NORTHWESTERN UNIVERSITY

The Theory of Adaptive Dispersion and Acougilwonetic Properties of Crotanguage
Lexicattone Systems

A DISSERTATION

SUBMITTED TO THE GRADUATE SCHOOL
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS

for the degree

DOCTOR OF PHILOSOPHY

Field of inguistics

By

Jennifer Alexandra Alexander

EVANSTON, ILLINOIS

December 2010



© Copyright by Jennifer Alexandra Alexander 2010
All Rights Reserved



ABSTRACT

The Theory of Adaptive Dispersi and Acoustiphonetic Properties of Crotanguage
Lexicattone Systems

Jennifer Alexandr@lexander

Lexicattone languages use fundamental frequency (FO/pitch) to convey word meaning.
About 41.8% of the worl doés |2808)gyetdhgse systamsare | e X i
understudied. | aim to increase our understanding of spseahd inventory organization by
extending to tonsystems a model of vowelystem organization, the Theory of Adaptive
Dispersion (TAD) (Liljencrants and Lindblorh972). This is a crodanguage investigation of
whether and how the size of a tonal inventory affects (A) acoustiesfmare size and (B)
dispersion of tone categories within the t@pace.

| compared five languages with very different tone invensori@éantonese (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 inisolaig  wi t h each of his/ her | anguac
measured tonal FO across the vowel at onset, midpoint, and offglide-space size was the FO
di fference in semitones (ST) between each | an
was theF0 distance (ST) between two tones shared by multiple languages.

Following the TAD, I predicted that languages with larger tone inventories would have
larger tonespaces. Against expectations, t@pace size was fixed across let@ie languages
at midpoint and offglide, and across cont@one languages (except Thai) at offglide. However,

within each language type (levi@ne vs. contoutone), languages with smaller tone inventories
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had larger tone spaces at onset. Taispersion results were alsaexpected. The Cantonese

mid-level tone was further dispersed from a tonal baseline than the Yorubavelione;
Cantonese mitevel tone dispersion was therefore greater than theoretically necessary. The
Cantonese higlevel tone was also furthersppersed from baseline than the Mandarin Heytel
tonel at midpoint and offglide only.

The TAD cannot account for these results. A folagvanalysis indicates that teepace
size differs as a function of toiti@nguage type: levdbne and contodtone systems may not be
comparable. Another analysis plots tones in an onset FO x offglide FO space (following Barry
and Bl amey, 2004). Preliminary r eeparhtddss i

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
accu ately as possible. This serves to document
facilitate understanding of the complexities and range of human psycholinguistic abilities.
Complete understanding of the structure and organization of linguistensy, how they
interact, and how humans process the varied information, is only possible by the thorough
investigation ofall aspects of language. Despite the fact that lexical tones are a component of
about 42% of the wor | dOolsxicdtane gystemg arsundstivtiied di e s o n
compared to segmental contrast systems (consonants and vowels). The overarching goal of this
study is to increase our understanding of spaecind inventory organization by extending a
well-studied model of vowel syem organizatioin the Theory of Adaptive Dispersion (TAD)
(Liliencrants and Lindblom, 1972)to lexical tone systems. In particular, this is a ¢cross
|l anguage investigation of whether and how the
inventory (its tme inventory composition) affects (A) its acoustic tepace 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 inventa@ithat compare and contrast critical properties of tones. To this
end, | examine three East Asian languages that have both contour and levelGan&mese (3
contour tones, 3 level tones), Mandarin (3 contour tones, 1 level tone), and Thai (2 torgsur
3 level tones) and two Nigerian leveloneonly languages, Yoruba (O 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 reseaygbstions 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 toneinventory compsition on both acoustic torspace 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 systesextiém 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 ainof 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 worldbés | anguages.
perceptuatontrast 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 distacoastic
space for vowels to be considered maximally (or sufficiently) contrastive; assumptions regarding
languageuniversal vs. languaggpecific effects on vowel dispersion and vowel space
boundaries; and quantitative characteristics of the vowel $macelaries.

Lililencrants and Lindblom (1972) utilize a principlerabximalcontrast within a

uni ver sal vowel space. This wuniversal vowel
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acoustic output of vowels according to specifications of the postial shape of the jaw, lips,

tongue, and |l arynx as defined by Lindblom and
speech production. The articulatory constraints of the model determine the range of vowel

sounds producible by the vocal tract; tleevel inventory of a given language is comprised of a

subset of these producible sounds. The vowels are located in-githegesional acoustic space

defined by the first three formant frequencies (in Hz). Liljencrants and Lindblom then transform

the linaar 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 thésmage, 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 fgai@presenting 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, conveysontness/backness and rounding. This approach appears to reasonably
successfully predict threefour-, five-, and sixvowel inventories attested in early cross

linguistic surveys (those of Trubetzkoy, 1929; Hockett, 1955; and Sedlak, 1969). No major
dscrepancies exi st between Igeneratedsimuladonssasd and L
actual attested thremwel systems. Just as predicted, attested systems usually contain what are
the three most common vowel sponthvowels@,awjor | dbés |
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 fourvowel systems contain, [ , a, |, which are the next most common vowels cross

linguistically (Crothers, 1978; Maddieson, 1984). Minor discrepancies exist between predicted
and attested five and sixvowel systems. Natural sevdn twelvevowel systems had a lower
number of highvowels than was predicted by the model. Predicted seamaheighivowel

systems lacked the attested interior mid vowels such as [g] and exhibited four, rather than two or
three, degrees of backness in the high vowels. Predicted teneeleven, and twele-vowel

systems had five degrees of backness in the high vowels rather than the attested four or fewer
degrees of higlvowel backness.

In order to address these discrepancies, Lindblom (1975) revised the TAD so as to give
more weight to the F1 dimensiand 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 aoustic 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 ninevowel systems are improved as a result, but they remaierfeqh. Specifically,
for systems of seven or more vowels, it predicts more degrees efdigtl backness than is
attested.

Lindblom (1986) revises the TAD even further, questioning the adoption of the fermant
based distance measure. He takes a cueBemmstein (1976) which found that it was not
possible to describe perception of steathte 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 vowetjuality, 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 definestion aco
parameters, and replaces it with distance functions more relevant to the auditory perception
system. He bootstraps a model by Schrqestat, andHall (1979) where an inpttthe

harmonic power spectrum of an arbitrary vowe passed through auditory filter whose
parameters are defined by psychoacoustical data ortgneenasking. 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 hearng (frequency resolution). In addition to this
change, Lindblom (1986) replaces the idemakimalcontrast with that o$ufficientcontrast.

He does so because, in his words, [[Janguages offer a rich variety of phonetic realizations for a
givensizand shape of vowel systeméThis quality va
not be restricted to the criterion mlaximalperceptual contrast which gives one unique
configuration per system of sire (Lindblom, 1986:3233) To define the notion alufficient

contrast, Lindblom has the algorithm enumerate the best subset of sysdorseachn. He

assumes that sufficient contrast operates in real systems and is invariant across languages and
system sizes. Following from this is the assumptian plnonetic 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. (Lindbim, 1986:34) One notable improvement is that it is less likely te over
generate high vowels in systems with six or fewer vowels. However, the model still falls short in

crucial ways: it still ovegenerates high vowels for systems with seven or morelgpand 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 Hygmel Hypoarticulation (H&H)
theory (Lindblom,1990. H&H takes intcaccount intesspeaker and intrgapeaker 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
drivenby the signahfterit has been modulated by sighatiependent information. For
example, the utterance | essdn twehotwvpmanys a f el
people came to the lecturaddWhat was your homework assignmem@spite thedct that
there may be no actual signal information disambiguating the two possibilities, understanding of
context allows the listener to easily perceive titended meaning (Lindblom, 199@3). This
fact is taken as further evidence that sufficient kastt 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 hyparticulated (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 sotindentory sze on acoustispace size, and (b) the
dispersion of soundategories 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
soundperceptionas well,but that literature is not reviewed here, as it is outside the scope of this

study.



17

1.2.1. Research testing predictions of the TAD

The size of the acoustic vowspace is positively correlated with the size of the vowel inventory

Several studies have used th&DIto 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 acatic vowel spaces, relative to languages with smaller vowel inventories. The
results of some studies have suped this notion. JongmaRpurakis,and Seren¢1989) found
that English and German, with 11 and 14 monophthongs, respectively, have matedcrow
vowel spaces than Greek, which has five monophthongs. That is, the vowels /i/, /a/, and /u/,
which are shared among the three | anguages, o0
and F3 vowel spaces. However, the other German and Engligis/were more peripheral
than the Greek vowels. Similarly, Alamimi 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 syllaBleand in words. The authors defined the vespeice 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-paelction
conditiors. Similarly, Bradlow (1995) found that English (11 vowels) had an expanded vowel
space relative to Spanish (5 vowels), when those vowels were produced in esyltzdse
context (vowelspace was determined by intervocalic Euclidean distances in aRFHx
space) . Finall vy, FIl ege (1989) wused a glossom

with native Spanish speakersd vowel s. He sur
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more crowded vowel space, would maximize the articulatory distbatween 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 gmsis 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 perceptuabnfusions 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 ungquivocal
true. As a matter of fact, this prediction of the TAD may be one of its most problematic. For
instance, Gendrot and Addzecker (2007) compared eight languages with differesidgd
vowel inventories (English, French, German, Italian, Mandarin Cajriesrtuguese, and
Spanish) in order to investigate whether thes
function of inventory size. The authors dete
spaces by measuring the Euclidean distance leetyeripheral vowels (FEO 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 difezedtly
vowel inventories of twentgight 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$ witvdls
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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 Add®ecker (2007) andilzjn (2000) appear to contradict Jongman et al.
(1989), Flege (1989), and Alamimi 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 discr@ancy 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 Alddaker (2007) examed
vowels as produced in words; and Pdmimi 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 rigoroustgontrolled methodology for elicitingpgech sounds to be analyzed,
both because methodologicalhgried studies impair our ability to make generalizations and
well-motivated predictions, and because evaluating multiple languages under controlled

conditions maximizes our ability to plausiblympare their sound systems.

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

Anot her assumption of the TAD is that the
maximally dispersed throughout the vowel space (or sufficiemtpedsed, 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 (UPS(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 Wood1977) report that while the closelglated 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. LikegdasenR

and Espnosa (200B5compared 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 leasaime seven vowels plus stressed

/ ol . They found that the vowels of the three
their respective vowel spaces (and that the vowel space of Majorcan was comparatively larger).
However, intervocalic distansevaried 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 (lakpalatalization). Upon examinatiom o
distributional patterns, palatograms of the articulation of secondarily articulated consonants, and

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

they argue that the principle of maximal dispersion explains the combinations of constriction
location and rounding degree found in Twi lapiaatalization, in that both articulations
contribute to a common acdigsfunction 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 thedoiweleased dentalveolar lateral
click in Mangetti Dune !Xung (M.D. 'Xung), determined that inclusion of this new click in the
| anguageds click i nvent -phoneticeHaradterstics & the/enttea u s e s
click inventory to adjust.To accommodate the new click while maintaining maximal perceptual
distinctiveness between it and other clicks in the inventory, M.D. IXung speakers alter their
production of one of its other clicks, the lateral alveolar click. As a result, the M.D. !Xung
| ater al alveolar c¢click has a shorter burst du
related language that lacks a forward released dalvi@blar lateral click. Because the larger
contrastive set of M.D. !Xung clicks is less widely dispdreeer the acoustic space than the
small er contrastive set of Jul édhoansi clicks,

burst duration to ensure its clicks are distinct.

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

of the more welknown 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 seBaharan Africa, ahost all the languages are tonal.

The first subsection 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 stdection builds upothis understanding of the role of pitch to describe
tone inventories in general. The final ssdxtion discusses tone rules (e.g., rules for-tone
interactions). This section relies heavily on the work of Maddieson (1978), Yip (2002), Hyman

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

1.3.1. Phonemic use of fundamental frequency (FO)

According to most sourege.g., Yip, 2002; Hyman, 200)the defining acoustic
characteristic of a tone language is its phonemic use of fundamental frequen@it@r0in
psychoaoustic/perceptual terms), meaning that tone languages use pitch changes to convey
semantic contrasts at the lexical (word) level. Pitch variations iiar@nlanguages like
English express pragmatic meaning; in English, pitch conveys affect (e.g. piseterwhen the
talker is unhappy), utterance g/fe.g., declarative stateméhb u 6 r e a o®o0od student
interrogativeY o u 6 r e a ¢,amdémpbhdsis (é.¢.lrave acat, not a dog).

The term tone language subsumes two types of languagesxi¢h}-tene languages like
Mandarin Chinese, where pitch variation operates upon a langpag#ic segment (e.g., a
syllable) and thereby systematically changes the meaning of the word; and (B)cpieci
languages like Japanese, where pitch is alsogrh@ 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 pitcltontrastive minimal pair. This thesis concentrates on the former category,

lexicattonelanguages (as such, a discussion of lexical tone languages, but not-@icoich
languages, follows).

In lexicattone languages, tone is a suprasegmental feature, meaning that it operates
above (independently of) the segment (cf. Goldsmith, 1990; laadg/an Heuven, 2004). The
tonebearing 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 syllablgrgil 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 variabldepending 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, thegaled toneless. Here, the high

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

Toneless verbs | English gloss H-tone verbs English gloss

ku-dama-a To do ku-lombéza To request

ku-dama&-iz-a To do for [someone] | ku-lombezéza To request for [someone]
ku-dama-iz-an-a | To do for each other| ku-lombezezana | To request for each othei

Table 1.1. Toneless vs. itbne verbs (Yip, 2002)
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The hightons are part of the | exical entry of wverb

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 higlertosné&em low
(toneless) ones like /dafta 6t o do 0 .

Because the common thread of all lexittale 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 descriptibon t he i nventory of a
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 celigues) traditionally use a set of accentmarks ( E ) and/ o

Roman letters to indicate different tones; Asianists and Masericanists 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 thén@itche 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 | ~(or unmarked)| U, | 33/3 3
fall high to low | HF | acute + grave E a 51 15
rise lowto high| LR | grave + acute g b 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 malkdenological 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 Miédata from F.K. Li, cited in Chang, 1953) and Tahua Yao
(Chang, 1953), and American languages Ticuna (Anderson, 1959) and Usila Chinantec (Rensch,
1968). Fouwlevel tone languages include African languages Mambila (cf. Connell, 2000) and
Igede (Bergmarnl971), Asian languages R (Li, 1965) and Yay (Gedney, 1965), and
American languages Chatino (Upson, 1968) and Qjitlan Chinantec (Rensch, 1968an#ive
four-level tone languages are relatively rare, however. Languages with three level tones are
muchmore 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 Thekg&n, 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 twg three and fourlevel 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, whilgdssiblefor a twolevel tone

language to have its tones at the extremes of the pitch range, ipi®bablefor this to occur.
Extrahigh tones and extdaw tones do not normally occur unéethere are other tones in

between. For instance, systems with three level tones most frequently contaiteaaiione

along with high and low level tones (e.g., Yoruba). (For a discussion omarkedness

constraints and their effect on temyenbory 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 totevels. As Maddieson points out, however, Table 1.3 shows that
the tones of languages with more levels can occigmgaleroverall 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.xBonde, the pitch difference

between the lowest and nexighest level tones in Siswati (with 2 levels), Thai (3 levels), and

Taiwanese (3 levels) mmallert han t he pitch difference betweer
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Finally, note that the tones in lamages with three or more levels are not equivalently separated

(e. g., Tour adighedttonesasetseparated byri@ Bz twhile 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 crodanguage tone systems.

The aboe 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 &(irist th
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 smalhnd is therefee limited in power. The Kiowa data
(Sivertsen, 1956) reflect an average of two repetitions of a tonal minimal pair in identical
(utteranceinitial) environments by a male talker. The Yoruba data (Hombert, 1976) reflect the
central point of tones measdrffom 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 tkens is not rported. The Taiwanese data (Zee, )%é8ect fifteen tokens of each
of the three level tones produced by eacwobt mal e t al ker s. )@®@ar t h an
Toura tones, for instance, reflect averages from several hundred utseograoee 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 conclusifmosn one study can be generalized as applicable to

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

pitfalls.

Contour tones

Lexicattone languages may also contain contour tones, wherein the pitch changes across
the tonebearing unit (TBU). Authorities on tone systems, including Maddieson (1978) and Yip
(2002) hold that contour tones are additions to a{@red inventory. That is, if a language has
contour tones, it must also have at least one level tone.typifisation of contowtone
languages is widetpccepted, and is reflected in the literature and in the current study (but see
Pike, 1948; Newman, 1986; and Ray, 1967; they suggest that some donomly systems
exist). A number of languages havermtevel 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 andrctantes, e.g., Central
Monpa (chs 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 hkeséhtones, 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/falkimgy) contour tones
also has simplée.qg., 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, iwh&h suggests that
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falling tones are more common than rising tone®wever, this is not always the case; the Wu

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

the same number of falling as rising tones (@Hel973).

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 irparticular 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 highis. low-frequency words. They measured the 6z of
vowels (the TBU) in CV and CVC monosyllables at ten equidistant timegoaitsg the tonal
trajectory. Timepoinkl was subsequently excluded from analysis because the FO of the initial
vocalic segment can be perturbed by the pliegecbnsonanfHombert, Ohala, & Ewari,979).
The authors converted the tonal FO values to semitones (ST), because this psychoacoustic scale
more accurately refl ec tasonal equvalencedNolan)2007Fot ui t i on
this reason, and discussedmiore detail in later chapters, the ST scale is adopted in the current
study as well. For each talker, the authors defineddpaee dispersion as the mean Euclidean
distance of individual tones from his/her centroid; the centroid was defined at eapbititk as
the mean FO at th&t 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 &ll @hiats
and Jurafsky found that ambient noise and lexXregjuency both influence tone production. All

Lombardcondition tones were produced with a comparatively higher FO. Additionally, low
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frequency words with midlange (midlevel or midrising) tones were produced with higher FO

than highfrequency words.The FO trajectoriesoflolv r equency wordsé FO tra
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, thessurgsoit
t he Hyperarticulation and Hypoarticulation (H
speakers will produce strengthened phonetic forms to counteract comprehension difficulties that
can arise under certain conditions (e.g., in Lombard spsetim lowfrequency words).

