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This dissertation establishes that phonological consdnagtinteraction occurs in a non
local configuration in Thai, in contrast to current theories where this interaction is only
thought to occur locally. A phonological account posits that in bimarasbecked

syllables, tones associated with the second mora, and not the first mora, interact with
onset consonants in Thai. This is implemented via an Optiriagtyretic markedness
constraint, *[+CG][H]u2. Evidence for this position comes from a quatitie lexical

gap study and a pair of judgment experiments, which show that both rising tone and high
tone are ungrammatical in unchecked syllables with laryngealized obstruent onsets. In
Thai, these tones share a common Hate target at the end of thgllable. These facts
suggest the presence of a phonological constraint violated bytonsetequences,

where the tone on the second mora is referenced, despite the fact that it is the more



distant of the two. This constraint is grounded since it is plogically less marked for
tones to be realized late in syllab®the second mora is treated as the OheadO mora of
the syllable in Thai.

This phonological analysis is supported via evidence from an acoustic study of
voiced and unaspirated obstruent asse Thai. It is discovered that these obstruents are
articulated with laryngeal constriction, and that they form a natural class under the feature
[+constricted glottis] A second important contribution of the acoustic study was]that [
onsets are phorieally distinct (they raise FO and spectral tilt), even though they are part
of the same phonological [+constricted glottis] class.

Two judgment experiments confirm the psychological reality of the constraint
*[+CG]-[H]u2 among native Thai words. Howevé#nree of four onsetone sequences
that violate this constraint are considered grammatical under interpretation as English
loans. This result is consistent with findings in other languages, where loan strata are
more permissive than native strata. In &ddj participants exhibited preferences for
[+constricted glottis] onsets and low tone that cannot be explained via language
experience. Therefore, it is argued that the relative ranking of markedness constraints can
distinguish between grammatical fornasfinding that replicates previous experiments in

English and Hebrew.
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Chapter 1 - Introduction

Locality is a muckdiscussed topic in phonological phenomena involving relations
between segments such as vowel harmony and consonant harmonyl@&oBakovi!
2000; Hansson 2001; Rose & Walker 2004; Nevins 2010); however research on
consonantone interaction has relatively little discussion on the nature of locality. The
major theoretical finding of this dissertatimthatconsonantone interation in Tha
occurs nodocally. This differs fromprevious accounts of consondahe interaction,
where it was assumed to be strictly local (Bradshaw 1998; Lee 2008; Tarjg X168
dissertation offers experimental evidence that supports a phonolagatgsis where
onset consonants in Thai interact with tones on the second mora, at the right edge of the
syllable,but not with tones othe first morathis constitutea nonlocal interaction.

Previous accounts of consondonhe interaction in Thai (Rungjaroon 2006; Lee
2008) focused on a lexical gafnerehigh toneis unattestedbllowing voiced and
unaspirated onset consonants. However, this dissertation offers evidence that, in addition
to high tone, rising tone is also ungrammatical following viiaed unaspirated onset
consonants, as confirmed via the presence of a lexical gap (Chapter 2) and via a judgment
experiment (Chapter 4). This finding has important implications for a phonological
analysis of ThaiNotably, high and rising tone share a&l&ttone target, a fact that sets
them apart from falling tone, which has an eariyoHe target. fie fact that falling tone
(HL) can occur following [+CG] onseta Thai, but that high (assumed to bmia-high
sequence, following MorZn & Zsiga 2006) arsging tone (LH) cannot, requires a Aon

local interaction between onsets and tones. This situation is illustratBdoelgw.



(1) Locality in Consonantone Interaction in Thai Unchecked Syllables

a. Falling Tone b. High Tone E c. Rising Tone
1
H L H o L H
o | o
H H H Lo IT IT
I I I |
Crce V \% Crce V \% E Crce V \Y
Grammatical Ungrammatical

As mentioned,he two ungrammatical sequences share a comimamepic characteristic:
They both havéate H-tone targets. On the other hand, the falioge sequence involves
an early Htone target. This is an apparent contradiction uadeassumption where
moraic locality determines which tone will interagth thatconsonantas is assumed in
previous theoretical accounts of consoranie interaction (Bradshaw 1999; Lee 2008;
Tang 2008)

In order to solve this apparent contradiction, a phonological constraint is posited,
*[+CG]-[H]u2, that explicitly bans H autegments associated to the second mora in a
syllable with a voiced or unaspirated onset consonant. This constraint is motivated by a
crosslinguistic tendency for pitch targets to be realized late in syllables (Cutler & Chen
1997; Xu 1999, 2004). As suchgtsecond mora is treated as the Ohead toneO of the
syllable, with the incompatibility between [+CG] onsets antbik involving only the
second mora, and not the first mora.

The phonological analysis was supported by evidence from a quantitative lecal g

study (Chapter 2),raacoustic study (Chapter,&nd a pair of judgment experiments



(Chapter 4). The acoustic stuslyowed that voiceless and voiced obstruents in Thai are
both produced with laryngeal constriction, suggesting they form a naturalTdh@stact

that FO and spectral tilt are significantly lower following voiced and voiceless obstruents
implies that they are both [+constricted glottis]. Previous accounts (Ruangjaroon 2006;
Lee 2008) assumed that consoriame interaction in Thai involveke featurefspread
glottis] in onset consonants. Lee (2008) notes thatwWhald have beethe only

language in his crodmguistic survey that involve®kpread glottis]. The acoustic results
here suggest instead that Thai fits into an alreadyneptiesented group of languages
where [+CG] is incompatible with H tone.

A second contribution of the acoustic study concerns the nature of laryngeal
constrictions in Thai and a mismatch between the phonetic facts and the phonological
facts. While the laryrgplized [+CG] obstruents involve lowered FO and spectral'flt, [
actually involves raised FO and spectral tilt. This phonetic finding is unexpected given
that '] and the laryngealized obstruearg both incompatibleith H tone. This
mismatch implieshat the feature [+CG], which includes bothdnd the laryngealized
obstruents, is abstracting across different physiological configurations of laryngeal
constriction. Thus, while the physical complexity of the larynx allows for a rather large
number of ontrasts to be made in language (see Esling & Harris 2005 and Edmondson &
Esling 2006), languages do not necessarily make use of this potential for cémtrast.
Thai, we see two distinctive phonetic classes of laryngeal constriction lumped together
under asingle phonological feature value, [+CG].

Finally, thejudgment experimenis Chapter £onfirm that the onsebne lexical

gaps are grammaticalized in Th@heseexperiments make two notable contributions.



First, there is evidence that Thai speakeve dlifferent judgments depending on whether
the same stimuli are treated as English loarasoative Thai words. Three of four onset
tone sequences that are ungrammatical under a native Thai interpreatation are found to be
grammatical under a loan integpation. This result is in accordance with findings from
many other languages, including Japanese (Ito & Mester 1995, 1999, 2001), where
phonological constraints are relativized to separate lexical strata fewtwas and
native wordsThe crosdinguistic tendency fofoan strata to be more permissive than
native strata is true for Thai as well.

Second, preferences among grammatical etaset sequences were discovered. Thai
speakers exhibited a preferenceléw-tonestimuli with [+CG] (unaspirated anwvoiced)
onset consonants/erlow-tonestimuli with aspirated obstruent onset consonants.
Notably, both of these onsi&ine sequences are grammatical in Thhis preference
accords with crosknguistic observations that there is an affinity between low tone and
both [+voice] and [+CG] consonants (Bradshaw 1998; Lee 2008; Tang 2008).
Preferences in judgments between pairs of grammatical stimuli have bedadépar
wide range of languages, including English (Coetzee 2008, 2009) and Hebrew (Berent &
Shimron 1997). The judgment experiment here adds Thai to this list of languages,
lendingfurther evidence that grammamnd specifically markednegsdays a rolen
language, beyond simply separating the grammatical from the ungrammatical.

The dissertation is structured as follows. Chapter 1 has introduced the topic and main
contributions of this dissertation. Chapter 2 introduces the data, providing a detailed
compus and dictionary study of the lexical gaps involving consetuena interaction. It

closes with evidence from morpiptonological alternations, of which there is only a



small amount. Chapter 3 presents an acoustic investigation oftonsehteractiornn

Thai that establistsa phonetic explanation for the ongete interaction. Chapter 4
presents two judgment experiments that confirm the psychological reality oftonset
sequence restrictions among Thai speakers. Together, Chapters 2, 3, andudeconst
evidence that onsé¢bne interaction is synchronically active in the Thai grammar, and not
merely a historical relic. Chapter 5 presents an Optimality-theoretic account of
consonantone interaction, taking MorZn & ZsigaOs (2006) account as agsfiit. In
addition, a tasispecific weighteetonstraint model is offered to explain some of the more
subtle findings in the judgment experiment that cannot be explained by a categorical

grammar. Chapter 6 is the conclusion.



Chapter 2 — Consonant — Tone Interaction in Thai: An Overview of the Facts

2.1 Introduction

This chapter offers a detailed study of an empirical generalization where certain
consonantone combinations are ungrammatical in Thai. The primary peales based
on a lexical gap. A quantitative look at the nature and extent of this gap reveals that it is
more complex than what has been reported. Three particular aspects of the quantitative
study are highlighted. First, while previous literature hastioeed that only high tone is
unattested following unaspirated and voiced stop oii€etsdourl974a, 1974;
Tumtavitikul 1992,1993;MorZn & Zsiga2006 Lee2008) rising tone is similarly
sparsely attested. Second, loans and onomatopoeia appear itoteomsteptions to the
restriction of high tone following unaspirated and voiced stop oh3étid, it is
discovered that [hdliffers from unaspirated and voiced stapshat it can occur with
high and falling tone in checked syllables, a fact thdediffrom RuangjaroonOs (2006)
descriptionFourth there are a fairly large number of exceptional native Thai words that
violate the onsddhigh tone restrictions. On the other hand, the restrictions where mid
and rising tone are unattested in syllablis obstruent codas have almost no exceptions
at all. This contrast has not been observed before. These observations have a potentially
large impact on any phonological account of consetar interaction in Thai.
Likewise, since the generalization @if6 depending on whether a word is native Thai or
a loan word, an approach to Thai phonology that is sensitive to different lexical strata is
appropriate. Ito & Mester (1995, 1999, 2001) note similar stratified phonologies in

Japanese, Jamaican Creole, @sdman the findings of this chapter thus add Thai to this

! While this fact is noted by Ruangjaroord(®), her phonological account ignores these exceptions



list. In addition to lexical frequency, evidence from morpih@nolaical alternations is
presentedsuggestinghatconsonantone lexical gaps are actually encoded in the Thai
grammar.

The chager is organized as follows. Sectidr2 summarizes the empirical
generalization as it has been stated in the literature. S@c3ioffers a detailed
quantitative study of the consondanhe lexical gaps in Thai, suggesting the facts are
more complex than they are reported to be. Seétfollows with a presentation of
morphephonological alterr#ons to assess whether or not the consetwar lexical

gaps are part of Thai speakersO grammars. S2@&isrthe conclusion.

2.2 Consonamn{Tone InteractionThe Empirical Generalizain

Thai hadive contrastive tonegdigh, mid, low, rising, and falling (Abramson 1962,
1975, 1978; Gandour981, 1983)0f these, only mid is phonetically level; high tone
actually rises from mid to high and low tone actually falls from mid to lowZnl&
Zsiga2006:131133, fig. 4 & 5). here are twentpneconsonants that can occur in onset
positionas shown imMablel below; however only unaspirated stops, nasals and glides
can occur in coda position (shown in boidrablel). Labial and alveolar stops have a
threeway contrast between voiceless aspirated, voiceless unaspirated and voiced stops,
while palatal affricates and velar stops have awag contrast between voiceless
asprated and voiceless unaspirated versions.

Onset clusters are attested with a stop (but not an affricate) as the first member and
one of [r], [I] or [w] as the second member. Not all possible combinations are attested

however: The velar stops can occuciuasters with all three sonorants. Voiceless bilabial



stops [p"] and [p] can occur in clusters preceding [r] and [I], but not [w]. The only
attested cluster involving alveolar stops is [tr]. The voiced stops [b] and [d] do not occur

in clusters except irobn words.

Tabe 1
Consonant Inventory of Thai

Labial Alveolar | Palatal | Velar | Glottal

Stop p'pb |t'td k" k [
Nasal m n !
Trill r
Fricative f S h
Glide w j
Lateral I
Approximan

Turning now to the focus of this dissertation, consotam interaction, ot all
possible combinations of onset and tonecéaemed to be possible within the same
syllable, as shown ifiable2 below (Ruangjaroon 2006). The exact nature of the reported
restriction seen in Thai depends on which of two classes the syllable belongsatedo
OuncheckedO syllables refer to those with no coda or witlormsbcoda (including
CV$, CV$N and CVN, where N stands for any sonorant coda, here and elsewhere). So
called OcheckedO syllables refer to those with an obstruent coda (including CV$T and
CVT, where T stands for any unaspirated obstruent). High tonendbescur in
uncheckedyllableswith voicedstop onsets or with voiceless unaspirated stop onsets
(Gandourl974g; Tumtavitikul 1992,1993;MorZn & Zsiga, 2006Ruangjaroon 2006;
Lee2008).The affricate[t#] patterns with the unaspirated stops, and sa¢ktriction is
more correctly viewed as one involvingcpntinuant] segments, assuming affricates are

[Bcontinuant], following Jakobson et al. (1952). The oi@eé restrictions apply with



onset clusters, based on the first member of the clusters i ivoiceless unaspirated
stop, then high tone is unattested immediately following it. Ruangjaroon (2006) notes
additionally that high tone is unattested in unchecked syllabled fdgthh in onset
position.Elsewhere, the full fivevay tonal contrast iseen in unchecked syllables; this
includes syllables withamorantonsets, fricative onsets, aspirated stop and aspirated
affricate onsets.

According to Ruangjaroon (2006), in checked syllables, tonal contrasts are restricted
to a greater degree. Onlywdone occurs in checkexyllableswith voicedstop onsets,
voiceless unaspirated onsetgh]. In checked syllables with all other onsets, a-tvay
tonal contrast is seen. If the syllable contains a long vowel, falling and low tone are
attested; if thesyllable contains a short vowel, high and low tone are attested. This

distribution of consonastbne combinations is summarizedTiable2 below.

Tabe 2
Consonanilone Restrictions in Th&Ruangjaroon, 2005

Onset Mid Tone | Low Tone| Falling Tone| High Tone| Rising Tone
Celse Attested | Attested Attested Attested Attested
©
O]
S h Attested | Attested | Attested | Unattesteq Attested
(O]
ey
Q T Attested | Attested | Attested | Unattesteq Attested
D
D Attested | Attested Attested | Unattested Attested
o I Cese& long V || Unattesteg Attested Attested | Unattesteq Unattested
2 | Cuse& short V| Unattesteg Attested | Unattested | Attested | Unattested
3 h Unattesteq Attested | Unattested | Unattested Unattested
6 T Unattesteq Attested | Unattested | Unattested Unattested
D Unattesteq Attested | Unattested | Unattested Unattested

Z[1]is just another voiceless unaspirated obstruent, and is treated as such here and elsewhere.

% Here and throughout, OTO refers to any voiceless unaspirated stop or affricate (notably all obstruent codas
are voiceless unaspirated stops due to neutralization in codas). ODO refers to any voizied séders to
itself. OGO refers to all othepnsonants other than these. ONO refers to the class of sonorant consonants.



The status of in Thai warrants some discussidbramson (1962) differs from
Ruangjaroon (2006) in his treatment!einitial words. While Abramson assumes these
syllables are all onsetless, Ruangjaroon assumes the presencensea There is both
phonological and phonetic evidence that suggest thanaet is present in these
syllables on the surface: First, higine does not occur in these syllables, as is the case
for syllables with unaspirated stop onsets, a class to whielongs, suggesting that a
is present. Second, there is a sharp release burst at the onset of these syllables, as
illustrated by the sptrogram inFigurel below, and there is a pitglaising effect seen in
the beginning of a following vowel (discussed in detailChapter3). These facts
together suggest the presence bfoaset that patterns with theigeless unaspirated

stops.
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I can also occur as a coda in Thai, but only with short vowels.sgNables were
treated as open CV syllables by Abramson (1962) even though most accounts note the
presence of a glottal stopda in these syllables (Ganddi®74s; MorZn & Zsiga2006).

MorZn & Zsiga (2006) argue that there is a glottal stop, but that it is epenthetic, filling a



requirement for Thai syllables to be bimoraic. They note that itshiison is

predictable, and that its interaction with weight and tone only depends on markedness
considerations. Notably,«s/! syllables can occur with low or high tone, just like
CeiseVT syllables.It is assumd that! is present on the surface hereking no

assumptions about its underlying status.

This section has presented the empirical facts for Thai constreninteraction as
reported by Ruangjaroon (2006). However, beyond the representational issues discussed
here, there is the issue of thepental facts that the accounts are attempting to explain in
the first place: They assume a clear distinction in grammaticality among certain
consonantone combinations. The remainder of this chapter critically assesses this
assumption on two fronts. Sewt 2.3 presents a detailed investigation of the extent of the
lexical gaps reported by Ruangjaroon. SecBidn meanwhile, investigates evidence
involving morphephonologicaklternations in Thai. The evidence is consistent with
many of the generalizations reported above; however there are also many observations
that cast some doubt on the accuracy of the generalizations, particularly in the extent and
nature of the lexical gapanvolving onsetone combinations. The main focus of this
dissertation is to try to piece together a clearer picture of the empirical generalizations for
the onsetone restrictions via a production studih@pter3) and a perceptual
experimental studyGhapterd). Once the evidence is clarified, this will allow the
construction of a correct phonological account of consetuana interaction in Thai

(Chaptenb).



2.3 Evidence from Lexical Frequency

The previous sections offd a description of the empirical facts of consottané
interaction in Thai. However, the next two sections assess the evidence that these
accounts are based on, which turns out to be more complex than it is reported to be.
Ruangjaroon (2006:366) listed a subset of the monosyllabic words in Thai to show that
there are lexical gaps corresponding to the ungrammatical condgonardombinations.
This section offers a quantitative approach using an online Thai dictionary (Slayden
2013) and a written Thaorpus(Kasuriya et al2003). This quantitative approach
improves upon previous characterizations in three ways: First, it is discovered that rising
tone, in addition to high tone, appears to be uneresented in unchecked syllables
with voiceless ungmrated and voiced onsets. Second, a more detailed treatment of type
frequencies in different lexical classes is offered, confirming RuangjaroonOs observation
that loans and onomatopoeia are exceptional in that some of the cortsoleant
restrictions arealaxed in these classes. Third, a finer distinction is made between
consonantone combinations that are completely unattested, containing almost no lexical
exceptions, and those that arederrepresentedcontaining a relatively larger number of
lexical exceptions. Namely, while the restrictions involving mid and rising tone have few,
if any exceptions, high and falling tone restrictions have a relatively larger number of
lexical exceptions. In order to quantify the categories OattestedO; OpredaradO and

OunattestedO, the following definitians offered

* The exact percentages used in this definition are arbitrary.



(2a) Unattested: Tone X isunattestedn some syllable type, Y, if the number of
words with tone X in syllable type Y is less than 1% of the total number of words
with syllable type Y.

(2b) Under-represented: Tone X isunderrepresentedn some syllable type, Y, if the
number of words with tone X in syllable type Y is greater than 1% but less than
10% of the total number of words with stle type Y.

(2c) Attested: Tone X isattestedn some syllable type, Y, if the number of words
with tone X in syllable type Y is greater than or equal to 10% of the total number

of words with syllable type Y.

A separate gestion, addressed @hapterd, is whether these more subtle aspects of
the Thai lexicon are encoded in a speakerOs grammar, or whether speakers make more
sweeping generalizations.

Lexical type frequencies were calculated using an online Thai dictioBkyden
2013). This dictionary is fully supervised by a thpsrson editing team, at least one of
whom has linguistic training. One of the editors is a native Thai speaker; the remaining
two editors are fluent Thai speakers. All entries are echsskedwith at least two
independent sources. Wiatrms are available for the public to report errors; however,
these are checked for correctness prior to being implemented in the dictionary. Lexical
frequencies reported here are for the total number of monbledlthat are attested

words of Thai. An excel spreadsheet was populated with all 32pb%8ible

® There are 21 possible simple onsets and 17 possible complex onsets, for a total of 38 possible onsets.
There are 9nonophthongal vowels and 3 diphthongs, for a total of 12 distinct vowel qualities. There are 5
tones, 2 vowel lengths and 9 possible codas: 38 onsets * 12 vowels * 5 tones * 2 vowel lengths * 9 codas =
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monosyllables that can be built with the Thai inventory of segments, tone and vowel
length. The spreadsheet included a field encoding whether the monosyllable was an
attested word in Thai or not, to facilitate frequency calculations. The ontiti@ncry

was consulted between February 11 and 14, 2013 in order to fill in thestadud field

for each monosyllable.

In addition to the dictionary, type frequencies were calculated from the ORCHID
Thai text corpus (Kasuriya et @&003). The ORCHID arpus is a text corpus taken from
Thai technical and scientific journals; it is not necessarily representative of common
speech then. The corpus contains approximately 400,000 words all in Thai orthography.
It wastranslated into IPA via a Ruby script,onder to allow lexical analysis based on
phonemic distinctions. Thai orthography correlates closely to phonetic pronunciation, so
that this translation is feasible for monosyllabic words. In multisyllabic words that
contain VCCV sequences, it is not getigraredictable whether the first C is a coda or
part of an onset cluster. By limiting the study to monosyllables, this ambiguity is not an
issue.

Since the interest here is in checking the extent of a phonological gap, the primary
concern is whether ayg@n phonological form is attested or not. As a result, only a single
monosyllable is counted when there are a number of synonyms of a given phonological
shape, rather than one for each distinct lexical item. For example, the noun OshackO and
the verb OtditashO are both pronounced as! [plut this is counted only once.
Monosyllables with onset clusters are included as well, with the initial member of the

cluster determining the syllabtgpe.

41,040 possible monosyllables. However, glide codaarowith a restricted subset of vowels, resulting in
a total of 32,110 total possible monosyllables.
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Tables3 and4 below list the number of attested monosyllabic words, classified by
syllable type and tone in the dictionary search and the corpus, respedtheshaded
cells indicate combinations of syllabigpe and tone that are reportedumattested in
Thai by Ruangjaroon (2006yor a given celin the tables below, two values are listed:
On the left, the raw type frequency from the search is listed; on the right, the proportion
among all words of syllable type Y that have tone X is g To give an example, for
the topleft cell in Table3, there are 628nchecked syllable words withGaiseonset and
with mid tone O 1840 totalsc.unchecked syllable/ords, which equals 34.1%. This
percentage isftered as an indicator of the extent of a lexical gap, and is superior to the

raw type frequencies since the syllable classes are not always of equal size.

Tabe 3

Lexical Type Frequency for Thai Monosyllabic Words in Bietionary
Onset Mid Tone Low Tone | Falling Tone| High Tone | Rising Ton |Total
3 Ceise 628 | 34.1% | 184 | 10.0% | 400 | 21.7%| 278 | 15.1%| 350 | 19.0%}Q| 1840
§ h 21| 17.1%| 19| 15.4%| 29| 236%| 11| 8.9%| 43| 35.0%) 123
é T 292 | 43.5%| 142 | 21.2%| 156 | 23.2%| 29| 4.3%| 52| 7.7%}| 671
- D 79| 42.7%| 40| 21.6%| 51| 27.6% 7| 3.8% 8| 4.3%j)| 185
Case& Long V 0| 0.0% | 131 | 33.8%]| 233 | 60.1%| 24| 6.2% 0| 0.0%})| 388
B I Ceise& Short V 2| 05%| 131 )| 31.9%| 16| 3.9%]| 261 | 63.5% 1| 0.2%}| 411
S h&LongV 0| 0.0%| 16| 61.5% 9 | 34.6% 1| 3.8% 0| 0.0% 26
2 h & Short V 0| 0.0%| 16| 53.2% 1| 33%| 13| 43.3% 0| 0.0% 30
© T 0| 0.0%| 247 | 74.6%| 10| 3.0%| 71| 21.5% 3| 0.9%)| 331
D 0| 0.0%| 78| 80.4% 2| 21%| 17| 17.5% 0| 0.0% 97




Tabe 4
Lexical Type Frequency for Thai Monosyllabic Words in the ORCHID Corpus

3 Ceise 176 | 35.3%| 43 8.6% | 114 | 22.9%| 77 | 15.5%| 88 | 17.7%j| 498
§ h 2| 80| 3| 12.0% 7128.00) 1| 400 | 12| 48.0% 25
é T 84| 545%| 34| 22.1%| 32| 20.8%| 1| 0.6%| 3| 1.9%) 154
> D 26 | 56.5%| 13| 28.3% 71152%) 0| 0.0%| 0| 0.0% 46
Case& Long V 0| 0.0%| 32| 29.6%| 72|66.7%| 4| 3.7%| 0| 0.0%}] 108

B 1 Ceise& Short V 0| 0.0%| 41| 34.2% 0| 0.0%] 79| 65.8%| 0| 0.0%}] 120
S h & Long V 0| 0.0%| 3| 60.0% 2]140.0%) 0| 0.0%| 0| 0.0% 5
2 h & Short V 0| 0.0%| 2]|100.0%| O| 0.0%) 0| 0.0%| 0| 0.0% 2
© T 0| 0.0%| 70| 93.N 1] 13%| 4| 53%] 0| 0.0% 75
D 0| 0.0%| 26| 100.0%| O] 0.0%] 0| 0.0%| 0| 0.0% 26

Tables3 and4 highlight two important findings. First, rising tone is relatively urder
represented in unchecked syllables with unaspirated (T) and voiced (D) onsets. While
there are 52 Ounchecke® words with rising tone in the dictionary, this accounts for
only 7.7%of the OuncheckeBOwords in Thai. This percentage is much lower than other
attested combinations, and is more similar to the percentage for high tone in those
syllable types. Additionally, there are only 8 Ounche@®dwvords with rising tone,
accountingor only 4.3% of all Ounchecké&D words. The corpus frequencies are even
lower at 1.9% and 0%, respectively. These results suggest that not only high tone, but
also rising tone is restricted in unchecked syllables with voiced and unaspirated onsets.

Sewond, there are a large number of words that violate the variousdrighiand to a
lesser extent, falling tone) restrictioht the dictionary, there are 148 Thai words that
violate various highione restrictions and 28 that violate fallitane restritons.

However, there are only 2 that violate ri@he restrictions, and only 4 that violate rising

tone restrictions in the dictionary, and exception$o the mid and rising tone

® All native Thai words that violate the various consorank restrictions are listed in Appendix
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restrictionsn the corpus. Therefore, the extent of a given lexical gajley depending on
the tone involved in the gap.

Third, the lexical statistics for [h] suggest a different distribution than the one
suggested by Ruangjaroon (2006é)unchecked syllables, there are significantly fewer h
initial words with high tone congred to the other four tones. This latter result is in
agreement with Ruangjaroon (2006): high tone is restricted following [h] onsets. Finally,
the risingtone restriction that applies to unaspirated and voiced obsinigaltwords,
doesnOt apply teihitial words. In fact, rising tone is the most common tone following
an [h] onset in unchecked syllabl&és.checked syllables, [h] appears to pattern wigh,C
rather than T or D. In words with a long vowel, there are 9 fattamg words, but only a
single hightone word. In words with a short vowel, there are no faftorge words, but 8
high-tone wordsThese facts suggest that the only behavior separating [h] from other
fricatives is a gap with high tone in unchecked syllables. Otherwiséavbdike any
other fricative.

Prior to examining the lexical distribution shownTiable2 any further, it is
important to note that loan words and onomatopoeia do not adhere to the cetmumant
restrictions mvolving high tone (Ruangjaroo2006). As a result, the distribution in
Tables3 and4 may not accurately portray some of the more subtle distributional facts
concerning consonaibne interactionFortunately, entries in SlaydenOs (2013)
dictionary include information on onomatopoeic and loan status. babédudes counts
for monosyllables that are listed as English loans (shading reflects lexical gaps reported

in previous account$)Likewise, Table6 lists counts for onomatopoeia. Due to the

"English loans far outnumber loans from other languages in SlaydenOs dictionary. Chinese, Sanskrit and
Pali loans are fairly common as well, but are not included here.



relatively small number of onomatopoeia, loan wasthe focus dhe discussion
below. Nevertheless, it is still apparent that highet indeed attested in onomatopoeia

in checked syllables, while it is not reported to occur in these syllable types in native Thai

words.
Tabe5
Lexical Type Frequency for Monosyllabic English Loan Words

Onset Mid Tone Low Tone | Falling Tone| High Tone | Rising Ton |Total
3 Ceise 151| 93.2%| 1| 0.6%| 3 1.9%| 7 43%| 0| 0.0%]| 162
§ h 11| 91.7%| 0| 0.0%| O 0.0%| 1 8.3%| 0| 0.0% 12
é T 56 | 87.5%| 0| 0.0%| 2 3.1%| 6 9.4%| 0| 0.0% 64
> D 33|825%| 0| 0.0%| 3 7.5%]| 3 75%| 1| 2.5% 40
Ceise& LoOng V 0| 0.0%| 5| 6.3%|58| 73.4%| 16| 20.3%| 0| 0.0% 79
3 1 Ceise& Short V 2| 29%| 3| 44%]| O 0.0%| 63| 92.6%| 0| 0.0% 68
S h&LongV 0| 0.0%| O| 0.0%| 4] 100.0%| O 0.0%| 0| 0.0% 4
2 h & Short V 0| 00%| O] 0.0%| O 0.0%| 3] 100.0%| 0| 0.0% 3
© T 0| 0.0%| 18| 48.6% | 2 5.4%| 17 | 46.0%| 0| 0.0% 37
D 0| 0.0%|21)|67.7%| 1 3.2%| 9| 29.0%| 0| 0.0% 31

Tabe 6

Lexical Type Frequency for Thai Monosyllabic Onomatopoeia

Onset Mid Tone | Low Tone | Falling Tone| High Tone | Rising Tong |Total

3 Cese 5] 227%| 4| 182m) 5| 227%| 3]136%] 5| 227%) 22
B h 3|30.0%| 1| 10.0%| 3| 30.0%| 2]20.0%| 1| 100%] 10
S T 4]250%| 1| 62%| 4| 250%| 1| 6.2%) 6| 37.5%|[ 16
> D 0| 0.0%w| o o00%| 1| 500%| 0] 0.0%| 1| s0.0%|f 2
Cuse& Long V |0 0.0%] 3| 50.0%| 1| 16.7%| 2]33.3%| 0| 0.0%|[ 6

o | Ca& Short V][0 | 0.0%| 5| 55.6%[ 1| 11.1%| 3|33.3%| 0| 0.0%| 9
< I h&tongv J[0] 00%| 0| 0.0%| 1| 100.0%| 0| 0.0%| 0| o0.0%| 1
2 I heshotv J[o] 00%| 2[100.0%| 0] 0.0%| 0| 00%| 0| o0.0%| 2
© T 0] 0.0%) 12| 42.96| 3| 10.7%]| 12| 42.9%| 1| 3.6%|| 28
D 0] 0.0%| 6] 50.0%]| 0| 0.0%]| 6]50.0%] 0] 0.0%|| 12

The proportions of words that violate higgne restrictions are larger in loans and
onomatopoeia than they are generally in Thai. This indicates that a large proportion of the

high-tone exceptions imable3 are from English loans and onomatopoeia. On the other
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hand, the restrictions on mid, falling and rising tone are obeyed in loans, with almost no
exceptions. There afel English loan words that violate various higgime estrictions,
but only 2 that violate milone restrictions, only that violate fallingtone restrictions,
and none that violate risifigne restrictionsThe checked syllable restrictions on mid,
falling, and rising tone hold in loan words then. Howewerdata infable5 imply that
there arenorestrictions on high tone in English loan words, as high tone is attested in
every syllable class. Whileigh toneis undesrepresented in unchecked syllable loan
words, it is stl the second most frequently attested tone. This is true even for voiced and
unaspirated onsets.

There is also a more subtle aspect to the loan word daiable5b. It is apparent that
for each syllable class, thesea tendency to have a dominant OdefaultO tone. In
unchecked syllables, mid tone is overwhelmingly dominant (cf. Kenstowicz & Suchato
2006, who made the same observation for English loan words; these authors did not
inspect loan distribution for onstinerestrictions, however). In checked syllables
meanwhile, falling tone is dominant ini&V$T words and high tone is dominant in
CeaiseVT words. The picture is less clear however when looking at checked syllables with
voiced and unaspirated onsets. In DWlables, low tone is slightly more prevalent but
in TVT syllables, low and high tone are almost evenly split. The predominance of mid
tone in loan words with unchecked syllabte®rshadowshe fact that loan words with
high tone actually outnumber allh&r tones, even with voiced and unaspirated onsets.
Thus, while the total frequency of high tone in OuncheBk@dnd Ouncheck&® words
is low, it is relatively high compared to low, rising and falling tone. This fact is unique to

English loan words.
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Since loan words and onomatopoeia are exceptional, the lexical statistics for the
dictionary are repeated with loans and onomatopoeia filtered dabie7 below. This
illustrates the lexical frequency statisticsetive Thai words. In addition to
onomatopoeia, words that are tagged in the dictionary as Ocolloquial®, OarchaicO,
OformalO, or OpoeticO are also refewvats to exclude any other potential lexical

stratum effects.

Tabe 7

Lexical Type Frequency for Monosyllabic Native Thai Words
Onset Mid Tone Low Tone | Falling Tone| High Tone | Rising Tone | Total
3 Celse 490 | 30.9% | 167 | 10.5% | 368 | 23.2% | 242 | 15.2%| 321 | 20.2%}| 1588
§ h 3| 3.8%| 15| 18.8%| 23| 28.8% 2| 20%| 37| 4629} 80
é T 242 | 43.5%| 134 | 24.1%| 138 | 24.8%| 13| 2.3%| 29| 5.2%}| 556
- D 53| 38.7%| 36| 26.3%| 43| 31.4% 0| 0.0% 5] 3.6%}| 137
Ceise& LONg V 0| 0.0%]| 121 | 39.8%| 178 | 58.6% 5| 1.6% 0| 0.0%]| 304
B I _Cese& Short V 0| 0.0%]| 115| 37.7%| 10| 3.3%]| 179]| 58.7% 1] 0.3%j]] 305
S h & Long V 0| 0.0%| 14| 82.4% 3| 17.6% 0| 0.0% 0| 0.0% 17
2 h & Short V 0| 0.0%| 12| 80.0% 0| 0.0% 3 | 20.0% 0| 0.0% 15
© T 0| 0.0%| 226 | 84.3%| 4| 1.5%| 37| 13.8% 1| 0.4%]| 268
D 0] 0.0%]| 57| 91.9% 1| 1.6% 4] 6.5% 0] 0.0% 62

There are two notable observatidhat are apparent ihable?. First, [h] is under
represented in the native Thai stratum pd#eg mid tone, in addition to high tone. This
observation concerning mid tone has not been made before in previous accounts. Second,
while the total number of higtone exceptions is reduced@d, there are still
significantly more exceptions than we seieh other tone$.High tone is even fully

attested (> 10%) in TV$T and TVT syllables, contrary to what is reported. Likewise,

8 Words listed as OloanO, OonomatopoeiaO, Ocolloquial®, OarchaicO, OformalBubtipadtizGad a
listing without one of these tags were retained, since they have at least one native use.

° Notably, 50 of these higtone exceptions occur following unaspirated stops; there are only 4 native Thai
words where high tone follows a voicetbp (none in unchecked syllables). While | treat voiced and
unaspirated stops together as undgresented, it is possible that there may be a grammatical distinction
between them based on these different type frequencies.
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while there are some words with rising tone following voiced or unaspirated onsets in
unchecked syllables in the native Thaiitex, this combination is significantly under
represented. The mid and rising tone restrictions have zero and two exceptions,
respectively. Whatever the grammatical status of the varioustdighrestrictions is,

there is a definite contrast with the naidd rising tone restrictions in the lexical gaps.
This contrasts describedy employing the terms OundepresentedO and OunattestedO,
as defined above ir2). Table8 summarizes the congions based on lexical frequency

statistics discussed above.

Tabe 8
Summary of ConsonafTione Restrictions in Thai by Lexical Stratum

Consonanffone Restrictio Native Thai Words| English Loan Words
Onset Tone
= h High Underrepresented| Underrepresented
g h Mid Underrepresented Attested
] T High Underrepresented| Underrepresented
S D High Unattested Underrepresented
5 T Rising Underrepresented Unattestet’
D Rising Underrepresented | Underrepresented
- All Mid & Rising Unattested Unattested
Q D High Underrepresented Attested
@ T High Attested Attested
5 D Falling Underrepresented| Underrepresented
T Falling Underrepresented| Underrepresented

An important observation concerns a difference between the status of lexical gaps
among unchecked syllables with high tone. While in native wordsintagpiratedhigh
andvoicedhigh combinations are significantly undegpresented in comparison to mid,

falling and low tones, in loan words, they are only underattested in comparison to mid

!9 Rising tone is unattested in all English loan words. This is not patitmuinchecked syllables then.

Y Thereis a single example with a voiced stop onset, resulting in the @epdeentedO status with
voiced onsets.
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tone. In fact, in English loans, high tone is more prevalent than mid, falling and low tones
in unchecked syllables with unaspirated and voiced onsets. This indicategattdrom
an apparent bias in borrowing English loans in unchecked syllables as mid tone, high
tone is acceptable.

Assuming for now that the Thai grammar is based on lexical type freddemey
expect that OattestedO combinations should correspoaditoagical combinations, and
that OunattestedO combinations should correspond to ungrammatical combinations. It is
less clear how OundepresentedO combinations should be treated. One possibility is that
gradient grammatical distinctions exist, and ggakers will judge the under
represented combinations as having an intermediate grammatithiéy would be
better than unattested combinations, but worse than attested combinations. Studies on
gradient grammaticality judgments date back to Greenbelgn&ins (1964), who first
discovered gradient preferences in English speakers. Coetzee (2008) provides evidence
on the OCPPlace in English that shows that speakers have preferences among
ungrammatical forms. Kirby & Yu (2007) found that ons®ie gapsn Cantonese were
judged more grammatical than accidental gaps but that words containing a banned
coronatback vowel sequence were dispreferred to accidental gaps. However, they also
found that nonwords that contained a banned -@GRI sequence were judfias no

different from accidental gaps. Therefore, while gradient grammaticality is a possibility

2 There is a large body of reseh that has shown that lexical frequency makes a unique contribution to
judgments apart from grammaticality (Newman et al., 1997; Coleman & Pierrehumbert, 1997; Vitevitch &
Luce, 1998, 1999; Bailey & Hahn, 2001; Frisch et al., 2000, Shademan, 2007). ¢fpherethe

possibility is entertained, merely for the sake of arguntbat,the grammar itself incorporates lexical
statistics to some extent. In Thai, if the only evidence a langleageer encounters is in the form of

lexical gaps, then any grammatigeneralization thus formed has at its root lexical frequency statistics of
some kind.
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for the OunderepresentedO combinations, it is not a given. The question of the relative
grammaticality is addressed \i@o judgment experimerin Chapter4.

A second possibility is that Thai speakers have begun to generalize high and falling
tone as being possible &l checked syllables in their grammar, regardless of onset or
vowel length. The extent of this generalization may even extend across tiigduoothat
high tone is grammatical in all syllable types. This hypothesis is likely if we view the
loan word data as indicative of the state of speakersO actual phonological grammars; the
relatively small number of lexical items with high tone in Ourl@®€O and
Ounchecke®O syllables may then be an accidental gap with a diachronic explanation.
Newly coined words, such as most English loan words for example, do not adhere to the
consonantone restrictions because these restrictions are no longes activodern
Thai, under this hypothesis. In this case, we would expect to find QepdesentedO
and OattestedO combinations as equally grammatical, since theepresented
combinations only reflect diachronic, and not synchronic processes.

This isin stark contrast to a theory where Thai speakers separate different classes of
words, like loans and onomatopoeia, treating them differently with respect to corsonant
tone interaction. This kind of lexical stratification has beegstet in Japanese (Ko
Mester1995 1999), English (Pierrehumbert 2006), JamaiCagole and German (Ito &
Mester2001). In Yorebt, English loanwords do not adhere to usual vowel harmony
restrictions that apply to words. Words in Yorebf do not contain adjacent vowelg whos
feature value for [advanced tongue root] ([ATR]) areedéht (Archangeli & Pulleyblank
1989 Perkins 2005). For example, [ekpo] ‘oil’ has two [+ATR] vowels and [%!] Osoupd

has two PATR] vowels. Yoreb} does not allow words in the native lexicéme i[eRp%
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or *[%-e] with one [+ATR] vowel and oneBATR] vowel. Exceptions are seen however
in English borrowings as shown i8) (below (Bamgbo!e 1967:273rchangeli &

Pulleyblank 198%82-183):

(3) English loanworaexceptions in Yorebt vowel harmony

(@  [f11] OphotoO

(b)  [tZI] OtailorO

(c) [bZbT Opaperd

(d)  [m!t] Omotor car®

Archangeli & Pulleyblank analyze the [ATR] feature as a-teeg¢l feature in native
Yorebt words, but as segmemievel feature in loans. However, another possibility, the
one explored here, is that loans in both Yoreb} and Thai occupy a separate lexical
stratum thathe phonology has access to.

Ito & Mester (2001) argue that lexical stratifications of éhges are best accounted
for by stratumspecific faithfulness, which interleaves among a fixed (langspgeific)
markedness constraint hierarchy. Under this hypothesis, the Yorebt and Thai facts may
be accounted for via a separation of the rele\aitiiftiiness constraints, specific to loan
and native lexical items. In Thai, the onsate restrictions involving high tone apply in
native words but not in loan words. However, the rising tone restrictions apply in both
native and loan words. This wouldply that in Thai, faithfulness to the loan stratum

must dominate a markedness constraint that is violated by sequences of voiced or
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unaspirated obstruents and high tone. However, faithfulness to the native stratum is
outranked by this markedness consiirap that these sequences do not occur in the

native lexicon. The following ranking scheme illustrates this situation in Thai:

(4) Ranking Scheme in Thai with Lexical Stratification of Loans

* Voiced StopPR Tone >> Faith (Laa) >> * Voiced Sto@PH Tone >> Faith (Native)

If a word is perceived as native Thai, speakers would judge the \bfigd
sequences as ungrammatical, since the markedness constraint *Voic&HSkope
outranks Faith (Native). However, if the wosdperceived as a loan word, void2digh
sequences are acceptable because Faith (Loan) outranks the markedness constraint,
*Voiced StopPH Tone. On the other hand, the markedness constraint involving rising
tone outranks both faithfulness constraints] sm voicedrising sequences are
ungrammatical regardless of whether the word is perceived as a loan or native word. In
Chapter4, this prediction is tested via a forced choice experiment where the task
instructions are varied in order to elicit loareinqretations in one version and native
interpretations in the other.

This section offered a detailed presentation of the lexical distribution of consonant
tone combinations in Thai. Phonological accounts have cited these lexical gaps as the
evidence for ghonological process. However, lexical gaps often have diachronic
explanations, and indeed there is such evidence for Thai that offers a diachronic

explanation fothe consonarione gaps (Diller 1996¢ip 2002). Whilethis dissertation
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doesnot refute tle presence of a diachronic explanation for the gap, it is an independent
guestion to ask whether this gap is also encoded in the synchronic system of Thai
speaker®this isonegoal of this dissertation. In the process of acquiring a language,
learners se only patterns in the data, and not lirstoricalsource of those patterns. One
source for evidence of a synchronic grammatical restriction is via mqiptiaological
alternations. The following section outlines some potential morphological environments

where alternations would be expected to occur.

24 Evidence From Alternations

In the previous section, we saw that orftsee combinations involving voiced or
unaspirated onsets with high and rising tone in unchecked gdlal® underepresented
in the Thai lexicon. This section explores evidence from alternations involving the high
tone restriction in unchecked syllables. Ruangjaroon (2006) presents two cases where we
would expect a morphphonological alternation to ocgunvolving onsethigh tone
interaction. The first case, summarized®ection2.4.1, involvesreduplication of an H
tone prefix; the second case, summarizeSdotion2.4.2, involves a Thai wordjame
that swaps syllable rimes in two members of a compound word. In intensifying
reduplication, outputs exist with voiced or unaspirated onsets preceding high tone;
however in the Thai word game, there is active avoidance of voiced or unaspirated onsets
preceding high tone. This section analyzes and assesses the evidence for the

grammaticality of the ons@bne restrictions involving high tone in unchecked syllables.



24.1 Intensifying Reduplication

Ruangjaroon (2006) investigates reduplication as a potential site where one would
expect to see an alternation occur. This reduplication involves copyiegtihe base as
an intensifying prefix, but with a fixed high tone on the prefix, as shows) inglow

(Ruangjaroor2006:32, ex. 42).

(5) Intensifying Reduplication in Thai

a. br' al Obored®

bl alld' at*  Overy boredO

b. d’k Oproductive, fruitful®
dokdok Overy productive, fruitfulO
C. tHw OsmallO
T we'w Overy small®
d. h!m Ogood smellingd

h—mh!m  Overy good smelling®

Recall that voiced onsets do not precede togle in both checked and unchecked
syllables, as discussed above. However, even when a voiced stop is in the onset, the high
tone on the reduplicant still surfaces. Ruangjaroon analyzes this by ranking a faithfulness
constraint protecting the H tone in ttegluplicant IAXo.r H) above an onsdbne

restricting markedness constraint. The general consiairtH is ranked below the

13 Ruangjaroon transcribes this diphthong&s], whereais is transcribe hereas [ a$]. This is the same
vowel and no clainis madeon whether it is truly a backowel or a central vowel, phonetically
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markedness constraint, accounting for the fact that outside tgdbplicant, the voiced
stophigh tone sequence is ungramroali This is summarized in tablea) below (a

simplified version of Ruangjaroon 2006:33 ex. 43).

