e.g., dipping/falling-rising) contour tones
also has simple (e.g., rising) contours. For instance, Mandarin Chinese has, in addition to a high
level tone, a rising tone, a falling tone, and a dipping tone. According to Maddieson (1978),

Mandarin dialects alone contain 335 more falling tones than rising tones, which suggests that
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falling tones are more common than rising tones. However, this is not always the case; the Wu

dialect of Mandarin has more falling tones than rising tones, and the Cantonese dialect Yiieh has

the same number of falling as rising tones (Cheng, 1973).

1.4.  Prior work on acoustic tone spaces and tone dispersion

To my knowledge, only three studies have attempted to quantify the acoustic tone space
and the dispersion of tones therein. These are discussed in some detail here because their
methods in particular inform the methods used in the current study. Zhao and Jurafsky (2007,
2009), examined Cantonese tone dispersion in plain vs. Lombard speech (speech produced in a
noisy environment) and in high- vs. low-frequency words. They measured the FO in Hz of
vowels (the TBU) in CV and CVC monosyllables at ten equidistant timepoints k along the tonal
trajectory. Timepoint k1 was subsequently excluded from analysis because the FO of the initial
vocalic segment can be perturbed by the preceding consonant (Hombert, Ohala, & Ewan, 1979).
The authors converted the tonal FO values to semitones (ST), because this psychoacoustic scale
more accurately reflects listeners’ intuitions about intonational equivalence (Nolan, 2007). For
this reason, and discussed in more detail in later chapters, the ST scale is adopted in the current
study as well. For each talker, the authors defined tone-space dispersion as the mean Euclidean
distance of individual tones from his/her centroid; the centroid was defined at each timepoint k as
the mean FO at that k, averaged across all productions of a given tone. The distance between any
two tones was defined as the summed Euclidean distance between their FOs at all points k. Zhao
and Jurafsky found that ambient noise and lexical frequency both influence tone production. All

Lombard-condition tones were produced with a comparatively higher FO. Additionally, low-
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frequency words with mid-range (mid-level or mid-rising) tones were produced with higher FO

than high-frequency words. The FO trajectories of low-frequency words’ FO trajectories were
also further dispersed from centroid in plain speech. These results indicate that talkers can and
do alter aspects of tone production to increase tone contrastiveness. In turn, these results support
the Hyperarticulation and Hypoarticulation (H&H) model (Lindblom, 1990)’s hypothesis that
speakers will produce strengthened phonetic forms to counteract comprehension difficulties that
can arise under certain conditions (e.g., in Lombard speech and in low-frequency words).

Barry and Blamey (2004) compared Cantonese tone productions by normally-hearing
adults, normally-hearing children, and cochlear-implanted children. Citation-form tones were
elicited via a picture-naming task involving 15 presentations of each of the six tone types on
various (unreported) syllables, for a total of 90 items per participant. The authors plotted the
tone productions in an FO offglide x FO onset space (in Hz), and chose this method because it
captures multiple acoustic dimensions that affect listeners’ perceptual judgments about tone,
including average pitch, pitch direction, extreme endpoint, and slope. The tone space for each
participant was calculated as ellipses surrounding the distribution of points around the mean for
each of the six tones. The tonal space for children with cochlear implants was smaller than it
was for normally hearing children and adults, which suggests there was little or no clear
differentiation among implanted childrens’ tones; it also suggests that, for normally hearing
speakers, there is a direct relationship between the spread of pitch used for each tone type and the
size of the tonal space. Normally hearing children also had significantly larger tonal ellipse areas
than implant users, which indicates that they have a greater spread of pitch usage for each tone.

The three groups of talkers in this study were clearly differentiable on observations of the
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locations of the FO onset x FO offglide points, and the degree of differentiation of the ellipses,

within the tonal space. This approach to acoustic analysis of tone therefore enhances

understanding of tone production based on auditory analyses.

1.5.  The current study

1.5.1. Overview

My overall goal is to illuminate cross-linguistic tendencies in tone system organization.
To that end, this study analyzes and compares the acoustic lexical-tone spaces, and dispersion of
the tones within those spaces, of five languages with very different tone-inventory compositions.

Though tones can be defined as a combination of various acoustic correlates (e.g., mean
FO, FO turning point, duration), I follow Zhao and Jurafsky (2007, 2009) and examine one
acoustic correlate across the languages: mean overall FO across the tonal trajectory. The tone-
space size of a language is defined as its tonal pitch range, averaged across talkers, measured at
three points along the tonal trajectory (tonal onset, midpoint, and offglide). That is, the size of
the acoustic tone space is measured as the FO difference in semitones (ST) between the mean FO
of a language’s highest tone and the mean FO of its lowest tone at those three timepoints.
Comparative degree of tonal dispersion is the cross-language difference in the Euclidean
distance from the mean FO (ST) of a given tone relative to the mean FO (ST) of a tonal baseline
(a basis of comparison tone chosen for being common among, and phonetically similar in, the
languages).

Following the TAD, | assume that tone categories will act as repellers in a dynamical

system: each will repel the others and will find equilibrium where it is maximally distant from
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surrounding tone categories. Closely related to this is my TAD-based assumption that tones will

be dispersed only and exactly to the degree necessary to ensure sufficient tonal contrast. A third
assumption naturally follows: the distance between two adjacent tone categories in a language
will equal the distance between two other adjacent tone categories.

| plan to test the following two competing hypotheses:

H1. Tone spaces will be equivalent in size across languages, and degree of tonal

dispersion will differ as a function of tone-inventory size.

a. The size of the acoustic tone space is independent of the size of the tone
inventory.

b. If tone-space size is equivalent across languages, then the degree of tonal
dispersion relative to a tonal baseline will be greater in a language with fewer
tones than in a language with more tones.

H2. Tone spaces will differ in size as a function of tone-inventory size, and degree of

tonal dispersion will be equivalent across languages.

a. The size of the acoustic tone space is positively correlated with tone inventory
size.

b. If alanguage with a larger tone inventory has an expanded tone space relative
to a language with fewer tones, then the degree of tonal dispersion (relative to

a tonal baseline) will be equivalent across languages.

Figures 1.1 and 1.2 are idealized illustrations of five languages’ tone spaces and degree of

dispersion of a given tone within the tone space (here, tone 2) relative to a tonal baseline (tone
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1). Languages are named A-E. The highest tone for all languages is tone 1. The lowest tone is 6

in language A, 5 in language B, 4 in language C, 3 in language D, and 2 in language E.
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Figure 1.1. An idealized illustration of five languages’ tone-space areas and degree of tonal
dispersion under hypothesis H1
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Figure 1.2. An idealized illustration of five languages’ tone-space areas and degree of tonal
dispersion under hypothesis H2

In chapter four, | examine cross-language tone spaces and cross-language tonal dispersion with

regard to the hypotheses outlined above.
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1.5.2. Choice of languages

Cantonese, Thai, Mandarin, Yoruba, and Igbo were chosen for this study for several
reasons. From a theoretical standpoint, for reasons suggested earlier, it was imperative to
examine languages that differed considerably with regard to the number and type of tones in
their inventories. 1 also needed to be able to find and run participants expediently, easily, and
inexpensively, and this was made possible due to the fact that a sizeable population of native
speakers of each language reside in the Chicagoland area. This requirement also effectively
excluded more obscure languages and dialects from consideration. Moreover, each of the
languages needed to have a written transcription system that is well-known and -understood
among native speakers, as participants were presented with written materials to prompt their
productions of the tones. The languages also needed to have robust tone systems, that is, tone
systems not in the process of major change or decay (as was apparently the case with, e.g.,
Burmese [Taylor, 1920]). This ensured that the speakers of each language were consistent in
their understanding of their tone systems, and had sufficient metalinguistic knowledge of their
languages to have the ability to produce each tone on command. Finally, | chose languages
whose tone-inventory sizes were statistically common, in the hopes that the results and

conclusions of this study would be reasonably generalizable to other languages.

1.5.3. Significance and Innovations
The current study is significant for multiple reasons. As noted, the vast majority of
linguistic and psycholinguistic studies have concerned only segments, ignoring those 70% of

languages that use tone and the more than 50% of the world’s population who speak a tone
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language (Fromkin, 1978). This project will help to redress this balance. Also, while we clearly

know a considerable amount about the individual languages’ tone inventories, most prior studies
on lexical tone — particularly descriptive studies conducted before the late 70s or so — exhibit
considerable methodological variation, as mentioned earlier. For example, Yoruba data reported
by Hombert (1976) reflect the central point of the tones as measured from diagrams representing
averages of 35 monosyllabic words produced by two male talkers. Meanwhile, Thai data from
Erickson (1974) reflect measurements from diagrams indicating averages of the central point of
each of an unknown number of tokens of several tones by a single male talker. Such
methodological non-systematicity makes it difficult to say with certainty that the results from
one study can be compared with those from another. In turn, this arguably hinders our ability to
make generalizations and well-motivated predictions about studies on other tone languages. One
of the key aims of the current study is to evaluate the tone systems of multiple languages under
conditions that are more strictly controlled, such that we may maximize our ability to plausibly
compare the systems.

Furthermore, and equally importantly, no studies beyond those of Zhao and Jurafsky
(2007, 2009) and Barry and Blamey (2004) have evaluated tones with respect to the predictions
of the TAD, as far as | am aware. No studies have investigated cross-language tone-spaces and
degrees of tonal dispersion, and none have calculated tone space and dispersion using linear
mixed-effects models. The current study is therefore both innovative and serves as a
contribution to the field of cross-language tone research, as its conclusions and methods can be

used to motivate and inform hypotheses of future work on tone systems.
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In addition, the current study is innovative with respect to its participants. It includes

speakers of languages with a variety of tone systems and tone inventories. Many studies focus
on the production of stimuli by one or two broadly-construed populations, e.g., tone language
speakers vs. non-tone-language speakers. By more finely dividing the subject populations, the
current study is expected to provide a more thorough and nuanced view of the structure and
organization of cross-language tone systems.

Finally, the tone-language recordings collected at the outset of this study will be entered
into a searchable database called OSCAAR (oscaar.ling.northwestern.edu) that is designed in
such a way that the data contained therein may be used for — and therefore benefit — future
studies. For example, a future experiment that investigates whether vowel type affects tone-
space size in female Mandarin speakers might use for stimuli the female-produced Mandarin

syllables produced for this study.

1.5.4. Structure of the thesis

In chapter two | present information about the languages under investigation. | first
review literature on the tones of each of the five languages (Cantonese, Thai, Mandarin, Yoruba,
and Igbo). I then present and describe my data on the acoustic realizations of each languages’
tones, then and discuss how they compare with descriptions from the literature. In chapter three
| provide information about the tone recordings that were collected and used as data for this
study. In particular, | describe the methods used to recruit participants and elicit the tone-bearing
syllables, and the methods used to analyze the data. In chapter four I describe the linear mixed-

effects regression models used to evaluate the hypotheses described earlier. 1 also briefly
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summarize and discuss the results. Finally, in chapter five, | provide a general summary and

discussion, present my conclusions and alternative analyses, and suggest future work.
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CHAPTER TWO: PRESENTATION OF THE LANGUAGES UNDER INVESTIGATION

2.1.  Introduction

This chapter is organized as follows. In section 2.2., | review literature on the acoustic
realizations of the tones of each of the five languages under investigation in this study (namely,
Cantonese, Thai, Mandarin, Yoruba, and Igbo). Then in section 2.3., | present summaries of the
acoustic data I collected from speakers of each of these languages and discuss how they compare

with descriptions from the literature.

2.2.  Literature on the tones of the five languages
Igbo

Igbo is level-tone-only language of the Niger-Congo family (Kwa group). It is spoken by
more than 15 million people in southeastern Nigeria (Liberman, Schultz, Hong, and Okeke,
1993; Hyman, 1978). It has two tones, high (H) and low (L), that occur freely; it also has a mid
(M) tone that only occurs following an H (or another M). Some phonologists have treated Igho
M tones as a third, distinct, tonal category (cf. Carrell, 1970; Goldsmith, 1976). However, others
claim that the restricted distribution of the M tone means that Igbo M is simply an H tone that is
downstepped (a common phonological process in which high tones are lowered in a stepwise
fashion after a(n overt or covert) low tone (Yip, 2002:3; Clark, 1990; Liberman et al., 1993).
Monosyllables such as those in this study and thus discussed here carry only one tone: Hor L.
(Tones in context are not discussed here, as they are outside the scope of this project; see chapter

three for the structure of the methodological design.) Table 2.1, from a native Igbo-speaking
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language consultant hired for this study (discussed further in chapter three), illustrates the Igbo

tone contrast in monosyllables.

Syllable | Tone | English gloss
di H husband
di L to exist
Table 2.1. Igbo lexical tone contrasts in monosyllables

Despite the fact that Igbo tones are considered level, their phonetic values are actually
determined according to their targets (the highest FO of the H tone and lowest FO of the L tone).
These targets are found at the end of the timespan of the associated tone-bearing unit (Akinlabi
and Liberman, 2000:5). For instance, in the phrase Igbo ya (‘he’) the monosyllabic word ya is
considered to have an H level tone, but the pitch is not uniformly high and level. Rather, the

pitch rises throughout the syllable, and the peak value is near the end (ibid.).

Yoruba

Yoruba, like Igbo, is a level-tone-only language of the Niger-Congo family and Kwa
group. It is spoken throughout Nigeria (Hyman, 1978) and has three phonemic level tones: H,
M, and L (Maddieson, 1978, 1972; Akinlabi and Liberman, 2000; Orie, 2006; and others).
Generally, Yoruba tones occur freely in words, leading to three potential tone patterns for
monosyllables. Table 2.2., from Akinlabi and Liberman (2000:8), exemplifies the Yoruba

lexical tone contrast:
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Syllable | Tone | English gloss
ra H to disappear
ra M to rub

ra L to buy

Table 2.2. Yoruba lexical tone contrasts in monosyllables

It is worth noting that some have suggested that the M tone in Yoruba is underlyingly toneless
(see Akinlabi, 1985, Pulleyblank, 1986, and Akinlabi and Liberman, 2000). The reader is
referred to those papers for a discussion.

According to La Velle (1974), a linguistic constraint in Yoruba maximizes the perceptual
distinctiveness of its three (H, M, and L) tones. One specific quality of this constraint serves to
lower a word-final L tone so that it may be distinguished from a word-final M tone. Hombert
(1976) in particular found that the onset of the final L tone is lower in pitch, displays a falling
pitch contour, is shorter in duration, and is lower in amplitude, but that FO contour was the most
salient cue to Yoruba tone identification. Indeed, neither an increase in duration nor amplitude
caused shifted identification judgments, but when final L tones were manipulated to have a level
(as opposed to a falling) glide, listeners misidentified L-L sequences as L-M sequences and M-L

sequences as M-M sequences.

Mandarin Chinese

Mandarin, also known as Putonghua (‘the common language’) is the most widely-spoken
dialect of Chinese. A Sino-Tibetan language, it is spoken throughout parts of China, including
Beijing, as well as (parts of) other countries such as Singapore and Indonesia. The standard

dialect is spoken in Beijing. Mandarin is typically described as having four tones in its



41
phonological inventory, including three contour tones and one level tone. Tone 1 is a high-level

tone (5-5, or H); tone 2 has a high-rising or mid-high-rising (contour) tone (3-5, or R); tone 3 has
a low-dipping or low-falling-rising (contour) tone (2-1-4, or FR); and tone 4 is a high-falling
(contour) tone (5-1, or F) (Chao, 1948; Howie, 1976; Blicher, Diehl, and Cohen, 1990; and many
others). Mandarin also has a fifth, non-phonemic, tone in unstressed syllables which is referred
to as tone O or neutral tone (Wong, Schwartz, & Jenkins, 2005). The FO of the neutral tone
varies depending on the tone that precedes it (Shen, 1990). Because the neutral tone does not
occur in isolated monosyllables, it is not under consideration in this study. Table 2.3, from
Chandrasekaran, Krishnan, & Gandour (2007) and many others, exemplifies the Mandarin

phonemic lexical tone contrast.

Syllable | Tone | English gloss
ma H mother

ma R hemp

ma FR horse

ma F to scold

Table 2.3. Mandarin lexical tone contrasts in monosyllables

Mandarin tones are manifested phonetically by different overall fundamental frequency
values, with FO height and FO contour as the primary acoustic parameters (cf. Howie, 1976; Wu,
1986; Wang, Jongman, and Sereno, 2006). As mentioned earlier, the H tone has an essentially
level FO contour (Xu, 1997); the R tone has a rising contour with a slight dip 20% of the way
into the vowel (Wong et al., 2005); the pitch inflection point of the FR tone occurs
approximately 50% of the way into the vowel; and the F tone rises until about 20% of the way

into the vowel and then falls sharply to the end of the syllable (Xu, 1997). Other phonetic
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correlates of Mandarin tones include syllable amplitude (Garding, Kratochvil, Svantesson, and

Zhang, 1986); the shape of the amplitude envelope (Fu, Zeng, Shannon, and Soli, 1998); voice
quality (Garding et al., 1986); and temporal properties such as overall duration, vowel duration,
and Turning Point (Lin, 1965; Chuang and Hiki, 1972; Jongman and Moore, 2000; Fu and
Zheng, 2000). Regarding durational differences in particular, the H and F tones tend to be
shorter than the R and FR tones for isolated monosyllables (Ho, 1976; Blicher et al., 1990).
Additionally, the midpoint of the FR tone and the offglide (endpoint) of the F tone are often
reported to be accompanied by a glottalized voice quality (a.k.a. vocal fry or creaky voice) (Liu
and Samuel, 2004). However, it is unclear whether vocal fry functions as an acoustic-perceptual
cue the same way as FO does (Francis, Ciocca, Ma, and Fenn, 2008). All that said, tonal acoustic
correlates other than FO are outside the scope of this study, and are therefore not directly
investigated herein.

There is debate in the literature as to whether Mandarin contour tones are unitary contour
units or compositional sequences of multiple level tone targets. According to the former,
‘unitary,’ theory, for instance, tone 2 would consist of a single rise, while the latter,
‘compositional,” approach would posit it as being a bi-tonal sequence of a level L plus a level H
(Liang and van Heuven, 2004). Wan and Jaeger (1998), Wan (1999), and Wan (2007) argue for
the former (‘unitary’) approach, suggesting that contrastive Mandarin tones are underlyingly
linked to rimes and may therefore be unitary. Those who advocate the ‘compositional’ view
(Yip, 1991) view Mandarin tones as consisting of a sequence of two morae (sub-syllabic timing

units), each of which is a TBU. | adopt the unitary approach for this study.
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Overall FO contours provide the dominant cue for tone perception (Xu, 1997; Howie,

1976), though listeners also attend to amplitude (Whalen and Xu, 1992) and duration (Fu et al.,
1998; Blicher et al., 1990; Dreher and Lee, 1966). Various acoustic cues (FO, duration, etc.) are
integrated functionally when native Mandarin speakers identify the tones (Gandour, 1984;
Massaro, Cohen, and Tseng, 1985; Garding et al., 1986; Blicher, et al., 1990; Shen and Lin,
1991). But again, overall pitch contour appears to be particularly important for native listeners:
native listeners attend more to pitch contour than height to make judgments of tonal dissimilarity
(Gandour, 1978; Gandour and Harshman, 1978). In fact, in the presence of FO contour, the

contribution of other acoustic features is negligible for tone perception (Massaro et al., 1985).

Thai
Thai, a Tai-Kadai language with two contour and three level tones, is the official national
language of Thailand. Thai has M, H, and L level tones, and F and R contour tones (Gandour,

1978). Table 2.4, from Zsiga and Nitisaroj (2007:344), displays the Thai lexical tone contrast:

Syllable | Tone | English gloss
na: H aunt

na: M rice field

na: L custard apple
na: F face

na: R thick

Table 2.4. Thai lexical tone contrasts in monosyllables

While the labels M, H, L, F, and R are used to describe these tones, acoustic analyses

have indicated that the actual phonetic shapes of the individual tones — even in citation form — do
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not always match the labels well (see, e.g., Abramson, 1962; Erickson, 1974; and Zsiga and

Nitisaroj, 2007). None of the five tones are actually completely level. The M tone is closest to
level, as it stays within the middle of the pitch range, but even it falls approximately 20 Hz
across a syllable (Zsiga and Nitisaroj, 2007). The H tone is a scooped contour: it falls slightly
and remains as low as (or even lower than) the M tone for the first half of the syllable. It then
rises steeply in the second half of the syllable. The L tone falls steadily across a syllable and
reaches the bottom of the pitch range at the syllable’s end. The F tone has a rise-fall contour,
and the R tone has a fall-rise contour (Zsiga and Nitisaroj, 2007).

According to Zsiga and Nitisaroj (2007), no consensus has yet been reached on the identity
of the TBU in Thai. Suggestions have included the vowel (Gandour, 1974; Leben, 1971, 1973);
the syllable (Yip, 1982; Zhang, 2002; Yip, 2002); and the mora or syllable (Yip, 2002). In
addition, Morén and Zsiga (2006) and Zsiga and Nitisaroj (2007) posit a moraic alignment
hypothesis which, in short, suggests that Thai H and L pitch targets are aligned to morae. For the
purposes of this study, | assume the TBU to be the vowel.

In addition, the same issue over whether Mandarin contour tones are unitary or
compositional is debated about Thai contour tones. Zsiga and Nitisaroj (2007) note that it is
possible to compose complex Thai contours from simple H and L levels borne by a syllable, but
that such phonetic mapping rules would be complex. A single H borne by a syllable would need
to be mapped into a level-rising scooped contour, while an H linked as part of a falling tone
would be mapped to a very rapid rise to the top of the pitch range. Such complexity leads

Abramson (1979:7) to reject a compositional analysis of the contours, arguing that the data lend
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no phonetic plausibility to arguments for the specification of R and F tones as compositional

sequences of H and L tones. Here again, for this study, | adopt the unitary view.

Abramson (1962, 1975) reports that native listeners can identify each tone on the basis of
FO alone: when five synthetic average FO contours were imposed onto syllables (creating a set of
tonal minimal quintuplets), native listeners’ identifications were near or at ceiling. On the other
hand, whispered (toneless) syllables are not well identified (Abramson, 1972). It therefore
appears that FO cues are more salient than other acoustic cues (e.g., duration and amplitude) for
native-listener perception. More specifically, FO direction may be of greater importance than
offglide FO for tone perception (Pike, 1948; Gandour, 1983). Abramson (1978) reported that
contour-tone slope is also important for Thai tone perception. Level tone trajectories were
usually identified as H, M, or L tones, but the addition of pitch movement over the syllable aided
perception. For instance, that which was most reliably identified as an H began at the middle of
the pitch range and rose 30 Hz across the syllable, while that which was most reliably identified
as an L began in the middle of the range and fell 30 Hz across the syllable. It seems, therefore,
that the tonal contrasts of Thai are defined in terms of pitch change direction and slope and
direction of pitch change. Finally, the timing of pitch inflections may be essential cue for Thai
tone perception (Gussenhoven, 2004; Shen and Lin 1991; Xu 1998, 1999a, 1999b; and others).
H tones are sometimes produced with a final fall, in which case some talkers produce both H and
F tones with rise-fall contours (Gandour et al., 1991). Gandour and colleagues surmise that, for
those talkers, the primary difference between the H and F tones is the timing of their respective
peaks (the turning point) across the contour: the F tone has an early peak while the H tone has a

late peak.
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Cantonese

Cantonese is a Sino-Tibetan language with three contour and three level tones; it is
spoken throughout regions of China, including Hong Kong. The level tones are H (55), M (33)
and L (22); they are differentiated via relative FO level (H is highest, L is lowest, and M is in the
middle). They are similar in that their FO contours change little across their trajectories. Contour
tones differ with regard to the direction and magnitude of FO change (Khouw and Ciocca, 2006
and others). The MR (25) and LR (23) tones rise, but the latter has a smaller FO change than the
former. The LF (21) tone falls by a relatively small degree. (Khouw and Ciocca, 2006; Bauer
and Benedict, 1997; Fok Chan, 1974; Wong and Diehl, 2003; Francis et al., 2008; and others).