Barry and Blamey (2004) compared Cantonese tone productions by nenealigg
adults, normallyhearing children, and cochleemplanted children. Citaticform tones were
elicited via a picturenaming task involving 15 presttions 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 multipleaceut i ¢ di mensi ons that affect | istener
including average pitch, pitch direction, extreme endpoint, and slope. The tone space for each
participant was calculated as ellipses surrounding the distribution of points arounelainéor
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
di fferentiation among i ngydstathdt, dodnormdlly Headimge ns 6 t o
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 usersyhich 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 differentiftion @lipses,

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 crodmguistic tendenciesiitone system organization.
To that end, this study analyzes and compares the acoustic-texieadpaces, and dispersion of

the tones within those spaces, of five languages with very differenirtemetory compositions.

Though tones can be definedaasombination of various acoustic correlates (e.g., mean

FO, FO turning point, duration), | follow Zhao and Jurafsky (2007, 2009) and examine one

acoustic correlate across the languages: mean overall FO across the tonal trajecttmye The

space sizef 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 serf8tbnestween the mean FO
of a |l anguageds highest tone and the mean
Comparativedegree of tonal dispersida the crosdanguage difference in the Euclidean
distance from the mean FO (ST) of a given tomatike to the mean FO (ST) of a toreseline
(abasis of comparison toreoserfor beingcommon amongand phonetically similar ithe
languageks

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

system: each willepel the others and will find equilibrium where it is maximally distant from

FO
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surrounding tone categories. Closely related to this is my-bAg®d assumption that tones will

be dispersednly and exactlyo the degree necessary to ensure sufficient tordrast. 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 totest the following twaompetinghypotheses:

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

dispersion will differ as a function of tofieventory size

a. The size of thecoustic tone space is independerthefsize of théone
inventory.

b. If tone-space size is equivalent acrémsguages, 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 taime&entory size, and degree of

tonal dspersion will be equivalent across languages

a. Thesize 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 therdegf tonal dispersion (relative to

a tonal baseline) will be equivalent across languages.

Figures 1.1 and 1.2 are i1idealized illustratio

dispersion of a given tone within the tone space (here, tone 2yediata tonal baseline (tone
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1). Languages are namedEA 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.

Tone 1 ——}% }i X
- — X
i T 42 3 2
3T .
3+ 24 >0
4+ st
5+ ‘T
6 —— 5 4 3 2
A B C D E
Figure 1. 1. An i deal i zed -spacdareastand @dgremontonalf f i v

dispersion under hypothesis H1

1= .
}OJ
2+ 1 =

Yo
34 24 1
w
s 4 34 2 1
w
54 44 3 2 1 ‘
Lo
6 5.1 4 3 2
D E

A B C

Figure 1.2. An idealized illustration of five languag s 0 -spazenaeeas and degree of tonal
dispersion under hypothesis H2

In chapter four, | examine cretanguage tone spaces and ctlasgguage tonal dispersiovith

regard tahe hypotheses outlined above.
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1.5.2. Choice of languages

Cantonese, Thai, Mandarivipruba, 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 inventoies. | 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 requalsmeffectively
excluded more obscure languages and dialects from consideration. Moreover, each of the
languages needed to have a written transcription system that-lsneelh and-understood
among native speakers, as participants were presented fittdnwnaterials 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 ensdl 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 tonanventory 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 notedydist majority of

linguistic and psycholinguistic studies have concerned only segments, ignoring those 70% of

|l anguages that use tone and the more than 50%
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language (Fromkinl978). This project will help to reelss this balance. Also, while we clearly

know a considerable amount about the individu
on lexical tondé particularly descriptive studies conducted before the late 70sioexdabit
considerable methottmical 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, Bhimodat
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 nosystematicity makes it difficult to say with certti that the results from
one study can be compared with those from another. In turn, this arguably hinders our ability to
make generalizations and weflotivated predictions about studies on other tone languages. One
of the key aims of the current stuidyto 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 afskyur
(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 investigatedlangesmge tonspaces and
degrees of tonal dispersion, and none have calculated tace apd dispersion using linear
mixed-effects models. The current study is therefore both innovative and serves as a
contribution to the field of crodanguage tone research, as its conclusions and methods can be

used to motivate and inform hypothese$utdire 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 two broadlyconstrued populations, e.g., tone language
speakers vs. netonelanguage 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 otrosslanguage tone systems.

Finally, the tondanguage 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 themed@ty be used fdr and therefore benefitfuture
studies. For example, a future experiment that investigates whether vowel type affects tone
space size in female Mandarin speakers might use for stimuli the fprodieced Mandarin

syllables produced fdhis study.

1.5.4. Structure of the thesis
In chapter two | present information about the languages under investigation. 1 first
review literature on the tones of each of the five languages (Cantonese, Thai, Mandarin, Yoruba,
and Igbo). Ithen presentanddescbe my data on the acoustic re:
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 tregyimeg
syllables, and the methods used to analyze the data. In chapter four | describe the linear mixed

effects regression models used to evaltlaehypothesedescribedearlier. | 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 LANGAGES 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, MandariMoruba, and Igbo). Then in section 2.3., | present summaries of the
acoustic data | 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
Ilgbo

Igbo is leveltone-only language of the NigegZongo family(Kwa group) It is spoken by
more than 15 million people in southeastern Nigeria (Liberr8ahultzHong, and Okeke
1993; Hyman, 1978). It has two tones, high (H) and low (L), that occuy;frealso has a mid
(M) tone that only occurs following an H (or another M). Some phonologists have treated Igbo
M tones as a third, distinct, tonal category (cf. Carrell, 1970; Goldsmith, 1976). However, others
claim that the restricted distributiom 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: H or 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 2rt,droative Igbespeaking



language consultant hired for this study (discussed further in chapter three), illustrates the Igbho

tone contrast in monosyllables.

Syllable | Tone | English gloss
di H husband
di L to exist

39

Table 2.1. Igbo lexical tone contrasts 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 tintespthe associated totfixearing unit (Akinlabi

and Liber man,

considered to have an H level tone, but the pitch is not uniformly high and level. Rather, the

2000: 5) .

For

i nst anc eyaisi n

pitch rises throghout the syllable, anithe peak value is near the diald.).

Yoruba

Yoruba, like Igbo, is a levabneonly language of the Nig&tongo familyand Kwa

group It is spoken throughout Nigeria (Hyman, 1978) and has three phonemic level tones: H,

M, andL (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 thé&do

lexical tone contrast:

t

he



Syllable | Tone | English gloss
ra H to disappear
ra M to rub
ra L to buy
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Table 2.2. Yoruba lexical tone contrasts in monosyllables

It is worth noting that some have suggested that the M tone in ¥ swmderlyingly toness

(seeAkinlabi, 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 threél( M, and L) tones. One specific quality of this constraint serves to

lower a wordfinal L tone so that it may be distinguished from adaviinal M tone. Hombert

(1976 in particular found that the onset of the final L tone is lower in pitch, displ&a/sna

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 whaalfL tones were manipulated to have a level

(as opposed to a falling) glide, listeners misidentifield $equences as-M sequences and 4

sequences as M sequences.

Mandarin Chinese

Mandari n, al so

known as

Put on gWwidelg-spoként h e

dialect of Chinese. A Sindibetan 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 typigadlescribed as having four tones in its

c

(0]
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phonological inventory, including three contour tones and one level tone. Tone 1 idevbkigh

tone (55, or H); tone 2 has a higising or midhigh-rising (contour) tone €5, or R); tone 3 has

a lowdipping orlow-falling-rising (contour) tone (2-4, or FR); and tone 4 is a higalling

(contour) tone (8., or F) Chao, D48; Howie, 1976; BlicheDiehl, andCohen,1990; and many
others). Mandarin also has a fifth, Apnonemic, tone in unstressed syllablésok is referred

to as toe O or neutral tone (Won&chwartz, & Jenkin®005). 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 undersidaration in this study. Tab®3, from
Chandrasekaraigrishnan,& 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 parameterswief, Hao76; Wu,
1986; WangJongmanandSeeno,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
approximatey 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 includdlalyle amplitude (Gardindratochvil, Svantesson, and

Zhang,1986); the shape dfie amplitude envelope (Fdeng Shannon, and Soli,998); voice
quality (Garding et al., 1986); and temporal properties such as overall duration, vowel duration,
and TurningPoint (Lin, 1965; Chuang artdiki, 1972;Jongman and Moore, 200Bu 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 FRone 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 apeustiptual
cuethe sane way as FO does (Frandi@occa, Ma, and Fen2008). 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 wheMandarin contour tones are unitary contour
units or compositional sequences of multiple level tone targets. According to the former,
ounitary, 6 theory, for instance, tone 2 would
6compositi on adpogiitaspging atmrallsequeace 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 (O6unitary6é) approach, suggesting t
linked to rimes and may therefore be unitary. Those who adwcat he o6 composi ti on
(Yip, 1991) view Mandarin tones as consisting of a sequence of two moragy(lsidic timing

units), each of which is a TBU. | adopt the unitary approach for thig.stud
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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 acousti¢Fieduration, etc.) are
integrated functionally when native Mandarin speakers identify the tones (Gandour, 1984;
Massao, Cohen, and Tsend985; Garding et al., 1986; Blicher, et al., 1986en and Lin,

1991). But again, overall pitch contour appearde 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 ofother acoustic features is negligible for tone perception (Massaro et al., 1985).

Thai, a TaiKadai 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 ctamtesi{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

nt: R thick

Table 2.4. Thai lexical tone comrasts 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 individualit@ves in citation forni do



44
not always match the labels well (seqy.,Abramson, 1962; Erickson, 197dndZsiga 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 syllabl (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 fallsigtaacbss a syllable and
reaches the bottom of the pitch ~rfaloogteur,at t he
and the R tone has a faie contour (Zsiga and Nitisaroj, 2007).

According to Zsiga and Nitisaroj (2007), no consensus has gatrieached 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 &litisaroj (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 Mandaritocwriones 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 wouldcbenplex. A single H borne by a syllable would need
to be mapped into a levaking 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 (1979:7p 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
t onal mi ni mal quintupl et s) nearmoratceiling Ohthesotherner s 6
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
nativelistener perception. Me specifically, FO direction may be of greater importance than
offglide FO for tone perception (Pike, 1948; Gandour, 1983). Abramson (1978) reported that
contourtone slope is also important for Thai tone perception. Level tone trajectories were
usuallyidentified 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 theth wiais 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. Rally, 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 risdall 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 tamarmaarly peak while the H tone has a

late peak.
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Cantonese

Cantonese is a SiAbibetan 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); theyare 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 chi@igaiw and Ciocca2006
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; Wamd 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 primaryand possibly the soleacoustic cue for Cantonese tone
perception (Francis et aR008; CioccaFrancis,Aisha, and Wong2002; Leevan Hasselt,

Chiu, and Cheun@002). Specifically, listeners rely on relative FOdewirection of FO
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change, and magnitude of FO change for Cantonese tone perceptid€@h@pk974; Gandour,

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

salient than pitch contour (Gandour, 1983).

2.3. Datafrom 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
languayes. These figures summarize data collected in this study. Each figure shows the overall
mean FO in semitones (f@nm fpnevacross their trdjeetorigsuaa g e 6 s
produced in CV syllables by (and aggregated over) 3 male and 3 featiake 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 syllableere 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 sylldles (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-1

As mentioned in chapter one, the semitone scale, a logarithmic transformation of thd physica
Hertz scal e, i s used throughout this study.

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

c
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assumptions of the TAD, that speesdunds are produced (orgardza 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 (ER&) The mel scale
was used by Liljencrants and Linldm (1972), but | use the semitone scale because, compared
tothemel, ERB at e, and Bark scales, it more accurat e
intonational equivalence (i.e., intonational span) (Nolan, 2007). Tonal FO was measured across
the vavel (the presumed TBU) of each CV syllable at ten equidistant timepaimtdz. Hz
measurements were then converted to ST using the equation FOsemitones = (12 log(FOHz/100
Hz))/log(2) (http://mwww.linguistics.ucla.edu/faciliti/facilities/acoustic/pitchituconversion.txt)
via Perl script Timepoints k1k9 are shown; the FO of the initial vocalic segment, at timepoint
kO, was excluded because it is perturbed by the preceding consonant (Hombert et al., 1979).
Further details about the materials and tlethods employed for eliciting the syllables are
provided in chapter three.

The figures are ordered according to the n
Figure 2.1 illustrates the tones of Cantonese (6 tones); Figure 2.2 illustrates thaf Treag5
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 t he trdiectarigs aral g @istussion &f Boey theyeampareo n a |

with the description of that | anguageds tones
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Cantonese Tones
Mean FO Across the Tonal Trajectory
14
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Figure 2.1. Cantonese tonal trajectories in mean FO (ST)
Timepoint k
Tone | ki 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 5.965 | 5.897 | 5914 | 6.257 | 6.784 | 7.333 | 7.932 | 8.181 | 8.283

LF | 7.381 | 6.864 | 6.506 | 6.247 | 6.046 | 5.826 | 5439 | 5264 | 5.189

LR | 6.219 | 5401 | 4524 | 3.901 | 3.632 | 3.442 | 3.815 | 4.273 | 4.886

M 8.515 | 8.131 | 7.894 | 7.733 | 7.589 | 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

Il n keeping with descriptions in the |iteratur
level throughout it$rajectory, with an average FO of 11.45 ST. Also as described in the

|l iterature, my talkersdéd LF toneds fal/l i's ste
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Al so, their MR tone rises sharply doashndeed 5. 8

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
bet ween my t al ker s &edestribed inpihe litedtature isithe aceuste nd t h o
realization of the M and L tones. While the literature suggests the M and L tones are relatively
flat, my talkersd M tone steadily falls appro
risesabou 2. 3 ST. The M and L tones6é FO contours
presumably be confusing for listeners. However, such potential confusion might be mitigated by
attendance to overall pitdieight differences (Gandour, 1983), sinceNhtone 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 betweealictadon methods across

studies; it is more difficult to labebhes in citation form than those in sentence context (Wong

and Diehl, 2003), and it is likely more difficult to produce tonestigtion 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
R 5.549 | 4.161 | 3.106 | 3.0832| 3.880 | 6.077 | 9.424 | 12.438 | 12.804
F 11.601 | 11.881 | 11.598 | 10.639 | 8.905 | 6.684 | 4.936 | 4.480 | 4.955
L 6.700 | 5.800 | 4.605 | 4.422 | 4.083 | 3.754 | 3.958 | 4.203 | 4.552
M 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
As described in the |iterature, my Thai

was indeed closest to level, and stayed in tlklia of the pitch range, but it falls about 2 ST

across it

s trajectory.

However

my t

a l

tal ke

ker so

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 p
sharplyi about 2.1 ST from onset to timepoint k3; continuesfadl, 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 tal ker sd& R t orisimycahtow: sit fatlsahamply (aearfy 2.5 $T) frorg onset

to timepoint k3; flattes out to timepoint k4; and rises 9.7 ST to the offglide. Likewise, their F

tone has a ristall 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 offglitiee 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 k8 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 | 1.994 | 1.386 | 2.063 | 3.564 | 4.792 | 5.068 | 5.379
F 12.725 | 12.112 | 10.805| 9.004 | 7.134 | 5.690 | 4.950 | 5.090 | 5.341
Table 2.8. Mean FO (ST) values of Mandarin tonal trajetories
As described in the |iterature, my

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 talkérs F R

timepoint k47 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, mytd k er s o

F tone

does

not

tone

r

f

al |

S €

about 7.8 ST, until about timepoint k7 and then flattens out until the offglide.

S

n

about

t he

f

2.

r

Mandar i

9

st
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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 | ki1 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 | 5.267 | 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 |iterature, my Yoruba
level throughout its trajectory, though the M tone dipped slightly around timepoint k6. Likewise,
foll owing Hombert (1976)06s o0bsigloweranpitcbothasy, t he
that of the H and M tones and displays a fall/l

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 trajectoriesin mean FO (ST)
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Timepoint k

Tone

k1

k2 k3

k4

k5

k6

k7

k8

k9

11.071

11.345

11.363

11.287

11.161

11.162

11.259

11.291

11.160

6.926

6.640

6.177

5.639

5.107

4.688

4.592

4.682

4.760

My Igbo

t

Table 2.10. Mean FO (ST) values of Igbo tonal trajectories

al

k e

rso

tones

wer e

gonenobskraationd imthe diteraturea i

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 #ratlire. Considering how little their H

tone changed throughout the trajectory, H tone perception might not actually be impacted. My

t

al

ker so

L

tone

steadily

f el

about

2.