(6)
/IRED, H/ + /b I/ Maxor H | *Voiced-H Toné* | Max H
I a.d-asha$ *
b. b a$ha$ *| *

There is another possible explanation, however. Perhaps there is no su¢branset
restricting markedness constraint (like *Voieddlone) in the synchronic phonology,
and the lexical gap explored $ection2.3 is simply an accidental gap. The fact that
many English loans exist that violate the voiced $tigh tone restriction is consistent
with this. The intensifying reduplication data would thus be unsurprising as well in this
view. This latter hypothesis @dicts that Thai speakers should find nifedence in
grammaticality between nonce words violating the ctm®t restriction and nonce words
that are othavise grammatically welformed. The woregame data presented in the

following subsection suggestatthis is not the case however.

24.2 A Thai Word Game
While the intensifying reduplication data$®ction2.4.1 cast doubt on the
grammatical status of the conson#orte restrictions, there is also some evidence that

Thai speakers avoid forms where high tone comes together with a voiced or unaspirated

4 This is a simplified version of RuangjaroonOs conjunctive constraBGH [v] & *[v]! [#SG]. While
not identical, it serves the same purpose in this example, which is to act as a markedness constraint against
therelevant violating consonatbne sequence.



stop in a Thai word game. This word game involves compounagetbby two
monosyllabic roots. The worgame switches the two rimes. The tone can optionally
switch along with the rime (option 2 ii@)(and @) below)or not (option 1 in7) and B)

below). The following examples are from Ruangjaroon (2006:11, ex. 18 & 19).

(7) Optional Tone Switching in a Thai Word Game
a. pI'm Ohair®
$%oN OshortO
p!"ms%on  OshorhairO
p!"ns™m  word-game option 1 for Oshort hairO

p!%ons"m word-game option 2 for Oshort hairO

b. kI'p Oto driveO
r—t OcarO
kI"pr—t Oto drive a carO
KI"trtp word-game option 1 for Oto drive a carO
kl—tr'p word-game option Zor Oto drive a carO
c. t"3%n Oto pull out®
traj OheartO

t""nttaj Oto sighO

t1"jthoBn word-game option 1 for Oto sighO
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word-game option 2 for Oto sighO

However, whenever such a switch would result in a high tone folloavirgjced or

unaspirated onset, that form is not allowed (e8atd below).

(8) Evidence for High Tone Restrictions in a Thai Word Game

a. #iw
blj
bt iwb ]
Htib w

* {#ljbEIw

b. I'$w
kan
I'$wkan
IEnk($w

* lank! $w

OmorningO®

OafternoonO

Qnorning and afternoonO

word-game option 1 for Omorning and afternoonO

word-game option 2 for Omorning and afternoonO

OalreadyO

Oself®

Owhat a nuisanceO

word-game option 1 for OwhatuisanceO

word-game option 2 for Owhat a nuisanceO

'3 Interestingly, option 2 in7c) is listed as grammatical despite the fact that it contains an-under
represented unaspirated ongsing tone sequence. This indicates that thé oge restriction is active
with unaspirated stop onsets, but that the rising tone restriction is not.



c. kl'w OeyebrowsO
K1 Oarched®
Kl'wk™ Oarched eyebrowsO

Kl—"Kk“w word-game option 1 for Oarched eyebrowsO

* KI™K'w word-game option 2 for Oarched eyebrowsO
d. kI'Sw OglassO
rtlw OcrackO

KM'wriiw Oa cracked glassO
k%oWw  word-game option 1 for Oa cracked glassO

* kilwr'$Sw  word-game option 2 for Oa cracked glassO

The wordgame offers evidence that there is a grammatical restriction on high tone

occuring in unchecked syllables following unaspirated and voiced onsets.

24.3 A Possible Explanation: The Domain of On$ene Restrictions

While RuangjaroonOs analysis of intensifier redujpicanvolves a constraint that
specifically refers to the reduplicant, another possibility is that the markedness constraint
only exerts its influence inside morphological roots. Perhaps in affixes, for example, the
consonantone restrictions do not exisThe reduplication data shown above may in fact
be a more general fact about the domain of consdoaatrestriction in Thai then: It

applies only within the morphological root domain. This hypothesis would explain why
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in the wordgame, which involves orphological roots, we see the ongate restrictions

in action, but in the reduplication, we do not. In order to explore this possibility, a
dictionary search was conducted, focusing on consdnantsequences in monosyllabic
affixes and other naeroot particles. Slayden (2013) marks entries as prefixes, suffixes
and/or particles. The Thai classifiers (essentially prefixes) are marked as patrticles in the
dictionary and make up the largest portion of the bound morphemes in the dictionary.
Any entry not meked as a prefix, suffix or particle, is assumed to be a morphological

root!® Table9 below summarizes lexical frequencies for #onts (a) and roots (b).

Tabe9
Lexical Frequencies fdRoots and NofRoots in Thai
a. Lexical Type Frequency for NeRoots in Thai
Onset Mid Tone Low Tone Falling Tone| High Tone | Rising Tone |Total
3 Celse 95| 37.1%| 19 7.4% | 58| 22.7%| 31| 12.1%| 53| 20.7%f| 256
S h 1] 7.7%| 3| 231%| 4[308%| 0| 0.0%| 5]385%| 13
é T 46 | 50.0%| 10| 10.9%| 28| 30.4% 3| 3.3% 5| 5.4% 92
> D 91| 42.9% 1 4.8% 9142.9% 1| 4.8% 1| 4.8% 21
Ceise& LONg V 0| 0.0%| 13| 34.2%| 25| 65.8% 0| 0.0% 0| 0.0% 38
Ceise& Short V 0| 0.0%| 16| 26.2% 9]14.8%| 35| 57.4% 1| 1.6% 61
3 h & Long V 0| 0.0% 2 | 100.0% 0] 0.0% 0| 0.0% 0| 0.0% 2
S h & Short V 0| 0.0% 1] 33.3% 1]33.3% 1]33.3% 0| 0.0% 3
2 T & Long V 0| 0.0%| 11| 73.3% 0] 0.0% 41 26.7% 0| 0.0% 15
© T & ShortV 0| 0.0%| 19| 76.0% 2| 8.0% 4] 16.0% 0| 0.0% 25
D &Long V 0| 0.0% 4] 100.0% 0] 0.0% 0| 0.0% 0| 0.0% 4
D & Short V 0| 0.0% 4] 100.0% 0] 0.0% 0| 0.0% 0| 0.0% 4

'®1t is possible for a given word to be listed as both a root and-aawbnand indeed this was the case for
many dictionary entries. For example,'f)] is both the pronunciation of a noun meaning OstallO or a
numerical classifier prefix for medicines sold in plastic or foil sheets. In cases such as these, the entry was
counted in both categories.



b. Lexical Type Frequency for Roots in Thai
Onset Mid Tone Low Tone | Falling Tone| High Tone | Rising Tone | Total
3 Celse 613 | 33.9%| 183 | 10.1%| 395| 21.8% | 275 | 15.2%| 344 | 19.0%]}| 1810
S h 19| 16.2%| 19| 16.2%| 28| 23.9%| 10| 85%| 41| 35.0%f 117
é T 286 | 43.5%| 142 | 21.6%| 152 | 23.1%| 27| 4.1%| 51| 7.8%}| 658
> D 79| 43.4%| 40| 22.0%| 50| 27.5% 6| 3.3% 7| 3.8%f| 182
Case& LONg V 0| 0.0%| 128| 33.6% | 229| 60.1%| 24| 6.3% 0| 0.0%]| 381
Caise& Short V 2| 05%]| 126 32.1%| 10| 2.6%| 253 | 64.5% 1| 0.3%}]] 392
3 h & Long V 0| 0.0%| 15| 65.2% 8 | 34.8% 0| 0.0% 0| 0.0% 23
S h & Short V 0| 0.0%| 14| 56.0% 0| 0.0%| 11| 44.0% 0| 0.0% 25
2 T &Long VvV 0| 0.0%| 124| 78.0% 2| 1.3%| 33| 20.8% 0| 0.0%j]] 159
© T & Short V 0| 0.0%| 122| 72.4% 6| 47%| 34|21.2% 3| 1.8%]| 165
D &LongV 0| 0.0%| 38| 84.4% 0| 0.0% 7 | 15.6% 0| 0.0% 45
D & Short vV 0| 0.0%| 38| 76.0% 2| 40%| 10| 20.0% 0| 0.0% 50

Table9 illustrates that there is very little difference between roots andaouis in
the lexical distributions of tone across syllable classes efdrey, this suggests that the
intensifier reduplication data above B) (s not pointing to a general fact about Thai
affixes, but a specific fact about that reduplicant, as RuangjaroonOs analysis assumes.
While the rootspeific hypothesis explains why we see evidence for otuset
restrictions in the word game, but not in the reduplication, it is not supported by a
corresponding pattern in the lexical frequencies of roots versusonts

While the evidence for the reagstriction hypothesis doesnOt hold up, the evidence
for alternations favors the hypothesis that the {iggte restrictions in unchecked
syllables are encoded in the grammars of Thai speakers. Recall that there is a possible
explanation for the neapplicdion of onsettone restrictions in reduplication.
Ruangjaroon posits that faithfulness to the H tone in the reduplicant outranks the general
markedness constraint driving the orsete restriction. However, there is no plausible

explanation for the avoidae of the highone sequences in the word game. Therefore,
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the evidence of alternations appears to be in favor of the grammatical status of the onset

high tone restrictions in Thai.

2.5 Conclusion

This chapter has presentids® empirical facts of consonataine interaction in Thai
based on lexical gaps. Ruangjaroon (2006) showed that high tone is unattested following
both unaspirated and voiced stop onsets in unchecked syllables. In checked syllables, the
tonal contrast iseduced from a fivevay contrast to a twavay contrast. If the vowel is
long thenonly low and falling tones are attested; if the vowel is short tdmylow and
high tones are attested. This twaay contrast is reduced further if the onset is an
unaspiragd or voiced stop, so that only low tone is attested.

The last two sections of this chapteok a more detailed look at the lexical gap and
at morphephonological alternations involving consonéme interaction in Thai.
Lexical frequency statistiad#feredan improved, quantitative approach, which clarified
the nature of the lexical gaps in a few ways. First, not only high tone, but also rising tone
was found to be undeepresented following unaspirated and voiced stops in unchecked
syllables. Secon@ detailed look at loanwords and onomatopoeia reveal that the high
tone restrictions are not existent in these word classes. Third, certain corisopant
combinations are completely unattested (mid and rising tone in checked syllables, for
example) whereaother combinations are undepresented (high and rising tone
following unaspirated and voiced stop onsets in unchecked syllables, for example). These
observations may be facts about the synchronic grammar of Thai speakers. Alternatively,

these more sule observations may not be encoded in the grammar.
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The focus of the final section, and indeed of the rest of this dissertation was to
determine whether and to what extent the Higgie (and risingone) restrictions
following unaspirated and voiced stapsunchecked syllablesreencoded in the
grammar. Evidence from morpiphonological alternations, while limited, suggests that
the high tone restriction is real since high tone is avoided following voiced and
unaspirated stops in a word game. The follmnchapters build on this via experiments.
Chapter 3 assesses the phonetic realization of the two classes of stops involved in the
restrictions (voiced and unaspiratesiiggesting a unified analysis under the feature
[+constricted glottis|Chapter 4 themoves tgudgmentexperiments that test whether
speakers exhibit a dispreference for nonce words that contain sequences of unaspirated or

voiced stops preceding high or rising tone.



Chapter 3 — An Acoustic Investigation of Onset-Tone Interaction

3.1 Introduction

This chapteaims to establish a phonetic explanation for the etaset restrictions
presented in Chapter 2. An acoustic study confirms that the onsets that are banned
preceding high tone in unchecked syllabte$hai are articulated with laryngeal
constriction. The study capitalizes on the fact that a laryngealized consonant affects the
onset of a following vowel via coarticulation. The results sugestunaspirated and
voiced obstruents in Thahould be ®ated as [+catricted glottis]. Furthermore, a
phonological constraint banning sequences of [+constricted glottis] segments and H tone
can explain the lexical gaps presented in Chapter 2 that involved unaspirated and voiced
obstruent onsets

The use offconstricted glottis] constitutes an amendment to previous phonological
analyses of consonatdne interaction in Thai. Lee (2008) and Ruangjaroon (2006)
utilize the feature value€fpread glottis] to group unaspirated and voiced obstruents
together, exclding aspirated obstruents. However, it is commonly assumed that the
feature [spread glottis] is privative and that only the O+0 value is active in phonological
processes (Lombardi 1991:27; Clements and Hume 1995:270; Kehrein 2002:66; Hall
2007:317318). Futhermore, Lee (2008) notes that Thai would be the only language in
his crosdinguistic survey where the featufgspread glottis] is active in consondahe
processes crodmguistically. This chapter argues for an alternative position that is
consistat with a privative treatment of the features [constricted glottis] and [spread
glottis], that Thai unaspirated and voiced obstruents are [+constricted glottis].

A secondmajor finding of this study is thélhere isa phoneticdistinction between



glottal stopsandthe laryngealized (unaspirated and voiced) obstruklatsever, this
phongic distinction is not represent@ud Thai phonology.The acoustic results show that
glottal stopgraisebothFO and spectral tiin a following vowe] while unaspiratedral
voiced stopsower FO and spectral tiin a following vowel This differencas explained
by appealing to two distinct modes of glottal constriction: Glottal Stofidve an
articulationsimilar totense phonation, whereas laryngealized obstruevitéve an
articulation similar tacreaky phonationmportantly, this phonetic difference is nohe
that the phonological system of consortmte interaction in Thai is sensitive tdigh
tone is unattesteid Thaifollowing both[!] and the laryngealed obstruentsAs a result,
the phonological system involves abstraction acitessedifferentphonetic modesf
glottal constriction, unifying them undarsingle feature valyg+constricted glottis]A
single constraint that bans [+constricted glofiigceding high tone cagxplain the high
tone gaps then.

While a number of previous studies have reported laryngealization of Thai voiced and
voiceless unaspirated stofsyw have provided instrumental evidence of laryngealization.
Abramson (1962) notes that Oprgocalic /p t k/ ar@haryngealizedO. Harris (1972)
labels the unaspirated series as glottalized. He describes them as Opronounced with
simultaneous oral and glottal closures... so that the glottal release is mig h&andour
& Maddieson {976244) note that voiceless unaspirated /p/ is Ooften described as
accompanied by glottal constrictionO. They conclude that the voiceless unaspirated series
are tense stops and not ejectives.

Voicedstops have also been reporsedglottalized by Harri€l97214), who noted

that Outterance initial voiced stops and approximants are usually preceded by weak glottal
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closures.O While the combination of glottal constriction and voicing is usually associated
with implosiveness, Harris adds that even thougleti'esome glottalization, these
voiced stops are not produced as implasivedefoged & Maddieson (19%6) describe
voicedstops in Thai as occurring with Ostiff, or even creaky voiceO. They add (p. 78) that
voicedstops in Thai Oare often accompanigddvnward movement of the larynx that
make them slightly implosiveO. None of the above authors presented any instrumental
evidence of laryngeal activity however, instead relying on impressionistic observations.

In addition to the impressionistic obsetwat outlined above, theregsiantitative
evidence that indicates voiced stopay be laryngealized in Thai. Voicetbps lower FO
for about the first 50 ms in alfowing vowel in Thai (Gandout974), suggesting a
phonetic explanation for the phonolaogiidan on high tone following voiced stogn
the other hand, studies on interaction between voiceless stops and FO in Thai have
yielded unclear results that diverge in different directions. Erickson (1975) found that for
eight of eleven native Thai speak, FO was raised following voiceless aspirated stops
relative to voiceless unaspirated stops. However, the remaining three speakers showed
the opposite pattern, with FO raised following voicelassspiratedtops. Gandour
(1974b) reported that voiceleaspirated stops also lower FO.

The effect where voiced stops lower FO has been documented widely even in non
tonal languages su@s English (Hombert et al979). Phonological accounts have
utilized a single feature fdow tone and voicingHalle & Stevens 1971; Bao 1990;
Bradshaw 1999 Halle & StevensO system uses the features [stiff vocal cords] and [slack
vocal cords] to refer to the vertical tension in the vocal cords. Increased stiffness raises

FO and inhibits voicing, while increased slacknesggels FO and allows voicing to occur
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more easily. The stiff/slack distinction simultaneously explains the high/low tone
distinction on vowels as well as the voiced/voiceless distinction in consonants, thus
offering a possible explanation for the correlati@tween voicing and low tone and
voicelessness andgh tone, cross linguistically.

While there isoftencorrelation between phonation types and taargngeal
constriction can be articulated in a number of different vesyah of which can have distinc
effects on FqStevens 1977; Gordon & Ladefoged 20Q4t)the articulatory level,!|
can be realized with creaky phonation on an adjacent vowel or as a complete closure
without any creakiness (Ladefoged & Maddieson 1996:75). Creaky phonatimstis
commonly associated with lowered HA@owever there are reports of glottalization raising
FOas well(Maddieson 1977; Hombert et al. 1979; Kingston 2005), indicating that the
two are phonetically independeat,least in partA more articulated system can foaind
in Esling & Harris (2005) and Edmondson & Esling (2006), who model the larynx using
a total of seven independeaticulatory parameterssmong configurations with glottal
constriction, they not&reaky) Qens®andarsiOas distinct configuratins of
laryngeal constriction. While creaky constriction lowers FO, tense and harsh constrictions
raise FOHarsh voice is typically associated with constriction of the ventricular folds
(located above the vocal folds), an articulation that is commoritagstops. The use of
OcreakyO or OharshO to desddtialgtopss unusuglas theséermsare normally
reserved fophonation on vowelsThe use of these terms with an obstrinameis meant
to indicate that a laryngeal constriction resulting giveen kind of phonation can be
applied to an obstruent. The glottal closure is articulatedtivttsamenuscular

movements as tHaryngeal constriction made during the corresponding phonation type



The variation in the effects of laryngeal constrictmmFO, described abovies
mirrored in phonologyl.ee (2008) notes that the feature [+constricted glottis] in a
preceding consonant neutralizes high tone to low tone in Burmese, but it also neutralizes
low tone to high tone in Mulao. Downing and Gick (2Pppfesented evidence of two sets
of aspirated stops in Botswana KalangOa and two similar sets of fricatives in Nambya,
one of which acted as a tone depressor, whilettiner did not, suggesting that spread
glottis can also have two different effects on FO

This variation in the articulation of laryngeal constriction introduces another layer of
complexity: Not only must its presence be established, but it is also necessary to
distinguish among various types of laryngeal constrictions. Debpsteariation in the
effects on FO, there are two observations in Thai that suggest arsifigigpothesis.
The first are the impressionistic claims that voiced and voiceless unaspirated stops are
laryngealized and sometimes creaky. The second is treofmygical ban on high tone
following these same consonants. Assuming a lack of transparency between phonetics
and phonology, it is expected that the consonants that are unattested preceding high tone
should lower FO. As such, the onsets are expectedadibelated with a laryngeal
constriction of the creaky typsince this lowers EThis is the situation with unaspirated
and voiced stops in Thatlowever, the alternative hypothesis, that the phonology does
not match the phonetics is also possiblehla case, onsets that raise FO wdugd
banned preceding high tone; this is the case with the glottal stop inThisphonetic
variation does not play a role in the phonology however. The key phonological feature
value, [+constricted glottis], groupk| and unaspirated and voiced obstruents together,

regardless of the phonetic details
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While laryngeal constriction is the focus of this chaptecall thafh] onsetscannot
occur with high tone in ThaAspirated stops and [h] are similar in that batlour with
the glottis spreadlhis configuration can result in aspiration or breathiness (Halle &
Stevens 1971), the latter of which usually lowers pitch (Laver 1994t487Gordon &
Ladefoged 2001). Howevef,the phonologicatonerestriction is basednly on details of
phonetic effects on FO, then a featural difference between [h] and the aspirated stops must
exist. In order to account for this difference, the feature [slack vocal folds] (referred to as
[slack] hereafter) is used to digguish [h], which is[+slack],from aspirated stopsvhich
arenot [+slack}’. The feature, [slack] was first proposed, along with the feature [stiff],
by Halle and Stevens (1974} a way to capture the fact that tone in vowels and voicing
in consonants are articulatedthe same manner. When the vocal folds are stiff, FO is
raised, and voicing is somewhat inhibited. On the other hand, when the vocal folds are
slack, FO is lowered and voicing can occur relatively more easily. Therefore a feature
value of [slack] on [h]s consistent with Flowering, and a phonological ban exists in
Thai against [slack] onsét tone sequences.

In order to confirm the presenaad typeof laryngealizationthis study offers
measurementds spectral tilf in addition to FOin the vowelimmediately following onset
consonants (Gordon & Ladefoged 208$pectral tilt refers to the difference in
amplitude between higher formants and either one of the harmonics of FO or one of the

lower formants. In modal phonation, there is a relativelydaamount of energy in lower

71t is somewhat unusual f¢in] to be[+slack]; Halle and Stevens (1971) treat [h] as [+s@#lack], noting

that [+slack] implies voicing in their system (i.e. voic&t).[However, their system also does not

distinguish [h] from the aspirated stops via any laryngeal features. Since [h] and the asfmede
distinguished in Thai, some feature must distinguish them. The fact that [slack] tends to occur with lowered
FO indicates it may be the relevant feature here.

18 Jitter was also measurégerkins 2011)however the results were not statisticalynificant and so they are

not reported here.
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formants and relatively less energy in the higher formants. When the glottis is constricted
to produce creakinesthe higher formants gain energy relative to lower formants,

resulting in lower spectral tilt. When the glotssspread, on the other hand, the higher
formants have considerably less energy, resulting in higher spectral tilt (breathy voice).
The differences in spectral tilt for creaky, modal and breathy phorergésmnmmarized

schematically in Figurg below.

Hn 1l

HI H2 Al... HI H2 Al... HI H2 Al...
—_—

Frequency (Hz)

Breathy Voice Modal Voice Creaky Voice

Fig. 2. Spectral Tilt Schematize@1 is the ¥ harmonic of FO, H2 the"2harmonic of FO, A is the1™
formant).

The differencébetween creaky and modal phonation can be seen in the spectrograms
shown in Figure8 below. Note that following [p] (left) there is relatively more energy in
the higher formants near the beginning of the vowel (the arpoimt to F4).This
indicates that [p] is inducing creaky phonation in the following vottelvever,
following [m], only F1 and F2 are relatively dark, with F3 and F4 being relatively faint.
Likewise FO is darkefollowing [m] than it is following [p], an aditional indication that

relatively more energy is concentrated in the higher formants in [p].
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Fig. 3. Spectral Tilt followingcreaky|[p] (left) and followingmodal[m] (right).

Spectral tilt ispredicted to ba better indicator of laryngeadition than FO in tone
languagedecausd-0 is involvedas the main cum creatingatone contrast~0 effects
from consonants aminimized in tone languages compared to-tame languages;
Hombert et al. (1979) founitiat FO was lowerefbllowing voiced consonants fa@O to
60 ms inYore bt compared t@duration of greater than 100 ms in EngliSimilarly,
Gandour (1974a) foundO-loweringdurations of 30 to 50 ms fewiceless and voick
consonants iffhai. While FOlowering effects may be minimizedyectral tilt, on the
other hand, is not involved as a primary cu@hai.'® In categorical perception, it is
expected that listeners will ignore differences that are not involved in dgsnta€anio
2012). Extending this same principle to production would predict that speakers of tone

languages would be unaware of spectral tilt effects from consonants, allowing

9 Notably, in languages where phonation is contrastive, speittreffects mayin fact be directly involved
in creating contrast on vowels. A prediction of this is that spectral tilt may be more reguldtbe@fore
coarticulatory effectsn spectral tilfrom the consonants may be minzad in these languages.



coarticulatory effects to dominatés suchthiswould lead to spectral tiltding a
stronger indicator dfaryngeal constriction in consonants than Hiis prediction is
confirmed in the experiment: Spectral tilt results are much more significant indicators of

laryngeal constriction than FO in ThHaee Sectiol.3).

3.2 Methods
321 Stimuli

A list of stimuli was constructed as follows. Since creakiness is hypothetically
associated with voiceless unaspirated and voiced obstruent onsets but not with voiceless
aspirated onsets, the stimuli included words that differed in which of these three onsets
they contained. Stimuswords were placed between spatessentences (ftowing
MorZn & Zsiga 2006) to ensure natural pronunciations in stressed positions. Each
participant read the stimuli via a Microsoft PowerPoint presentation. A pair of example

slides are shown below in Figudeas they wee presented to the participants.

20 Thai ortlography does not require the use of spaces between words; they are optional.
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Fig. 4. Two examples from the slidesho®timuli are separated by spaces. The stimUIﬁg‘bove) )
pronounced [p!™]mears Oto cutO. The distractt#&/¢&elow), pronouncédl a$j], means Oto creepO.

In addition to the oral stop series] &nd [h] were included in the study for two
reasons: First!] and [h] also involve laryngeal articulation. Second, like unaspirated and
voiced stops,![| and [h] do not occur preceding high tone in unchecked $gHahs
previously mentionedhere are multiple possible ways to articuldje Two such

articulations are considered helfd.! ] is articulated with creaky laryngeal constriction



FO and spectral tilvill be lowered just likevoiceless ungsrated ad voiced onsets.
Alternatively, f glottal stops in Thai are produced with a constriction of the ventricular
folds (OharshO laryngeal constrictjaghgn FO would be raised, rather than lowered
Predictions for spectral tifireless clear; while creaky ie® lowers spectral tilt, there is
no research that hagtermined theffects of tense or nshlaryngeal constrictioon
spectral tilt.With respect to [h], | assume it is [+slack] and therefore it is expected to
lower FQ Since it is produced with bréahess, HPA1 should be raised.

Table10below summarizes expectations for each onset class based on the discussion
above where it is expected that phonetic results will support the -boisetgapsBoth
alternative hyptheses foharshand creaky glottal stops are included as well; only one of

these can be correct for Thai, but it is not ckegriori which is correct.

Tade 10

Phondic hypathess for ead onse type®

Onsé Type Occurs With  HypothesisPFO HypothesisDH1PAL

H Tone?

Voiceles unaspirated stops & affricates]p t k t#] No Lowered FO Lowered HEAL

Voiceles agirated sops & affricates [pft$ k$ tH] Yes No effed on FO  No effect on HPAL

Voiced stops [b d] No Lowered FO Lowered HPA1

Nasd stops[m n % Yes No effed on FO  No effect on HPA1

Glottal stop [§ if creaky No Lowered FO Lowered HPAL
Glottal stop [& if harsh No RaisedFO Unclear

Glottal fricative [h] No Lowered FO Raised HPAL

To enablestatistical testing, paired comparisons were constructed by identifying near
minimal pairs that differed only along a single laryngeal dimension. All possible pairings

of the three different manners of oral stop yielded the first three comparisons.|Bilabia

2! Other soundsthat occur in Tha onsetsindude[l r j w f s]. These onsets were not consideredin this
study. Instead, only [m] was used, forming minimal comparison with the bilabdé&tops that
were used.
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onsets, rather than coronal, palatal, or velar onsets, were used in building stimuli because
bilabial place is the most easily recoverable among each place of articulation (Sussman et
al., 1991) and they do not involve any coarticulation with (unrouadjels.

Additionally, the Thai lexicon has a large number of words with bilabial onsets, allowing
for more stimuli corresponding to real Thai worBer each of the six onsets, a vowel

with each of the five tones was used in composing stimuli, resultiagaital of thirty

stimulus categories. Monosyllables were built using the long low vowel [a$], thus
controlling for vowel quality. Codas were not used since they affect the pitch on the
preceding vowel.

While the [b] vs. [p"] comparison involves two laggal differences (voicing and
aspiration), it was included since it directly addresses the hypothesis that [b] is
laryngealized and [p"] is not. ThE s. [h] comparison is the only one that removes oral
place as a factor. It is not cleahether [] will be creaky or harsland different
predictionsare maden each case. If] is creaky both[!] and[h] will lower FO, but no
prediction is made which will lower FO to a greater degtsavever, a much lower HEL
Al is predicted for a creaky][relative b a breathy [h]If [!] is harsh, then!] is
predicted tdoe associated with raised Féative to [h] it is unclear what effect harsh
phonation has on spectral tilt, so no prediction is made in thatlnake [ ] vs. [p]
comparisonif both ['] and[p] are creaky, then there should be no differended and
spectral tilt If [!] is harsh, then FO should be much higher followirjgéglative to [p].

The [h] vs. [p"] comparison is included to test the hypothesis that [fgleck], while
[p"] is not it is expected that FO will be lower in [h] and a greater degree of breathiness

will be seen in [h], thus raising #A1. Finally, the [p"] vs. [m] comparison is included as



a baseline to confirm that [p"] (like [m]) is not laryngealized. These sevexigair
comparisons are summarized in Tablebelow, along with the specific hypotheses for
each concerning phonation and FO differences induced ah#aof a following vowel.
Recall that the main hypothesis is thatdbf [p] but not [p"],are laryngealized.

It should be noted that thggoupingof voiced and unaspirated stops as a class, is
specific to Thai. CrosBnguistically, voiced stops are associated with lowered FO relative
to plain (unaspirated) stops. Indiibn, many languages have lowered FO associated with
sonorants like [m] and raised FO associated with aspirated stops likBrgdghaw
1999; Lee 2008; Tang 2008)s a result, the baseline comparison between [p"] and [m]
will yield FO differences in mny languages; however, Thai is not expected to be one of

these if glottal constriction is the only factor affecting FO.

Tabe 11

Parwise comparisors for onsts

Comparison Hypothesis

[p] vs. [p'] [p] lower HIPAL & lower FO

[p] vs. [b] No H1PA1 or FO difference

[b] vs. [p"] [b] lower HIPAL & lower FO

[1Tvs. [h] Creaky[!]: [!] lower HIPAL
Harsh []: [!] higher FO

[1]vs. [p] Creaky []: No H1PA1 or FO difference
Harsh []: [!] higher FO

[h] vs. [p"] [h] higherH1PA1 & lower FO

[p"] vs. [m] (Baseline)No H1PA1 or FO difference

Notall of the stimuli formed in the manner described above corresponded to a Thai
word. In cases where no Thaord existed, the nonce stimulus was still used, but in
addition, Thawords were selected that differed only in that they contained a glide coda
([w] or [j]). In a few cases, it was necessary to use a short vowel with glide coda due to

lexical restrictions. These Thaords were included in case the speakers had trouble
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producing the CV: nonce word versiors)d were to be included in the analysis only in
that case, as confirmed by statistical testing. In one c&6®)gThai word existed that
contained an optional [r] trill following the [p"] onset. This word was incluakegart of

the backup stimuli rather than a similar word with glide coda since there was no word
pronouncedas [f+$]in Thai. However, there was a possibility that the speakers would
pronounce a [p"r] cluster, and that this would affect FO and spgktdailring the onset

of the following vowel. Tokens with [p"r] clusters would only be included in the analysis

if statistical tests showed that s no effect on the creakiness of the following vowel

and if a larger number of errors wenade on the ne [p"1$] syllable. Table below

shows the stimuli.

Tabe 12 BDExpeaimental word stimuli

CV Stimuli
Test Stimuli  Mid Low Falling High Rising
Aspirated p"a$"take" p$"cut" p"9%"clothes' p't$(nonce) p'+$"a cliff "
Unaspirated pa$"throw" p~$"forest pY%"aunt" pi$"father' (loan) 3;3;:? ther
Voiced basOarO(loan)  b"$"shouder'  b¥&"craz” bi$(nonce) b+$(norce)
o

Sonorant ma$"come' m~$(nonce ?Fgfn)grandma mi$"mothe” (loan) m+$"dogd’
! la$"aunt” I"$(norce) 198" spread” I'f$(norce) I4$(nonce)
h ha$"fun" h"$C&holerad  h%dived h1$0t!O(loan) h+$Qook forO
Backup Stimuli

Test Stimuli ~ Mid Low Falling High Rising
Aspirated N/A N/A N/A p"(r#$OkiifeO N/A
Unaspirated N/A N/A N/A N/A N/A
Voiced bg "aleaf N/A N/A none none

o . . . m3j (question

Sonorant N/A m’j "new m% "widow particle) N/A

! N/A 1"$w "a bay" N/A none none

h N/A N/A N/A N/A N/A

A single Thai frame sentence, written in Thai orthograplag used with the

experimental word stimuli inserted. MorZn & Zsiga (2006) used this frame sentence in
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their study of Thai cod#one interaction. An example is given B),(with the stimulus

word underlined.

(9) Experimental sentences
n't b% na:p"a:k™ : kamep
Nit tell Naatakebe answer

ONittold Naa thatt@ked was the answerO

Thesesentences place the stimulus words in stressed positions. The words both
preceding andbllowing the stimulus word were chosen with mid tone because mid tone
has no coarticulatory effect on the tone of adjacent syllables (MorZn & Zsiga 2006).

Thethirty CV: stimuli and the six baelp stimuli composed the complete
experimental stimuli. Disactor stimuli were added that met the following conditions:

First, they did not contain any of the onsets used in the experimental stimuli listed above.
Second, they did not contain the low vowel [a]. Codas were allowed. They were all Thai
monosyllabic weds, randomly selected from SlaydenOs (2013) online Thai dictionary.
Twenty-six distractors were included, yielding a total of sty token sentences. The
sixty-two stimuli words were translated into Thai script, as was the host sentence. The
stimulus word was separated from the rest of the sentence by spaces, so as to allow for
theintended reading of the sentence. Eight repetitions of the stimuli were presented via a
PowerPoint slideshow. Microsoft Excel was used to randomize the stimuli presentation
order between repetitions and a single slideshow file was created. This presentation was

shown to each participant.



3.2.2 Participants

Threemale native speakers of Standard Thai were itecrwia social networking. All
three grew up in Bangkok speaking Standard Thai as their native language. All had
parents who also spoke Standard Thai. Thelyjsé#idEnglish as a second language that
they were able to use proficiently but not at a nasipeaking level; the author's
impression was that C & T have a greater degree of fluency in speaking and listening to
English whereas Speaker K had a very low fluency in both speaking and listening in
English. None of the speakers had any physical or teghanguage impairment, nor
any illnesses that would have affected their speech at the time of recording. Speaker C
was thirty years old and moved to Los Angeles at age twenty. He had visited Los Angeles
many times prior to moving there as well. He reditch New Brunswick, NJ at the time
of recording. Speaker T was thifgur years old and lived in Thailand until he moved to
the United States at age thirteen. He had visited Thailand three times for periods of about
two weeks since then. He resided innNBrunswick, NJ at the time of recording.
Speaker K was thirtypine years old and had lived in Nakhon Pathom and Nonthaburi
provinces, both on the outskirts of Bangkok. He had spent almost his entire life in
Thailand and had visited the United States am $eparate occasions for a total of three

months.

3.23 Recording
Eachspeaker participated in a single recording session in the sdtemiated booth
at the Rutgers University Phoneticab in New Brunswick, New Jersey. The speakers

read all the sentences off a computer screen inside the booth that displayed the Thai
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sentences. An Audidechnica AT4040 microphone with pop filter was used. It was
connected via an XLR cable to an AppliedsBarch & Technology Tube MP amplifier.

A second XLR cable connected the amplifier to ailio Delta 1010 sound card;
digitization used ASIO drivers. The sound was digitized on a cubtoinPC running
Windows XP. Audio files containing the stimuli weneeated at a sampling rate of 44100
Hz using GoldWave version 5.06. The files were resampled to 16000 Hz in order to
prevent overloading of the signal (Ladefo@&395) prior to analgis in Praat

(Boersma & WeeninR005).

A short practice session wdsne in order for the speakers to get used to the
sentencesThe speakers were also instructed that they may not recognize some of the
Thai words (the nonce words), but that they should pronounce them as accurately as they
could. For Speaker C, only four five tokens of each test stimulus were recorded due to
an error that halted recording in the middle of the fifth randomizedhnaugh of the
stimuli. For Speaker T, eight tokens of each stimulus were recorded. For Speaker K, six
or seven tokens of eastimulus were recorded. The recording session took

approximately one hour per participant.

3.2.4 Measurement

Vowelsin the test stimuli words were segmented via Praat and saved in adext g
file. The boundaries of segmented vowels were determined based on the point where
some formants were no longer clearly discernable (including higher formants such as F4
and F5). Figur® shows a segmented spectrogrant dhastrates a typical example of

how vowels were segmented. The F2, F4 and F5 formants are no longer clearly



discernible beyond the point where the vowel offset is marked.

\wﬂ“ i
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Fig. 5. Example of vowel segmentation.

Two measurements are made at the onset of a following v&@elnd spectral tilt
(Gordon & Ladefoged 2001; Ladefog2803169-181). Spectral tilt is measured by
taking the difference dhe amplitude of either the first harmonic or the first formant with
theamplitude of one of the higher formantilPA1 is measured helgollowing Keating
& Esposito2007) This involves the difference betwetre amplitude of the first
harmonic of FO (H1) and the amplitude of st formant (A1).Creaky voice is
typically produced in such a way that the time that the glisttigpen is shorter than for
modal voice over a given glottal pulse period (see Figagove). Because of this, the

amplitude of higher formants is relatively highecneaky voice (Holmberg et.d995)



and so the difference HAL is close to zero typically.

In order to measure specttidt, the vowels are broken into ten equadiiyed
segments. For each of these segments, atErngaverage spectrum (LTAS) is taken
within Praat. The amplitudes of the first harmonic st formants are then measured
and their difference is calculated, yielding the spectral tilt for each segment of the vowel.
Only the first of these ten segments is used in the data analgsithis segment is
closest to the consonant, and therefore is most likely to show effects of laryngealization
due to the consonant.

FOis measured via extraction of pitch values at 10 ms intervals over the entire length
of the vowel. Gandour (19B)notes tlat consonant coarticulation with vowels in Thai
occurover the first 50 ms of the vowel. However, only the first FO measurement is used
in the analysis, since it is closer to the onset consonant than the other measurements, and
thereforemost likely to indude an effect, if present. Spectral Tilt and FO measurements
were automated usirgyPraat script adapted from diCanio (2007). The measurements are
automaticallyentered into a text file for further analysis.

Statisticalanalysis involved ANOVAOs with sper, tone and onset as independent
factors. In this experiment, one ANOVA was used for each of the dependent variables
(spectral tilt and FO) to test for statistically significant effects due to onset type across
speakerand tones. Significance level gf0.05 was used. If a significant effect was
found, then a simple analysis for specific hypotheses was tested next. In the simple
analysis, filters were applied to the data to look for effects with a givemvayo
comparison from Table 3 in mind. For exdepn order to test for a significant effect

between [p] and [p"], the ANOVA was performed on only those tokens with [p] and [p"]



onsets. Seven such comparisons were made as outlined irnlTalleve. Bonferroni
adjustmats were made to account for the possibility of inflating the chance forType
error by testing multiple hypotheses on the same data set. For example, since [p] is
involved in three of the comparisons, the significance levelgdjusted to ,/3 = 0.05/8
0.0167.

In cases where ANOVAOSs revealed significant interactionstaived independent
samplé-tests were conducted testing the specific hypotheses of the experiment.
Whenevesignificant effects due to tone and/or speaker were discovered in ¢nedilt
ANOVAOSs, multiple-tests were conducted over each spe#dee group, of which there
are fifteen in total (five tonesthree speakers). Otherwise, if no significant effect was
found for speaker or tone in an ANOVA, then those categories were ignuildtests

were performed across speakers and/or tones.

3.25 Data Accuracy

Priorto statistical analysis, the recorded tokens were checked for accuracy. Of a total
of 690 total tokens, 15% contained errors. 100 tone errors were discovered and 6
consonant errors were discovered. These errors were determined by visual inspection of
the ptch tracks in Praat by the author (a fmative speaker of Thai). Tokens with errors
were excluded from the analysis since tone and onset are crucial factors in the
experimental design. Tabls illustrates that most ohe errors were made on nonce
words, with nearly as many made on loans, while only 4% of native Thai words were

produced with errors. Tablet reports errors as a function of speaker.



Tabe 13
Errors by Type

Type # of Tokens  # of Errors % Error
Nonce 134 57 43%
Loans 113 34 30%
Onomatopoeia 18 0 0%
Native 425 15 4%
Table14

Errors by Speaker

Speaker # of Tokens  # of Errors % Error
C 168 16 10%
T 288 57 20%
K 234 33 14%

Theseresults indicate that the nonce words were not very effective at eliciting the
intended tones. Two words accounted for 36 errors alone: The Thai interjection [h1$] was
consistently read with falling tone rather than high tone i@@tiokens and so it was
discarded completely. This finding seems too systematic to be an error, and so it is more
likely that the Thai orthographic wdftused to elicit [h£$], is pronounced with falling
tone rather than high tone, at least for the three speakers in this study. While Ruangjaroon
(2006) lists thisvord in her appendix without noting it as a loan word (she also
transcribes it with high toned,native Thai speak&hasinformed me that it is a loan
from the English interjection Oha!O. For this reason, it was classified as a loan word.

Likewise,the nonce word [p"+$] was produced incorrectly in 16 of 18 tokens. Ten
errors from Speakers C andvere produced with falling tone. Another single error by
Speaker T was produced with high tone but with an [f] onset instead. The remaining five
errors were made by Speaker K, who inserted a liquid [l] following the initial [p"],

yielding a [p"l] clustein all but one of his utterances. The two correct utterances were

*>Tone is marked orthographically in Thai.
This same Thai speaker judged it as high and not falling tone.
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made by Speakers T and K, and were retained. An additional three nonce words, two of
which also contain high tone, were produced with at least a 50% error rate. These words
were [b1$],!E$Jland | “$]. In all cases, the most common error was for the tone to be
produced as falling tone, although mid and rising tones were also produced. The large
percentage of higtone mispronunciation resulted in a very large number of high tone
tokens beingxcluded, making statistical analysis within the kighe category

impossible in many cases. Notably, the three nonce words with the lowest error rate ([b+$]
22%, [m"$] 20% and §3$] 11%) also do not contain high tone.

Sincethe nonce words had such higitror rates, the backup native Thai tokens were
considered. A statistical test was conducted in order to test whether the presence of a
glide coda had a significant effect on FO or spectral tilt. If no effect would be discovered,
then the tokend [$w], [m3]], [m%.$j], and [m~j] would replace their nonce correspondents
without codas in the analysis, each of which was produced with a greater number of
errors. The token [baj] was not considerasi a replacent to the English loan [ba$], since
the latter was mduced without any errors.

An ANOVA using onset, tone, speaker and coda as independent variables was
performed, with the result that, while the coda had no effect on FO [F(2, 467) = 2.7307, p
=n.s.], it did affect spectral tilt [F(2, 462) = 166, p.80L] and so the tokens with codas
were not used. A second test was conducted afterdirgiving the tokens with short
vowels, in order to allow for the possibility that only the codas following a short vowel
were responsible for the previous result. Theoad test again confirmed that codas
affected spectral tilt [F(2, 419) = 56.8, p < 0.001]. Additionally, an effect was discovered

on FO this time [F(2, 421) = 3.92, p < 0.05]. This indicates that glide codas do have a
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significant effect on the creakinedslae onset of the preceding vowel and so the tokens
with codas were not included in the analy3isis is a surprising resulla longdistance
coarticulatory effect of codas on the vowel onset is not expected.

Onefurther test was conducted to test tffea of a stogliquid cluster on the onset
of a following vowel. This test was conducted since many more errors were made in
producing [p"1$] than in producing [p"rt$]. Spectral tilt [F(1, 13) = 13.75, p < 0.01] was
affected significantly by the presenckthe liquid, while FO [F(1, 13) < 1, p = n.s.] was
not. This indicates that liquids affect the creakiness at the onset of a following vowel and

so the [p"rt$] tokens were not included in the analysis.

3.3 Results

Both spectral tilt and FO are significantly affected by the onset, as hypothesized. The
independent factors, tone and speaker also significantly affgosetral tilt and FO.
Significant interactions for FO and spectral tilt were discovered between onsehand t
as expected; however, interactions were also significant betwsen and speaker, and
speaker and tone, implying that different combinations of the independent factors (onset,
speaker, and tone) must be treated separately in the statisticalsarfdiggesults of

ANOVA Osor both dependent variablasesummarized in Tabl&5 below.



Table 15
ANOVA Reslts for Spedral Tilt and FO . )
(** = p <0.001; * = p < 0.05/n(bonferonni adjusted); n.s. = Onot significantO)

Dependent Onset Speaker Tone OnsetTone OnsetSpeak Speaker*Tone OnsetSpeaker
Variable er *Tone

Spectral Tilt ~ ** * * * * * n.s.

FO *% *% *% * * *% n S

Section3.3.1 presents evidence that voiced and unaspirated stops and the unaspirated
affricate [t# are laryngealized in Thai. SectiB8.2 presents rests for the glottal stop

[!'] and fricative [h].

3.3.1 The Oral Stops: b, p, p!

Voiced [b] and unaspirated [p] have significantly lowdPA1 and FO than aspirated
[p"], as hypothesized. Thissultconfirms that [p] and [b] are laryngealized, inducing
creaky voice in a following voweBince tone did not affect spectral tilt (see Tdlfle
below) in the comparisons involving oral stops, mean spectral tiltsese calculated
without regard to tone categorization, but are grouped by speaker and onset only. These
mean spectral tilt values are plotted in Figditeelow. Error bars indicate 95%

confidence intervals here and thrbogt.
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Fig. 6. Mean spectrd tilt measirements for eat speker categorized by onset.

A simple analysis was performed for each onset comparison (as explained idTable
above). The results are shown in Tabidor spectral tilt and in Tabl&8 for FO.In
addition to the main effect where [b] and [p] have lower spectral tilt than [p"] and [m], it
is notdle that of the three consonants, only [m] has a spectral tilt that is constant across
speakers. This may be due to the fact that [m] is the only consononant that does not
involve active spreading or constriction of the glottis. If this is so, it repetetH1ALl

value for modal phonation, which is constant across speakers.