Table 2.5, from Wong and Diehl (2003), displays the Cantonese phonemic lexical tone contrast.

Syllable | Tone | English gloss
Si H teacher

Si MR history

Si M to try

Si LR market

Si L yes

Si LF time

Table 2.5. Cantonese lexical tone contrasts in monosyllables

The LF tone is often produced with some amount of glottalization, but this property has
been shown to not function as a consistent perceptual cue for native Cantonese listeners (Vance,
1976). FO is thought to be the primary — and possibly the sole — acoustic cue for Cantonese tone
perception (Francis et al., 2008; Ciocca, Francis, Aisha, and Wong, 2002; Lee, van Hasselt,

Chiu, and Cheung, 2002). Specifically, listeners rely on relative FO level, direction of FO
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change, and magnitude of FO change for Cantonese tone perception (Fok Chan, 1974; Gandour,

1981, 1983; Vance, 1977). Pitch level in particular has been suggested to be perceptually more

salient than pitch contour (Gandour, 1983).

2.3. Data from the current study on the tones of the five languages

The tone data collected in this study appear to largely corroborate the observations made
in the literature. Figures 2.1 through 2.5, below, illustrate the tone contours of each of the five
languages. These figures summarize data collected in this study. Each figure shows the overall
mean FO in semitones (ST) of the language’s citation-form tones across their trajectories, as
produced in CV syllables by (and aggregated over) 3 male and 3 female native speakers. FO
outliers, defined as FO values more than 2.5 Standard Deviations from the mean for that tone for
each individual talker, are omitted from these and all subsequent graphs and analyses. That said,
only a very small number of the syllables were outliers. In total, 2880 of the 115,209 syllables,
or 0.025%, were outliers. To break it down by language, 193 of the 11,609 Igbo syllables
(0.02%) were outliers, as were 310 of the 17,041 Yoruba syllables (0.02%); 416 of the 23,228
Mandarin syllables (0.02%); 814 of the 29,087 Thai syllables (0.03%); and 1130 of the 34,244

Cantonese syllables (0.03%). Standard deviation was calculated via the equation

3 (x— )’
(n-D

As mentioned in chapter one, the semitone scale, a logarithmic transformation of the physical
Hertz scale, is used throughout this study. It captures speakers’ intuitions about the equivalence

of intonational spans (personal pitch ranges), and takes into account one of the primary



48
assumptions of the TAD, that speech-sounds are produced (organized in acoustic space) in such

a way as to make them sufficiently distinct for the listener. This is one of several psychoacoustic
scales, including mel, Bark, and Equivalent Rectangular Bandwidth (ERB)-rate. The mel scale
was used by Liljencrants and Lindblom (1972), but I use the semitone scale because, compared
to the mel, ERB-rate, and Bark scales, it more accurately reflect listeners’ intuitions about
intonational equivalence (i.e., intonational span) (Nolan, 2007). Tonal FO was measured across
the vowel (the presumed TBU) of each CV syllable at ten equidistant timepoints k in Hz. Hz
measurements were then converted to ST using the equation FOsemitones = (12 log(FOHz/100
Hz))/log(2) (http://www.linguistics.ucla.edu/faciliti/facilities/acoustic/pitch_unit_conversion.txt)
via Perl script. Timepoints k1-k9 are shown; the FO of the initial vocalic segment, at timepoint
k0, was excluded because it is perturbed by the preceding consonant (Hombert et al., 1979).
Further details about the materials and the methods employed for eliciting the syllables are
provided in chapter three.

The figures are ordered according to the number of tones in the languages’ inventories.
Figure 2.1 illustrates the tones of Cantonese (6 tones); Figure 2.2 illustrates the tones of Thai (5
tones); Figure 2.3 illustrates the tones of Mandarin (4 tones); Figure 2.4 illustrates the tones of
Yoruba (3 tones); and Figure 2.5 illustrates the tones of Igbo (2 tones). Beneath each figure is a
description of the language’s observed tonal trajectories and a discussion of how they compare

with the description of that language’s tones reported in the literature.
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Cantonese Tones
Mean FO Across the Tonal Trajectory
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Figure 2.1. Cantonese tonal trajectories in mean FO (ST)
Timepoint k
Tone k1 k2 k3 k4 K5 k6 K7 k8 k9

H | 11.509 | 11.563 | 11.583 | 11.532 | 11.476 | 11.246 | 11.208 | 11.539 | 11.445

L 5965 | 5.897 | 5914 | 6257 | 6.784 | 7.333 | 7.932 | 8181 | 8.283

LF | 7381 | 6.864 | 6.506 | 6.247 | 6.046 | 5826 | 5439 | 5264 | 5.189

LR | 6219 | 5401 | 4524 | 3901 | 3.632 | 3442 | 3815 | 4273 | 4.886

M 8515 | 8131 | 7.894 | 7.733 | 7589 | 7.498 | 7.155 | 6.753 | 6.536

MR | 6.397 | 6.120 | 6.299 | 6.861 | 7.773 | 9.038 | 10.378 | 11.547 | 11.868
Table 2.6. Mean FO (ST) values of Cantonese tonal trajectories

In keeping with descriptions in the literature, my Cantonese talkers’ H tone is approximately
level throughout its trajectory, with an average FO of 11.45 ST. Also as described in the

literature, my talkers’ LF tone’s fall is steady and small in magnitude; it only falls about 2.2 ST.
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Also, their MR tone rises sharply (about 5.8 ST). Furthermore, my talkers’ LR tone does indeed

rise (about 1.5 ST, less sharply than their MR tone), but unlike descriptions in the literature, it
only does so after it has fallen 2.8 ST from timepoint k1 to k6. The most significant divergence
between my talkers’ tone productions and those described in the literature is the acoustic
realization of the M and L tones. While the literature suggests the M and L tones are relatively
flat, my talkers’ M tone steadily falls approximately 2 ST across its trajectory, while their L tone
rises about 2.3 ST. The M and L tones’ FO contours are equivalent at timepoint k6, which would
presumably be confusing for listeners. However, such potential confusion might be mitigated by
attendance to overall pitch-height differences (Gandour, 1983), since the M tone FO contour is,
overall, higher and more level than the L tone FO contour. Differences between my data and that
reported in the literature could be caused by differences between tone-elictation methods across
studies; it is more difficult to label tones in citation form than those in sentence context (Wong

and Diehl, 2003), and it is likely more difficult to produce tones in citation form than in context.
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Thai Tones
Mean FO Across the Tonal Trajectory
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Figure 2.2. Thai tonal trajectories in mean FO (ST)
Timepoint k
Tone k1 k2 k3 k4 K5 k6 k7 k8 k9

H 8.496 | 8.474 | 8579 | 8.8986 | 9.520 | 10.474 | 11.124 | 11.274 | 11.357

5549 | 4.161 | 3.106 | 3.0832 | 3.880 | 6.077 | 9.424 | 12.438 | 12.804

11.601 | 11.881 | 11.598 | 10.639 | 8.905 | 6.684 | 4.936 | 4.480 | 4.955

6.700 | 5.800 | 4.605 | 4.422 | 4.083 | 3.754 | 3.958 | 4203 | 4552

8.098 | 7.869 | 7.647 | 7.4134 | 7.152 | 6.782 | 6.357 | 6.238 | 6.137
Table 2.2. Mean FO (ST) values of Thai tonal trajectories

Z|r|m|>o

As described in the literature, my Thai talkers’ level tones were not actually level. The M tone
was indeed closest to level, and stayed in the middle of the pitch range, but it falls about 2 ST
across its trajectory. However, my talkers’ H tone differs from that described in the literature:

instead of being a scooped contour, it is level from tonal onset to timepoint k3, rises about 2.5 ST
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until timepoint k7, and levels out to the offglide. Additionally, instead of falling steadily across

the syllable and reaching the bottom of the pitch range at offglide, my talkers’ L tone falls
sharply — about 2.1 ST — from onset to timepoint k3; continues to fall, but to a lesser degree
(about 0.8 ST), until timepoint 6; and rises 0.8 ST to the offglide. As described in the literature,
my talkers’ R tone does have a falling-rising contour: it falls sharply (nearly 2.5 ST) from onset
to timepoint k3; flattens out to timepoint k4; and rises 9.7 ST to the offglide. Likewise, their F
tone has a rise-fall contour: it rises slightly from onset to timepoint k2, falls gently to timepoint
k4; falls steeply from timepoints k4 to k8, and rises slightly to offglide. The magnitude of pitch

change for the R and F tones are the greatest of all the tones in the inventory.

Mandarin Tone
Mean FO Across the Tonal Trajectory
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Figure 2.3. Mandarin tonal trajectories in mean FO (ST)
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Timepoint k

Tone k1 k2 k3 k4 k5 k6 K7 ks k9
H 11.249 | 11.356 | 11.301 | 11.253 | 11.226 | 11.111 | 11.115 | 11.533 | 11.505
R 6.230 | 6.225 | 6.626 | 7.356 | 8.412 | 9.738 | 10.838 | 11.524 | 11.636
FR 4270 | 2.945 | 1994 | 1386 | 2.063 | 3564 | 4792 | 5068 | 5.379
F 12,725 | 12.112 | 10.805 | 9.004 | 7.134 | 5690 | 4.950 | 5.090 | 5.341

Table 2.8. Mean FO (ST) values of Mandarin tonal trajectories

As described in the literature, my Mandarin talkers’ H tone is essentially level. Their R
tone starts to rise at about timepoint k2, and actually remains level (does not fall) until that point.
It ultimately rises about 5.5 ST total. My talkers’ FR tone falls about 2.9 ST, but only until
timepoint k4 — its turning point occurs slightly earlier than described in the literature. It then
rises sharply (about 3.4 ST) until timepoint k7, and then continues to rise gently to offglide.
Finally, my talkers’ F tone does not rise in the first 20% of the vowel; it rather falls steadily, by

about 7.8 ST, until about timepoint k7 and then flattens out until the offglide.
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Yoruba Tones
Mean FO Across the Tonal Trajectory
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Figure 2.4. Yoruba tonal trajectories in mean FO (ST)
Timepoint k
Tone | ki k2 k3 k4 K5 k6 K7 k8 k9

H 9.638 | 9.824 | 9.832 | 9.791 | 9.785 | 9.901 | 10.171 | 10.247 | 10.203

L 6.182 | 5.830 | 5267 | 4598 | 3.887 | 3.352 | 3.125 | 3.151 | 3.189

M 7.427 | 7.295 | 7.024 | 6.715 | 6.487 | 6.437 | 6.725 | 6.887 | 6.934
Table 2.9. Mean FO (ST) values of Yoruba tonal trajectories

As suggested in the literature, my Yoruba talkers’ H and M tones were approximately
level throughout its trajectory, though the M tone dipped slightly around timepoint k6. Likewise,
following Hombert (1976)’s observations, the onset of my talkers’ L tone is lower in pitch than
that of the H and M tones and displays a falling pitch contour. In fact, my talkers’ L tone falls

about 3 ST until about timepoint k7, but then it remains approximately level until offglide.
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Igbo Tones
Mean FO Across the Tonal Trajectory
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Figure 2.5. Igbo tonal trajectories in mean FO (ST)
Timepoint k
Tone k1 k2 k3 k4 K5 k6 K7 k8 k9

H 11.071 | 11.345 | 11.363 | 11.287 | 11.161 | 11.162 | 11.259 | 11.291 | 11.160
L 6.926 | 6.640 | 6.177 | 5639 | 5107 | 4.688 | 4592 | 4.682 | 4.760
Table 2.10. Mean FO (ST) values of Igbo tonal trajectories

My Igbo talkers’ tones were similar in certain respects to Igbo-tone observations in the literature.
Their H tone was level throughout its trajectory, but its highest point was found at timepoint k3,
not at the end of the vocalic timespan as reported in the literature. Considering how little their H
tone changed throughout the trajectory, H tone perception might not actually be impacted. My

talkers’ L tone steadily fell about 2.3 ST from onset to timepoint 7, then rose slightly to offglide.
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The L tone target was also not found at offglide — it instead was found at timepoint k7 — but the

tonal FO at timepoint k7 was only 0.17 ST lower than that at offglide. L tone perception, too,
might be unaffected by this small a difference. Regardless, the H and L tones were highly

differentiated (separated by 6.4 ST) at offglide.
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CHAPTER THREE: DATABASE COMPILATION

3.1.  Introduction

This chapter is organized in the following manner: in section 3.2., | describe the materials
collected and used for this study, and in section 3.3., | describe the methods employed for their
collection. In brief, the participants in this study, 3 male and 3 female native speakers of each
language, were recorded as they produced 18 CV syllables with each contrastive tone. The start
and end of the tone-bearing unit (TBU) of each syllable — its vowel — was delineated, and the
vocalic FO (in Hz) was measured at 10 equidistant timepoints k. The Hz values were converted
to semitones (ST); these ST values were used for the analyses described in chapters four and five

of this dissertation.

3.2. Materials

The tones analyzed in this study were borne by several isolated CV syllables, namely,
[ba], [bi], [bu], [da], [di], [du], [gal, [gi], [gu], [1a], [1i], [lu], [ma], [mi], [mu], [na], [ni], and [nu].
The consonants [b], [d], [g], [I], [m], and [n] were chosen for multiple reasons. They, or
consonants that are comparable in place of articulation, are used across the five languages in
initial position. (While Cantonese and Mandarin lack voiced plosives, they have [p] and [p"], [t]
and [t"], and [K] and [k"]; the former (unaspirated) of each pair is similar to [b], [d], and [g] in
place of articulation and occur in initial position. Similarly, Thai lacks [g] initials, but has [K]
and [k, the former of which is similar in place of articulation and voicing to [g].) Choosing
these consonants in particular minimized the possibility that participants (talkers) would be

confused when asked to produce them. Voiced consonants were chosen for two main reasons:
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(1) because both they and the vowel are voiced oral segments, voicing and oral airflow will be

uninterrupted throughout the duration of the syllable; and (2) because they are obstruents, it will
be relatively easy to identify the vocalic onset. Similarly, the vowels [i], [a], and [u] were
chosen because the five languages all have them in their inventories, and all use them in coda
position.

Not all the syllables are real (meaningful) words in all five languages, as it is not possible
to find a complete set of phonetically-identical CV syllables that are all meaningful real words in
all the languages. Native-speaker language consultants (one per language, for a total of five)
were hired to identify which syllables were real words and which were non-words. They
provided glosses for each of the real words, and they wrote short sentences in the native
language orthography (plus their English glosses) to exemplify each real word in context. The
Mandarin and Yoruba language consultants also translated, from English to their native
languages, a passage called The North Wind and the Sun (English version from International
Phonetic Association, 1999), to be used in a future project. Finally, language consultants
translated, from English to their native language, the phrase Do you speak [language]? for use
on recruitment materials. Appendix A: Materials contains the lists of syllables and passages.
Each real word is listed with its gloss, and each non-word is marked with dashes. Language
consultants were paid at the rate of $10 per hour. Funds were provided by a Northwestern
University Graduate Research Grant to Jennifer A. Alexander and by the Department of

Linguistics at Northwestern University.
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3.3.  Methods

3.3.1. Participants

Three female and three male adult native speakers of each language produced the
syllables. As all the talkers lived in the U.S. at the time of testing, all spoke and understood
English to some degree, but all listed English as a non-native language. All were literate in both
English and their native language, and none reported any speech or hearing problems. Place-of-
origin was controlled to the extent possible in order to minimize dialect variation across talkers
in each language group. Igbo and Yoruba speakers had spent the majority of their lives in
Nigeria; Mandarin speakers in Beijing, China; Thai speakers in Bangkok, Thailand; and
Cantonese speakers in Hong Kong, China. Save for five exceptions, all participants had lived in
his/her place-of-origin for at least their first 13 years of life; most had lived in his/her place of
origin considerably longer (average age at which participants left their place-of-origin = 21.3
years of age). The exceptions included one Igbo speaker and two Yoruba talkers whose
information was unreported; one Cantonese participant who moved to Hong Kong from
Guangdong Province, China, at age 5 and lived there until the age of 29; and one Cantonese
participant who moved to Hong Kong from Pittsburgh, PA, US at age 2 and lived there until the
age of 27. Information about the participants’ ages at time of testing and place(s) of residence
until the point at which they immigrated to the U.S. is provided in Appendix B: Participants.

Participants were recruited and run between February and August 2009. They were
recruited via IRB-approved flyers, emails, and Craigslist (online) ads. Most of the Cantonese,
Thai, and Mandarin talkers were recruited at Northwestern University. They contacted the study

coordinator (me) at the email address provided (a) on recruitment flyers and (b) within the text of
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emails forwarded to international-student listservs from the leaders of those organizations. The

majority of the Thai participants, in fact, learned about the study from the head of the NU Thai
Club. Very few Yoruba and Igbo participants responded to ads, so they were primarily recruited
from around the Rogers Park and Uptown neighborhoods of Chicago, which both are home to
sizeable communities of Nigerian immigrants. In particular, Yoruba immigrants were recruited
in person at area churches — after a short presentation about the study, interested individuals had
provided their names and contact information. One Igbo participant was recruited via a flyer
posted at Northwestern University, but most others were recruited in person at the 2009 Igbo
Festival in the Rogers Park neighborhood of Chicago.

Participants were between the ages of 18-50 years (mean = 30.6 years) when they
produced the syllables. Due to difficulty incurred in recruiting Nigerian participants that were
closely matched in age to the East Asian participants (details discussed below), the East Asian
participants were on average about 16 years younger than the Nigerian participants. At the time
of testing, participants had resided in the U.S. anywhere from 2 months to 26 years. This range
of time spent living the in the U.S. is a result of the age difference between the East Asians and
Nigerians — the average length of residence in the U.S. up until the time of testing was
approximately 2 years for East Asians but nearly 13 years for Nigerians (excluding 3 Nigerians

whose date of immigration was unreported). These details are also included in Appendix B.

3.3.2. Recording procedures
Upon arrival, participants signed IRB-approved consent forms and filled out a

guestionnaire about their language background and all the towns in which they had lived.
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Information and instructions about the task were presented in writing on the computer monitor.

They were written in both the participant’s native language and in English, and were also read
aloud, in English, by the experimenter. To continue to subsequent pages of information and
instructions, the experimenter verbally checked for comprehension, and the participant pressed
the space bar. As a sample, the Cantonese instructions are in Appendix C: Instructions.
Syllables were presented one at a time, via Dell Inspiron 600m notebook PC and E-Prime
(Psychology Software Tools). Each syllable was presented in the language’s orthography; in
Roman letters; with tone numbers, letters, and/or diacritics; and with the example sentence
written by the language consultants (real words only). An example of a Mandarin trial is shown

Figure 3.1, below.

Chinese : ) ] .
characier Pin¥Yin | Tone # | Meaning (in English) Example Example (in English)
AN ba bal eight/8 FH5/\AF - | ] have eight notebooks.

Figure 3.1. Mandarin trial

Each syllable, with each contrastive tone, was produced in isolation (to ensure consistent
standard pronunciation, and to avoid list intonation when reading the syllables). Participants
were instructed to read each one aloud, just once, concentrating on its tone. They were permitted
to repeat any syllable if they decided they were dissatisfied with that utterance. The procedure
was self-paced; participants could take as long as desired to think about each syllable before they
produced it. They then pressed the space bar to continue to the following syllable. Before

starting the test trials, participants performed several practice trials (identical to test trials, but
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with non-test syllables), and were given the option to repeat the practice trials as many times as

desired before continuing to the test trials. Most chose not to repeat the practice trials.
Participants were provided bottles of water to drink so as to minimize vocal fatigue.

Test trials were organized into six blocks: three blocks in which the syllables were
randomized, and three in which the syllables were ordered sequentially. No syllable was ever
presented more than once within a block. Thus, each syllable was produced six times by each
talker. Participants were either presented with all three sequential-order blocks first and all three
random blocks second, or vice-versa (see Appendix B for details on each participant). At the end
of each block, the experiment stopped automatically; participants took a two-minute break before
continuing on to the next block.

Due to the different number of tones in each language, talkers produced different
numbers of syllables depending on their native language. Specifically, each Igbo talker
produced 216 syllables (18 syllables x 2 tones x 6 blocks); each Yoruba talker produced 324
syllables total (18 syllables x 3 tones x 6 blocks); each Mandarin talker produced 432 syllables
total (18 syllables x 4 tones x 6 blocks); each Thai talker produced 540 syllables total (18
syllables x 5 tones x 6 blocks); and each Cantonese talker produced 648 syllables total (18
syllables x 6 tones x 6 blocks). Thus, a grand total of 12,960 syllables were produced ((216
syllables x 6 Igbo talkers = 1296 Igbo syllables) + (324 syllables x 6 Yoruba talkers = 1944
Yoruba syllables) + (432 syllables x 6 Mandarin talkers = 2592 Mandarin syllables) + (540
syllables x 6 Thai talkers = 3240 Thai syllables) + (648 syllables x 6 Cantonese talkers = 3888

Cantonese syllables)).
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Each block of syllables was recorded as one continuous mono (left)-channel WAYV file at

44.1 kHz with a Marantz Professional Solid State Recorder, model PMD670, and a Shure
WH20XLR Dynamic Headset Microphone. The short burst of sound created when participants
pressed the space bar between trials was recorded on the right channel, via an ARTcessories
Zdirect Professional Passive Direct Box, for use during delineation of the consonant and vowel
of each syllable (explained below). In addition, after all the syllables were recorded, each
participant read aloud two passages. The first, The North Wind and the Sun, was written and
subsequently read in the participants’ native language. Igbo, Thai, and Cantonese versions were
from The Handbook of the International Phonetic Association (1999); Mandarin and Yoruba
versions were as translated by Mandarin and Yoruba language consultants. The second, The
Stella elicitation paragraph from the Speech Accent Archive (Weinberger,
http://accent.gmu.edu) was written and read in English. The passages were not analyzed in this
study, but rather were acquired for use in future research projects. Recordings were transferred
to a Dell desktop PC via a SanDisk 512 MB compact flash card, modelSDCFB and a SanDisk
ImageMate CF reader, model SDDR-92. Most talkers took 60-90 minutes to complete the task.
As would be expected, Igbo participants typically finished the task within 60 minutes, as they
had comparatively few syllables to produce. Cantonese talkers, on the other hand, took about 90
minutes to complete the task, as they had a comparatively high number of syllables to produce.
Like the language consultants, participants were compensated for their time at a rate of $10/hour;
again, funds were provided by the aforementioned Northwestern University Graduate Research

Grant and the Northwestern University Department of Linguistics.
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Depending on their schedule and preference, participants performed the task in a quiet

room in one of five locations: (1) a phonetics/phonology laboratory at Northwestern University
(in sound-attenuated booths); (2) the Edgewater branch of the Chicago Public Library; (3) the
Uptown branch of the Chicago Public Library; (4) a church in the Uptown neighborhood of
Chicago; or (5) their private residence (this occurred just once). The vast majority of the East
Asian participants performed the task in location (1), and most of the Nigerian participants
performed it at locations (2) and (3). No matter the location, the equipment — being portable —

was the same, so as to minimize differences in recordings.