3

ST

n

f

r
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The L tone targewvas also not found at offglideit instead was found at timepoint kbut 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 tergekighly

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 stydynd 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 tonart The st
and end of the torkearing unit (TBU) of each syllabieits voweli was delineated, and the
vocalic FO (in Hz) was measured at 10 equidistant timepkinthe Hz values were converted
to semitones (ST); these ST values were used for the analgsebee 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], [ga], [gi], [gu], [Ia], [li], [lu], [m &, [mi], [mu], [na], [ni], and [nu].
The consonants [b], [d], [g], [l], [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 ediplosives, they have [p] and[{]
and [f], 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 fartweasons:
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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 ons8imilarly, the vowels [i],§, 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 phoneticaltentical CV syllables that are all meaningful real words in
all the languages. Nativ@eaker language consultants (one per language, for a total of five)
were hired to identify which syllables were real words and wiviete norwords. 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 alsstaged, 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 theiative language, the phraBe you speak [language]fdr use
on recruitment materialsAppendix A: Materialgontains the lists of syllables and passages.
Each real word is listed with its gloss, and eachword is marked with dashes. Language
consulants 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 threeate 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 anative language. All were literate in both
English and their native language, and none reported any speech or hearing problerst- Place
origin was controlled to the extent possible in order to minimize dialect variation across talkers
in each language group. Igbo and Yoruba speakers had spardjtrity 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 placeof-origin for at least their fgt 13 years of life; most had lived in his/her place of
origin considerably longer (average age at which participants left their@iaxegin = 21.3
years of age). The exceptions included one Igbo speaker and two Yoruba talkers whose
information was ureported; 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
ageof2 7 . | nformati on about the participantso
until the point at which they immigrated to the U.S. is providefigpendix B: Participants

Participants were recruited and run between February and August Po@@ were
recruited via IRBapproved 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 (aporuitment flyers and (b) within the text of

a
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emails forwarded to internationstudent 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 fav 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 veeoied
in person at area churchieafter 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 othergewecruited in person at the 2009 Igbo
Festival in the Rogers Park neighborhood of Chicago.

Participants were between the ages 6bQ8/ears (mean = 30.6 years) when they
produced the syllables. Due to difficulty incurred in recruiting Nigerian partitsghat 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 W8/where 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
Nigeriansi the average length of residence in the U.S. up until the time of testing was
approximately 2 yearfor East Asians but nearly 13 years for Nigerians (excluding 3 Nigerians

whose date of immigration was unreported). These details are also incluWggaemdix B

3.3.2. Recording procedures
Upon arrival, participants signed IR&proved consent forms antdd 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

wer e

written in

b ot &nd in Bnglishp and were @lsopeach t 6 s

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, @antonese instructions areAppendix C: Instructions

Syllables were presented one at a time, via Dell Inspiron 600m notebook PcPaingeE

(Psychol ogy

Sof t war e

Tool s) .

Each syl l abl e

Roman letters; wit tone numbers, letters, and/or diacritics; and with the example sentence

written by the language consultants (real words only). An example of a Matrddris shown

Figure 31, 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 contrasitone, 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 seHlpaced; participants could take as long as desired to think about each syllable before they

produced it. They then pressed the space bar to continue fialbwing syllable. Before

starting the test trials, participants performed several practice trials (identical to test trials, but

n

w
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with nonttest syllables), and were given the option to repeat the practice trials as many times as

desired before contifg 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
randomizedand 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 sequerd&d blaks first and all three
random blocks second, or vigersa (seédppendix Bor details on each participant). At the end
of each block, the experiment stopped automatically; participants tookmaitvwabe break before
continuing on to the next block.

Dueto 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 pro2diced 3
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 talkarqead®48 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 Gahdarin 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 monecfiafthel WAV 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 essARIx

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 fiits¢, Northwind and the Syrwas written and
subsequently read in the participantsé native
from The Handbook of the International Phonetic Association (1999); Mandarin and Yoruba
versions were as translated by Mamaand Yoruba language consultants. The secbinel,

Stella elicitation paragraplirom the Spedt Accent Archive (Weinberger

http://accent.gmu.edu) was written and read in English. The passages were not analyzed in this
study, but rather were acquireat 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 SDBR. Most talkers took 600 minutes to complete the task.

As would beexpected, Igho 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 numbedalotesylo 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 Depaning 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 soundattenuated booths); (2) the Edgewater brayfche 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 patrticipants performetid task in location (1), and most of the Nigerian participants
performed it at locations (2) and (3). No matter the location, the equifirbeirig portablé

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

3.3.3. Data processing

Data were processednd 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 voiceshd was therefore more conducive to FO
analysisi 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 usesisteptinas
Triggerwave (Chan, 2009
http://groups.linguistics.northwestern.edu/documentation/triggerwave _home.html). The Penn
Phonetics Lab Forced Aligner (Yuan and Liberman, 2009), via HTKEl{¥ oung Evermann,
GalesHai n, Ke r s h &aodlantd 2006), Wwas then dised for transcription of the
syllables. HTK HVTE 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 leve Additionally, aPerl script(Chan 2010,

http://groups.linguistics.northwestern.edu/documentation/nualigner_home.html) wrapped around
the Penn Aligner made possible bafmbcessing of audio files, which was essential for my
project, as each recordingresisted 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 custoade for each language tlantained
each syllable, its tone, and a transcription of the segments in ASCII text ([b] =B, [d] =D, [g] =
G,[l]=L, [m] =M, [n] =N, [a] = AA, [i] = 1Y, [u] = UW). The aligner returned a Praat text
grid (Boersma2010) with two tiers: the full $hable 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 coarsdirst pass at demarcating vocalic onset and offset. The aligner is somewhat
limited in its abilityto precisely identify segment boundaries. In particular, segment boundaries
were often midgdentified wherphonation was nemodal (in thesease, breathy or creaky).
The aligner also failed to detect syllables at all if the trigger volume was toolloarefore, its
output required careful harabrrection. 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 asttré 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 pulsé in cases where the end of the vowel was modelthe end of the final
wave, when therel of the vowel was nemodal (creaky or breathy).

FO (in Hz) of each vowel at ten equidistant polfko.g) (following Zhao andurafsky

2007; 2009) was automatically measured via a Praat script. The script, originally written by
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Liennes (2003), was ndified 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 wasiarach
successful.) Pitch minima and maxima were set at 25 and 600 Hz, respectively. This range
accommodated variation in the talkersdé pitch
exceptionally high or low utterances were missed. The Praat mattipted 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 psychoacousticusdabs s
mel, Bark,and ERB at e, most accurately reflects I|isten
equivalence (Nolgr2007). APerl scriptread the pitchresults text file and converted Hz to ST
using the conversion equationskkones= (12 log(F@/100 Hz)/log(2)
(http://www.linguistics.ucla.edu/faciliti/facilities/aastic/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 péuedmtervals; it captusea key psychoacoustic
assumption of the TAD and of this study, that talkers intentionally producedoasgo make
them maximally distinct for the listener. TRerl scriptreturned text files that listed information
about eah 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 denyspenmfor 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. Theasswordprotected 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 hel/lshe requires. I n keeping
names be assiated with any of his/her downloadable files. Each participant will be identified

by laboratory code only.



CHAPTER FOUR: CROSEANGUAGE COMPARISONS AND THE THEORY g?:
ADAPTIVE DISPERSION

4.1. Introduction

Recall that my overall objective is to illumimatrosdinguistic tendencies in tone system
organization | do so by extending the Theory of Adaptive Dispersion to tone systEmthat
end, this study analyzes and compares the sizes of the acoustictl@xéapaces, and
dispersion of the tones thiin those spaces, of five languages with very different-toventory
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]), and2gboes
[0 contour, 2 level)).

| follow Zhao and Jurafsky (2007, 2009) and examine one acoustic correlate across the
languages: mean overall BOvarious points alonipe tonal trajectory. | defin®nespace size
as the tonal pitch range, averagedasritalkers, 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
(top)toneand the mean FO of its lowg&ttom)tone at those three timepoints. | define the
comparativedegree of tonal dispersias the crostanguage difference in the Euclidean
distance from the mean FO (ST) of a given tone relative to the mean FO (Sopafltzseline
(namely, the H tone)(This H-tone baselinga common point of comparisas,so chosen
because its bothcommonto, and phonetically similan, the languages under comparigoRor
example | compareat tonal onsethe FO difference (i%T) between the Nbneand Hbaseline

toneof Cantonese to the FO difference (in ST) between thendand Hbaseline tonef

('S
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Yoruba. If the former is larger than the latténen the Cantonese M tone is considered

comparatively further disperserin the tonalbaseline 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. Closeliated to this is my TAEbased assumption that tones will
be dispersednly and exactly tohe 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 totest the following twaompetinghypotheses and their accompanying
predictions:

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

dispersion will dfer as a function of toneventory size

a. Thesize of the acoustic tone space is independent of the size of the tone
inventory With regard to the languages under investigation |¢aidsto the

prediction thatCantonese = Thai = Mandarin = Yorub#gbo 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 thedgeg under

investigation, thideadsto the prediction thadgbo > Yoruba > Mandarin >

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

tonal dspersion will be equivalent across languages

a. Thesize of the acoustic tone space is positivelyatated with tone inventory

size. With regard to the languages under investigation, thisleeithe

prediction thatCantonese > Thai > Mandarin > Yorub#gbo 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 regdane t
languages under investigation, theadsto the prediction thaCantonese =

Thai = Mandarin = Yoruba = Igbo 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 idealizeatidios of the

five | anguagesd tone spaces and degree of dis
tone 2) relative to a tonal baseline (tone 1). The higkegsttone for all languages is called tone

1. The lowestbottom)tone is 6 in @ntonese, 5 in Thai, 4 in Mandarin, 3 in Yoruba, and 2 in

Igbo. Tonesre indicated in the abstract (with numbdrsgause, as discussed later, the highest

and lowest positions may be occupied by different tones, depending on theitiméNote that

in Figure 4.1 which corresponds to H1, the size of the overall-&pece 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 Canto{wghk 6 tones). In Figure 4,2vhich
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corresponds to H2, the size of the overall tepace 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 ¥ \
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Figure 4.2. Anidealizedillustat i on of t he f-$paceardamamndydegeg efs 0
tonal dispersion under hypothesis H2
The upcoming sections are as follows: In section 4.2, | describe my methods for collecting and
analyzing my dataln section 4.3, | examine cretanguagedne spacesand n section 4.4, |

examine crostanguage tonal dispersion

t he

t or
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4.2. Method
Linear mixedeffects regression models (Imers), fitted using the statistical software
packageR (Free Software Foundation, GNU General Public License) are used to inweestigat
and how the | anguagesd tone spaces differ fro
in their inventories. Mixeeffects models incorporate two types of factors: fixed (repeatable)
and random (nomnepeatable, sampled from a larger popaigt all information about mixed
effects modeling herein is froBaayen (200p 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 langyes (depending on the model): Cantonese, Igbo,
Mandarin, Thai, and/or Yoruba. The Tone fixed variables include the tones under investigation
in each model. Inth€&neSpacanal yses, for instance, the tone
highest and lowddones at each timepoikt For purposes of analysis, tones within categories
being compared are given the same labels, sdtbah make pairwise comparisons. For
example, in th& oneSpacanalyses, the highegbp) tone was renamedahd the lowest
(bottom) B The Talker random variables are the codes for each individual talker (CF02, CF03,
CF04, CM02, CMO03, CM04, IF02, IF04, IFO5, IM04, IMO05, IM07, MF02, MF03, MFO5,
MMO02, MMO03, MMO04, TFO01, TF04, TFO5, TM02, TM04, TMO05, YF03, YFO05, YFO7, YMO02,
YMO5, YMO06), where 0107 = talker number, C = Cantonese, F = Female, | = Igbo, 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 tiRechd1B). Note that

Blocking (RandorfSequential), Repetition (Random orderRandom order #2, etc.),
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Consonant ([b]d]-[g]-[I] -[m]-[n]), Vowel ([a]-[i]-[u]), Sex (malefemale) and Word Status

(word-nonword) are collapsed (not defined as separate varialilegffect of each was

therefore not tested. In doing so, | 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 obther variables. That said, future versions of the model

may incorporate Vowel as fixed variables, as vowels are known to have intrinsic pitch (see, e.g.,
Ewan, 1975). Future models may also include Sex, as females are known to display a larger
pitch range and vowel space (Dietlindblom, HoemekeandFahey 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 simultaneonsbgel fixed and random
effects, mixeekeffects models also are potentially more accurate and powerful. Unékestand
ANOVAs, which compare means of aggregated data, a raedts model takes into account
all raw data; data loss caused by aggregasidinerefore nonexistent. Fixed effects are modeled
by means of contrasts (froneSpaced vs. Btone) and randoreffect factors are modeled as
random variables with a mean of zero and unknown variance. For instance, the talkers in this
study may diffemwith 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 d@sigmat
parameter). Treatment coding is such that one level is selected as the default baseline, or
reference level; this is represented as an Interd&ptiefault, fctors are ordered alphabetically,

and the first is the Intercept. E.g., for the fixeddad.anguage, 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 sah a way that their regression weights are the difference between the mean for that
level and the mean for the reference (Intercept) level. For instanderie8pacaralyses
determine whether the-B FO difference for the Intercept language at a padictimepoint is

differentfrom that of the other languages.

4.3. Examination of crosslanguage tonespaces

Referring backto Figures22. 5, it is c¢l ear that the | ang
smaller depending on either the tone or the timepoingaiom tonal trajectory. The following
three sets of modeisToneSpaceOnsefoneSpaceMidpoinandToneSpaceOffglide compare
at three equidistant points along the tonal trajectory the FO distances (in ST) between each

| anguage6s toparslbottoa)tonevaluee (

ToneSpaceOnsevaluates, 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 marksghe bottom FO values at tonal onset.

(2) Thai The distance between the F and R tones. Referring back to Figure 2.2, fhmaarks
top, and R markshe 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 markghebottom 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, Himearks

top, and L markshe bottom FO values at tonal onset.

(5) lgbo: The distance between the H and L tones, as these are the onliy tighes

ToneSpaceMidpoirgvaluates, at the tonal midpoint (timepoint k5), the following

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

(2) Thai. The distace between the H and R tones. Figure 2.2 indicates that H thariag
and R markshe bottom FO values at tonal midpoint.

(3) Mandarin The distance between the H and FR tones. Figure 2.3 shows that Hhearks
top, and FR markghe bottom FO values ttonal midpoint.

(4) Yoruba The distance between the H and L tones. Figure 2.4 shows that Htheardg
and L markghe bottom FO values at tonal onset.

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

ToneSpaceQifide 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 markshe bottom FO values at tonal offglide.

(2) Thai The distance between the Rddntones. Figure 2.2 indicates that R maHestop
and L markghe bottom FO values at tonal offglide.

(3) Mandarin The distance between the R and F tones. Figure 2.3 shows that Rhedd{s

and F markshe 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 Htheardg

and L markghe bottom FO values at tonal offglide.

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

4.3.1. ToneSpaceOnset

TheToneSpaceGetmodels compare the FO difference (in ST) betweemndhand
bottom tones (henceforth called To topodnd Bf obottofid) of t he | anguages
(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
thetop - bottomtone mean FO at timepoint k1 for the five languadgtsndard error bars

surround each data point.



Crosslanguage Tone Spaces at Tonal Onset (k]
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Mean FO (ST)
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Cantonese Thai

Figure 4.3. Tonespace size across the filanguages at the tonal onset

Mandarin Yoruba

Igbo

Top

Grand Mean
All (T&B)

Item Cantonese| Thai | Mandarin | Yoruba | Igbo
Grand Mear Top 11.477 | 11.638| 12.772 9.506 | 11.046
Grand Mear Bottom 5.947 5.563 4.342 6.078 | 6.904
Grand Mear All (T&B) 8.712 8.601 8.557 7.792 | 8.975
Grand MearT-B 5.529 6.075 8.431 3.428 | 4.142
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Table 4.1. Tonespace size FO (ST) values across the five languages at tonal onset

Observe that the Grand Meahll (T&B) values are very similar across the languages; the

lowest Grand Meawalue(Yoruba) is only 1.2 ST lower thanetnighest (Igbo). In addition,

observe that t he

di f f ®pve bottoemone G@ndwWeam ROs ard adl

quite different. Table 4.2 shows the fixeflects results of thEoneSpaceOnskhers. The

legend underneath it is to be refieced for this and all other Imer analyses:

ang



78

ToneSpaceOnsetl: ToneSpaceOnset2:
Cantonese vs. Igho, 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 1.724 | 2.972| 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 | 2.972| -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 LanguageMToneB | -4.333 | 0.148| -29.3 | 0.0001

LanguagelToneB | 1.379 | 0.148| 9.310 0.0001 LanguageTToneB | -1.948 | 0.149| -13.08| 0.0001

LanguageMTloneB | -2.95 | 0.149| -19.870| 0.0001 LanguageYToneB | 0.6945| 0.148| 4.69 0.0001
LanguageTfoneB | -0.57 | 0.150| -3.810 | 0.0006
LanguageYToneB | 2.072 | 0.149| 13.920 | 0.0001

ToneSpaceOnset3: ToneSpaceOnset4:
Mandarin vs. Thai and Yoruba Thai vs. Yoruba

Est St.E 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 LanguageYToneB | 2.6333| 0.108 | 24.49 | 0.0001
LanguageTfoneB | 0.846 | 0.141| 6.010 0.0001
LanguageYToneB | 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 LanguageThai
LanguageY LanguageYoruba

pMCMC | p-values based on MCMC samplir

Table 4.2. Summary of the results of ta ToneSpaceOnsédiners

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

values are significant at pTlhG Oc.oO-leveboeré¢eat tUer B
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in all other analyses was calculated as 0.05/[number of Imers]. The results of the

ToneSpaceOnseatodels are summarized below:

1. In general, there is no main effect of languagbe 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 ToneSpaceOnset§.

2. Overall, there is a significant difference betweenttdpmndbottomtones. In each of the

models, thdottomtone was 47 ST lower on average thémetoptone. This indicates
that thetop andbottomtones are weltifferentiated overall.