Table 16
ANOVA Reslts for Spedral Tilt DOral Stop Comparisons . )
(** = p <0.001; * = p < 0.05/n(bonferonni adjusted); n.s. = Onot significantO)

Comparison Onset Speaker Tone Onset*Tone Onset*Speaker Speaker*Tone Onset*Tone*

Speaker
[p] vs. [p"] *x *x n.s. n.s. *x n.s. n.s.
[p] vs. [b] *x * n.s. n.s. n.s. n.s. n.s.
[b] vs. [p"] *x *x n.s. n.s. *x n.s. n.s.
[p"] vs. [m] *x ** n.s. n.s. ** n.s. n.s.

In every comparison, spectral tilt measurements were significantly affected by onset.
This was expected in the [P][p"] and [b]D[p"] comparisonsHowever, no difference
was expected in the [f}[b] and [p"]P[m] comparisons. While both [b] drip] were
expected to be laryngealized, there was no prediction on the relative amount of
laryngealization for each. Recall that the [p"] vs. [m] comparison was included as a
baseline, with the expectation that neither aspirates nor sonorants wouldr@féect
spectral tilt on a following vowel. These expectations are shown to be false by the

ANOVA results in Tablel6 above and Tabl&8 below.

T-test results for specific comparisons smenmarized in Tabl&7 below for each
comparison. It is evident thelPA1 for [p"] is higher than [p] and [b] for all three
speakers. This confirms that [@hd [b] but not [p"] arelaryngealized. In addition, two
of the three speakers had significantly lower spectral tilt for [p] than for [b], indicating
that a greater degree of laryngeal constriction is present in the voiceless unaspirated stop.
Finally, two of three speakers also had lower spectral tilt in [m] thpiincounter to
the hypothesis that they would be eqUdlis may be indicative of some breathinése

to the aspiratiom [p"], which would raise the spectral tilt measurement relatipefo



Tabe 17

63

T-test results for spedral tilt comparisors among oral stops . )
(** = p < 0.001; * = p < 0.05/n(bonferonni adjusted); n.s. = Onot significantO)

Speaker [p]vs. [p"] [b]vs. [p] [b]vs. [p7]  [p"]vs. [m]
C [p] < [pr]*™* | [p] <[b] ** | [b] <[p"]** | [m]<[p"]**
T [p] < [p"]** | [P] <[b] ™ | [0] <[p“]** | [p"] <[m]"*
K [p] < [p]** | [p]<[b]* [b] <[p]* |[m]<[p]*

Unlike spectral tilt, tone did significantly affect FO. Because of this, mean FO
measurements are computed across each stbjeabnset combination. This reduces
the power of statistical analysis, but is required since the interaction of the factors
sigrificantly affects FO. Tabl&é8 below summarizes the results for ANOVAOS run on

data containing only the relevant pairs of onsets for each comparison.

Table 18
ANOVA Reslts for FOBOral Stop Comparisons

(** = p < 0.001; * = p < 0.05/n(bonferonni adjusted); n.s. = Onot significantO)
Comparison Onset Speaker Tone Onset*Tone Onset*Speaker Speaker*Tone Onset*Tone

*Speaker
[[p]] VS. [[g];l *x *x *x n.s. n.s. ** n.s
PJ vs. n.s. -- - -- -- - -
[b] VS. [p"] *% *% *% *% n.s. *% n.s.
[p"] VS. [m] *% *% *% *% n.s. *% n.s.

In three of the four comparisons, onset type affected FO. Significant effects were
discovered in both the [gp"] and [b}[p"] comparisons, but not in the {{j]
comparison. The baseline comparison between [p"] and [m] yielded an effect, just as it
did for spectral tilt. Mean initial FO was calculated for each spe@keronset

combination. Figur& belowplotsFO means for eactpeaker.

' Since FO was not affected by the onset difference in the [p] vs. [b] comparison, no further statistical testing is
reportedwithin this data.
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In comparisons between the oral stopsgitilg significant difference was discovered

with falling tone forSpeaker Twhere[p"] has higher FO than [p], as can be seen in

Figure7. T-test results are summarized in Tab8below for each comparison.

Tabe 19

T-test results for FO comparisors among oral stops . )
(** = p <0.001; * = p < 0.05/n(bonferonni adjusted); n.s. = Onot significantO)

SpeakeBTone [p]vs. [p"] [b] vs. [p"] [p"] vs. [m]
CBbMTone  [p]<[p"1™ [b] <[p']™™ [m]<[pT"™
CPBH Tone - - -
CBLTone  [p]<[p]™ [b] <[p]™ [m]<[p7]"*
CBFTone  [p]<[p]™® [b]<[p]"* [m]<[p]™
CBRTone  [p]<[p]™™ [b]<[p]™® [m]<[p]"®
TDPM Tone  ns. [b] <[p1™ [m]<[p7"™*
TBHTone  -- - -
THLTone  [p1<[p]™ [0] <[p]™ [m]<[p7]"™
TDFTone  [p]<[p1* [b]<[p]™® [m]<[p"]*
TPRTone  n.s. o] <[p™  [m]<[p]*
KBMTone  [p]<[p]™ [o] <[p"]™™ [m]<[p]"™
K DH Tone  -- - -
KBLTone  [p]<[p']™ [b] <[p]™™  [m]<[p]"*
KBFTone  [p]<[p]™® [b] <[p"]"™ [m]<[p]*
KBRTone  [p]<[p]™ [p]<[b]™ [m]<[p]™

While not statistically significant, mean FO for both [b] and [p] is lower than [p"] for

every tone for Speaker €The other speakers trended in this direction also, however

there were some exceptions. Initial FO is higher in [p] than [p"] when preceding low tone

for Speaker T and when preceding mid tone for Speaker K. Initial FO is higher in [b] than

[p"] when preceiig rising tone for Speaker K. In all other categories, FO was higher for

[p"] than [b], however, indicating some weak evidence in favor of the-loveéring

hypothesis for [p] and [b]. Unlike for spectral tilt, the results for FO are not statistically

significant on the whole thougfihis is not surprising in a tone language, since FO is

**Here and throughout;tests within the highone category were usually impossible due to the small
amount of data available with high tone. The high error rate intogl tokens made it necessary to
remove a large number of higbne tokens, leaving the sample size at 1 or 0 in many.cases
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involved as a major cue in creating tonal contrasts, and will thus be regulated by speakers
to a greater degree. Spectral tilt, on the other hand, is not involved iasternih Thali,
and so coarticulatory effects are more readily observed.

Notably, in the comparison between [p"] and [m], three of the fifteen comparisons
were significant. Speakers T and K had higher FO following [p"] than [m] on falling tone.
Speaker T lao had higher FO following [p"] than [m] in rising tone. In fact, even in the
insignificant comparisons, FO is always higher following a [p"] onset, than it is following
an [m] onset. Inspection of Figureshows that [m] een hasower mean FO values than
[b] and [p] in some cases, suggesting that [m] is actively lowering FO also.

In conclusion, there is strong evidence from spectral tilt measurements and weak
evidence from FO measurements that [b] and [p] are laryngeéatimggesting that they
share the common phonological feature value [+constricted glottis]. Spectral tilt
measurements were significantly different in all comparisons involving the oral stops. [p]
had the lowest spectral tilt, followed by [b], and therjy, which had the highest
spectral tilt. The finding that [p] has lower spectral tilt than [b] indicates that [p] has a
greater degree of laryngealization than [b]. FO results were less definitive. While there
was a noticeable trend in the direction ectpd (FO is lower following [p] and [b] than it
is following [p"]), this trend only reached statistical significance in 1 out of 30 speaker
toneonset categories. Interestingly, the comparisons between [p"] and [m] suggest that

[m] involves active pitch lvering, relative to [p"].

3.3.2 The Glottals" and h

While the main focus of this chapter was to show that unaspirated and voiced



obstruents are laryngealized, the glottal stg@pd gldtal fricative [h] both involve
largyngeal features as well. Phonologically,gnd [h] do not occur preceding high tone
in unchecked syllables, just like the unaspirated and voiced obstrigenfts], recall

there are two hypotheses. The first hypothissihat there should Bewered spectral tilt
and lowered FO measuremefadowing [!], just like [p] and [b].This is the case if the
phonetics mirrors the phonology and [+constricted glottis] is articulated with creaky
laryngeal constrictionThe secad hypothesis is that]is produced with harsh laryngeal
constriction, thus raising FO. The results support the second hypo#@&sd spectral
tilt) immediately following [] is significantly higher than following [p].

Turning to the glottal fricate [h], recall that it doesot occur preceding high tone,
while the aspirated stops dbhis was thought to indicate a phonological difference
between [h] and the aspirated stops with respect to the feature [slack]: While [h] is
[+slack], the aspiratedaps are fslack]. The specific prediction was that [h] should
correlate with lowered FO and raisedBAL, relative to []. A comparison between the
acoustic characteristics of [p"] and [h] confirmed that [h] raises spectral tilt to a greater
degree thafp"] but no difference in FO was discovered, counter to expectations.
However, the spectral tilt result supports the conclusion that [h] is [+slack] and [p"] is
not.

Unlike the oral stops in the previous sectidf,$ associated with a relatively high
spectral tilt. Spectral tilt is significantly higher following][than [p] (p < 0.001 in-tests
all five tones), as can be seen in Figilelow. The mean spectral tilts are calculated
across the three speakers since gpkrmnalysis showed that there was no effect on

spectral tilt for speaker in thé][vs. [p] comparison.
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Fig. 8. Mean spectral tilt across speaked$p] vs. [!]

The high spectral tilt values for][indicate that it is not inducing creakiness, unlike
[p], which is inducing creakiness, as outlinedection3.3.1. Therefore, while![] may
patern with [p] phonologically, the laryngeal articulations 'dfdnd [p] are phonetically
distinct. Comparisons of initial FO fo¥][and [p] confirm this conclusion as FO following
['] is consistently higher than [p], in all categori€kis result is cornistent with the
hypothesis that | in Thai is actually produced with harsh laryngeal constrictagure
9 below summarizes the results for Speakdf'means are calculated for each speaker

and for each tone, since battidependent factors significantly affected FO.
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Fig. 9. Mean FOD[p] vs. [!] for Speaker T

Table20 summarizes-test results. Whil&0 differences reactstatistical significance

in only twoof fifteen speaketone categories (for Speaker T with mid and rising tone),

the consistency of the direction of the effect suggests!thabfrelates with highgfO

comparedo [p].

Table 20

T-test results for FO comparisors between [p] and!] . )
(** = p <0.001; * = p < 0.05/n(bonferonni adjusted); n.s. = Onot significantO)

Tone Speaker C  Speaker T  Speaker K
Mid PI<[1™  [pl<[1** [pl<[']™
High [p] <[] - p]<[]™
Low PI<[1™  [Pl<[1™ [pl<[]™
Faling  [p]<[']™ [pI<[']™ [p]<[']™
Rising  [p]<[']™ [pl<[1* [p]<[11"*

Turning now to the comparison between the two glottalgrd [h], Figurel0
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summarizes mean spectral tilt values fgrgnd [h] onsets, categorized by onset and tone,
across speakerfd.] has been establishedlersh and not creakigutit is unclear what
effectharsh phonatiohason spectral tilt. Figur&0 shows that mean spectral tilt for [h]

is higher than![]. It is expected that [h] would have a relatively high spectral tilt, due to
increased breathinesehe relatively moderate spectral tilt values fdrquggest that

harsh laryngeal catriction has a relativglsmall effect on spectral tilt. The BA1

values are not very different from those for modal phonation (cf. F&yabeve).

35'
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25'

20'

H1-Al (dB)
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mid' high' low' falling' rising'

Tone'
m& mh
Fig. 10. Mean spectral tiltB[!] vs. [n] across speakers
Table21 below shows that higher mean spectral tilt is seen following [h] tHan [

with low tone, for all three speakers. The remaining two significant differences also

involved higher spectral tilt fgh] than [ ]: Speaker K has higher spectral tilt following
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[h] with mid tone and Speaker C has higher spectral tilt following [h] with rising tone.
While the other comparisons did not yield significant results, [h] has higher spectral tilt

than [] in nineout of twelve cases.

Tabe 21
T-test results for spedral tilt comparisors between [!] and [h]
(** = p < 0.001; * = p < 0.05/n(bonferonni adjusted); n.s. = Onot significantO)

Tone Speaker C Speaker T Speaker K

Mid MI<[)™  [hp<[™ [']<[h]*
High - - -
Low [I<[h]* [1]<[n]*  [']<[h]*

Falling ~ [!]<[n]"* [n]<[']"* [1]<[h]"*
Rising []<[n]* [h<[]™ []<[h]"

The FO results show a divergence from the spectral tilt results, howdusr. [
associated with a slightly higher mean FO than [h], as shown for speaker K in Figure

below.
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Only a single significant difference was found in TaBkhowever: Speaker T has

significantly higher FO for!]] than [h] in rising tone. While not significant, mean FOOs

following [!] are higher than mean FOOs following [h] in all but two of-thstt

comparisons in Tabl22 below. Just as was seen in the comparison with![pis [

associted with raised FO in Thai then, a finding consistent with harsh laryngeal

constriction.

Table 22

T-test results for FO comparisors between [!] and [h]

(** = p <0.001; * = p < 0.05/n(bonferonni adjusted); n.s. = Onot significantO)

Tone

Speaker C Speaker T Speaker K

Mid  [h<[]™

High

(<™ [h<™

Low  [h]<[1]™ Eh]<[!]"'s' Ef-1]<[!]"'s'

Faling [']<[h]"®

Rising [n]<[1]™ [h]<[!]*

[!] < [h] n.s.

[h] < [! ] n.s.
[h] < [! ] n.s.




Thefinal comparison involves [h] and [p"], where only spectral tilt, and not FO, was
significantly affected by onset. Mean spectral tilt is plotted categorized by speaker and

onset in Figurd 2 below.Results for itests are samarized in Tabl@3.
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Fig. 12. Mean Spectral TiltB[h] vs. [p"]

Table 23

T-test results for spedral tilt comparisons between [h] and [p"]
(** = p < 0.001; * =p < 0.05/n(bonferonni adjusted); n.s. = Onot significantO)
Speaker  [h] vs. [p"]

c  pI<m™
T pl<h
K [p]<[n*

Figurel2 shows that [h] has higher spectral tilt than [p"] for all three speakers but as

Table23 shows, this is only significant for Speakers T and K. This result suggests a
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greater degree direathiness in [h] than in [p"], ceistent with [h] being [+slack], but not
[p"].

In conclusion|!] was found to have significantly higher spectral tilt than [p].
Additionally, [!'] was found taaise FO, while [p] lowers FO. These findings indicate that
[!] is articulated with a harsh laryngeal constriction, uniiyeand [b] whichare
accompanied with creaky laryngeal constrictibBmally, [h] was found to have higher
spectral tilt than [p"], while no difference in FO was discovered. This indicateflhat [

has a higher degree of breathiness than §s'gxpected if it is [+slack] and [p"] is not

3.3.3 Conclusion

In summary, FO and spectral tilt measurements both suggested that [p], dnd
not [p"] are laryngealized. Furthermore, spectral tilt results suggestegd]thas [a
greater degree of laryngeal constriction thgn\[Vhile the laryngealized stops [b] and [p]
pattern with [] phonologically, [] is not laryngealized in theamme manner as [b] and
[p]: ['] induces very high spectral tilt and FO at the onset of a following vowel in contrast
with [b] and [p], which induce very low FO and spectral Tihese results confirm that][
is articulated with a harsh laryngeal consioicf and [b] and [p] are articulated with a
creaky laryngeal constrictioithis implies that the phonology is generalizing across
different phonetic articulations for laryngealization in a restriction that bans high tone
following [b], [p], and [] in unchecked syllables. Finally, the phonological ban on [h]
preceding high tone in unchecked syllabtesy be explained by the fact that [h] has
higher spectral tilt, and is therefore relatively more breathy than aspirated stops in Thai

[h] is distinguished fron other segments by virtue of being [+slack], an articulation that
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results in increased breathiness. A phonological ban exists in Thai, where high tone is

banned following [+slack] onsets then.

3.4 Discussion and Concludingemarks

Among the results summarizedS$ection3.3, the findings for the glottal sounds
warrant further discussion. First, the nature! pirf Thai is discussenh Section3.4.1.
The fact that![] has higher spectral tilt and FO than [b] andifjlicates that!]] is
articulated distinctly from [b] and [pHowever, [], [b], and [p] form a single
phonological classAll three sounds involve laryngeal constrictions anel banned
preceding high toneSecondihe results for [h] highlight that a separate feature
([+slack]) is also banned with high tone in Thai. In addition, it is apparengpkatral tilt
results appear to provide a Ohigher resolutionO than FO: Where largachffén
spectral tilt are found immediately following the onset consonants in question, only
small, often insignificant, differences in FO are fouhklis observation is expected in
tone languages, where FO, but not spectral tilt, is regulated by spsiakers is
involved as a primary cue in tone contraBisally, this section closewith a discussion
about what the acoustic results mean for phonological accounts of consmreant
interaction in Thai, which provided the motivation for the study énfitst place. The
main finding, that unaspirated and voiced obstruent onsets in Thai are laryngealized
suggests that a phonological analysis of ciw® interaction involves the fea¢uvalue

[+constricted glottis].



34.1 Glottal StopbA Different Mode of Laryngealization

Interestingly, [] showed Féraising effects as well as relatively high spectral tilt.
Inspection of the glottal stops produced by the three speakers showed tlwtharia
was little or no creak associated with them. Instead, a clear stop release can be seen in the
spectrogram in Figur&3 below. Importantly, there arenOt any irregular glottal pulses

indicative of creakines?.
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Fig. 13. Glottal Stop Onsets

% The! onset contrasts with the finglwhich is not articulated with a sharp glottal release, but is
instead articulated with creakiness over its duration.
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Thespectrogram in Figur&3 has a sharp vertical boundary at the onset of the word,
indicating the release of the glottal stdg.ip Thai is not associated with creakiness, but
is rather associated with a glottal closure and release. This is compatible with the results
where FO ad spectral tilt are higher fof ] than [p].Furthermore, the spectral tilt and FO
results indicate thdp] is articulated with creakiness in the following vowel, dyti$
articulated with harsh laryngeal constricti@sling & Harris (2005) and Edmornals &
Esling (2006) describe two modes of laryngealized voicing: creaky voice, which they
note, is associatealith lower FO, and what they describe as harsh voice, which is
associated with higher FO. They further note that harsh voice is typically assodathte
constriction of the ventricular folds (located above the vocal folds), an articulation that is
common in glottal stops. This suggests that Thai glottal stops employ an articulation that

results in harsh voice rather than creaky voice.

This findingsuggests that glottal stops may vary in their phonetic production cross
linguistically. Notably, languages do not seem to contrast these phonetically different
glottal stops; therefore, the variation seen in glottal stopsamigyhave a larger role to
play in phonetic theories of coarticulation and in diachronic changes involving
tonogenesis (e.g. Kingston 2005). Phonologically, the evideoceonsettone
interactionin Thai points to a more simplified set of features ([constricted glottis],
[spread gldis], [stiff], [slack]), consistent with traditional analyses of laryngeal features

(e.g. Halle & Stevens 1971; Bao 1990).

34.2 Glottal FricativebEvidence for Resolution Differences in &fd Spectral Tilt

A third interesting observation concerns tioenparison between [h] and [p"], which
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was made with the phonological higime restrictionnvolving [h] onsetsn mind. The ban
on [h], but nd [p"] preceding high tone is explained ity fact that [h] i§+slack],
whereas [p"] is not. Evidence for this was discovered in that [h] had higher spectral tilt
than [p"].This confirms the presence of a ban against [+slaigk] tone sequences in
Thai. Notably, the evidence for this ban camestly from spectral tilt results, and not FO
results. Beathiness normally lowers FO, but the FO measurements for [h] and [p"] were
not significantly different A similar finding where spectral tilt measurements revealed
finer-grained distinctions was fod with [b] and [p]. While no difference was discovered
between the FO measurements, [p] was found to have lower spectral tilt than [b]. The
resolution of the spectral tilt comparisons is finer than the FO comparisons then.
Thisdifference in resolutionds a principled explanation. FO effects of onset
consonants in netonal languages were found to be both larger and lasting over a longer
duration by Hombert et al (1979). They suggest that this effect can be explained since in
tone languages, FO is a pamy indicator of lexical contrast, whereas in fione
languages, it is not. Therefore, speakers of tone languages actively minimize the phonetic
effects that consonants have on FO. Kingston & Diehl (1994) note that speakers can
actively control phoneticetails in this manner. If this the case in Thai (as Gandour
1974 suggests it is), then the fact that FO effects are less significant than spectral tilt is
unsurprising.Spectral tilt is not involved (directly) as a cue in any contrast in Thai, and
so t is not controlled to the same extent as FO. As such, it is a better indicator of
contextual laryngealization than FO in a tone language such as Thai, where FO is the

primary cue for tonal contrasts.



34.3 Implications for Phonology

The main finding of the acoustic study is that voiced and voiceless unaspirated
obstruent onsets are laryngealized in Thai. A phonological account offoglsd¢bne
restrictions that refers directly to theseophtic findings can capitalize on this. Previous
accounts that used the feature specificatitspiead glottis] (Ruangjaroon 2006; Lee
2008)did so in order to group the voiced and voiceless unaspirated obstruents in a single
class. This analysis is incastent with usual assumptions that [spread glottis] and
[constricted glottis] are privative features (Lombardi 1991@ments and Hume
1995:27Q Kehrein 2002:66Hall 2007:317318). Insteadthe results summarized in Section
3.3 showed thatoiced and unaspirated obstruents are laryngealized phonetically.
Therefore, [+constricted glottis] is the active phonological feature walorsettone
interaction in Thai, rather thaBgpread glottis]. This analysis is consigtevith both the
phonetic results and the privativity of the features [spread glottis] and [constricted
glottis].

Using the feature [+constricted glottid]],[[b], and [p] can be treated as a single
natural class. The glottal stold patterns with théaryngealized obstruents in that it too
is banned preceding high tone in unchecked syllables. However, this acoustic study has
highlighted the fact that this phonological grouping conflates two distinct phonetic
categories of laryngealization: The voicawd unaspirated obstruents induce creaky voice
(lowering FO) while! induces harsh voice (raising FO) in a following vowel. Notably, this
difference is not involved in creating contrast, and so the phonology involves a
generalization across the actual dsetaf the laryngeal articulations, focusing on the

coarseqgrained distinction between whether sounds involve laryngeal constriction of any
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kind (i.e. |, p, b]) or not (i.e. [p"]). Therefore, treating ps [+constricted glottis], on par
with [b] and [d, simplifies the phonological system, at the cost of introducing a
phonetically unnatural consonaine restriction:![] raises FO and spectral tilt, but is
banned preceding high tone.

This chapter has reported results of an acoustic experiment, dofittmat
unaspirated and voiced obstruents in Thai involve laryngeal constriction. Theémreset
restricting constraint that is hypothetically active in the Thai grammar therefore involves
the feature [+constricted glottis], and not the featBspread tpttis] as proposed by Lee
(2008) and Ruangjaroon (2006). The following chapter assesses the psychological reality

of this constraint via éorced choicgudgment task.



Chapter 4 — Onset-Tone Interaction in Thai: A Perceptual Experiment

4.1 Introduction

This chapter consists of two experiments that address the grammatical status of the
onsettone lexical gaps outlined in Chapter 2. Four gaps were identified in unchecked
syllables, altbugh the results from Chger 3reduce this to two gaps: [+constricted
glottis] onsets do not eoccur with high tone or rising tone within a syllable.

Acceptability judgments are elicited from native Thai speakers in order to agssber
thelexical gaps are grammaticalizethe experiment tests whether a markedness
constraint banning higand risingtone with [+CG] (both voiced and unaspiratedset
consonarg exists in Thai. A second major goal of this chapter is to establish whether
there is a difference in the grammaticadtrictions between an English loan stratum and
thenative stratum of Thai. Recall from Chapter 2 that the lexical gaps involving high
tone held in the native stratum, but not in the loan stratuixperiment 1the task
instructions encourage particigga to treat the stimuli as loans; on the other hand, in
Experiment 2the task instructions encourage participants to treat the stimuli as native
items. Taken together, the experiments will assess whether there is a distinction in the
grammaticality of osettone sequences for native items and English loan words in the
Thai grammar.

The following subsections constitute an overviewhebretical and methodological
issueghat such an experiment faces, in order to assess an optimal experimental design.
First, acceptability judgments do not necessarily address grammaticality, but can also be
affected by lexicafrequencyknowledge Lexical Neighborhood Density is calculated for

each stimulus to control for this potential effé®¢cond, there are a rangepoftsible
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task types used in eliciting acceptability judgments, but among thesarguel that a
forcedchoice taskwhere participants choose between two optignsyperior to other

task types for studies where there is a possibility of gradientngasicality distinctions,
such as the current experimehhis task will also have implications for theories of
markedness in consonaoine interaction since participants will essentially be assessing

the relative markedness of the stimuli.

41.1 Lexical Frequency Effects on Acceptability Judgments

A basic assumption of this and other simjlatgmentexperiments is that
acceptability judgments reflect grammatical knowledge. However, aataaptability
judgments reflect more than just grammaticality. Knowledge of frequency in the lexicon
affects acceptability judgments, for example (Newman et al. 1997; Coleman &
Pierrehumbert 1997; Vitevitch & Lude©98, 1999; Bailey &ahn 2001; Frisch et al.
2000, Shademan 2007). Bailey & Hahn (2001) elicited wordlikeness judgments of
nonwords from English speakers, finding that while bexical frequency and
phonotacticgontributed independently, lexical neighbourhood derfsi§D) explained
their experimental results better than phonotactics (cf. Shademan 2007, where the reverse
is discovered, that phonotactics has a larger effect than Ié&aqakency. However, a
large portion of the variance in Bailey & HahnOs results wasaunzted for by either
phonotactics otND, suggesting that other unknown factors contribute to wordlikeness
judgments. In constructing experimental stimuli, Bailey & Hahn tested both orthographic
and auditory stimuli and concluded that there was no diféerén the effects on

wordlikeness judgments in their experiments.



Since acceptability judgments can reflect lexical knowledge in addition to
grammatical knowledge, it is important to control for lexical effects. Vitevitch & Luce
(1998, 1999) showed thdetails of the experiment design determined the degree to
which participants applied lexical knowledge or grammatical knowledge. They found that
when they used actual English words as stimuli testing for acceptability of certain
phonotactic sequencdd\D correlated with judgments to a greater degree than
phonotactic probability (i.e. gnamaticality). This suggests that nonce stimuli are
preferable in an experiment that is testing for grammaticality, in order to minimize lexical
frequency effects.

It is asumed here thataeptability judgments a@#fectedonly by lexical knowledge
and grammatical knowledge. As a result, it is expected that once any effects of lexical
knowledge on an acceptability judgment are removed, any remaining effects are
indicativeof grammatical knowledgd&.he strategy of the two experiments here is to
account for any lexical frequency effects, attributing any remaining effect to
grammaticality.

As a way to measure lexical effects, tiéDOdor the experimental stimuli are
calculaed based on corpus frequencies from the ORCHID corpus (Kasuriy2@03).

The LND is then included as a factor in a logistic regression model to test whether it
significantly affects participantsO responses. In calculating LND, lexical neighbors were
defined based on single phoneme addition, subtraction, or substifotiowing

Vitevitch & Luce (1998, 1999)A script, written in Ruby, translated the orthographic

Thai corpus into botlPA, and a modified form of IPAn which exactly one character is

used per meaningful phoneme unit, in order to make the analysis of the translated corpus
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a more straightforwarthsk. TheRuby script is included il ppendixB. The following

subsection provides a brigftroduction to the strategies employed in the script.

41.2 Translating Thai Orthography to IPA

The Ruby script used to translate the ORCHID corpus to IPA identifies characters
and charaer sequences that uniquely correspond to phones. It then assigns that phone to
its corresponding syllable position in an object corresponding to the phonetic form. In
many cases, a single character can correspond to a number of different phones, depending
on the context. This subsection presents a short example of one such case to illustrate the
strategy used to disambiguate the&8) below illustrates the general orthographic

template for a Thai syllable.

(100 Thai Orthographic Template for Syllables
(V1)'Consl'(Cons?)'(VZ)-(Tone)'V?(Ccoda)

The template consists of seven distinct character slots. The only obligatory elements
in an orthographic syllable are an onset character and a eheuglcter (). Some Thai
vowels require an additional vowedarking character preceding the onset consonat (V
and/or a diacritic following the onset { Sometimes, phonetic tones are marked
explicitly as diacritics following the onset consonant;ie &bsence of a tone diacritic
character, phonetic tone is determined contextually based on the onset consonant

character. A nonce example with all seven slots filled is givehlnbelow.



(1) Anexample Thai (nonce) syllable

! "#$% [priamn]

Ix1" [ia$] vowel (x marks the onset position)
#$ [p"r] cluster
X! falling tone (where x is a lowlass consonant, liké
[ 1]
[n] coda

One example of a particular challenge in translafingi text to IPA concerns
ambiguities where some Thai characters can occur in more than one possible syllable
slot. For example, the charact®® is pronounced as [w] when it appears in onset or coda
position. However, it also appears in ¥gslot to deote the diphthong [ua]. In open
syllables with [ua]® follows a diacritic vowel characté#’. In closed syllables, the
diacritic is absent. In addition, the diacritic charadtealso denotes the vowel [a], but
only in closed syllables.

As a resilt of this set of facts, it is possible to predict the rol&@¥, based on the
surrounding context. Whenev@® immediately follows the vowel diacritlt,(allowing
for a possible intervening tone diacritic character) it is guaranteed to be ia]itsjuvel
guise. The strategy here is to show 3t cannot be an onset or a coda when it follows

I' meaning it must be in its [ua] vowel guise. The only other time wErsaeking a

?"The character&) is used here as a dummy consonant. It denotes a glottal stop onset.
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vowel in Thai is the short [a] vowel. First, this vowel character is only used for closed

syllables, meaning that a followirf® must not be an onset, it can only be a coda.

However, in Thai, [aw] rimes involve an idiomatic orthographic seqaué&: This

sequence is the only way to orthographically represent the [aw] rime. Therefore, if it
cannot be an onset or cod®® is unambiguously in its vowel guise whenever it follows
the!"vowel diacritic (with an optional intervening tone mark)the Ruby script, the use
of regular expressions enables conteusitive searches for ambiguous characters like

O©. Some other general disambiguating contexts involve the following:

1. A character with aone or vowel diacritic over must be an onset cepnant.
2. A character immediately following a tone or vowel diacritic must be a vowel in

V3 position.

3. An unambiguous consonant character preceding one of the unique vowel prefixes

(V1) can only be a coda.

In monosyllabic words, it is possible to completégtermine phonetic form from the
Thai orthography. The only case of genuine ambiguity arises in multisyllabic words with
certain sequences of intervocalic consonants, (EVCCVE). If the sequence is one that is
a possible onset cluster, then it is ambiguehsther the first consonant in the sequence
is a coda in the previous syllable or whether it is part of an onset cluster in the second
syllable. For example, in[@"r] G+ cluster, the two consonants may be separated by a
syllable boundary [EVp.rVE], or they may be part of the same syllable [EV.p"rVE].

This ambiguity does not affect monosyllabic words though, and since the experiment
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here uses monosyllabic stimuli, there is no harm in misparsing these intervocalic
consonant sequences. The Ruby scriptrassiall cases such as these are consonant
clusters.

By identifying and referring to OdisambiguatingO sequences involving such characters
in the manner described here, it is possible to determine the phonetic transcription for a
given string of Thai orthagphic characters. The output of the script was a document that

listed each word from the ORCHID corpus in IPA.

4.1.3 Task Effects on Acceptability Judgments

In addition tothelexical effectsdealt with in the previous two subsectiptise task
type used can also influence acceptability judgments. Theeeramnber of tasks that are
commonly employed in judgment experimemigjuding lexical decisiongdentification,
anddiscrimination tasks;howeverthis sectiorfocuseson two particular tasks'he first
task typeasks participants to rate a stimulus on a numerical acceptability scale-(rating
based task). The second asks participants to choose which of two stimuli is more
acceptablefercedchoice task). Notably, both task types allow foadient acceptability
judgments, but the forcechoice task has proven superior in its ability to identify finer
grained acceptability judgments.

While gradient acceptability may indicate an intéicacbetween grammaticality and
lexical knowledge, it is also possible that grammaticality itself can be gradient rather than
categorical. Evidence for phonological grammar as an internal cognitive system
(Chomsky & Halle 1968) has traditionally manifesiec difference between impossible

and possible sound sequences. Rialsed, and later Optimalitheoretic accounts
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(Prince & Smolensky9932004) provided models of these phonological grammars by
separating the grammatical from the ungrammatical. Hoxyvesteent experimental
studies on phonological judgments in a variety of languages have shown that
grammaticality can be gradient in nature (Greenberg & Jenkins Céfgmani
Pierrehumbert 1997; Vitevitch et al. 1997; Frisch, Large and Pisoni Bailéy & Hahn
2001; Albright& Hayes2003; Hay, Pierrehumbe& Beckman 2003Hammond 2004,
Shademan 200Goldrick 201).

The forcedchoice task is often found to be superior to rabaged tasks, especially
in cases \were grammaticality is gradient. Coet42008, 2009) gives evidence that
forcedchoice comparison tasks and lexical decision tasks are superior telrased)
tasks in their ability to identify fingrainedgrammaticalitydistinctions. While rating
based tasks reliably identify between gramoahtand ungrammatical forms, they
sometimes miss differences betwggammatical forms or betweemgrammatical
forms. Coetzee elicited wordlikeness judgments from English speakers on nonce words
of the form [spVp] and [skVK] (both unattested) and [s{dtjested). Wordlikeness
ratings were higher for [stVt] than for [spVp] and [skVK], but no difference was
discovered between [spVp] and [skVK]. However, there is evidence that there is a well
formedness difference between [spVp] and [skVK]: English allsarsls like OskagO but
not OspabO, as well as words like OskulkO but not OspulpO. While wordlikeness ratings dic
not reflect any such grammaticality differenfi@ced choiceeomparison and lexical
decision tasks did.

Berent & Shimron (1997) found a similask difference when comparing two licit

forms in HebrewForcedchoicecomparison of nonwords with reéihal geminates
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(grammatical in Hebrew) with nonwords without geminates yielded a preference for the
nongeminates. Howeveratingbasedudgments yielded no preference between these
two nonword types. Therefore, speakers exhibit gradient judgments between grammatical
nonwords and between ungrammatical nonwordsrecedchoicecomparisons. Rating
based tasks did not reveal these subfferginces in grammaticality however, suggesting
that forcedchoice comparison is superiorrating-based judgments in revealing subtle
grammatical knowledge.

The current study on onsgne interaction in Thai involves lexical gapkerea
threeway distnction was maddetween unattested, undepresented, and attested
forms. Taking the null hypothesis that the gradient nature of the lexical gaps are reflected
as gradient differences in grammaticality, a forchdice format is adopted in the onset
toneexperiment in ThaiAdditionally, theories of consonatine interaction like LeeOs
(2008) assume the presence of certain markedness constraintsi(*SG-L). Given
Berent & ShimronQOs (1997) finding that an QukRe constraint is applied even in
compaisons among ungrammatical stimuli, we might expect the same to be seen in Thai
with respect to onsebne restrictions. For example, in comparisons between grammatical
onsettone sequences, these markedness constraints might influence judgments. A
stimuluswith avoiced stogdow tonesequence may be preferable to a stimulus with an
aspirated stogow tonesequence for example, because of the affinity for voicing and low

tone (Halle & Stevens 1971; Bradshaw 1998 2008 Tang 2008).



4.1.4 Effects of Lexical Stratum

In Chapter 2, it was apparent that different generalizations hold among native Thai
words and English loan words. A number of studies have shown that experimental stimuli
arejudgeddifferently depending on which lexical stratum they belong to. Gelbart (2005)
and Moreton & Amano (1999) showed that perceptual boundaries along a continuum
were affected by stratal lexicon membership in Japanese. Gelbart used real words that
both contaned only native sounds, but one sound in the stimuli was one featural change
away from a notword that would violate a phonotactic constraint in only one of two
Japanese lexical strata. Continua varying consonant length (gedtnbbe andgg at
one eng@oint, with singletonsl, b andg at the other endpoint) and wefidal vowel
length @~a:) were usedGeminates and wortinal long vowels are banned non
foreign stratabut are allowed in foreign strata. Participants were asked to judge if the
targetsegment was long or short. In nfureign stimuli, participantsO boundaries were
shifted towards the short vowels and singleton consonants, implying the knowledge of
lexical stratum membership affects their perception ofitiveel length. GelbartOs
findings stress that the effect of lexical stratmembership is independent of effects of
phonotactic transitional probability or lexical neighborhood density.

While Gelbart used real word stimuli, nonce stinaug used in Experiments 1 and 2
introducing someotential ambiguity in terms of lexical stratum classification. Moreton
& Amano (1999) explomlexical stratum effectsy Japaneswith nonce stimuli in a
similar manner to Gelbart. In one experiment, they use real word stimuli, manipulating
final vowellength, just as Gelbart did. In a second experiment, they use-€ludped

nonce words. Bysingconsonants only present in one stratum, they paeticipants to



interpret the nonce stimudis belonging ta particularstratum. Their results show a

stronger boundary shift in the second experiment: Participants were biased towards
hearing a long vowel in nonce words with foreign cues, and this effect was stronger than
it was with the real word stimuli iBxperiment 1 This impliesnot only that lexical strata
interact with grammar, but al$bat classification of lexical stratum of a nonce stimulus
can be influenced by phonotactic sue the stimulus.

The way in which lexical strata relate is not random. Ito & Mes@9%,11999, 2001)
found that languages in which distinct lexical strata exist are structured with a core native
grammar, and successively more permissive loan and peripheral grammars. An
implicational relationship exists, where if a given restriction hwldsmore peripheral
stratum, it must also hold in a more central grammar. Evidence exists from a number of
languages that supports this structure: Ito & Mester offer evidence from Japanese,
Jamaican Creole and German. Pierrehumbert (2006) shows thalba sitmation exists
in English in the Latinate/Germanic split in Engliflamgbo!e(1967:273 and
Archangeli & PulleyblanK1989:182183) showed that ATR vowel harmony happ&ms
Yorebt native item9nly, with exceptions among English loans. The curstudy
explores whether Thai fits this pattern. The prediction is that the restrictions seen in
Experiment 1, with stimuli interpreted as loan words, should be a subset of those seen in
Experiment 2, with stimuli interpreted as native words.

The studes above show that lexical stratum plays a significant rglelgmenttasks.
Thestrategy in this experiment is to manipulate other variables that will push
interpretation of nonce stimuli towards a loan interpretation or towards a native

interpretationn order to test if grammaticality is sensitive to loan versus native stratum
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differencesTwo variables are manipulated between two experiments in order to do so;
these are 1) task instructiomsd?2) the language used by the experimeriigperiment 1
was designed to allow for stimuli to be interpreted as English loans, Etpleriment 2
was designed tbias participants taterpret stimuli as native items

First, regarding task instructions, other studies have successfully incorporated
instructions hat favor a native interpretation of stimuli. For example, Vance (12&D)
Kawahara (2012) presented nonce stimuli as old Japanese words to encourage
participants to treat them as native Yamato Japanese items. Since the phonological
process under investition (LymanOs Law) applies to native Yamato words but not to
foreign words, it is important that participants treat the nonce words as if they were native
items. The results of these experiments implied that the stimuli were treated as native
items.

Zuraw (2000:3738) had a similar motive tdance & Kawaharan that she wanted
Tagalogspeaking participants to treat nonce stimuli as real words in degtig
production task. She showed pictures of farming implements accompanying each written
stimulus, withthe expectation that the participants would not be familiar with farming
terminology as they did not grow up in rural environments. As such, the stimuli would be
interpreted apreviously unknowmeal words for farming implement§he methods
employed bythese authorare followedin an attempt tencouragearticipants to
interpret stimuli as Thai native wordsExperiment2, whereparticipants are told that
one of two §muli is an ancient Thai word. This task desgiould encourage
interpretation of noce stimuli as ative items, as in Vance (198@yraw (2000) and

Kawahara (2012)
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Second, egarding the language spoken by the experimenter, there is evidence that
this can be an independent factor that influences judgments in tasks like this one. For
example, Brunelle & Janned2{13 found that in crosslialectal judgment experiments
involving North and South Vietnamese, participantsO judgments were affected by the
dialect of the experimenter for stimuli that were unfamiliar to them. Hay, Warren &
Drager (2010) found that New Zealand English speakers were influenced by the dialect
(American vs. New Zealand English) of the experimenter in an OOdd One OutO judgment
task. Knowledge of more than one dialect or language affects performgandgnment
tasksthen. If this effect extends to the leaarsusnative word differences, then it may be
possible to influence the participantsO treatment of the stimuli as English loans or native
Thai words by having an experimenter either speak Thai or English tortlogpaats.
Hypothetically, participants iBExperiment 2with the Thaispeaking experimenterould
treat the nonce stimuli as native Thai words, while participarEgperiment 1with the

Englishspeaking experimenterould treat the nonce stimuli as English loan woftls.

4.2 Experiment 1
4.2.1 Introduction

Experiment was designed to address whether ctmee lexical gaps summaed in
Chapter 2 are grammatically real. It differs fr&xperiment 4dn that it allows for
interpretation of the stimuli as English loan wostlsce participants are told the stimuli
are nonce words by an Englspeaking experimenter in the USFhe pediction isthat

judgments of thensettonerestrictions willcorrelate with the lexical gap status of onset

% The design here does not allow a distinction to be made between the effect of experimenter language and
the effect of the task instructionBhe goal was not to make this distinction, but to take advantage of both
factors in order to encourage participaint the second experiment to treat stimuli as native Thai items.
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tone restrictions in English loan words, as outlined in Chapter 2. The predictions are
outlined in detail irSection4.2.2.5. The following sectioroutlines the experimental

method with the results presented$®ction4.2.3.

42.2 Method
4.2.2.1 Stimuli

This experiment tests the hypothesis that¢leal gaps explored above concerning
combinations of onset laryngeal specificativai¢edbvoiceless unaspirateflvoiceless
aspirated and tone within an unchecked syllable are banned in Thai speakersO
phonological grammars. Pairs of nonce words aeegnted aurally and speakers are
asked to judge which of the two nonce words sounds more likely to be a Thai word.
Nonce words are identified based on whether they satisfy all of the following three
criteria: 1) They have a corpus frequency of zero irGRE€HID corpus; 2) they do not
occur in SlaydenOs (2013) online Thai dictionary; 3) they do not occur in RuangjaroonOs
(2006) appendices. Any monosyllable that meets all of these three criteria is taken to be a
nonword of Thai.

Stimuli pairs are built usg only minimal pairswith the reporteaativelexical gaps
in mind. There are two types of minimal pails the first type, the stimuli are identical
except for the tone; in the second type, the stimuli are identical except for the onset
laryngeal spatication. Test stimuli pairs always have one nonce word predicted to be
dispreferred ifalexical gapin thenative stratums grammaticalized, with the other
nonce word predicted to be grammatical. For example, [t—!] and [t"—!] are one such pair.

[t—] contains an unaspirated onset and a high tone and is thus predicted to be judged less
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acceptable than [t'-—Uhder a native interpretation of these stimlulia separate pair,
[t—!] and [t"!] are presented together. For the same reason, [t—dpsehodiged less
acceptable than [t"linder a native interpretation of the stimudnder an interpretation
of the stimuli as English loans, the predictions differ: Since loan strata are more
permissive, it is expected tHat+"Wwill be judged at leasts acceptable, and perhaps
more acceptable iBxperiment Zhan it is inExperiment 2for example.

In addition to the test stimulus pairs, control comparisons were included to ensure that
speakers did not simply have a general preference for low t@nénigh tone or for
aspirated stops over unaspirated stdpgse comparisons also test whether markedness
constraints affect grammaticality between attested dnsetsequences. The [t+{#4-"]
comparison igoupledwith a control comparison betweefi] and [t"1] °. If the
unaspirated onsétigh tone ban is grammaticalized, then speakers should choose [t'—"] in

~ny

the first comparison more often than they choose [t!™] in the second comparison.
Likewise, there should be mojt€!] choices in the[t—H[t"!] comparison than the number
of [t !] choices in a [t"—{{!™] control comparisonTable24 illustrates this design
schematically. Each of four stimulus conditions has its own cell in the table, vattsarr

showing the different comparisons. The two test comparisons include the bottom left cell

(hypothetically ungrammatical), while the two control comparisons do not.

9 Low tone and aspirated onset manner were chosen as control conditions. Low tonathasexical
distribution that is more similar to high tone (falling and mid tone are attested irhti lexicon at a very
high frequency), and so lexical frequency efferts minimized by using low tone as a baseline.



Tabe 24
Stimulus Design fobUnaspiratedhigh ban

H Tone L Tone
Aspirated Grammatical Grammatical
Onset |
Unaspirated |, Ungrammatical | Grammatical
Onset |

In addition to thaunaspirated onsetigh tonecombination, three separate parallel
investigations for thgoiced onsehigh tonecombination, theinaspirated onsetising
tonecombination, and theoiced onsetising tonecombination were included. Since
Thai speakers would need to learn the bans on the basis of lexical gaps, it is possible that
they are sensitive to the extent of the gap in gigragnmaticality judgments.

Additionally, the rising tone gaps are present in both loan and native words, whereas the
high tone gaps are present only in native words.