3.3.3. Data processing

Data were processed, and analyses conducted, with a Macintosh OSX, 2GHz Intel Core 2
Duo iMac and a Dell Inspiron 1420 notebook PC. Only vowels were analyzed, as the vocalic
segment was more consistently modally voiced — and was therefore more conducive to FO
analysis — than the preceding consonant. To organize each recording, a short burst of sound was
inserted after each syllable. This burst of sound had been recorded onto the right channel when
participants pressed the space bar between trials. The program used for this step was
Triggerwave (Chan, 2009,
http://groups.linguistics.northwestern.edu/documentation/triggerwave _home.html). The Penn
Phonetics Lab Forced Aligner (Yuan and Liberman, 2009), via HTK HVITE (Young, Evermann,
Gales, Hain, Kershaw, Liu,... and Woodland, 2006), was then used for transcription of the
syllables. HTK HVITE is a forced aligner designed to create transcriptions of recordings at the

word level; the Penn Aligner adds a python script that directs HTK to transcribe recordings at the
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phonetic level. Additionally, a Perl script (Chan 2010,

http://groups.linguistics.northwestern.edu/documentation/nualigner_home.html) wrapped around
the Penn Aligner made possible batch-processing of audio files, which was essential for my
project, as each recording consisted of all the syllables produced within a block. To transcribe
my syllables, the aligner took a recording; a list of the syllables in the order in which they were
produced in that particular block; and a dictionary custom-made for each language that contained
each syllable, its tone, and a transcription of the segments in ASCII text ([b] =B, [d] =D, [g] =
G, [I]=L,[m]=M,[n] =N, [a] = AA, [i] = 1Y, [u] = UW). The aligner returned a Praat text
grid (Boersma, 2010) with two tiers: the full syllable and its tone on the top tier, and the
consonant and vowel, written in ASCII script, demarcated on the bottom tier. This was a useful,
though coarse, first pass at demarcating vocalic onset and offset. The aligner is somewhat
limited in its ability to precisely identify segment boundaries. In particular, segment boundaries
were often mis-identified when phonation was non-modal (in these cases, breathy or creaky).
The aligner also failed to detect syllables at all if the trigger volume was too low. Therefore, its
output required careful hand-correction. Each recording and text grid was opened with Praat,
and the start and end of each vowel was carefully and consistently demarcated by hand.
Specifically, the start of the vowel was measured as the start of vocalic modality, i.e., at the first
glottal pulse of the first repeating vocalic wave. The end of the vowel was measured as either
the final glottal pulse — in cases where the end of the vowel was modal — or the end of the final
wave, when the end of the vowel was non-modal (creaky or breathy).

FO (in Hz) of each vowel at ten equidistant points k (ko-g) (following Zhao and Jurafsky

2007; 2009) was automatically measured via a Praat script. The script, originally written by
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Liennes (2003), was modified to read sound files and TextGrids as input and to use PitchTier to

analyze FO from labeled segments in the text grid files. (The previous version used PitchObject,
which was in many cases unable to measure FO from the text grid; PitchTier was much more
successful.) Pitch minima and maxima were set at 25 and 600 Hz, respectively. This range
accommodated variation in the talkers’ pitch ranges, with room to spare to make sure that no
exceptionally high or low utterances were missed. The Praat script returned a pitchresults text
file with the FO (in Hz) of each vowel at ten equidistant points.

The Hz measurements were then converted to semitones (ST), a logarithmic
transformation of the physical Hz scale that, compared to other psychoacoustic scales such as
mel, Bark, and ERB-rate, most accurately reflects listeners’ intuitions on intonational
equivalence (Nolan, 2007). A Perl script read the pitchresults text file and converted Hz to ST
using the conversion equation FOsemitones = (12 l0g(F0H,/100 HZz))/log(2)
(http://www.linguistics.ucla.edu/faciliti/facilities/acoustic/pitch_unit_conversion.txt). The basis
of this equation is the musical semitone scale, where each octave equals 12 semitones. The steps
of the ST scale thus correspond to equal perceptual intervals; it captures a key psychoacoustic
assumption of the TAD and of this study, that talkers intentionally produce tones so as to make
them maximally distinct for the listener. The Perl script returned text files that listed information
about each vowel, including the FO at ten equidistant points in both Hz (as originally measured)

and in ST. The vocalic FO measurements, in ST, were used for all analyses in this study.
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3.4. Database

On the consent forms, participants were asked to give or deny permission for their
recordings to be made available to the general public. Recordings and associated materials
(Praat text grids; lists of syllables; demographic information, etc.) for which sharing permission
was granted will be uploaded to OSCAAR. These password-protected files will be organized
into a searchable database. After a user obtains permission for use, he/she will be able to access
any of the files he/she requires. In keeping with IRB regulations, at no time will the participants’
names be associated with any of his/her downloadable files. Each participant will be identified

by laboratory code only.



CHAPTER FOUR: CROSS-LANGUAGE COMPARISONS AND THE THEORY OI(38
ADAPTIVE DISPERSION

4.1.  Introduction

Recall that my overall objective is to illuminate cross-linguistic tendencies in tone system
organization. | do so by extending the Theory of Adaptive Dispersion to tone systems. To that
end, this study analyzes and compares the sizes of the acoustic lexical-tone spaces, and
dispersion of the tones within those spaces, of five languages with very different tone-inventory
compositions: Cantonese (6 tones [3 contour, 3 level]), Thai (5 tones [2 contour, 3 level]),
Mandarin ([4 tones [3 contour, 1 level]), Yoruba (3 tones [0 contour, 3 level]), and Igho (2 tones
[0 contour, 2 level]).

| follow Zhao and Jurafsky (2007, 2009) and examine one acoustic correlate across the
languages: mean overall FO at various points along the tonal trajectory. | define tone-space size
as the tonal pitch range, averaged across talkers, measured at three points along the tonal
trajectory (tonal onset, midpoint, and offglide). That is, the size of the acoustic tone space is
measured as the FO difference in semitones (ST) between the mean FO of a language’s highest
(top) tone and the mean FO of its lowest (bottom) tone at those three timepoints. | define the
comparative degree of tonal dispersion as the cross-language difference in the Euclidean
distance from the mean FO (ST) of a given tone relative to the mean FO (ST) of a tonal baseline
(namely, the H tone). (This H-tone baseline, a common point of comparison, is so chosen
because it is both common to, and phonetically similar in, the languages under comparison.) For
example, | compare at tonal onset the FO difference (in ST) between the M tone and H baseline

tone of Cantonese to the FO difference (in ST) between the M tone and H baseline tone of
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Yoruba. If the former is larger than the latter, then the Cantonese M tone is considered

comparatively further dispersed from the tonal baseline at tonal onset.

Following the TAD, | assume that tone categories will act as repellers in a dynamical
system: each will repel the others and will find equilibrium where it is maximally distant from
surrounding tone categories. Closely related to this is my TAD-based assumption that tones will
be dispersed only and exactly to the degree necessary to ensure sufficient tonal contrast. A third
assumption naturally follows: the distance between two adjacent tone categories in a language
will equal the distance between two other adjacent tone categories.

| plan to test the following two competing hypotheses and their accompanying
predictions:

H1. Tone spaces will be equivalent in size across languages, and degree of tonal

dispersion will differ as a function of tone-inventory size.

a. The size of the acoustic tone space is independent of the size of the tone
inventory. With regard to the languages under investigation, this leads to the

prediction that Cantonese = Thai = Mandarin = Yoruba = Igbo in overall tone-

space size.

b. If tone-space size is equivalent across languages, then the degree of tonal
dispersion relative to a tonal baseline will be greater in a language with fewer
tones than in a language with more tones. With regard to the languages under

investigation, this leads to the prediction that Igbo > Yoruba > Mandarin >

Thai > Cantonese in deqgree of tonal dispersion relative to a baseline.
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H2. Tone spaces will differ in size as a function of tone-inventory size, and degree of

tonal dispersion will be equivalent across languages.

a. The size of the acoustic tone space is positively correlated with tone inventory
size. With regard to the languages under investigation, this leads to the

prediction that Cantonese > Thai > Mandarin > Yoruba > Igbo in overall tone-

space size.

b. If a language with a larger tone inventory has an expanded tone space relative
to a language with fewer tones, the degree of tonal dispersion relative to a
tonal baseline will be equivalent across languages. With regard to the
languages under investigation, this leads to the prediction that Cantonese =

Thai = Mandarin = Yoruba = Igho in degree of tonal dispersion relative to a

baseline.

Figures 4.1 and 4.2, partial reproductions of Figures 1.1 and 1.2, are idealized illustrations of the
five languages’ tone spaces and degree of dispersion of a given tone within the tone space (here,
tone 2) relative to a tonal baseline (tone 1). The highest (top) tone for all languages is called tone
1. The lowest (bottom) tone is 6 in Cantonese, 5 in Thai, 4 in Mandarin, 3 in Yoruba, and 2 in
Igbo. Tones are indicated in the abstract (with numbers) because, as discussed later, the highest
and lowest positions may be occupied by different tones, depending on the timepoint. Note that
in Figure 4.1, which corresponds to H1, the size of the overall tone-space is fixed (the same)
across the languages, but the degree of dispersion of tone 2 relative to the baseline tone 1 is

largest for Igbo (with 2 tones) and smallest for Cantonese (with 6 tones). In Figure 4.2, which
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corresponds to H2, the size of the overall tone-space is largest for Cantonese and largest for

Igbo; the degree of dispersion of tone 2 relative to the baseline tone 1 is equivalent across the

languages.

Tone 1 __}i }i x \
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Cantonese Thai Mandarin  Yoruba Igbo

Figure 4.1. An idealized illustration of the five languages’ tone-space areas and degree of
tonal dispersion under hypothesis H1
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Figure 4.2. An idealized illustration of the five languages’ tone-space areas and degree of
tonal dispersion under hypothesis H2
The upcoming sections are as follows: In section 4.2, | describe my methods for collecting and
analyzing my data. In section 4.3, | examine cross-language tone spaces, and in section 4.4, |

examine cross-language tonal dispersion.
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4.2. Method

Linear mixed-effects regression models (Imers), fitted using the statistical software
package R (Free Software Foundation, GNU General Public License) are used to investigate if
and how the languages’ tone spaces differ from one another as a function of the number of tones
in their inventories. Mixed-effects models incorporate two types of factors: fixed (repeatable)
and random (non-repeatable, sampled from a larger population); all information about mixed-
effects modeling herein is from Baayen (2009). For the analyses, Language and Tone are
considered to be fixed variables and Talker and Item are random variables. The Language fixed
variable includes any/all of the languages (depending on the model): Cantonese, Igbo,
Mandarin, Thai, and/or Yoruba. The Tone fixed variables include the tones under investigation
in each model. In the ToneSpace analyses, for instance, the tones analyzed are each language’s
highest and lowest tones at each timepoint k. For purposes of analysis, tones within categories
being compared are given the same labels, so that R can make pairwise comparisons. For
example, in the ToneSpace analyses, the highest (top) tone was renamed T and the lowest
(bottom) B. The Talker random variables are the codes for each individual talker (CF02, CF03,
CF04, CMO02, CMO03, CM04, IF02, IF04, IF05, IM04, IMO05, IM07, MF02, MF03, MFO5,
MMO02, MMO03, MM04, TF01, TF04, TF05, TM02, TM04, TMO05, YFO03, YFO05, YF07, YMO02,
YMO5, YMO06), where 01-07 = talker number, C = Cantonese, F = Female, | = Ighbo, M =
Mandarin, T = Thai, and Y = Yoruba. Each Item is the Blocking + Repetition + Syllable (i.e.,
Random blocking; first Repetition; Syllable [bi], resulting in an Item titled Rand1Bi). Note that

Blocking (Random-Sequential), Repetition (Random order #1-Random order #2, etc.),
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Consonant ([b]-[d]-[g]-[1]-[m]-[n]), Vowel ([a]-[i]-[u]), Sex (male-female) and Word Status

(word-nonword) are collapsed (not defined as separate variables); the effect of each was
therefore not tested. In doing so, I choose to focus on variables that are shown in Figures 2.1
through 2.5 to clearly affect tone space (Language and Tone), and ignore potential changes to the
tone space caused by one or more of the other variables. That said, future versions of the model
may incorporate VVowel as fixed variables, as vowels are known to have intrinsic pitch (see, e.qg.,
Ewan, 1975). Future models may also include Sex, as females are known to display a larger
pitch range and vowel space (Diehl, Lindblom, Hoemeke, and Fahey, 1996) and a larger tone
space (when defined as the Euclidean distance in FO of words from a tonal centroid) (Zhao and
Jurafsky, 2009).

Along with the obvious benefit of being able to simultaneously model fixed and random
effects, mixed-effects models also are potentially more accurate and powerful. Unlike t-tests and
ANOVAs, which compare means of aggregated data, a mixed-effects model takes into account
all raw data; data loss caused by aggregation is therefore nonexistent. Fixed effects are modeled
by means of contrasts (in ToneSpaces, T vs. B tone) and random-effect factors are modeled as
random variables with a mean of zero and unknown variance. For instance, the talkers in this
study may differ with respect to the H tone FO values. Across the population, the average
adjustment required to account for differences in FO will be zero, but the adjustments required
for individual talkers will vary around zero with some standard deviation (an estimating
parameter). Treatment coding is such that one level is selected as the default baseline, or
reference level; this is represented as an Intercept. By default, factors are ordered alphabetically,

and the first is the Intercept. E.g., for the fixed factor Language, Cantonese is the first Intercept,
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as it is the first in the alphabetized list of languages (Igbo being second, Mandarin being third,

etc.). Likewise, Tone Intercepts are determined in alphabetical order as well. Other levels are
coded in such a way that their regression weights are the difference between the mean for that
level and the mean for the reference (Intercept) level. For instance, the ToneSpace analyses

determine whether the T-B FO difference for the Intercept language at a particular timepoint is

different from that of the other languages.

4.3. Examination of cross-language tone-spaces

Referring back to Figures 2.1-2.5, it is clear that the languages’ tone spaces are larger or
smaller depending on either the tone or the timepoint along the tonal trajectory. The following
three sets of models — ToneSpaceOnset, ToneSpaceMidpoint, and ToneSpaceOffglide — compare
at three equidistant points along the tonal trajectory the FO distances (in ST) between each

language’s most extreme (top and bottom) tone values.

ToneSpaceOnset evaluates, at the tonal onset (timepoint k1), the following:

(1) Cantonese: The distance between the H and L tones. Referring back to Figure 2.1, H marks
the top, and L marks the bottom, FO values at tonal onset.

(2) Thai: The distance between the F and R tones. Referring back to Figure 2.2, F marks the
top, and R marks the bottom, FO values at tonal onset.

(3) Mandarin: The distance between the F and FR tones. Referring back to Figure 2.3, F marks

the top, and FR marks the bottom, FO values at tonal onset.
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(4) Yoruba: The distance between the H and L tones. Referring back to Figure 2.4, H marks the

top, and L marks the bottom, FO values at tonal onset.

(5) Igbo: The distance between the H and L tones, as these are the only tones in Igbo.

ToneSpaceMidpoint evaluates, at the tonal midpoint (timepoint k5), the following:

(1) Cantonese: The distance between the H and LR tones. Figure 2.1 shows that H marks the
top, and LR marks the bottom, FO values at tonal midpoint.

(2) Thai: The distance between the H and R tones. Figure 2.2 indicates that H marks the top,
and R marks the bottom, FO values at tonal midpoint.

(3) Mandarin: The distance between the H and FR tones. Figure 2.3 shows that H marks the
top, and FR marks the bottom, FO values at tonal midpoint.

(4) Yoruba: The distance between the H and L tones. Figure 2.4 shows that H marks the top,
and L marks the bottom, FO values at tonal onset.

(5) Igbo: The distance between the H and L tones, as these are the only tones in Igbo.

ToneSpaceOffglide evaluates, at the tonal offglide (timepoint k9), the following:

(1) Cantonese: The distance between the MR and LR tones. Figure 2.1 shows that MR marks
the top, and LR marks the bottom, FO values at tonal offglide.

(2) Thai: The distance between the R and L tones. Figure 2.2 indicates that R marks the top,
and L marks the bottom, FO values at tonal offglide.

(3) Mandarin: The distance between the R and F tones. Figure 2.3 shows that R marks the top,

and F marks the bottom, FO values at tonal offglide.
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(4) Yoruba: The distance between the H and L tones. Figure 2.4 shows that H marks the top,

and L marks the bottom, FO values at tonal offglide.

(5) Igbo: The distance between the H and L tones, as these are the only tones in Igbo.

4.3.1. ToneSpaceOnset

The ToneSpaceOnset models compare the FO difference (in ST) between the top and
bottom tones (henceforth called T for “top” and B for “bottom”) of the languages at tonal onset
(timepoint k1). The first Imer analysis compares Cantonese to each of the other languages.
Subsequent regressions examine the remaining parwise comparisons. Figure 4.3, below, shows
the top - bottom tone mean FO at timepoint k1 for the five languages. Standard error bars

surround each data point.
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Cross-language Tone Spaces at Tonal Onset (k1)

15

10

e=—— Grand Mean -
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@ Grand Mean -
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Mean FO (ST)
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All (T&B)

Cantonese Thai Mandarin Yoruba Igbo

Figure 4.3. Tone-space size across the five languages at the tonal onset

Item Cantonese | Thai | Mandarin | Yoruba | Igbo
Grand Mean - Top 11.477 11.638 12.772 9.506 | 11.046
Grand Mean - Bottom 5.947 5.563 4.342 6.078 | 6.904
Grand Mean — All (T&B) 8.712 8.601 8.557 7.792 8.975
Grand Mean T-B 5.529 6.075 8.431 3.428 | 4.142

Table 4.1. Tone-space size FO (ST) values across the five languages at tonal onset

Observe that the Grand Mean — All (T&B) values are very similar across the languages; the
lowest Grand Mean value (Yoruba) is only 1.2 ST lower than the highest (Igbo). In addition,
observe that the differences between the languages’ top vs. bottom tone Grand Mean FOs are all
quite different. Table 4.2 shows the fixed-effects results of the ToneSpaceOnset Imers. The

legend underneath it is to be referenced for this and all other Imer analyses:
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ToneSpaceOnsetl: ToneSpaceOnset2:
Cantonese vs. Igbo, Mandarin, Thai, and Yoruba Igbo vs. Mandarin, Thai, and Yoruba
Est St.E t-val pMCMC Est StE | t-val | pMCMC

Languagel -0.446 | 2.837 | -0.160 0.668 LanguageM 1724 | 2972 | 0.58 0.105

LanguageM 1.278 | 2.837 | 0.450 0.2106 LanguageT 0.5853 | 2.972 0.2 0.576

LanguageT 0.140 | 2.837 | 0.050 0.8832 LanguageY -1.618 | 2972 | -0.54 0.1306

LanguageY -2.065 | 2.837 | -0.730 0.0484 ToneB -4.146 | 0.122 | -33.94 0.0001

ToneB -5.526 | 0.123 | -44.780 0.0001 LanguageM:ToneB | -4.333 | 0.148 | -29.3 0.0001

Languagel:ToneB | 1.379 | 0.148 | 9.310 0.0001 LanguageT:ToneB | -1.948 | 0.149 | -13.08 | 0.0001

LanguageM:ToneB | -2.95 | 0.149 | -19.870 | 0.0001 LanguageY:ToneB | 0.6945 | 0.148 | 4.69 0.0001
LanguageT:ToneB | -0.57 | 0.150 | -3.810 0.0006
LanguageY:ToneB | 2.072 | 0.149 | 13.920 0.0001

ToneSpaceOnset3: ToneSpaceOnset4:
Mandarin vs. Thai and Yoruba Thai vs. Yoruba
Est StE t-val pMCMC Est StE | t-val | pMCMC
LanguageT 0.396 | 3.099 | 0.130 0.2776 LanguageY -2.201 | 2.838 | -0.78 0.0094
LanguageY -1.814 | 3.099 | -0.590 0.005 ToneB -6.114 | 0.093 | -65.87 0.0001
ToneB -6.930 | 0.114 | -60.660 0.0001 LanguageY:ToneB | 2.6333 | 0.108 | 24.49 0.0001
LanguageT:ToneB | 0.846 | 0.141 | 6.010 0.0001
LanguageY:ToneB | 3.493 | 0.140 | 24.890 0.0001

Legend
Code Gloss
Est Estimate

St.E Standard error

t-val. t-value
Languagel Languagelgbo
LanguageM LanguageMandarin
LanguageT LanguageT hai
LanguageY LanguageYoruba

pMCMC | p-values based on MCMC sampling

Table 4.2. Summary of the results of the ToneSpaceOnset Imers

For the fixed effects data above, and all forthcoming analyses, p-values are estimated via Markov
chain Monte Carlo (MCMC) sampling, and significant values are in boldface type. The above

values are significant at p < 0.0125 (after Bonferroni correction). The corrected a-level here and
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in all other analyses was calculated as 0.05/[number of Imers]. The results of the

ToneSpaceOnset models are summarized below:

1. In general, there is no main effect of language. The Grand Mean FO did not differ as a

function of language, save for the Grand Mean FO of Yoruba with respect to that of
Mandarin (ToneSpaceOnset3-4).

2. Overall, there is a significant difference between the top and bottom tones. In each of the

models, the bottom tone was 4-7 ST lower on average than the top tone. This indicates
that the top and bottom tones are well-differentiated overall.

3. The interaction of tone and lanquage is significant.

Taken together, the results of ToneSpacesOnset corroborate the observations of the data in
Figure 4.3. Crucially, the models indicate that Yoruba < Igbo < Cantonese < Thai < Mandarin
with regard to tone-space size at onset.

The results of the above Imers support neither H1 nor H2: at onset, the languages do not
have equivalently-sized tone spaces, and the language with the largest tone inventory
(Cantonese) does not have the largest tone space. However, these data suggest that tone-space
size at the tonal onset may first be determined by the type of tones in the inventory, and then by
the number of tones in the inventory. Overall, the level-tone-only languages have smaller tone
spaces at tonal onset than contour-tone languages. Furthermore, within each language type
(level or contour), a smaller tone inventory seems to require a larger tone space. Across level-
tone languages, the language with the smaller tone inventory (Igbo) has a larger FO range than

the language with the larger tone inventory (Yoruba). Across contour-tone languages, the
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language with the fewest tones (Mandarin) has a larger FO range than languages with more tones;

the language with the largest tone inventory (Cantonese) has the smallest FO space. The tone

spaces of level vs. contour tone languages are compared in chapter five.

4.3.2. ToneSpaceMidpoint

The ToneSpaceMidpoint models compare the FO difference (in ST) between the top and
bottom tones of the languages at tonal midpoint (timepoint k5). The first Imer analysis compares
Cantonese to each of the other languages. Subsequent regressions examine the remaining
parwise comparisons. Figure 4.4, below, shows the top — bottom tone Mean FO at timepoint k5

for the five languages. Standard error bars surround each data point.
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Cross-language Tone Spaces at Tonal Midpoint (k5)
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Figure 4.4. Tone-space size across the five languages at the tonal midpoint

Item Cantonese | Thai | Mandarin | Yoruba | Igbo
Grand Mean - Top 11.466 9.531 11.247 9.659 11.161
Grand Mean - Bottom 3.637 3.895 2.12 3.810 5.082
Grand Mean — All (T&B) 7.552 6.713 6.679 6.735 8.122
Grand Mean — T-B 7.829 5.636 9.137 5.849 | 6.079

Table 4.3. Tone-space size FO (ST) values across the five languages at tonal midpoint

Observe that the Grand Mean — All (T&B) values are very similar across the five languages; the
lowest Grand Mean (Mandarin) is only 1.4 ST lower than the highest (Igbo). However, the
differences between the languages’ top vs. bottom tone Grand Means are quite different, save for
Yoruba and Thai, which are approximately the same. Table 4.4, below, summarizes the fixed-

effects results of the ToneSpaceMidpoint Imers.
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ToneSpaceMidpointl:
Cantonese vs. Igbo, Mandarin, Thai, and Yoruba

ToneSpaceMidpoint2:
Igbo vs. Mandarin, Thai, and Yoruba

Est StE t-val pMCMC Est St.E t-val pMCMC
Languagel -0.313 | 2.606 | -0.120 0.8182 LanguageM 0.067 | 2.747 | 0.020 0.9608
LanguageM -0.245 | 2.606 | -0.090 0.8542 LanguageT -1.621 | 2.747 | -0.590 0.2184
LanguageT -1.934 | 2.606 | -0.740 0.162 LanguageY -1.577 | 2.747 | -0.570 0.2294
LanguageY -1.890 | 2.606 | -0.730 0.1568 ToneB -6.056 | 0.169 | -35.840 0.0001
ToneB -7.815 | 0.178 | -43.970 | 0.0001 LanguageM:ToneB | -3.084 | 0.202 | -15.290 0.0001
Languagel:ToneB | 1.759 | 0.222 | 7.940 0.0001 LanguageT:ToneB | 0.420 | 0.203 | 2.070 0.0384
LanguageM:ToneB | -1.325 | 0.221 | -5.990 0.0001 LanguageY:ToneB | 0.194 | 0.203 | 0.950 0.3502
LanguageT:ToneB | 2.181 | 0.222 | 9.810 0.0001
LanguageY:ToneB | 1.947 | 0.223 | 8.750 0.0001
ToneSpaceMidpoint3: ToneSpaceMidpoint4:
Mandarin vs. Thai and Yoruba Thai vs. Yoruba
Est StE t-val | pMCMC Est St.E t-val pMCMC
LanguageT -1.687 | 2.700 | -0.630 | 0.197 LanguageY 0.040 | 2.431 | 0.020 | 0.9702
LanguageY -1.645 | 2.700 | -0.610 0.2092 ToneB -5.638 | 0.147 | -38.330 0.0001
ToneB -9.140 | 0.164 | -55.770 | 0.0001 LanguageY:ToneB | -0.223 | 0.167 | -1.340 0.1898
LanguageT:ToneB | 3.503 | 0.202 | 17.380 0.0001
LanguageY:ToneB | 3.276 | 0.202 | 16.250 0.0001
Table 4.4. Summary of the results of the ToneSpaceMidpoint Imers

The above values are significant at p < 0.0125 (after correction). The results of

ToneSpacesMidpoint are as follows:

1. There is no main effect of language. In each of the models, the Grand Mean FO did not

differ as a function of language.