3. The interaction of tone and language is significant.

Taken together, the resultsidneSpacesOnsebrroborate the observations of the data in
Figure 4.3. Craially, the models indicate that Yoruba < Igbo < Cantonese < Thai < Mandarin
with regard to tonespace size at onset.

The results of the above Imers support neither H1 nordi®nsetthe languages do not
have equivalenthgized tone spaces, and thegaage with the largest tone inventory
(Cantonese) does not have the largest tone space. However, these data suggessplaaietone
size at the tonal onset may first be determined byyeof tones in the inventory, and then by
thenumberof tones in he inventory. Overall, the levwbneonly languages have smaller tone
spaces at tonal onset than conttmre languages. Furthermore, witkeisch language type
(level or contouy, a smaller tone inventory seems to require a larger tone spagess leel-
tonelanguages, the language with the smaller tone inventory (Igbo) has a larger FO range than

the language with the larger tone inventory (Yoruba). Across coetdoarlanguages, the
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language with the fewest tones (Mandarin) has a larger FO rangktigauages with more tones;

the language with the largest tone inventory (Cantonese) has the smallest FOrbpaoae

spaces of level vs. contotane languages are compared in chapter five.

4.3.2. ToneSpaceMidpoint

TheToneSpaceMidpoimhodels compare the0 difference (in ST) between ttep and
bottomtones 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. Figu#.4, below, shows thiepi bottomtone Mean FO at timepoint k5

for the five languagesStandard error bars surround each data point.
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Crosslanguage Tone Spaces at Tonal Midpoint (k5
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Cantonese Thai Mandarin Yoruba Igho

Figure 4.4. Tonespace 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 Mearn 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. Tonespace size FO (ST) values acro® five languages at tonal midpoint

Observe that the Grand Meahll (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 languadjes vs. bottom toneGrand Means are quite different, save for
Yoruba and Thai, which are approximately the same. Table 4.4, below, summarizes the fixed

effects results of th€oneSpaceMidpoirmers.
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ToneSpaceMidpointl: ToneSpaceMidpoint2:
Cantonese vs. Igbo, MandarinThai, and Yoruba Igbo vs. Mandarin, Thai, and Yoruba

Est St.E 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 LanguageMToneB | -3.084 | 0.202 | -15.290| 0.0001

LanguagelToneB | 1.759 | 0.222| 7.940 0.0001 LanguageTfoneB | 0.420 | 0.203| 2.070 0.0384

LanguageMToneB | -1.325| 0.221| -5.990 | 0.0001 LanguageYToneB | 0.194 | 0.203| 0.950 0.3502
LanguageTfoneB | 2.181 | 0.222| 9.810 0.0001
LanguageYToneB | 1.947 | 0.223| 8.750 0.0001

ToneSpaeMidpoint3: ToneSpaceMidpoint4:
Mandarin vs. Thai and Yoruba Thai vs. Yoruba

Est St.E 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 LanguageYToneB | -0.223 | 0.167 | -1.340 0.1898
LanguageTfoneB | 3.503 | 0.202| 17.380 | 0.0001
LanguageYToneB | 3.276 | 0.202| 16.250 | 0.0001

Table 4.4. Summary of the results of th&oneSpaceMidpoinimers

The above values are significant at p O O.

ToneSpacesMidpoiatre as follows:

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

differ as a function of language.

2. Overall, there is significant difference between ttop andbottomtones. In each of the

models, thdottomtone is 39 ST lower on average than ttog tone. This indicates that

thetop andbottomtones are weltlifferentiated overall.

012¢
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3. Most of the interactions of t@nand language are not significanTioneSpaceMidpoint2

andToneSpaceMidpointdthe 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 ardnguage is otherwise significant

Taken together, the resultstdneSpaceMidpoinargely 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 torgpace size at tonal midpoint: Igbo = Yoruba = Thai < Cantonese <
Mandarin.

Like ToneSpaceOnséhe results oT oneSpaceMidpoirgupport neither H1 nor H2.
While two of the languages with larger tone inventories (Cantonese and Mandarin) do have
larger tonespaces than the languages with the smallest tone inventories (Igho and Yoruba), the
tone space of Thai was approximately equivalent to those of the languages with the smallest
toneinventory sizes (Yoruba and Igbo). That said, the resulf®opéSpaceMidgnt may
further support the notion that tegpace size is first determined by the type of tones in the
inventory, then by the numbef tones in the inventory (this is explicitly tested in chapter five).
Relative to the contottione languages, the levielneonly languages have smaller tone spaces.
Furthermore, across the contdane languages, a larger tone inventory has a smaller tone space
at tone midpoint. On the other hand, tameentory size does not affect lemenhelanguage

tonespace sizetanidpoint.
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4.3.3. ToneSpaceOffglide

TheToneSpaceOffglidmodels compare the FO difference (in ST) betweenoihand
bottomtones of the languages at tonal offglide (timepoint k9). The first Imer analysis compares
Cantonese to each of the other languagfsequent regressions examine the remaining
parwise comparisons. Figure 4.5, below, showsdipe bottomtone Mean FO at timepoint k9

for the five languagesStandard error bars surround each data point.

Crosslanguage Tone Spaces at Tonal Offglide (k9
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Cantonese Thai Mandarin Yoruba Igbo

Figure 4.5. Tonespace size across the filanguages at the tonal offglide



Item Cantonese | Thai Mandarin | Yoruba Igbo
Grand Mean Top 11.843 12.834 11.658 10.134 | 11.177
Grand Mear Bottom 4.888 4.560 5.295 3.122 4.735
Grand Meari All (T&B) 8.366 8.697 8.477 6.628 7.956
Grand Meari T-B 6.955 8.274 6.364 7.011 6.442
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Table 4.5. Tonespace size FO (ST) values across the five languages at tonal offglide

Observe that the Grand Meah\ll (T&B) values are nearly the same for Cantonese, Thali,

Mandarin, and Igbo, and the lowest Grand Mean (Yorisbapout 2 ST lower than the highest

(Thai) .

Tthpevs. bodonigne @rgne Bdéan 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 theéd-effects results of th€oneSpaceOffglideners.
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ToneSpaceOffglidel: ToneSpaceOffglide2:
Cantonese vs. Igho, Mandarin, Thai, and Yoruba Igbo vs. Mandarin, Thai, and Yoruba

Est St.E 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 LanguageMTloneB | 0.078 | 0.330| 0.241 0.8074

LanguagelToneB | 0.493 | 0.387 | 1.272 0.1912 LanguageTfoneB | -1.803| 0.331| -5.452 | 0.0001

LanguageMToneB | 0.579 | 0.387 | 1.498 0.1366 LanguageYToneB | -0.576 | 0.333| -1.728 | 0.0888
LanguageTfoneB | -1.312| 0.387| -3.390 | 0.0012
LanguageYToneB | -0.081| 0.390| -0.207 | 0.8402

ToneSpaceOffglide3: ToneSpaceOffglide4:
Mandarin vs. Thai and Yoruba Thai vs. Yoruba

Est St.E t-val pMCMC Est StE | t-val | pMCMC

LanguageT 1.179 | 2.711| 0435 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 LanguageYToneB | 1.2312| 0.313| 3.93 0.0002
LanguageTtoneB | -1.883| 0.346| -5.435 0.0001
LanguageYToneB | -0.657 | 0.349| -1.883 0.0634

Table 4.6. Summary of the results of th@oneSpaceOffglidémers

The above values are significant at p O 0.012

ToneSpacesOffglidare as follows:

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

language.

2. Overall, there is a signifant difference between thep andbottomtones. In each of the

models, thdottomtone was 6.8.3 ST lower on average than tiop tone. This
indicates that theop andbottomtones are weltlifferentiated overall.

3. The interaction of tone and languagssignificant only in comparisons involving Thai.
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The results o oneSpaceOffglideorroborate 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 wih regard to tonspace size at tonal offglide: Igbo = Yoruba = Mandarin =
Cantonese < Thai.

TheToneSpaceOffglidessults indicate, per hypothesis H1, that tepacesize is fixed
across languages at tonal offglide, with one exception (Thai). Is@lkpe 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 resultef ToneSpaceOffglidand those ol oneSpacenay 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 ToneSpaceanalyses

The flowchart in Figure 4.6 illustrates the results oftbaeSpacanalyses.

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

tonespace fixed
excepffor Thai
(~H1)

!

tone space size
Ne—
inventory size?

Figure 4.6. Flowchart summarizing theToneSpacenalyses

fewer toned? larger tone spacqg tonespace fixed| tone space size

(oppositeof H2) (H1) =
inventory size?

One of the key trends illustrated in the flowchart is that-speee size appearstie fixed

across levetone languages at midpoint and offglide. T-space size was fixed at offglide
across the contotione languages as well, with the exception of Thai. Additionally, miach
language type (level vs. contguilanguages with smait tone inventories had larger tone spaces
at tonal onset. Finally, the results of reneSpacanalyses at midpoint and offglide lead to the

guestion as to whether or not tesggace size is genuinely correlated with inventory size.

4.4. Examination of crosslanguage tone dispersion

In this section present and testia a series ofoneDispmodels, TAD predictions of
crosslanguage tone dispersionn eachloneDispmer, | compare the FO difference between a
baseline tone (the H tone) and a second tortaslespecially phoneticallgimilar across

languages. Across languages, the second tone is considered comparatively further dispersed
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from the baselineifthe Fdi f f er ence bet ween the H and secon

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 225, 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 smilies $ame respect.

In the ToneDispHM models hat follow, | compare the ¥ tone FO difference between
Cantonese and Yoruba. In theneDispHR models, | compare the-R tone FO differencin
Mandarinwith the HMR difference in Cantonese.

Recall that intended to testie hypotheses and predictioastlined on pages 64@5.
However, he predictions for crodanguage tone dispersion under H1 were predicated upon
finding that Cantonese = Thai = Mandarin = Yoruba = Igbo in overaltspaee size Similarly,
the predictions for crodsnguage tone dispersion under H2 were predicated upon finding that
Cantonese > Thai > Mandarin > Yoruba > Igbo in overall-&pexe size. ThEoneSpace
analyseyielded neither of these outcomes. So, the aforementjmeelittions for cross
language tone dispersiomust bemodifiedin favor of reformulated predictions that follow
directly from the results of thEoneSpacenodels. Thegeneral principle behind the new
predictionsremains the same, namellge degree of taal dispersion displayed by a language is
correlated with both its torgpace size and the size of its tonal inventdtpwever the
reformulated predictionseitherassume thahe size of the tone space is positively correlated
with the size of the toniaventory, nor that tonespace size is fixed across languagéise

reformulated predictionsisteadtake into account the Cantonese, Mandarin, and Yoruba tone
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spacesizesthat weredetermined by th&oneSpacanalyses.Importantly, hey assumén

keepng with H2, as schematized in Figure 4123t tonedocated within the tone spawéll be
evenly dispersed within the space

Figure 4.7 is an illustration of the tospaces and predicted degree of M tone dispersion,
relative to the H tone baseline, obNiba vs. Cantonese at tonal onset, midpoint, and offglide.
Figure 4.8 is an illustration of the tospaces and predicted degree (IR tone dispersion,
relative to the H tone baseline, of Cantonese vs. Mandarin at tonal onset, midpoint, and offglide.
Tonespace size is represented as the distance betwetap telbottomtone in each language
per theToneSpacanalysesand are sized to scale based orTithieeSpacanalysis results
present in section 4(Bounded to the nearest wh@d). The Cantamese 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 offglideCalcuktionsand explanationsf these tone spaces are provided
in Appendix D Calculations of Cantonese, Mandarin, and Yoruba Tgpaxe Sizes at Onset,
Midpoint, and Offglide for Section 4.4

Following the TAD, the tones of each language are consideredrépékers in a
dynamical system, so each is located maximally far from the otherstongadrdistance is the
Euclidean distance in FO (ST). Ttoptone is the H tongs shown The curly brackets in
Figure 4.7 indicate the predicted distance betwbkerHtand M tones in Yoruba vs. Cantonese,
and the curly brackets in Figure 4.8 indicate the predicted distance between the thaesl iR
Mandarinvs. between the H and MR tones in CantoneBee locations of the M, R, and MR

tones in the idealized spexin Figures 4.7 and 4.8 reflect their locations in Figure2.8.1
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Because its FO drops over the course of its trajectory, the M tone is the-bégivest tone in the

Cantonese tone space at onset; it is thigthest at midpoint, and fourthighest &offglide. In
contrast, the Yoruba M tone is in the middle of its tone space at all three timefdiats.

Cantonese MR tone and the Mandarin R tone are both the seighdt tones in their

respective tone spaces at all three timepoihte estimatedegree 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-tatee intervals between the H tone

and the M, R, or MR tee. For instance, the Cantonese MR taineffglideis estimated to be

about 4.2 ST dispersed from the H tone by the following equation: ((#$fmawe size in ST]) /

(5 [number of total intetonal intervals within the tone space])) x (3 [number dafritbnal

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

Yoruba = Cantonese Yoruba = Cantonese Yoruba < Cantonese
H 15 1.2
- P ST ST 3 3.2 35 4z
ST :

n ST ST p
o 4
L

8

Onset Midpoint Offglide

Figure 4.7. An idealized illustration of the Yoruba and Cantoneseone-space areas and
predicted relative degrees of M-tone dispersionwithin the tone spaces
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Cantonese< Mandarin Cantonese< Mandarin Cantonese< Mandarin

H e 27 1.6 3 14 23
ST ST
ST ST ST

FO (ST)
SN

o

I O A

Onset Midpoint Offglide

Figure 4.8. An idealized illustration of the Cantoneseand Mandarin tone-space areas and
predicted relative degrees of R/MR -tone dispersionwithin the tone spaces

As indicated in Figures 4-4.8, | predict the following tonal dispersibrerarchies

ToneDispHM:

1 ToneDispHMOnsetandMidpoint Yoruba = Cantonese

1 ToneDispHMOffglide Yoruba < Cantonese
ToneDispHR Onset, MidpointandOffglide Cantonese < Mandarin
Note thatFigure 4.7 indicates thate HM distance in Yoruba is greater than that of Cantonese
at onsetandthatthe HM distance in Cantonese is greater than that of Yoruba at midpoint.
However, | predict Yoruba and Cantonese will display equivalent degreedamfavtlispersion

at those two timepointsThe differences between the Yoruba and Cantonesessatuthose

timepoints are negligible (0:2.3 ST), and those values a@roximatednot precise
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44.1. ToneDispHM

44.1.1. ToneDispHMOnset
ToneDispHMOnsetcompares the degree of dispersion between the H baseline tone and
the M tone in the Cantonese and Yorubatepaces at tonal onset. Figdr@shows the FM

tone Mean FO at timepoint k1 for the languag8tandard 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

ltem Cantonese| Yoruba

Grand Mean- H 11.477 9.506
Grand Mean M 8.542 7.272
Grand Mearni All (H&M) 10.009 8.389
Grand Mean- H-M 2.935 2.234

Table 4.7. Mtone dispersionF0 (ST) valuesn Cantonese and Yoruba at tonal onset
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Note that theCantonesé&rand Mearni All (H&M) vaueis approximately 1.6 ST higi than
that of Yoruba Additionally,thed i f f er ence bet WeMG@Grand MeanHOangu ag e s
valuesis only about 0.7 ST Table 48, below, summarizes the fixeafects results of the

ToneDispHMOnsetimer.

ToneDispHMOnset:

Cantonese vs. Yoruba

Est StE | 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 theToneDispHMOnsetimer

The results offoneDispHMOnsetare as follows:

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

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

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

3. The interaction of tone and lanquage was significant.

The results o oneDispHMOnsetare slightly surprising The tone x language interaction
results indicate that Yoruba (3 tones) < Cantonesen@s) with regard to the difference
bet ween the H and M t, desmistidereineng less ST differerce nal o

bet ween t he tMGrand Meang-0\alges.s 6 H
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Recall that predicted to find thaYoruba(3 tones)= Cantonesé6 tones)with regard to

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

ToneDispHMOnsetdo not support this expectation.

4.4.1.2. ToneDispHMMidpoint
ToneDispHMMidpoint compares the degree of dispersion between the Hiasehe
and the M tone in the Cantonese and Yoruba tone spaces ahtdpaint Figure 410 shows
theH-M tone Mean FO at timepoint Kbr 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 tonamidpoint

Item Cantonese| Yoruba

Grand Mean H 11.466 9.659
Grand Meanr 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. Mtone dispersionF0 (ST) valuesin Cantonese and Yoruba atonal midpoint

The two languagéssrand Mean All (H&M ) valuesdiffer by about 1.5 ST Additionally, the
di fference bet WeMGrand Mean HO aatugsalmoyg @.65D Table 4.10

below, summarizes the fixeseffects results of thEoneDspHMMidpointimer.



ToneDispHMMidpoint:
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 theToneDispHMM idpoint Imer

The results offoneDispHMMidpointare as follows:

1. There is a main effect of languagé&rand Mean FO differed as a function of language.

2. Overall, there is a significant difference between the H and M tortes.M tone was
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about 2.3 ST loweon 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 offoneDispHMMidpointareslightly surprising as well The tone x

language interactioresults indicate that Yoruba (3 tones) < Cantonese (6 tones) with regard to

the difference between

than a 1 ST differ enceM@Gand MeareR0 vatudse

t hmédpokdt, despitk thdte beioglesss 6 me a

t

WO

angua

Recall hatl predicted that Yoruba Cantonesevith regard to degree of dispersion of the

M tone from the H tone in the tone space at tonal midpoint. The restit®eDispH

MMidpointdo notsupport this expectation.