Stimulus pairs were formed using the full variation of onset place of articulation and
vowel quality®* Only CV$ monosyllables were used. The Thai lexicon provides us with a
total of 192 stimuli pairs where both members in the pair are nonce words-tWartf
these pairs were presented twice, with the order of presentation differing; thiesegoa
chosen based on the fact that the LND was the same for both members of the pair. A total
of 224 stimulus pairs were used then. The experiment took 20 minutes per participant.

Stimulus pairs were built using Praat (Boersma & Weenink 2005). leiasth token
was isolated as a separatav file; a Praat script that normalized amplitude was run.

Pairs were then joined together with 1 second of silence inserted between each of the

%0 The vowels [e] and(] were not used. This decision was made in a pilot experiment that presented
orthographic versions of the stitijwowel length is not predictable based on orthography for [e] @nd [
and it was crucial there was no mistake that the vowels were long. While the final version of the
experiment did not use orthographic versions, the same stimuli set was used.
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members of a pair. The order of the two items within each pair wadg@smdomized

to ensure that for a given test comparison, an esjgatl sample for each condition was
presented both first and second. Likewise, when LND differences between members of a
pair existed, it was ensured that the same number of Higt@rstimuli were presented

both first and second over the course of the experiment.

4.2.2.2 Recording of Stimuli
The nonce word stimuli were spoken in listfoby a native Thai speaker in the
Rutgers Phonology Lab. The speaker listed Central Thai as her native language, although
she also spent much of her childhood in southern Thailand, and is likely bidialectal as a
result. She grew up in a household wheretaéithai was spoken predominantly. She
was also fluent in English, having spent the past 8 years living in Pennsylvania. She had
no physical or cognitive impairments, nor any illnesses that would have affected her
speech at the time of recording. The $eeaead the list of stimuli in a sowadtenuated
booth. An AudieTechnica AT4040 microphone with pop filter was used. It was
connected via an XLR cable to an Applied Research & Technology Tube MB amplifier.
A second XLR cable connected the amplifier tdvAudio Delta 1010 sound card;
digitization used ASIO drivers. The sound was digitized on a cubtoinPC running
Windows XP. Audio files containing the stimuli were created at a sampling rate of 44100
Hz using GoldWave. Each stimulus item was reddagt three times, with most
members of a pair read in sequence. Tokens that contained speech errors were not used.
A potential issue arose because the pronunciation of high tone varies between

speakers of Thai. There has been a recent change in theiplpoosunciation of high



tone. Speakers who are over 60 years old pronounce high tone davieiglvhereas

younger speakers pronounce high tone asrisidg (Bradley 1911 Abramson 1962
Tumtavitikul 1992 MorZn andZsiga 2006 Teeranon 20Q7Thepboriuk 201Q. This

difference among aggroups was confirmed by Teeranon (2007)rire@perimenivhere
participants were asked to identify the tone in synthesized stimuli that differed in whether
they were phonetically higkevel or midrising. Participants older than 60 years old
identified the higHevel stimuli more often as high tone, while pagants under 20

years old identified the midsing stimuli as high tone more often. Therefore, the manner
in which high tone is produced can potentially affect judgments in the current
experiment.

The Thai speaker whose voice was recorded here wasybats old at the time of
recording. She produced both hitgine variants in approximately equal numbers in
stimuli with aspirated and voiceless unaspirated onsets. However, she only produced the
high-level variant in stimuli with voiced onsets, introdugia potential confound.

To address this issue lExperiment 1stimuli were added that assessed whether
participants had a preference between the level and rising variants of high tone. In cases
where participants significantly preferred the rising varighen thevoicedhigh stimuli
would be excluded for that participant. Otherwise Mbieedhigh stimuli with the level
variants were included in the analysis. It was discovered that all participants except one
chose between the higbne variants at rmlom, and so it was concluded that both
variants were equally acceptable as examples of high tone. Despite this, in the
comparisons betweemicedhigh andaspiratedhigh stimuli, only level variants of the

aspiratedhightokens were used in order to avaidonfound within pairs. In
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comparisons involving higkone stimuli that did not involve voiced onsets, only the

rising variants of high tone were used, since they are more prevalent nowadays.

4.2.2.3 Participants

Fourteen native Thai speakers were recruited in the Philadelphia area to participate in
the experiment. All were offered compensation and agreed to sign a consent form. They
confirmed that thg spoke Central Thai and offered their current age as well as the total
time they have lived in the USA. All participants were fluent in Enghst to differing
degreesNone of the participants had any cognitive or auditory conditions that would

affecttheir performance in the experiment.

4.2.2.4 Procedure

As mentioned abové&xperiment lis meant to encourage interpretation of the stimuli
as English loansThis effect does not come from the task instructions however, but from
the fact that the experiment was conducted by an English speaker in the USA. The
instructions were intended to beutral, neither encouraging a native interpretation nor
encouraging a loan interpretatiorarfcipants were told that they would hear two-on
wordsof Thai They were asked to choos®ich of the two nomvords sounded more like
it could be a Thai wordt is likely that stimuli will be interpreted as English loans
without needing to explicitly bias participants via the task instructions. The fact that they
are told the stimuli are not Thai words, and that they are interacting in English in the

USA is expected to encourage loan interpretations of the stib@taskinstructions
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were translated into Thai by a natispeaking Thai linguist who understood the aims of

the experimeniand are shown below i12).

(12) Experiment linstructions
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Tusanatu tivaan Liunnsds

English Translation:

OYou will hear two sounds that sound similar to a word in Thai.
Choose which one sounds like it is more likely to be a word of Thai.
If you choose the first sound (on the left), then pté$s

If you choose the second sound (on the right), then press "9".

You may take as long as you wish to make your choice.

Press any key to continue.O

The experiment was run using SuperLab, with the order of the pairs randomized for
each trial. The participants wore Sennheiser HD 280 Pro headphones connected to a
MacBook Pro laptop with the SuperLab program running. They were instructed to press

010 ormée MacBook Pro keyboard if theyeferredthe first word and 090 if they
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preferredthe second word1@) below illustrates the visual instructions that the

participants saw for a given stimulus pair.

(13) Task Instructiongor a Stimulus Pair
)* O1Q"#$%!18&#%'1()*¥ )P " #S%!&HB ' ()*+,)$

EnglishTranslationOPress 010 to choose’thedd; press 090 to choose the@rdO

A short practice session preceded the experimenthich participants encountered
seven comparison pairs, chosen in order to expose them to the full variety of stimuli that
they would hear. After the practice session, it was confirmed that they understood the

instructions and any questions they had wessvaned by the author.

4.2.2.5 Predictions

The main hypothesis is that four ongate restrictions exist in the grammar, in native
Thai items. If grammaticality in loans and native items is structured in the way Ito &
Mester claim, we expect some subset of these restrictions to be relaxed in loans. In
particular, the highione restrictions should be relaxed since a relatively large number of
loan words iolate them. In some cases, the lexical gap status and the structure predicted
by Ito & Mester make different predictions. For example, since rising tone and low tone
are essentially unattested in English loan words, it is possible both will be treated as
ungrammatical in loans. However, Ito & MesterOs theory predicts these should be
grammatical in loans, since they are grammatical in native items.

Table25 below summarizes the status of the lexical gaps in uncheckedlsyl|
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based on whether each is unattested, urefgesented, or attested in a given lexical

stratum.

Table 25

Lexical Gap Status in Unchecked Monosyllables

Onset Mid Low Tone Falling High Tone | Rising Toneg
Tone Tone
Attested | Attested | Attested Attested Attested
_g Attested | Attested Attested Under
§ Represente(
Attested | Attested | Attested Unattested
@ Caise [l Attested | Unattested Under Under Unattested
S Represente( Represente(
;' T Attested | Unattested Under Under Unattested
% Represente( Represente(
S D Attested | Unattested Under Under Unattested!
Represente( Represente(

The predictions among each comparison category for each experiment are shown in
Table26 below. For the lexical gap hypothesis in Experiment 1, it is assumed that
differences both between OattestedO and @apdesentedO and between Ounder
representedO and OunattestedO sequences will resultiatigality differences. Since
the two hightone restrictions are undegpresented and the corresponding-tone
sequences are unattested in English loan words, it is expected thadsp&atedhigh,
voicedhigh andaspiratedhigh sequences should aatly be preferred ifexperiment 1
based on lexical gap status. All other test comparisons involve choices between two

underrepresented sequences. As a result, we expect participants to select at random, in

31 Thereis a single exceptiothat on its own accounts for slightiyorethan 1% of voicedinitial
unchecked syllablesith rising tone howeverthis is treate@s a single exception, rather than as a truly
underrepresented sequence.
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contrast tdExperiment 2

Table 26
Experimental Predictions by Comparison T$pe

Experiment 2B Experiment 1© Experiment 1©
Stimulus | Stimulus P Predicted Preference i PredictedPreference in|
Predicted Preferencg ) X )
1 2 in Native Words English Loans (Lexical| English Loans (Ilto &
Mester (1995))

UL or Same
AH or Same
VL or Same
AH or Same
UL or Same
AR or Same
VL or Same
AR or Same

(2]
c
o
@
f—
(]
o
£
o
O
B
0
(&)
'_

Same
Same
Same

Same

Control
Comparisons

4.2.2.6 StatisticalAnalysis

The results were analyzed in a logistic regression model, implemented in R 2.15.2
with thelmerfunction, part of théme4package. Rralues for fixed effect estimates in the
linear mixed model are based on a Walte&t. The experiment was designed to test
whether combinations of onset laryngeal manueicédbvoiceless unaspiratel
voiceless aspiratgcand tonghigh Blow Brising) affect responses in a forcetioice
judgment task. The basic model used was one where participant response varied with the

independent factors OtoneO and laryngeal onset manner (OmannerO from this point

%2 Here and throughout, thelfowing shorthandnotation for each ons¢bne sequencis occasionally
used OAHO isspiratedhigh, OUHO ignaspirateehigh, OVHO igoicedhigh, OARQ iaspiratedrising,
OURO ignaspiratedrising, and OVRO imicedrising.
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forward) crossed, with Oparticipant@ aandom effect (response ~ tone * manner +
1|participant) A significant difference for effects betweEmperimentl and 2, were
tested by adding inRperimen® as an independent factor, pooling the results for both
experiments together.

Coding of the dpendent response variable required splitting the data intgrivups
with logistic regression analysis run separately on each partition. This was the case
because each stimulus item was involved in two different compariBbeasirst group
involved conparisons with tondeldconstant, and laryngeal onset manner varied (i.e.
[t—!P[t'—"])the second grouimvolved comparisons with laryngeal onset mariredd
constant, and tone varied (i.e. [tB-[{"!]). In these two examples, a choice in fawdr
[t—!] should not be treated as the same since the alternative choices differ in whether they
vary the laryngeal manner or the tone. Howevesdparating the data into two groups
corresponding to each type of comparison, a consistent alternativenattigt each
group enabling meaningful binary coding of the dependent response variable. For
example, irthe first group in which manner varigs. [t—!P[t'—"]), all choices are made
with a control stimulus that is exactly the saewcept it has voiceless aspirated onset.
The dependent variable was coded as O00 in cases where the aspirated stimulus was
chosen, and as 010 in cases where the unaspirated or voiced stimulus was t®sen. In
second groupwhere tone varied within each stimulus péie. [t—¥P [t™]), the
alternative choice will alwayiselow tone. The dependent response variable was coded as
000 when the low tone stimulus was chosen, and as 010 when the high or rising tone
stimulus was choseitherefore, the O10 choices alvayolved a choice in favor of a

stimulus containing one of the ondehe restrictions.
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Recall thatlie hypothesis of the experiment is that stimuli with one of the -doiset
sequences involved in a lexical gap will be dispreferred to stimuli withueit s
sequencesf it is in fact ungrammaticaRecallalsothat four sequences are being tested
(voicedhigh, unaspirate¢high, voicedrising, unaspirateetising). A logistic regression
model assigns coefficients to each factor on its own as well ascitmergerms, in this
case between tone and manner, forming a linear combination of each term that will
account for the response data. Coefficients for each term indicate tbddsdor
response 010 based on that term.

This isillustrated with an exampldor the factor Ounaspirated mannerO in
comparisons involving high and low torie.this casethe null hypothesis is that there is
no difference between a higbw tone decision with aspirated onsets and a-foghtone
decision with unaspirated onset®(ithey are equally acceptable). This hypothesis is
rejected if the coefficient is significantly naero under the Wald-Est. The specific
expectation is that a negative coefficienl be seerfor unaspirated and voicedanner

if the onsettone sequece is ungrammaticar his is because we expect participants to be

biased away from the 010 response (the hypothetically ungrammatical one), resulting in

negative logodds. In cases where a coefficient is insignificant this would mean that we
cannot rejecthe null hypothesis, and the onsehe sequences in question are equally
acceptable. While the previous example used comparisons varying tone, a different
prediction is made in comparisons varying manimethese comparisons
ungrammaticality of a giveansettone sequenceill correspond to negative coefficients

for the two OtoneO factors

However, other factors, suchladD, vowel quality and onset place of articulation
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may also affect responses, and since only those stimuli pairs that were batbrdenn

Thai could be used, the stimuli are not evenly distributed with respect to these additional
factors. As a result, effects for LND, vowel quality and onset place of articulation were
tested as well, to ensure that main effects for tone and/or Eayngnner werenOt

merely artifacts of the way the stimuli were built. To ensure this, the basic model
(response ~ tone * manner) was compared to similar models with each of LND, vowel
quality and onset place nested in a stepwise fashion. If an effeatafaignificant in

the basic model was also significant in the new model, this confirmed that the added

factor did not play a role ipredictingthemain effect, and could be ignored.

42.3 Results
4.2.3.1 OnsetTone Restrictions

Of the four onsetone combinationgested, only theoicedrising sequence was
dispreferregdconsistent with th Ito & Mester hypothesis, where loan strata are more
permissive. In additioparticipants diavored theaunaspiratedhigh sequenceHowever
thiswas onlysignificant in comparisons varying tone, but not in comparisons varying
manner Finally, voicedhigh sequences were unexpectedly favored in choices varying
tone, but participants responded at random in choices where manner Vagedsults
across participantre shown irFigure14 below, with 95% confidence intervals
included In the eight test comparisons, if the consottané sequences are
ungrammatical, participantsaiid choose the O00 responses, (bottom of the ghart)
response mean closer to 010 (top of the chart) indicates a preference for the

hypothetically mgrammatical onsdbne sequence.
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Fig. 14. Experiment 1 Resul®®Test Comparisons

Logistic Regression results for the basic model with tone and manner crossed are
summarized for bothomparison typem Table27 below.Recall that ungrammaticality
is confirmed via significant negative coefficients for OtoneO in comparisons varying
manner and via significant negative coefficients for Omanner® in comparisons varying

tone.
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Tabe 27
Logistic Regression ResulBExperiment 1
* - indicates significance with p < 0.05

Manner Varying — Voiced/Unaspirated (1) — Aspirated (0) | Estimate| Std. Error| z-value | p-value
Intercept (Unaspirated vs. Aspirated, L tone) 0.028 0.135| 0.206| 0.837
Tone (H) £0.242 0.171| B1421| 0.155
Tone (R) 0.083 0.166| 0.501 | 0.617
* Manner (Voiced vs. Aspirated) 0.403 0.192| 2.0% 0.036
Tone (H): Manner (Voiced vs. Aspirated) £0.172 0.261 | £0.638 0.511
* Tone (R): Manner (Voiced vaspirated) £0.905 0.290| £8.124 | 0.002

Tone Varying — H/R tone (1) — Ltone (0) | Estimate| Std. Error| z-value | p-value

Intercept (Aspirated, H vs. L tone) 0.052 0.123| 0.427| 0.670

Tone (Rvs. L) £0.124 0.176| £0.706| 0.480

* Manner (Unaspirated) £0.432 0.161| £2.682| 0.007

Manner (Voiced) 0.330 0.178| 1.855| 0.064

Tone (R vs. L): Manner (Unaspirated) 0.422 0.240| 1.758| 0.079

* Tone (R vs. L): Manner (Voiced) £0.850 0.265| £8.204| 0.001

Neither high tone nor rising tone was significant in comparisons varying manner, and
voiced manner was not significant in comparisons varying tone. Only unaspirated manner
had a significant negative coefficient in comparisons varying tone. This indibates t
preference for low tone over high and rising tone is seen with unaspirated onsets, but that
no other general preferences exist. However, the presence of significant interaction terms
indicate that there is more to the story here, specifically teatibedrising sequence
was judged as worse than the othBrsomparisons with manner varying, a significant
negativeinteractionbetweerrising tone and theoiced-aspirated condition was
discovered. Thisndicaiesa significant difference betweeasmnses fovoicedrising
andunaspiratedrising sequencedn comparisons with tone varying, where the choice
was between rising and low tone, a significdifference between responsesyoiced
rising andvoicedhigh sequences was sedrogether, theseesults suggest that the

voicedrising combination idess acceptable thaine voicedhigh andthe unaspirated
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rising sequencedn addition, this result is consistent with a preference/doredhigh
sequences ovewnicedlow sequences, which is very apparenfEigure14.

While thevoicedrising andvoicedhigh sequences were the most significant results
here, they were not the only ones to reach significdna®mmparisons varying tona
significant effect forunaspiratednanner was discovered, with a negative coefficient.
This indicates that there is a preference for low torex both rising and high tonevhen
the onset is unaspiratedote that thainaspirateerising sequence did not ppar to be
significantly dispreferred iffable27, however. Confirmation of this is seen in the
coefficient fortheinteraction between tone and unaspirated manner, washery
nearly significant (p ©.079. The posiwe sign of the coefficient for this interaction term
accounts for the fact that thi@aspiratedrising sequence is not actually dispreferred
significantly. The negative effect for unaspirated onsets in general is nearly cancelled out
by the positive intexction term. However, while this difference betweenuhaspirated
high sequence and thanaspiratedrising sequence did not quite reach significance, the
effect of manner here is in the expected direction if the unaspirated restrictions are real:
Unaspiated onsets are dispreferred with high (and rising) tone.

These results, taken together, suggest thairihspiratedrising combination and the
voicedhigh combinationare grammatical in the loan stratum of THa&ie unaspirated
high sequence, on the @hhand, is found to be dispreferred only in comparisons varying
tone, but not in comparisons varying manfére preference fovoicedhigh sequences
is consistent with a loan interpretation of these stinbalsed on lexical gap status in
Thai, wherevoicedhigh sequences are undepresented, bwibicedlow sequences are

completely unatteste¢tHowever, the results for thenaspiratedhigh sequences are
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inconsistent with the lexical gap status in English loblmaispiratedlow sequences are
preferredoverunaspiratedhigh sequences, even though the former are unattested in
English loans, while the latter are merely undmresented® The lowtone gap in loan

words must be an accidental gap then, and not one represented grammatically. This result
is cansistent with the Ito & Mester hypothesis: Since low tone is grammatical in native
items (with any tone), we do not expect it to be ungrammatical in the English loan

stratum.

4.2.3.2 Preferences Between Grammatical Stimuli

Turning now to the results in the control comparisons, it is expected that responses
should be at random, since both stimuli have attested-torseetombinations. However,
this was nothe case for all of the four control comparisdPatticipants preferred the
voicedlow sequence to thaspiratedlow sequence95% confidence intervals for the

mean responses of the four control comparisons are plotted befogune 15.

%3 While, theunaspirateehigh andvoicedhigh combinations were actually undattested in English loans,
recall that high tone is actually the second most prevalent tone among Eogtishregardless of the
onset. This fact may suggest it is grammatical in the $batum.
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Fig. 15. Response Meai&Control Comparisons

As the rightmost graph showgsponses were significantly biased towards the
voicedlow sequenceompared to thaspiratedlow sequenceThis result is seen in the
logistic regression analysis where a significant positive coefficient for manner is seen in
comparisons varying manner. This positive coefficient means that participants preferred
voiced onsets more than they did aspirated srisetomparisons with low ton€his is
unexpected since botlvicedlow andaspiratedlow combinations arequallyattested in
Thai.

This preference is, however, in accordance with theories of markedness of consonant
tone interaction, where voiced stagsd low tone have an affinity for one another

(Bradshaw 1998 _ee 2008 Tang 2008). This result is in agreement with the findings of
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Coetzee (2008) & Frisch & Zawaydeh (2001), where it is argued that speakers exhibit
preferences that cannot have been kedfmrom language experience. Therefore, these
findings constitute evidence that people have knowledge of markedness constraints that

are not directly involved in learning the grammar of their language.

4.2.3.3 Additional Factors (LND, Vowel Quality, Onset Place)

To ensure that othdactorsdidnOt play a significant role, logistic regression models
that individually nested LND, vowel quality, and onset place of articulation were
compared with the basic model that attributed responses to an interaction between tone
and mannet? LND did not hae a significant effect on responseither comparison
type (Comparisons varying mannet =£0.151, p = n.sComparisons varying ton& =
B1.382, p = n.s.). However, a closer inspection of LND revealed a noticeable effect when
considering only stimujpairs with large differences in LND. Participants were more
likely to choose nonce words with higher LND when the difference was large. This effect
is marginal,and since most stimuli pairs contained only small LND differences, this
explains why the effg was not significant in the logistic regression over the entire data
set.Figure16 below illustrates responses across all comparisons categorized by whether

the higherLND nonce word or the lowdrtND nonce word was seltsd.

% While this is a larger concern in Experiment 2, where stimuli are treated aslegibatitems, it isstill
possible that judgments may be affected by lexical frequency effects, even under a loan interpretation.
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Fig. 16. Responses categorized by LND Difference

Each bar graph depicts responsesafeubset of the data, consisting only of
comparisons whose stimuli had LNDOs greater than the threStiokkample the
second bar includes only stimuli pairs with an LND difference greater tharilis case,
524 choices were made in favor of the highBID stimulus and 498 choices in favor of
the lowerLND stimulus.As the minimum threshold is increasedrementally
decreasing the size of the datat, so that only stimuli pairs with larger LND differences
were includedleft-to-right in Figure16), morechoices in favor of the highémMND
stimulus item are chosen. Hovesthis effect is quite small (~58%@venat LND
differences greater than 5. This may indicate that the measure of LND used here is a
crude approximation of the actual way that knowledge of lexical neighborhood density
works. However, the fact that the DN\effect is small may be unsurprising considering
the experiment was designed using nonce stimuli, which are known to nanéexieal

effects on judgments. Additionally, studies that use monosyllabic stimuli have been
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found to minimize lexical effects (@tzee 2008Cutler et al. 1987).

While the effects of LND are small, significant effects for vowel quality were
discovered in botkomparison typedn comparisonsvhere tone was varied, an effect
was discovered only for the vowel [i], as compared tostveel [ ] as a baseline (. =
0.596, Z = 2.027, p < 0.05). In comparisons varyirmgh and lowtone, 31 choices were
made forhightone (74%) anadnly 11 choices for low tone (26%ndicating a
preference for [i] in stimuli with high torf@ However, the rain effects indicated in
Table27 above, for unaspirated manner and the interaction betissegtone and
voiced manner remained significant, indicating thateffects of vowel qualitylid not
confound the main onsétne effects.

Meanwhile, incomparisons varying mannehe vowels [i] (. =1.801 Z = 2675 p <
0.01), [ia] (. =1.23Q Z =2.078 p < 0.6), and [u] (. =1.517 Z =2.272 p < 0.6) had
significant effects on responses; the positive sign on the deeffiadicated that more
unaspirated and voiceghoices were made for these vowels. Importamthgn vowel
quality was added to the model, the effect of manner wasigraficant (. =0.196,Z =
0.204 p = n.s.)However the effect of the interaction aking tone with voiced manner
wasstill significant, indicating that vowel quality wasnOt confounding the main effects of
onsettone interaction described abowenally, effects of place of articulation were not

significant in eithecomparison type.

% There is some crodmguistic evidence of phonological and phonetic relationships between vowel height
and tone; there is an affinity for high tone to couple with high vowels and for low tone to couple with low
vowels (Wright 1983; Maddieson 1997; Yip 2002:32). In comparisonghere the Thai participants

chose between high tone and low tone, they chose high tone more often for the high vowels [i] and [u], and
low tone more often for the low vowel [d]hus, the correlation between vowel quality and tone here
indicates that thisnay be encoded in the grammar.
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4.2.3.4 Conclusion

In conclusion, the results showed that of the four etms®t sequences constituting
gaps in the native Thai lexicon, only th@cedrising sequence is ungrammatical in the
English loan stratum. Second, there is evidence thatrémpiratedhigh sequence is
dispreferred, but only in comparisons varying tone; the logistic regression results
suggested that this dispreference ditl guite reach significance in comparisons varying
manner. Thirdyoicedhigh sequences are actually preferreddaedlow sequences, a
fact that may have an explanation in phonotactic frequency effects in English loans:
Voicedhigh sequence loan wordseaattested, whilgoicedlow words are not. The result
that only one of the four hypothesized orsete restrictions exists in the English loan
stratum is consistent with Ito & MesterOs theory that restrictions in loan strata constitute a
subset of thosm native strata. Finally, an unexpected preference was seeoided
low sequences oveaspiratedlow sequences. This preference implies the activity of a
markedness constraint that encodes an affinitydared stops with low tone. The

Experimentl results are summarized Trable28 below.
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Tabe 28
Experiment - Summary of Results & Predictions

Experiment 1© Experiment 1B

Stimulus | Stimulus Predicted Preference in Predicted Preference in J| Experiment 1
1 2 English Loans (Lexical English Loans (Ito & Results

MesterOs Theory)

UL or Same
AH or Same
VL or Same
AH or Same
UL or Same
AR or Same
VL or Same
AR or Same
Same
Same
Same

2]
e
o
2
S
©
o
S
o
O

Test

Comparisons

Same

424 Discussion
4.2.4.1 TheVoicedhigh Preference

Responses fohevoicedbhigh combination went in different directions depending
on whether the stimuli pairs varied in their tone or in their onset laryngeal masner,

describedabove.The results are repeatedrigurel7.
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In comparisons with manner varyimgrticipants responded at randdAaowever,in
comparisons with voiced onsets that varied ttimere were more responses in favor of
thevoicedhigh combinationThis result is exactly the one predicted based on the lexical
gap status in English loans, and is the only result among the test comparisons that is not
explained by Ito & MesterOs theory of structured lexical stratification. Whileiiee-
high restriction may be relaxed in the loan stratum, it is surprising that participants would
be biased in the opposite direction. If this preference is due to the grammar, this would

imply a markedness flip in the loan stratum, contrary to Ito & Md$€8b, 1999, 2001).
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Therefore this section explores an alternative possibility, thatdicedhigh preference
is due to a frequency effect in English loan words.

If this is correct and knowledge of ongehe sequence frequency in the loan stratum
can irfluence acceptability judgments, it is not clear why such a frequency bias should
exist only forvoicedhigh sequences, and not for other higlhquency sequences. For
example, theinaspiratedhigh sequence is actually more frequent tharvihieedhigh
sgjuence in English loan words. However, participants prefer the unatiestgurated
low sequence to thenaspirateehigh sequence, consistent with a grammatical ban, but
not with lexical frequency. Likewise, lexical frequency did not affect judgments
involving voicedrising sequences/oicedrising sequences are unattested in English
loans, just like thaspiratedrising andvoicedlow sequences with which they are
compared. However, the voiceding sequence is dispreferred, consistent with a
grammatical restriction, but not with a frequency effect in loan words. These facts
suggest that lexical frequency of loans is affecting judgsiarthevoicedhigh sequence
to a greater extent than other orsate sequences.

A possible explanation is that participants are not treating all stimuli pairs in
Experiment lequally as English loans. Perhaps they are sensitive to differences in
phondactic probability between loan and native strata (a result confirmed by Moreton &
Amano(1999 for Japanese speakers). When counting the number of words in English
loans and native Thai words categorized by otwet sequenc@cross all syllable
types),thevoicedhigh combination is the only one where there are significantly more
English loan words than native Thai words. This is summarized graphic&ligure18

belowfor each onsetone combination used in the stimul
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Fig. 18. Loan Distribution in the Thai Lexicon classified by Orgethe Combination

If participants are primed for either a loan or native interpretation based on the onset
tone combinatioff, thenof all the onsetone combinations, they will be most likely to
treat words withvoicedhigh sequenceas English loan words. This would explain the
fact that thevoicedhigh sequencevas preferred over theicedlow sequenceVoiced
high sequences are more natural imeegords tharvoicedlow sequences, as evidenced
by the larger percentage of loan word§&igurel8. However, the same logic would also

predict thatvoicedhigh sequences would be preferredapiratedhigh sequenceshis

%t seems likely that if anything would, ongene combinations would prime loan or native
interpretations of the stimuli, given this is the main dimension of variation among the stimuli.
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is not the case though.

One possible explanation for tlieicedhigh preference is that there are enough
examples of it occurring in loan words and few enough examples in native words for
Thai speakers to single that sequence out as one that is typiogligh loanrlike and not
nativelike. In the case of other ongeine sequences Figurel8above, there are more
occurrences in the native lexicon and fewer occurrences in loan words. Rising tone does
not occur at alln loan words and is of course plentiful in native items, and so no other
possible phonotactic pattern meets this criterion of positive evidence in the loan stratum
and negative evidence in the native stratum. Again, it is not clear whypitesthigh
seqence isnOt also preferred todbpiratedhigh sequence. This particular asymmetry
remains unexplained.

Importantly, this solution does not say anything about the Thai grammar, in loans or
native items. It is a specific version of a theory of lexicajdency affecting
acceptability judgments. In the absence of other grammatical and lexical effects,
participants may prefer phonotactic sequences that are present in the stratum they are
working in if they are more prevalent in that stratum than anothepetmg stratum, in

accordance with Moreton & Amano (1999).

4.2.4.2 VoicedLow Affinity: Preference for an Unmarked OnS&ine Sequence

Perhaps the most interesting result was\batedlow sequencewere preferred over
aspiratedlow sequences. As described above, this preference can be explained by a
grammatical constraint that encodes an affinity for voiced stops with low tone. However

this same constraint should also result in a preferena@itedrising sequences,
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assuming rising tone is a sequence of L and H tone autoseghmnésirising

sequences are treated as ungrammatical though. Therefore, this offers evidence of a
rankedpair of markedness constraints involving sequences of low tone and [+voice]. It
must be the case that a higinked markedness constraint banning [+velde}

sequences exists. In addition, a lowanked constraint O[+voice]/L ToneQ is present.
The two makedness constraints conflict, and sinogcedrising sequences are judged as
ungrammatical, it must be the case that *[+voicH]outranks [+voice]/L. [+voice]/L

only exerts its influence in the AL comparison. This result is particularly interesting
in the context of markedness theory: There is no reason for this markedness constraint to
have been learned in the process of acquiring Thai since it is not involved in the Thai
grammar. It supports the idea that phonological constraints are innate th@n-#ased

phonological account of this is offered in Chapter 5.

4.3 Experiment 2

Ito & Mester (1995, 1999, 2001) predict that loan strata should be more permissive
than native strat&Experiment 2assesses whether onsa@tesequences are restricted to a

greater degree in the native Thai lexical stratum than they are in the English loan stratum.

431 Method
43.1.1 Stimuli

The same basic set of stimuli frdBxperiment was used ifExperiment 2Unlike

Experiment 1a pilot study done foExperiment Andicated that participants had strong



preferences between the higine variants described 8ection4.2.2.2.3" The rising

variant was stronglpreferred over the level variant for five of seven participants. In

order to address this, stimuli were synthesized that contained voiced onsets with the
rising variant of the high tone. The onsets of the synthesized stimuli were taken from
tokens that catained the same vowel as the one to be concatenated. Likewise, the vocalic
portion of the synthesized stimuli was taken from tokens with onsets at the same place of
articulation. Tokens with aspirated onsets were not used since these often were
accompaniée by breathiness on the vowel, which may act as a perceptual cue for
aspiration. The sound files were concatenated using Praat gigiet@rossings. To

avoid a potential confound within stimulus pairs, the alternative tedicedhigh

sequence (eithemicedlow or aspiratedhigh) was also spliced in the same manner. Nine
spliced stimuli pairs comparingicedhigh andvoicedlow sequences and ten spliced

pairs comparingoicedhigh andaspiratedhigh sequences were added to the stimuli list

for Experment 2then. The level higione variant stimuli were retained in both

experiments, but were not included in the statistical analy&gperiment 2replaced

instead by the rising higtone variants. The fact that participant&iperiment 1did not

judge the rising and level higione variants as different was taken as justification that

this did not introduce a betweexperiment confound for theicedhigh sequence.

37\t is interesting thathis prefaencewas seen ifExperiment Zut notExperiment 10ne possibility is

that the task instructions may have affected interpretations of the high tone. It is possible that participants
weremore permissive with OdeviantO tone pronunciations wheththeght stimuli were nowords, as in
Experiment 1. In Experiment 2, they would be less permissive since now they are told one stimulus is an
ancient Thai word. This was not an age effect either, as both young and old participants answered at
random in Expriment 1.
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4.3.1.2 Participants

Sixteenparticipantsvere recruited ithe Bangkok region of Thailand by a native
Thai speaker who was trained in theoretical Linguistiswere offered compensation
and agreed to sign a consent form. Theyfiomed that they spoke Central Thai and
offered their current age as welliaformation about where they have lived in the past
Eleven of the participants spoke English to varying degFees participants did not
speak English at alNone of the partipants had any cognitive or auditory conditions

that would affect their performance in the experiment.

4.3.1.3 Procedure

Unlike Experiment 1a nativeThai speakemho was told to only speak Thai with the
participantsconducted the experimenthe instructions informed the participants that
one of the two nonce stimuli was an ancient Thai word. Their task was to use their
knowledge of the sounds of cant Thai to choose which of the two stimuli they thought
was the ancient Thai word. This task should encourage a native Thai interpretation of the
stimuli, and it should discourage an interpretation of the stimuli as English loan words.

The instructionsas shown to the participants are given belowl#). (

(14) Experiment Anstructions

auazdgudes 2 1"#$5%
"#$%&'()%&*+",-./"Q " # AR O56,-%.+/01231
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English Translation:

OYou will hear two sounds. One of these sounds is a word in ancient Thai while the other is not.
Given what you know about sounds in the modern Thauage, choose which word you think is

most likely to be the ancient Thai word. Please base your choice on the way modern Thai sounds in
your opinion; do not base your choice on any feelings you may have about the way ancient Thai
should sound. If you preféhe first word, press O10 on the keyboard. If you prefer the second word,

press 090 on the keyboard.O

Following the experiment, participants were asked to identify the tone in fourteen of
the stimuli. This was done primarily as a check on whethemplieed stimuli were
perceived correctly, but also provided a way to check for systematic misperceptions
(between high and rising tones for example, which are somewhat similar). Participants
listened to one stimulus for each condition (3 tones - 3 onsenharars 9 stimuli) with
five extra stimuli to check for differences in spliced/unspliced status and high tone

level/rising variance.

43.2 Results
4.3.2.1 OnsetTone Restrictions

The results oExperiment 2summarized ifrigure19 below, confirm that all four
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onsettone restrictions are grammaticalized in the native Thai lexical stratum. The
unaspiratedhigh, voicedhigh andunaspiratedrising sequences were all dispreferred in
both comparisons varying tone and manner. vdieedrising sequence was slightly

dispreferred in comparisons varying tone, but not in comparisons varying manner.

Mean Response by Comparison

1.0
Unaspirated Voiced - High Unaspirated - Voiced -
- High Rising Rising
[
Z
o
&
& 05 1 T 1 ©Experiment 2
E %
UL AH VL AH UL AR VL AR
0.0

Fig. 19. Experiment 2 Resuli8Test Comparisons

Linear regression analysis was performed orEtkgeriment Zesults, and
summarized iMable29 below. Recall that in comparisons varying manner, grammatical
status is confirmed for a given tone if the coefficient for that tone is significant and is
negative. Likewise, in compaons varying tone, grammatical status of a given enset
tone sequence is confirmed by a significantly negative coefficient in the two manner

factors. The interpretation of the logistic regression coefficients are discussed below.
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Tabe 29
Logistic Regression ResulBExperiment 2
* - indicates significance with p < 0.05

Manner Varying — Voiced/Unaspirated (1) — Aspirated (0) | Estimate| Std. Error| z-value | p-value
* Intercept (Unaspirated vs. Aspirated, L tone) 0.422 0.140| 3.014| 0.003
* Tone (H) £0.679 0.159| P4.272| 0.000
* Tone (R) £0.799 0.154| £5.198| 0.000
Manner (Voiced vs. Aspirated) 0.085 0.180| 0.472| 0.637
Tone (H): Manner (Voiced vs. Aspirated) £0.164 0.269| £0.610| 0.542
Tone (R): Manner (Voiced vs. Aspirated) 0.191 0.265| 0.721| 0.471

Tone Varying — H/R tone (1) — L tone (0) | Estimate| Std. Error| z-value | p-value

Intercept (Aspirated, H vs. L tone) £0.086 0.170| £0.505| 0.614

Tone (Rvs. L) 0.276 0.166| 1.660| 0.097

* Manner (Unaspirated) £0.719 0.156| §4.605| 0.000

* Manner (Voiced) B1.212 0.241| £6.037| 0.000

Tone (R vs. L): Manner (Unaspirated) £0.011 0.228| £0.048| 0.961

* Tone (R vs. L): Manner (Voiced) 0.774 0.298| 2.594| 0.010

In comparisons varying manner, a significant negative effect was discovered for both
high and rising tones: Participants preferred aspirated onsets more often with high and
rising tone than they did with low tone. In comparisons varying tone, significant negative
effects for both unaspirated and voiced manner were discovered: Partipiedetsed
low tone more often following unaspirated or voiced onsets than they did following
aspirated onsets. This confirms that all four ofteeé restrictions are grammaticalized in
the Thai native stratum.

Unlike Experimentl, no significant interamns were seen in the comparisons
varying manner, indicating that high and rising tone comparisons were treated on par:
Aspirated stops were preferred slightly and to an equal degree for high and rising tone
comparisons. However a significant interacticesvobserved between tone and voiced
manner in comparisons varying tone. This latter result indicates that the dispreference for

voicedhigh sequences is significantly greater than the dispreference feoitesrising
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sequence. This result is clearly ebged inFigurel9 above: The preference feoiced
low sequences over voicdugh sequences is by far the largest bias seen in the
experiment (approximately 80%@oth of these results are consistent with the hypothesis
that the four onsebne sequences under investigation are dispreferred.

One additional neasignificant result is seen in the coefficient for tone in
comparisons varying tone (p = 0.097). Notably, the response means in the two high tone
comparisongUH-UL & VH -VL) are much closer to zero than those in the two rising
tone comparisons. This indicates that a preference for low tone over high tone is stronger
than the preference for low tone over rising tone, but that this difference does not quite

reachsignificance.

4.3.2.2 Preferences Between Grammatical Stirdgain

Turning to the control comparisons, the result wiveieedlow sequences were
preferred inExperiment 1Iis also seen ikxperiment 2However, in addition, there is a
significant preference faraspiratedlow sequences this time. Recall from Chapter 3
that voiced and unaspirated stops share the feature [+constricted glottis]. This then
amounts to evidence that Thai speakers have a general preference for low tone with
[+constricted glottis] onsets in the native stratum. Meanwhile, in the loan stratum, this
preference does not generalize to [+constricted glottis], but is more spe@figngpo
[+voice] only. Results for the control comparisons are summarizeigjime 20 below

for both experiments.
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Mean Response by Comparison
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Fig. 20. Experiment 1 & 2 Resuli8Control Comparisons

The significance of the [+constricted glottlsjv tone preference is confirmed in the
linear regression model for comparisons varying manner: The significant positive
intercept coefficient iMable29indicates that padipants are significantly more likely to
prefer unaspirated onsets to aspirated onsets with low tone (the base condition).
Additionally, the fact that manner is not significant in the regression model indicates that
there is no difference in the effects oiced and unaspirated onsets: Both voiced and
unaspirated onsets are preferred with low tone in comparison aspiratedlow

alternative.

4.3.2.3 Additional Factors (LND, Vowel Quality, Onset Place)
In Experiment 2it is more likely that an effect of LND will exist since participants

were told the stimuli were ancient Thai wordsEkperiment 1on the other hand, they
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were told that they were agng nonwords. This effect was noticeable, but very small.

The coefficient in the logistic regression, with LND added to the model, was insignificant
among comparisons varying tone (. = 0.001, z = 0.042, p = 0.966) and in comparisons
varying manner als@ = 0.009, z = 0.348, p = 0.728), indicating that LND had no overall
effect on responses. (Figu2é summarizes mean responses across all participants,
categorized by whether the item with higher LND or lower LND was ¢hdsa each

pair of bar graphs, the left bar graph shows the resuldoeriment 1the right bar

graph shows the results fekperiment 2Each pair of means is taken from a subset of

the data that includes only comparisons that meet the minimumadldestD difference

shown on the saxis.
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Fig. 21. Effects of LND in Both Experiments
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For all threshold levels, except LND > 6, there is a larger bias towards the higher
LND item in Experiment Zompared t&Experiment 1 This is as expected: A smaller
LND effect was seen when participants were told they were listening tovo@s. In
addition, the effect of LND is increased when the results are filtered, including only
comparisons with large LND differences. It is cltseandom at LND > 0, but
approaches 60% once LND differences are greater than 5. The fact that no effect is seen
for LND in the logistic regression model may indicate that the effdéigare21is an
artifact of grammagal effects. Since LND will correlate with grammaticality, the two are
not completely independent; the model takes this into account though.

Vowel quality crossed with tone was added to the model for comparisons varying
tone, with no significant effecistovered for any of the vowels, nor for their interactions
with tone. In comparisons varying manner, it was not possible to cross vowel quality with
tone due to a lack of stimuli with all combinations; however, nesting vowel quality
simply yielded a sigfiicant effect for the vowel [u] as compared to the baseline vowel [a]
(. =1.100, z = 0.446, p < 0.05). This effect indicates a preference across participants for
voiced and unaspirated onsets with the vowel [u]. The mean response for voiced onsets
was 0.88; the mean response for unaspirated onsets was 0.531. Inclusion of vowel
quality did not affect the main effects for high and rising tone, however the intercept term
was no longer significant (. = 0.019, z = 0.049, p = 0.961). This result implies #hat th
result where voicetbw and unaspiratetbw sequences were preferred to aspirdoad
sequences was an artifact, with the real explanation due to a vowel quality effect.

However, there are two reasons that suggest this is not the case. First, the mean

responses differ substantially between voiced (0.738) and unaspirated stops (0.531). This
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suggests that any effect of [u] does not extend generally to the feature [+CG], but is
instead a more specific interaction with the feature [+voice] (recBkperinent 2that
low tone was preferred with both voiced and unaspirated onsets). Second, the model with
vowel quality included has a higher Bayesian Information Criterion (2175 vs. 2131),
indicating that the basic model has a higher likelihood. This indidaaes$he increased
power that comes with including vowel quality in the model does not result in a
sufficiently better fit than the basic model. As a resuis, concludel that vowel quality
does not introduce a confound into the responses.

Finally, pla@ of articulation is nested simply into the basic logistic regression model,
and it is found that no significant effect is seen for place of articulation in both
comparisons varying manner and tone. Therefore, the main effects reported above do not

includeconfounds from any additional factors.

4.3.2.4 Assessing the Effect of Loan vs. Native Interpretation
The results for three of the four ongehe sequences tested in Experiméraad?2
suggest that there are distinct loan and native strata in Thai. Results for both experiments

are summarized togetherkngure22 below.
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Fig. 22. Experiment 1 & 2 Resul®®Test Comparisons

Responses ithevoicedrising comparisons appear to contradict Ito & MesterOs
(1995, 1999, 2001) theory, since the difference in response means between experiments
is in the opposite directiomhevoicedrising sequence was unexpectedly dispreferred to
a greater degree Experiment than inExperiment 2In Experiment 1the voiceerising
sequence was the only sequence to be significantly dispreferred; howdssgrenmment
2, it is the sequenabat isleastdispreferred.

A logistic regression analysis was performed to compare results across experiments.
The prediction is that if a difference in grammaticality exists, the loan stratum will allow
a given onsetone sequence and the native stratum will not. The weakest result consistent
with Ito & MesterOs theory is that at least there should not be any sequence dispreferred

to a greater degree in loans than in native itemsv@leedrising sequence will be the
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relevant test here). If a difference in grammaticality does exist, there should be an
interaction between experiment and tone in comparisons varying manner. Likewise, in
comparisons varying tone, there should be a significant interaction between experiment
and manner. The weakest version of the theory is consistent with a lack of such a
significant interaction though. The lack of an interaction would indicate that we cannot
reject the null hypothesis that the ors®ie sequences in question are treated @allgq
grammatical in the loan and native strata. The next two subsections separate the results
for comparisons varying manner from those for comparisons varying tone, treating each

in turn.

4.3.2.4.1 Comparisons Varying Manner
The logistic regression results between experiments are summarizaiol&30
below for comparisons varyg manner.

Tabe 30
Logistic RegressioBBetween Experiments (Comparisons Varying Manner)
* - indicates significance with p < 0.05

Manner Varying — Voiced/Unaspirated (1) — Aspirated (0) | Estimate| Std. Error| z-value | p-value
* Intercept (Unaspirated vs. Aspirated, L tpBe&periment 2 0.420 0.133| 3.162| 0.002
* Experiment (Exp. 1) £0.392 0.196| £2.000| 0.046
* Tone (H) £0.677 0.159| £4.263| 0.000
* Tone (R) £0.796 0.153| £6.188| 0.000
Manner (Voiced vs. Aspirated) 0.085 0.180| 0.471| 0.637
Experiment (Exp. 1): Tone (H) 0.433 0.233| 1.858| 0.063
* Experiment (Exp. 1): Tone (R) 0.879 0.226| 3.888| 0.000
Experiment (Exp. 1): Manner (Voiced vs. Aspirated) 0.320 0.263| 1.213| 0.225
Tone (H): Manner (Voiced vs. Aspirated) £0.163 0.269| £0.608| 0.543
Tone (R): Manner (Voiced vs. Aspirated) 0.190 0.264| 0.719| 0.472
Experiment (Exp. 1): Tone (H): Manner (V vs. A) £0.009 0.375| £0.025] 0.980
* Experiment (Exp. 1): Tone (R): Manner (V vs. A) P1.099 0.393| £2.800| 0.005

In comparisons varying manner, the fact that no significant interactions existed
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between experiment and high tone indicates that the high tone restrictions were not
treated differently between experiments, and therefore that they are not treated differentl
in loan and native strata. While this does not reach significance, a difference is seen in the
VH-AH comparison (seEigure22 above), in the direction expected:Erperiment 2
participants were significantly biased tanls theaspiratedhigh sequence. This was not

the case ifExperiment 1where they responded at random. Notably, the results do not
contradict Ito & MesterOs theory since the restriction for English loans (or the lack of one
in this case) is still aubset of the restrictions in the native stratum.