2. Overall, there is a significant difference between the top and bottom tones. In each of the

models, the bottom tone is 3-9 ST lower on average than the top tone. This indicates that

the top and bottom tones are well-differentiated overall.
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3. Most of the interactions of tone and language are not significant in ToneSpaceMidpoint2

and ToneSpaceMidpoint4: the Thai and Yoruba tone spaces do not differ in size from

that of Igbo, and that the Yoruba tone space does not differ in size from that of Thai.

4. The interaction of tone and lanquage is otherwise significant.

Taken together, the results of ToneSpaceMidpoint largely support the observations of the data in
Figure 4.4. There was no main effect of language, and the results suggest the following
hierarchy with regard to tone-space size at tonal midpoint: Igho = Yoruba = Thai < Cantonese <
Mandarin.

Like ToneSpaceOnset, the results of ToneSpaceMidpoint support neither H1 nor H2.
While two of the languages with larger tone inventories (Cantonese and Mandarin) do have
larger tone spaces than the languages with the smallest tone inventories (Igbo and Yoruba), the
tone space of Thai was approximately equivalent to those of the languages with the smallest
tone-inventory sizes (Yoruba and Igho). That said, the results of ToneSpaceMidpoint may
further support the notion that tone-space size is first determined by the type of tones in the
inventory, then by the number of tones in the inventory (this is explicitly tested in chapter five).
Relative to the contour-tone languages, the level-tone-only languages have smaller tone spaces.
Furthermore, across the contour-tone languages, a larger tone inventory has a smaller tone space
at tone midpoint. On the other hand, tone-inventory size does not affect level-tone-language

tone-space size at midpoint.
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4.3.3. ToneSpaceOffglide

The ToneSpaceOffglide models compare the FO difference (in ST) between the top and
bottom tones of the languages at tonal offglide (timepoint k9). The first Imer analysis compares
Cantonese to each of the other languages. Subsequent regressions examine the remaining
pairwise comparisons. Figure 4.5, below, shows the top - bottom tone Mean FO at timepoint k9

for the five languages. Standard error bars surround each data point.

Cross-language Tone Spaces at Tonal Offglide (k9)
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Figure 4.5. Tone-space size across the five languages at the tonal offglide
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Item Cantonese Thai Mandarin | Yoruba Igho
Grand Mean - Top 11.843 12.834 11.658 10.134 | 11.177
Grand Mean - Bottom 4.888 4.560 5.295 3.122 4,735
Grand Mean — All (T&B) 8.366 8.697 8.477 6.628 7.956
Grand Mean — T-B 6.955 8.274 6.364 7.011 6.442

Table 4.5. Tone-space size FO (ST) values across the five languages at tonal offglide

Observe that the Grand Mean — All (T&B) values are nearly the same for Cantonese, Thai,

Mandarin, and Igbo, and the lowest Grand Mean (Yoruba) is about 2 ST lower than the highest
(Thai). The languages’ top vs. bottom tone Grand Mean FO differences vary, but the difference
between Igbo and Mandarin, and the difference between Yoruba and Cantonese, are very small.

Table 4.6, below, shows the fixed-effects results of the ToneSpaceOffglide Imers.
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ToneSpaceOffglidel:
Cantonese vs. Igbo, Mandarin, Thai, and Yoruba

ToneSpaceOffglide2:
Igbo vs. Mandarin, Thai, and Yoruba

Est StE t-val pMCMC Est St.E t-val pMCMC
Languagel -0.685 | 2.562 | -0.267 0.7178 LanguageM 0.460 | 2.782 | 0.165 0.8108
LanguageM -0.229 | 2.562 | -0.089 0.9052 LanguageT 1.639 | 2.782 | 0.589 0.3684
LanguageT 0.950 | 2.562 | 0.371 0.621 LanguageY -1.103 | 2.782 | -0.397 0.5496
LanguageY -1.792 | 2.562 | -0.700 0.3484 ToneB -6.466 | 0.242 | -26.760 0.0001
ToneB -6.944 | 0.276 | -25.186 0.0001 LanguageM:ToneB | 0.078 | 0.330 | 0.241 0.8074
Languagel:ToneB | 0.493 | 0.387 | 1.272 0.1912 LanguageT:ToneB | -1.803 | 0.331 | -5.452 0.0001
LanguageM:ToneB | 0.579 | 0.387 | 1.498 0.1366 LanguageY:ToneB | -0.576 | 0.333 | -1.728 0.0888
LanguageT:ToneB | -1.312 | 0.387 | -3.390 0.0012
LanguageY:ToneB | -0.081 | 0.390 | -0.207 0.8402
ToneSpaceOffglide3: ToneSpaceOffglide4:
Mandarin vs. Thai and Yoruba Thai vs. Yoruba
Est StE t-val pMCMC Est StE | t-val | pMCMC
LanguageT 1.179 | 2711 | 0.435 0.534 LanguageY -2.742 | 2.199 | -1.25 0.0878
LanguageY -1.564 | 2.711 | -0.577 0.4046 ToneB -8.255 | 0.22 | -37.55 0.0001
ToneB -6.387 | 0.253 | -25.259 0.0001 LanguageY:ToneB | 1.2312 | 0.313 | 3.93 0.0002
LanguageT:ToneB | -1.883 | 0.346 | -5.435 0.0001
LanguageY:ToneB | -0.657 | 0.349 | -1.883 0.0634
Table 4.6. Summary of the results of the ToneSpaceOffglide Imers

The above values are significant at p < 0.0125 (after Bonferroni correction). The results of

ToneSpacesOffglide are as follows:

1. There is no main effect of language. The Grand Mean FO did not differ as a function of

language.

2. Overall, there is a significant difference between the top and bottom tones. In each of the

models, the bottom tone was 6.3-8.3 ST lower on average than the top tone. This

indicates that the top and bottom tones are well-differentiated overall.

3. The interaction of tone and language is significant only in comparisons involving Thai.
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The results of ToneSpaceOffglide corroborate observations of the data in Figure 4.5. There was
no main effect of language, and the tone x language interaction results indicate the following
hierarchy with regard to tone-space size at tonal offglide: Igbho = Yoruba = Mandarin =
Cantonese < Thai.

The ToneSpaceOffglide results indicate, per hypothesis H1, that tone-space-size is fixed
across languages at tonal offglide, with one exception (Thai). It is possible that Thai requires an
expanded tone space at tonal offglide to differentiate its R and H tones at offglide, as both end at
the top of the tonal space, and both have FO trajectories that flatten out from timepoint 8 to the
offglide. Both the results of ToneSpaceOffglide and those of ToneSpace may support reports in
the literature that pitch excursion in Thai is of greater importance than offglide for tone
perception (Pike 1948; Gandour 1983; and others). In other words, it may not matter what the
tonal FO at offglide is for Thai tone perception, so long as the FO excursion across the tone

trajectory is distinctive.
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4.3.4. Summary of ToneSpace analyses

The flowchart in Figure 4.6 illustrates the results of the ToneSpace analyses.

| ToneSpaceOnset | ToneSpaceMidpoint | ToneSpaceOffglide |
|  Level | Contour | Level |  Contour | Level | Contour |
\4 \4 v v v v
| Y<I < C<T<M | I=Y = T<C<M | I=Y = M=C<T |
unclear.

tone-space fixed
except for Thai
(~H1)

!

tone space size
Ne—
inventory size?

Figure 4.6. Flowchart summarizing the ToneSpace analyses

fewer tones > larger tone space | tone-space fixed tone space size

(opposite of H2) (H1) =
inventory size?

One of the key trends illustrated in the flowchart is that tone-space size appears to be fixed
across level-tone languages at midpoint and offglide. Tone-space size was fixed at offglide
across the contour-tone languages as well, with the exception of Thai. Additionally, within each
language type (level vs. contour), languages with smaller tone inventories had larger tone spaces
at tonal onset. Finally, the results of the ToneSpace analyses at midpoint and offglide lead to the

question as to whether or not tone-space size is genuinely correlated with inventory size.

4.4. Examination of cross-language tone dispersion

In this section | present and test, via a series of ToneDisp models, TAD predictions of
cross-language tone dispersion. In each ToneDisp Imer, | compare the FO difference between a
baseline tone (the H tone) and a second tone that is especially phonetically-similar across

languages. Across languages, the second tone is considered comparatively further dispersed
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from the baseline if the FO difference between the H and second tone is larger. The corrected a-

level here and in all other analyses was calculated as 0.05/[number of Imers]. As the number of
Imers is 2 for each analysis in this section, significance is assessed at the 0.05% level.

Referring back to Figures 2.1-2.5, it is apparent that the H and M level tones in
Cantonese and Yoruba are strikingly similar with respect to their FO trajectories. The H and R
tone in Mandarin and the H and MR tones in Cantonese are notably similar in this same respect.
In the ToneDispH-M models that follow, | compare the H-M tone FO difference between
Cantonese and Yoruba. Inthe ToneDispH-R models, | compare the H-R tone FO difference in
Mandarin with the H-MR difference in Cantonese.

Recall that I intended to test the hypotheses and predictions outlined on pages 64-65.
However, the predictions for cross-language tone dispersion under H1 were predicated upon
finding that Cantonese = Thai = Mandarin = Yoruba = Igbo in overall tone-space size. Similarly,
the predictions for cross-language tone dispersion under H2 were predicated upon finding that
Cantonese > Thai > Mandarin > Yoruba > Igbo in overall tone-space size. The ToneSpace
analyses yielded neither of these outcomes. So, the aforementioned predictions for cross-
language tone dispersion must be modified in favor of reformulated predictions that follow
directly from the results of the ToneSpace models. The general principle behind the new
predictions remains the same, namely, the degree of tonal dispersion displayed by a language is
correlated with both its tone-space size and the size of its tonal inventory. However, the
reformulated predictions neither assume that the size of the tone space is positively correlated
with the size of the tone inventory, nor that tone-space size is fixed across languages. The

reformulated predictions instead take into account the Cantonese, Mandarin, and Yoruba tone



90
space sizes that were determined by the ToneSpace analyses. Importantly, they assume (in

keeping with H2, as schematized in Figure 4.2) that tones located within the tone space will be
evenly dispersed within the space.

Figure 4.7 is an illustration of the tone-spaces and predicted degree of M tone dispersion,
relative to the H tone baseline, of Yoruba vs. Cantonese at tonal onset, midpoint, and offglide.
Figure 4.8 is an illustration of the tone-spaces and predicted degree of R/MR tone dispersion,
relative to the H tone baseline, of Cantonese vs. Mandarin at tonal onset, midpoint, and offglide.
Tone-space size is represented as the distance between the top and bottom tone in each language,
per the ToneSpace analyses, and are sized to scale based on the ToneSpace analysis results
present in section 4.3 (rounded to the nearest whole ST). The Cantonese tone space spans 6 ST
at onset, 8 ST at midpoint, and 7 ST at offglide; the Yoruba tone space spans 3 ST at onset, 6 ST
at midpoint, and 7 ST at offglide; and the Mandarin tone space spans 8 ST at onset, 9 ST at
midpoint, and 7 ST at offglide. Calculations and explanations of these tone spaces are provided
in Appendix D: Calculations of Cantonese, Mandarin, and Yoruba Tone-space Sizes at Onset,
Midpoint, and Offglide for Section 4.4.

Following the TAD, the tones of each language are considered to be repellers in a
dynamical system, so each is located maximally far from the others; inter-tonal distance is the
Euclidean distance in FO (ST). The top tone is the H tone, as shown. The curly brackets in
Figure 4.7 indicate the predicted distance between the H and M tones in Yoruba vs. Cantonese,
and the curly brackets in Figure 4.8 indicate the predicted distance between the H and R tones in
Mandarin vs. between the H and MR tones in Cantonese. The locations of the M, R, and MR

tones in the idealized spaces in Figures 4.7 and 4.8 reflect their locations in Figures 2.1-2.5.
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Because its FO drops over the course of its trajectory, the M tone is the second-highest tone in the

Cantonese tone space at onset; it is third-highest at midpoint, and fourth-highest at offglide. In
contrast, the Yoruba M tone is in the middle of its tone space at all three timepoints. The
Cantonese MR tone and the Mandarin R tone are both the second-highest tones in their
respective tone spaces at all three timepoints. The estimated degree of dispersion of the M, R, or
MR tone relative to the H tone is the overall tone space size divided by the total number of inter-
tone intervals in the space, multiplied by the number of inter-tone intervals between the H tone
and the M, R, or MR tone. For instance, the Cantonese MR tone at offglide is estimated to be
about 4.2 ST dispersed from the H tone by the following equation: ((7 [tone-space size in ST]) /
(5 [number of total inter-tonal intervals within the tone space])) x (3 [number of inter-tonal

intervals between the H tone and MR tone]) = 4.2 ST.

Yoruba = Cantonese Yoruba = Cantonese Yoruba < Cantonese
O0— H 1.5 1.2
P P o7 ST 3 32 35 ia
‘Z T ST ST P
o 4—F
(s 4

Onset Midpoint Offglide

Figure 4.7. An idealized illustration of the Yoruba and Cantonese tone-space areas and
predicted relative degrees of M-tone dispersion within the tone spaces
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Cantonese < Mandarin Cantonese < Mandarin Cantonese < Mandarin
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Figure 4.8. An idealized illustration of the Cantonese and Mandarin tone-space areas and
predicted relative degrees of R/MR-tone dispersion within the tone spaces

As indicated in Figures 4.7-4.8, | predict the following tonal dispersion hierarchies:

ToneDispH-M:

e ToneDispH-MOnset and Midpoint: Yoruba = Cantonese

e ToneDispH-MOffglide: Yoruba < Cantonese
ToneDispH-R Onset, Midpoint, and Offglide: Cantonese < Mandarin
Note that Figure 4.7 indicates that the H-M distance in Yoruba is greater than that of Cantonese
at onset, and that the H-M distance in Cantonese is greater than that of Yoruba at midpoint.
However, | predict Yoruba and Cantonese will display equivalent degrees of M-tone dispersion

at those two timepoints. The differences between the Yoruba and Cantonese values at those

timepoints are negligible (0.2-0.3 ST), and those values are approximated, not precise.
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44.1. ToneDispH-M

44.1.1. ToneDispH-MOnset
ToneDispH-MOnset compares the degree of dispersion between the H baseline tone and
the M tone in the Cantonese and Yoruba tone spaces at tonal onset. Figure 4.9 shows the H-M

tone Mean FO at timepoint k1 for the languages. Standard error bars surround each data point.

Dispersion of M Tone Relative to H Baseline at Tonal Onset (k1)
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Figure 4.9. H - M FO differences (in ST) in Cantonese and Yoruba at tonal onset

Item Cantonese | Yoruba
Grand Mean - H 11.477 9.506
Grand Mean - M 8.542 7.272
Grand Mean — All (H&M) 10.009 8.389
Grand Mean -- H-M 2.935 2.234

Table 4.7. M-tone dispersion FO (ST) values in Cantonese and Yoruba at tonal onset
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Note that the Cantonese Grand Mean — All (H&M) value is approximately 1.6 ST higher than
that of Yoruba. Additionally, the difference between the languages’ H — M Grand Mean FO
values is only about 0.7 ST. Table 4.8, below, summarizes the fixed-effects results of the

ToneDispH-MOnset Imer.

ToneDispH-MOnset:
Cantonese vs. Yoruba
Est St.E t-val | pMCMC
LanguageY -2.086 | 2.576 | -0.810 0.0084
ToneM -2.925 | 0.089 | -32.860 | 0.0001
LanguageY:ToneM | 0.661 | 0.100 | 6.620 0.0001

Table 4.8. Summary of the results of the ToneDispH-MOnset Imer

The results of ToneDispH-MOnset are as follows:

1. There is a main effect of language. Grand Mean FO differed as a function of language.

2. Overall, there is a significant difference between the H and M tones. The M tone was 2.9

ST lower on average than the H tone. This indicates that the H and M tones are well-
differentiated overall.

3. The interaction of tone and language was significant.

The results of ToneDispH-MOnset are slightly surprising. The tone x language interaction
results indicate that Yoruba (3 tones) < Cantonese (6 tones) with regard to the difference
between the H and M tones’ mean FO at tonal onset, despite there being less than 1 ST difference

between the two languages’ H-M Grand Mean FO values.
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Recall that I predicted to find that Yoruba (3 tones) = Cantonese (6 tones) with regard to

dispersion of the M tone from the H tone in the tone space at tonal onset. The results of

ToneDispH-MOnset do not support this expectation.

4.4.1.2. ToneDispH-MMidpoint

ToneDispH-MMidpoint compares the degree of dispersion between the H baseline tone
and the M tone in the Cantonese and Yoruba tone spaces at tonal midpoint. Figure 4.10 shows
the H-M tone Mean FO at timepoint k5 for the languages. Standard error bars surround each data

point.
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Dispersion of M Tone Relative to H Baseline at Tonal Midpoint (k5)
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Figure 4.10. H - M FO differences (in ST) in Cantonese and Yoruba at tonal midpoint

Item Cantonese | Yoruba
Grand Mean - H 11.466 9.659
Grand Mean - M 7.633 6.409
Grand Mean — All (H&M) 9.549 8.034
Grand Mean -- H-M 3.833 3.250

Table 4.9. M-tone dispersion FO (ST) values in Cantonese and Yoruba at tonal midpoint

The two languages’ Grand Mean — All (H&M) values differ by about 1.5 ST. Additionally, the
difference between the languages” H — M Grand Mean FO values is about 0.6 ST. Table 4.10,

below, summarizes the fixed-effects results of the ToneDispH-MMidpoint Imer.
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ToneDispH-MMidpoint:
Cantonese vs. Yoruba
Est StE | t-val | pMCMC
LanguageY -1.905 | 2.534 | -0.750 0.028
ToneM -3.828 | 0.110 | -34.69 | 0.0001
LanguageY:ToneM | 0.5453 | 0.120 | 4.550 0.0001

Table 4.10. Summary of the results of the ToneDispH-MMidpoint Imer

The results of ToneDispH-MMidpoint are as follows:

1. There is a main effect of language. Grand Mean FO differed as a function of language.

2. Overall, there is a significant difference between the H and M tones. The M tone was

about 2.3 ST lower on average than the H tone. This indicates that the H and M tones are
well-differentiated overall.

3. The interaction of tone and language was significant.

The results of ToneDispH-MMidpoint are slightly surprising as well. The tone x
language interaction results indicate that Yoruba (3 tones) < Cantonese (6 tones) with regard to
the difference between the H and M tones’ mean FO at tonal midpoint, despite there being less
than a 1 ST difference between the two languages’ H-M Grand Mean FO values.

Recall that | predicted that Yoruba = Cantonese with regard to degree of dispersion of the
M tone from the H tone in the tone space at tonal midpoint. The results of ToneDispH-

MMuidpoint do not support this expectation.

4.4.1.3. ToneDispH-MOffglide
ToneDispH-MOffglide compares the degree of dispersion between the H baseline tone

and the M tone in the Cantonese and Yoruba tone spaces at tonal offglide. Figure 4.11, below,
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shows the H-M tone Mean FO at timepoint k9 for the languages. Standard error bars surround

each data point.

Dispersion of M Tone Relative to H Baseline at Tonal Offglide (k9)
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Figure 4.11. H - M FO differences (in ST) in Cantonese and Yoruba at tonal offglide

Item Cantonese | Yoruba

Grand Mean - H 11.405 10.134
Grand Mean - M 6.493 6.863
Grand Mean — All (H&M) 8.949 8.498
Grand Mean -- H-M 4.912 3.271

Table 4.11. M-tone dispersion FO (ST) values in Cantonese and Yoruba at tonal offglide

Note that the Cantonese Grand Mean — All (H&M) value is only about 0.45 ST higher than that

of Yoruba. Additionally, the Yoruba Grand Mean H-M FO difference is about 1.6 ST smaller
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than that of Cantonese. Table 4.12, below, summarizes the fixed-effects results of the

ToneDispH-MOffglide Imer.

ToneDispH-MOffglide:
Cantonese vs. Yoruba
Est StE | t-val | pMCMC
LanguageY -1.336 | 2.522 | -0.53 0.4358
ToneM -4.895 | 0.248 | -19.77 | 0.0001
LanguageY:ToneM | 1.5738 | 0.305 | 5.161 0.0001

Table 4.12. Summary of the results of the ToneDispH-MOffglide Imer

The results of ToneDispH-MOffglide are as follows:

1. There is no main effect of lanquage. Grand Mean FO did not differ as a function of

language.

2. Overall, there is a significant difference between the H and M tones. The M tone was

nearly 5 ST lower on average than the H tone. This indicates that the H and M tones are
well-differentiated overall.

3. The interaction of tone and lanquage was significant.

The results of ToneDispH-MOffglide corroborate observations of the data in Figure 4.11. There
was no main effect of language and, importantly, the tone x language interaction results indicate
that Yoruba (3 tones) < Cantonese (6 tones) with regard to the difference between the H and M
tones’ mean FO at tonal offglide.

Recall that | predicted that Yoruba < Cantonese with regard to degree of dispersion of the
M tone from the H tone in the tone space at tonal offglide. The results of ToneDispH-MOffglide

support this expectation.
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4.4.1.4. Summary of ToneDispH-M results

In all the models, the H and M tones were significantly separated overall, with the M tone
being lower than that of the H tone. Additionally, Yoruba (3 tones) < Cantonese (6 tones) with
regard to the dispersion of the M from the baseline H tone at all three timepoints. Only one
prediction was supported by the analyses above: ToneDispH-MOffglide showed that Yoruba (3
tones) < Cantonese (6 tones) with regard to M dispersion from baseline at offglide. It appears as
though the M tone of the language with the larger tone inventory (Cantonese) is more dispersed
from the H baseline than that of the language with the smaller inventory (Yoruba) across the
tonal trajectory. Not only does Cantonese have the larger tone space at onset and midpoint, it
also displays greater tone dispersion relative to Yoruba. This is inconsistent with the TAD:
having both an expanded overall tone space and greater tone dispersion would be considered

inefficient and theoretically unnecessary.