4.4.1.3. ToneDispHMOffglide

ToneDispHMOffglide compares the degree of dispersion between the H baseline tone

and the M tone in the Cantonese and Yoruba tone spaces aiffghdé. Figure 411, below,
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shows theéH-M tone Mean FO at timepoint KBr the languages. Standard error bars surround

each dataoint.

Mean FO (ST)
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Yoruba

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 tonabffglide

Item Cantonese| Yoruba

Grand Mean H 11.405 10.134
Grand Meanr M 6.493 6.863
Grand Meari All (H&M) 8.949 8.498
Grand Mean- H-M 4912 3.271

Table 4.11 M-tone dispersionF0 (ST) valuesin Cantonese and Yoruba at tonal offglide

Note that theCantonese Grand Mea&nAll (H&M) value is only about 0.4ST higlrer than that

of Yoruba Additionally, theYorubaGrand MearH-M FO differencas about 1.6 ST smalle
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than that of Cantonesdlable 412, below, summarizes the fixaxffects results of the

ToneDispHMOffglide Imer.

ToneDispHMOffglide:

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 theToneDispHMOffglide Imer

The results ofoneDispHMOffglide are as follows:

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

language.

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

nearly5 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 ofoneDispHMOffglide corroborate observations of the data in Figutd.4There
was no main effect of language and, importantly, the tone x language interaction results indicate
that Yoruba (3 tones) < Cantonese (6 tones) with regaleetdifference between the H and M
tonesd mean FO at tonal of fglide.

Recall that predicted tha¥oruba< Cantonesevith regard to degree of dispersion of the
M tone from the H tone in the tone space at tonal offglilee results ofToneDispHMOffglide

support this expectation.
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4.4.1.4. Summary of ToneDispHM 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 o the dispersion of the M from thaseline H tone at all three timepoin@nly one
prediction was supported by the analyses abdwaieDispHMOffglide showed thaloruba (3
tones) < Camtnese (6 tones) with regard to M dispersion from baseline atdeffdt 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 (Y @aaroa} the
tonal trajectory Not only does Cantonese hatie larger tone spaed onset and midpoinit
also displays greater towiéspersion relative to Yoruba. Thgsinconsistent with the TAD
havingbothan expanded overall tone spac®l greater tone dispersion would tensidered

inefficientandtheoreically unnecessary

4.4.2. ToneDispHR

4.4.2.1. ToneDispHROnNset

ToneDispHRONsetompares the degree of dispersion betwthe H baseline tone and
the Mandarin Roneor Cantonese MR tored tonalonset Figure 412 shows theH-R/MR tone

mean FO at timepointlkfor 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. Hi R/MR FO differences (in ST)in Cantonese andVlandarin at tonal onset

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

Table 4.13 FO of Hi R/MR tones in Cantonese and Mandarirat tonal onset

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

the languagesTable 4.14 below, ssmmarizes the fixe@ffects results of oneDispHROnNset



102

ToneDispHR Onset:

Cantonese vs. Mandarin

Est StE | 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 theToneDispHROnNsetimer

The results ofoneDispHROnNsetre as follows:

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

language.

2. Overall, there is a significant difference between the H aramhBst The RMR tone was

about 5 ST lower on average than the H tone. This indicates that the HMiRddRes
are welldifferentiated overall.

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

ToneDispHRONsesupports observations of the datdrigure 412 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 therRVMR tonefrom the baseline H tone at tonal onset.
Recall that predided that Cantonese < Mandarin with regard to dispersion of  MBR

tone from the H tone in the tone space at tonal onset. The restitieeispHRONsedo not

support this expectation.
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4.4.2.2. ToneDispHRMidpoint

ToneDispHRMidpointcompares the degree ofsgdersion betwen the H baseline tone
and the Mandarin Boneor Cantonese MR tora tonalmidpoint Figure 413 shows theH-

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

point.
Dispersion of R/MR Tone Relative to H Baseline at Tonal Midpoint (k5)
15
*~— —e
10 ooooooooooooooooooooooooooooooooooooo
o
@Q
e g —e&— Grand Mean
= H
[J]
= == Grand Mean
5 R/IMR
------ Grand Mean
All (H&R/MR)
0
Cantonese Mandarin

Figure 4.13. H- R/MR FO differences (in ST)n Cantonese andMandarin at tonal midpoint

Iltem Cantonese| Mandarin

Grand Mean H 11.466 11.247
Grand Mean R/MR 7.756 8.446
Grand Meari All (H&R /MR) 9.611 9.847
Grand Mean- H-R/MR 3.710 2.801

Table 4.15. FO of Hi R/MR tones n Cantonese and Mandarinat tonal midpoint
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Observe that th€antones&rand Meari All (H&R /MR) valueis only about 0.2 ST smaller
than that oMandarin. Also,thé a n g u a g e s 6 H-R&/MR KO daludd elitien by less than

1 ST. Table 416, below, summizes the fixeeeffects results of oneDispHRMidpoint

ToneDispHRMidpoint:

Cantonese vs. Mandarin

Est StE | 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 theToneDispHRMidpoint Imer

The results oToneDispHRMidpointare as follows:

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

language.

2. Overall, there is a significant difference between thenH R tonesThe RMR tone was

about 3.7 ST lower on average than the H tone. This indicates that the H\VRddRes
are welldifferentiated overall.

3. The interaction of tone and lanquage was significant.

ToneDispHRMidpointcorroborateshe data irFigure 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 th®&R from the baseline H tone at tonal midpoint.
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| had predicted that Camiese < Mandarin with regard to degree of dispersion of the

R/MR tone from the H tone in the tone space at tonal midpoint. The resiitmeDispH

RMidpointdo not support this prediction.

4.4.2.3. ToneDispHROffglide

ToneDispHRONsetompares the degree of dispion betwen the H baseline tone and
the Mandarin Roneor Cantonese MR tora tonalonset Figure 414, below, shows thel-
R/MR tone mean FO at timepoint k& the languages. Standard error bars surround each data
point. Notethatthe scale on thg-axis ismuchsmallerthan that of previous figurgaamely,

11-12 ST, in 0.5ST increments to make Grand Mean differences visible.
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Dispersion of R/MR Tone Relative to H Baseline at Tonal Offglide (k9

12

115

Mean FO (ST)
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Mandarin

- Grand Mean
H

=—t— Grand Mean
R/MR

------ Grand Mean
All (H&R/MR)

Figure 4.14. H - R/MR FO differences (in ST)in Cantonese andviandarin at tonal offglide

Iltem 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 Hi R/MR tones in Cantonese and Mandarirat tonal offglide

The Grand Mear All (H&R /MR) valueis almost identical across tihenguages, and the FO

difference between thidandarinH and R tones ienly 0.4 ST smaller than the FO difference

between the Cantonese H and MR ton&able 418, below, summarizes the fixaxffects results

of theToneDispHROffglidelmer.
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ToneDispHROffglide:

Cantonese vs. Mandarin

Est StE | t-val | pMCMC
Languag#l 0.077 | 3.010| 0.026 | 0.9568
ToneMR 0.449 | 0.294| 1.530| 0.1264

LanguageMToneR | -0.339| 0.369| -0.918| 0.3622

Table 4.18. Summary of the results of theToneDispHROffglide Imer

The results oToneDispHROffglideare as follows:

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

language.

2. Overall, the difference between the H an¥R tones is not significantThe H and

R/MR tones arenot significantly weHldifferentiated in the languages at offglide.

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

ToneDispHROffglidecorroborates observations of the data in Figutd.4There was no main
effect of language and, asTioneDspH-ROnsetthe 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 reghkagrée of
dispersion of the RIR tone from the H tone in the tone space at tonal offglide. The results of

ToneDispHRMidpointdid not support this prediction.
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4.4.2.4. Summary of ToneDispHR results

The crucial result of these models was in regard to the elefjispersion of the
MandarinR or Cantonese MRone relative to the baseline H tome Grand Mean FO, in ST).
ToneDispHRONsetandOffglideindicated that Mandarin (4 tones) = Cantonese (6 tones) at tonal
onset and offglide; anBoneDispHRMidpointindicated that Mandarin (4 tones) < Cantonese (6

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

4.4.3. Summary of ToneDispresults

The flowchart in Figure 4.18ustrates the results of tAneDispanalyses.

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 A moretone dispersion i

".—I_I_I_I_I_I-_I_-I_. ----- 1KI
degree of tone dispersion fixed .

larger tone inventory A lesstone dispersion

Figure 4.15 Flowchart summarizing theToneDispanalyses

One of the key trends illustrated in the above flowchart isahigtoneof the predictions

made in this section were supported by the:d#ta results oT oneDispHMOffglideindicated,
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as predicted, that Yoruba < Cantonese with regard to degregaiévtispersion relative to the

H-tone baselineln fact, Yoruba < Cantonese in-idne dispersion at onsahd midpoinias
well. Cantonese has both a relatively expanded tone apdcgeater tonal dispersion at onset
and midpoint ecall thatat offglide, Yoruba = Cantonese in teggace size)This is
inconsistent with the TAD: hawg both an expanded overall tone spatégreater tone
dispersions inefficient andtheoretically unnecessary.

Because Cantonese (6 tones) < Mandarin (4 tones) with regard {spacesize at onset
and midpoint, | predicted that Cantonese < Mandaridi 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 <n@nese at midpoint (meaning that the tones of Cantonese
aretheoreticallyoverly dispersed at midpoint). At offglide, Mandarin = Cantonese ingpaee
size,andl predicted that the language with the larger tone inventory (Cantonese) < the language
with the smaller tone inventory (Mandarin) in degree 6fRIMR 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 inver{dantonese) would be
expected to be more crowded than those of the language with the smaller tone inventory
(Mandarin) if their overall tongpaces are equivalent in size.

The results of th@oneSpacandToneDispanalyses showed that the Theory of Adaptiv
Dispersion cannot adequately account for the elasguage tonspace and tordispersion 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 acdoutte current datasonduct some

additional analysesindprovidesuggesbns 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 integest in th
possible effect of tone inventory size and composition on acoustispae size and tonal
dispersion. This interest arises in large part from the observation that, while about 42% of the
worl débs | anguages are tonal% (oMa d dchiee smorr,| dH00 &)o
speak a tone language (Fromkin, 1978), tone languages arestundied compared to segmental
contrast systems. This study is also motivated by an interest in discovering whether or-not well
studied models of segmental (vowsystem organization (in particular, the TAD) accurately
predict tonesystem configurations. The current study was therefore designed to test, for five
languages with very different torsgstem 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 htve @verall size of
the acoustic tone space differs across languages as a function-wiviem®ry size; and (b)
dispersion of tone categories within the tone space differs across languages as a functien of tone
spaceand toneinventorysize.

In thischapter, | first briefly recap the results of theneSpacandToneDispanalyses. |
thenconduct some alternative analysaffer conjectures as to what mighlso moreaccurately

account for the current data, and ultimately describe experiments rieddstithose accounts.
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5.2. Brief recap of results

The first goal of this study was t-0 examin
Sspace areas. Specifically, |l attempted to de
differ from one another asfanction of the composition (hnumber and type) of tones in their
inventories. To this end, | tested two competing hypotheses and their accompanying predictions.

H1 states thathe size of the acoustic tone space is independent of the size of the tnteryv

With regard to the languages under investigatitihled to the prediction that Cantone&

tones)= Thai(5 tones)= Mandarin(4 tones) Yoruba(3 tones)= Igbo (2 tones)n overall tone

space sizeH2 stateghatthe size of the acoustic tospace is positively correlated with tone

inventory size.H2 ledto the prediction thatantones€6 tones)> Thai(5 tones) Mandarin(4

tones)> Yoruba(3 tones)> Igbo (2 tones)n overall tonespace sizel definedtonespace size
astheGrandMear 0 di f ference bet we éop)adowdsibdit@am) guage b s

tones,andfoundthe followinghierarchies of tonspace sizes

1 Yoruba < Igbo < Cantonese < Thai < Mandarin at tonal onset

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

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

The second goal of this study was to investigate whether and how the dispersion of
phoneticallysimilar tone categories within the tone space differed across languages as a function
of the size of theitone 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 Cantone$4R tonevs.theMandarinR tone The M or RMR tone was consided

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 categoraes as repellers in a dynamical

system, and would find equilibrium when located far from iotbee categoriesCrucially, |

tested hypotheses and predictions that followed directly from the resultsTairtb&pace

analyses. That is, they take into account the Cantonese, Mandarin, and Yoruba tone space sizes
that were determined by tH®neSpag analyses as well as where each tone was located in the

tone space at onset, midpoint, and offglide (from Figures 2.1, 2.3, andrabie 5.1 displays

the ToneDisppredictions and results. Analyses of tonal dispersion at onset are listed first,
followed by analyses of dispersion at midpoint and offglidete that the predictions matched

the results of only one analysigneDispHROffglide(highlighted in boldface font below).

Analysis Prediction Results
ToneDispHMOnset Yoruba = Cantonese| Yoruba <Cantonese
ToneDispHROnset | Cantonese < Mandari| Mandarin = Cantones

ToneDispHMMidpoint

Yoruba = Cantonese

Yoruba < Cantonese

ToneDispHRMidpoint

Cantonese < Mandari

Mandarin < Cantones

ToneDispHMOffglide

Yoruba < Cantonese

Yoruba < Cantonese

ToreDispHROffglide

Cantonese < Mandari

Mandarin = Cantones

Table 5.1. Results of th@oneDisplmers

5.3. Discussion

The results of th@oneSpacandToneDispanalyses shows that the Theory of Adaptive
Dispersion does not adequately account for the damgsiage tonespace and tordispersion
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 (g, Gendrot and AddBecker 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 Add®ecker(2007), in a comparison of the vowel systemdEolish,
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 maaother acoustic and/or articulatory
dimensions are used to distinguish othervsiseilar 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 mechanisitigt 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 mayi or are known téd use other acoustic correlates to help distinguish theistone
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 tonenf@snally observed to be
consistently lower across talkers. Similarly (and again not meastiredjpruba 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 includelagle 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.qg., the F
tone is typically shortest and the FR tone longest in duration) and Turning Point (Lin, 1965;
Chuang et a) 1972; Jongman and Moore, 206@ and Zheng, 2000; Blicher, et al., 1990, and

others). In Thai, the phonetic shapes of the individual tbeegn in citaton formi do not
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match their labels well (Abramsph962; Gandour et al1991; Zsiga and Nitisaro007); 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 &htbnes are produced with creak (Wayland and
Li, 2008, and others). The only exception to this trend of using=@cacoustic correlates for
tone identity is Cantonese. The LF tone is often produced with some amount of glottalization,
but this property &s 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 ¢28I08; see also Ciocca et,&002 and Lee et akR002).

In light of the above observations, it is possible that the Theory of Adaptive Dispersion
could accurately predict cretanguage tonsystem tonespace and tonal dispersion trends if a
model with multiple acoustic dimensions were created anddtegier instance, adding an
amplitude variable to an Imer comparing Igbo and Mandarin might produce results consistent
with the TAD prediction that the torspace of the language with the larger tone inventory
(Mandarin) > that of the language with the feranventory (Igbo). Similarly, adding a voice
guality 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 midpat (since at onset and midpoint, Yoruba < Mandarin in{spece size); and
Yoruba = Mandarin at offglide (since at offglide, Yoruba = Mandarin in-Bpaee size).

Given that FO is apparently the only cue to tone identity in Cant¢Remeacis et al., 208
andothers i1t would seem unli kely that adspacag a
and tonedispersion models would affect outcomes involving comparisons with Cantonese.

Indeed, the idea that Cantonese uses only FO to differentiataetstay explain why

t
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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 beassary in order to ensure sufficient

contrast between the tones of Cantonese (particularly at tone amdebjdpointwhere the
Cantonese tones are especially crowded within its tone spatith) regard to Cantonese, it is
particularly curious that itM 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. Likewibe,Cantonese MR tone overlaps LR

and L tones at onset, M tone at midpoint, and H tone at offglide; plus, its trajectory overlaps
those of the land LF tones until timepoint k5. If the MR tone started Igwesemore sharply,

and endedhigher, it wouldbe more easily distinguishéam the surrounding tones. With these
observations in mind, it seertigat Cantoneskasa tendency to havemparativelyjow onsets

and midpoints, andxtra tonal spread at offglideRelative to the H tone, the Cantonese L tone

is lower at both tonersetand midpoint than that of IgbdCompared 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 aie lowgst and
midpoint. Such results recaditudies of crostanguage vowetategory organization found that

the location of similar vowels in acoustic vowel spaces differed across languages (e.g,, Disner
1983; Bradlow1995). Bradlow, for instance, fodrthat the F2 of the English vowels [i, e, 0, u]

is systematically significantly higher than the F2 in Spanish vowels [i, e, 0, u]. These results
were accounted for by a languagpecific basef-articulation property: due to different bases

of articulaton 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 baséarticulation property may be pregen, and account for
differences between, some of the taagegory location differences observed in the data of the
current study.Specifically,Cantonese may have a different tonal base of articulation than some
of the oher languagesl speculate that as the number of tones in the inventory increases,
languagesnaysystematically alter the phonetic realization of their tones in order to enhance
their auditory distinctiveness. One simple explanation is thatystgmmatically lowering tonal

FO at oneor more points along the tonal trajectottye 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 F@ay cause tones to be perceived imaae categoricall¢ss
continuou¥ 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 experiencet hlso regions of natural audiyosensitivity (see
Francis,Ciocca,and Kei Chit Ng 2003, for a discussion on this topic).