Unlike high tone, a significant interaction between experiment and rising tone was
discovered. In addition, the interaction between experiment, rising tone and manner was
also significant. This latter intaction refers to the apparent flip that occurs between
experiments depending on the onset: Wihaspiratedrising sequence is dispreferred in
Experiment 2ut notExperiment 1 Thevoicedrising sequenceon the other hand is
dispreferred irExperiment 1but not inExperiment 2 Theunaspirateerising result is
expected if loan strata are more permissive; howevevgdicedrising result is not
expected. Instead, participantsErperiment Zhould disprefer the voicetking
sequence at least as muchtasse inExperiment 1 This is not the case though and is an
apparent contradiction to Ito & MesterOs theory.

In addition to effects of experiment, some effects held generally, across both
experiments. One such effect was a significant positive effethiéantercept. This
effect indicates that participants preferred unaspirated onsets more often than aspirated
onsets with low tone (AL comparison irFigure22 above). However, the extent of

this effect differed betweesxperiments: The negative coefficient for OExperimentO
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means that significantly fewer unaspirated responses were given in Experiment 1. This is

evident inFigure22 above, where we see fewer unaspirdted choices in théJL-AL

comparison irExperiment Zhan inExperiment 2While there was a general preference

for voicedlow sequences in both experiments, tinaspiratedlow preference surfaced

only in Experiment 2This implies that in the loan stratum, there was a rspeeific

markedness constraint acting only on voiced stops; in the native stratum a more general

constraint is active that acts on all [+constricted glottis] consonants. Therefore, not only

do stratum differences exist in overt grammatical restrictiortghlere is also evidence

for stratum differences affecting preferences between grammaticaltonsetequences.

It is difficult to ascribe this finding to anything other than a phonological grammar.
Significant effects across both experiments were asa for tone: The negative

coefficients for Tone (H) and Tone (R) indicate that participants prefer aspirated onsets in

comparisons with high and rising tone more often than in comparisons with low tone.

This is consistent with the ongeine restrictiongxisting in both loan and native

grammars. However, when the results for each experiment were treated separately, this

general effect was discovered onlyErperiment 2and not irExperiment 1suggesting

that the grammatical restriction is significam&xperiment 2and notExperiment 1

4.3.2.4.2 Comparisons Varying Tone
Turning now to comparisons varying tone, summarizethine31 below, two
significant interactions with experiment were discovered in addition to three effects seen

across both experiments.
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Tabe 31
Logistic RegressioBBetween Experiments (Comparisons Varying Tone)

Tone Varying — H/R tone (1) — L tone (0) Estimate| Std. Error| z-value | p-value
Intercept (Aspirated, H vs. L tonExperiment 2 £0.080 0.145| B0.555| 0.579
Experiment (Exp. 1) 0.133 0.211] 0.633] 0.527
Tone (Rvs. L) 0.273 0.165| 1.650| 0.099
** Manner (Unaspirated) £0.713 0.155| §$4.584| 0.000
** Manner (Voiced) B1.203 0.240| £6.014| 0.000
Experiment (Exp. 1): Tone (R vs. L) £0.398 0.242| B1.646| 0.100
Experiment (Exp. 1): Mannénaspirated) 0.276 0.224| 1.231] 0.218
** Experiment (Exp. 1): Manner (Voiced) 1.536 0.299| 5.138| 0.000
Tone (R vs. L): Manner (Unaspirated) £0.010 0.227| £0.044| 0.965
** Tone (R vs. L): Manner (Voiced) 0.770 0.297| 2.589| 0.010
Experiment (Exp. 1): Tone (&. L): Manner (Unaspirated 0.436 0.331] 1.318] 0.188
** Experiment (Exp. 1): Tone (R vs. L): Manner (Voiced] B1.629 0.399| $.080| 0.000

First, a significant interaction between experiment and voiced manner was
discovered. This means that a different response pattern existed in comparisons with
voiced stops compared to aspirated stops between the two experiments. The positive sign
on the cefficient indicates that iExperiment 2more 010 (high/rising tone) choices
were made with voiced stops tharBrperiment 2Second, a significant interaction
between voiced stop, experiment and tone was discovered. This result indicates a
significant dfference in the/H-VL comparison between experiments that cannot be
explained by more general effects of voiced stops or high tone. In loan woiks}
high sequences are tolerated and even preferred; in nativevieoesthigh sequences
are ungrammatical. This difference was the most significant difference seen between the
two experiments, and can be clearly seerigure22 above in the VEVL comparison.

The positive sign on the interactiomrtefor experiment and manner accounts for this
preference, attributing it to a general preference for high (and rising) tone with voiced
stops inExperiment 1 The negative sign on the interaction term between experiment,

tone and voiced manner indicatbattthere were significantly fewer responses for the



voicedrising sequence iExperiment thanExperiment 2

No significant interactions between unaspirated manner and experiment were seen.
While this interaction was not significant, it is clear that ttrean responses for the
unaspiratedrising and theunaspirateehigh sequences were shifted towards the-tone
alternative in both cases lxperiment 2 This shift is in the direction expected: The
unaspirateehigh andunaspirateerising sequences arespreferred to a greater extent,
though not significantly so iBxperiment 2

Finally, significant effects were discovered for unaspirated and for voiced manner,
independent of experiment. The negative coefficients indicate that a consistent preference
for low tone over high tone with both unaspirated and voiced stops was seen across both
experiments. Just as in the comparisons varying manner, this indicates that ttenanset
restrictions are present in both experiments. However, when treated separdyelye
results inExperiment Zeached significance, indicating that there was in fact a difference
between the two experiments. A third significant effect was seen in the interaction
between tone and voiced manner across both experiments. The mpusfiiaent
indicates that there is a stronger dispreference for high tone than for rising tone in

comparisons with voiced stop onsets.

4.3.2.5 Conclusio

In conclusionExperiment Zhowed that the four onsttne restrictions are found to
be significant only in the Thai native stratufxperiment Ishowed that three of the four
restrictions were relaxed. Of these, there was no evidenceuoiapirateerising

restriction, and only marginal evidence of theaspirateehigh restriction. Thevoiced
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high restriction was not only absent in the loan stratumybigedhigh sequences were
actually preferred in comparisons withicedlow sequencesihe only exception was the
voicedrising sequence, which was actually dispreferred to a greater exiexpgenment
1. This suggests a grammatical restrictionMoicedrising sequences in the loan stratum
that does not exist in the native stratum, citb & Mester.

Finally, an unexpected effect was seen in both experiments where participants
preferred voiced onsets to aspirated onsets with low tone, despite the fact that both
sequences are equally attested anduypnebly grammatical. This resudtin accordance
with findings in other languages where preferences were displayed that cannot be learned
from language experience, suggesting that grammar is playing a role instead (Frisch &
Zawaydeh 2001; Berent et 2007; Coetzee 2008, 2009).HExperiment 2, a preference
was seen for unaspirated onsets with low tone in addition. This observation is thought to
be due to a markedness constraihere low tone and [+constricted glottis] consonants
have an affinity for each other. The difference betweenrexpats is consistent with a
loan stratum that is more permissive: The native stratum includes a general constraint
where all [+constricted glottis] consonants are preferred with low tone; the loan stratum
involves a more specific constraint involving &f@rence with [+voice] consonants and

low tone. The results from both experiments are summariZeahle32 below.
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Summary of Results & Predictions Across Experiments

Stimulus | Stimulus Pred_lcted Preference in Experiment 1 Experiment 2
Native Stratum (Ito &
1 2 Results Results

MesterOs Theory)
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4.3.3 Discussion

While the regression analysis confirms that within each comparison type, the same
preferences exist, there is a notable difference between the effects seen in comparisons
with tone varying and comparisons with manvarying. Responses in the comparisons
varying tone tend to be more significant in the direction expected whereas responses in
the comparisons varying manner usually involve a less pronounced effect, if any is seen
at all. This is especially pronouncidthe hightone comparisons$n fact, all significant
differences seen (in either direction and in both experiments) are stronger in comparisons
varying tone than they are in corresponding comparisons varying manner.

As an explanation for the discreparimtween comparisons varying manner and
comparisons varying tong,is posiedthat a greater chance of misperception of stimuli
exists in the former relative to the latter. Additionally a single explanation is offered for

two unexpected results Experiment 2 A constraint that encodes an affinity between
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[+CG] and low tone can potentially explain the fact that the rising tone restrictions elicit
less pronounced responses and at the same time explain the faciaba@kow and

unaspiratedow seqiences are preferred aspiratedlow sequences.

4.3.3.1 Tone Confusion

Tones in Thai may be difficult for people to recognize in isolation, takenfout o
connected speech. Zsiga & Nitisaroj (2007) noted that excised syllables led to higher
error rates in identification. The current study uses a list format to elicit stimuli, so while
they are not excised from connected speech, it could be that thécktitlertain queues
present in connected speech (although cf. Abramson 1962, where it is reported that
citation forms are identified with minimal errors). Misperception of tones, if it happens at
all, will be more likely to occur in comparisons where teaneonstant and manner is
varied, as a result. In comparisons varying tone, participants are exposed to two different
tones in the speakerOs range, thus potentially disambiguating those tones in that
comparison. In a postxperiment questionnaire conductedExperiment 2 participants
were asked to identify the tones in 14 tokens used in the experiment. The results of this

questionnaire are summarized below able33, across all participants.

Table 33
Perception of Tones

L (Perceived) | H (Perceived) | R (Perceived) | F (Perceived) | M (Perceived)
L (Actual) | 66 0 2 0 7
H (Actual) | O 34 10 1 0
R (Actual) | O 6 37 2 0

Of particular importance here is the tendency for high and rising tone to be
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confused® These tones are phonetically similar in that they both consist of rising

contours and therefore, they may be more likely to be confused for each other. Notably,
10 of the 45 high tone tokens were mistaken for rising tone. Likewise 6 of thertp ri

tone tokens were mistaken for high tone. As a result, in comparisons varying manner, it is
relatively more likely that the high tone stimuli may be mistaken for rising tone stimuli.

In comparisons varying tone, the ldane stimulus item should makeasperception of

high and rising tone less likely, since the low tone will act as a benchmark for where a
rising tone starts (Low) as opposed to where a high tone starts (Mid). Since the rising
tone restrictions are generally less significant than thetbigirestrictions (in

Experiment 2anyway), it might be the case that the less significant response means in the
VH-AH and UHAH comparisonsredue to more frequent misperception of high tone as
rising tone. In fact, the results ligure22 show that VHAH and UHAH align fairly

closely with the corresponding responses for rising tone. This effect is discussed again in
the following chapter, which seeks to relate the Thai grammar to thegfiaieed

distinctions seen irhe results of the experiment.

4.3.3.2 Interaction of Weighted Markedness Constraints

In this subsection, the preliminariage outlinedor a taskmodel that may help to
explain two of the finegrained results reported above: First, there was a significant
preference fovoicedlow andunaspiratedlow sequences in comparisonaspiratediow
sequences. Second, there was a stronger response bias in comparisons with high tone than

in rising tone comparisons. These observations can be explained by appealing-to lower

% n contrast, Zsiga & Nitisaroj 2007 found that rising tone was more often confused with loWhise.
may be a function of how the individual speakers pronounced these tones in each study however, rather
than a fact about perception of tomed hai, more generally.



! 14z

ranked markedness constraints that do not figure in the grammar itself, boé may
relevant in this particular task. This proposal here seeks to map information in the
ranking required to learn the Thai grammar to a-tgedcific model where constraints are
assigned weights and affect responses accordifglyis model is outlined wht two
constraints here, but a more detailed implementation can be found in Chapter 5.

A constraint, *[+CG}high*®is the one responsible for the main effect. However,
there is evidence that lowesinked constraints can also contribute to judgments. léthes
constraints were not strictly ranked but instead interacted additively, then this provides a
way to explain the discrepancy seen between high and rising tone comparisons and the
voicedlow/unaspiratedow preference in one stroke. While the rising toeguences
also violate *[+CGjhigh due to the second mora being linked to H tone, they actually
satisfy a second constraint, [+GBjv. The two constraints involved in the competition

being described here are summarized belovish (

(15 i. *[CG]-high: Assign one violation for each [+CG] segment that precedes an H
tone (at any distance), within the syllabte.
ii. [+CG]-low: Assign one violation for each [+CG] segment that does not

immediately preede an L tone, within the syllabife.

Consider the VR/L comparison. Theoicedrising sequence satisfies [+C&w

% This idea is similar to CoetzeeOs (2004)-@mlered EVAL.

“°This constraints usechere as a means of illustration. Chapter 5 shows thaictbalversion of this
constraint ione that bana rising contour following [+CG] msets.

“!In the phonological account in the next chapter, this constraint will be altetpdD@]-[H]u2. But this
does not affect the argument here.

“2Notably, this constrant is an onsmiented version oflorZn & ZsigaOs L Tone / Coda constraint, and
may perhaps be unified under a single constrainis option is not exploredere however.
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tone since rising tone (LH) places an L tone adjacent to a [+CG] onset. On the other
hand, thevoicedlow (ML) sequence does not placelatone immediately adjacent to a
[+CG] onset. Therefore, thaicedlow sequence violatdsCGJ-low. Now consider the
VH-VL comparison. In this case, both sequences violate [H@&pnce because neither

have a [+CG] segment that is immediately adjaceantb tone. This distinguishes the

rising tone sequences from the high tone sequences in that we have identified a constraint

that actually prefers aicedrising sequence to its competitor, but does not make any
such preference in the VML comparison. f the influence of [+CGJow were to be
incorporated into a task model that applies information available from the grammar, this
can potentially explain the results on a figeained level.

Importantly, this departs from usual assumptions on ¢mvetraint interactions
behave, where Optimality Theoretic constraints are strictly ranked with respect to one
another (Prince & Smolensky 1993/2004). In standard OT, additivity among different
constraints can never happen; constraints are strictly ramcdeds a result, higheanked
constraints obliterate any effect that lowanked constraints may have. However, the
task in this experiment is not necessarily typical for the everyday language user.
Importantly, faithfulness constraints do not come pitty in this task; participants hear
two nonword stimuli and are asked to choose which one sounds more like it could be a
word of Thai. The fact that faithfulness is not involved and that they are not dealing with
Ospeaking the Thai languageO in the ssmak, changes the way in which they use their
grammar. In this task, they would weigh competing markedness constraints directly in

order to make their decision.

The proposal here is that relations between markedness constraints are preserved but
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via a weighting mechanism, since absolute ungrammaticality via markethiggalness
relations is irrelevant. In such a system, it is interesting to observe how markedness
constraints that are not crucially ranked in the grammar would be weighted. In this case,
the [+CG}How tone is such a constraint, as it plays no crucial role in accounting for the
surface pattern of consonawohne interaction in Thai (see Chapter 5 for more details). In
the case here, [+C&w is apparently subordinated to *[+C@igh. The {+CG]-high
constraint is weighted more heavily, as can be seen in thk@RJRsult inFigure22

above, where these two constraints act alone in opposition, and gsptregedrising
sequence is preferred. That the *[+G@¢h constraint is weighted more heavily is a
reflection of the categorical grammar: The *[+Cld¢h constraint plays an important

role in explaining why the onsétne sequences are ungrammatical and must be ranked
above some faithfulness constraint, vdas the [+CGJow does not. The categorical
grammar interacts with this system in that markedness constraints that are crucially
ranked with respect to each other in order to account for the ungrammaticality of the four
onsettone restrictions should hattas relation preserved (i.e. a higher ranked constraint
must have a higher weighting than a lower ranked constraint). This prediction is tested in

the following chapter.

4.3.3.3 The VoiceeRising Sequence Flip

One result that is not easily accounted for concerns the findings feoittestrising
sequence in the two experiments. Tbe&edrising dispreference was unexpectedly more
significant inExperment 1 This seems to indicate that the loan stratum includes a

restriction (*[+voice}LH) that is not present in the native stratum. However, there is still
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some weak evidence that the voigeing sequence is dispreferred in the native stratum,
since tle VR-VL comparison was very nearly significantly biased towards the voiced
low option. The fact that participantsO responses in th@R/Bomparison was at

random might then be an instance of the [+velo@] constraint influencing responses,

as describeth the previous subsection.

Once the voicedising sequence is taken to be ungrammatical in both strata, all that
remains to explain is the shift in responses. The explanatiordffere is that the loan
stratum involves a relaxing of the other threstnietions, leaving the voicedsing
restriction as the only onstine restriction present in the loan stratum. As a result,
participants irExperiment Imay be emphasizing its presence to a greater degree. If
among all the experimental stimuli they heéere is one that they find to be
ungrammatical, they will be more likely to key on it than they would if that restriction
were mixed in with three others, asErperiment 2 Additionally, recall that in
Experiment 1only thevoicedlow, but not thaunaspiratedlow sequence was preferred
to theaspiratedlow sequence. This indicates that the [+&&¥ constraint (for whatever
reason) was not exerting itselflixperiment 1 As a result, we would expect the
influence of the *[+CGJH constraint to be strger inExperiment Xor rising tone
comparisons. The responses for the voigsilg comparisons did exactly this. The
responses for the unaspirateging comparisons were at random, however. This set of
observations suggests that voigesing sequenceare treated as equally ungrammatical
in both experiments.

Making this assumption allows a picture of the native and loan strata in Thai that

adheres to the implicational relation posited by Ito & Mester (1995, 1999, 2001): The
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loan stratum involves a gite specific markedness constraint (*[+vaHi) that outranks
the relevant faithfulness constraint, whereas the native stratum involves a more general

version (*[+CG}H). This situation is represented schematicallyli).(

(16) *[+voi] -LH >> Faith gan >> *[+CG]-H >> Faithyative

An OT-based phonological analysis built around this basic ranking scheme is outlined
in the following chapter. Importantly, the results of this experiment establish thalgo
high tone, but also rising tone is ungrammatical following [+constricted glottis] onset
consonants in unchecked syllables. An updated version of the corsamangstrictions

in Thai is given below iTable34, based on the findings of this chapter.

Tabe 34
ConsonanfTone Restrictions in Thai

Onset Mid Tone Low Tone Falling Tone High Tone Rising Tone
= Celse Attested Attested Attested Attested Attested
(0]

X
S T Attested Attested Attested Unattested Unattested
c
(&)
[
D D Attested Attested Attested Unattested Unattested

Celse & Unattested Attested Attested Unattested Unattested
2 long V
S Celse & Unattested Attested Unattested Attested Unattested
21 shortv
© T Unattested Attested Unattested Unattested Unattested

D Unattested Attested Unattested Unattested Unattested

4 4 Conclusion

This chapter has presented a pair of experiments that showed all foutoneset

restrictions are psychologically real and should be treated as part of the Thai grammar,



| 147

rather than accidental gaps. Unlike the native stratum, onlyoibedrising sequene is
deemed to be ungrammatical in the loan stratum. This finding is in agreement with Ito &
Mester (1995, 1999, 2001), who claim that loan strata are more permissive than native
strata crosginguistically.

Additionally, that participants exhibited pezénces between attested orisee
sequences implies the existence of markedness constraints that cannot be learned based
on language experience in Thai. Specificallyicedlow andunaspiratedlow sequences
are preferred ovaspiratedlow sequences, ewn though all three sequences are attested
in Thai. This preference is in accordance with theories of constoraminteraction
(Bradshaw 1998;ee 2008; Tang 2008), whelpethvoicing and glottal constrictiom
obstruentsre found to have an affinitpif low tone, croséinguistically. This result
establishes the presence of markedness constraints that may be innate, and not acquired
as part of language acquisition.

Finally, the results in the two experiments can be explained with greater accuracy if
stimuli pairs are judged based on competition between weighted markedness constraints,
rather than the usual strictly ranked versions. Three results in particular aaifidyd
under a single explanation that involves interaction between two markedness constraints.
First, the presence of a constraint [+&@}, where low tone requires a precedjGG]
consonant, is implied by theicedlow andunaspiratedlow preferencs. Next, the fact
that comparisons varying tone tend to be more strongly biased away from the
ungrammatical onsé¢bne sequence than in comparisons varying manner can be
explained also. In comparisons varym@nneythere is a greater chance for tonal

confusion and thus these comparisons involve less significantly biased response means
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Finally, the tendency for rising tone dispreferences to be less pronounced than those for
high tone is also explained in the same/w&ince rising tone contains both L and H

tones, the [+CGJow constraint is not actually violated ypaspiratedrising andvoiced

rising sequences. As a result, their added effect is not seen in the rising tone comparisons,
unlike the high tone compaas. An OT account as well as a systematic approach to
weighted markedness and how it may interact with an actual categorical grammar is the

topic of the following chapter.



Chapter 5 — A Phonological Account of Consonant-Tone Interaction in Thai

5.1 Introduction

This chaptepresents a phonological account that explaingthgirical facts for
consonantone interaction summarizedtime previous three chaptefhe phmological
account outlined here extends the accoubdi-tone interaction of MorZn & Zsiga
(2006)to encompass the ondene interaction as wellt departs fronotheraccounts of
onsettone interactionn Thai(Ruangjaroon 2006;ee2008) In these other accounts,
only high tone is taken to be ungrammaticdiowing [+CG] onsetsThe presenaccount
differsfrom these previous accouritsthatit assumes there &risingtone restriction in
unchecked syllabless well based on the findings in Chapters 2 anRdangjaroonOs
(2006) and LeeOs (2008) accouely on the fact that the onset in question is adjacent to
the tone with which it interacts. Instead, it is argued here that the consonant
interaction cannot be logadnce the rising tone restriction is includétis follows from
the fact that falhg tone (HL) can occur following [+CG] onsetsThai, but thahigh
(assumed to be a Midigh sequence, following MorZn & Zsiga 208%and rising tone

(LH) cannot. This situation is illustrated ih7) below.

“3Ruangjaroon (2006) and Lee (2008) assume that H tdimkésl to both moras in Thai higbne unlike
the representation of MorZn & Zsiga (2006) showrlifb). Even if high tonénvolves an H shared
between two morashe argument here applies anyway for rising and falling tone: When the H tmlg is
linked to the second mora (aslific), thesequence is ungrammatical; when ibigy linked to the first
mora (as irl7a), it is grammatical.
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(17) Locality in Consonanilone Interaction in Thaunchecked Syllables

a.Falling Tone b. High Tone E c. Rising Tone
1
H L H o L H
o | o
o R
1
Crce V \% Crce V \% E Crce V \Y
Grammatical Ungrammatical

The two ungrammatical sequensdsre a common phonetic characteristic: They
both havdate H-tone targetsa fact that is reflected in the representations showhi7)n (
On the other hand, tHelling-tonesequence involves aarlyH-tonetarget If adjacency
is evaluated based on the linear order of the moras with respect to the onset chsonant
then the fallingtone sequence is the only one where the H is strictlenido the
[+CG] onset consonant. Yet, this is the only sequence involving an H tone that is
grammatical. This situation can only be resolved under an analysis where locality is
irrelevant. As a result, it is arguétht the onsetone estrictions in Thainvolve a
sequence of a [+CG] onset followed bytamone linked to the second marethat
syllable A markedness constraitjftrCG]-[H]u2*° is introduced that is violated onper
syllablewhenever a [+CG] onset consonant oceutkin a syllable whoseecond mora
is linked to an H tone (following MorZn & Zsiga (2006), it is assumed that all syllables in

Thai are bimoraic)The constraint{[+CG]-[H]u2, is argued to be motivatéa partby a

a4 Notably, adjacency may also be evaluatedhe autosegmental tier. In this case, the prediction is that

high tone {7b) should be grammaticglst like falling tone 17a), since there is no intervening tone

between the H autosegment and the [+CG] onset. The fact that high and rising tone are both ungrammatical
suggests that this autosegmental adjacency is irrelevant. Instead, only the tone linked to the second mora is
relevant.

“>The OXO linked to the first mora denotes the fact that the configuration is blind to the tonal content of the
first mora. It can berhked to an H, an L or it can be unlinked to any tone. It can even be linked to the same

H tone that is linked to the second mora. The key point is that the second mora is linked to an H tone.
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universal tendency for pitch targets to be realized late iatdgh (Cutler & Chen 1997;
Xu 1999, 2004)The second mora can thus be seen as carrying the Ohead toneO of the
syllable, and as such it is thelevant locatiorin a constraint banning high tone with

[+CG] onsetsThis situation is illustratetdelowin (18).

(18) TheUngrammaticaDnsetTone Sequence in Theinchecked Syllables
(*[+CG]-[H]u2)

X H Autosegmental Tone Tier
I I
M M Mora
I I
Crce V \Y Segmental Tier

This account improves upon previous accounts of esetinteraction by Lee
(2008, 2011) and Ruangjaroon (2006) in two major ways. Bssfentionedf accounts
for the previously undocumented risit@ne ban. Second,dibes not require any
markednes constraint banning mid tone with [+CG] codés the oneused in LeeOs
(2008, 2011) analysigollowing MorZn & Zsiga (2006), mid tone is treated here as a
mora that is not linked to any tone (only H and L tone autosegments exist); as such, no
constrant can refer to mid tone.

This analysis also explains the differences between the loan and native strata, splitting
faithfulness constraints, which are relative to either stratum, following Ito & Mester
(1995, 1999, 2001). Finally, the fingrained reslis of thejudgmentexperiments in
Chapter 4 are explained under a tapkcific model of competing weighted markedness
constraintssimilar to the ranrdordered EVAL of Coetzee (2004)he taskwhich

involved comparison of neword stimuli is accessingie grammar but not via a
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mapping from an inpusince phonological inputs, and therefore faithfulness constraints
are irrelevant in the task. Instead, it is argued that the task involves a weighted
comparison of markedness constraints. The model is basadamerical weighting
system that comes from the grammar itself, thus providing a way to explain the finer

grained results by appealing to a taglecific model.

5.2 An OptimalityTheoretic Account of Consonanbne Interactia in Thai
52.1 Assumptions on Moraic Structure and Tone in Thai

This section describes the moraic representation of MorZn & g2g&), which is
adopted heréMorZn & Zsiga assume that tora® rightaligned in Thai, based on
phonetic facts. High tone is phonetically rising (stoehigh) and low tone is phonetically
falling (mid-to-low). Therefore, the pitch targets are late, and it is argued that in a
phonology that is faithful to the phaies to the greatest extent possible, the tonal

autosegments should be rigiligned. Their representations are showrllB) below.

(199 Representation for the Tonal System of Thai (MorZn & Z2@f6)

Mid High Low Falling Rising
H L H L L H
I I (I [

H M H M H M MM H M

It is assumed that all Thai syllables are bimoraic. This is betlaeseare no open
syllables with short vowels in Thayllables with short vowels require a coda. Codas are
then moraian Thai In syllables with long vowels and codas (C®)Vthe second mora is

linked to the vowel and the coda simultaneously. As attesawel length is contrastive
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based on whether the second mora is linked to the vowel or not. This situation is

illustrated schematically ir2Q) below.

(200 Vowel Lengthand Moraicity in Thai

a.Short Vowel OCVTO b. Long Vowel OCVYC)O
‘u L‘l W
CV T C V (O

In syllables with long vowels, the representationslB) étraightforwardly capture
the fact that H and L tone involve phonetic contoti®wever, they are potentially
problematic in CVT syllables, where only a single moraic vocalic segment is present.
MorZn & Zsiga assume that CVT syllables with high toneepeesented with a single H
autosegment associated to both moras (MorZn & Zsiga 2006:150 ex. 41c). This is shown
in (21) below, using CVV syllables to represent all unchecked syllablessame

representation for short voveels assumed here.

(21) M & zOs (2006) Representation for High Tone in CVT and CVV Syllables

a. H b. H
A |
|HL|1 T

CV T cCV

Given a desire to treat phonefiacts transparently in the phonology, this predicts a
difference in the phonetic realization of high tone between checked CVT syllables and

unchecked syllables, where the presence of two vocalic moraic segments will allow a
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tonal rise. Specifically, the CVsyllable should be a level high tone (or at least involve a
very early and steep rise), whereas CVV syllables should be pronounced witlica mid
high rise. However, this is not the case. High tone is similarly rising in CVT and CVV
syllables (MorZn & Zsja 2006:131 fig. 4)Likewise, the phonetic representation of

falling tone includes a rise in pitch over the first part of the vowel (MorZn & Zsiga
2006:131 fig. 4). These two factsuld follow straightforwardly if the H autosegment is
itself realized as phonetic rise. Therefore, for these reasons, it is tempting to adopt the
representation in2@la) for all high-tone syllablesThis is the representation adopted by
Ruangjaroon (2006) and Lee (2008); iaisodesirable bemuse it allows for a local

relation between the H tone autosegment and the onset consonant.

However, even itherepresentatioshown in R1a)is adopted, it is still necessary to
make reference to the second mora. The fact that rising tone, and not falling tone is
banned following [+CG] onsets requires such a referangway, as shown irl{)
above Rising and tyh tone share the common property that their H target is on the
second mora, under any analysis of H tone. If this is also encoded in the photiwagy
it is possible to handle the ongethe restrictions involving high and rising tone with a
single makedness constraint that refers either to a rising tonal cootaur H tone on
the second mora.

As a result, the t&ataken in this account is one whexdjacency at the moraic level
is ignored, instead focusing time rightmost mor#ollowing unaspiratd and voiced
obstruent onsets. This departs from Lee (2008, 2011), whoB&Jxheoryposits that

tonal autosegments share a link to the first mora and the onset consoosd#gy to
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explain local interactions between onset consonants andtisargued that, for Thal®,
there is no reference taljacencyat the moraic levebut that instead eoccurrence

restrictions hold between the onset consonant and the rightmost mora.

52.2 Assumptias in GEN

This section outlines the theory of GEN that is adopted in the Optimality Theoretic
account. Rather than tackle all possible constraint interactions, the account here aims to
explore inpwoutput mappings that involve changes only on the tantaksagmental tier.
In fact, no segmental changes are explored in the phonological analysis here. The
segmental tier and segmdntmora links are fixed as a property of GEN. Therefore, the
representation in20a) aboveapplies to all candidatesith short vowelsboth underlying
and surface formdikewise,the representation ir2Qb) applies to all candidates with long
vowels. The only changes allowed between input and output forms involiantigier
and/or the links between tones and mofdss is a simplifying assumption made both in
the account here and in MorZn & Zsiga (2006}, in principle, possible to have vowel
length and/or segmental changes in response to some of theiotsstrelved in this
analysis While acknowledging this, the account here assumes a theory of GEN that
simplifies the system such that all action occurs in the tonal autosegmental tier and its
links with the moraic tier.

Candidates are considered thatywhe following characteristics i”22).

“® |t is predicted that other languages should also displaybttiavior, where the rightmost mora is the one
relevant in consona#tbne interactions with an onset consonant. | do not explore-lingssstic evidence
for this here, but leave this as a question to be addressed in future research.
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(220 GEN: Candidate Variation Among Inputs
1. Whether the onset consonant is [+@%®oicg], [+CG, +voice]or not [+CG]
2. Whetherthe vowel is long or short (ag®ing the moraic representatians
(20) above)

3. Whetherthere is a coda consonant tist+CG] or not.

A given candidatsvill not have anydisparitiesfor these characteristit®tweerthe input
and output. Disparities beeen input and outpuinly arise in the tonal tier.

As discussed in the previous section, all Thai syllables are bimoraic. For a given
mora, there are three possibilifiéwith respect to & association to the tonal tier, as

shown in 23).

(23) GEN: Candidate Variation Within Candidates
1. The mora s linked to an H tone.
2. The mora is linked to an L tone.

3. The mora is not linked to any tone (realized as mid tone, referred to §.O0MO

Since each mora independent, and since each syllable contains exactly two moras, this

allows for a total of nine (3 x 3) pabke tonally distinct syllables. These tonal

“"There are actually more possibilities if multiple tones are allowed to link to a single mora. However, it is
assumed that either one tone or no tone is linked to each morasheoperty of GENViorZn & Zsiga

(2006:140 ex. 21) assume a violablg urdominatedconstraint, *[TT]u that is violated by moras that are

linked to multiple tones.

8t is important to note that, here and throughout, although I occasionally refer to toneless moras as OmidO
or as OMO, this is only a notatiodigiinguishthem fom theirfully specified H and L counterparts. The
systemitself does not and can not refer to a notion of OMO or OmidO in afiyevalgorthand

representation, OHMO differs from one that is OMHO in that OHMO has a single H tone linked only to the
first mora, whereas OMHO has a single H tone linked only to the second mora.
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representations are listed as follawg24), via ashorthandnotation that is useich OT

Workplace (Prince & Tesar 2013)

(24) Possble Tonal Representations in GEN
1. HH
2. HM
3. HL
4. MH
5. MM
6. ML
7. LH
8. LM

9. LL

However, there is the additional possibility that a single tonal autosegment may be linked
to two moras. This allows for twadditionalrepresentationor the OHHO and OLLO
sequences listed above. The OHO that the two moras are linked to in an OHHO sequence
may be the same OHO, or it may be two separate instances of an OHO agthsegment
same hold true for an OLLO sequenks a result, two additional distinct tonal
representations are admitted in GENown in 25) below; yielding a total of eleven

possible tonal representations.



I 15¢

(25 Tonal Representations in GE&ont.)
10.H2 (a single OHO autosegment shared between moras)

11.L2 (a single OLO autosegment shared between moras)

Theseshorthandnotatiors areusedin OT Workplace Prince & Tesar 2013), such
that each input considered consista @ompetition between eleven candidates. Recall
that onset type, vowel length and coda type are all fixed between input and output forms.
Therefore, there are more than eleven possible inputs to be considexddition to the
eleven possible tonal regsentations, there are three possible onset types, two possible
vowel lengths, and two pos#bcoda types, yielding maximum total of11 x 3 onsets X
2 lengths x 2 codad)32 possible inputs that the system. However, Thai doeallow
open syllables w#h short vowels. In addition, there is no constraint in the system that
distinguishes betweeyllables withsonorant coda@CVN/CVVN) andunchecked open
syllables with long vowels (CVV)As a result, it is possible to treat syllables with short
vowels anl sonorant codas amnmcheckeapen syllables with no coda as if they were
identical. Therefore the system will assume all syllables with short vowels have [+CG]
obstruent codas, thus reducing the total number of inputs to cobgi@8r(3 onset types
x 11 tonal representations), to 99. The inputs considerddstaein AppendixD, along
with the mapping assumed between inputs and tafpuThai.This mapping is
consistent with the mapping used in Mo&#siga (2006), but is extended to cover all

possible inputs, including those with ontee interaction.



5.2.3 Assumptions on Phonological Features

Turning now to the constraint that drives conso+tane interaction, Ruangjaroon
(2006) and Lee (2008, 2011) both assume that the feature #Zapuedd glottis] §5G])
defines the class of consonants that are banned preceding H tone, via a constraigt ba
[BBG] followed by H tone. This assumption correctly separates the unaspirated and
voiced obstruents from all other segments. However, Lee notes that Thai is apparently the
only language in his crodmguistic survey of consonatdne interaction whe [ESG]
and not [+SG] or [+CG] is active. @hapter3, it was establishethat unaspirated and
voiced stops both occur with laryngeal constriction, while aspirated stops do not. This
implies that Thai is not actually exceptional, and that the featur@][#he relevant
feature in the consonatdne interaction, just as in other languages in LeeOs stTihuesy.

the feature [+CGis employedhroughout, rather than the featuB&(s].

524 Coda-Tone Interactio®MorZn & Zsiga (2006)
It is not possible to account for ondenhe interactions in Thai without also
addressing the restrictions seen between obstruent codas and tone. To that end, this
section provides a summary of the analysis of A& Zsiga (2006), whose account will
be extended to explain the onset restricti@e® Appendix for their final constraint
ranking) Only the main constraint interactions that account for the-tm@ainteraction
are summarized here. The reader is referred to MorZn & Zsiga (2006) for a more detailed
account of the constraints involved. A complete list of the constraints used by MorZn &

Zsiga and in the present accauatbng with their definitionss given inSection5.2.7.
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Their final ranking is shown in Append& The facts regarding codane interaction are

repeated iMable35 below for checked syllables in Thai.

Tabe 35
CodaTone Restrictionin Checked Syllables

V-Length Mid Tone Low Tone Falling Tone High Tone Rising Tone

Long V ! I ! I !
Short V ! I ! | !

Recall that only low tone is allowed in all checked syllables. In addition, high tone
can surface, but only in syllables with short vowels; in syllables with long vowels, falling
tone surfaces instead. Mid and rising tones are completely unattestestiked
syllables.

Notably, the moraic representations of MorZn & Zsiga (2006), as sho#) iakiove
treat mid tone as toneless. As a result, no constraint can explicitly refer to mid tone. This
treatment of mid tone is bad on crosdinguistic observations of mid tone being inactive
or less marked than high and low tone (Yip 2002). While mid tone is often treated as less
marked, this creates a paradox in Thai, noted by MorZn & Zsiga, since mid tone is
actually unattestedhichecked syllables, while low, falling and high tone are attested.
This paradox is explained via the presence of a markedness constraint that requires an L

tone to be linked to codas in checked syllables (MorZn & Zsiga 2006:143 ex. 31):

(26) C.G.Coda/ L: C onstricted glottis coda segments must be associated with low

tone.
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This analysis assumes that codas are [+constricted glottis] and that they are linked to
moras (and therefore also to tone). There is a range of evidentieahabnsonants in
Thai and other languages are commonly glottalized. Maddieson (1977) notes that
voiceless codas allow for reinterpretation as a laryngeal segment. A correlation between
glottalization in codas and low tone is seen in both English (Rigmbert 1995;
Huffman 1998) and Thai (Abramson 1962), a fact that MorZn & Zsiga use to ground the
constraint in 26) above.

The constraint in46) solves the markedness paradox by requiringpthsence of L
tone, even if it is not present underlyingly. By ranking C.G.Coda / L above *[L],
toneless inputs will surface with low tone, rather than mid tone in checked syllables.
Faithfulness constrain{svhich are all of théiax varietyherg do notcome into play,
since the input does not contain any f8nghis is shown in tablea27) below, (from

MorZn & Zsiga 2006:146 ex. 32).

(27)  Mid tone maps to low tone in checked syllables

Na:k/ ‘various’ | C.G.Coda-->L | *[L]
@ a. L *
I

uu
W

lak?

up
%

lak®

“3The only faithfulness constraint that would come into pldyeEs[Tong. This constraint is not included
in the inventory of faithfulness constrasty MorZn & Zsiga (2006 nor isit included here.
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The constraint, C.G.Coda / L also explains the grammaticality of falling tone, but
not high or rising tone in cases with underlying high tdrnes is shown in tablea28)

below, (fromMorZn & Zsiga 2006:146 ex. 33).

(28) High tone maps to falling tone in checked syllables with long vowels

Nla:k-H/ ‘to tow’ | C.G.Coda-->L | *[TT]o , ALIGN-Right
@ a. | HL ® 1 *
I

up
W

lak?
b.| H ]
I

uu
W

lak?

Only candidates that retain the H tone are shown in this tablemmeHmust surface due

to Max-H outranking C.G.Coda / L. In the winning candidat@&a), an L-tone is

inserted on the second mora so that C.G.Coda / L is also satisfied. The winning

candidate violates the constraint, *[TTJ2ToONES) due to the contour tone aidign-R

since the H tone is not aligned at tight syllable edge. These constraints are

subordinated to C.G.Coda / L, thus allowing candida84) to be selected optimally.

Candidate Z8b) is not optimal because the H tone on the seomma incurs a fatal

violation of C.G.Coda / L, (the same holds for a candidate with rising tone). As a result,

candidate Z8b) incurs a fatal violation of C.&oda / L, and candidate 28a) with

falling tone is the optimal solution in preserving underlying H tones in checked syllables.
Finally, in order to account for the fact that high, but not falling tone, can occur in

checked syllables with short vowels, the constri@irLizETONE is introduced. This
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constraint is violated by a tone that is not associated to a sonorant sé&ggment TONE

is defined in 29) (from MorZn & Zsiga 200648 ex. 37):

(290 ReALIZETONE: Tones must be assiated to a segment that can support vocal fold

vibration.

Recallthat unchecked syllables with short vowels are represented such that the
second mora is associated only to the obstruent coda, as sh@4a)ialfove. Since the
obstruent coda is not a segment that can support vocal fold vibiRRHenze TONE has a
potential role to play. For example, considsirailar input to the one shown i27%)
above, but with a short vowelstead of a long vowel, as shown in table3@) pelow
(from MorZn & Zsiga 2006:149 ex. 39his tableau shows thREALIZETONE and
C.G.Coda / L must both dominate a constraint that penalizes a tone associated to more

than one mora (*[puu]T).

(30) Mid tone maps to low tone in unchecked syllables

/lak/ ‘steak’ | REALIZETONE 1 C.G.Coda-->L | *[uu]T

I
up
|l

a|lak?
T
|
H B
b. lak?
L
A

uu
Il

& C. lak®

*1
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Unlike with a long vowelwhen the vowel is shorthe optimal candidate3Qc) has an
L tone that is shared betweeoth moras. The candidate with the L tone rglhgned
(30b) fatally violatesSREALIZETONE because the L tone is linked only to the obstruent
coda, which cannot support vocal fold vibration. As befor@), insertion of an L tone
is required to avoid fatal violation &.G.Coda / L, as candidate 30a) attests. A
violation of the constraint[uu]T is tolerated in the winning candidatgdp).

ReEALIZETONEalso plays an important role determiningthat H tonerather than HL
tone,surfaces in unchecked syllables with short vow&tsinput with HL tone is
mapped to an output with only H tospanning two raras, as shown in tablead}

below (from MorZn & Zsiga 2006:151 ex. 42).

(31) HL maps to R in unchecked syllables with short vowels

/lak-HL/ ‘to steal’ | REALIZE 1 *[TT]u | C.G.Coda-—>L

TONE |
HL !
W
uu
|1
a | lak?
HL
[ 1
uu *|
Il
b.| lak?

H j

A 1

up :
1
1

* |

11
& C. lak?

It is not possible to preserve both the H and L tonéisaroutput. Theanstraint *[TT]u
is fatally violated when a single mora is linked to two tones, as is the case in candidate

(31a) >° However, if the L tone is only linked to the second mora, as in cand&iée (

0 This constraint of MorZn & ZsigaOs is assumed as part of GENdurtkat account.
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this fatally violatedReALIZETONE. Therefore the optimal candidate is the one in which
only a single H tone remains, candid&#&c)®". The H tone is retained, rather than the L
tonebecauséax[H] dominatesviax[L] (see MorZn & Zsiga 2006:151 ex. 44)

This accounts for the patterns seen in checked syllables. The following sections
introduce the constraints that must be added to MorZn & ZsigaOs system, ultimately
arriving at an analysis that accosifibr onsetand codaone interactionsimultaneously
For reference e final rankingof MorZn & ZsigaO®T analysis isshownin AppendixC
(MorZn & Zsiga 200@:52). Constraint definitiondoth those bMorZn & Zsiga and the

present analysigiredefinedin Section5.2.7.

5.2.5 Interactions Between Onsets, Codas and Tones

This section presents an Optimatityeoretic account of the interactions seen between
onsets and codas, when they are simultaneously present in Thai. It is argued that
constraints modulating codane and onsdbne interactions are not sufficient to agabd
for the fact that only low tone is attested when both the coda and onset are [+CG]. As a
result, a markedness constraint is adopted that is suggested by Chen (2007) as a
modification to a local conjunction first proposed by Ruangjaroon (2006), theisbah
sequences directly.

RuangjaroonOs (2006) generalization of the constmaminteractions between
onsets and codas in Thai shown in Chapter 2, was altered to include rising tones based on
the results of the experiments in Chapter 4. However thsie ganeralizations in

unchecked syllables are assumed to be coffeetsummary of consonattane

*1 Notably, candidate3(ic) also violate MAX[L], while (31a, b) do not. Therefor&EALIZE TONE must
dominateMAXx [L].
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restrictions by syllable typia the native Thai stratum, based on the findings in Chapter 4

is repeated iTable36 below.

Table 36
ConsonaniTone Restrictions in Thai (Native stratum)

Unchecked
_|

Ceise& ! | | ! !
long V
Celse & I ! ! [ I
short V

T ! I ! ! !

D ! | ! ! !

Checked

At the heart of this pattern of conson#mre restrictions, is a tricky conundrum: H
tone is attestedr( the form offalling tone) following [+CG] onsets, in unchecked
syllables as well as in checked syllables that do not have [+CG] onsets. However, in
checked syllables that haletha [+CG] onset and coda, H tone is unattested. It is not
possible to account for this fact using any version of MorZn & ZsigaOs (2006) C.G.Coda
/ L constraint, since this constraint allows HL tone in checked syllables. Similarly,
neitherthe constraint useby Lee (2008, 2011), banning [+GGipgh tone sequencgesor
the constraint used in the present account (*[+{Gji2) canaccomplish this on its
own. Since exceptions are seen where H tone occurs with both [+CG] codas and onsets,

both constraints must lm®@minated byMAx[H]. If that is the case, how is it that H tone
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cannot surface at all when both the coda and the onset are [+CG]? Thigpgefifect is
not easily accounted for.