4.4.2. ToneDispH-R

4.4.2.1. ToneDispH-ROnset

ToneDispH-ROnset compares the degree of dispersion between the H baseline tone and
the Mandarin R tone or Cantonese MR tone at tonal onset. Figure 4.12 shows the H-R/MR tone

mean FO at timepoint k1 for the languages. Standard error bars surround each data point.
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Dispersion of R/MR Tone Relative to H Baseline at Tonal Onset (k1)
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Figure 4.12. H- R/MR FO differences (in ST) in Cantonese and Mandarin at tonal onset

Item Mandarin | Cantonese
Grand Mean - H 11.249 11.477
Grand Mean — R/MR 6.263 6.429
Grand Mean — All (H&R/MR) 8.756 8.953
Grand Mean -- H-R/MR 2.493 2.524

Table 4.13. FO of H— R/MR tones in Cantonese and Mandarin at tonal onset

Both the Grand Mean — All (H&R/MR), and the H-R/MR FO, values are nearly the same across

the languages. Table 4.14, below, summarizes the fixed-effects results of ToneDispH-ROnset.



ToneDispH-R Onset:
Cantonese vs. Mandarin

Est St.E t-val | pMCMC
LanguageM -0.254 | 2.943 | -0.090 0.7418
ToneMR -5.033 | 0.093 | -53.840 | 0.0001
LanguageM:ToneR | 0.049 | 0.108 | 0.460 0.673

Table 4.14. Summary of the results of the ToneDispH-ROnset Imer

The results of ToneDispH-ROnset are as follows:
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1. There is no main effect of lanquage. Grand Mean FO did not differ as a function of

language.

2. Overall, there is a significant difference between the H and R tones. The R/MR tone was

about 5 ST lower on average than the H tone. This indicates that the H and R/MR tones

are well-differentiated overall.

3. The interaction of tone and lanquage was not significant.

ToneDispH-ROnset supports observations of the data in Figure 4.12. There is no main effect of

language, and the tone x language interaction suggests that Mandarin (4 tones) = Cantonese (6

tones) with regard to the dispersion of the R or MR tone from the baseline H tone at tonal onset.

Recall that | predicted that Cantonese < Mandarin with regard to dispersion of the R/MR

tone from the H tone in the tone space at tonal onset. The results of ToneDispH-ROnset do not

support this expectation.
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4.4.2.2. ToneDispH-RMidpoint

ToneDispH-RMidpoint compares the degree of dispersion between the H baseline tone
and the Mandarin R tone or Cantonese MR tone at tonal midpoint. Figure 4.13 shows the H-

R/MR tone mean FO at timepoint k5 for the languages. Standard error bars surround each data

point.
Dispersion of R/MR Tone Relative to H Baseline at Tonal Midpoint (k5)
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Figure 4.13. H - R/MR FO0 differences (in ST) in Cantonese and Mandarin at tonal midpoint

Item Cantonese | Mandarin
Grand Mean - H 11.466 11.247
Grand Mean — R/MR 7.756 8.446
Grand Mean — All (H&R/MR) 9.611 9.847
Grand Mean -- H-R/MR 3.710 2.801

Table 4.15. FO of H— R/MR tones in Cantonese and Mandarin at tonal midpoint
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Observe that the Cantonese Grand Mean — All (H&R/MR) value is only about 0.2 ST smaller
than that of Mandarin. Also, the languages’ Grand Mean H-R/MR FO values differ by less than

1 ST. Table 4.16, below, summarizes the fixed-effects results of ToneDispH-RMidpoint.

ToneDispH-RMidpoint:
Cantonese vs. Mandarin
Est St.E t-val | pMCMC
LanguageM -0.250 | 2.780 | -0.090 0.7148
ToneMR -3.670 | 0.097 | -37.890 | 0.0001
LanguageM:ToneR | 0.883 | 0.093 | 9.490 0.0001

Table 4.16. Summary of the results of the ToneDispH-RMidpoint Imer

The results of ToneDispH-RMidpoint are as follows:

1. There is no main effect of lanquage. Grand Mean FO did not differ as a function of

language.

2. Overall, there is a significant difference between the H and R tones. The R/MR tone was

about 3.7 ST lower on average than the H tone. This indicates that the H and R/MR tones
are well-differentiated overall.

3. The interaction of tone and language was significant.

ToneDispH-RMidpoint corroborates the data in Figure 4.13. There was no main effect of
language, and the tone x language interaction indicates that Mandarin (4 tones) < Cantonese (6

tones) with regard to the dispersion of the R/MR from the baseline H tone at tonal midpoint.
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| had predicted that Cantonese < Mandarin with regard to degree of dispersion of the

R/MR tone from the H tone in the tone space at tonal midpoint. The results of ToneDispH-

RMidpoint do not support this prediction.

4.4.2.3. ToneDispH-ROffglide

ToneDispH-ROnset compares the degree of dispersion between the H baseline tone and
the Mandarin R tone or Cantonese MR tone at tonal onset. Figure 4.14, below, shows the H-
R/MR tone mean FO at timepoint k9 for the languages. Standard error bars surround each data
point. Note that the scale on the y-axis is much smaller than that of previous figures (namely,

11-12 ST, in 0.5-ST increments), to make Grand Mean differences visible.



106

Dispersion of R/MR Tone Relative to H Baseline at Tonal Offglide (k9)
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Figure 4.14. H - R/MR FO differences (in ST) in Cantonese and Mandarin at tonal offglide

Item Cantonese | Mandarin
Grand Mean - H 11.405 11.579
Grand Mean — R/MR 11.843 11.658
Grand Mean — All (H&R/MR) 11.624 11.619
Grand Mean -- H-R/MR -0.438 -0.079

Table 4.17. FO of H— R/MR tones in Cantonese and Mandarin at tonal offglide

The Grand Mean -- All (H&R/MR) value is almost identical across the languages, and the FO

difference between the Mandarin H and R tones is only 0.4 ST smaller than the FO difference

between the Cantonese H and MR tones. Table 4.18, below, summarizes the fixed-effects results

of the ToneDispH-ROffglide Imer.
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ToneDispH-ROffglide:
Cantonese vs. Mandarin
Est StE | tval | pMCMC
LanguageM 0.077 | 3.010 | 0.026 | 0.9568
ToneMR 0.449 | 0.294 | 1.530 | 0.1264
LanguageM:ToneR | -0.339 | 0.369 | -0.918 | 0.3622

Table 4.18. Summary of the results of the ToneDispH-ROffglide Imer

The results of ToneDispH-ROffglide are as follows:

1. There is no main effect of lanquage. Grand Mean FO did not differ as a function of

language.

2. Overall, the difference between the H and R/MR tones is not significant. The H and

R/MR tones are not significantly well-differentiated in the languages at offglide.

3. The interaction of tone and language was not significant.

ToneDispH-ROffglide corroborates observations of the data in Figure 4.14. There was no main
effect of language and, as in ToneDispH-ROnset, the tone x language interaction indicates that
Mandarin (4 tones) = Cantonese (6 tones) regarding the dispersion of the R from the baseline H
tone at tonal offglide.

| had predicted that Cantonese (6 tones) < Mandarin (4 tones) with regard to degree of
dispersion of the R/MR tone from the H tone in the tone space at tonal offglide. The results of

ToneDispH-RMidpoint did not support this prediction.
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4.4.2.4. Summary of ToneDispH-R results

The crucial result of these models was in regard to the degree of dispersion of the
Mandarin R or Cantonese MR tone relative to the baseline H tone (in Grand Mean FO, in ST).
ToneDispH-ROnset and Offglide indicated that Mandarin (4 tones) = Cantonese (6 tones) at tonal
onset and offglide; and ToneDispH-RMidpoint indicated that Mandarin (4 tones) < Cantonese (6

tones) at midpoint. None of these results supported the predictions made earlier.

4.4.3. Summary of ToneDisp results

The flowchart in Figure 4.15 illustrates the results of the ToneDisp analyses.

Onset | Midpoint | Offglide | Onset | Midpoint | Offglide

Y<C Y<C Y<C |M=C M<C M=C

& _______ t .......... l_ _________ l

g larger tone inventory = more tone dispersion i

‘ - EEE F S F S O ESm O B ® -— - -— - -— ----- 1KI
degree of tone dispersion fixed .

larger tone inventory = less tone dispersion

Figure 4.15. Flowchart summarizing the ToneDisp analyses

One of the key trends illustrated in the above flowchart is that only one of the predictions

made in this section were supported by the data: the results of ToneDispH-MOffglide indicated,
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as predicted, that Yoruba < Cantonese with regard to degree of M-tone dispersion relative to the

H-tone baseline. In fact, Yoruba < Cantonese in M-tone dispersion at onset and midpoint as
well. Cantonese has both a relatively expanded tone space and greater tonal dispersion at onset
and midpoint (recall that at offglide, Yoruba = Cantonese in tone-space size). This is
inconsistent with the TAD: having both an expanded overall tone space and greater tone
dispersion is inefficient and theoretically unnecessary.

Because Cantonese (6 tones) < Mandarin (4 tones) with regard to tone-space size at onset
and midpoint, | predicted that Cantonese < Mandarin in H — R/MR tone dispersion at onset and
midpoint. However, relative degree of tone dispersion at those timepoints was such that
Mandarin = Cantonese at onset (meaning that the tones of Cantonese are comparatively overly
crowded at onset) and Mandarin < Cantonese at midpoint (meaning that the tones of Cantonese
are theoretically overly dispersed at midpoint). At offglide, Mandarin = Cantonese in tone-space
size, and | predicted that the language with the larger tone inventory (Cantonese) < the language
with the smaller tone inventory (Mandarin) in degree of H — R/MR tone dispersion at offglide.
However, Mandarin = Cantonese in tonal dispersion at offglide. This result is also inconsistent
with the TAD: the tones of the language with the larger inventory (Cantonese) would be
expected to be more crowded than those of the language with the smaller tone inventory
(Mandarin) if their overall tone-spaces are equivalent in size.

The results of the ToneSpace and ToneDisp analyses showed that the Theory of Adaptive
Dispersion cannot adequately account for the cross-language tone-space and tone-dispersion data

presented in this study. In chapter five, | briefly recap the overview and results of this study,
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offer conjectures as to what might more accurately account for the current data, conduct some

additional analyses, and provide suggestions for future work.



111
CHAPTER FIVE: CONCLUSIONS AND DISCUSSION

5.1. General overview of the study

The research presented in this dissertation was motivated by a general interest in the
possible effect of tone inventory size and composition on acoustic tone-space size and tonal
dispersion. This interest arises in large part from the observation that, while about 42% of the
world’s languages are tonal (Maddieson, 2008), and more than 50% of the world’s population
speak a tone language (Fromkin, 1978), tone languages are under-studied compared to segmental
contrast systems. This study is also motivated by an interest in discovering whether or not well-
studied models of segmental (vowel) system organization (in particular, the TAD) accurately
predict tone-system configurations. The current study was therefore designed to test, for five
languages with very different tone-system configurations, specific hypotheses and predictions of
the TAD. The tone systems of Cantonese (3 contour tones, 3 level tones), Mandarin (3 contour
tones, 1 level tone), Thai (2 contour tones, 3 level tones), Yoruba (3 level tones), and Igbo (2
level tones only) were examined in order to determine whether and how (a) the overall size of
the acoustic tone space differs across languages as a function of tone-inventory size; and (b)
dispersion of tone categories within the tone space differs across languages as a function of tone-
space and tone-inventory size.

In this chapter, I first briefly recap the results of the ToneSpace and ToneDisp analyses. |
then conduct some alternative analyses, offer conjectures as to what might also more accurately

account for the current data, and ultimately describe experiments needed to test those accounts.
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5.2.  Brief recap of results

The first goal of this study was to examine and compare the languages’ overall tone-
space areas. Specifically, I attempted to determine if and how the languages’ tone space sizes
differ from one another as a function of the composition (number and type) of tones in their
inventories. To this end, | tested two competing hypotheses and their accompanying predictions.
H1 states that the size of the acoustic tone space is independent of the size of the tone inventory.
With regard to the languages under investigation, H1 led to the prediction that Cantonese (6
tones) = Thai (5 tones) = Mandarin (4 tones) = Yoruba (3 tones) = Igbo (2 tones) in overall tone-
space size. H2 states that the size of the acoustic tone space is positively correlated with tone
inventory size. H2 led to the prediction that Cantonese (6 tones) > Thai (5 tones) > Mandarin (4
tones) > Yoruba (3 tones) > Igbo (2 tones) in overall tone-space size. | defined tone-space size
as the Grand Mean F0 difference between each language’s highest (top) and lowest (bottom)

tones, and found the following hierarchies of tone-space sizes:

e Yoruba < Igho < Cantonese < Thai < Mandarin at tonal onset

e Igbo = Yoruba = Thai < Cantonese < Mandarin at midpoint

e Igbo = Yoruba = Mandarin = Cantonese < Thai at offglide

The second goal of this study was to investigate whether and how the dispersion of
phonetically-similar tone categories within the tone space differed across languages as a function
of the size of their tone spaces and tone inventories. | compared the FO difference between a
baseline tone (the H tone, shared across languages) and (a) the M tone in Cantonese vs. Yoruba

and (b) the Cantonese MR tone vs. the Mandarin R tone. The M or R/MR tone was considered

comparatively further dispersed from the baseline if the FO difference between it and the H tone
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was larger. Following the TAD, | assumed that tone categories act as repellers in a dynamical

system, and would find equilibrium when located far from other tone categories. Crucially, |
tested hypotheses and predictions that followed directly from the results of the ToneSpace
analyses. That is, they take into account the Cantonese, Mandarin, and Yoruba tone space sizes
that were determined by the ToneSpace analyses as well as where each tone was located in the
tone space at onset, midpoint, and offglide (from Figures 2.1, 2.3, and 2.4). Table 5.1 displays
the ToneDisp predictions and results. Analyses of tonal dispersion at onset are listed first,
followed by analyses of dispersion at midpoint and offglide. Note that the predictions matched

the results of only one analysis, ToneDispH-ROffglide (highlighted in boldface font below).

Analysis

Prediction

Results

ToneDispH-MOnset

Yoruba = Cantonese

Yoruba < Cantonese

ToneDispH-ROnset

Cantonese < Mandarin

Mandarin = Cantonese

ToneDispH-MMidpoint

Yoruba = Cantonese

Yoruba < Cantonese

ToneDispH-RMidpoint

Cantonese < Mandarin

Mandarin < Cantonese

ToneDispH-MOffglide

Yoruba < Cantonese

Yoruba < Cantonese

ToneDispH-ROffglide

Cantonese < Mandarin

Mandarin = Cantonese

Table 5.1. Results of the ToneDisp Imers

Discussion

The results of the ToneSpace and ToneDisp analyses shows that the Theory of Adaptive
Dispersion does not adequately account for the cross-language tone-space and tone-dispersion
data presented in this study. However, this is not entirely surprising. Recall that multiple studies
on vowel systems found that, counter to predictions of the TAD, larger vowel inventories had

larger vowel spaces (e.g., Gendrot and Adda-Decker, 2007). Likewise, various studies on vowel
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dispersion found that vowels are not always dispersed evenly across their vowel spaces (e.g.,

Disner, 1983).

Gendrot and Adda-Decker (2007), in a comparison of the vowel systems of English,
French, German, Italian, Mandarin Chinese, Portuguese, and Spanish, found that languages with
larger vowel inventories did not have expanded vowel spaces. The authors suggested that a
negative result such as theirs could be interpreted to mean that other acoustic and/or articulatory
dimensions are used to distinguish otherwise-similar vowels. For instance, the nasality in, e.g.,
French vowels, may be used for this purpose; diphthongization, voice quality, and voicing may
be other such mechanisms that are employed. The same is likely true in tone languages. Though
FO is considered to be the primary acoustic correlate for the languages examined in this study,
many may — or are known to — use other acoustic correlates to help distinguish their tones.
Though not measured, the Igbo recordings in this study indicated that amplitude may be a
secondary cue to tone identity: the amplitude of the L tone was informally observed to be
consistently lower across talkers. Similarly (and again not measured), the Yoruba recordings of
the current study indicated that voice quality may be a cue to L tone identity: male and female
speakers alike consistently produced the L tone with a breathy voice quality. Other phonetic
correlates of Mandarin tones include syllable amplitude (Garding et al., 1986); the shape of the
amplitude envelope (Fu et al., 1998); voice quality (Garding et al., 1986), e.g., creak
(glottalization) along the FR tone trajectory; and temporal properties such as duration (e.g., the F
tone is typically shortest and the FR tone longest in duration) and Turning Point (Lin, 1965;
Chuang et al., 1972; Jongman and Moore, 2000; Fu and Zheng, 2000; Blicher, et al., 1990, and

others). In Thai, the phonetic shapes of the individual tones — even in citation form — do not
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match their labels well (Abramson, 1962; Gandour et al., 1991; Zsiga and Nitisaroj, 2007); as

such, Turning Point may be crucial to Thai tone identity as well. In addition, phonation type
may be important for Thai tone identity, as F and H tones are produced with creak (Wayland and
Li, 2008, and others). The only exception to this trend of using non-FO0 acoustic correlates for
tone identity is Cantonese. The LF tone is often produced with some amount of glottalization,
but this property has been shown to not function as a consistent perceptual cue for native
Cantonese listeners (Vance, 1976). FO is thought to possibly be the sole acoustic cue for
Cantonese tone perception (Francis et al., 2008; see also Ciocca et al., 2002 and Lee et al., 2002).

In light of the above observations, it is possible that the Theory of Adaptive Dispersion
could accurately predict cross-language tone-system tone-space and tonal dispersion trends if a
model with multiple acoustic dimensions were created and tested. For instance, adding an
amplitude variable to an Imer comparing Igbo and Mandarin might produce results consistent
with the TAD prediction that the tone-space of the language with the larger tone inventory
(Mandarin) > that of the language with the smaller inventory (Igbo). Similarly, adding a voice
quality Variable to an Imer comparing Mandarin and Yoruba might potentially produce results
consistent with the TAD prediction that, regarding degree of tone dispersion, Yoruba < Mandarin
at onset and midpoint (since at onset and midpoint, Yoruba < Mandarin in tone-space size); and
Yoruba = Mandarin at offglide (since at offglide, Yoruba = Mandarin in tone-space size).

Given that FO is apparently the only cue to tone identity in Cantonese (Francis et al., 2008
and others), it would seem unlikely that adding a third (or fourth...) dimension to the tone-space
and tone-dispersion models would affect outcomes involving comparisons with Cantonese.

Indeed, the idea that Cantonese uses only FO to differentiate its tones may explain why
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Cantonese often displays both a greater overall tone space as well as greater degree of tone

dispersion relative to languages with smaller tone inventories. Such extra expansion and
dispersion, while not predicted by the TAD, may be necessary in order to ensure sufficient
contrast between the tones of Cantonese (particularly at tone onset, and midpoint, where the
Cantonese tones are especially crowded within its tone space). With regard to Cantonese, it is
particularly curious that its M tone is so far from the H tone (see Figure 2.1). If the Cantonese M
tone were even 1 ST higher across its trajectory, it would be more clearly differentiated from the
LF, MR, and L tones at onset and midpoint. Likewise, the Cantonese MR tone overlaps the LR
and L tones at onset, M tone at midpoint, and H tone at offglide; plus, its trajectory overlaps
those of the L and LF tones until timepoint k5. If the MR tone started lower, rose more sharply,
and ended higher, it would be more easily distinguished from the surrounding tones. With these
observations in mind, it seems that Cantonese has a tendency to have comparatively low onsets
and midpoints, and extra tonal spread at offglides. Relative to the H tone, the Cantonese L tone
is lower at both tone onset and midpoint than that of Igbo. Compared to Yoruba, the Cantonese
L tone is lower at onset and midpoint, and its M tone is lower at all three timepoints. Compared
to Thai, the Cantonese R tone is lower at onset, and both its M and L tones are lower at onset and
midpoint. Such results recall studies of cross-language vowel-category organization found that
the location of similar vowels in acoustic vowel spaces differed across languages (e.g., Disner,
1983; Bradlow, 1995). Bradlow, for instance, found that the F2 of the English vowels [i, €, 0, u]
is systematically significantly higher than the F2 in Spanish vowels [i, e, 0, u]. These results
were accounted for by a language-specific base-of-articulation property: due to different bases

of articulation across languages, sound categories that have the same phonological features and
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are located in similar positions in acoustic space across languages may actually have different

phonetic realizations. A similar base-of-articulation property may be present in, and account for
differences between, some of the tone-category location differences observed in the data of the
current study. Specifically, Cantonese may have a different tonal base of articulation than some
of the other languages. | speculate that as the number of tones in the inventory increases,
languages may systematically alter the phonetic realization of their tones in order to enhance
their auditory distinctiveness. One simple explanation is that, by systematically lowering tonal
FO at one or more points along the tonal trajectory, the language takes advantage of a greater
portion of the frequency range to which listeners are most sensitive. It may also be possible that
systematic lowering of tonal FO may cause tones to be perceived in a more categorical (less
continuous) manner, which would in turn make it easier for listeners to identify and discriminate
the tones. This would be consistent with the notion that tonal category boundaries are
determined by not only linguistic experience, but also regions of natural auditory sensitivity (see
Francis, Ciocca, and Kei Chit Ng, 2003, for a discussion on this topic).

Finally, it is possible that the level-tone systems of Yoruba and Igho may reasonably be
compared with one another, but not with the contour-tone systems of Cantonese, Mandarin, and
Thai. If so, it may be possible that level-tone system tone-spaces and tone dispersion could be
accounted for by the TAD — even if mean FO remains the only acoustic correlate under
consideration. Recall that work on vowel systems indicated that most languages have the point
vowels [a-i-u], and that other vowels are added to inventories around these three vowels. Figures
2.4-2.5 illustrate quite nicely that the H and L tones might be the point tones for level-tone

languages, and that the M tone was simply added in Yoruba to that basic tone inventory.



118
Additionally, at tone midpoint and offglide at least, the tone spaces of Yoruba and Igbo are

equivalently-sized, and the Yoruba M tone is well dispersed from its H and L tones. Further
evidence for the notion that level-tone and contour-tone languages are not comparable comes
from the fact that this study appears to indicate that both tone-space size may generally be
determined first by the type of tones in the inventory. (I cannot comment on the possibility that
tone dispersion is determined in this fashion, as | only compared tones of two languages in each
of the ToneDisp models, and therefore lack sufficient evidence to support such a notion.) The
results of the ToneSpace models suggest that at tone onset and midpoint, level-tone-only
languages have smaller tone spaces than contour-tone languages. It is possible that contour-tone
languages need more acoustic space to accommodate the full pitch-excursion needed for distinct
tones at those timepoints. That said, the results of ToneSpaceOffglide indicated that all the
languages but Thai had equivalently-sized tone spaces at offglide. These results may suggest
that tone offglide FO bears extra weight as an acoustic cue to tone identity for all the languages
but Thai. The idea that tone offglide is special for level-tone identity in particular is supported
by the literature. As mentioned in chapter one, despite the fact that Igbo tones are considered
level, their phonetic values are actually determined according to their targets, found at the end of
the timespan of the associated tone-bearing unit (Akinlabi and Liberman, 2000:5). Also recall
that Hombert (1976) found that when Yoruba L tones were manipulated to have a level (as
opposed to a falling) offglide, native listeners misidentified L-L sequences as L-M sequences and
M-L sequences as M-M sequences. Tone offglide may be special for Mandarin and Cantonese
tone identity as well. Chao (1968) suggests, for instance, that Mandarin tones converge

gradually to a contour that seems to conform to purported underlying FO targets. Li (2004)
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found that Cantonese listeners performed comparatively poorly on Cantonese-tone perception

tasks unless the entire tone was presented. The exception of Thai among the other contour tone
languages in ToneSpaceOffglide is not necessarily surprising if FO direction is of greater

importance than offglide FO for Thai tone perception (Pike, 1948; Gandour, 1983).

5.4.  Alternative analyses of cross-language tone-spaces

The current study is innovative in part because it defines the size of the tone space as the
mean F0 distance (in ST) between each language’s highest and lowest (“extreme”) tones at
equidistant timepoints across the tonal trajectory. However, this may not be the only — or the
optimal — way to define the acoustic tone space. In this section, I compare the five languages’
tone spaces in two alternative ways and discuss the results within the framework of the TAD. In
section 5.4.1, the tone space is shown as plots of FO offglide x FO onset, following the method
suggested by Barry and Blamey (2004). In section 5.4.2, tone space size is defined as the
difference between the maximum and minimum raw FO values produced across a small subset of
the data (in the syllable [ba]).