Finally, it is possible that the levidne systems of Yoruba and Igbo may reasonably be
compared with one another, but not wiitle contoutone systems of Cantonese, Mandarin, and
Thai. If so, it may be possible that lextehe system tonspaces and tone dispersion could be
accounted for by the TAD even if mean FO remains the only acoustic correlate under
consideration. Redahat work on vowel systems indicated that most languages have the point
vowels [ai-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 tonkevébtone

languages, and that the M tone was simply added in Yoruba to that basic tone inventory.
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Additionally, at tone midpoint and offglide at least, the tone spaces of Yoruba and Igbo are

equivalentlysized, and the Yoruba M tone is well dispersedifits H and L tones. Further
evidence for the notion that levielne and contodtone languages are not comparable comes

from the fact that this study appears to indicate that bothdpaee size may generally be
determined first by thg/peof tones irthe 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 theToneDispmodels, and therefore lack sufficient evidence to support such a notion.) The
resuts of theToneSpacenodels suggest that at tone onset and midpoint,-tenelonly

languages have smaller tone spaces than cetdnarlanguages. It is possible that contoume
languages need more acoustic space to accommodate the futhpitaisionneeded for distinct

tones at those timepoints. That said, the resulf®pnéSpaceOffglidedicated that all the

languages but Thai had equivalerdized tone spaces at offglide. These resultssuggest

thattone offglideFO bears extra weight as acoustic cue to tone identityr all the languages

but Thai The idea that tone offglide is special feveltone identityin particularis 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 tdraring unit (Akinlabi and Liberma&000:5). Also recall

that Hombert (1976) found that when Yoruba L tones were mangoudathave a level (as

opposed to a falling) offglide, native listeners misidentified $equences as-M sequences and

M-L sequences as M sequencesToneoffglide may bespecial foiMandarin and Cantonese

tone identityas well Chao (1968) suggest®y instance, thavlandarintones converge

gradually to a contour that seems to conformuported underlying FO targets. Li (2004)
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found that Cantonese listeners performed comparatively poorly on Cantoneggerception

tasks unless the entire tonasypresentedThe exception of Thaamong the other contour tone
languagesn ToneSpaceOffglidis not necessarily surprisingkD directionis of greater

importance than offglide FO fdrhaitone perception (Pikd948; Gandoyrl983).

5.4. Alternative analyses of crosgdanguage tonespaces

The current study is innovative in part because it defines the size of the tone space as the
mean FO distance (in ST) between each |l anguag
equidistant timepoints across the tomajectory. However, this may not be the onhlgr the
optmaliway to define the acoustic tone space. I
tone spaces in two alternative ways and discuss the results within the framework of the TAD. In
secton 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 asmal subset of
the data (in the syllable [ba]).

Also, recall that th& oneSpaceesults suggest lewsbne and contodtone languages
may organize their tone spaces in very different ways. In section 5.4.3, | investigate whether
tone space size diffees 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 takenlsame set as

that used for earlier analyses.
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5.4.1. Crosslanguage tonespaces as plots of FO offglide x FO onset

As discussed in Barry and Blamey (2004), Gandour (1978) suggests that there are five
acoustic di mensi ons t ha fudgmentsahouttonef (a)averagest ener
pitch, (b) pitch direction, (c) length, (d) extreme endpoint, and (e) slope. Barry and Blamey
compared Cantonese tone productions in norafahring adults, normaliiearing children,
and cochleammplanted children. {fation-form tones were elicited via a pictun@aming 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 betwear types, and (b) pitch movement
across the tone. Ellipses surrounding tokens of each tone illustrate-@é@tbgory differences
between those tokens. Figure 5.1, reproduced from Barry and Blamey (2004:1743), shows tone
plots for two typical normalkhearing 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 tonesb?o
tone space i s by the shape that results from

note the tonal crowding: M (33), LR (23), and L (28 erowded within the space.



121
(A1) (A2)

500

g

450

&

400 -

&

350 4

3
@
S

/ 0\'
/2o
oo
P/

)8

2

300 4

g

250

N

o

=]
s

200 4

g

Offset Frequency (Hz)
Offset Frequency (Hz)

43
(€4 i )
)
.

100 (Qjo'

50

o
=]

150 4

o
=]

o
=]

. T . T . T . ' : ' - ' i . '
50 100 150 200 250 300 350 400 450 500 50 100 150 200 250 300 350 400 450 500
Onset Frequency (Hz) Onset Frequency (Hz)

® Toneb5 ¢ Tone25 A Tone3d3 m Tone21 © Tone?23 v Tone 22

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 locationthef 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 inighlighting 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 corigspdenth
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 yaxis (lower onset, higher offglide), afalling tones are expected to cluster closer
to the xaxis (higher onset, lower offglide).

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

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

reproduced from Figures 22.5. Points corresponding to level tones are in larger font, so as to

be differentiable from points corresponding to contour toleshed lines connecting the tone

points span the FO range used by talkers and define the extent of the tone spaces. The y=x

di agonal i s shown as wel | . These figures | ac

FO across multiple variablegalkers, 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 valuésy Cantonese,
Thai, Mandarin, Yoruba, and Igbo

As expected from rexamination of figures 2-2.5, 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 gagonal, 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 ardower 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 th&gltbeYoruba, 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, #n 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 tonesiretiite ¢
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 isitprssing.)

The above plots provide some interesting insights into damggiage tonsystem

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 &eysdic 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 hypahis that sound categories will be wdibpersed across the
acoustic space and will thereby be highly contraggeee for the Cantonese LR and LF ®ne

which overlapto a considerable degréaethis space) This also rectifies the mystery of how

contaur tones could possibly be perceptually contrastive if their FO values overlap at any point in
their trajectories. If listeners attendiothtonal onset and offglide FO values, even tones whose

FO values overlap become quite differentiable. For instahe high degree of tonal crowding
observed at onset and offglide in Cantonese (figure 2.1) may not negatively impact perception if

|l i steners reconci |l e e aheightdiffereneed Bhesenesulstit vs of f g
appear to support the TAmbtion 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 kdeffig0 values,
expansion of the overall tone space area might well be unnecessary and redundant and therefore

inefficient.

5.4.2. Crosslanguage tonespaces as max min FO in token syllable [ba]

In this section | define the torspace periphery accordibg 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]he 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 | anguageds tone space is the si
The syllable [ba] was chosen because, out of all the syllables in the data set, it most often is a
meani ngful word when produced with the | angua
There are multiple benefits to defining the periphery of the tone space this way. First,
recall thatanguages with twaone inventories (e.g., Igbo) 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 loaaithih the tone space. By deiing 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 dispersidirviiie 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, aykeenet 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 AvoaaHighseod ex
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 |l anguagesbd6 tone

FO values ppduced in utterances of the syllable [bal:
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Crosslanguage Tone Spaces Defined as Main Tonal FO in [ba]

== \ax Raw FO
=&=N\in Raw FO

Raw Tonal FO (ST)

¢ —

Cantonese Thai Mandarin Yoruba Igbo

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
MinRaw FO | -4.805 | -4.980| -4.973 | -4.958 | -4.43
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 theToneSpacanalyses conducted in chapter four, these results doamate 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 thst lemge 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 ape 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 sizibét of Igbo is only 0.568 ST smatlthan
that of Yoruba.

These results do provide support for the notion that tone space size may differ as a
function of tonelanguage type (level vs. contour): the tone spaces of the caotmitanguages
are all much larger than those of the letegle 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 LangTypeToneSpaceOndeangTypeToneSpaceMidpaint
andLangTypeToneSpaceOffglideexamine whethetonespace size differs as a function of
language type (contour vs. level). Like the chapter TmmeSpacenodels, they compare at
onset, midpoint, and offglide t Htep)aRdowdst st anc e
(bottom)tonal FO values. blvever, these models compare just two tone spaces: that of the
three contoutone languages combined vs. that of the two lewe¢ languages combined. All
values are significanat p O 0. 05 ( ar e eachamalysiscantaims just eng ) bec:e

pairwise comparisan

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

highest(top) and lowest (bottom) tonas the languageat tonal onsetFigure 5.4shows the
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top-bottomtone mean FO at timepoint k1 for the two language typeehdatapoint has

standard error bars.

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

Iltem Contour | Level
Grand Mean Top 11.449 | 10.291
Grand Mearn Bottom 5.275 | 6.490
Grand Mean All (T&B) | 8.362 | 8.391
Grand Mean 1B 6.174 | 3.801
Table 5.3 Tone-space size FO (ST) values across ttveo languagetypes at tonal onset

Observe that the Grand MeaAll (T&B) values & nearly the same across the two language

types. Il n addition, note t ha ttopus.lbbatondioné f er enc e
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Grand Mean FOs diér by nearly 2.4 ST. Table 5sthows the fixegeffects results of the

LangTypeToneSpaceOnseer.

LangTypeToneSpaceOnset:
Contour vs. Level

Est St.E | t-val | pMCMC
LangTypelLevel -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 thd.angTypeToneSpaceOnskher

The results of theangTypeToneSpaceOnsebdel are summarized below:

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

of language type.

2. Overall, there is a significant difference betweenttipeandbottomtones. Thebottom

tone was about 6 ST lower on average thandpéone. This indicates that thep and
bottomtones are weltlifferentiated overall.

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

The results oLangTypeToneSpaceOnsetroborag the observations of the data in Figure 5.4:
tonespace size at onset indeed differs as a function of language type; specifically,-camtour

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

5.4.3.2. LangTypeToneSpaceMidpoint
TheLangTygTon&paceMidpoinmodels compare the FO difference (in ST) between the

highest(top) and lowest (bottom) tonesf the languages at tonaidpoint Figure 5.5shows the
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top-bottomtone mean FO at timept k5for the two language type&ach data pointds

standard error bars.

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

Item Contour | Level
Grand Mean Top 10.737 | 10.422
Grand Mearn Bottom 3.204 | 4.448
Grand Meari All (T&B) | 6.971 | 7.435
Grand Mean 1B 7.533 | 5.974
Table 5.5. Tonespace size FO (ST) values across the two language types at tonal midpoint

Observe that the t wo TIA(M&BUalges difteryoplyeby.46 SG.rim nd Me

addition, note that the ditopVsdottentoneeGandbMeanwe en t



132
FOs difer by about 1.6 ST. Table 5shows the fixegeffects results of the

LangTypeToneSpaceMidpoimner.

LangTypeToneSpaceMidpoint:
Contour vs. Level

Est StE | 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 thd.angTypeToneSpaceMidpoininer

The results of theangTypeToneSpaceMidpombdel are summarized below:

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

of language type.

2. Overall, there is a significant difference betweenttpsmndbottomtones. The bottom

tone was about 7.5 ST lower on average thatojhone. This indicates that thep and
bottom tones are weltlifferentiated overall.

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

The results oLangTypeToneSpaceMidpoutrroborate the observations of the data in Figure
5.5 and echo those bangTypeToneSpaceOnseébnespace sizat midpoint differs as a
function of language type; contetone languages have a larger tone space thanttawel

languages at midpoint.
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5.4.3.3. LangTypeToneSpaceOffglide

ThelLangTypeTongpaceOffglidenodels compare the FO difference (in ST) between the
highest(top) and lowest (bottom) tones of the languages at tifglide. Figure 5.6shows the
top-bottom tone mean FO at timapt k9for 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. Tonespace size across the two languagges at tonal offglide
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Item Contour | Level
Grand Mean Top 12.101 | 10.663
GrandMean- Bottom 4924 | 3.936
Grand Mean All (T&B) 8.513 | 7.300
Grand Mean 1B 7.177 | 6.727
Table 5.7. Tonespace size FO (ST) values across the two language types at taffgllide

Observe thatthetwolgnu a ge t y p e sidAll (6&B9 vallies bhdy aifier by about 1.2
ST. I n addition, note that t he -tehe Vs.floweste nc e s
tone Grand Mean FOsftir by only 0.45 ST. Table 5shows the fixedeffects results of the

LangTypeToneSpaceOffglitieer.

LangTypeToneSpaceOffglide:
Contour vs. Level

Est StE | t-val | pMCMC
LangTypeLevel -1.480| 1.573| -0.940 0.216
ToneB -7.189| 0.158| -45.570| 0.0001
LangTypelLevel:ToneB 0.456 | 0.250| 1.820 0.067
Table 58. Summary of the results of thd.angTypeToneSpaceOffglidiener

The results of theangTypeToneSpaceOffglidedel are summarized below:

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

of language type

2. Overall, there is a significant difference betweenttipeandbottomtones. Thebottom

tone was about 7.2 ST lower on average thanahone. This indicates that thep and
bottomtones are weltlifferentiated overall.

3. The interaction of tone addnquage type is not significant.
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The results oLangTypeToneSpaceOffglideicate that tonspace size at offglide does not
differ as a function of language type; contéome languages and levieine languages appear to

have equivalenthgized tone sqces at offglide.

5.4.3.4. Summary of LangTypeToneSpacanalyses

The flowchart in Figure 5.iflustrates the results of theangTypeToneSpaemalyses.

LangTypeToneSpace LangTypeToneSpace LangTypeToneSpace

Onset Midpoint Offglide
| Level < Contour | Level <Contour | Level = Contour |
Contour toneg\ larger tone space Language type does not affeq

tonespace size

Figure 5.7. Flowchart summarizing theLangTypeToneSpacanalyses

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 nmtlpéit these two timepoints, the level
tonelanguage space is smaller than the contone 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 proded in the syllable [ba]. It also echoes the resuliBoofeSpaceOnsand,

for the most parffoneSpaceMidpoir{tecall that the tone space of Thai was equivalent in size to
those of Yoruba and Igbo ifoneSpaceMidpoiht Because both Igbo and Yoruba édewer

tones than any of the contetane languages, the results of tremgTypeToneSpaceOnseid
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Midpointanalyses also appear to support the TAD hypothesis that languages with larger tone

inventories will have larger tone spaces, relative to langusigiesmaller tone inventories.

On the other hand, the tone spaces of the two language types were equivalently sized at
offglide. The results dfangTypeToneSpaceOffglitteus support the hypothesis that the tone
space will be fixed in size, regardlesstod size of the tonal inventory. The results of this
analysis are roughly consistent with the result§afeSpaceOffgliden which the tone spaces
of the leveltone languages were found to be equivalent to those of Mandarin and Cantonese (but
not Thaj.However, there is a notable difference
offglide: the leveltonelanguage speakers utilized a lower overall pitch range than the contour
tonelanguage speakers. It is possible that the {re languagelsave 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 tkexsignificant effect of
languagetype on the acoustic tone spaatether it be the torgpace size or the torspace

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 followp studies would construct models of tesystems 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-gf/&tem organization

acrosdanguages; they may well miss certain subtleties that could come to light with methodical

be
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inclusion of other variables. For instance, it is very possiblestimae populations of talkers,

e.g.,males and femalemight display differentlysizedtone spaes and thathe conclusions
reached in the current studyight more accurately descrilmme populatioroverarother.

(Despite its benefits andility for this study, he ST scale does not normalize for pitch range, so
nuances in tonspaces due to sexdor other intetalker pitchrange differencemay be missed

in these analyses)Additionally, accounting for phonatietype 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 cr@ssguage tonsystem acoustics. For instance,
Southern Vietnamse has 5 tones that are distinguished primarily by FO, and Northern
Vietnamese has 6 tones that are distinguished by FO andquoadiey characteristics (Kirhy
2010. Both dialects have tones that could be considered level, or at least simple (asl éppos
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 falimging (dippng) contour tones. However,
NorthernVietnamese appears to have a low falling tonettil@msouthern 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 tonesyding 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 languagjeecific. It is possible, for instance, that Taad Suthern

Vietnamese would have similarbized tonespaces, 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 suclm, sxgeriments could help to illuminate
intricacies of the theory that toispacesize, 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 stiies 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. Follpastudies 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 langulgekave 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 combeuanguages) are
more easily distinguished thamettones of languages with smaller overall tone spaces (generally
speaking, those of the levielne-only languages).

Another logical test of the robustness of the findings reported herein is to examine and
compare these tone systems using tones exciseddfi@arriersentence context. As discussed in
chapter one, each of the languages examined in this study are subjectaibetoragion rules.