The generalization is that the simultaneous presence of a [+CG] cod&t&@]a
onsettogetheris worse than the presence of either on its own. Realizing this,
Ruangjaroon (2006) employed a local conjunction of these two constraints, ranking it
aboveMax[H] in order to explain the absence of H tone in this environment. Whigé loc
conjunction introduces many issues (as argued by Chen 2007 in a reply toaFagang)j
2006), the basic generalization appears unavoidable. As a solution to this, Chen (2007)
offers a markedness constraint banning the sequence directly: *[[+CG]EHE[+CG]]0
This constraints adoptedn my analysis as a way to overcome this conundrum outlined
above. By ranking *[[+CG]EHE[+CG]]0 aboveMax[H], hightone is disallowed in

syllables with a [+CG] onset and a [+CG] coda. This is illustrated below in tald2au (

(32) Only low tone surfaces in checked syllables with [+CG] onsets

Ipt$t HH/ | *[[+CG]EHE[+CG]J0 | MAax[H] | C.G.Coda /L |*L i Align-L

a. p!t HH *| * :
= b.pltML * R
c. pa$t MM * *] '

5.2.6 Rising and High Tone Restrictions

This section presents an @Ecount of onsetibne restrictions in ThaPrevious
accounts of onsdbne interaction (Lee 2008, 2011; Ruangjaroon 200€§)raed that
only high tone, and not falling or rising tone was banned following [+CG] onset
consonants. HoweveGhapter 2 has shown thading tone is also banned in the same

environmentAs discussed in sectidl, rising and high tone are both phonetically
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rising, a fact that is accounted for phonologically by assuming an H tone autosegment
that is linked to the second mora only for both rising and high tones. The generalization
then is that syllables with a secbH-tone mora cannot occur with [+CG] onset
consonantdn order to account for this, a constrasproposedhatbans high and rising
tone, but not falling tone by referring to an H tone in the second. Mbigconstraint is

formulated in 83) below.

(33 *[+CG]-[H]u2: *[+CG] BX BPH
Olncurone violation per H tone autosegment that is linked to the second mora in a

syllable that has a [+CG] onset consorant

This constraints motivated by théact that tonal information is usually carried late in
the syllable, as opposed to early in it (Cutler & Chen 1997; Xu 1999, 2004). As a result,
even though the H is not immediately adjacent to the [+CG] segment, the second mora
may be the more importanhe, thus acting as the OlicensingO positiciorerinthe
syllable. This is consistent with MorZn & ZsigaOs observation that low and high tones
havelate phonetic targets as wadl.

The constraint’[+CG]-[H]u2 is not violated by C&alling sequences, bit is

violated by CGhigh and CGrising sequences. As such, it captures the pattern of-onset

2 An alternative version of this constraistthat falling contours are less marked following [+CG]

consonants. Since glottal constriction causes FO to decrease, the phonology may encode a constraint that is
violated byrising contours following these onsethis option makes the same predictions for Thai, but

would make different predictions typologically. This possibility is an area for future research.
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tone interaction accurately, mapping H tone inputs to HL tone on the StrfBiuis is

demonstrated in tableaB4) belowfor a hypothetical input with two H tones

(34) *[+CG]-[H]u2, Max[H] >> *L, *2TONES ALIGN-R
/pt$ HH/ | *[+CG]-[H]u2 | Max[H] | *L | *2ToNES | ALIGN-R
a. pf!' HH * 5 : :
b. p! MH 1 * . .
= C. p%o! HL P T x o x
d. pl: LH ] B ' -
e. paMM I

Assuming Richness of the Base (Princ&&olensky 1993/2004), it is important to
show that noroccurring consonastbne sequences are mapped to some sequence that
does occur. In the case of an input CV: syllable with H tone and a [+CG] onset, like /pt$/,
it will surface with HL tone, as long &g+CG]-[H]u2 dominates *L *2ToNES, and
ALIGN-R, as tableau3d) shows Candidate$34a), (34b) and B4c) fatally violate
*[+CG]-[H]u2 due to the H tone associated to the second mora. A candidate that
gratuitously deletes H tones in the inpB4d) incurs an extra fatal violation MAx[H].

The optimal candidate34b) retains the H tone that is assoethto the first mora. A
single violation oMAXx[H] is unavoidable and additional violations of ®2Tonesand
ALIGN-R are tolerated becaustnx[H] outranks them.

Additionally, an underlying rising tone CV$ word with a [+CG] onset will surface as

HL, as long ag[+CG]-[H]u2 and eitheiMax[H] or MAX[L] dominated INEARITY

(ToNE). This is demonstrated in table&5)Y below.

3|n Lee (2008, 2011)Os account, H is mapped to HL tone by aypea®CP constraints that group mid
and high together under a featuBlojver] and mid and low together under a featdxgpper]. The current
account does not use the OCP to drive this mapgin@dvantage of the current account is that it does not
needto refer to [lower] and [upper] features, only to H and L autosegments.
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(359 *[+CG]-[H]u2, MAX[H] or MAX[L] >> LINEARITY (TONE), *H, *L

/p!" LH/ | *[+CG]-[H]p2 : MAX[H] | MAX[L] | LINEARITY (TONE) | *H : *L

a.p!"LH *| : LoxoL
= b. p%o! HL | * i

c. pa$ MM b * 5

d. pf! MH *| § E KB

e.p’! ML L L

Candidate §5a) is the faithful candidate, but the sequence of the [+CG] consonant
followed by the LH tone violate§+CG]-[H]u2. Likewise a candidate3gd) that surfaces
with high tone (MH) als violates *[+CG}[H]u2. The optimal candidate3fb) satisfies
*[+CG]-[H]u2 by altering the linear order of the tones, violatingeARITY (TONE).
Candidates35sc) and 85e), with mid and low tone respectively fatally violex[H].

A second amendment to MorZn & ZsigaOs (2006) account when considering the right
alignment of H tones. The constrafitiGN-R was employed by MorZn & Zsiga to
ensure that H and L tones are righligned preferentially, rather than lefigned, thus
explaining the rising phonetic contour in hitgime syllables. Tablea®), from MorZn

& Zsiga (2006:139 ex. 18) illustrates this.

(36) Rightalignment of toneALIGN-R > ALIGN-L, MAXLINKMORA[T])

H ALIGN-Right | ALIGN-Left | MAXLINKMORA[T]
| 1

uu

\Y

/ma/ ‘aunt’
a. | H *1
|

up
Vv

na
@& b. H *
|

up
vV

na
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Note that the underlying form has a {afigned H toneCandidate §6a), which is the
faithful candidatefatally violatesALIGN-R. The optimal candidat&@b) avoids this
violation by shifting the H tone onto the second mora. The same ranking will derive a
right-aligned L tone as well.

However, when the onset consonant is [+CG], MorZn & Zsiga®sradails to
predict the correct outcome. Consider a similar input as the one shod®é) abfve, but
with a [+CG] onset. Assuming the H tone is preservedAaa[H], then falling (HL)
tone must be the optimal candiddt#awever, there is no constraint in MorZn & ZsigaOs

system that prefers Hio HM, given an HM inputThis situation is illustrated in tableau

(37).

(37) Left-aligned H tone can surface with [+C@jsets

*[+CG]-[H]u2, MAX[H] >> ALIGN-R, *L, *2TONES ALIGN-L

/pt! HM/ | *[+CG]-[H]u2 : MAX[H] | ALIGN-R | *L | *2TONES : ALIGN-L
¥ a. pHHM = * | |

® b. pY%o! HL | * O

c. p¥! MH *| : : : *
d. pa$ MM 5 * : :

Without a [+CG] onsetALIGN-R would selectight-aligned H preferentiallyMH)
over leftaligned H(HM). However, the constraint *[+CgH]u2 is fatally violated when
a [+CG] onset is present, as can be seen in cand®iale Candidate37d), where the H
tone is deleted, fatally violag®Ax[H]. As a resultthe competition is between
candidates37a) and 87b), where the first mora retains the H ta@mal the only

differenceis whether or not an L tone is inserted on the second.Homaever, the
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presence of the letiligned H tone incurs one violation AfIGN-R in both candidates.
As a result, lower ranked constraints, *R.Tones andALIGN-L would optimally select
the fathful candidate. This would make an incorrect prediction however. The required
mapping is for candidat@b) to insert an L tone on the second madizere is 0
constraint in MorZn & ZsigaOs systéat would prefemserton of L over the faithful
candidate
A solution to this problem appears to be available by replafeunsN-R with a
version that is violated by HM and LM sequences but not HL and LH sequences. One

way to accomplish this is via a reference to the right edge of syllables, rather than tones.

(38) ALIGN(O, Right, Tong Right)DAssign one violation for each syllable that does

not have a tone aligned at its right edge.

By requiring alignment to the syllabkxige, rather than each tone, this prevents HM
sequences such as in candid&) above while still allowing HL sequences as i870)
above. This constraint runs afoul however with toneless (mid tone) syllablesi(0,

Right, Tone Right)would prefer epenthesis of high or low tones to a toneless mid tone
syllable, thus predicting that mid tone should never appear in Thai. This is not quite the
right constraint then.

Instead, the constraibic-T-Rt is proposed that is violated explicitly by HM and LM

sequences and no other sequences. This constraint iscligfi@9) below.
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(390 Lic-T-RtbAssign one violation for a syllable associated with a tone, but whose

rightmost mora is not associated to a tone (*HM, LM).

Similar to the *[+CGJ][H]u2 constrain, Lic-T-Rtis one thateference the rightmost
mora. It captures the fact that if there is going to be a single tone, it is relatively more
marked to align this tone on the left side of the syllable than on the right side. The fact
that tonal targets telto be realized late in syllables crdsguistically is the main
impetus for tonal alignment in the first place (Yip 2002:83,147; Xu 1999). This constraint
is vacuously satisfied by toneless syllables (mid tone) and is satisfied by contour tones,
sincethe second mora is associated with a tone.

Unlike ALIGN-R, Lic-T-Rt is able to distinguish between candida8%) and 87b),

preferringanHL sequencever HM. Tableau40) below demonstrates this.

(40) Lic-T-Rt>>*L, *2Tones ALIGN-L

/pF!' HM/ | ALIGN-R | Lic-T-Rt | *L | *2TONES : ALIGN-L
a. p®$ HM * * : :

= b.pho! HL| * | i x 1 x

In addition,Lic-T-Rt takes care dhebasic fact that tones are righligned
preferentially in Thai, shown irB6) above As long as one dfic-T-Rt or ALIGN-R
dominates AligaL andMAXLINKMORA[T], the correct mapping will be made

In this section two noveonstraints were introduced that can account for the pattern
seen in Thai onsdbne interactionTogether, the constraints, *[[+CG]EHE[+CG]]Q
Lic-T-Rt and *[+CG}[H] u2 can be added in to the system of MorZn & Zsiga (2006) in

order to account for theaill set of consonartbne interaction data of Thai. The final
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ranking is summarized via a skeletal basis with support, generated by OT Workplace

(Prince & Tesar 2013) in Appendix

5.2.7 Constraint Definitions

This section lists definitions fall constraints used in the phonological accairihe

native stratum of ThaiThe majority of the constraints are from MorZn & Zsiga (2006).

The find two constraints arthe novelonesand are noted as such

(41)

(42)

(43

(44)

(49)

*[H]: One violation per H tone autosegment (MorZn & Zsiga 2006:135 ex. 7).

*[L]: One violation per L tone autosegment (MorZn & Zsk§#6:135 ex. 7).

Max[H]: Every H tone autosegment in the input has a correspondent in the output
(MorZn & Zsiga 2006:136 ex. 8pne violation per input H tone that does not

have an output correspondent.

MAX][L]: Every L tone autosegment in the input has a correspondent in the output
(MorZn & Zsiga 2006:136 ex. 8pne violation per input L tone that does not

have an output correspondent.

*2TONES Two tones withm the same syllable domain are prohibited (*[TT]O in
MorZn & Zsiga 2006:136 ex. 1Xpne violation per syllable with more than one

tone.



(46)

(47)

(48)

(49)

(50)
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ALIGN-R: A version of generalized alignment (McCarthy & Prince 1993);
OAlign(T, RightSyllable, Right)Palign the tone at the right edge of the syllableO
(MorZn & Zspa, 2006138ex. 1516). One violation per tone that is not aligned at

the right edge of a syllable.

ALIGN-L: A version of generalized alignmie(McCarthy & Prince 1993);
OAlign(T Left, Syllable,Left) Dalign the tone at thieft edge of the syllableO
(MorZn & Zsga, 2006138ex. 15. One violation per tone that is not aligned at

the left edge of a syllable.

MAXLINKMORA[T]: Do not lose an association between a mora and a tone
(MorZn & Zsga, 2006138ex. 17).0One violation per moréone association in the

input that does not have an output correspondent association.

*[ uu] ToNE: Otwo moras within the same tonal domain are prohibited (called
MONO-SPAN by Bickmore (1996), *MULTIPLE LINK, *SHARE, *SPREAD)”
(MorZn & Zsiga 2006:146x. 23. One violation per tone that is linked to more

than one mora.

*[ HH]O: Two high tones within the same syllable domain are prohibited
(OCP[H]) (MorZn & Zsiga 2006:141 ex. 28)ne violation per pair of H tones

within the same syllable.
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(52)

(53

(54)

(59

(56)

17¢

*[LL]O: Two low tones within the same syllable domaig prohibited (OCPJ[L])
(MorZn & Zsiga 2006:141 ex. 2@)ne violation per pair of L tones within the

same syllable.

C.G.Coda/ L: Constricted glottis coda segments must be associated with low
tone (MorZn & Zsiga 2006:143 £%1).0One violation per coda that is not

associated to an L tone.

LINEARITY (TONE): Preserve the linear ordertohal autosegment®ne violation
per pair of autosegments whose linear order in the output is not the same as in the
input. Note this departs from the more general version used by MorZn & Zsiga

(2006:147 ex. 35hat applies to all features and segments.

REALIZETONE: Tones must be associated to a segment that can support vocal fold
vibration (a sonorant) (MorZn & Zsiga 2006: 148 ex. @fe violation per tone

that is not associated to a sonorant.

*[[+CG]EHE[+CG] ]0: One violation per H tone autosegment that is flanked by

a [+CG] onset and a [+C@&pda, within the same syllable (Chen 2007).

* [+CG]-[H]u2: One violation per H tone autosegment that is linked to the second

mora in a syhble that has a [+CG] onset consonant (novel constraint).



(57) Lic-T-Rt: One violation for a syllable associated with a tone, but whose rightmost

mora is not associated to a tone (*HM, LApvel constraint)

5.3 An OT Account of Consonabne Interaction in Loan and Native Strata

While the previous section detailed an Optimatlitgoretic account of the consonant
tone interaction in the native stratum of Thai, this section aims to account fottéra pa
seen in the loan stratum. With respect to unchecked syllables, the difference between the
two strata is that in the loan strata, [+Ci&b}jone sequences are grammatical. However, a
single sequence, the voiceding sequence, was found to be ungrancahiin
Experiment lIin Chapter 4. In addition, the lexical gap status in Chapter 2 suggested that
high tone is allowed in checked syllables in English loans as well, but that mid and rising
tone are unattested in checked syllables. Falling tone wasdtfesguently in syllables
with [BCG] onsets and long vowels; however the dictionary search yielded'taléeg
tone examples with [+CG] onsets, all with short vowkls. assumd that these
examples constitute evidence that falling tone is grammatical in checked syllables, even
with short vowels.

The analysis here assumes that faithfulness constraints are relativized to each stratum,
and that the relative ranking of these faithéss constraints should account for the
difference between the strata (Ito & Mester 1995, 1999, 2001). The generalization in
English loans is shown ihable37. This generalization is based on the results from

Chapter 4where only the voicedsing sequence was found to be ungrammatical. It also

> 0On May 9, 2013, only two of these examples remained in the online dictionary: [krzp] Oblood groupO and
[b”k] ObigO.
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incorporates the lexical gap findings from Chapter 2, treating the GrepdesentedO and
OattestedO sequences as grammatical, and only the OunattestedO sequences as

ungrammatial.

Table 37
ConsonaniTone Restrictions in the English Loan Stratum

Unchecked
_|

Ceise& long V ! ! ! ! !
Celse& short V [ | | I !
T ! ! ! ! !
D ! ! ! ! !

Checked

53.1 OnsetTone Restrictions

First, in unchecked syllables, the constrajmCG]-[H]u2 must be ranked below
LINEARITY (TONE)_oan in Order to allow LH sequences to surface faithfully following
[+CG] unaspirated stops. This is illustrated in tablés), (vhere candidatéga) fatally
violatesLINEARITY (TONE) oan @llowing candidate §8b) to be optimal, despite the

violation of* [+CG]-[H]u2.

(58) Rising tone following [+CG] onsets (Loan Stratum)

/p!"/ | LINEARITY (TONE)oan | *[+CG]-[H]p2

a. p%o *

= b.p" *
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However, this ranking would allowoicedrising sequences to surface if left as is. In
order to avoid this, a more specific markedness constraint *[+vblde}iolated by a
sequence of a voiced stop onset followed by LH tones within a syllabtt,outrank

LINEARITY (TONE)Loan- This is shown in tablea®9).

(59) Voicedrising sequences are disallowed (Loan Stratum)

/b!"/ | *[+voice]-LH | LINEARITY (TONE) oan | *[+CG]-[H]p2

= a. bh%o *

b. b!" *l *

The faithful candidateb@b) fatally violates *[+voice]LH. The winning candidateb@a)
satisfies *[+voice]LH by switching the linear order of the L and H tones, surfacing with
falling tone. This violation oEINEARITY (TONE)Loay iS tolerated in order to avoid

violating the higher ranked *[+voicd]H. This ranking derives the onsine estrictions

seen in loan words and is summarizedi®) pelow.

(60) Ranking for onsetone restrictions in the English loan stratum

*[+voice]-LH >>LINEARITY (TONE)_oan >> *[+CG]-[H]u2 >> LINEARITY (TONE)NaTve

5.3.2 Checked Syllable Restrictions in Loans

This section outlines an account of the checked syllable restrictions in English loans.
First, high and falling toreare atested in CVC loan words with [+CG] onsets and codas.
This means that the markedness constraint, *[[+CG]EHE[+CG]]0 must be dominated

by MAX[H] Loan @S shown ing1).
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(61 H tone is grammatical in chked syllables with [+CG] onsets (Loan Stratum)

Ip%o!t] MAX[H]Loa | *[[+CG]EHE[+CG]]0
= a. po *

b. plt *

In the native stratum, candida&lp) was selected optimally due to the markedness
constraint *[[+CG]EHE[+CG]]0, which is ranked aboveMAx [H] nanve. However, in
the loan straturmylax[H] oay is ranked above *[[+CG]EHE[+CG]]0, resulting in a
fatal violation ofMAX[H] oax in candidate@1b). As a result, candidatéia) is optimal,
allowing falling and high tone to surface in CVC words with [+CG] onsets in the loan
stratum.

While falling and high tone words are attested in GM&ds with [+CG] onsets,
rising tone is not. In the analysis for the native stratum in the previous section, the
constraint *[[+CG]EHE[+CG]]0 was responsible for rising, falling and high tones
being ungrammatical in checked syllables with [+CG] onsets.edewy the loan stratum
pattern suggests that this is not the case. An independent explanatiofoeiisss
observation. Rising tone is marked in relation to falling andaworiour tones due to the
fact that it requires increased articulatory effortg@ty 2001). Alternatively, rising tone
has also been claimed to be marked preceding glottal segments, a class which codas in
Thai belong to (Yip 1982, 2002; MorZn & Zsiga 2006:117). Both observations suggest
the existence of a markedness constraint thatoMoe violated by rising tone in CVC
syllables but not by falling or high tone. The constraint define@2nhdaptures this

effect.
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(62 *[LH -Obs]0BOne violation is incurred for obstruent segmsepreceded by LH

contours within the same syllable.

The constraint in2) must dominat& INEARITY (TONE)_oay iN Order to prevent rising
tone from surfacing in checked syllables, as tablé3Lilfustrates. This same ranking
argument holds in the native stratum in fact, but the fact that *[[+CG]EHE[+CG]]0 is

needed anyway, trumps its effect.

(63) Rising tone is not allowed in checked syllables (Loan Stratum)

/p!"#t/ | *[LH -Obs]0 | LINEARITY (TONE)Loan

= a. pl%o *

b. pl"#t *

The faithful risingtone candidate6@b) fatally violates *[LHObs]0 since the rising tone
precedes an obstruent coda. The falling tone candiei@ag dvoids violating *[LH
Obs]0, by swapping the linear order of the tones, in violation of the {camied
constraintLINEARITY (TONE)_oan-

The final step is to account for the lack of mid tone in checked syllable @]
onsets. In MorZn & ZsigaOs account of ¢oda interaction, the constraint C.G.Coda /
L simultaneously militated against rising, high and mid tone from occurring in checked
syllables. However, the pattern seen in the loan stratum presents agehbbkea since
high tone is attested and mid tone is not. Recall that C.G.Coda / L was responsible for
mapping any input with H tone to a falling HL contour. The insertion of the L tone on the
second mora was motivated to avoid a fatal violation of C.G.Cbda the native

stratum, as shown i64) (from MorZn & Zsiga 200646 ex. 33).



(64) Low tone is inserted in checked syllables (Native Stratum)

/p'$"t/ | C.G.Coda /L | *2TONES: ALIGN-R

= a.p!%o" EE
b. pl¥'t * '

However, in the loan stratum, high tone surfaces faithfully. The only way to account
for this is by reversing the ranking needed in the native stratugd)inG.G.Coda / L
must be ranked beloALIGN-R or *2ToONESIn the loan stratum, contradicting the

requirement ing4), as tableaugb) shows

(65 Low tone is not insertkin checked syllables (Loan Stratum)

/p!t"t/ | *2ToNEs: ALIGN-R | C.G.Coda /L

a. p!%o" * o

| b pliE't E *

This ranking contradiction presents an exception to Ito & MesterOs hypothesis that
loan strata involve relativized faithfulness, amad markedness. A fixed consistent
ranking of markedness constraints can only be achieved if a faithfulness constraint that
favors 65b) over 65a) is identified. Such a faithfulness constraiintanked above
C.G.Coda/ L in the loan stratum, would be able to duplicate the effect ®ONESand
ALIGN-R. One such candidate =P ToONE]. While this would solve the issue i65) it
also would incorrectly allow mitbne to surface (candidat@gp)) in checked syllables,
as shown ing6), and so it cannot outrank C.G.Coda / L. Therefore, there is no
faithfulness constraint that can repld2d oNesandALIGN-R in preventing insertion of

the L tone. This must be a markedness effect.
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(66) Mid tone is ungrammatical in checked syllables (Both Strata)

/p"a$t/ | C.G.Coda/L | DEFTONE]

| apt *

b. p"a$i *|

This thenimplies that in fact, the ranking in the loan stratum requires a different
ranking among markedness constraints in relation to the native stratum: C.G.Coda /L
must bedemoted below one ¢2ToNESor ALIGN-R in the loan stratum to allow high
tone, but nomid tone. It is not possible to ban high tone in the loan stratum, while
allowing mid tone in checked syllables without this markedness reversal.

While many cases of stratal differences in phonology involve more permissive loan
strata, it is not a fat¢hat a hierarchical structure always exists. Gelbart (2005) notes that
even in Japanese there are exceptions, where thel@ianese stratum is less permissive
than the native stratum in many ways. However at the same time, théapamoese
stratumis more permissive than even the foreign stratum in that it is the only stratum that
allows palatalized consonants. The presence of these exceptions indicates that the
hierarchical model of Ito & Mester (1995, 1999, 200Iherelya tendency, rather than
universal. Onsetone interaction in Thai adheres to a hierarchical model, as was shown in
Section5.3.1; however, the pattern seen in codas where thetbiggrestriction is
relaxed but the midtone restriction is upheld can only be explained wiearking of

markedness constraints.

*LeeOs (2008, 2011) constraif&{5])/M-Coda would not face thiissue since it explicitly bans mid tone
preceding obstruents. Howev#ris constraint is avoided here becansé tone is not marked in any way
whenprecedinga [+CG] coda
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One final looseend concerns the grammaticality of falling tone in checked syllables
with short vowels. In the native stratum, MorZn & Zsiga (2006y@dREALIZE-TONE
aboveMax[H] to prevent falling tone from surfacing in checked syllables with short
vowels. In the loan stratum, badWhax[H] Loan aNdMAX[L] Loan Must dominatd&ReALIZE-
ToNEin order to allow falling tones to surface in checked syllables stitit vowels, as

shown in 67) below.

(67) Falling tone is grammatical in checked syllables with short vowels (Loan

Stratum)
Ip'%ot/ | MAX[H]Loan | MAX[L] Loan | REALIZE-TONE
I a. p!%o E *
b. p't %] ;
c. plit *|

Both the H and L tones must be preserved duhse[H] oan aNdMAX[L] Loan
dominateReALIZE-TONE. Candidate §7b) fatally violatedVIAX[H] Loan Since the
underlying H tone is deleted; likewise candid#&éc] fatally violateaMIAX[L] Loan SINCE
the underlying L tone is deleted. Therefore, the candidate that preserves both H and L
tones 67a) is selected optimally, even though the L tone is not associated with a vocalic

segment®

*® This situation presents an issue: If the L tone is not linked to a vocalic segment, why is it pronounced at
all. However, if we includ®ReALIZE-TONE in CON, rather than GEN, then it is assumed that some
languages will allowREALIZE-TONEt0 be violated orthe surfaceThereforeijt is posiedthat it is still

possible to allow phonetic realization of an L tone associated with the coda, resulting in falling tone on the
surface. However, it is predicted that this version of falling tone may be phonetiséihcdirom the usual
bimoraic version.
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5.4 A Weighted Constraints Model of the Forggdoice Task

The OT account of consonataine interaction outlined in the previous sections
explains the pattern of grammaticality seen in Thai at a very ecgeaseed level.
However, it does not explain the fingrained patterns of responses seen in the

experimentsn Chapter 4, shown again figure23 below.

Mean Response by Comparison

1.0
Unaspirated Voiced - High Unaspirated - Voiced -
- High Rising Rising
[5]
Z
o
&
& 05 1 T 1 1 ©Experiment 2
E %
UL AH VL AH UL AR VL AR
0.0

Fig. 23. Experiment 2 Results

Recall that in comparisons varying tone UK & VH -VL), a more significant trend
in the expected direction wasen than in comparisons varying manner{AH& VH -
AH). In addition, responses for highne comparisons were more significantly biased in
the expected direction than responses for ritimg comparisons were. This section
outlines a preliminary accouof these fineigrained distinctions by appealing to a model

of weighted markedness constraints that explains the behavior in the task. Participants are
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presented with two stimuli, newords of Thai, and are asked to choose which sounds
more like Thai. Thigask involves assessment of relative markedness then. As a result, it
is likely that knowledge of the grammar is applied in a-siamdard way. The voiced

low and unaspiratetbw preferences suggest that markedness constraints that do not
feature in the gammar presented above, are exerting an influence. The model here seeks
to quantify this influence, in a way that is consistent with the categorical graifinir.
approach is similar to CoetzeeOs (2004)-cad&ring model of EVAL, in that both can
explainpreferences in judgment tasks betweenwonds that are both ungrammatical.

The set of markedness constraints used here are logical variations of the constraints
proposed by Lee (2008) that account for various patterns of affinity between consonants
andtones. Affinities are found between [+SG] and high tone and between both [+voice]
and [+CG] and low tone. An attempt to keep each basic force equally represented was
made, including the same number of constraints (two) for each affifiitye complete
list of markedness constraints used here, with definitions when relevant, is giéé in (

All constraints apply in the domain of the syllable. Only those constraints that are able to
distinguish between the experimental stinawé included in the modeAs a result, many

of the markedness constraintsttfeaturein the OT account in the previous section do

not make an appearance hén&ewise, many of these constraints were not featured in

the previous section becauseythiéd not play any role in the account (other than needing

to be dominated by various other constraints).

" A third constraint encapsulating the [+SHgh tone affinity at a distance was used since the local

version (C12) was never satisfied by any stimulus that contained [+SG], since high and rising tones have
right-aligned H. Therefore, this constraint was equivalent to a *[+SG] constraint, in its violation profile,
thus not embodying the true force behind the consetoaiet sequence constraint.



(68) Markedness Constraint Inventory

C1: *[+voice}LH

C2:*[+CG]-[H]u2 (defined in 83) above).

C3: *[H]

C4: *[+CG]EH: H tones must not be preceded at any distance by a [+CG] segment.
C5: *[+voice]EH: H tones must not be preceded at any distance by a [+voice] segment..
C6:*2TONES

C7:*[L]

C8: *[+SG]EL: L tones must not be preceded at anytaiee by a [+SG] segment.

C9: [+SG]EH: [+SG] segments must be followed by an H tone, at any distance.
C10: [+voicelL: [+voice] segments must be immediately followed by an L tone.
C11: [+CGlL: [+CG] segments must be immediately followed by an L tone.
C12:[+SG]-H: [+SG] segments must be immediately followed by an H tone.

C13: *LH (Rising tone is relatively more marked than other contour tones (Zhang 2001).

The violation profiles for each of these constraints with each of the experimental
stimuli is compled so that for a given comparison in the experiments, that constraintOs
predicted preference is listed. The violation profiles for the 13 constraints that make at
least one decision in the experimental stimulus pairs are givieatble38. The stimulus
on the left for each comparison is arbitrarily defined as the OloserO and the stimulus on
the right as the OwinnerO. A OWO denotes that the constraint favors the winner, a OLO
denotes that the constraint favors the losed, @eO denotes that the constraint does not

favor either stimulus.
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Table 38
Violation profiles by comparison

Comparison C1_|c2 | c3 |ca [cs [ce |c7 lcs [co |ciolcuifcwcis

UH vs. UL
UH vs. AH
VH vs. VL
VH vs. AH
UR vs. UL
UR vs. AR
VR vs. VL
VR vs. AR
AH vs. AL
UL vs. AL
AR vs. AL
VL vs. AL

=

W
W
W
W
W
W
W
W
e
e
e
e

L E R N - - N N R

(D(D(D(DEE(D(D(D(D(D(D
(DE(DECDE(DE(DE(D

(D(D(D(DEE(D(DEE(D(D
(DE(D(D(DE(DE(D(D(D(D
® |®d | [ (D [ [ |[D |[D | D

— (® | |- | (@ | (@ [® [ | |®
r(rr || |® @ |® [ [ D | |D
E(D(D(D(DI_(D(DE(D(D(D
E(DE(D(DI_(DI_ECDE(D
— (® | |® | (@ | (@ [ |[® | |®
(DE(D(D(DE(DE(D(D(D(D

To illustrate how the violation profiles will map to a predicted response score, an
examples provided In the comparison betweenaspirateehigh andunaspirateelow
sequences (UML), the constraint C2*[+CG]-[H]u2) is violatedonce by the former
and not at all by the latter. The prediction is that if this constraint were to have its way,
100% of resposes would be for thenaspiratedow sequence, which is the O00 value for
this comparison. As a result, the constraint has a zero score for thi dbimparison
(cc2=0). The same constraint would not be violated by either stimulus in th&lLAH
comparisorhowever. In this case, the constraint is ambivalent and figures into the
predicted mean response for this comparison by contributing a score of 0.5 since it is
expected that it will not bias participants either way. At the other end, when a constraint

favors the O10 response in a given comparison, it is assigned the score 010.
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The weights of the constraints are determined from the grammar laid out in the
previous section. In order to quantify this, whole number wemtgsssignedvhich
increase with ezh successively higher constraint stratum in the final ranking for the
grammar? The lowest stratum is assigned a weight of 1, with constraints from each
subsequent higher stratum assigned a weight that is one more than the previous stratum.
The stratum gelf is determined by applying Biased Constraint Demotion (BCD) (Prince
& Tesar 2004). BCD is a model of language learning that assumes markedness
constraints are undominated in the initial state and learning involves demoting them
below faithfulness contints. Faithfulness constraints should thus be ranked as low as
they possibly can, and BCD accomplishes this. BCD was performed on the skeletal basis
for the native Thai grammar as produced in OT Workplace (Prince & Tesar 2013),
yielding the following costraint stratum (Stratum 1 is the highesmtked stratum;

stratum 8 is the lowest ranked).

(69) Constraint Strata po&CD for the Thai Native stratum

Stratum 1 (k = 8): *[+voice].H, ReEALIZE-TONE, OCRH, OCRL,
*[[+CG]EHE[+CG]J0, Lic-T-Rt, *[+CG]-[H]u2

Stratum 2 (k = 7)MAX]L]

Stratum 3 (k = 6)MAX[H]

Stratum 4 (k = 5): *H, *[CG]EH, C.G.Coda / L, *[+voice]EH

Stratum 5 (k = 4)*2ToNES *L, *[ pu]T, ALIGN-R, *[+SG]EL

Stratum 6 (k = 3)ALIGN-L, [+voice]-L, [+CG]-L

Stratum 7 (k = 2)LINEARITY (TONE)

8 This was a strategy suggested to me by Bruce Tesar (p.c.).
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Stratum 8 (k = 1): *LH, [+SGH

The weighting model multiplies each constraintOs scdtey(the weighting for that
constraint for a given comparison)(khen divides by the sum of the weighfiglding a

predicted response score, P, that ranges from 0 to 1, &3.in (

(70) Predicted response score for comparison,

Cy Zi bt

Predicted response scores éach comparison are displayed along with the actual mean

responses ifrigure24 below.
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Fig. 24. Predicted response scores by comparison

This prediction is close to the actual response means, but doesnOt quite reflect certain
details. For example the comparisons varying manner tend to approach random choice to
a much greater extent than the model predicts. One relevant hypothesis made in th
previous chapter was that participants were more likely to misperceive high and rising
tone in comparisons varying manner, and so this difference is best not handled by the
grammar if this is the case. Since there is no benchmark low tone in theseisonspar
might be the case that many of the high and rising tones are misperceived. However, in
comparisons varying tone, this is considerably less likely since the low tone alternative
offers participants a benchmark for comparison. This can be encuddtie model by

setting a scaling factor that approximates the effects of misperception in comparisons
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varying manner. The transformed predicted means are calculated as follows, with scaling

factor,h.

(7)) Transformed Predictedean:!, ! 11 it 1,1

The scaling factor, h was set to 1/3 for comparisons varying manner, but left at 1 for

comparisons varying tone. The results of the transformed predicted mean are plotted with

the actual mean responsegs-igure25 below.
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UH vs. UH vs. VH vs. VH vs. UR vs. UR vs. VR vs. VR vs. AH vs. UL vs. AR vs. VL vs.
UL AH VL AH UL AR VL AR AL AL AL AL

Fig. 25. Transformed predicted response scores by compasigbrscaling factor (h=1/3) included
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The transformed predicted response scores offer a better fit to the actual means. The
voicedlow andunaspiratedlow preferences are seen in the model, however the model
also predicts that the aspirateidh sequence should be similarly preferred while this is
not the case. One observation that may explain some of the discrepakoigse5 is
that comparisons between H and L tone tend to be shifted towards L tone in the actual
means. This can be seen in the-UH, VH-VL and AH-AL comparisons (although not
in the UHUL comparison curiously). One possibility is thia¢ constraint *L should not
be included. Crosknguistic evidence supports the claim that L tone is generally less
marked than H tone (Yip 2002:41). One way to encode this is to posit that while the
constraint, fH] exists, {L] does not. Removing[t] from the inventory of constrairts
would shift the predicted means for the three comparisons involving H versus L tone,

UH-UL, VH-VL and AH-AL closer to the actual means, as illustrateBigure26.

*9 Removing *Lfrom the constraint inventory does radtect the constraint ranking for Thai, since *L does
not have to crucially dominate any other constraints.
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Fig. 26. Transformed predicted response scores by compasstro(t *L)

The model proposed here does reasonably well at accounting fegfaeed
differences seen in response means across participants. This relative success indicates
that theperformance on the task can be related to the grammar in a quantitative manner.
It also accounts for the fact that leanked markedness constraints, otherwise not active
in learning Thai can exert an effect in grammaticality judgments both between
grammaical forms and even in comparisons involving one grammatical and one
ungrammatical form. Since faithfulness constraints are not applicable in this task, the
distinction between grammatical and ungrammatical is not a clear one. Instead, this

weighted markéness model is proposed to explain performance in a fatoeide task.
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5.5 Conclusion

This chapter has outlined an Optimality-theoretic phonological analysis of consonant
tone restrictions in Thai. The account builds on M&ZsigaOs (2006) account, adding
three crucial markedness constraints. Firss,arguel that the pattern where only low
tone is attested in checked syllables with [+CG] onsets cannot be accounted for by
restrictions on onsdébne and cod#one sequencsealone. A constraint that refers to both
the coda and onset is required to prevent high tone from surfacing in these syllables.
Additionally, two markedness constraints are posited to account for the pattern where
rising and high tone, but not falling ®mre attested in unchecked syllables following
[+CG] onsets. This observation amounts to a paradox for an account that requires
locality, since falling but not rising or high tone, involves an H tone adjacent to the
[+CG] segmentlt is arguea that this @an be captured by privileging the second mora,
following proposals that claim late tone targets may offer articulatory advantages (Xu
1999, 2004). A constraint banning a tonal rise following [+CG] segments bans high and
rising tone, but not falling tone inchecked syllables with [+CG] onsets. Similarly a
second constrainkic-T-Rt can explain patterns of alignment tAatGN-R cannot. Both
constraints involve reference to the second mora as a privileged position.

The second contribution of this chapteas to offer a separate account of consenant
tone interaction in the native and loan strata of Thai. The account seeks to apply Ito &
MesterOs (1995, 1999, 2001) hypothesis that higher permissiveness in loan strata is
captured by relativized faithfulnessrestraints that apply to loan items but not to native
items. This approach was successful in its ability to explain the lack ohé&spirated

high, voicedhigh, andunaspirateerising restrictions in loans, while accounting for the
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presence of theoicedrising restriction. However, the fact that high tone is grammatical
in checked syllables but mid tone is not cannot be accounted for via relativized
faithfulness. Instead, markedness constraints mustizaked in the loan stratum to
capture this fact.

Finally, while the OFaccount explained the main findings of the experiments in
Chapter 4, it does not address figeained findings from the experimert modelis
offeredthat seeks to explain how people may apply information from their grammars in
forcedchoice tasks, such as the one outline@hapterd. Since the task involves
comparisons of candidates, it differs from the usual application of grammar in mapping
inputs to outputs. Specifically, faithfulness constraints play no role in the fohoeuk
comparison taskt wasshown that a weightegtonstraint model that uses weights based
on the relative rankings between markedness constraints from the grammar can account

fairly well for the finergrained response differences.



Chapter 6 — Conclusion

This dissertation providkevidence that consonattne interaction in Thas non
local, at the level of the mar®n the other handxesting theories of consonatine
interaction have assumduht a tonal autosegment is adjacent to theatarg with
which it interacts (Bradshaw 1998; Lee 2008; Tang 2008). Previous analyses of onset
tone interaction in Thai have focused on a restriagiwolving high tone; howevethis
dissertation established that a similar restriction exists involvimgrisne. Chapter 2
presented evidence from a quantitative study of lexical gaps in Thai; Chapter 4 presented
evidence from a judgment experiment that confirmed that both rising and high tone are
ungrammatical following [+CG] onset consonants, within apgiables.

It is argued in Chapter 5 thatphonological restriction on ongeine sequences in
Thai references the second, rather than the first, mora. Both high and rising tone share the
property of having a late higione target, resulting in phonetilatising pitch. On the
other hand, falling tone, which has an early kighe target, is grammatical with [+CG]
onset consonant$o solve this dilemma, a@ptimality-theoretic constraint, *[+CG]
[H]u2, is posited that is violated by syllables with [+Césisets and whose second mora
is linked to an H tone. This constraint essentiahatsthe second mora as if it were the
Ohead moraO of the syllable, a position that is grounded by the fact that late tonal targets
tend to be preferred croefinguistically. As a result, while the majority of languages with
consonantone interaction may involve local relations as outlined in theories like LeeOs

(2008) for example, Thai appears to constitute an exce@mmsonantone interaction,
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then, is likeotherphondogical processes that involve sequence restrictions, such as
vowel harmony and consonant harmomythat italsocan involvenonlocal relations.

In order to support this phonological analysifiapter Ionsisted oain acoustic
study of unaspirated aniced obstruents in Thai, finding that they were articulated with
laryngeal constriction. Lowered FO and spectral tilt seen immediately following voiced
and unaspirated obstruent onsets confirmed this. This finding suggests that these sounds
form a naturbclass under the feature value, [+constricted glottis], rather Bsg@ndad
glottis] as previous analyses of Thai assumed (Ruangjaroon 2006; Lee 2008). As Lee
himself notes, Thai would be the only language in his dingsistic survey in which#)
spreadylottis] is active in consonatibne interaction. Thereforde acoustic study
confirms that Thai is not exceptional and that it belongs among the more customary
group of languages that involve restrictions between [+CG] and high tone.

In addition, theacoustic study highlighted an interesting mismatch betwreen
phonetics and phonology concerning laryngeal constriction in Thai. While the
laryngealized obstruents involved lowered FO and spectral {iliyds associated with
raised FO and spectral tilthis phonetic difference indicated that there is a difference in
the physical mechanism of the laryngeal constriction: Creaky phonation is typically
associated with lowered FO and spectral tilt, whereas harsh or tense phonation is typically
associated wit raised FO and spectral tilt, for example. It is proposed that a similar
difference in laryngeal constriction exists in consonants, and that in Thai this phonetic
difference manifests itself. However, no parallel distinction is seen in the phonology.
With respect to consonatane interaction, botH [ and laryngealized obstruents are

unattested preceding high tone. This mismatch between the phonetics and phonology acts



as a reminder that while phonetic detail can inform phonological procéssest a
necessary condition; phonology often involves abstractions over finer phonetic details.

While the acoustic experiment established a possible phonetic basis for a
phonological process of ongine interaction, Chapter 4 presented a judgment
experiment thiaconfirmed the psycholacpl reality of the onsetibne restrictionsThai
speakers judged nonce stimuli with sequences of [+CG] onsets followed by rising or high
tone as worse than nonce stimuli containing attested-torsesequencesnder a native
interpretation of the stimulA second experimentas identicalbut prompted the
participants to treat the stimuli as if they were English loanthis case, only one of four
onsettone lexical gaps was judged to be ungrammatical (voicedsismg tore
sequences). This finding is consistent with Ito & MesterOs (1995) hypothesis that loan
strata tend to be more permissive, containing a subset of phonological restrictions found
in native strata. Stratification of the lexicon has been documented widsdges like
Japanese, Germaamd Jamaican English; the findings in Chapter 4 indicate that Thai can
be added to this list.