Also, recall that the ToneSpace results suggest level-tone and contour-tone languages
may organize their tone spaces in very different ways. In section 5.4.3, | investigate whether
tone space size differs as a function of language type (contour vs. level). Tone space size is once
again defined as the mean FO distance (in ST) between the highest and lowest tones at the tonal
onset, midpoint, and offglide. In the following sections, all data are taken from the same set as

that used for earlier analyses.
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54.1. Cross-language tone-spaces as plots of FO offglide x FO onset

As discussed in Barry and Blamey (2004), Gandour (1978) suggests that there are five
acoustic dimensions that account for listeners’ perceptual judgments about tone: (a) average
pitch, (b) pitch direction, (c) length, (d) extreme endpoint, and (e) slope. Barry and Blamey
compared Cantonese tone productions in normally-hearing adults, normally-hearing children,
and cochlear-implanted children. Citation-form tones were elicited via a picture-naming task
involving 15 presentations of each of the six tone types on various (unreported) syllables, for a
total of 90 items per participant. The authors plotted the tone productions in an FO offglide x FO
onset (Hz) space. They chose this method of analysis because it captures all the aforementioned
dimensions except length. In particular, since FO onset and offglide are the only points plotted,
the method highlights (a) pitch level differences between tone types, and (b) pitch movement
across the tone. Ellipses surrounding tokens of each tone illustrate within-category differences
between those tokens. Figure 5.1, reproduced from Barry and Blamey (2004:1743), shows tone
plots for two typical normally-hearing adult speakers of Cantonese. Al is male and A2 is
female. Note that the most differentiated of the six tones are H (55), MR (25), and LF (21). One
way to define the periphery of the tone space is by the triangle that would result from connecting
with lines the centers of these three tones’ ellipses. Another way to define the periphery of the
tone space is by the shape that results from connecting the centers of all six tones’ ellipses. Also

note the tonal crowding: M (33), LR (23), and L (22) are crowded within the space.
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Figure 5.1. Tone plots of two adult Cantonese speakers from Barry and Blamey (2004)

The three groups of talkers under investigation in the Barry and Blamey study were
clearly identifiable on observations of the locations of the FO onset x FO offglide points, and the
degree of differentiation of the ellipses, within the tonal space. This approach to acoustic
analysis of tone therefore enhanced understanding of tone production based on auditory analyses.
Given its success in highlighting differences in tone productions across different populations of
speakers of a single language, | surmise that the Barry and Blamey methodology might also be
used to compare tones across languages. In these types of plots, points corresponding to level
tones would be expected to fall about halfway between the two axes, if those level tones do
indeed have roughly equivalent onset and offglide FO values. Rising tones are expected to fall
closer to the y-axis (lower onset, higher offglide), and falling tones are expected to cluster closer
to the x-axis (higher onset, lower offglide).

Figure 5.2 illustrates the Cantonese, Thai, Mandarin, Yoruba, and Igho tone spaces as

plots of FO offglide (mean FO at timepoint k9) x FO onset (mean FO at timepoint k1), in
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semitones. The accompanying tables also display the FO at onset and offglide, and are

reproduced from Figures 2.1-2.5. Points corresponding to level tones are in larger font, so as to
be differentiable from points corresponding to contour tones. Dashed lines connecting the tone
points span the FO range used by talkers and define the extent of the tone spaces. The y=x
diagonal is shown as well. These figures lack ellipses because they are plots of each tone’s mean

FO across multiple variables (talkers, sex, items, etc.), as opposed to tokens of each tone

produced by individual talkers.
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Yoruba Igbo
Tone | Onset FO (ST) | Offglide FO (ST) Tone | Onset FO (ST) | Offglide FO (ST)
H 9.638 10.203 H 11.071 11.160
M 6.182 3.189 L 6.926 4.760
L 7.427 6.934

Figure 5.2. Onset FO x offglide FO plots, and onset and offglide FO values, for Cantonese,
Thai, Mandarin, Yoruba, and Igho

As expected from re-examination of figures 2.1-2.5, most level tones are located alongside the
y=x diagonal; none fall precisely on the diagonal, because none are precisely level. The
Mandarin FR tone is also located at the y=x diagonal, illustrating that its onset and offglide FO
values are nearly equivalent. Also as expected, most rising tones (e.g., the Cantonese MR and
Thai and Mandarin R tones) are located in the top left quadrant of the space, as their onset FO
values are lower than their offset FO values. Likewise, falling tones (e.g., the Cantonese LF and
Thai and Mandarin F tones) are located in the lower right quadrant of the space, as their onset FO
values are higher than their offglide FO values. Note also that the Igbo, Yoruba, and Thai L
tones are located below the diagonal, illustrating that their FOs are lower at offglide than at onset,
while the Cantonese L tone is above the diagonal, indicating that its FO is higher at offglide than
at onset. Additionally, the Cantonese, Thai, and Yoruba M tones fall below the diagonal, as they
drop in pitch across their trajectories. Also, the triangular shape of the Cantonese space echoes
that of the Barry and Blamey Cantonese space. (That said, the L and LR tones in the current
study are located in different places in the tone space than those of the Barry and Blamey paper.
Recall from chapter two that the Cantonese tonal FO values in the current study differ from those
reported elsewhere in the literature, so this is unsurprising.)

The above plots provide some interesting insights into cross-language tone-system

structures. Overall, each of the languages disperses its tone categories across the onset FO x
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offglide FO space, indicating that FO trajectory is indeed a key acoustic correlate used to

distinguish the tones of these languages. This may be taken as evidence that the tone spaces of
these languages may in fact be reasonably defined by FO trajectory alone. Importantly, this also
provides support for the TAD hypothesis that sound categories will be well-dispersed across the
acoustic space and will thereby be highly contrastive (save for the Cantonese LR and LF tones,
which overlap to a considerable degree in this space). This also rectifies the mystery of how
contour tones could possibly be perceptually contrastive if their FO values overlap at any point in
their trajectories. If listeners attend to both tonal onset and offglide FO values, even tones whose
FO values overlap become quite differentiable. For instance, the high degree of tonal crowding
observed at onset and offglide in Cantonese (figure 2.1) may not negatively impact perception if
listeners reconcile each tone’s onset vs offglide pitch-height difference. These results do not
appear to support the TAD notion that languages with larger tone inventories will have expanded
tone spaces relative to those with smaller inventories. In light of the above discussion, however,
this is not wholly surprising. If the tones are differentiable by their onset x offglide FO values,
expansion of the overall tone space area might well be unnecessary and redundant and therefore

inefficient.

54.2. Cross-language tone-spaces as max — min FO in token syllable [ba]

In this section | define the tone-space periphery according to the extremes of the pitch
range employed during speech (specifically, during tone production). Tone space size is defined
as the difference between the maximum and minimum raw FO values produced across a small

subset of the data (in the syllable [ba]). The upper bound of the tone space is therefore the single
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highest FO value across all productions of [ba] by speakers of that language. Likewise, the lower

bound of each language’s tone space is the single lowest FO value across all [ba] productions.
The syllable [ba] was chosen because, out of all the syllables in the data set, it most often is a
meaningful word when produced with the languages’ tones.

There are multiple benefits to defining the periphery of the tone space this way. First,
recall that languages with two-tone inventories (e.g., Igho) would be excluded from tonal
dispersion analyses if its highest and lowest tones defined the space, because it would be a
confound to consider those tones to also be located within the tone space. By defining the tone
space according to raw FO extremes produced during speech, all tones other than those
delineating the edges of the tone space are considered to fall within the tone space and may
therefore be included in tests of degree of tonal dispersion within the space. (Further analyses of
tone dispersion are not performed here, but are left for future work.) Additionally, the acoustic
space is constrained by FO values produceable (and indeed produced) by the human vocal tract
during natural speech, a key tenet of the TAD (see chapter one). Additionally, this provides a
realistic view of the tonal pitch range not afforded by other possible methods. For instance, the
pitch range could be defined by “vocalese” exercises, in which the participant vocalizes as high
and low as possible, but many people (in particular, trained vocalists) can easily exceed their
natural speech pitch range during vocalese exercises.

Figure 5.3 illustrates the languages’ tone spaces, defined as the maximum and minimum

FO values produced in utterances of the syllable [ba]:
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Cross-language Tone Spaces Defined as Max - Min Tonal FO in [ba]
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Cantonese
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Figure 5.3. Maximum and minimum tonal FO in productions of the syllable [ba]

Cantonese | Thai | Mandarin | Yoruba | Igbo
Max Raw FO 30.200 26.864 | 28.526 18.056 | 17.488
Min Raw FO -4.805 -4.980 -4.973 -4.958 | -4.458
Max - Min FO 35.005 31.844 | 33.499 23.014 | 21.946
Max Raw FO 30.200 26.864 | 28.526 18.056 | 17.488

Table 5.2.

Maximum and minimum FO values in productions of the syllable [ba]

Like the ToneSpace analyses conducted in chapter four, these results do not provide clear

support for the TAD hypothesis that a language with a larger tone inventory will have an

expanded tone space relative to a language with a smaller tone inventory. Upon visual

inspection of these data, it appears that Cantonese, with the largest tone inventory (6 tones), also

has the largest tone space. However, the tone space of Thai, with 5 tones, is smaller than that of

Mandarin, with 4 tones. In fact, the tone spaces of Mandarin and Cantonese are very similar in

size; the Mandarin tone space is only 1.67 ST smaller than that of Cantonese. The Cantonese,
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Mandarin, and Thai tone spaces are much larger than that of Yoruba (3 tones). Yet, the Igbo and

Yoruba tone spaces are, in effect, equivalently sized — that of Igbo is only 0.568 ST smaller than
that of Yoruba.

These results do provide support for the notion that tone space size may differ as a
function of tone-language type (level vs. contour): the tone spaces of the contour-tone languages
are all much larger than those of the level-tone languages. This possibility is further explored in

the following section.

5.4.3. Tone-space size as a function of language type

The following three models — LangTypeToneSpaceOnset, LangTypeToneSpaceMidpoint,
and LangTypeToneSpaceOffglide — examine whether tone-space size differs as a function of
language type (contour vs. level). Like the chapter four ToneSpace models, they compare at
onset, midpoint, and offglide the FO distances between the languages’ highest (top) and lowest
(bottom) tonal FO values. However, these models compare just two tone spaces: that of the
three contour-tone languages combined vs. that of the two level-tone languages combined. All
values are significant at p < 0.05 (are not corrected), because each analysis contains just one

pairwise comparison.

5.4.3.1. LangTypeToneSpaceOnset
The LangTypeToneSpaceOnset models compare the FO difference (in ST) between the

highest (top) and lowest (bottom) tones of the languages at tonal onset. Figure 5.4 shows the
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top-bottom tone mean FO at timepoint k1 for the two language types. Each data point has

standard error bars.

Tone Space by Language Type at Tonal Onset (k1)
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Figure 5.4. Tone-space size across the two language types at tonal onset

Item Contour | Level

Grand Mean - Top 11.449 | 10.291
Grand Mean - Bottom 5.275 6.490
Grand Mean — All (T&B) | 8.362 8.391
Grand Mean T-B 6.174 3.801
Table 5.3. Tone-space size FO (ST) values across the two language types at tonal onset

Observe that the Grand Mean — All (T&B) values are nearly the same across the two language

types. In addition, note that the differences between the language types’ top vs. bottom tone
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Grand Mean FOs differ by nearly 2.4 ST. Table 5.4 shows the fixed-effects results of the

LangTypeToneSpaceOnset Imer.

LangTypeToneSpaceOnset:
Contour vs. Level

Est St.E | t-val | pMCMC
LangTypeLevel -1.224 | 1.763 | -0.69 | 0.0722
ToneB -6.168 | 0.089 | -69.3 | 0.0001
LangTypeLevel:ToneB | 2.398 | 0.095 | 25.16 | 0.0001
Table 5.4. Summary of the results of the LangTypeToneSpaceOnset Imer

The results of the LangTypeToneSpaceOnset model are summarized below:

1. There is no main effect of lanquage type. The Grand Mean FO did not differ as a function

of language type.

2. Overall, there is a significant difference between the top and bottom tones. The bottom

tone was about 6 ST lower on average than the top tone. This indicates that the top and
bottom tones are well-differentiated overall.

3. The interaction of tone and language type is significant.

The results of LangTypeToneSpaceOnset corroborate the observations of the data in Figure 5.4:
tone-space size at onset indeed differs as a function of language type; specifically, contour-tone

languages have a larger tone space than level-tone languages at onset.

5.4.3.2. LangTypeToneSpaceMidpoint
The LangTypeToneSpaceMidpoint models compare the FO difference (in ST) between the

highest (top) and lowest (bottom) tones of the languages at tonal midpoint. Figure 5.5 shows the
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top-bottom tone mean FO at timepoint k5 for the two language types. Each data point has

standard error bars.

Tone Space by Language Type at Tonal Midpoint (k5)
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Figure 5.5. Tone-space size across the two language types at tonal midpoint

Item Contour | Level

Grand Mean - Top 10.737 | 10.422
Grand Mean - Bottom 3.204 4.448
Grand Mean — All (T&B) | 6.971 7.435
Grand Mean T-B 7.533 5.974
Table 5.5. Tone-space size FO (ST) values across the two language types at tonal midpoint

Observe that the two language types’ Grand Mean — All (T&B) values differ only by 0.46 ST. In

addition, note that the differences between the language types’ top vs. bottom tone Grand Mean



FOs differ by about 1.6 ST. Table 5.6 shows the fixed-effects results of the

LangTypeToneSpaceMidpoint Imer.

LangTypeToneSpaceMidpoint:
Contour vs. Level

Est St.E t-val | pMCMC
LangTypeLevel -0.376 | 1.605 | -0.230 0.6812
ToneB -7.534 | 0.122 | -61.810 | 0.0001
LangTypeLevel:ToneB | 1.572 | 0.145 | 10.810 0.0001

Table 5.6. Summary of the results of the LangTypeToneSpaceMidpoint Imer

The results of the LangTypeToneSpaceMidpoint model are summarized below:
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1. There is no main effect of lanquage type. The Grand Mean FO did not differ as a function

of language type.

2. Overall, there is a significant difference between the top and bottom tones. The bottom

tone was about 7.5 ST lower on average than the top tone. This indicates that the top and

bottom tones are well-differentiated overall.

3. The interaction of tone and language type is significant.

The results of LangTypeToneSpaceMidpoint corroborate the observations of the data in Figure

5.5 and echo those of LangTypeToneSpaceOnset: tone-space size at midpoint differs as a

function of language type; contour-tone languages have a larger tone space than level-tone

languages at midpoint.
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5.4.3.3. LangTypeToneSpaceOffglide

The LangTypeToneSpaceOffglide models compare the FO difference (in ST) between the
highest (top) and lowest (bottom) tones of the languages at tonal offglide. Figure 5.6 shows the
top-bottom tone mean FO at timepoint k9 for the two language types. Each data point has

standard error bars.

Tone Space by Language Type at Tonal Offglide (k9)
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Figure 5.6. Tone-space size across the two language types at tonal offglide
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Item Contour | Level

Grand Mean - Top 12.101 | 10.663
Grand Mean - Bottom 4.924 3.936
Grand Mean — All (T&B) | 8.513 7.300
Grand Mean T-B 7.177 6.727
Table 5.7. Tone-space size FO (ST) values across the two language types at tonal offglide

Observe that the two language types’ Grand Mean — All (T&B) values only differ by about 1.2
ST. In addition, note that the differences between the language types’ highest-tone vs. lowest-
tone Grand Mean FOs differ by only 0.45 ST. Table 5.8 shows the fixed-effects results of the

LangTypeToneSpaceOffglide Imer.

LangTypeToneSpaceOffglide:
Contour vs. Level

Est St.E t-val | pMCMC
LangTypeLevel -1.480 | 1.573 | -0.940 0.216
ToneB -7.189 | 0.158 | -45.570 | 0.0001
LangTypeLevel:ToneB | 0.456 | 0.250 | 1.820 0.067

Table 5.8. Summary of the results of the LangTypeToneSpaceOffglide Imer

The results of the LangTypeToneSpaceOffglide model are summarized below:

1. There is no main effect of lanquage type. The Grand Mean FO did not differ as a function

of language type.

2. Overall, there is a significant difference between the top and bottom tones. The bottom

tone was about 7.2 ST lower on average than the top tone. This indicates that the top and
bottom tones are well-differentiated overall.

3. The interaction of tone and language type is not significant.
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The results of LangTypeToneSpaceOffglide indicate that tone-space size at offglide does not
differ as a function of language type; contour-tone languages and level-tone languages appear to

have equivalently-sized tone spaces at offglide.

5.4.3.4. Summary of LangTypeToneSpace analyses

The flowchart in Figure 5.7 illustrates the results of the LangTypeToneSpace analyses.

LangTypeToneSpace LangTypeToneSpace LangTypeToneSpace
Onset Midpoint Offglide
| Level < Contour | Level < Contour | Level = Contour |
Contour tones > larger tone space Language type does not affect

tone-space size

Figure 5.7. Flowchart summarizing the LangTypeToneSpace analyses

As illustrated in the flowchart, there does appear to be a significant effect on tone space size of
tone language type, but only at tonal onset and midpoint. At these two timepoints, the level-
tone-language space is smaller than the contour-tone space. This echoes the trend observed in
section 5.4.2, where the tone space was defined as the difference between the single highest and
single lowest FO produced in the syllable [ba]. It also echoes the results of ToneSpaceOnset and,
for the most part, ToneSpaceMidpoint (recall that the tone space of Thai was equivalent in size to
those of Yoruba and Igbo in ToneSpaceMidpoint). Because both Igbo and Yoruba have fewer

tones than any of the contour-tone languages, the results of the LangTypeToneSpaceOnset and
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Midpoint analyses also appear to support the TAD hypothesis that languages with larger tone

inventories will have larger tone spaces, relative to languages with smaller tone inventories.

On the other hand, the tone spaces of the two language types were equivalently sized at
offglide. The results of LangTypeToneSpaceOffglide thus support the hypothesis that the tone
space will be fixed in size, regardless of the size of the tonal inventory. The results of this
analysis are roughly consistent with the results of ToneSpaceOffglide, in which the tone spaces
of the level-tone languages were found to be equivalent to those of Mandarin and Cantonese (but
not Thai). However, there is a notable difference between the two language types’ tone spaces at
offglide: the level-tone-language speakers utilized a lower overall pitch range than the contour-
tone-language speakers. It is possible that the level-tone languages have a tendency to have
comparatively lower offglides, thus still making them qualitatively different from the contour-
tone languages at offglide. All told, it could be argued that there is a significant effect of
language-type on the acoustic tone space, whether it be the tone-space size or the tone-space

pitch range.

5.5. Indications for further research

In this section | outline various experiments that would help to clarify some of the issues
raised in this dissertation.

One of the most obvious follow-up studies would construct models of tone-systems that
take into account other variables, such as phonation type; tone duration; talker sex and age; etc.
The models reported in this study serve to capture the overall trends of tone-system organization

across languages; they may well miss certain subtleties that could come to light with methodical
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inclusion of other variables. For instance, it is very possible that some populations of talkers,

e.g., males and females, might display differently-sized tone spaces, and that the conclusions
reached in the current study might more accurately describe one population over another.
(Despite its benefits and utility for this study, the ST scale does not normalize for pitch range, so
nuances in tone-spaces due to sex and/or other inter-talker pitch-range differences may be missed
in these analyses). Additionally, accounting for phonation-type could be informative because
phonation type is an additional cue to tone identity in, e.g., Mandarin (the FR tone is typically
produced with creaky voice; see Chao, 1948 and many others).

In general, comparisons of the tone systems of more languages would also help to test
whether the TAD can accurately predict cross-language tone-system acoustics. For instance,
Southern Vietnamese has 5 tones that are distinguished primarily by FO, and Northern
Vietnamese has 6 tones that are distinguished by FO and voice-quality characteristics (Kirby,
2010). Both dialects have tones that could be considered level, or at least simple (as opposed to
complex): both have a relatively level high tone and a mid tone that falls about 50 Hz across its
trajectory. Both also have, e.g., complex falling-rising (dipping) contour tones. However,
Northern Vietnamese appears to have a low falling tone that the southern dialect seems to lack.
Considering the similarities and differences between the two, as well as the similarities and
differences between other languages with the same number of tones (e.g., Thai, with 5 tones, or
Cantonese, with 6 tones), adding such languages to future investigations could clarify the extent
to which the various results in this study are generalizable to other languages, and/or the extent
to which these findings are language-specific. It is possible, for instance, that Thai and Southern

Vietnamese would have similarly-sized tone-spaces, degrees of tone crowdedness, and tone-
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category locations. It is also possible that these two languages would differ in a significant way

along one or more of these dimensions. As such, such experiments could help to illuminate
intricacies of the theory that tone-space-size, degree of tone crowdedness, and location of tone
categories within the tone space are determined first by the type, then the number, of tones.

Additionally, a set of studies are needed to examine whether the conclusions reached in
this thesis extend to perception of tone contrasts. Recall that the hypotheses of the TAD that
were tested here are based on the idea that tones are organized in acoustic space in such a way as
to make them maximally contrastive for the listener. Follow-up studies would be indicated to
test whether, e.g., tones of languages that have more crowded tone spaces (Mandarin, Cantonese)
are harder for listeners to distinguish than tones of languages that have less crowded tone spaces
(Igbo, for one). Other experiments are indicated to investigate whether the tones of languages
with larger overall tone spaces (generally speaking, those of the contour-tone languages) are
more easily distinguished than the tones of languages with smaller overall tone spaces (generally
speaking, those of the level-tone-only languages).