For instance, two adjacent falliigsing (dipping) Mandarin tones are subject to sandhi, wherein
the first ofthe 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 teegesgsible) tone

alternations, could provide insight as to t@pace organization in more natural speech.
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APPENDIX A: MATERIALS

Cantonese
Cantonese syllables
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Chaacter | Syll. | Tone Sglli;bs!e Cantonese noun & phrase Noun/phrase gloss
Father
ba H Father . Father goes to hospital.
Hold, Trick
ba | MR Guard ) Do not play tricks.
Hegemony, Tyranny
ba M Tyranny Chi n a 6gs MiRigtry i®dgainst all
t forms of hegemony.
--- ba LR
ba L
Strike
ba F Stop The bus drive
lasts a week.
Character| Syll. | Tone| Syllable glos§ Cantonese noun & phrag Noun/phrase glos
bi H
--- bi MR ---
bi M
--- bi LR ---
bi L
bi F
Character| Syll. | Tone| Syllable glos§ Cantonese noun & phrag Noun/phrase glos
bu H
bu | MR
bu M
bu | LR
bu L
bu F
Character| Syll. | Tone| Syllable gloss Cagc;r;]?ztsaenoun Noun/phrase gloss
da H Hit, Dozen(quantifier)
Beat ° Please give me a dozen BBQ pork bun;
da | MR Hit, Meditatg
Beat 9 | He/she chants and meditates every morn
da | M
da | LR
da L
da F
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Character| Syll. | Tone| Syllable glosg Cantonese noun & phrag Noun/phrase glos
di H
di MR
di M
di LR
di L
di F
Character| Syll. | Tone| Syllable glosg Cantonese noun & phras| Noun/phrase glos
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
ga H Domestic Family planning was implemented after t
¢ war.
. Fake, false
ga | MR Fake; False 9 This watch brand is fake.
. Value
ga M Price e This idea has no value.
ga | LR
— ga L —_— — —
Onomate .
ga F poeia Giggle, Broken sounds (rare)
Character| Syll. | Tone| Syllable glos§ Cantonese noun & phrag Noun/phrase glos
— g| H — ——— ———
g | MR
— g| M — — —
gi LR
— g| L — — —
— g| F — — —
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Character| Syll. | Tone Sg:fge Cantonese noun & phras Noun/phrase gloss
Eldest Aunt
gu H Aunt ° My eldest aunt passed away yesterday.
u | MR Thigh, Stock
9 Share 40 Shares of HSBC Holdings are nowlbw $40!
Story
gu Old, Past 9 There are lots of stories in a small town.
gu | LR
—_ gu L —_— —_— —
—_ gu F —_— —_— —
Character| Syll. | Tone Syllable gloss Cantonese noun & phras Noun/phrase gloss
. . Cheerleading Team
la H particle of asertion o Our cheerleadi
la | MR
. . Gap
la Crack, Fissure, Spli Mind the platform gap.
la LR
la L
la F
Character| Syll. | Tone Sylable | Cantonese nou Noun/phrase gloss
gloss & phrase
li H --- Alternate prounciation gf leig
li MR
li M
li LR
li L
li F
Character| Syll. | Tone| Syllable glos§ Cantonse noun & phrasq Noun/phrase glos
lu H
lu MR
lu M
lu LR
lu L
lu F
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Character| Syll. | Tone Sé/llloasl?sle Cantonese noun & phrase Noun/phrase gloss
Mother
ma H Mother Mom is truly pretty!
. Maid
ma | MR Maid (Archaic, Rare)
ma| M
Numb Anesthesia
ma | LR ' We will use local anesthesia for this
Hemp ;
plastic surgery.
Circus
ma L Horse The Moscaev Circus comes to Hong
Kong.
ma F
Cantonese noun
Character| Syll. | Tone| Syllable gloss & phrase Noun/phrase gloss
mi H Alternate pronunciation of [mei]
mi | MR
mi M
m | LR
mi L
mi F
Character| Syll. | Tone| Syllable glos§ Cantonese noun & phrag Noun/phrase glos
mu H
-—- mu | MR ---
mu | M
-—- mu LR ---
mu L
mu F
Character| Syll. | Tone| Syllable glos§ Cantonese noun & phrag  Noun/phrase gloss
na H Particle Particle
(very rare)
na | MR
na M
Get, Fetch
na | LR Get, Fetch Get me your ID.
Where
na L What Where is the restroom
na F Particle Particle

(very rare)
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Character| Syl. | Tone| Syllable glos§ Cantonese noun & phras Noun/phrase gloss
. . Particle
ni H Particle (Very rare)
ni MR
ni M
i LR Particle Particle, used in pointin
(very rare)

ni L
ni F

Character| Syll. | Tone| Syllable glos§ Cantonese noun & phras Noun/phrase glos

nu H

nu | MR
nu M
nu LR
nu L
nu F

The North Wind and the Strarslated into Cantonese

A7 JRFEABHEEEA AR - ErERIEEADE B
BEAZEEAR - EMRERS)  SSERDSEIEME AR © S8
DS - AR JLEELBATIG - B ERREER ) A RERER
[« Bt LBV » WEEHGR - R KRR~ - R AL
FISARANE i) - T » JLBVERRRS -

Thai
Thai syllables
Thai 1 TOMe | oy | syllable gl Thai ph Phrase gl
spelling y & o SYI yllable gloss ai phrase rase gloss

Uo Nzu(:rzfl ba to throw y Ball] oo He throws the ball in the basket.

U-0 L>(/)v:/ Abe forest Agpzaa - 6 There is no forest in Bangkok.

U- o a 21 pa aunt UATGEEO Uy My aunt is an accountant.
Falling

U® 6 O adg ba Chinese way to say UinCEA) BEerad s My dad likes to reaq aewspaper in
High father the morning.

U o I_E_O 0 ba Chinese way to say ) . i ChineseThai people call theidadU ™
Rising father u o
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T
Thai spelling ypréeb Syll. | Syllable gloss Thai phrase Phrase gloss
eo6a . e o A A
uo bi year 1Wd®2y Og 1 U A year has 12 months.
Neutral
o yi A . ) C ~ri ks B & & ay| My friend plays flute in the
uo ¢ Low b3 flute yRo¢TUEE EEGU O school band.
Us € a.@ bi
Falling
o 0ao
uo c T
High | P
Usc | EOYQ
Rising
Thai Tone .
spelling & o Syll. Syllable gloss Thai phrase Phrase gloss
0 eda bu crab 0§06 GoRaa Steamed crab_ is the best seafo
Neutral dish.
UG- yiA b grand_f at he Wi EEOUY A Mygrandfathe_rwasanAwForc<
Low side officer.
- ag
ua- y
Falling bu
- Oaq
Uuu® 0
YO igh | PO
va~ | E29 py
Rising
. . Tone .
Thai spelling & o Syll. | Syllable glosg Thai phrase Phrase gloss
“ . eoda R
0o da eye E ®®a | | have brown eyes
Neutral
@ YTA gy
Low
. ag
0-606 3
Falling da
o 0ag
O®o 5
high | %2
o 6 | F°O 4a

Rising
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Thai Tone :
spelling yeo Syll. Syllable gloss Thai phrase Phrase gloss
- eo6a . : In the past, a teacher punished
(OXe)
Neutral di to it students by hitting them.
0o¢| YT A 4| adectveforsmal U-1EecHe A My sister has small eyes.
Low eyes
N ag
Falling di
o n 0ao
oo ¢ 7
high | @
voc| EOO g | Chineseway tosay T @G My younger brother is sick.
Rising younger brother
Thai Tone .
spelling Véo Syll. | Syllable gloss Thai phrase Phrase gloss
oy eo6a
Oou -
Neutral du
& yi1 A ad .
Low
o ag N cabinet, oAk EECES (JROR BT My mom always keeps her stuff in the
ou Falling du cupboard FRA EEDH - cabinet.
- O0agqg
Oou® 0 -
high |
oa~ | F9Y w
Rising
. . Tone .
Thai spelling & o Syll. | Syllable gloss Thai phrase Phrase glos
A6 €0a a a crow, E o UAYAH &BUT | saw a crow perching on the ga
Neutral | 9 a kettle E o AiEBmH | use the kettle to make tea.
- yiA
Low gt
o ag
Falling ga
- 0ag
High | 92
Az Eo O
Rising ga
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Thai Tone .
spelling & o Syll. | Syllable gloss Thai phrase Phrase gloss
A éo6al .
Neutral g
A yiA 9% how, how Au Oy A a Hados How many times have you been to
Low many Thailand?
Y.y Faiir% gi hot pot EUOE T AWl 6Q& | love eating MK hot pot.
Aa Oaqg . . AR S A A . :
High gi just now VOREOERA D C He arrived just now.
s | B39 g -
Rising
Thai Tone .
spelling Véo Syll. Syllable gloss Thai phrase Phrase gloss
Au eo6a qu impolite pronoun to refer to REOEESE | | donot | ke
Neutral oneself
N yiA . I T o He hollersin his loudest
Low gO to holler y /S B aae(ypa Voice.
P ag N S He borrows money from a
A -
u Falling gu to borrow yA&EDS UE bank.
- 04ao
High | %
o Eo O
Rising o
Thai Tone .
spelling Véo Syll. | Syllable gloss Thai phrase Phrase gloss
. €0a Donkeys have a reputation for
®o Neutral la donkey stubbornness
Pe-d YA,
Low
b Fa?lir% la to hunt el E A sR@®a) My uncle loves hunting.
®- 6 O ag |4 1o be tired E o U 4 sndAeasin Aaed After workm_g out, | feel very
High tired.
i &6 I_E_O O la a yard (unit of 11 2AG58 One yard equals 36ches.
Rising length)
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T .
Thai spelling ypréeb Syll. Syllable gloss Thai phrase Phrase gloss
; eoal |
&0 li
Neutral
o oyt A y
i &6 ¢ [
Low 3
; ao .
&0 ¢ . li
Falling
B st 9 1 | Li, a Chinese unit of distand 1 a@8300y &| One Li eqals about 300 meter
) EoQ
I &0 . i - — —
Rising
Thai Tone Syllable .
speling | v & 6| Y| Tgioss Thai phrase Phrase gloss
& éo0a u
Neutral
i 6 yiA 1o to _d|sda|n, N Baadi 0 b UT o ¢ Only a mean person likes to uls
Low insult others.
) 8921 10 | track, path iy BORA FEAeaied S0 G My high school
Falling P - track for the track team.
wi-| 989 4
High
.| E0Q .,
i au .. G
Rising
Thai Tone .
spelling y&o Syll. Syllable gloss Thai phrase Phrase gloss
ao ol s to come y 8H6 AP6 § Where do you come from?
Neutral
18 YT A me
Low
A ago . Chinese way to say VT S My grandmother loves
®© Falling ma grandmother TAIOEEOUE knitting.
a-o6 H%: 9 ma horse EB EAD | love to ride horses.
A EoQ | S .
i ao Rising | ™ dog i & F¥EEe | My dog at home is brown.
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T .
Thai spelling ypréeb Syll. | Syllable glosg Thai phrase Phrase gloss
A = é606a . 2 onoa o -
ao mi to have E & ¢ U | have two siblings.
Neutral
iaoc L){)v:/ A m3 noodle E 0 UE & | My favorite type of noodle is the egg nood
aoc a o mi
Falling
AR 0ao
High | ™
iao EOO bear Eo UEii 4 | like teddy bears.
Rising
Thai Tone .
spelling & o Syll. | Syllable gloss Thai phrese Phrase gloss
A - 6 0a
au
Neutral mu
| 5% yiA mod group, T 6150464 6 There are five different food
Low collection groups.
& a o mu
Falling
aua- 044 m({
High
EoQ . _ AUUGS O _ .
i aua . mi pig, pork UUoUxgi é @848 Musl ims donot
Rising
Thai Tone Syllable .
spelling | ¥ & 6| Y| gloss Thai phrase Phrase gloss
Ué €oal ha | rice field B0 bAERA AL 6 Farmers grow rice in rice fields.
Neutral
1B y1 A Nt custard UigaI€ UY =4 a Custad apple is one of the tropical
Low apple fruits.
fo-4 @ %) na face i BeA T Akt oMo | Most girls take care of their facial ski
Falling more than guys do.
U-6 H%r? 9 na aunt UA B G 3ot My aunt lives in Japan.
106 R'i:-siﬁgo na | thick | Gwgals A& A This textbook is so thick.
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Thai Tone .
spelling & o Syll. Syllable gloss Thai phrase Phrase gloss
Us éoa i
Neutral
iusd Y! A n3 frugal AUDEGE x- e U g Frugal people can save a tit
Low money.
i Fa?lin% ni debt aa-aoAAadaEd Noone wants to deal with deb
® H%r? %o this A & i (Pa) AR @ Whose bag is this?
i Ub EO0Q | | escape runaway| 5 5 .5 G ABoAREA  No one can escayike truth.
Rising from
. . Tone .
Thai spelling Véo Syll. | Syllable glos§ Thai phrase Phrase gloss
Ua eoar
Neutral
i G YTA o
Low
ag N
. nu
Falling
. 0ao
ua - 0
High | ™
Lo EoQ e 1A A . : .
i Uua Rising nd mouse iW UC Ué q A mouse is a dirty anima

The North Wind and the Stranslated into Thai

ssfaumilatasnszafnamaniaanulaTasindannniiy AThinBunng
wilidumue ddatumun aumilaueswizarfingieanaeiu lAsiamnsg
ﬁ'\‘lﬁﬁm?\un'\onﬁﬂnmLéaﬁ'wu'naan‘ls?é‘nLfmf;nuaazﬁafimﬂuéﬁﬁwé’omnniw Waz
uﬁ"'zaumﬁaﬁm:ﬁaﬁ'ﬂaéqﬁqmu‘sa wndamusanntudisdla dndumeftedads
fummalnasdususanniudiaenty wsluigaaumiafiEnaamumenen
Binsrafagseauddusauusoanin indumafioaadatumumeantiud i
granmiiafenansaniunwizanfingimdaannma

Mandarin
Mandarin syllables




161

Character| PinYin Tone|  Syllable Mandarin phrase Phrase gloss
# gloss
~ n . " A | have eight
fl bU | bal eight/8 fi @ A notebooks.
to travel: A After traveling two
ba ba2 o walk’ H s 6 v A | days, the army arrive
at the destination.
(measure - There are two chairs
bt | ba3 word) H A outside of the room.
ba ba4 father VA Father is back.
Character| PinYin | Tone #|  Syllable gloss Mandarin phrase Phrase gloss
bo bil | to force; to compe| 1 I A They forced Mr. Li to leave
bi bi2 nose T A His nose is bleeding.
b3 bi3 pen; pencil W A There is a pen on the tablg
bi bi4 money W i A | Money is an exchange too
Character| PinYin | Tone #| Syllable gloss Mandarin phrase Phrase gloss
bl bul
ba bu2 | mold on liquids TR A There is white mold in the vinega
b O bu3 to catch 1 WA 7 A | The hunters caught three wolve
b bu bu4 no; not b A This is not OK.
.. | Tone .
Character| PinYin 4 Syllable gloss Mandarin phrase Phrase gloss
- travel (on - .
du dal boat/train) 1| A We traveled to Beijing by train
. to arrive; to o A L
da da2 achieve TR A They arrive in Beijing at 3 pm.
dt da3 to fight; o strike A There are people fighting in th
street.
da da4 big; huge W A There is a big table in the roon
Character| PinYin Tone | Syllable Mandarin phrase Phrase gloss
# gloss
- . low; - There are many loyricedcell
! do di1 beneath e ' E A phones in this department store.
di di2 enemy VA The enemies were defeated.
d 3 dia bottom o A There is rice on the bottom of the|
bowl.
R . earth; . R The book was dropped on the
di di4 ground v FUA ground.
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Character| PinYin Tone | Syllatie Mandarin phrase Phrase gloss
# gloss
- Lo A Beijing is the capital city of
dl dul | major city T A China.
The teacher told us a story in
. cabinet; . . A which someone bought a
da du2 case bRy FUA di amondds cas¢€
diamond.
to . L
40| dus | observe: | v WA LA Everyone witnessed this histor
: moment.
to see
du | du4 belly 1 s A He has a tattoo on his belly.
. .| Tone .
Character| PinYin # Syllable gloss Mandarin phrase Phrase gloss
gU | gal
g ga2 crackling sound s A The ducks in _the pond are
quack guacking.
gt ga3
ga gad embarrassed T A He seemed very embarrasse(
Character| PinYin | Tone #| Syllable glos§ Mandarin phrase| Phrase gloss
g0 gil
gi gi2
g3 | g3
gi gi4
. .| Tone .
Character| PinYin # Syllable gloss Mandarin phrase Phrase gloss
o . - Based on his estimates, the stock mark
T T !
gl gul estimate T W A is going to slump.
gu gu2
) g0 | gus ancient: old : \ A He likes readln_g books of classical
Chinese.
gu gud hardf;irsnt]rong @ A This is a strong building.
Character| PinYin | Tone #| Syllable gloss| Mandarin phrase Phrase gloss
| U lal | to pull or drag T A He is pulling the cart.
la la2
| £ la3 (phonetic) D A Lama debating has a long tradition.
la lad candle; wax A | There are many candles in the warehol
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Character| PinYin T?#ne Syllable gloss Mandarin phrase Phrase gloss
o] i1 curry T N A He likes curry.
Ii li2 pear T N A He likes pears.
2| 13 husbandéds - A The sistersn-law have a good
3 wife relationship.
A I li4 calendar W A A There is a calendar on the table
Character| PinYin | Tone #| Syllable gloss Mandarin phrase Phrase gloss
1 lul to snore T A He snores.
Ia lu2 stove A There is a stove in the room
A I O lu3 marinate A N A Marinated pork is very tasty.
IV lud torecord |71 1 A | He likes recording the lecture
Character| PinYin | Tone #| Syllable gloss Mandain phrase Phrase gloss
mU | mal mother A She misses her mom.
ma ma2 hemp S A There is a hemp rope on the tab
mt ma3 horse T A He likes horse racing.
ma ma4 scold _b= A Scolding people solves nothing
Character| PinYin | Tore # Syllable gloss Mandarin phrase Phrase gloss
mao mil | (sound to call a cat] T We A He has a little cat.
mi mi2 confused T A | He looks very confuseg
m3 | mi3 rice N A | like rice.
mi mi4 secret W@ A This is a secret.
Character| PinYin | Tone #| Syllable gloss Mandarin phrase Phrase gloss
mil mul
mu mu?2
moO mu3 mom . A Her mom is very beautiful.
n mu mud | torecruit;toraise| T 1 M 3,100 "HA | They raised a million dollars
Character| PinYin | Tone #| Syllable gloss Mandarin phrase Phrase gloss
nuU nal
na na2 | to hold; to take| 1 W A | Heis holding a book in his hand
nt na3 how; which b @ NA |l donét know w
na na4 that; those T i A He picked that book.




Character| PinYin | Tone #| Syllable gloss§ Mandarin phrase Phrase gloss
no | nil girl - A The little girl is very cute.
ni ni2 mud Tt A There is mud on his shoes.
A n 3 ni3 you ey H. Did you sleep well last night?
\ ni ni4 hide N A | Criminals are hiding in the cavg
Character| PinYin | Tone #| Syllable gloss Mandarin phrase Phrase gloss
n i nul
na nu2 slave i A | Slaves have miserable live]
* nO| nu3 |toexert;tostrive] 1 3 Yz A He studies hard.
nu nu4 | indignant; urious T A They are all furious.