Finally, the experiments in Chapter 4 indicated that Thai speakers had preferences in
control comparisons that contained two presblisngrammatical stimuli. They preferred
low-tone stimuli with[+CG] onsetdo low-tone stimuli withaspirated onsets, both of
which are attested in Thaihis preference accords witiheories of consonantone
interaction, whichhave established tha{-8CG] consonantow tonesequence is less
marked thara [+CG] consonartigh tonesequenceThese preferences could not have
been learned from the Thai language and so they constitute evidenmangtedints are

present in the grammar and that humans rugakef these, even when they are not
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crucial in learning a particular language. This finding is consistent with results seen in
other languages, including English (Coetzee 2008, 2009) and Hebrew (Berent &
Shimron, 1997), where distinctions are made in juelginexperiments among

grammatical forms, in the direction predicted by markedness theories. In Chapter 5, a
taskspecific model of weighted markedness constraints is outlined. This model illustrates
how people mighapply an Optimalitytheoretic categori¢cgrammar such that

preferences emerdeetween two grammatical forms. These preferencelsaamed on the
relative ranking of markedness constraintthmactual grammar in a task where

faithfulness constraints clearly play no role.
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Appendix A

Exceptional Thai Word$

Categony]| Word || Meaning

pt!w | [n] [the sound of a catOs howl] (not a worR)

p'! [v] to have an ingenious idea pop into oneOs head (onomatopog
AR)

tit!m || [n] overnightlodging (ARDChinese loan)

t#tlw | [euphonious suffix] (Northern dialeBXAR)

t#it!m || [adj] [is] humble, modest, moderate (not high t@veid tonePAR;
bound morphem®occurs in the word Ohumble bodyO compounc
word)

oy titiw | [adj] [is] noisy;rambunctious (onomatopo€eisAR)
' k—! || [v] to drink (alcohol) (Chinese loaBAR)

kaej | [n] a person without manners; a base or immoral person (Chines
loanDAR)

kif!'w ]| [n] dumpling; wonton (Chinese lod&AR)

" Bj [int] an exclamation of surprig@ot a wordbAR)

lit!m | [n] (babyOs) bib (Chinese I0BAR)

p—! [ [adj] naked; sexy; pornographic; stimulating; arousing; risquZ:;
indecent; having an aphrodisiac quality (sI&R)

t!$ [v] to bother; harass; pester; perturb (polite sIBAGR)

p'$w [ [ad]] [is] innocent; artless; unaffected; unsophisticated

p'"$) | [prop.n] [Thai nickname] Bong

t'$w ] [n] an effeminate gay man

t!'$j [prop.n] [Thai male nickname] Toi

t1'%) | [adj] [is] lonely; lonesome

t!'4%j | [adv] very; pleasantly

kr!"n || [ad]] [is] bare; barren, bald; denuded; thin; naked

1'$$) | [n] a Chinese prince, king, or monarch

I'#j [ [adj] intense; bright

NG p!'w [v] to lose; miss out; fail through

t!" [v] to secure a mooring line

t#m | [prop.n] [a common Thai femateckname]

t#w | [adj] minute; small; tiny; little; microscopic; miniscule

t#m | [prop.n] [a common Thai female nickname]

K'w [adj] [is] smart; cool; great; fine; excellent

Kk!" [n] small vestibule; passenger compartment of a boat or car; sed

k!"n || [n] gizzard

I'n [adj] [is] plump; fat; stout

p!" [adv] totally; completely; fully

praa$ || [adv] [of moving] swiftly; quickly

% Where more than one meaning exigg, first definitionlistedin the dictionaryis given
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t"$ [adv] (of dark) utterly; completely; (of black) pitch
b [adj] having a servile attitude towar@mething)
1'% | [n] chimp; ape; monkey
11 | [v] to poke oneDs nose into other affair
t* | [adv] extremely; urgently; intensely
ti: | [adj] very short
K!" [adj] [is] bold; daring; audacious; forward
% [part] [a word used at the eindl a statement to indicate a question,
usually when the response is presumed]
16 [v, t, i] to console; to soothe; to comfort; to humour; to pamper; tq
indulge
bo: [ad]] [is] pitted; dentedn; sunken; dimpled
b!m [ad]] [is] dimpled; indentedpockmarked
dv  fd [euphonious suffix]
d's [adj] [is] clumsy; spastic; dense
di'"w || [adv] soon; shortly; momentarily
m—I!k J| [n] [the action of] oral intercourse
r'$k | [part] [word often used with statements of contradiction or negati
CU'T surely (not), of course (not)
' i'$p | [v] [boxing] to jab
t#'t1k | [adj] later than someone or something
18k | cigarette lighter
p'$p || [n] [clothing] a snap; a catch
p''p [n] bucket; pail; can
pif!'p | [adj, adv] perfectly; absolutely;revocably
pif'k | [adj] little; (of a person) small; tiny
pl!$p [ [adv] as a short, stabbing sensation
prit ] [v] to spurt out
t'$k | [adv] leisurely
ti“st | [adj] [is] intense; excessive; extreme; strong; bright
t#—1k | [adv] copiously;abundantly
T tit [adj] tiny; minute; slight; trivial; little; insignificant
' t#t!p | [adv] [cold temperature related to food, water, parts of human bg
and objects] very, intensely
itk | [part] [sound made by a monkey]
Kf't [n] keroseneparaffin; white gasoline
k!$k [ [euphonious word]
k!'$k [ [n] faucet tap; spout
kri!t |} [euphonious suffix]
krut!k}| something without substance or essence; junk
1"$t | [prop.n] Aed [a Thai nickname]
1"$k |l [v] to weld
dvwT |0 #K] [adj] foolish;stupid; idiotic; silly; dimwitted
CVT | p!l%ok | [adv] generously; copiously; freely; in great quantity
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prle! | [adj] [is] oblique
tle! [v] [as an object] to lean to one side
%0 [v] to forsake; abandon; or leave
lo! [n] artifice; trick; stratagem
re! [v] to hawk or peddle
N%o [part] [word added to the end of a sentence to soften it, emphasi:
make it polite, a milder versiorf o]
n’ [prn] this
ni%. || [part] [a particle usually used in the interrogative to indicate
emphasis]
k1%, || [part] [word added by a female speaker to the end of every ques|
to convey politeness]
cvT [™* | [conj, formal] or
pe! [n] backpack; knapsack
tek [alliterative suffix]
tMT | #% | [part] [spoken to a person of lower status, or tinéimate
acquaintance] yes
lel [n] leader; head honcho
pip [adv] at once; immediately; suddenly
pZ [adv] precisely; accurately; exactly
pZk |[n] thumbtack
p—+ [n] lampshade
p't [euphonious word]
pcep | [adv] suddenly; quicklypromptly; instantly; immediately; rapidly;
unexpectedly; abruptly; hastily
pcek | [adj] pudgy, fat and cute
prif! | [ad], adv] [of speaking] fluent; exact; precise; fluently; exactly;
precisely
tVIT tod [adv] chubby; puffy; plump; obese; fat
bt [part] [word added to the end of a statement or question when
speaking to a person of lower status]
t#oep | [n] electric light socket (dternate pronundation for #p)
kik [n] vest; waistcoat
kZk [ad]] [is] pretentious; stuckip; haughty; posturing
k—k [ [n] clique; gang; group; faction
K'p [n] hairpin; hair clip
kaek || [pfx] [euphonious prefix]
I'p [v] [vulgar slang] to fornicate
"4 [ [v] to have sex (with)
T ! [prop.n] [Thai nickname] Eh
dvT | be! [v] twist; distort; contort
dvT b’k [prop.n] [a common Thai nickname]
) bcek | [v] book (reserve a seat, ticket)
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[[di [[adj [of an object, i.e. a ruler] very straight
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Appendix B
A ruby script for processing the Orchid corpus in Thai script.

# 3/12/12: Complete; this corpus does not produce any impossible Thai syllables;

# it is accurate for monosyllabic words, but may involve misparsing of onset consonant
# clusters, where C1 may be parsed as a coda of a previous syllable (thesastiy

# ambiguous in Thai orthography). As such, the script is not reliable for words of two

# syllables or more.

$KCODE='"u'# This allows ruby v. 1.8 to handle unicode.
require 'jcode# Changes base ruby methods to be unisamhsitive.

# An objectof this class represents a Thai syllable, expressed in up to
# six constituents:

# * vowel_prefix: B1 vocalic characters preceding the onset

# * onset: 12 consonant characters representing the onset

# * vowel_diacritic: 01 vocalic characters followinipe onset

# * tone: B1 characters representing tone

# * vowel: 0-2 vocalic characters representing the vowel

# * coda: 02 consonant characters representing the coda

#

# This class also contains some class methods defining character classes,
# and forparsing a Thai script string into an array of syllables.

class Thai_syllable

# Each syllable constituent is represented as a string of Thai characters,
# initialized as an empty string.
def initialize
@v_prefix =""
@onset ="
@v_diacritic ="
@tone =™
@vowel =™
@coda=""
@jonset ="
@jvowel ="
@jlength =™
@jtone ="
@jcoda =""
@ipa_onset =""
@ipa_vowel ="
@ipa_tone =™
@ipa_length ="
@ipa_coda =""
end
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# Allow access to the parts of a syllable

defv_prefix
@v_prefix

end

def onset
@onset

end

def v_diacritic
@v_diacritic

end

def tone
@tone

end

def vowel
@vowel

end

def coda
@coda

end

def jonset
@jonset

end

def jvowel
@jvowel

end

def jlength
@jlength

end

def jtone
@jtone

end

def jcoda
@jcoda

end

# The following constants define character classes used in regex matching in the class
methods below
P=I/"-.1]
# Vowel prefixes
NP = /[N'-1]/
# The negation of the vowel prefixes
C = /[01#234%56789:;<=>*? @ABCDES$"F'GHIJFLMN®R)Q&BSints
ONS = /[L5IRIT
# Consonants that only occur in onset
S = [A%DES$"FIGQT



# Sonorants
US = /UDE"FGQT
# (Unambiguous) sonorants that cannot be vowels
O = /[01#2356789:;<=>*? @MIBGHNOR)RS
# Obstruents
UC =/[01#23456789:;<=>*?@ABCDE"FGHIJKLMNOP)QRST
# (Unambiguous) consonants that cannot be vowels
T = /(W
# Tone markers
V = [+(&YWS$V
# Vowel characters
UV =/[+(QV
# (Unambiguous) vowels that cannot be coasts
D = /(M
# Vowel diacritics
L = /[0#4%689:<CDES$"FIGHJLOPQST
# Low-class consonants for Thai tone rules
M = /[23=>*?K]J&
# Mid-class consonants for Thai tone rules
H = /[157;@ABIMINR
# High-class consonants for Thai tone rules

PC = /(4o eipep DL OL INDOOF 2336 F= L INGHAT) T)/

# Onset clusters that are pronounced

DC = /RRRIRRIRTRARIRRBIQBICHBKPIY/

# Onset clusters where one member is unpronounced

# Add _tchar_ as a vocalurefix.
def add_v_prefix(tchar)

raise "Cannot have multipleprefixes” unless @v_prefix.length =

@v_prefix +=tchar # append _tchar_ to the existing string.
end

def add_onset(tchar)
@onset += tchar
end

def add_tone(tchar)
raise "Cannohave multiple tones" unless @tone.length ==
@tone += tchar

end

def add_v_diacritic(tchar)

raise "Cannot have multiplediacritics” unless @v_diacritic.length ==

@v_diacritic += tchar
end
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def add_vowel(tchar)
@vowel += tchar
end

defadd_coda(tchar)
@coda += tchar
end

# Add _tchar_ as an onset to the JPA syllable
def add_jonset(tchar)
@jonset +=tchar.to_s

end

def add_jvowel(tchar)
raise "Cannot have multiple jpa vowels" unless @jvowel.length ==
@jvowel += tchar.to_s

end

def add_jlength(tchar)
raise "Cannot have multiple jpa vowel lengths" unless @jlength.length ==
0
@jlength +=tchar.to_s

end

def add_jtone(tchar)
raise "Cannot have multiple jpa tones" unless @jtone.length ==
@jtone +=tchar.to_s

end

def add_jcoda(tchar)
@jcoda +=tchar.to_s

end

# Replace the jpa onset with the string _tchar_
def alter_jonset(tchar)
@jonset = tchar.to_s
end

def alter_ipa_onset(tchar)
@ipa_onset = tchar.to_s
end

# Add _tchar_ as an onset to the I®able
def add_ipa_onset(tchar)
@ipa_onset += tchar.to_s
end



def add_ipa_vowel(tchar)

end

@ipa_vowel += tchar.to_s

def add_ipa_length(tchar)

end

@ipa_length += tchar.to_s

def add_ipa_tone(tchar)

end

@ipa_tone += tchar.to_s

defadd_ipa_coda(tchar)

end

@ipa_coda += tchar.to_s

# This method attempts to determine, on the basis of the existing vowel,
# if the syllable must be open (not have a coda). This is used in parsing
# to help determine if a consonant character is posaibbda.
# Returns true if the syllable must be open; false otherwise.

def must_be_open?

end

return true if @vowel ==

return true if @vowel ==(*

return true if @vowel ==&%*

return true if (@v_prefix ==") && (@v_diacritic =="") && (@vowel
== "&')

return true if (@v_diacritic =="1) && (@vowel == "&)

return true if (@v_prefix ==") && (@v_diacritic == ") && (@vowel
== "!+")

return true if (@v_prefix ==") && (@v_diacritic == ") && (@vowel
== "&-'f-)

return true if (@v_diacritic ==1) && (@vowel == "%%

return true if (@v_diacritic =="1) && (@vowel == "%)

return true if @vowel ==U

return false

# This method attempts to determine, on the basis of the existing vowel,
# if the syllable must be closed (have a codh)s Ts used in parsing
# to help determine if a consonant character is possibly a coda.
# Returns true if the syllable must be closed; false otherwise.
def must_be closed?

return true if (@v_diacritic ==") && (@vowel =="")
return true if{@v_diacritic == ") && (@vowel == "&)
return true if (@v_prefix ==") && (@v_diacritic == ")
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return true if (@v_prefix ==") && (@v_diacritic == ")
return true if (@v_diacritic ==") && (@vowel =="")
return true if (@v_diacritic == )'&& (@vowel == "%)
return false

end

# Returns "true"” if the current syllable was formed viepanthesis to break up an onset
# cluster; this is true any time there are no vowel or coda characters in a syllable
def epsyll?
return true if (@Qv_prefix="") && (@onset !="") && (@vowel =="")
&& (@v_diacritic =="") && (@tone =="") && (@coda =="")
return false
end

# This method attempts to determine, on the basis of the context,
# if the current character must be an onset. This is used in parsing
# it returns true if the character must be an onset; false otherwise.
def Thai_syllable.must_be_onset?(arr,a)
_=arr[a]
# General onset contexts:
# Consonants that cannot appear in coda (or vowel) position must be onsets
return true if /#/{ONS}/ =~arr[a].to_s
# Any consonant with a vowel diacritic or tone following it is an onset
return true if [#{CH#D}#{T})/ =~ arr[a..a+1].to_s
# Any consonant with an even number of following consonants (forming a
# syllable with unwritten [o0] vowel), thiast of which must be an onset due to a
# following vowel character, must be an onset.
# This doesn't hold if one of the coda positions is filled by a consonant that can't
# be a coda.
# This doesn't hold if there is an obstrusohoraniconsonant sequee since this
# can form a complex onset; these exceptional clauses are applied throughout
return true if
(NAHUCH(#HUCHHO{T}?)|((H{USHHCHAT}?))*(#H{DHH TH#U
V}| $$#{UCH#{P}| \sV))/ =~ arr[a..arr.lengti].to_s) &&
(Not(MA{UCH(HUCHH{OR{T}Y? )|#H{USHH{CHH{T}?))*#{ONS}/=~
arr[a..arr.lengtHl].to_s)) &&
(not(NMARH{UCHHUCHH{T}?)*#{O{T}?#{USH{UC}/=~
arr[a..arr.lengttl].to_s))

return true if
(NAHUCH(#HUCH{ORHTY?) | ((HUSH{UCHAT}?))*(HCHHVH  $¥
#{P}\s\V)/ =~ arr[a..arr.lengti].to_s) &&
(not(AAH{UCH(#{UCH{OMRH{T}?)|#H{USHH{CH{T}?))*#{ONS}/=~
arr[a..arr.lengtil].to_s)) &&
(not(AAH{UCHHUCHHTI?2)*#{OM{T}?#{USH{UC}/=~
arr[a..arr.lengttl].to_s))
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# The same is true forf it's not in a vowel context
return true if
(NAL((FHU CHHORHTY?) | (HUSHHCIHT}?))*(#HDHHTHHUVY  $%#
{UCH#{P}| \sV))/ =~ arr[a..arr.lengti].to_s) && (not(#{T}?N\Z/ =~
arr[[0,a2].max..a].to_s)) &&
(not(AA! (#H{UCHHO{T}?)|(#H{USHH{CH{T}?))*#{ONS}/=~
arr[a..arr.lengtil].to_s)) &&
(not(AAT(HUCH{T}?2)*#{ O T}?#{USH{UC}/=~ arr[a..arr.length -
1].to_s))
return true if
(NAHTY?#{UCH(FH{UCHH{ O TY?)| (H{USH{UCHKT}?))*(#{C}#
{V} $$(#{P}|\sV)/ =~ arr[a..arr.lengti].to_s) && (not(A{T}?\Z/ =~
arr[[0,a2].max..a].to_s)) && (not{#{ONS}/=~ arr[a..a+1].to_S)) &&
(not(AA! ((#H{UCHHO{T}?)|(H{USHH{CH{T}?))*#{ONS}/=~
arr[a..arr.lengthl].to_s)) &&
(not(AATHUCHHTI?)*#H{OR{T}?#{USH{UC}/=~ arr[a..arr.length -
1].to_s))
# Any consonant (even vowambiguous ones) that precedes a consenant
# syllableboundary sequence must be an onset if it is also preceded by an
# unambiguous vowel, unless itfis
return true if
(MH{UVI#{C} =~ arr[[0,a-1].max..a].to_s) &&
(NAHCYHCHH VY $¥#{P}\sNM)/ =~ arr[a..a+3].to_s) && (notff =~
arr[a].to_s)) && (rot(/#H{UCH#ONS}| &/=~ arr [a..a+1].to_S))
# Line-initial consonants are onsets (with an optional v_prefix preceding it)
return true if (a == 1) && (I#{P}{C}/ =~ arr[0..1].to_5s)
return true if (a == 0) && (/#{C}/ =~ arr[0].to_s)
# Any consonant thdbllows a v_prefix or whitespace is an onset
return true if /(#{PHs)#{C}/ =~ arr[[0,al].max..a].to_s
# A consonant with an unambiguous vowel following it is an onset; this is not true
# for certain characters that can themselves be vowels preeeditiger vowel,
# these exceptions are excluded
return true if
(MH{CH{UV} =~ arr[a..a+1].to_S) && not(#{T}? &Z/ =~ arr[[0,a
2].max..a].to_s)) || (no#{T}? %/ =~ arr[[0,a2].max..a].to_s)) ||
(not(#{T}?\z/ =~ arr[[0,a2].max..a].to_s)) ||
(not(M{C}?#{CH{T}? &Z/ =~ arr[[0,ad].max..a].to_s))) &&
(not(/(& % =~ arr[a..a+1].to_s))
# A consonant with any vowel character following it is an onset if that vowel
# precedes a character that must be an onset; the same exceptions as above plus
# threeadditional ones apply; not true lods a vowel though
return true if
(NAHCH{VIHCHHPCHHDCH (HDHHTH#HUVY  $S{UCHHPH
\s\))/ =~ arr[a..a+7].to_sS) && ((not#{T}? &Z/ =~ arr[[0,a
2].max..a].to_s)) || (no#{T}? %/ =~ arr[[0,a2].max..alto_s)) ||
(not(#{T}?\z/ =~ arr[[0,a2].max..a].to_s)) ||



(not(/#{CY?#{CH{T}? &Z/ =~ arr[[0,a4].max..a].to_5s))) &&
(not(/& % =~ arr[a..a+1].to_s)) && (not%h =~ arr[a..a+1].to_s)) &&
(not(/#{C}!/ =~ arr[a..a+1].to_s)) && (notfp =~ arr[a..at].to_s)) &&
(not(/(& % =~ arr[a..a+1].to_s))
# Certain vowels require open syllables; any consonant following them is an onset
return true if #{C}/ =~ arr[[0,a1].max..a].to_s
return true if #{T}? %{C}\Z/ =~ arr[[0,a3].max..a].to_s
returntrue if I#{C}?#{CH{T}?(#{UC}| '|9\2/ =~ arr[[0,ad4].max..a].to_s
# Any character followingds an onset since it has an inherent coda
return true if @#{C}/ =~ arr[[0,a1].max..a].to_s
# Other specific onset contexts
# The vowel character$+ ocaur in only one vowel, following a prefix;
# this means that any consonants preceding them are onsets
return true if YA#{C}H{C}?#{T}? (# =~ arr[a..a+4].t0_s
# Certain consonafbstruent clusters where [0] cannot be present force a
# decision to be nue between coda & onset; allow consoraimgtruent
# onset sequences in these cases only
return true if
(/(MC#H CYDHTY?(#{UCH P)#HC}\Z/ =~ arr[[0,a5].max..a].to_s) &&
(NAH{CYHOYNHPCHHDCH#DYHTH#HUVY  $H#{UCH#{P} \sV))
[ =~arr[a..a+5].to_s) && (not@{C}/ =~ arr[[0,a1].max..a].to_s)) &&
(not(A{T}? 1#{C}\Z/ =~ arr[[0,a3].max..a].to_s))
return true if
(/(MC#H CY DHTI?(#{C} Yp)#{C}\2/ =~ arr[[0,a5].max..a].to_S) &&
(NAH{CHH{OYH#{CH#HVH SH#{P}|\sV)/ =~ arr[a..a4].to_S) &&
(not(/##{C}/ =~ arr[[0,a1].max..a].to_s)) &&
(not(/H{UCH#{ONS}| &/=~ arr [a..a+1].to_S))
# Onset contexts for characters that may be consonants or vowels
# Onset contexts féro
# %s an onset if it precedes a vowel with one exception wherdself a
# vowel
return true if
(/%{UV} =~ arr[a..a+1].to_sS) && (not@{T}?%Z/ =~ arr[[0,a
2].max..a].to_s)) && (notd+=~ arr[a..a+1].to_s))
# %s an onset in the following contexts since it never occurs as a coda or
# vowel followingthese
# %s an onset when it follows these two vowel prefixes
return true if /(J-)#{C}?%Z/ =~ arr[[0,a2].max..a].to_s
# %s an onset when it follows one of the five diacriti¢d;, I 1" 1"
return true if /iN#{T}? %Z/ =~ arr[[0,a2].max..a].to_s
# %s an onset when it follows vowel characters marking a ghartvel
return true if [#{C}#{T}? %/ =~ arr[[0,a4].max..a].to_s
# %s an onset when it follows vowel characters marking a i&n¢gpwel
return true if #{C} #{T}? %/ =~ arr[[0,a4].max..a].to_s
# %s an onset when it follows vowel characters marking a loagj vowel
return true if #{C} #{T}? &¥&/ =~ arr[[0,a5].max..a].to_s
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# %s an onset when it follows anotHr
return true if %%~ arr[[0,a1].max..a].to_s
# Onset contexts fdr
#!1is an onset when it precedes a+awnbiguous vowel other than
return true if Y((JUY/ =~ arr[a..a+1].to_s
#!1is an onset in the following contexts since it never occurs as a coda or
# vowelfollowing these
#!is an onset when it follows
return true if [#{C}?\Z/ =~ arr[[0,a2].max..a].to_s
#!is an onset when it follows one of the three diacritics,!"
return true if /i#{T}?\Z/ =~ arr[[0,a2].max..a].to_s
#!1is an onset when it follows any diacritic other tHéand it precedes
return true if
(MH{DM{T}? \Z/ =~ arr[[0,a2].max..a].to_s) && (not{T}?N\Z/ =~
arr[[0,a2].max..a].to_s)) && (H/ =~ arr[a..a+1].to_s)
#!1is an onset if it follows th&diaciitic but there is noprefix preceding
#it
return true if
(MH{T}?N\Z/ =~ arr[[0,a2].max..a].to_s) && (not#{C}?#{C} #{T}?\z/
=~ arr[[0,a5].max..a].to_s))
#!is an onset if it follows anothér(i.e. the vowel characters marking a
# long ia%vowel)
return true if !/ =~ arr[[0,al].max..a].to_s
#!1is an onset if it follows the vowel characters marking a shootvel
return true if [#H{CH{T}? &\Z/ =~ arr[[0,a4].max..a].to_s
#!1is an onset if it would otherwise be a coda following the unwritten [0]
# vowel
return true if
(I((GHNPHMHCHIHDYHTHAH VY  SFHUCHHHT? N2/ =~
arr[[0,a4].max..a].to_s) && (not@#{T}?!\Z/ =~ arr[[0,a
3].max..a].to_s))
#!1is an onseff it follows $in the same context above for any other
# consonant, as long &ss not a vowel
return true if
(((GHANPHMHCHIHDYHTH# VY $HTY?NZ/ =~ arr[[0,a
4].max..a).to_s) && (not@$! =~ arr[[0,a2].max..a].to_s))
#!1is an onset iftifollows a%hat is preceded by vowel characters that
# indicate%s not a vowel (i.e. as long as there is!fpoeceding it)
return true if
(/#HDYHHUV} $$4{T}?!\Z/ =~ arr[[0,a4].max..a].to_s) &&
(not(#{T}? %/ =~ arr[[0,a3].max..a].to_s))
# Onset contexts fd&
# &is an onset when following a vowel prefix other than
return true if
(MH{PH{C}?#{T}? &Z/ =~ arr[[0,a3].max..a].to_s) &&
(not(/#{C}?#{T}? &Z/ =~ arr[[0,a3].max..a].to_s))
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# &is an onset when it precedes a vowel or diacritic except in two cases
return true if
(/&#HUVH#D})/ =~ arr[a..a+1].to_s) &&
(not((MH{CY?#{C} P#{T}?&Z/ =~ arr[[0,a5].max..a].to_s) && (&+=~
arr[a..a+1].to_s)))
# &is an onset when it follows a n@ambiguous vowel other than
return true if /(Y& =~ arr[[0,al].max..a].to_s
# &is an onset when it precede%&equence
return true if &%E~ arr[a..a+2].to_s
# &is an onset following any diacritic other thdh and "1™
returntrue if /(#{T}? &Z/ =~ arr[[0,a2].max..a].to_s
# Contexts involving
# A (nond consonant is an onset when it preceffeas long as the
# secondpisn't an onset
return true if
(I#{C} $$=~ arr[a..a+2].t0_s) &&
(not(AAH{C} $SS#{DY#{T HHUVH SSHUCHHP}H \sN))/ =~
arrfa..a+6].to_s)) && (not =~ arr[a].to_s))
# Other onset contexts involving ambiguous characters
# If an unambiguous consonant preced&sprefix sequence, thmust
# be a vowel, and so the consonant must benaat, in turn
return true if
(I C} &#{P}|\sV)/ =~ arr[a..a+2].to_S) && (not§p=~ arr[[0,a
1].max..a].to_s))
# If a consonant precede&8equence an@s in coda position,
# then the consonant is an onset
return true if [H{CRW{P}|\sM)/ =~ arr[a..a+3].to_s
# If a consonant precede&bsequence, then thenust be an onset, and
# so&must be a vowel, and in turn, the consonant is an onset
return true if /#{C&f =~ arr[a..a+2].to_s
return false
end

# This method attempts determine, on the basis of the context, if the current character
# cannot be an onset. This is used in parsing; it returns true if the character cannot be an
# onset; false otherwise.
def Thai_syllable.cannot_be_onset?(arr,a)
# A character that is not@nsonant cannot be an onset
return true if (not(/#{C}/ =~ arr[a].to_s))
# $is either a vowel or coda when it follows a consonant and precedes &iather
# an onset position
return true if
(H{C}{T}? 32/ =~ arr[[0,a2].max..a].to_s) && =~
arrf[a.a+1].to_s) && (Not(YASHHDHHTHHUVY $EH{UCH#{P}| \sM))/ =~
arr[a..a+5].to_s))
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return true if H{CH{T}?$%2/ =~ arr[[0,a3].max..a].to_s && (not@$=~
arr[[0,a1].max..a].to_s)) &&
(not(MAKHD}#{TH#HUVY $$#HUCH#{P} \sM))/ =~ arr[a..a+4}0_5S))

# %s not an onset if it's not preceded by a vprefix and is not followed by any

# material that can provide a rime

return true if
(not(I#{P}{C}?#{T}? %/ =~ arr[[0,a3].max..a].to_s)) && YAYH{P}|\s\)/
=~ arr[a..a+1].to_s)

# %s not an onsdf it is separated from a following word boundary by an even

# number of unambiguous consonants (general sonorant coda environment)

return true if
(NAYHUCH{TI?#{UCH*#P} \sM)/ =~ arr[a..arr.lengtii].to_s) &&
(Not(AAYHUCHHT}?#{UCH*#H{UCHH{T}?#{ONS}/=~ arr[a..arr.length -
1].to_s)) && (Not(RAYH{UCHHT}?)*#{OWH{T}1?#{USH{UC}/=~
arr[a..arr.lengtil].to_s)) && (not(BE{P}|\sV)/ =~ arr[a..a+1].to_s))

# %s not an onset following any vpref@-C sequence

return truef
(HH{PHH{CHH{CH{T}? %/ =~ arr[[0,a4].max..a].to_s) &&
(NAYHUCHHTY2H#H{UCY) *HOYHDHHTHHUVY  SFHUCH#P} \sV))/ =~
arr[a..arr.lengtil].to_s) && (not(AAYH{UCH{UC}H*#{UCH{ONS}/=~
arr[a..arr.lengtHl].to_s)) &&
(Not(AAYHUCHHTI?)*#H{OR{T} ?#{USH{UC}/=~ arr[a..arr.lengthl].to_s))
return true if ((#{P}#{CH{CH{T}? %/ =~ arr[[0,a4].max..a].to_s) &&
(/%@p)/ =~ arr[a..a+1].to_s)

# Y%cannot be an onset when it precedes anéther

return true if %%~ arr[a..a+1].to_s

return false

end

# This method filters out cases where an impossible onset cluster would be built. It
# checks whether the cluster is an attested cluster and prevents certain written consonant
# sequences that appear to be clusters but are not, due to the absence oébany vow
# marking other than a prefix.
def Thai_syllable.cluster?(arr,a)
# A consonant that would not normally be a C2 can be wherffanlyseparate it
# from the end of a word
if NAH{UCH %) (#{P}|\sM)/ =~ arr[a..a+2].to_s then
return true
# Y%cannot be C2 in a cluster in a syllable with the unwritten [o] vowel
elsif
(/NP CH{T}? %/ =~ arr[[0,a3].max..a].to_s) && HHUC}H B/ =~
arrfa..a+1].to_s) && (notlh$B{UC}H#{P}| V|\s)/ =~ arr[a..a+3].to_s)) then
return false
# A consonantannot be C2 in a cluster in a syllable with the epenthetic [a] vowel
elsif
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(not(H{P}{C}#{C}/ =~ arr[[0,a-2].max..a].to_s)) &&
(NAH{CH#HCHHPCHHDCH#HDHHTHHUVH  S$HUCHHP}H \sV))/ =~
arr[a..a+3].to_s) then
return false

# A consonant cannoelC2 in a cluster if it would result in some combination of

# vowel characters that is impossible

elsif
(M#{CHH{CY =~ arr[[0,a-2].max..a].to_s) && (NotfAH{CH(#T}?)|#{T}? &)/
=~ arr[a..a+3].to_s)) then
return false

elsif
(/-#{CH{C}Y =~ arr[[0,a-2].max..a].to_s) && YA#H{CH{T}?( ((WN&#{D})/ =~
arrfa..a+2].to_s) then
return false

elsif
(/,#{C}#{C}/ =~ arr[[0,a-2].max..a].to_s) && (I#{C}#{D}/ =~ arr[a..a+1].to_s)
&& (not(/#{C} A =~ arr[a..a+1].to_s)) then
return false

elsif
((F{PC}/ =~ arr[al.a].to_s) || (#{DC} =~ arr[el..a].to_S)) &&

(not((/(. ))#{CH{C} =~ arr[[0,a-2].max..a].to_S) &&
(NAHCYH#HDHHUVY SECH#D}H#HTY)/ =~ arr[a..a+4].to_5S))) &&
(not(~F#{CH{C} (UWN#{D})/ =~ arr[[0,a2].max..a+1].to_s)) && ((not@s =~
arrfa..a+1}to_s)) || YASEHDHHTHHUVY $S{UCHHPY \sM))/ =~
arrfa..a+5].to_s)) then

return true

else
return false

end

# This method attempts to determine, on the basis of the context, if the current character
# must be a vowel. This is used in parsing ambiguous characters that could be either

# vowels or consonants; it returns true if the character must be a vowel; false otherwise.
def Thai_syllable.must_be_vowel?(arr,a)

_=arr[a]
# If the character is a neambiguous vowel character, return true
return true if /#H{UV}/ =~ arr[a].to_s
# $4s a vowel whenever this appear consecutively and the second is clearly not
# an onset
return true if
(/$$=~ arr[[0,al].max..a].to_s) &&
(not(MAKHD}#{TH#HUV} $$HUCH#{P} \s\M))/ =~ arr[a..a+4].t0_S)) &&
(not($$%=~ arr[[0,a2].max..a].to_s))
return true if
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(/$$=~ arr[a..a+1].to_s) &&
(Not(ANASSH{DHHTHHUVY S$SH{UCH#P} \sV))/ =~ arr[a..a+5].to_s))
# Vowel contexts fobb
# This is the only spedtf context wheré&ss a vowel when it's followed by
# another vowel; it also cannot be a coda here
return true if
(#{T}?9%Z/ =~ arr[[0,a2].max..a].to_s) && +=~ arr[a..a+1].to_sS)
# %s a vowel when it follows the diacriti¢™as long as it isiot in a possible
# onsetcontext
return true if
(HH{T}?9%Z/ =~ arr[[0,a2].max..a].to_s) && HH#{P}|\sM)/ =~ arr[a..a+1].to_S)
return true if
(M{T}?9%Z/ =~ arr[[0,a2].max..a].to_s) &&
(NARB{CY#H{DHHTHHUVY SH{UCHH#P}| \sM))/ =~ arr[a..a6].to_s)
# Vowel contexts fot
#!1is a vowel when it followsand the"diacritic
return true if #{C} #{T}?\Z/ =~ arr[[0,a4].max..a].to_s
return true if
(MH{CHHC} #{T}?1N\Z/ =~ arr[[0,a5].max..a].to_s) &&
(NAMHCHH{CY?(#HDHHTHHUVY  $$#{UCH#{P}|\s\))/ =~ arr[a..a+7].to_S)
return true if
(MH{CHHC} #{T}?1N\Z/ =~ arr[[0,a5].max..a].to_s) && ((#{P}|\s\)/ =~
arrfa..a+1].to_s)
# Vowel contexts fo&
# &is a vowel when it follows thEdiacritic
return true if #{T}? &Z/ =~ arr[[0,a2].max..a].to_s
# &is a vowel when it is the final character in a syllable and is preceded by
# a character that is not a vowel prefix (in which case it would be an onset)
return true if
(/#{NP}™M&Z/ =~ arr[[0,al].max..a].to_s) && &#{P}\s\V)/ =~
arrfa..a+1].to_s)
# &is a vowel when it is the final character in a syllable and is preceded by
# a tonemarked consonant that is not preceded by a vowel prefix
return true if /(#{NP})#{NPHMN#{CY}{T} &Z/ =~ arr[[0,a4].max..a].to_s &
(/&#{P}|\sM)/ =~ arr[a..a+1].to_S)
# &is a vowel when it precedésin its coda environments (these two can
# form an onset cluster)
return true if &(#{P}|\sV)/ =~ arr[a..a+2].to_s
return true if
(NAHCYHDHHTHAHUVY $H{UCH#P} \s\))/ =~ arr[a..a+7].to_S) &&
(not(AA&KH{C} $SHDHHTHHUVY S$EH{UCH#{P}| \sM))/ =~ arr[a..a+9].to_s))
&& (not(/'&!&H+=~ arr[[0,al].max..a+3].to_s))
return false

# This method attempts to determine, on the basis of the coiftéw, current character
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# cannot be a vowel. This is used in parsing ambiguous characters that could be either
# vowels or consonants; it returns true if the character cannot be a vowel; false otherwise.
def Thai_syllable.cannot_be_vowel?(arr,a)
_=arq
# Stating the obvious
return true if not(/#{V}/ =~ arr[a].to_s)
# Any character followind@ cannot be a vowel, sindéhas an inherent vowel
return true if B{T}?#{ _} \Z/ =~ arr[[0,a2].max..a].to_s
#! and%are not vowels if they follow a-prefix (optionally with a consonant in
# between)
return true if [H{PH{C}?#{T}?(%)\2/ =~ arr[[0,a3].max..a].to_s
#!1is not a vowel if it doesn't follow thédiacritic
return true if ({/ =~ arr[a].to_s) && (not@T}? '\Z/ =~ arr[[0,a2].max..a].to_s))
# %s not a vowel if it's not preceded Byand not followed by anything that can
# possibly be a coda
return true if
(not(#{T}? %/ =~ arr[[0,a2].max..a].to_s)) && YAUYH{P}|\s\)/ =~
arr[a..a+1].to_s)
# %s not a vowel if it's preceded by a diacritic other thana vowel
return true if
(/FHUVHHDH#{T}? %/ =~ arr[[0,a2].max..a].to_S) && (not@{T}? MzZ/ =~
arr[[0,a2].max..a].to_s))
# %s not a vowel if it's preceded by a prefirset combination
return true if H{P}#{CH#{PC}#{DC})%Z/ =~ arr[[0,a3].max..a].to_s
# $is not a vowel if it is neither preceded nor followed by anotfier "
return true if
(/9 =~ arr[a].to_s) && (not@$ =~ arr[a..a+1].to_s)) && (notPh =~ arr[[0,a
1].max..a].to_¥»
# $is not a vowel if it is followed by an onset and not preceded by arfbther
return true if
(NASHCH#DHHTHHUVY $SHUCHH#{P} \sM))/ =~ arr[a..a+4].to_S) &&
(not(B$=~ arr[[0,al].max..a].to_s))
return false
end

# This method attempts tietermine, on the basis of the context, if the current

# charactermust be a coda. This is used in parsing; it returns true if the character must be
# a coda,; false otherwise.

def Thai_syllable.must_be_coda?(arr,a)

_=arr[a]

# Filter out the nortoda conswants first

return false if /(#{ONS}/ =~ arr[a].to_s

# Additionally, none of the coda contexts apply if the consonant is preceded by a vowel
# prefix; even with an intervening consonant, it may be an onset; this is not true if the
# current charactes ithe 2nd member in&B/owel

return false if
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(not((/(#H{NPHN#HNPHMN#{T}?(#HUC} 9\Z/ =~ arr[[0,a3].max..a].to_s) && (not@$
=~ arr[[0,al].max..a].to_s))))
# Finally, none of the coda contexts apply if the consonant is preceded by a consonant
# that must be a coda itself; this includes consonants preceded by vowel characters that
# mandate closed syllables; this is not true, however, if the preceding consé@hant is
return false if (#{T}?#{C}#{C} \Z/ =~ arr[[0,a3].max..a].to_s) ||
(P C} #{T}?#{C}#{C} \Z/ =~ arr[[0,a5].max..a].to_s) ||T}? &H{CH{C} \Z/ =~
arr[[0,a4].max..a].to_s) ||'{C} #H{T}?#{C}#{C} \Z/ =~ arr[[0,a5].max..a].to_s) ||
(H{T}?#{C}#{C} \Z/ =~ arr[[0,a3].max..a].to_s)) && (not@{C}/ =~ arr[[0,a
1].max..a].to_s))
# General coda contexts
# An unambiguous consonant is a coda when it precedes a consonant that must be
# an onset and when it cannot be the first member of an onset cluster (only
# obstruensonorant sequences allowed)
return true if
NAHUCH#HORHT}?#{CY)*# {OHHDHHTHHUVYH SSHUCHHP} \sM))/
=~ arr[a..arr.lengti].to_s &&
(Not(AAH{UCHFH{O{T}?#{CH*#{O}#{T}?#{ONS}/=~ arr[a..arr.length -
1].to_s)) && (Not(AA#H{UCH#H{UCHH{T}?)*#{OM{T}?#H{USH{UC}/=~
arr[a..arr.lengtil].to_s)) && (not(A#{C}/ =~ arr[[0,a-1].max..a].to_s))
return true if YA#{UC}#{OWH{T}?#{CH*(#{P} \sM)/ =~ arr[a..arr.lengti].to_s
&& (NOt(N\AH{UCHHO{T}?#{C}H)*#{O}{T}?#{ONS}/=~ arr[a..arr.length -
1].to_s)) && (Not(AA#H{UCH#H{UCHH{T}?)*#{OM{T}?#H{USH{UC}/=~
arr[a..arr.lengtil].to_s)) && (not(A#{C}/ =~ arr[[0,a-1].max..a].to_s))
# A sonorant is a coda in the same context as above with slightly looser
# requirements in a following consonant sequence
return true if
(NAHUSHHUCHH{TY2#{UCH *HOYHDIHTH#HUVY  $SSHUCHHP} \sV)
)/ =~ arr[a..arr.lengti].to_s) &&
(not(MAH{USH#H{UCHH{T}?#H{UCH*#{UCH{T}?#{ONS}/=~
arr[a..arr.lengtHl].to_s)) &&
(Not(AAH{USHHUCHHT}?)*#{ O T}?#{US}H#{UC}/=~ arr[a..arr.length -
1].to_s))
return true if
(NAHUSHHUCHHTI?Z#{UCH*#H{UCH{T}?#{SIH{S} #DH#TH#UV} $%
#HUCH#HP} \s\M))/ =~ arr[a..arr.lengti].to_s) &&
(not(MAH{USH#H{UCHH{T}?#H{UCH*#{UCH{T}?#{ONS}/=~
arr[a..arr.lengtHl].to_s)) &&
(Not(AAH{USHHUCHHT}?)*#{OWH{T}?#{US}H{UC}/=~ arr[a..arr.length -
1].to_s))
return true if
(NAHUS} HUCH{T?#{UCH*(#{P}| \sM)/ =~ arr[a..arr.lengtii].to_s) &&
(not(MAH{USH#H{UCHH{T}?#H{UCH*#{UCH{T}?#{ONS}/=~
arr[a..arr.lengtil].to_s)) &&
(Not(AAH{USHHUCHHT}?)*#{ O T}?#{US}H#{UC}/=~ arr[a..arr.length -
1].to_s))
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# If the consonant is in 2nd ptien in a word, preceded only by another
# consonant, then the requirements on what constitutes a following onset are less
# strict
return true if
((I(\sMH{CH{T}?(#UC} 9\Z/ =~ arr[[0,a3].max..a].to_s) || (a == 1)) &&
(NAHUCH HUCH NG 2 TY2#H{ CHHOYHDYHTHHUVYH  S${CH#{D}#
{TH)! =~ arr[a..a+8].to_s) && (not((#{UC}| 9§/ =~ arr[[0,al].max..a].to_s))
&& (not(NAF{UCH HFH{UCH ! |P?#{T}?&+=~ arr[a..a+4].to_s)) &&
(not(MFH{UCH H#H{UCH|9?#{T}?%"' =~ arr[a..a+4].t0_S)) &&
(Not(AA(FHUCY §#{CH{T}? SSHDHHTHHUVH SFHUCH#PH \sV))/ =~
arrfa..a+8].to_s)) && (not@$=~ arr[a..a+1].to_s))
# Certain vowel diacritics mandate a closed syllable; a consonant following them
# must be a coda
return true if #{T}? &{C}\Z/ =~ arr[[0,a3].max..a].to_s
return true if #{T}?#{C} \Z/ =~ arr[[0,a2].max..a].to_s
return true if #{C} #{T}?#{C} \Z/ =~ arr[[0,a4].max..a].to_s
# A consonant (other th&which can be a vowel here) that follows the
# sequence is a coda sincendrks preceding closed syllables only
return true if
(MH{T}?#{C} \Z/ =~ arr[[0,a2].max..a].to_s) && (noth=~ arr[a].to_s))
# If an unambiguous consonant follows a tone mark, but there is no vowel
# character, then it must be a coda in an unwrittpudael
return true if
(/HNPHN#HNPHMN#H{CH{TH{UC} \Z/ =~ arr[[0,a4].max..a].to_s)
# If an unambiguous consonant is not in a syllable with a vowel character and it
# precedes a consonant that must be an onset, then it is a coda in a syllable with
# an unwritten [o] vowel
return true if
(/EHNPHMNHEHUCH 9H#HUCH 9\Z/ =~ arr[[0,a2].max..a].to_s) &&
(NAHUCH S#H{CYHDIHTHHUVY ! SEHCHHDIHTH) =~
arr[a..a+5].to_s) && (not(/#{PC}#{DC}/ =~ arr[a..a+1].to_s)) &&
(not(/#{O}{S}/ =~ arr[a..a+1].to_S)) && (not(/(#HUCHH (UA'U&)/ =~
arrfa..a+2].to_s))
# Coda contexts for characters that may be consonants or vowels
# Coda contexts fc¥
# %s not a vowel if it's in a syllable with a vprefix; it cannot be an onset either
# in the generanvironment for sonorant codas above; hence it must be a coda
return true if
(H{PHH{CHH{T}? %=~ arr[[0,a3].max..a].to_s) &&
(NAYHUCHHTY2H{UCYH*#H{OMHDHHTHHUVYH  SEHUCH#{P}H \s)
)/ =~ arr[a..arr.lengti].to_s) &&
(not(MAYHUCH{TI?#H{UCH*#{ UCH{T}?#{ONS}/=~
arr[a..arr.lengtil].to_s)) &&
(Not(AAYHUCHHT}?)*#H{OR{ T}?#{US}{UC}/=~ arr[a..arr.length -
1].to_s))
# %s a coda followind, when it's not an onset
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return true if
(/(%=~ arr[[0,al].max..a].to_s) &&
(NAYHUCHHTY2H#H{UCYH*#H{OMHDHHTHHUVYH  SEHUCH#{P} \s)
) =~ arr[a..arr.lengti].to_s) &&
(not(NMAYHUCH{T}?#{UCH*#{UCHH{T}?#{ONS}/=~
arr[a..arr.lengtil].to_s)) &&
(Not(AAYHUCHHT}?)*#H{OR{T}?#{US}{UC}/=~ arr[a..arr.length -
1].to_s))

returntrue if (%ep|&/ =~ arr[[0,al].max..a+1].to_s

# %s a coda following twhen it's not an onset

return true if
(M{T}?9%Z/ =~ arr[[0,a2].max..a].to_s) &&
(NAYHUCHHTY2H{UCYH*#H{OMHDHHTHHUVYH  SEHUCH#{P} \s)
)/ =~arr[a..arr.lengtfl].to_s) &&
(not(AMAYHUCH{T}?#{UCH*#{UCHH{T}?#{ONS}/=~
arr[a..arr.lengtil].to_s)) &&
(Not(AAYHUCHHT}?)*#H{OR{ T}?#{US}{UC}/=~ arr[a..arr.length -
1].to_s))

return true if
(MH{T}?9%Z/ =~ arr[[0,a2].max..a].to_s) && Up|&/ =~
arr[a..a+1].to_s)

# %s a coda followindc!;' when it's not an onset

return true if
(M#{C}#{T}?19%Z/ =~ arr[[0,a5].max..a].to_s) &&
(NAYHUCHHTY2H{UCYH* #H{OMHDHHTHHUVYH  SEHUCH#{P} \s)
)/ =~ arr[a..arr.lengti].to_s) &&
(not(MAYHUCH{T} 2#{UCH*#H{UCH{T}?#{ONS}/=~
arr[a..arr.lengthl].to_s)) &&
(Not(AAYHUCHHT}?)*#H{OR{ T}?#{US}{UC}/=~ arr[a..arr.length -
1].to_s))

return true if
(MH{CY#{T}?19%Z/ =~ arr[[0,a5].max..a].to_s) && Up|&/ =~
arr[a..a+1].to_s)