Another logical test of the robustness of the findings reported herein is to examine and
compare these tone systems using tones excised from a carrier-sentence context. As discussed in
chapter one, each of the languages examined in this study are subject to tone-alternation rules.
For instance, two adjacent falling-rising (dipping) Mandarin tones are subject to sandhi, wherein
the first of the two changes to a rising tone. Igbo and Yoruba are subject to, e.g., downdrift and
tone spreading, other processes that affect the phonetic realization of the tones. Careful
construction of appropriate carrier sentences, serving to control (to the degree possible) tone

alternations, could provide insight as to tone-space organization in more natural speech.
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APPENDIX A: MATERIALS

Cantonese

Cantonese syllables
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Character | Syll. | Tone S)élllgsbsle Cantonese noun & phrase Noun/phrase gloss
. BE Father
& ba H Father BELEFE - Father goes to hospital.
Hold ' - ' Trick
] = IJ£ =
e ba | MR Guard HOBK Ui if ST Do not play tricks.
= Hegemony, Tyranny
= ba M Tyranny ey et - China’s Foreignh Ministry is against all
HHE]YMTHES R — U8R forms of hegemony.
--- ba LR
ba L
BE ba F Stop FEL The bus ?itrrilxlf(:rs’ strike
HE =144 % .
E - FIHREE T FF— {1 2 1, lasts a week.
Character | Syll. | Tone | Syllable gloss | Cantonese noun & phrase | Noun/phrase gloss
bi H
-—- bi MR ---
bi M
-—- bi LR ---
bi L
bi F
Character | Syll. | Tone | Syllable gloss | Cantonese noun & phrase | Noun/phrase gloss
bu H
--- bu MR ---
bu M
--- bu LR ---
bu L
bu F
Cantonese noun
Character | Syll. | Tone | Syllable gloss & phrase Noun/phrase gloss
i da H Hit, —¥T Dozen (quantifier)
Beat WE—¥T A Please give me a dozen BBQ pork buns.
i da | MR Hit, T4 Meditate
Beat BEEEAEAFE$TAs, | Helshe chants and meditates every morning.
da M
da | LR
da L
da F
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Character | Syll. | Tone | Syllable gloss | Cantonese noun & phrase | Noun/phrase gloss
di H
di | MR
di M
di LR
di L
di F
Character | Syll. | Tone | Syllable gloss | Cantonese noun & phrase | Noun/phrase gloss
du H
du | MR
du M
du | LR
du L
du F
Cantonese noun
Character | Syll. | Tone | Syllable gloss & phrase Noun/phrase gloss
. Family
— Family RE ) . .
H ) . sty e Family planning was implemented after the
x| e Domestic | FREEAHEIGRRIET - |
; ) &® Fake, false
fz ga | MR | Fake; False EELESEN. This watch brand is fake.
= . =4 Value
(= ga | M Price WA A AL This idea has no value.
ga LR
— ga L —_— — —
I ga F Onomato- i Giggle, Broken sounds (rare)
poeia
Character | Syll. | Tone | Syllable gloss | Cantonese noun & phrase | Noun/phrase gloss
— g| H — ——— ———
gi | MR
— g| M — — —
gi LR
— g| L — — —
— g| F — — —
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Character | Syll. | Tone S;élllgsbsle Cantonese noun & phrase Noun/phrase gloss
k15
. AN Eldest Aunt
b u H Aunt B B My eldest aunt passed away yesterday.
P 4 | mr | Thigh, e 22 Stock
. g Share [ e e 5 e $ 4048 ! | Shares of HSBC Holdings are now below $40!
[ 2 Story
% gu M | Old, Past N4, There are lots of stories in a small town.
gu LR
—_ gu L —_— —_— —
—_ gu F —_— —_— —
Character | Syll. | Tone Syllable gloss Cantonese noun & phrase Noun/phrase gloss
. : WRLRRE % Cheerleading Team
L la H particle of assertion T HU AL I [0 Our cheerleading team isn’t bad.
la | MR
. . A Gap
i la M | Crack, Fissure, Split IR 4 Mind the platform gap.
la LR
la L
la F
Character | Syll. | Tone Syllable | Cantonese noun Noun/phrase gloss
gloss & phrase
] li H Alternate prounciation of [{lei
li MR
li M
li LR
li L
li F
Character | Syll. | Tone | Syllable gloss | Cantonese noun & phrase | Noun/phrase gloss
lu H
lu MR
lu M
lu LR
lu L
lu F
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Character | Syll. | Tone S)élllgge Cantonese noun & phrase Noun/phrase gloss
LS Mother
W ma H Mother I I BT Fr A 1 Mom is truly pretty!
. - Maid
W ma | MR Maid (Archaic, Rare)
ma M
- Anesthesia
Numb JRIE . . .
Jik ma | LR ' e o e i B EE < B We will use local anesthesia for this
Hemp A URBE S T IR BRI plastic surgery.
B 15k Circus
ma | L Horse T U The Moscow Circus comes to Hon
& TR B A 2, o, g
ma F
Cantonese noun
Character | Syll. | Tone | Syllable gloss & phrase Noun/phrase gloss
7S mi H ‘ Alternate pronunciation of [k [mei]
mi | MR
mi M
mi | LR
mi L
mi F
Character | Syll. | Tone | Syllable gloss | Cantonese noun & phrase | Noun/phrase gloss
mu H
-—- mu | MR ---
mu M
-—- mu LR ---
mu L
mu F
Character | Syll. | Tone | Syllable gloss | Cantonese noun & phrase Noun/phrase gloss
. i1 Particle
il na H Particle (very rare)
na | MR
na M
E 'S Get, Fetch
A ’
= na LR Get, Fetch HO 2 Get me your ID.
AR 2 Where
W ha L What VeF{E PR E? Where is the restroom?
Bl na F Particle ;j[s Particle

(very rare)
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Character | Syll. | Tone | Syllable gloss | Cantonese noun & phrase Noun/phrase gloss
. . g Particle
n
g ni Particle (Very rare)
ni MR
ni M
i ni LR Particle e Particle, used in pointing
(very rare)
ni
ni
Character | Syll. | Tone | Syllable gloss | Cantonese noun & phrase | Noun/phrase gloss
J— nu J— J— J—
nu MR
nu M
nu LR
nu
nu

The North Wind and the Sun translated into Cantonese

A7 JRFEABHEEEA AR - ErERIEEADE B

AR - [EMEREES) - M IERTLISE R AR (R - R
DS - AR JLEELBATIG - B ERREER ) A RERER
[« Bt LBV » WEEHGR - R KRR~ - R AL
FISARANE i) - T » JLBVERRRS -

Thai
Thai syllables
Thai Tone .
spelling . Syll. Syllable gloss Thai phrase Phrase gloss
1h i ba to throw wihgnvealdasznih He throws the ball in the basket.
Neutral
1h I_sz\]/v ba forest g liifith There is no forest in Bangkok.
1 R 4w ;
fh " ba aunt Thaosdudhniniad My aunt is an accountant.
Falling
o3 - | Chinese way to say . wa -~ . 5 | Mydad likes to read a newspaper in
ﬂW . ba. YDUDTUHUITDWNNAD UL .
High father the morning.
5 i Inadoaciv Honiod . . .
ih o ba Chinese way to say | muivee 1+m P Chinese-Thai people call their dad ih
Rising father ih
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. . Tone .
Thai spelling Ao Syll. | Syllable gloss Thai phrase Phrase gloss
3 i) bi ear 1795 12 dou A year has 12 months
Neutral y - y '
3 on bi flute nﬁaumaqﬁmﬂﬂ“lmmuﬂ?maﬂﬁﬁﬂu My friend plays flute in the
Low school band.
& Tn R
1 . bi
Falling
2 H
4 . bt
High
: N
Al .. bi
Rising
Thai Tone .
spelling Ao Syll. Syllable gloss Thai phrase Phrase gloss
iy 5 g L Steamed crab is the best seafood
1 bu crab YHatuemsnziaesesiiga .
Neutral dish.
N 190 bii grandfather on father’s | o = . 4 | Mygrandfather was an Air Force
Low side = officer.
In
1l . bu
) Falling
9 “ 1 ba
) High
N
il . ba
) Rising
. . Tone .
Thai spelling Ao Syll. | Syllable gloss | Thai phrase Phrase gloss
Ty a o
Y da eye uiimd@ima | | have brown eyes.
" Neutral y 4
9n
: i
[l LOW a
In
) . da
" Falling
#3
i . da
" High
P N da . L L

Rising
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Thai Tone .
spelling Ao Syll. Syllable gloss Thai phrase Phrase gloss
o aly . . e ~ | Inthe past, a teacher punished his
" Neutral di to hit agaionoush Inwiinisoulaonsa students by hitting them.
i o di adjective for small fosemvessuma My sister has small eyes.
Low eyes
y Tn
@ . di
i Falling
o ¢35
@ . di
i High
i o di Chinese way to say o1 i My younger brother is sick.
Rising younger brother
Thai Tone .
spelling g Syll. | Syllable gloss Thai phrase Phrase gloss
iy
7 ° du
Neutral
on
dii —— — —
! Low "
Tn N cabinet, s < y My mom always keeps her stuff in the
q . du wiveanuvewnuvesl3lug ;
Falling cupboard M cabinet.
3
q . dd
! High
N
! Rising
. . Tone .
Thai spelling Ao Syll. | Syllable gloss Thai phrase Phrase gloss
" iy 2 a crow, fufindaimzeguulszq | | saw a crow perching on the gate.
Neutral g a kettle fuldmdimiduan | use the kettle to make tea.
ﬂ.1 9N ﬁ
Low &
2 Tn 3 . . N
Falling g
M o a
High | 2
s N 4
Rising g
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Thai Tone .
a o Syll. | Syllable gloss Thai phrase Phrase gloss
spelling R
5 iy i
Neutral g
4 180 . how, how 42y How many times have you been to
n gl ﬂmlﬂﬂNWﬂizmﬁ‘lﬂUﬂﬂNlm’J H . )
Low many Thailand®
2 n R . A e .
n . gi hot pot Augaunugn Euia I love eating MK hot pot.
Falling
H K 2 i 4 e 4 S . .
f H?gh gl Just now WD iiont He arrived just now.
g LkY i
Rising g
Thai Tone .
a o Syll. Syllable gloss Thai phrase Phrase gloss
spelling e
Al impolite pronoun to refer Caw o . L
1 e gu polite pronoun to refer to phivevAulenaSu | T don’t like eating ice cream.
Neutral oneself
. 10 5 W He hollers in his loudest
) gu to holler wigiesedagaiios .
Low voice.
y Tn N ya He borrows money from a
i . gu to borrow WIHRUNATUING
Falling bank.
i a3 B
0 ) -- - -—-
) High g
. N L'J
) Rising g
Thai Tone .
a o Syll. | Syllable gloss Thai phrase Phrase gloss
spelling e
. iy la donkey arihinditifunasdons Donkeys have a reputation for
Neutral stubbornness.
ik} on 1a
i
Low
' ‘I hY @ "o H
a ! la to hunt quesureUMAR S My uncle loves hunting.
Falling
) o3 A . o ovs 4y . . After working out, | feel very
an . la to be tired WA UREANNINKAININBBNAIAINY :
High tired.
sam . a yard (unit of aap 2 :
wan la yard ( 1w % 36 i One yard equals 36 inches.

Rising

length)
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. . Tone i
Thai spelling Ao Syll. Syllable gloss Thai phrase Phrase gloss
- iy .
a iy li
Neutral
Wl 190 Ii - . .
Low
4 IVI <
a . li ---
Falling
i H?;h [T | Li, a Chinese unit of distance | 14w 300 was | One Li equals about 300 meters.
- N ,
va .. li -
Rising
Thai Tone Syllable .
spelling | s | VI gloss Thai phrase Phrase gloss
. iy lu . . ——
i Neutral
. 100 - to disdain, T 4 Only a mean person likes to insult
na Iu . ﬂuuﬁﬂ‘lmmauauwaﬂuau
) Low insult I others.
q n v} track, path | TssSousisonvesdu'bifigisdmsudininia My high school doesn’t have a
j Falling P M track for the track team.
2 a3 I . N N
) High
. N I . . N
) Rising
Thai Tone .
spelling dve | VI Syllable gloss Thai phrase Phrase gloss
n T ma to come iwoannndi T ? Where do you come from?
Neutral
il 190 3 . L .
Low
. Tn . Chinese way to say e My grandmother loves
n . ma anhvostureudn lnuwsy e
Falling grandmother knitting.
i w ma horse fuvouish I love to ride horses.
High
wn o ma dog mnfituiudhaa My dog at home is brown.

Rising
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. . Tone .
Thai spelling Ao Syll. | Syllable gloss | Thai phrase Phrase gloss
o iy . o ady Thli
& ¢ mi to have uiififosansnu I have two siblings.
Neutral
uil I:ZTN mi noodle susevuznil | My favorite type of noodle is the egg noodle.
i n mi
Falling
i w mi
High
- N . o o ~ .
Wil . mi bear Huroufnauil | like teddy bears.
Rising
Thai Tone Syll Syllable gloss Thai phrase Phrase gloss
spelling e yit y g P g
u iy mu
i Neutral
. 18 - group, 5 v There are five different food
ny mu . ANNTH U
: Low collection o groups.
3y n mu
) Falling
) " mi
) High
ny Ri']:?;g ma pig, pork AutiufaraudaanliFullsznumy Muslims don’t eat pork.
iSi
i Tone .
Th"’." M Syll. Syllable Thai phrase Phrase gloss
spelling Rer gloss
ol . . , L .
m e na rice field srlgnanluran Farmers grow rice in rice fields.
Neutral
. 100 - custard Y ya g Custard apple is one of the tropical
Hu na uaﬂﬁuuﬂuwa'lmmmsau .
Low apple fruits.
y n . v ey s Y o Most girls take care of their facial skin
Hwin . na face Andedinlnalalaquandmnandane
Falling more than guys do.
i H:l;h na aunt thosduordogiidjily My aunt lives in Japan.
v R?::;]g na thick wiladorduifmminn This textbook is so thick.




160

Thai Tone .
. o Syll. Syllable gloss Thai phrase Phrase gloss
spelling e
- iy .
i ni
Neutral
4 180 . Frugal people can save a lot of
nu ni frugal ﬂuﬂﬂi"‘ﬂ aummana@mﬂmmn
Low money.
2 In N P .
il . ni debt Wiflaseenneafeaiuniau No one wants to deal with debt.
Falling
2 63 N . . . .
il ) ni this nsuihlufiyeclas ? Whose bag is this?
High
witl . ni escape, run away iilesanunsantiannarnaiali No one can escape the truth.
Rising from
. . Tone .
Thai spelling Ao Syll. | Syllable gloss | Thai phrase Phrase gloss
iy
" nu
Neutral
i 1on ni
Low
Tn N
Y . nu
Falling
y o3 N
! . nd
High
N , w o o . . .
ny Rising na mouse nyiludaiianlsn | A mouse is a dirty animal.

The North Wind and the Sun translated into Thai

mmaumuaua~m~mmammmmﬂm'\'lﬂw.uwmmnm'mu ATy
wifsdunnan tadafumn aumiaaswazanfisgieanasiuan lasfiaansg
finindunegioaadatunumaantadFanaussfianduafiindanani ua
wmaumiiafinasiarinaggause undoiausanntudeds dndumeftsads
fummalnasdususanniudiaenty wsluigaaumiafiEnaamumenen
Hinsafingiaauaesusaunnaanin indumefioaadatmumaantiud L
granmiiafenansaniunwizanfingimdaannma

Mandarin
Mandarin syllables
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Character | PinYin Tc;#ne S)élllgsbsle Mandarin phrase Phrase gloss
_ . X | have eight
AN
J\ ba bal eight/8 R EPAS N notebooks.
to travel: After traveling two
R ba ba2 C| GEFRERY, PMEATHUA T B, | days, the army arrived
to walk 0
at the destination.
< (measure \ e There are two chairs
i ba ba3 word) MM PRHER outside of the room.
#® ba ba4 father BEFRKT . Father is back.
Character | PinYin | Tone # Syllable gloss Mandarin phrase Phrase gloss
& bl bil | toforce; to compel | AAITEIA /N FF. They forced Mr. Li to leave.
£ bi bi2 nose fh ) BRI . His nose is bleeding.
%E bi bi3 pen; pencil s EASUNE. There is a pen on the table.
i bi bi4 money e — Mg TH., | Money is an exchange tool.
Character | PinYin | Tone # | Syllable gloss Mandarin phrase Phrase gloss
bil bul
i bu bu2 | mold on liquids | [ KT 1B . There is white mold in the vinegar.
i bu bu3 to catch ENTEIR T = AR, The hunters caught three wolves.
N bt bu4 no; not XFEAT . This is not OK.
s Tone .
Character | PinYin 4 Syllable gloss Mandarin phrase Phrase gloss
A - travel (on . o .
# da dal boat/train) A K E LA . We traveled to Beijing by train.
ik da da2 0 :grr]:\é\e;;to AT =S 38k 5T, | They arrive in Beijing at 3 pm.
1T da da3 to fight; to strike BN BT There are pezgl:e?ghtmg in the
PN da dad big; huge J 1A LA — 5K R 1. There is a big table in the room.
Character | PinYin T(?)#ne S)élllgskzle Mandarin phrase Phrase gloss
- . low; A , . There are many low-priced cell
fic di dil beneath A FS R REAMFHL. phones in this department store.
[ di di2 enemy BT T « The enemies were defeated.
e di dia bottom B — ik There is rice ogwo':lr\};e bottom of the
N . earth; N The book was dropped on the
s d did ground e L T ground.
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Character | PinYin T(;)#ne S)élllgsbsle Mandarin phrase Phrase gloss
s di dul | major city N S Beijing is tgﬁi(r:]aapltal city of
The teacher told us a story in
" . cabinet; N T which someone bought a
B dd du2 case G FATBE | SBRIETR T diamond’s case but returned the
diamond.
to . L .
i dit qu3 observe: | MATEEEES T 3% — 5 SN %, Everyone W:Tt]r;er;s]séen(i this historic
to see '
Jit du du4 belly LLRasY: R | = He has a tattoo on his belly.
- Tone .
Character | PinYin " Syllable gloss Mandarin phrase Phrase gloss
2a gal
. crackling sound; ; The ducks in the pond are
n p 4] i .
L ga ga2 quack M AR T R quacking.
gi ga3
it ga gad embarrassed iy AR U - He seemed very embarrassed.
Character | PinYin | Tone # | Syllable gloss | Mandarin phrase | Phrase gloss
gl gil
gi gi2
gi gi3
gi gi4
. . | Tone .
Character | PinYin " Syllable gloss Mandarin phrase Phrase gloss
. . Based on his estimates, the stock market
- L A y
1 gl gul estimate oA I T 2 Kk is going to slump.
gu gu2
- . N y He likes reading books of classical
. 2 i
gl gu3 ancient; old Ath B R . Chinese.
gl gud hardf;i?:;ong; XA R . This is a strong building.
Character | PinYin | Tone# | Syllable gloss Mandarin phrase Phrase gloss
$i 1a lal | to pull or drag fhAEREF . He is pulling the cart.
14 la2
] 1a la3 (phonetic) R S AR 4 Lama debating has a long tradition.
i la lad candle; wax | JE 5 AR L. | There are many candles in the warehouse.
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Character | PinYin T(;)#ne Syllable gloss Mandarin phrase Phrase gloss

Wi Ii lil curry =N AL He likes curry.

%1 Ii li2 pear i =R IZ BT He likes pears.

. . husband’s brother’s N g The sisters-in-law have a good
JR L

ﬁ% h ||3 W|fe /ﬁﬁl/ﬂ]ﬁﬂﬂﬁilub rﬁ 'fEﬁ%o I’e|atl0nShIp

I li li4 calendar = EH-AHF. There is a calendar on the table.
Character | PinYin | Tone # | Syllable gloss Mandarin phrase Phrase gloss

i la lul to snore At B G T IR He snores.

iy 14 lu2 stove R G There is a stove in the room.

b lu3 marinate &1 AR 11, Marinated pork is very tasty.

514 lu lud torecord | flEXRAEYFEEF Rk, | He likes recording the lectures.
Character | PinYin | Tone # | Syllable gloss Mandarin phrase Phrase gloss

o) ma mal mother Wb AR AH AT . She misses her mom.

Ji73 ma ma2 hemp 5 A — KR4 There is a hemp rope on the table.

= ma ma3 horse MhEWRE L, He likes horse racing.

= ma ma4 scold B NFRRAST 1) Scolding people solves nothing.
Character | PinYin | Tone # Syllable gloss Mandarin phrase Phrase gloss

I mi mil | (sound to call a cat) fih A5 — Rk He has a little cat.

% mi mi2 confused fh B FERIRR AR T | He looks very confused.

IS mi mi3 rice R B XRNZ KM I like rice.

o mi mi4 secret XA . This is a secret.
Character | PinYin | Tone # Syllable gloss Mandarin phrase Phrase gloss

mi | mul

mu mu2

mi mu3 mom Ui ) BESR AR 5 Her mom is very beautiful.

¥ mu mu4 | to recruit; to raise | {4134 7100/53E 0. | They raised a million dollars.
Character | PinYin | Tone # | Syllable gloss Mandarin phrase Phrase gloss

na nal

= na na2 | tohold; totake | fhFHEE —AH, He is holding a book in his hands.

i ni na3 how; which | A HIE BN 20107, I don’t know which dish is tasty.

bl na na4 that; those ik 7 IBAAS He picked that book.
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Character | PinYin | Tone # | Syllable gloss Mandarin phrase Phrase gloss
i ni nil girl INGRTAR T % o The little girl is very cute.
e ni ni2 mud e F AR . There is mud on his shoes.
i ni ni3 you PR HE R IR A U4, 2 Did you sleep well last night?
55 ni ni4 hide JENE A LF . | Criminals are hiding in the cave.
Character | PinYin | Tone # Syllable gloss Mandarin phrase Phrase gloss
nd nul
e nd nu2 slave WEAETEIRES. | Slaves have miserable lives.
2% ni nud | to exert; to strive fhZ IR B 77, He studies hard.
= nu nud | indignant; furious AT TR AR 453 They are all furious.

The North Wind and the Sun translated into Mandarin
BF—R, ENAEPHEFICHETIRK - XT—PDEEERKAT AETTER - KPEFIIEXUR
JE 0 WEEEMT AR RAERLE TR AR o 5 » JEXPFaX - [HZ2 XK - XA4M7 AfE
KRBTGS - AL « 8 Mok RIHB HORBERYPEYE » XM T AL ERifi
TR o TIb A A ARk - AR UCKPHEE 580K

Yoruba
Yoruba syllables

Syllable | Tone | Syllable gloss Yoruba phrase Phrase gloss

ba H To meet Mo fe lo ba Tunde. | I am going to meet Tunde.

ba M

ba L To hit So oko ba eiye. Throw a stone at the bird.
Syllable | Tone | Syllable gloss Yoruba phrase Phrase gloss

bi H To ask Kini o bi mi fun? | Why are you asking me?

bi M

bi L To vomit Kini o de to nfi bi? | Why are you vomiting?
Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss

bu H To fetch Lo bu omi wa. Go and fetch water.

bu M To curse Ye bu mi mo. | Do not curse me again.

bu L
Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss

da H To break Ma da igi yen. | Do not break that stick.

da M

da L To spill Mo ti da omi nu. I spilled the water.
Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss

di H To weave Mo nlo di irun mi. | | am going to weave my hair.

di M

di L To hold Ma di mi mu. Do not hold me.




Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss
dd H
du M
du L To rush Won du oko wo. | They rushed into the bus.
Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss
ga H Height Talogaju? | Who is the tallest?
ga M
ga L To choke O ga mi lorun. He choked me.
Syllable | Tone | Syllable gloss | Yoruba phrase | Phrase gloss
gi H --
gi M --
gi L --
Syllable | Tone | Syllable gloss | Yoruba phrase | Phrase gloss
gu H --
gu M --
gu L --
Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss
la H To lick Mo fe la oyin. | | want to lick some honey.
la M
la L To dream Mo la ala kan. I had a dream.
Syllable | Tone | Syllable gloss | Yoruba phrase | Phrase gloss
li H --
li M --
li L --
Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss
14 H To beat Ye lu mi. Stop beating me.
lu M
] L
Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss
ma H
ma M (pronoun) Ma je ounje yen. | Do not eat that food.
ma L
Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss
mi H (pronoun) Mi o binu. I am not angry.
mi M
mi L To swallow | Gbe ogun yen mi. | Swallow the medicine.
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Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss
mu H To bring Lo mu owo wa. Go and bring money.
mu M To drink Ye mu oti mo. | Do not drink beer again.
mu L

Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss
na H To spend Ni na ni owo | Spending money
na M
na L

Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss
ni H To own Ta lo ni moto? | Who owns this car?
ni M
ni L

Syllable | Tone | Syllable gloss | Yoruba phrase Phrase gloss
nd H
nu M | Tohand-feed | Mo fe nu omo mi. | | want to hand-feed my baby.
nu L

The North Wind and the Sun translated into Yoruba
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Ni ojo kan Afefe ati Orun nleri eniti o lagbara ju,won ri arinrin ajo kan ti 0 wo ewu otutu.Won
wa pinu pe eniti 0 ba koko mu arinrin ajo na bo aso otutu ti wo ni o ni agbara ju. Ni oju ese,
Afefe ba bere si ni fe.Afefe na ni agbara gan ni,sugbon kaka ki arinrin ajo bo aso otutu,nise ni

otun wa mo ara re.Ni igba to ya, o re Afefe o ba ni ohun jawo.Lehin na Orun ba bere si ni ran, ni

ojukana ni arinrin ajo ba bo aso otutu ti o wo.Afefe ba jewo pe Orun ni oni agbara ju ninu awon

mejeji.
Igbo
Igbo syllables
Syllable | Tone | Syllable gloss Igho phrase Phrase gloss
ba H | auxiliary to be | | b4 Ub4 ji atd 0t6. | To be rich gives joy.
ba L
Syllable | Tone | Syllable gloss | Igho phrase Phrase gloss
bi H to live O bi n’16 ahu. | He lives in that house.
bi L
Syllable | Tone | Syllable gloss | Igho phrase | Phrase gloss
bd H be/are/is 1 bl nwoke. | You are a man.
bu L
Syllable | Tone | Syllable gloss Igbo phrase Phrase gloss
da H to warm O gé da nri ahu n’6ka. | He will warm up the food.
da L
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Syllable | Tone | Syllable gloss Igho phrase Phrase gloss
di H husband O bt di m. He is my hushand.
di L to exist Agbali Gkt aht di n’ebe a. | That shoe is here.
Syllable | Tone Syllable gloss Igbo phrase Phrase gloss
. a variation in dialect that means to Nwoke ahu daziri That man established that child
du H . . .
establish nwa ahu. beautifully.
du L
Syllable | Tone Syllable gloss Igho phrase Phrase gloss
L] H -
ga L | auxiliary indicating future action | O ga & 16ta Gl6. | He will come home.
Syllable | Tone | Syllable gloss Igbo phrase Phrase gloss
gi H you O ba gi nyérém aka. | It was you who helped me.
gi L
Syllable | Tone | Syllable gloss | Igbo phrase | Phrase gloss
gu H
gu L
Syllable | Tone | Syllable gloss Igho phrase Phrase gloss
14 H
la L |togo,toleave | Anamalangam. | I am going to my place.
Syllable | Tone | Syllable gloss | Igho phrase | Phrase gloss
li H
li L
Syllable | Tone | Syllable gloss | Igho phrase | Phrase gloss
1Y H
] L
Syllable | Tone | Syllable gloss Igbo phrase Phrase gloss
ma H
nothing, -O gaghi 4f6 ma 6tu. -Nothing will be left.
5 either/or, -Ma obu gi ma obu ya. -Either you or him.
ma L . T o - . e
if, -O ga éme y&4 ma 0 nyé ya égo. -He will do it only if paid.
but -0 ga ékwé ma 6 ga ététd aka. | -He will agree but it will take a while.
Syllable | Tone | Syllable gloss | Igbo phrase | Phrase gloss
mi H
mi L
Syllable | Tone | Syllable gloss | Igbo phrase | Phrase gloss
mu H me O bl mu. It is me.
mu L
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Syllable | Tone | Syllable gloss Ighbo phrase Phrase gloss

na H without O méré ya n’amaghi ama. | He did it without knowing.
0 L and, ~ -Ada na Obi. -Ada and Obi.
that -O bu ihé na émémé. -That is true.