Yoruba

The North Wind and the Stnanslated into Mandarin

Yoruba syllabés

Syllable| Tone| Syllable gloss  Yoruba phrase Phrase gloss

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

ba M

ba L To hit So okabaeiye. Throw a stone at the bird
Syllable| Tone| Syllable glos§ 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 nfibi? | Why are you vomiting?
Syllable| Tone| Syllable glosg Yoruba phrase Phrase gloss

bt H To fetch Lo buomi wa. Go and fetch water.

bu M To curse Ye bumi mo. | Do not curse me agai

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

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

da M

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

di H To weave | Mo nlodiirun mi. | | am going to weave my hai

di M

di L To hold Madi mi mu. Do not hold me.
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Syllable| Tone| Syllable glosg Yoruba phrase Phrase gloss
du H
du M
du L To rush Wondu oko wo. | They rushed into the bu
Syllable| Tone| Syllable glosg Yoruba phrasg  Phrase gloss
ga H Height Talogaju? | Who is the tallest?
ga M
ga L To choke | Ogamilorun. | He choked me.
Syllable | Tone| Syllable glosg Yoruba phase| Phrase gloss
gi H
gi M
gi L
Syllable| Tone| Syllable gloss Yoruba phrasg Phrase glosg
gu H
gu M
gu L
Syllable| Tone| Syllable glosg Yoruba phrase Phrase gloss
la H To lick Mo felaoyin. | | want to lick some honey
la M
la L To dream | Mo laala kan. | had a dream.
Syllable| Tone| Syllable gloss Yoruba phrasg Phrase glosg
Ii H
li M
I L
Syllable| Tone| Syllable glosg Yoruba phase| Phrase gloss
1] H To beat Ye lu mi. Stop beating me
lu M
IV} L
Syllable| Tone| Syllable gloss Yoruba phrase Phrase gloss
ma H
ma M (pronoun) | Maje ounje yen.| Do not eat that food
ma L
Syllable| Tone | Syllable glos§ Yoruba phrase Phrase gloss
mi H (pronoun) Mi o binu. | am not angry.
mi M
mi L To swallow | Gbe ogun yemi. | Swallow the medicine
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Syllable| Tone| Syllable glosg Yoruba phrase Phrase gloss
mu H To bring Lo muowo wa.| Go andbring money.
mu M To drink Ye muoti mo. | Do not drink beer again
mu L

Syllable| Tone| Syllable glosg Yoruba phrasg Phrase gloss
na H To spend Ni nani owo | Spending money
na M
na L

Syllable| Tone| Syllable glosg Yauba phrase Phrase gloss
ni H To own Ta loni moto? | Who owns this car?
ni M
ni L

Syllable| Tone| Syllable glos§ Yoruba phrase Phrase gloss
ni H
nu M To handfeed | Mo fe nuomo mi. | | want to handfeed my baby,
nu L

The North Wind and the Siranslated into Yoruba
Ni ojo kan Afefe ati Orun nleri eniti o lagbara ju,won ri arinrin ajo kan ti o wo ewu otutu.Won
wa pinu pe eniti o 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 jew@pm ni oni agbara ju ninu awon
mejeji.

lgbo
lgbo syllables

Syllable| Tone| Syllable gloss Igho phrase Phrase gloss

ba H | auxiliary to be| | b4 Uba ji 4t ut6| To be rich gives joy
ba L

Syllable| Tone| Syllable gloss Igbo phrase Phrase gloss
bi H to live Obin 6 %I -| He lives in that house
bi L

Syllable| Tone| Syllable glosg Igho phrase| Phrase gloss

bu H be/arelis Kba nwoke. | You are a man

bu L

Syllable| Tone| Syllable gloss Igbo phrase Phrase gloss

da H to warm Ogadanr 2§ h { He will warm up the food

da L
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Syllable| Tone| Syllable gloss Igbo phrase Phrase gloss
di H husband O badi m. He is my husband
di L to exist | Agbali aku ahidin 6 e b| That shoe is here
Syllable| Tone Syllablegloss Igbo phrase Phrase gloss
du Ho|@ variation in dialect that means tf Nwoke ahcdiziri That man established that child
establish nwa ahu. beautifully.
du L
Syllable| Tone Syllable gloss Igbo phrase Phrase gloss
ga H
ga L | auxliary indicating future action| O gaa l6ta Glé.| He will come home]
Syllable| Tone| Syllable gloss Igbo phrase Phrase gloss
gi H you O bugi nyérém aka/ It was you who helped m¢
gi L
Syllable| Tone| Syllable gloss Igbo phrase| Phrase gloss
gu H
gu L
Syllable| Tone| Syllable gloss Igbo phrase Phrase gloss
la H
la L | togo, to leavel A na m da ngam.| | am going to my place
Syllable| Tone| Syllable gloss Igho phrase| Phrase gloss
Ii H
li L
Syllable| Tone| Syllable gloss Igho phrase| Phrase gloss
4 H
v} L
Syllable| Tone| Syllable gloss Igbo phrase Phrase gloss
ma H
nothing, -O gaghi afma 6tu. -Nothing will be left.
R either/or, -Ma obu gima obu ya. -Either you or him.
ma L . e N ; : P
if, -O ga émeé yana 6 nyé ya égo. -He will do it only if paid.
but -O ga ékwéma 6 ga ététl 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
ma H me O bumau. It is me.
mu L
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Syllable| Tone| Syllable gloss Igbo phrase Phrase gloss

na H without O méré y&n anighi ama] He did it without knowing.
na L and, ~ -Adana Obi. -Ada and Obi.
that -O bu ihéna émémé. -That is true.

Syllable| Tone| Syllable gloss Igbo phrase| Phrase gloss

ni H

ni L

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

Nl L

The North Wind andhe Surtranslated 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.

Stellapassage

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 srke 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) 9 11 2 age there age there age there age there
CF2 | 22 | ¢ [R|s HK 0-19 Ev 1922
CFO3 | 18 | C |[S|R HK 0-18 Ev 18
croa | 30 | ¢ |s|Rr |Guangdong o HK 5-29 Ev 26
province
cmo2 | 29 | ¢ |R| s P'ttSPbA‘”gh' 0-2 HK 227 Ev 27
cM03 | 30 | € |S|R HK 0-30 Ev 30
cM04 | 22 | ¢ |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 VA 17-18
TFO5 25 T S| R Bk 0-25 Chicago 25
T™O02 | 27 | T |R]| S Bk 0-26 Ev 2627
T™O04 | 19 | T [S|R Bk 0-15 La"‘”el\rl‘je"'”e‘ 1518
T™O5 | 31 | T [S|R Bk 0-17 Ne‘gﬁ’ort' 17-18
MFO2 | 20 | Mn |R| S Bei 0-18 Ev 1820
MFO3 | 23 | Mn | S| R Bei 0-23 Ev 23
MFO5 | 19 | Mn | S| R Bei 0-13 Sagioga' 1315 | Shandhal | 1549 Ev |19
. 19-20, | san Diego,
MMO02 24 Mnh |R| S Bei 0-19 HK 51-92 CA 2021
MMO3 | 28 | Mn | S| R Bei 0-19 Nanjing, 1923 | Ev | 2328
China
MMO4 | 26 | Mn | S| R Bei 0-23 Ev 2326
YFO3 | 45 | Y |R]| S U U
Abeokuta, Lagos or )
YFO5 | 47 | Y |S|R N 0-7 lbadan. N 7-32 | chicago | 32
YFO7 | 28 | Y |R|S| (U),N 0-18 Chicago 18
Ibadan, Lagosor Stillwater,
YMO2 | 34 | Y |R]| S " 0-24 Porttiareourt N| 2427 i 27.29
YMos | 46 | v [s|R| %% 0-19 Chicago 19
YMO6 | 42 U U
IFo2 | 39 | | Laﬁos' 1-10, 1821 OW,\'T”" 10-18 E?]gj’;:d 2123 | Chicago | 23
IFo4 | 50 | | La,glos' 0-33 Chicago 33
IFO5 | 28 | | U U
IMO4 | 45 | | Alt\’la’ 0-18, 2144 Laﬁlos’ 1821 | Chicago | 44
IMOS | 33 | I |R|S NS‘lilkka' 0-28 Chicago 28
MO7 | 42 | I |S|R Enltl‘gu' 0-21 La,?los’ 2228 | 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 unknowr
C | Cantonesg 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 Igbo N Nigeria

Table B2. Legend for Table B1



Cantonese
Talker CF02 | CF03 | CF04 | CM0O2 | CMO03 | CM04
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 | TFO4 | TFO5 | TMO2 | TM04 | TMO5
Mean FO (ST) | 10.839| 9.809 | 10.922| 5.252 | 4.483 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 | MF0O5 | MMO02 | MMO03 | MM04
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 YFO3 | YFO5 | YFO7 | YMO2 | 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) 1.44 |-1.9868| 5.676 | -4.8 | -4.958 | -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 IFO2 IFO4 IFO5 IM04 IMO5 IMO7
Mean FO (ST) | 11.948| 11.156 | 14.489| 6.749 | 3.572 | 2.155
Median FO (ST) | 11.744| 11.528 | 14.41 | 6.094 | 4.319 3.107
Min FO (ST) -0.604| 2.87 5.319 | -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
Tabl e B3. Descriptive stati

st
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APPENDIX C: INSTRUCTONS (in Cantonese)

Hello!
I

Please press the space bar to begin.
9

Thank you for participating in this study!
ad o A

Please read the following instructions carefully.
Yn A

If you have any questions, at any time, please ask {neriexenter.
R Ky K v ) A

Today you will be recorded as you read some syllables aloud.
' Y A A

Language researchers understand that in Cantonese, the pitch of the word indicates the meaning
of the word, and that each of these differerttptiypes is called a tone.
¥ T ) - 0] A

We know that Cantonese has six different tones.
EO A

We know that a syllablé for instancesii can be produced with each of these six tones, and
that each means something different.
WO e s)y EO ¥ b A

To continue with the examp#s, we know that:
Ysi o°

1 The word [ ] (the syllablesi pronounced with the higlevel tone)means poetry.
Si .

1 The word [ ] (the syllablesi pronounced with the midsing tone)means history.
Si .

1 The word [ ] (the syllablesi pronounced with the mitbvel tone)means to try.
Si .
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1 The word [ ] (the syllablesi pronounced with the lowising tone)means time.
Si .
1 The word [ ] (the syllablesi pronounced with thiow-level tone)means market.

Si .

1 The word [ ] (the syllablesi pronounced with the mithlling tone)means to watch.
si

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 phras
L character (in ; ;
Character # description English) Cantonese) ('in English)

. . He pretty much memorized
sil | High-Level poetry the 300 poems from the
Tang dynasty.

On the far left, under the Chise character heading, is this word written in Chinese.
Chinese character

L

Next, under the Tone # heading, is the syllable written with its tone number.
) Tone #

L

Next, under the Tone description heading, is a description obrniee t
) Tone description

Next, under the Meaning of character (in English) heading, is the meaning of the character in
English.
Meaning of character (in English)

L

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

, (@) D2 Noun; phrase (in
Cantonesey ] A

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

Meaning of noun and phrase (in English) °

You will see one of these charts per screen.

L
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Your job: Please read the syllable aloud. Speak as clearly as possible, and only say.it ONCE
9

For this example, you would simply spy ] (the syllablesi pronounced with the higlevel
tone).

[ 1(si )

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

L

Wh e n vy o u 0 riethefspaceiba to eodtinue.

9

Got it? Letds try a few exampl es.
L
When youod6re ready for the first example, hi
9
. Meaning of
Chinese | Tone Tone Meaning O.f ) . noun and
o character (in Noun; phrase (in Cantonese) )
Character # description : phrase (in
English) .
English)
Shijiis a
si2 | Mid-Rising history historical work
‘ ' t written by
Sima Qian.

Please read this syllable aloud. Spelalarly, and only say ibnce Then press the space bar to

continue.
9

Chinese Tone Tone Meaning O.f Noun; phrase (in Meaning of noun and
e character (in ) .
Character # description . Cantonese) phrase ( in English)
English)
t to ban alcohol.

Please read this syllable aloud. Spebdarly, and only say ibnce Then press the space bar to

continue.
9
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Chinese Tone Tone Meaning of characterf Noun; phrase (in Meaning of noun ash
Character # description (in English) Cantonese) phrase (.in English)

Please read this syllable aloud. Spelalarly, and only say ibnce Then press the space bar to

continue.
, 9
Chinese Tone Tone Meanmgof Noun; phrase (in Meaning of noun and
. character (in : .
Character # description : Cantonese) phrase (in English)
English)
si5 Low-Level market . | major in marketing.

Please read this syllable aloud. Spelalarly, and only say ibnce Then press the space bar to

coninue.
, 9
Chinese Tone Tone Meaning O.f ] . Meaning of noun and
. character (in Noun; phrase (in Cantonese : .
Character # description . phrase (in English)
English)
] ) ] Television is
si6 | Mid-Falling To watch undergoing a
revolution.

Great job! Press space to continue.

9

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

Sometimes, you will be asked to produce meaningless syllablesvgrass).

L

L

In the chart for noswords,yod | | s ee a

L

s--e- ) undesmost of thd readimgs.s  (

For instance, the syllable produced with the higlevel tone is not a meaningful word in

Cantonese:

ki
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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 samélease read the syllable aloud. Speak as clearly as possible, and only
say it ONCE

9

For this examle, you would say the syllablé spoken with the highevel tone.
Ki,

Again, you can have as much time as you need to think about the syllable before you say it.

L

When youodre finished s daionogtinuehe syl |l abl e, hit

9

Got it? Letds try a few exampl es.
L
When youodre ready for the first example, hit
9
Chinese Tone Tone Meaning (in Example sentence (in English
Character # description English) Chinese) translation

ki2 Mid-Rising

Please read this syllable aloud. Spelalarly, and only say ibnce Then press the space bar to

continue.
9

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

Please read this syllable aloud. Spelalarly, and only say ibnce Then press the space bar to

continue.
9
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Chinese Tone Tone Meaning (in Example sentence (in English
Character # descriptbn English) Chinese) translation
- ki4 Low-Rising market -

Please read this syllable aloud. Spelalarly, and only say ibnce Then press the space bar to

continue.
9

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

- ki5 Low-Rising -

Please read this syllable aloud. Spelalarly, and only say ibnce Then press the space bar to

continue.
9

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

ki6 Low-Rising

Great job! Press space to continue.
9

So, your job is simply to read @asyllable aloud, just once, as clearly as possible.
9

After you read a number of them, the computer program will stop.
9

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.
9

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

one in English.
9

You will be given several breaks throughout this recording session.
9

Please take a break, and let the experimenter know that the program has stopped.
9
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Please read the following passage aloud.
9

When youor easeflet theiesparienenter kpow.e

9

Youbre all finished!



APPENDIX D: CALCULATIONS OF CANTONESE, MANDARIN, AND YORUBAlT7C9)NE

SPACE SIZES AT ONSET, MIDPOINT, AND OFFGLIDE FOR SECTION 4.4
Tables D1, D2, and D3 summarize theneSpaceanalysisresults at onset, midpoint, and
of fglide, respectively. I n each table, the ¢
refers to the estimated difference between the top and bottom tones for Cantonese. The size of
the tone space is the absolustue of this number, rounded to the nearest whole semitone. The
value in the cell wunder the AEsto column and
to the Cantonese estimate that is required to estimate the Mandarin tone space. Likewise, the

value in the cell under the AEstOo column and

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. ToneSpaceOnsetsults for Cantonese vs. Mandarin and Yoruba

For the purposes of ap{spacesizemrsaectiionfys, exdmiatibna n g u a g
of crosslanguage tone dispersion, the tespace 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 t@pace at onset is approximately 6 ST wide (the absolute value

of the number in the cell under the AEsto col
whole semitone). The Mandarin tone space at onset is approximately 8 STonb8et(£2.95)

=-8.48, rounded down t@ ST, the absolute value of which is 8 ST). The Yoruba tone space at



onset is approximately 3 ST wid& (63 + 2.07 =3.46, rounded down t8 ST, the absolute
value of which is 3 ST). It is also important to note that the &ilbéToneSpaceOnsetsults

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
LangugeM:ToneB| -1.33 | 0.221| -5.990 | 0.0001
LanguageY:ToneB| 1.95 | 0.223| 8.750 0.0001

Table D2. ToneSpaceMidpointesults for Cantonese vs. Mandarin and Yoruba

The data in Table D2 indicates that the Cantonese tone space at midpoint is approximately 8 ST

wide(t he absolute

v al

ue

of

t

he

number
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n

t

he

c

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 t® ST, the absolutealue of which is 9 ST).

The Yoruba tone space at onset is approximately 6 ST vads3(+ 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 ToneSpaceMidpointsults sbwed that the Cantonese, Mandarin, and Yoruba tone spaces

are indeed significantly different in size at midpoint.

e
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ToneSpaceOffglide:
Cantonese vs. Mandarin and Yoruba

Est | St.E 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. ToneSpaceOffglideesults 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 ofthemub er i n the cell under the AEsto col
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 t® ST, the absolute value of which is 6 ST).
TheYoruba tone space at onset is approximately 7 ST wide4 + ¢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 apprgxnsfevide.

However, the full set of oneSpaceOffglidesults showed that the Cantonese, Mandarin, and

Yoruba tone spaces are narsficantly different in size at offglide. | therefore assume for the
purposes of estimating tone space sizes in se
equal the average size of the three spaces: 7 ST wide ((7 + 6 + 7)/3 = 6.66 ST, uvpuodéd

sT).
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