# Coda contexts fdr
#!is a coda in the general coda contextsimnorants if it's not preceded
# by a vprefix (onset context) and if it's not preceded by {vewel
# context) & it'snot precedethy a norambiguous consonant-(a
# epenthetic onset in this case)

returntrue if
(not(/(#{T}?)|#{P}) \Z/ =~ arr[[0,a2].max..a].to_s)) &&
(NALFHUCHHTY2HUCH*#H{OMHDHHTHHUVY  SEHUCH#{P}H \s)
)/ =~ arr[a..arr.lengti].to_s) && (not(/#{UC}!/ =~ arr[[0,a
1].max..a).to_s)) &&
(not(AA!(HUCH{T}?#H{UCH*#{UCHH{T}?#{ONS }/=~
arr[a..arr.lengthl].to_s)) &&
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(not(AATHUCHHT}?)*#H{OR{T}?#{USH{UC}/=~ arr[a..arr.length -
1].to_s))

return true if (not(/@{T}?)|#{P}#{UC}) "\Z/ =~ arr[[0,a2].max..a].to_s))
&& (I\ATFHUCHHT}I?#{UCH*(#P} \s)V)/ =~ arr[a..arr.lengti].to_s)
&& (not(NA!(#H{UCHHT}?#{UC}H*#H{UCH{T}?#{ONS}/=~
arr[a..arr.lengtil].to_s)) &&
(not(AAT(HUCHHT}?)*#H{OR{T}?#{USH{UC}/=~ arr[a..arr.length -
1].to_s))

#!is a coda when precedifgpr ! or &in the following contexts
#! is a coda following th&!"vowel

return true if
(M C}?#{C} #{T}? &\Z/ =~ arr[[0,a6].max..a].to_s) && V(%P|&/ =~
arr[a..a+1].to_s)
#!is a coda following certain voweliacritics

return true if
(/(M#{T}?\2Z/ =~ arr[[0,a2].max..a].to_s) && ((%P|&/ =~
arr[a..a+1].to_s)
#!is a coda following%

return true if ¥%p|&/ =~ arr[[0,al].max..a+1].to_s
#!is a coda followind

return true if (!(%|&/ =~ arr[[0,al].max..a+1].to_s
#!is a coda following a consonattne &sequence&!is a posdile
# onset cluster)

return true if
(MH{UCHH{T} &\zZ/ =~ arr[[0,a3].max..a].to_s) && Y(%P|&/ =~
arr[a..a+1].to_s)

# Coda contexts fdb
# If $follows a tone mark, but there is no vowel marked, then it must be
# a coda unless it is part of&vowel

return true if
(/HNPHMFHNPHNY#HCYH{T} $2/ =~ arr[[0,a4].max..a].to_s) &&
((not(B$=~ arr[a..a+1].to_s)) ||
(NASSHDHHTHHUVY $H{UCH#P} \sV))/ =~ arr[a..a+5].to_S))
# $is a coda in the general contexts for sonorants if it's not prddad
# anothefs

return true if
(NAFHUCHHTY2HUCH*#H{OMHDHHTHHUVYH  SEHUCH#{P}H \s)
)/ =~ arr[a..arr.lengti].to_s) &&
(Not(MARHUCH{T}?#{UCH*#{UCH{T}?#{ONS}/=~
arr[a..arr.lengtil].to_s)) &&
(Not(MARHUCH{T}?)*#{OR{T}?#H{USHH{UC}/=~ arr[a..arr.length
1].to_s))

return true if
(NASHUCHHTI?#HUCH*#H{UCHHTI?#{SH{S}#{DHHTH#UV}Y  $
KHUCHH#{P} \s\M))/ =~ arr[a..arr.lengti].to_s) &&
(Not(MARHUCH{T}?#{UCH*#{UCH{T}?#{ONS}/=~
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arr[a..arr.lengtHl].to_s)) &&
(not(NMAKHUCH{T}?) *#{OR{T}?#{US}{UC}/=~ arr[a..arr.length-
1].to_s))

return true if
(NAFHUCHHT2HUCH*(H{UCHH{T?((HCH#{V]) ?(#{PH  \sM)/ =~
arr[a..arr.lengtHl].to_s) &&
(Not(AAKHUCHHT?#{UCH*#H{UCH{T}?#{ONS}/=~
arr[a..arr.lengtHl].to_s)) &&
(not(NMARHUCHH T}?)*#{O{T}?#H{USH{UC}/=~ arr[a..arr.length-
1].to_s))

return false

end

# This method attempts to determine, on the basis of the context, if the current character
# cannot be a coda. This is used in parsing ambiguous characters that could be either
#vowels or consonants; it returns true if the character cannot be a coda; false otherwise.
def Thai_syllable.cannot_be_coda?(arr,a)
_=arr[a]
# If the character followsl then it is not a coda
return true if #{C}/ =~ arr[[0,a1].max..a].to_s
# If the claracter is not a consonant, then it cannot be a coda
return true if (not(/#{C}/ =~ arr[a].to_s))
# If the character is one that is never a coda, then return true
return true if arrfa] ==&
return true if /#H{ONS}/ =~ arr[a].to_s
# Y%cannot be a coda follang the unwritten [0] vowel); it may be a
# codafollowing! in the [ia:] vowel
return true if
I((#HNPHMYHCHIHVHHDIHTHH#HCH{T}Y? 9%/ =~ arr[[0,a4].max..a].to_s
&& (not(/'#{C}?#{C} #{T}? %/ =~ arr[[0,a6].max..a].to_5s))
return false
end

# Recastructs the Thai script string representing the syllable, from the constituents.
def to_ts

return @v_prefix + @onset + @v_diacritic + @tone + @vowel + @coda
end

# Returns a string with the contents of the syllable broken into labeled constituents, with
#the characters for each constituent placed between slashes. NOTE: diacritic characters,
# like tone, will probably display as diacritics on the preceding slash.
def to_ts_verbose
return "vprefix:/#{@v_prefix}/ onset:/#{@onset}/ vdiacritic:/#{@v_diacritic}
tone:/#{@tone}/ vowel:./#{@vowel}/ coda:/#{@coda}/"
end
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# Reconstructs the translated JPA string representing the syllable, from the constituents.
def to_jpa

return @jonset + @jvowel + @jlength + @jcoda + @jtone.to_s
end

# Returns a string with theontents of the translated JPA syllable broken into labeled
# constituents, with the characters for each constituent placed between slashes.
def to_jpa_verbose
return "onset:/#{@jonset}/ vowel:./#{@jvowel}/ length:/#{@jlength}/
coda:/#{@jcoda}/ tone:/#{@jtoe}/"
end

# Reconstructs the translated JPA string representing the syllable, from the constituents.
def to_ipa

return @ipa_onset + @ipa_vowel + @ipa_tone + @ipa_length + @ipa_coda
end

# Returns true if Thai character _tchar_ is possibly a vopeditx.
# NOTE: _tchar_ is expected to be a string of length 1.
def Thai_syllable.v_prefix?(tchar)
return "true" if /#{P}/ =~ tchar
end

# Returns true if Thai character _tchar_is a consonant; false otherwise.
def Thai_syllable.consonant?(tchar)

return "rue" if #{C}/ =~ tchar
end

# Returns true if Thai character _tchar_is a tone marker; false otherwise.
def Thai_syllable.tone?(tchar)

return "true" if /#{T}/ =~ tchar
end

# Returns true if Thai character _tchar_ is a possible-fineifix) vowel characte false
# otherwise.
def Thai_syllable.vowel?(tchar)
return "true" if /#{V}/ =~ tchar
end

# Returns true if Thai character _tchar_ is a possible vowel diacritic character; false
# otherwise.
def Thai_syllable.v_diacritic?(tchar)
return "true" if /#{D}/ =~ tchar
end

# Translates Thai characters in onset position to JPA
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def to_jpa_onset(tchar)
ans = case tchar
when '0' then "P"
when "I" then "P"
when #' then "P"
when 2" then "p"
when '3" then "b"
when '4' then "m"
when '%then "w"
when '5' then "f"
when"6" then "f"
when '7" then "T"
when '8" then "T"
when '9" then "T"
when " " then "T"
when " then "T"
when ' then "T"
when =" then "t"
when ="' then "t"
when *" then "d"
when '?' then "d"
when '@then "s"
when 'A' then "s"
when 'B' then "s"
when 'C then "s"
when 'D then "|"
when 'E' then "I"
when '$' then "r"
when ™" then "n"
when 'F' then "n"
when 1" then "j"
when ‘G’ then "}"
when 'H then "C"
when 'l" then "C"
when 'J" then "C"
when 'K then "c"
when 'L then "K"
when 'M then "K"
when 'N' then "K"
when 'O then "K"
when 'P' then "K"
when )" then "k"
when 'Q then "N"

# z marks an empty onset

when '& then "z"
when 'R then "h"
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when 'S then "h"
when T then "r"
else ™

end

return ans

# Translates Thai vowel characters to JPA vayuality
def to_jpa_vowel

return "y" if (@vowel == V)
# The onset charactefusually comes with an implied unwritten [i] vowel; it
# sometimes is pronounced with the] vowel
return "i" if
(@v_prefix =="") && ((@onset ==T') || (@onset ==#T) || (@onset ==
")T") && (@v_diacritic == ") && (@vowel == "")
return "a" if
(@v_prefix =="") && (@v_diacritic == "") && (@vowel == +)
return "a" if
(@v_prefix =="") && (@v_diacritic == ") && (@vowel =="")
return "a" if
(@v_prefix == ") && (@v_diacritic == "") && (@vowel == $$)
# Epenthetic [a] vowel inserted if there is no rime material in the syllable
return "a" if
(@v_prefix =="") && (@v_diacritic == "") && (@vowel == "") && (@coda
== "")
return "a" if
(@v_prefix == ") && (@v_diacritt == "") && (@vowel == (")
return "A" if
(@v_prefix == "") && (@v_diacritic == "") && (@vowel == "+)
return "A" if
(@v_prefix =="") && (@v_diacritic == "!) && (@vowel =="")
return "A" if
(@v_prefix =="") && (@v_diacritic == ") && (@vowel =="")
return "O" if
(@v_prefix =="") && (@v_diacritic == "") && (@vowel == "(+)
return "O" if
(@v_prefix =="") && (@v_diacritic == ") && (@vowel == "&)
return "O" if
(@v_prefix == ") && (@v_diacritic == ") && (@vowel =="")
return "O" if
(@v_prefix == ") && (@v_diacritic == "") && (@vowel == "&)
return "e" if
(@v_prefix =="") && (@v_diacritic == "") && (@vowel == "+)
return "e" if
(@v_prefix ==") && (@v_diacritic =="1) && (@vowel =="")
# Special case when there is a [j] coda



return "E" if
(@v_prefix =="") && (@v_diacritic =="") && (@vowel =
=: ll!ll)
# General case for these vowel characters
return "e" if

(@v_prefix ==") && (@v_diacritic =="") && (@vowel =

!= n ! ll)
return "E" if

(@v_prefix =="™) && (@v_diacritic == "") && (@vowel =

return "E" if

(@v_prefix ==") && (@v_diacritic == ") && (@vowel ==

return "E" if

(@v_prefix =="") && (@v_diacritic =="") && (@vowel =

return "o" if

(@v_prefix =="") && (@v_diacritic == ") && (@vowel =

# Special case for the unwritten [0] vowel with "r" coda,;
return "O" if

(@v_prefix =="") && (@v_diacritic =="") && (@vowel =

—— ll$l)
# General case for the short unwritten [0] vowel
return "o" if

(@v_prefix =="") && (@v_diacriic =="") && (@vowel ==

I="") && (@coda !="9)
return "o" if

(@v_prefix =="") && (@v_diacritic == "") && (@vowel =
return "i" if

(@v_prefix =="") && (@v_diacritic == ") && (@vowel ==
return "i" if

(@v_prefix =="") && (@v_diacritic == ") && (@vowel ==
return "y" if

(@v_prefix =="") && (@v_diacritic == ") && (@vowel ==
return "y" if

(@v_prefix =="") && (@v_diacritic == ") && (@vowel =="
return "y" if

(@v_prefix =="") && (@v_diacritic =="1) && (@vowel ==
return "u" if

(@v_prefix =="") && (@v_diacritic ==") && (@vowel ==
return "u" if

(@v_prefix =="") && (@v_diacritic == ") && (@vowel ==
return "I" if

(@v_prefix =="") && (@v_diacritic =="1) && (@vowel =
return "I" if

(@v_prefix =="") && (@v_diacritic =="1) && (@vowel =
return "Y" if

(@v_prefix =="") && (@v_diacritic =="1) && (@vowel =

return "Y" if

=" && (@coda

") && (@coda

= '&#—)

")

= 'XL')

=)

") && (@coda

") && (@coda

="

")

g
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(@v_prefix =="™) && (@v_diacritic =="1) && (@vowel == "&)

return "U" if

(@v_prefix == ") && (@v_diaritic == "1) && (@vowel == "%%
return "U" if

(@v_prefix == ") && (@v_diacritic == 1) && (@vowel == "%)
return "U" if

(@v_prefix == ") && (@v_diacritic == "") && (@vowel == %)
return "a" if

(@v_prefix == "") && (@v_diacritic == "") && (@vowel ==""
return "a" if

(@v_prefix ==1") && (@v_diacritic == ") && (@vowel =="")
return "a" if

(@v_prefix == ") && (@v_diacritic == ") && (@vowel == U)
return "a" if

(@v_prefix =="") && (@v_diacritic == "") && (@vowel == "(")
end

# Translate Tharowel characters to JPA vowel length
def to_jpa_length (tdons)
return "." if @vowel == ¥
return "." if @vowel == $3$
return "." if (@v_diacritic == T) && (@vowel =="")
# Special case fo("with [w] coda; it's marked by the presence of the v_prefix
return "." if (@v_prefix == ") && (@vowel == "(")
# General case fo(™
return ":" if (@v_prefix == ") && (@vowel == ")
return "." if @v_diacritic =="1
# Special case for thé$] vowel; in live syllables with overt tone marking and a
# mid- or high-class onset, the vowel is short
return "." if
(@v_prefix == ") && (@v_diacritic == "") && (@vowel =="") && ((@coda
=="" || (I#H{S)\Z/ =~ @coda.to_s)) && (@tone '="") && (not(/#{L} =~
tdons))
# General case for théd] vowel
return ":" if
(@v_prefix =="") && (@v_diacritic == ") && (@vowel =="")
return "." if @vowel == (+
return ":" if (@v_diacritic =="") && (@vowel == &)
# Special case for [e:] vowel; if there is an overt tone mark, then it is a short

# vowel
return "." if
(@v_prefx =="") && (@v_diacritic =="") && (@vowel == ") && (@tone
I="") && (@coda !="1"
# Otherwise it is a long vowel if there is no overt tone mark
return ":" if

(@v_prefix ==") && (@v_diacritic == "") && (@vowel =="")



return "." if @vowel == &%
return " if (@v_prefix == ™) && (@v_diacritic == ")
return ":" if (@v_prefix == ") && (@vowel == "&)

# Special case for the unwritten [0] vowel with [r] coda

return ":" if
(@v_prefix =="") && (@v_diacritic =="") && (@vowel == ") && (@coda
== "$')
# General case for the unwritten [0] vowel
return "." if

(@v_prefix =="") && (@v_diacritic =="") && (@vowel == ") && (@coda
I="") && (@coda !="$)
# Epenthetic [a] vowel
return "." if
(@v_prefix =="") && (@v_diacritic =="") && (@vowel == ") && (@®da
== "")
return ":" if (@v_prefix == =) && (@vowel =="")
return "." if (@v_prefix =="") && (@v_diacritic ==T)
return ":" if (@v_diacritic == 1) && (@vowel =="")
return "." if @v_diacritic =="1
return ":" if (@v_diacritic == 1) && (@vowel =="&)
return "." if (@v_diacritic ==T) && (@vowel =="")
return "." if @v_diacritic =="1
return ":" if @v_diacritic =="
return "." if @vowel == 1+
return ":" if @vowel ==1"
return "." if @vowel == %+
# Special case for [j] coda
return "." if (@vowel == %) && (@coda =="")
# General case for [j] coda
return ":" if (@vowel == %) && (@coda !="1"
return "." if @v_prefix ==""
return "." if @v_prefix == "
# Special case fotJ'vowel
return ":" if (/#{L}/ =~ tdons) && (@tone ==1)
# Gereral case forU vowel
return "." if @vowel == U
return "." if (@onset ==T') || (@onset ==#T) || (@onset ==)T"))
end

# Translates Thai tone marks to JPA given a-thetermining onset consonant _tdons_
# mid tone = 0; low tone = 1, falling tore2; high tone = 3; rising tone = 4
def to_jpa_tone(tdons)
# These two tone marks indicate rising & high tone respectively
return ("4").to_s if @tone ==I"
return ("3").to_s if @tone ==I"
# This tone mark denotes falling tone for lolass consonantsiblow tone for
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# high- and midclass consonants
return ("2").to_s if YA#{L}/ =~ tdons) && (@tone == ")
return ("1").to_s if YA#{M}|#{H})/ =~ tdons) && (@tone ==")
# This tone mark denotes high tone for {olass consonants but falling tone for
# high- and midclass consonants
return ("3").to_s if YA#{L}/ =~ tdons) && (@tone == ")
return ("2").to_s if YA#{M}|#{H})/ =~ tdons) && (@tone ==")
# For syllables without overt tone marking
# For a "live" syllable (open with a longwel or closd with a sonorant
# coda)
# Mid tone is pronounced in a live syllabigh a low or mid-class onset
# consonant
return ("0").to_s if
(NAF#{LY#{M})/ =~ tdons) && (@tone =="") && ((I#{S} \Z/ =~
@coda) || (@coda =="") && ((@jlength ==":") || (@vowel %3))))
# Rising tone is pronounced in a live syllable with a fatgiss onset
# consonant
return ("4").to_s if
(NA#{H}/ =~ tdons) && (@tone =="") && ((I#{S}\Z/ =~ @coda) ||
(@coda ==") && ((@jlength =="") || (@vowel =))))
# For a "deadsyllable (open with a short vowel or closed with an obstruent
# coda)
# High tone is pronounced in a dead syllable with adtags onset
# consonant and a short vowel
return ("3").to_s if
(NA#{L}/ =~ tdons) && (@tone =="") && (@jlength ==".") &&
((I#{O}\z/ =~ @coda) || (@coda =="") || (@coda ¥} &&
(not(@vowel == U))
# Falling tone is pronounced in a dead syllable with ad@ags onset
# consonant and a long vowel
return ("2").to_s if
(NA#{L}/ =~ tdons) && (@tone =="") && (@jlength ==") &&
((I#{O}\z/ =~ @coda) || (@coda =="") || (@coda F3} &&
(not(@vowel == U))
# Low tone is pronounced in a dead syllable with a miichigh-class onset
# consonant
return ("1").to_s if
(NAF{MY#{H})/ =~ tdons) && (((/#{O} \Z/ =~ @coda) || (@coda
=="I")) || ((@coda =="") && (@jlength =="."))) && (not(@vowel ==
"U))

end

# Translates Thai characters in coda position to JPA

def to_jpa_coda

# Allow for an optional $ as the first member in a complex coda
return "p" if AAS?(O#2/3/6)/ =~ @coda
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return "'m" if NAA$24/ =~ @coda
return "w" if AA%=~ @coda
return "t" if AAS2(79: |; 18|<49">*|A@BHI|IHO/ =~ @coda
return "n" if MASR?HH" |FIGD/ =~ @coda
return "j" if NAl/ =~ @coda
return "k" if NAA$?(UNNGR))/ =~ @coda
return "N" if \A$Q =~ @coda
return "m" if @vowel == U
return " if /(.[/)/ =~ @v_prefix
return "n" if (@vowel == $3$) && (@coda =="")
return "w" if (@v_prefix == ") && (@v_diacritic == "") && (@vowel =="(")
# Use "z" as an empty coda character in JPA
returnz" if @coda ==""
end

# This method is used for onset clusters that are not pronounced the way the Thai
# orthography suggests. It returns the actyalpnounced version of the onset, given the
# written version of the onset
def silent_c
# clusters whexr C2 is "r"
# "Tr" clusters are pronounced as "s"
return "s" if @jonset == "Tr"
#"r" as C2 is silent
return "s" if @jonset == "sr"
return "r" if @jonset == "rr"
return "c" if @jonset == "cr"
# silenth-initial clusters
return "m" if @jonset == "hm"
return "w" if @jonset == "hw"
return "I" if @jonset == "hl"
return "r" if @jonset == "hr"
return "n" if @jonset == "hn"
return "j" if @jonset == "hj"
return "N" if @jonset == "hN"
# silent&initial cluster
return "j" if @jonset == "zj"
# otherwise @turn the instance variable unaltered
return @jonset
end

# Translates JPA to IPA

def Thai_syllable.jpa_to_ipa(tchar)
return "p"" if tchar == "P"
return "t"" if tchar == "T"
return "t#" if tchar == "C"
return "t#' if tchar == "c"
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return "k™" if tchar== "K"
return " if tchar == "z"
return ")" if tchar == "N"
return ‘(" if tchar =="A"
return '% if tchar == "O"
return 1" if tchar == "E"
return " " if tchar =="y"
return "ia" if tchar =="|"
return " a"if tchar =="Y"
return "ua" if tchar == "U"
return "$" if tchar == ":"
return " if tchar =="."
return " if tchar == "0"
return "!" if tchar == "1"
return "!" if tchar == "2"
return "I" if tchar == "3"
return "!" if tchar == "4"
return tchar

end

# If a syllable is deficient in any way, this inst@ method returns a warning message
def check_syll

return "All syllables must have an onset" if @onset == ""

return "All syllables must have a JPA onset" if @jonset == ""

return "All syllables must have a JPA vowel character” if @jvowel ==""

return "All syllables must have a JPA vowel length” if @jlength ==""

return "All syllables must have a JPA coda" if @jcoda ==""

return "All syllables must have a JPA tone" if @jtone ==""

return "Impossible onset cluster" if
(not(/#{PC} =~ @onset.to_s)) &&not(/#{DC}/ =~ @onset.to_s)) &&
(not(/#{C}/ =~ @onset.to_5s))

# This restriction is unconfirmed with the mid round vowels, although there are
# no entries in Slayden's online dictionary

return "No Cw cluster allowed with round vowels" if
(#{Cw/ =~ @jonsé.to_s) && ((@jvowel =="u") || (@jvowel =="U") ||
(@jvowel =="0") || (@jvowel =="Q0O"))

return "Impossible rime" if
((@jvowel == "A") && (@jcoda =="|")) || ((@jvowel =="e") && (@jcoda
=="") Il (@jvowel == "E") && (@jcoda == "|") && (@jlength ==")) |
((@jvowel =="0") && (@jcoda =="}") && (@jlength ==".")) || ((@jvowel ==
"I") && (@jcoda =="}")) || (@jvowel =="y") && (@jcoda == "") &&
(@jlength ==".")) || (@jvowel == "I") && (@jcoda =="}")) || ((@jvowel ==
"Y") && (@jcoda == "}") && (@jlength ==".")) || ((@jvowel =="U") &&
(@jcoda =="j") && (@jlength ==":")) || ((@jvowel == "A") && (@jcoda ==
"w") && (@jlength ==".")) || ((@jvowel == "0") && (@jcoda == "w") &&
(@jlength ==".") || ((@jvowel =="E") && (@jcoda =="}") && (@jlength ==
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“") || (@jvowel =="0") && (@jcoda == "w")) || (@jvowel =="i") &&
(@jcoda =="w") && (@jlength =="")) || ((@jvowel =="y") && (@jcoda ==
"w") || (@jvowel == "u") && (@jcoda == "w")) || ((@jvowel =="1") &&
(@jcoda =="w") && (@jlength ==".")) || (@jwvel == "Y") && (@jcoda ==
"w") || (@jvowel == "U") && (@jcoda == "w")))
return "Impossible onsetowel combination™ if
(@jonset == "W") && ((@jvowel =="Y") || (@jvowel == "y"))
# This rule has a few exceptions
return "C1 in onset clusters wherepentlesis occurs cannot have written tone™
if
(@tone '1="") && (@v_prefix == ") && (@v_diacritic == "") && (@vowel
=="") && (@coda =="")
# There are quite a few exceptions to this rule; still | enforce it since most
# syllables where this could happen pdalgemembers of this potential cluster in
# separate syllables
return "C1 in onset clusters wherepenthesis occurs cannot have more than one
consonant" if
(MH{CHH{C} =~ @onset.to_s) && (not(/#{CHl =~ @onset.to_S)) &&
(@v_prefix =="") && (@v_diacritic== ") && (@vowel =="") && (@coda
== "")
return "Vowel prefixes cannot have more than one character" if
@v_prefix.length > 3
return "Onsets cannot have more than two consonants” if @onset.length > 6
return "Onsets cannot havedBstruent clusters” if /#{E{O}/ =~ @onset.to_s
return "Onsets cannot have sonofsmmorant clusters” if
(I#{S}#{S}/ =~ @onset.to_s) && (not@$=~ @onset.to_s))
return "Vowel diacritics cannot have more than one character” if
@v_diacritic.length > 3
return "Tones cannot haweore than one character” if @tone.length > 3
return "Vowels cannot have more than two characters” if @vowel.length > 6
return "Codas cannot have more than two consonants” if @coda.length > 6
return "JPA Onsets cannot have more than two consonants” if é@jength > 2
return "JPA Vowels cannot have more than one character" if @jvowel.length > 1
return "JPA Vowel Lengths cannot have more than one character" if
@jlength.length > 1
return "JPA Codas cannot have more than two consonants” if @jcoda.length > 2
return "JPA Tones cannot have more than one character" if
@jtone.to_s.length > 1

# This class method checks an array of characters against a list of monosyllabic Thai
# words with irregular pronunciations. It returns true if the current array cdctieas

# matches one of these exceptions, false otherwise.

def Thai_syllable.exception?(arr)

return true if YA!"#$/ =~ arr[0..arr.lengtii].to_s
return true if YA!"## =~ arr[0..arr.lengtii].to_s
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return true if YA!"#8 =~ arr[0..arr.lengtii].to_s
return true if YA!"#8 =~ arr[0..arr.lengtii].to_s
return true if YA!"A8%~ arr[0..arr.lengtfi].to_s
return true if YA!"#A® =~ arr[0..arr.lengtfi].to_s
return true if YA!"¥$=~ arr[0..arr.lengtii].to_s
return true if YAI"#% =~ arrD..arr.lengthl].to_s
return true if YAI"#$/ =~ arr[0..arr.lengtii].to_s
return true if YA'#H®% =~ arr[0..arr.lengtfi].to_s
return true if YA,6D¥/ =~ arr[0..arr.lengtfi].to_s
return true if YA!"## =~ arr[0..arr.lengtii].to_s
return true if\A!"¥% =~ arr[0..arr.lengtii].to_s
return true if YA!"#8 =~ arr[0..arr.lengtii].to_s
return true if YA!"¥/ =~ arr[0..arr.lengtii].to_s
return true if YA"#$%=~ arr[0..arr.lengtfi].to_s
return true if YA!"¥/ =~ arr[O..arr.lengtii].to_s
return true if YA!"## =~ arr[0..arr.lengtii].to_s
return true if YA'M/ =~ arr[0..arr.lengtii].to_s
return true if YA!"#// =~ arr[0..arr.lengtii].to_s
return true if YA.R4// =~ arr[0..arr.lengtii].to_s
return true if YA!"#8 =~ arr[0.arr.lengthl].to_s
return true if YA!"A8%~ arr[0..arr.lengtfi].to_s
return true if YATV/ =~ arr[0O..arr.lengtii].to_s
return true if YATV/ =~ arr[O..arr.lengtfi].to_s
return true if YA!"¥$=~ arr[0..arr.lengtii].to_s
return true if YA'W/ =~ arr[0O..arr.lengtii].to_s
return true if YA!"M$=~ arr[0..arr.lengti].to_s
return true if YA!"¥$=~ arr[0..arr.lengtii].to_s
return true if YA!"¥$=~ arr[0..arr.lengtii].to_s
return false

end

# This instance method takes a string béi characters (psumably a monosyllabic
# word with exceptional pronunciation) and changesrtiegular aspect of that word by
# altering the instance variable(s) that involve the irregularity
def alter_word(thai_word)

@jlength = ":" if thai_word =="#$

@jlength = ":" if thai_word =="#3$

@jlength = ":" if thai_word =="#$

@ijlength = "." if thai_word =="#$

@jlength ="." if thai_word ==I"#$%

@jlength = "." if thai_word =="#$

@jlength = "." if thai_word =="#$

@jlength = "." if thai word == ""#$

@jlength = "." if thai_word =="#$

@jlength = "." if thai_word =="#H$

@jlength ="." if thai_word ==,6D=



end

@ijlength = "." if thai_word =="#$
@ijlength = "." if thai_word =="#$
@ijlength = ":" if thai_word =="#$
@jlength =" if thai_word =="1"#
@jlength = ":" if thai_word =="#%$%
@jlength = ":" if thai_word ==M#
@ijlength = ":" if thai_word ==M#$
@jtone = 3 if thai_word =="M(
@jtone = 3 if thai_word ==I"#
@jtone = 3 if thai_word ==
@ijlength = "." ifthai_word == "#$
@ijlength = "." if thai_word =="#$%
@jvowel ="y" if thai_word ==TV
@jlength = ":" if thai_word ==
@jlength = ":" if thai_word ==T)'
@ijlength = "." if thai_word -—"'#$
@ijlength = "." if thai_word :="'#$
@jlength = if thai_word == T"#$
@ijlength = "." if thai_word -—"'#$
@ijlength = "." if thai_word =="#$
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# This class method takes as input a string (presumably containingCTip), parses it
#into syllables, and returns an array of Thai_syllable ohjecis per parsed syllable.
def Thai_syllable.parse_string(instr_p)

# To handle unicode properly in ruby v. 1.8, break the input string into individual

# characters. Each element of the array _instr_ contains a string with only one

# character.

# The #scamethod handles unicode b/c of the require ‘jcode’ at the top.

instr =]
# Add each character as a separate element of _instr_.
instr_p.scan(/./){|c| instr << c}

# Delete all unpronounced characters andchéiracters (which mark characters

# as silentfrom the array
if /A =~ instr[0..instr.lengtii].to_s then
k=0
while k<instr.length do
if instr[k] == "1 then
instr.delete_at(k)
# If the silent marker follows a diacritic then delete
# the preceding diacritic and the consonant it is
# modifying
if #{D}/ =~ instr[k-1].to_s then
instr.delete_at(.)
instr.delete_at(2)
else
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# Otherwise, just delete the preceding consonant
instr.delete_at(.)
end
end
k+=1
end
end

# Delete all characters that are at thet §tha sequence that precedes the
# abbreviation symbolWW; loop through all precedgcharacters, deleting one each
#time
if /W=~ instr[0..instr.lengt{i].to_s then
k=0
while k<instr.length do
if NABHPHHCH#{TH#HD}H#{V} Y*W=~instr[k..instr.length
1].to_s then
instr.delete_at(k)
else
k+=1
end
end

# Delete all Thai characters following the abbreviation symibl "

k=0

while k<instr.length do
if IVE{P}H#{C}H#{TH#HD}#{V})/ =~ instrk -1..k].to_s then

instr.delete_at(k)

end
k+=1

end

end

# Iterate through the array of characters, constructing syllables along the way.
# Whenever a syllable is complete, add it to the array _syllable_list_ and
# start a new syllable.

syllable_list =]
i=0 # indexinto the array of input characters (_instr ).
b=0 # aids in handling of certain exceptions (see v_prefikhoitk)

while i<instr.length do
# Skip lines with "//" double slashes or backslashes at the end.
break if XA(.)*\\\W// =~ instr[i..instr.lengtkl].to_s
break if XA(.)*\\V =~ instr[i..instr.lengtkl].to_s
# Skip lines with "." in them. These are abbreviations
break if XA(.)*\./ =~ instr[i..instr.lengtkL].to_s
# Skip the rest of the line when a slash "/" or "%" or "#" is found. These
# are ttlesor tags (not part of the corpus)



break if instr[i] =~ X/

break if instr[i] == "#"

break if instr[i] =~ /%/
# start_i_is the index where construction of the current syllable begins.
# This is used to detect if the current character does nsofit.can be
# skipped.

start_i=i
# Create a new syllable for parsing (the current syllable)

cur_syl = Thai_syllable.new
# Create a new syllable representing trevjmus syllable (to aid in tone
# translation)

prev_syl = Thai_syllable.new

if syllable_list.length > 0 then

prev_syl = syllable_list[syllable_list.lengtt]
end

# If the current character is the second member of a cluster handled by the
# exceptional case below (b = 1), then add the suppressed vowel prefix.
if b == 1 && instr[i-2] == """ then
cur_syl.add_v_prefix(instq2])
b=0
end

# If the first character is a vocalic prefix character, add it as such.
if v_prefix?(instr[i]) then
# This handles an exception where vowett tlave both a prefix preceding
#aconsonant AND a 2nd vowel charactellowing that consonant would
# be split intotwo vowels in rare caseswn an onset cluster contains a
# sonorant C1 or an obstruent C2; the C1 is@ain a separate syllable
# with an epenthetic a vowel; if this ise casego not parse the prefix; set b
#to 1 so that théollowing iteration of thewhile loop (C2) will insert the
# vowel prefix (via the if bloclabove)
unless
(NA'HCHH{CH(HTY? (IETY? DIGHTY? (9) =~
instr[i..i+5].to_s) && (not cluster?(irtg,i+2)) then
cur_syl.add_v_prefix(instr[i]); i += 1
else
#"b" = 1 marks the fact that we have one of these exceptions
b=1
end
end

if must_be_onset?(instr,i) || (consonant?(instr[i]) && (not
must_be_vowel?(instr,i)) && (not must_be_coda?(inst&g) (not
cannot_be_onset?(instr,i))) then
cur_syl.add_onset(instr[i])



23¢

cur_syl.add_jonset(cur_syl.to_jpa_onset(instr[i])); i += 1
# If the character is a consonant that forms a licit cluster along with the
# preceding consonant AND either must beoa%t or doesn't have to be a
# coda or vowel, add it to the onset
if cluster?(instr,i) && (must_be_onset?(instr,i) ||
(consonant?(instr[i]) && (not must_be_vowel?(instr,i)) && (not
must_be_coda?(instr,i)) && (not cannot_be_onset?(instr,i))))
then
cur_syl.ad_onset(instr[i])
cur_syl.add_jonset(cur_syl.to_jpa_onset(instr[i]))
# Call "silent_c" in ordeto map the written onset to the
# pronounced onset
cur_syl.alter_jonset(cur_syl.silent_c);i+=1
end
end

# If the onset is still empty, this isdmusehie previous syllable required a
# coda and a single consonant charactectis@ simultaneously as onset &
# coda; the Thiawriting system writes a consant only once in this case; if
#the current syllable has onset, add the cadf a previousyllable to the
# onset of the current one
if (cur_syl.onset == ") && (i > 0) then
cur_syl.add_onset(prev_syl.coda)
cur_syl.add_jonset(cur_syl.to_jpa_onset(prev_syl.coda))
cur_syl.add_ipa_onset(jpa_to_ipa(cur_syl.to_jpa_onset(instr[i])))
end

# If the current character is a vowel diacritic character, add it as such.
if v_diacritic?(instr[i]) then
cur_syl.add_v_diacritic(instr[i]); i += 1
end

# If the current character is a tone, add it as such.
if tone?(instr[i]) then
cur_syl.add_tone(instr[i]); i += 1
end

# If the character is a possible vowel andnts necessarily a coda or onset
#then parse it as a vowel.
if must_be_vowel?(instr,i) || (vowel?(instr[i]) && (not
must_be_coda?(instr,i)) && (not must_be_onsetB(ins&& (not
cannot_be_vowel?(instr,i))) then
cur_syl.add_vowel(instr[i]); i += 1
# Repeat once more since there can be two consecutive vowastehns (at
# most) This time strengthen the "or" to an "and" condition though.



if must_be_vowel?(instr,§& vowel?(instr[i]) && (not
must_be_coda?(instr,i)) && (not must_be_onset?(instr,i)) &&
(not cannot_be_vowel?(instr,i)) then
cur_syl.add_vowel(instr[i]); i += 1
end
end

# If the current character must be a codd'®in a syllable that must be
# closed OR it's a consonant that isn't nemelysa vowel or onset and it's
# not that case that it can't be a coda ortimasyllable must be open, then
# parse it as a coda.
if must_be_coda?(instr,i) || (cur_syl.must_be closed? && (not
cannot_be_codai®étr,i))) || (consonant?(instr[i]) && (not
must_be_vowel?(instr,i)) && (not must_be_onset?(instr,i)) && (not
cannot_be_ coda?(instr,i)) && (not cur_syl.must_be_open?)) then
cur_syl.add_coda(instr[i])
i+=1
# A following consonant isgrsed as a codathe previous
# conditionsare met with the atbd necessity that the previous
# consonant be$'. Note the "or"conditions were strengthened to
# "and" conditions
if must_be_coda?(instr,i) && consonant?(instr[i]) && (not
must_be_vowel?(instr,i)) && (nanust_be_onset?(instr,i)) &&
(not cannot_be_coda?(instr,i)) &8HE~ instr[[0,i1].max]) &&
(not instr[i] =="&) then
cur_syl.add_coda(instr[i])
i+=1
end
# I"é&quences are not pramzed with an [i] vowel, as the
# orthography implies; inséal it is pronounced as [t]; parse thas
#a complex coda then.
if /#{T}?1"Z/ =~ instr[[0,+3].max..i].to_s then
cur_syl.add_coda(instr[i])
i+=1
end
end

# Translate the syllable into JPA (the onset has already been translated)
cur_syl.add_jcoda(cur_syl.to_jpa_coda)
cur_syl.add_jvowel(cur_syl.to_jpa_vowel)

# Tone is determined by the "preasgl' syllable in cases where an

# epenthetic [a] breaks up an onset clusteic™is a variable that receives

# the tonedeterminingconsonant
tdc = cur_syl.onset.to_s
if syllable_list.length > 0 then

# If the preceding syllable is epenthaiicif the vowel in the previous



end
end
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# syllableis Y AND the current syllable hassanorant onset, set tdc to the
#first character in the precedjrsyllable's onset
if ((prev_syl.epsyll?) || (prev_syl.vowel =8))) && (/ \A#{S} =~
cur_syl.onset.to_s) then
tdc = prev_syl.onset.to_s
else
# Otherwise, set tdc to the first character in the current syllable's onset
tdc = cur_syl.onset.to_s
end
end
# Set the JPA length & tone, given the current syllable and tdc
cur_syl.add_jlength(cur_syl.to_jpa_length(tdc))
cur_syl.add_jtone(cur_syl.to_jpa_tone(tdc))

# If the current syllable is one of theted monosyllabic exceptions,
# alter itaccordingly
if exception?(instr) then
cur_syl.alter_word(cur_syl.to_ts)
end

# Translate the syllable into IPA

cur_syl.add_ipa_onset(jpa_to_ipa(cur_syl.jonset[0,1]))

if cur_syl.jonset[1,1] !="" then
cur_syl.add_ipa_onset(jpa_to_ipa(cur_sylget[1,1]))

end

cur_syl.add_ipa_vowel(jpa_to_ipa(cur_syl.jvowel))

cur_syl.add_ipa_tone(jpa_to_ipa(cur_syl.jtone))

cur_syl.add_ipa_length(jpa_to_ipa(cur_syl.jlength))

cur_syl.add_ipa_coda(jpa_to_ipa(cur_syl.jcoda))

# The current character is stitle initial one for this syllablehen it
#was not able to be included in a syllable. Skip to the cleaxttacter,
# and start syllable parsing over. Othése, consider the constructed
# syllable complete: add it tive list.
if start_i == i then
i+=1
else
syllable_list << cur_syl
end

end # end of main while loop

return syllable_list
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# The above code defined the Thai_syllable class, without acexabuting
# anything. The actual execution happens below.

input_filename = "edited_ohid_corpus.txt"
# Check that a file with that name actually exists.
# If not, print an error message, and exit the program.
unless File.file? input_filename
puts "File does not exist with naii&{input_filename}™
exit
end

# Read the input file into aarray of strings, one string per line.
lines = open(input_filename) {|f| f.readlines }
lines.each {|l| .chomp!}} Remove the endf-line marker from each string

# For each line of the input:
# * parse it into Thai syllables.
# * Write each syllable to separate line of the output file.
# * Leave a blank line after the syllables for each input line.
output_filename = "output.txt"
open(output_filename, 'w’) do |f|
lines.each do |l|
syls = Thai_syllable.parse_string(l)
# Method #to_ts writes a syl. in Thegript.
# Method #to_ts_verbose separately writes each syllable part.
# Method #to_jpa writes a syl. in JPA script.
# Method #to_jpa_verbose separately writes each JPA syllable part.
# Method #check_syll includes error messages that warn us that the
# syllable is deficient in some way
syls.each{|s| f << s.to_ts <<" " << s.to_ts verbose\r< &< s.to_ipa
<" "<<s.to jpa<<" "<<s.to jpa_verbose <<"
" << s.check_syll <<\h'}
syls.each{|s| f << s.to_ts}
f <<"™\n" # extra blank output linafter the input line is complete.
end
end
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Appendix C

MorZn & ZsigaOs (2006:152) Final Constraint Ranking for-Coda Interaction

*[HH]o *[TT]u

MAaX[H] *[LL]o REALIZETONE

* [MOda—»L

ALIGN-Rt *[L] *[TT]o LINEARITY
*uplT MaXLINKMora[T]

ALIGN-Lt



Input-Output Mapping Assumed for Thai

Appendix D
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The mapping shown here is based on the one assumed by MorZn & Zsiga (2006).

Legend

t: [+CG, bvoice] onset consonant

d: [+CG, +voice] onset consonant
t": [BCG] onset consonant
T: [+CG] coda consonant

* The vowel [§ is used as an arbitrary choice, marked as short or long
* TheTonal shorthandnotationused(i.e. HH) issummarized in Sectin52.2.

Input Output
1 ta$HH ta$HL
2 ta$HM | ta$HL
3 ta$HL ta$HL
4 ta$H2 ta$HL
5 ta$MH | taSHL
6 ta$MM | ta$MM
7 ta$ML ta$ML
8 ta$LH ta$HL
9 taSLM ta$ML
10 |ta$LL taSML
11 | ta$L2 taSML
12 | t"a$HH | t"a$MH
13 t"a$HM | t"a$MH
> 14 |t"a$HL | t"a$HL
> 15 |t"a$H2 | t"a$MH
© 16 |ta$MH | ta$MH
17 t"a$MM | t"a$MM
18 t"a$ML | t"a$ML
19 | t"a$LH t"a$LH
20 |t"a$LM | t"a$ML
21 | t'a$LL t"a$ML
22 | t"a$L2 t"a$ML
23 | da$HH | da$HL
24 | da$HM | da$HL
25 |da$HL | da$HL
26 |da$H2 | da$HL
27 |da$MH | da$HL
28 | da$MM | dasMM
29 |da$ML | dasML




30 |da$LH da$HL
31 |da$LM | da$ML
32 |da$LL da$ML
33 |da$L2 da$ML
34 |ta$HH | ta$MLT
35 | ta$HM | ta$MLT
36 |ta$HIT | ta$MLT
37 |ta$HZ | ta$MLT
38 | ta$MH | ta$MLT
39 | ta$MMT | ta$MLT
40 | ta$MLT | ta$MLT
41 |ta$LH | ta$MLT
42 | taSLMI | ta$MLT
43 | ta$LIT | ta$MLT
44 | ta$LT ta$MLT
45 | t"a$HH | t"a$HO
46 | t"a$HM | t"a$HO
47 | t"a$HO | t"a$HO
48 | t"a$HZ | t"a$HO
- 49 | t"a$MH | t"a$HIO
< |50 [t'a$MM | t'a$MIT
O 51 |t"a$MLT | t"a$MILT
52 |t"a$LH | t"a$HO
53 | t"a$LM | t"a$MILT
54 | t"a$LIT | t"a$MILT
55 |t"a$LT | t"a$MIT
56 | da$HH | da$MLT
57 | da$HM | da$MLT
58 | da$HO | da$MLT
59 | da$HZT | da$MLT
60 | da$MH | da$MLT
61 | da$MMr | da$MLT
62 | da$MLT | da$MLT
63 | da$LH | da$MLT
64 | da$LMI | da$MLT
65 | da$LLT |da$MLT
66 | da$LZT |da$MLT
67 |taHHT taL2T
68 | taHMT taL2T
69 |taHLT taL2T
|; 70 | taH2T taL2T
(@) 71 taMHT taL2T
72 taMMT taL2T
73 | taMLT taL2T
74 | taLHT taL2T
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75 | taLMT taL2T

76 |talLLT taL2T

77 | tal2T taL2T

78 | t'"aHHT | t"aH2T
79 | t"aHMT | t"aH2T
80 |t'aHLT |t"aH2T
81 |t'aH2T |t"aH2T
82 |t'avHT | t"aH2T
83 | t"aMMT | t"aL.2T
84 |t'aMLT |t"a 2T
85 |t'alHT | t"aH2T
86 |t'aLMT |t"a.2T
87 |t'alLT |t"a 2T
88 |t'a2T |t"a2T
89 |daHHT | daL2T
90 | daHMT | daL2T
91 |daHLT |daL2T
92 | daH2T | daL2T
93 | daMHT | daL2T
94 | daMMT | dalL2T
95 | daMLT | daL2T
96 |daLHT |daL2T
97 | daLMT | daL2T
98 |daLLT daL2T
99 |daL2T daL2T

24°
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Appendix E

A Skeletal Basis with Support for the Constraint Ranking for Thai
* This skeletal basis was generated in OT Workplace (Prince & Tesar 2013).
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Minimal Support with Examples (OWO indicates a constraint favors the winner; OLO
indicates aonstraint favors the loser)

.
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tfit tlt t%olt | W L W W W

HH ML HL
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HH HL MH

" %o! " w L

LH HL LH

t1%o:t tha:t t19%o"t W L L W | W | L W W

HL H2 HL

ti" ti" ti" W L W W W L

HH MH HH

! t 'l W L W | W W L

LL ML LL

tift thft tft W L W

HH H2 HM

tf! %o! tf! w L L L

HM HL HM

t %o! tf! w w L L L W | L

LH HL HM

t1%ot tft t't w L L L w

HL H2 L2

! t ta$ W L w L

ML ML MM
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HL HL MH

! t %o! w w w L

LM ML HL
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LH HL LH
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