Syllable | Tone | Syllable gloss | Igbo phrase | Phrase gloss
ni H

ni L

Syllable | Tone | Syllable gloss | Igbo phrase | Phrase gloss
nd H

nd L

The North Wind and the Sun translated into Igbo

Tkiikis dgird nd Anwid na-aniritd dka 6nyé ka ibé y4 iké righeé hd hird 6t 6nyé 1j& ka
6 yi uwé dglrl y4 na-abjd. H4 kwekoritard nd ényé biiri dzd méé ki ényé ije 4h

yipl twé ya ka 4 ga-éwe dika dnyé ka ibé yi iké. Tkukd dglrh wéé malité fée, fée

otl iké ya ha; ma ka ¢ na-efé ka 6nyé ijé Ahl na-&jidési iwe ya iké na ahd ya. Ya
fékatd hapy. Mgbé 4hd Anwil wéé chapitd, chdsiké, méé ki ébé niile kpdrd ¢ki; nd-
atifighi 6g& 6nyé ije dhi yipard dwé ya. Nké 4 merd tkikd dgird kweré nd Anwi ka
ya iké.

Stella passage

Please call Stella. Ask her to bring these things with her from the store: Six spoons of fresh snow
peas, five thick slabs of blue cheese, and maybe a snack for her brother Bob. We also need a
small plastic snake and a big toy frog for the kids. She can scoop these things into three red bags,
and we will go meet her Wednesday at the train station.
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APPENDIX B: PARTICIPANTS
Block
D Age L Order 1st town, 2nd town, 3rd town, 4th town,
(ys) g 112 age there age there age there age there

CFo2 | 22 | ¢ [R[s HK 0-19 Ev 19-22

CFo3 | 18 | ¢ |S[|R HK 0-18 Ev 18-

Cro4 | 30 | ¢ |s | R | Guangdong 0-5 HK 5-29 Ev 2.

province

cmo2 | 29 | ¢ |R|s P'ttsg’xrgh' 0-2 HK 2-27 Ev 2.
CMO3 | 30 | C |S|R HK 0-30 Ev 30-
CMO04 | 22 | C |R| S HK 0-22 Ev 22-

TFo1 | 20 | T |R|S Bk 0-18 Ev 18-

1-17, Farmville,

TFo4 | 26 | T |s|R Bk 1893 U 17-18

TFO5 25 T S|R Bk 0-25 Chicago 25-
T™O02 | 27 | T |R]| S Bk 0-26 Ev 26-27
T™O04 | 19 | T |S|R Bk 0-15 La"‘”e&‘je""'e’ 15-18
T™O05 | 31 | T |S|R Bk 0-17 Ne";’e‘:o”’ 17-18

MFO2 | 20 | Mn |R| S Bei 0-18 Ev 18-20

MFO3 | 23 | Mn | S | R Bei 0-23 Ev 23-

MFO5 | 19 | Mn | S| R Bei 0-13 Sargt':ga' 13-15 | Stanghal | 4549 Ev | 10

. 19-20, | san Diego,
MMO02 24 Mn | R| S Bei 0-19 HK 21-22 CA 20-21
MMO3 | 28 | Mn | S | R Bei 0-19 Nanjing, 19-23 Ev 23-28
China

MMO4 | 26 | Mn | S| R Bei 0-23 Ev 23-26

YFO3 | 45 | Y |R|S U U

Abeokuta, Lagos or .
YFO5 | 47 | Y |S|R N 0-7 Ibadan, N 7-32 | chicago | 32
YFO7 | 28 | Y |R|S | (U)N 0-18 Chicago 18-
Ibadan, Lagos or Stillwater,

YyM02 | 34 | Y |R|S N 0-24 port-arcourt N | 2427 wa 27-29
YMo5 | 46 | Y |s "a,%"s' 0-19 Chicago 19-
YMO6 | 42 | Y | S U U

IFO2 | 39 I | R La,glos’ 1-10, 18-21 OWNe”'* 10-18 'é‘r’]g‘,’;n”d* 2123 | Chicago | 23-
IFo4 | 50 | I |R "aﬁlos' 0-33 Chicago 33-

IFO5 | 28 | 1 R U U

Aba, Lagos, .

IMO4 | 45 | I |R N 0-18, 21-44 N 18-21 | Chicago | aa-
IMO5 | 33 | I |R|S NS‘:\'l‘ka' 0-28 Chicago 28-

IMO7 | 42 | I |S|R E”Klg“' 0-21 "aﬁlos’ 22-28 | Chicago | 29-

Table B1. Participant demographic information
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Legend
Language Sex Block order Town/country
Code Gloss Code | Gloss Code Gloss Code Gloss

Lg | Language F Female S Sequential U Unreported or unknown
C Cantonese M Male R Random Ev Evanston, IL, USA
T Thai HK Hong Kong, China
Mn | Mandarin Bk Bangkok, Thailand
Y Yoruba Bei Beijing, China

I Igho N Nigeria

Table B2. Legend for Table B1
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Cantonese
Talker CF02 | CF03 | CF04 | CM02 | CMO03 | CMO04
Mean FO (ST) | 10.561 | 10.326 | 11.044 | 3.285 6.824 3.059
Median FO (ST) | 10.403 | 10.998 | 10.884 | 2.541 5.913 2.561
Min FO (ST) -2.474 | -4918 | -4.663 | -4.982 | -2.275 | -4.929
Max FO (ST) 15.823 | 27.318 | 22.765 | 24.224 | 27.901 | 30.416
Range FO (ST) | 18.297 | 32.236 | 27.427 | 29.206 | 30.176 | 35.344

Thai
Talker TFO1 | TF04 | TFO5 | TM02 | TM04 | TMO5
Mean FO (ST) | 10.839 | 9.809 | 10.922 | 5.252 | 4.488 2.8
Median FO (ST) | 11.179 | 11.112 | 11.042 | 4.977 | 4.117 1.635
Min FO (ST) -4,934 | -4.9544 | -4.763 | 0.513 | -4.9847 | -4.433
Max FO (ST) | 25.892 | 24.883 | 25.719 | 16.102 | 27.205 | 25.625
Range FO (ST) | 30.826 | 29.837 | 30.482 | 15.589 | 32.189 | 30.058

Mandarin
Talker MF02 | MF03 | MF05 | MMO02 | MMO03 | MMO04
Mean FO (ST) | 12.252 | 13.502 | 12.011 | 7.674 | -0.1369 | 2.27
Median FO (ST) | 13.581 | 14.536 | 12.884 | 8.202 | -0.011 | 2.491
Min FO (ST) -4.862 | -4.8648 | -4.857 | -4.921 | -4.9874 | -4.944
Max FO (ST) 28.526 | 29.356 | 23.888 | 26.814 7 11.378
Range FO (ST) | 33.388 | 34.221 | 28.745 | 31.735 | 11.987 | 16.323

Yoruba
Talker YF03 | YF05 | YFO7 | YMO02 | YMO5 | YMO6
Mean FO (ST) | 11.568 9.69 11.048 | 3.539 -0.52 5.828
Median FO (ST) | 11.536 9.49 11.422 | 4.125 | -0.723 | 5.922
Min FO (ST) 144 | -1.9868 | 5.676 -4.8 -4958 | -4.81
Max FO (ST) 22.169 | 21.294 | 18.413 | 8.848 | 10.059 | 12.922
Range FO (ST) | 20.729 | 23.281 | 12.737 | 13.648 | 15.017 | 17.732

Igbo

Talker IF02 IFO4 IFO5 IM04 IMO05 IMO07
Mean FO (ST) | 11.948 | 11.156 | 14.489 | 6.749 3.572 2.155
Median FO (ST) | 11.744 | 11.528 | 1441 | 6.094 4.319 3.107
Min FO (ST) -0.604 2.87 5319 | -3.637 | -4.5731 | -4.858
Max FO (ST) 20.125 | 18.217 | 22.149 | 23.916 | 8.751 8.428
Range FO (ST) | 20.729 | 15.347 | 16.83 | 27.553 | 13.324 | 13.286
Table B3. Descriptive statistics of participants’ tone productions
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APPENDIX C: INSTRUCTIONS (in Cantonese)

Hello!
fRIF

Please press the space bar to begin.

FH TR HREBR A,

Thank you for participating in this study!
2 R 2 BRI AR T 7T

Please read the following instructions carefully.
an /O BIRE L N AR 7R

If you have any questions, at any time, please ask the experimenter.

ISR ARMAME AT iRy A AR T EE, SRR I FE &

Today you will be recorded as you read some syllables aloud.
A H B B S AR AR 6

Language researchers understand that in Cantonese, the pitch of the word indicates the meaning
of the word, and that each of these different pitch types is called a tone.

A o OFFCTE RS P (R A S A BURBEHE 7S 8

We know that Cantonese has six different tones.

JE A 7N R

We know that a syllable — for instance, si — can be produced with each of these six tones, and
that each means something different.

— & B (B ansi) FTEAH S E S SR e AN A

To continue with the example si, we know that:

PLsiZE 1,

e The word [5¥] (the syllable si pronounced with the high-level tone) means poetry.

siAf& a5 o

e The word [5] (the syllable si pronounced with the mid-rising tone) means history.

siblfe EFEEE S o ok 5 -

e The word [#{] (the syllable si pronounced with the mid-level tone) means to try.

si DARZR AL > i ot -
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e The word [[] (the syllable si pronounced with the low-rising tone) means time.
si DA PalEE o i B o

e The word [{7] (the syllable si pronounced with the low-level tone) means market.

si ARG LaREE L i T e

e The word [7] (the syllable si pronounced with the mid-falling tone) means to watch.

si ARG A s > i L -

During the experiment, you will see charts that each describe a single syllable, e.g.,

Chinese Tone Tone Meaning O.f Noun; phrase (in Meaning of noun and phrase
Character # description character (in Cantonese) (in English)
English)
He pretty much memorized
2k H H TSNS, — NS
& sil | High-Level poetry EAGEER=HH ° the 300 poems from the
Tang dynasty.

On the far left, under the Chinese character heading, is this word written in Chinese.
DL Sz BT =704 /2 1 Chinese character DL ©

Next, under the Tone # heading, is the syllable written with its tone number.
W%, BSR4 Tone # DIR -

Next, under the Tone description heading, is a description of the tone.
SR1%, HefaTone description DL o

Next, under the Meaning of character (in English) heading, is the meaning of the character in
English.
N, BESEIEEHLS EF % Meaning of character (in English) DUF -

Next, under the Noun; phrase (in Cantonese) heading, is the character as it occurs in a Cantonese
noun, and that noun used in a short Cantonese example phrase.

SRA% , B SOWE R PR A R, (R SHLE A R S RACWE RS SRR 451 519 Noun; phrase (in
Cantonese) LA T

Finally, under the Meaning of noun and phrase (in English) heading, is the translation of the
Cantonese noun and phrase.

Ieth, & R EREA E R B)A) e SCREEf% Meaning of noun and phrase (in English) LLF,

You will see one of these charts per screen.
IR — (R — (% -
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Your job: Please read the syllable aloud. Speak as clearly as possible, and only say it ONCE.
AR BB B AR — {8 35 B — IR

For this example, you would simply say [55] (the syllable si pronounced with the high-level

tone).

[ 5E:

Ban > R AR HEF](siLA2 ) -

You can have as much time as you need to think about the word before you say it.

R AT IR AR

A= AA
V==

When you’re finished, hit the space bar to continue.
TR, RETRZSHE SRR

Got it? Let’s try a few examples.

S A 2o e
5& ? FER=F7

HAE

A& (E B -

When you’re ready for the first example, hit the space bar.

AT o FHTRASAE SR,

. Meaning of

Chinese Tone Tone Meaning O.f . . noun and
Character 4 description charact_er (in Noun; phrase (in Cantonese) phrase (in

English) English)

Shiji is a

£ | sz | MidRising | history | (i) s AR - | onie 1O

Sima Qian.

Please read this syllable aloud. Speak clearly, and only say it once. Then press the space bar to

continue.

AH T AR S R R K,

SRR 1% 2% S

Chinese Tone Tone Meaning O.f Noun; phrase (in Meaning of noun and
L character (in ; ;
Character # description English) Cantonese) phrase ( in English)
i si3 Mid-Level tot AR The government attempts
i BN &R to ban alcohol.

Please read this syllable aloud. Speak clearly, and only say it once. Then press the space bar to

continue.

ArTE A S LR — R K,

SRR A% 2% S
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Chinese Tone Tone Meaning of character Noun; phrase (in Meaning of noun and
Character # description (in English) Cantonese) phrase (.in English)
E?j:‘ si4 LOW'RiSing time H:!fFEﬁ%E Time is precious'

Please read this syllable aloud. Speak clearly, and only say it once. Then press the space bar to

continue.

An T A S LR —{H

%Eﬁgﬁ7 VALY

T T 22 AR SRS,

Chinese Tone Tone cw;gncltr;? (()|fn Noun; phrase (in Meaning of noun and

Character # description . Cantonese) phrase (\in English)
English)

(1] si5 Low-Level market ® I Ehge I major in marketing.

Please read this syllable aloud. Speak clearly, and only say it once. Then press the space bar to

continue.

AfTH A 5% LR — (A

v a¥irin

BT IR, IRERARZE R R,

. Meaning of .
Chinese Tone Tone . . . Meaning of noun and
. character (in Noun; phrase (in Cantonese) - .
Character # description . phrase ( in English)
English)
. ] ) ] Television is
revolution.

Great job! Press space to continue.

4F > AR ZE R B,

The examples you just saw involved real, meaningful, words.

LLE#E A B AT -

Sometimes, you will be asked to produce meaningless syllables (non-words).

AR - WEIREE > BERIRGE S HEREE

In the chart for non-words, you’ll see a series of dashes ( ---- ) under most of the headings.

GFE > G RE] -

For instance, the syllable ki produced with the high-level tone is not a meaningful word in

Cantonese:

Bgn > DARE V-3 L ek Bfikirs (A — {8 B ek -
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Chinese Tone Tone Meaning (in Example sentence (in English
Character # description English) Chinese) translation

- kil High-Level —

Here, your job is the same: Please read the syllable aloud. Speak as clearly as possible, and only
say it ONCE.
AR, IREEIE RS HIE —EE Hi — K,

For this example, you would say the syllable ki spoken with the high-level tone.

DU(E BT - (RER AR LA PR s tH E fiiki -

Again, you can have as much time as you need to think about the syllable before you say it.
[FItk, EE 2R IRGHIFEEE -

When you’re finished saying the syllable, hit the space bar to continue.
TR, RETRZCHE SRR,

Got it? Let’s try a few examples.

THIEAR ? S E SR GTT

When you’re ready for the first example, hit the space bar.
EIRERLT - RGN,

Chinese Tone Tone Meaning (in Example sentence (in English
Character # description English) Chinese) translation

ki2 Mid-Rising

Please read this syllable aloud. Speak clearly, and only say it once. Then press the space bar to
continue.

ARG A S e — 8 S IR, SRR P2 R A

Chinese Tone Tone Meaning (in Example sentence (in English
Character # description English) Chinese) translation
ki3 Mid-Level

Please read this syllable aloud. Speak clearly, and only say it once. Then press the space bar to
continue.

ARG A S e — 8 S IR, SRR P2 R A
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Chinese Tone Tone Meaning (in Example sentence (in English
Character # description English) Chinese) translation
- ki4 Low-Rising market -

Please read this syllable aloud. Speak clearly, and only say it once. Then press the space bar to
continue.

AR HE — S H Ik, RE 22 i i

Chinese Tone Tone Meaning (in Example sentence (in English
Character # description English) Chinese) translation

- ki5 Low-Rising -

Please read this syllable aloud. Speak clearly, and only say it once. Then press the space bar to
continue.

BT e — B S H IR, AN 2k B

Chinese Tone Tone Meaning (in Example sentence (in English
Character # description English) Chinese) translation

ki6 Low-Rising

Great job! Press space to continue.
4 FRTRAE RS PEHERE,

So, your job is simply to read each syllable aloud, just once, as clearly as possible.
IR TR EE R R — IR i — IR,

After you read a number of them, the computer program will stop.
REEG—H BT, BRI,

You will read lists of these syllables six times total. Be aware that, in three of these lists,
meaningful syllables and meaningless syllables will appear in random order.

Rt B EE IR, R =(E 55 B G RURREE RE E R EeE

o

After you read the syllables, you will be asked to read two short passages: one in Cantonese and
one in English.

PR TR, RS P o SRR [ 2 SRR A i 5L

You will be given several breaks throughout this recording session.
e, IREEIERIK,

Please take a break, and let the experimenter know that the program has stopped.
BHswy, 555 R A BB A UT I,




Please read the following passage aloud.
A TE R TR DL R SO,

When you’re finished, please let the experimenter know.

e, FEEAERAR,

You’re all finished!

f i !
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APPENDIX D: CALCULATIONS OF CANTONESE, MANDARIN, AND YORUBA T1C7)?\IE
SPACE SIZES AT ONSET, MIDPOINT, AND OFFGLIDE FOR SECTION 4.4
Tables D1, D2, and D3 summarize the ToneSpace analysis results at onset, midpoint, and
offglide, respectively. In each table, the cell under the “Est” column and in the “Tone B” row
refers to the estimated difference between the top and bottom tones for Cantonese. The size of
the tone space is the absolute value of this number, rounded to the nearest whole semitone. The
value in the cell under the “Est” column and in the “LanguageM:ToneB” refers to the adjustment
to the Cantonese estimate that is required to estimate the Mandarin tone space. Likewise, the

value in the cell under the “Est” column and in the “LanguageY:ToneB” refers to the adjustment

to the Cantonese estimate that is required to estimate the Yoruba tone space.

ToneSpaceOnset:
Cantonese vs. Mandarin and Yoruba

Est | StE t-val pMCMC
ToneB -5.53 | 0.123 | -44.780 | 0.0001
LanguageM:ToneB | -2.95 | 0.149 | -19.870 | 0.0001
LanguageY:ToneB | 2.07 | 0.149 | 13.920 0.0001
Table D1. ToneSpaceOnset results for Cantonese vs. Mandarin and Yoruba

For the purposes of approximating the languages’ tone-space sizes for section 4.4, examinations
of cross-language tone dispersion, the tone-space size values are rounded to the nearest whole
semitone, after adjustments to the Cantonese estimate. As intimated above, the data in Table D1
indicates that the Cantonese tone space at onset is approximately 6 ST wide (the absolute value
of the number in the cell under the “Est” column and in the “ToneB” row, rounded to the nearest
whole semitone). The Mandarin tone space at onset is approximately 8 ST wide (-5.53 + (-2.95)

=-8.48, rounded down to -8 ST, the absolute value of which is 8 ST). The Yoruba tone space at
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onset is approximately 3 ST wide (-5.53 + 2.07 = -3.46, rounded down to -3 ST, the absolute

value of which is 3 ST). It is also important to note that the full set of ToneSpaceOnset results
showed that the Cantonese, Mandarin, and Yoruba tone spaces are significantly different in size

at onset.

ToneSpaceMidpoint:
Cantonese vs. Mandarin and Yoruba

Est | StE t-val pMCMC
ToneB -7.82 | 0.178 | -43.970 | 0.0001
LanguageM:ToneB | -1.33 | 0.221 | -5.990 0.0001
LanguageY:ToneB | 1.95 | 0.223 | 8.750 0.0001
Table D2. ToneSpaceMidpoint results for Cantonese vs. Mandarin and Yoruba

The data in Table D2 indicates that the Cantonese tone space at midpoint is approximately 8 ST
wide (the absolute value of the number in the cell under the “Est” column and in the “ToneB”
row, rounded to the nearest whole semitone). The Mandarin tone space at onset is approximately
9 ST wide (-7.82 + (-1.33) =-9.15, rounded down to -9 ST, the absolute value of which is 9 ST).
The Yoruba tone space at onset is approximately 6 ST wide (-5.53 + 1.95 = -5.87, rounded up to
-6 ST, the absolute value of which is 3 ST). As before, it is also important to note that the full
set of ToneSpaceMidpoint results showed that the Cantonese, Mandarin, and Yoruba tone spaces

are indeed significantly different in size at midpoint.
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ToneSpaceOffglide:
Cantonese vs. Mandarin and Yoruba

Est | StE t-val pMCMC
ToneB -6.94 | 0.276 | -25.186 | 0.0001
LanguageM:ToneB | 0.58 | 0.387 | 1.498 0.1366
LanguageY:ToneB | -0.08 | 0.390 | -0.207 0.8402
Table D3. ToneSpaceOffglide results for Cantonese vs. Mandarin and Yoruba

The data in Table D3 indicates that the Cantonese tone space at offglide is about 7 ST wide (the
absolute value of the number in the cell under the “Est” column and in the “ToneB” row,
rounded to the nearest whole semitone). The Mandarin tone space at onset is approximately 6
ST wide (-6.94 + (0.58) = -6.36, rounded down to -6 ST, the absolute value of which is 6 ST).
The Yoruba tone space at onset is approximately 7 ST wide (-6.94 + (-0.08) = -7.02), rounded
down to -7 ST, the absolute value of which is 7 ST). Thus, the Cantonese and Yoruba tone
spaces are both about 7 ST wide, while the Mandarin tone space is approximately 6 ST wide.
However, the full set of ToneSpaceOffglide results showed that the Cantonese, Mandarin, and
Yoruba tone spaces are not significantly different in size at offglide. | therefore assume for the
purposes of estimating tone space sizes in section 4.4 that the languages’ tone space sizes all
equal the average size of the three spaces: 7 ST wide ((7 + 6 + 7)/3 =6.66 ST, rounded up to 7

ST).
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