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Abstract

The main goal of this thesis is to providedescription of thearticulatory and
temporalinteraction between stopspanning the word boundary in the four sequence
types \C#CV, VC#CCV, VCC#CV, andVCC#CCQCV in Tripolitanian Libyan Arabic. A
general aim of the studg to contribute to the Phonetlescriptionof Libyan Arabic and
to provide a better understanding of speech production and the temporal organisation of
articulatory gesttes.One of the principal objectives of this study is to investigate what
effect an increase in the number of stapaisequence will have on the timing of stop
gestures. Furthermore, the study aims to identify the different patterns of gestural
coordination and the types of iteonsonantal intervals occurring between stops in the
four sequence types. Another aim loé tstudy is to investigate the nature of the resulting
inter-consonantal intervals occurring between these stops in order to understand the
patterrs of epenthesis. Factors affecting gestural coordination such as the order of place
of articulation of stopsand speech rate are also an objective of this study. Voice
assimilation across the word boundary is also investigated in addition to the influence of
inter-consonantal intervals on the process.

The studyadoptsArticulatory Phonology as a theoretical franmk to carry out
the investigations. The data was collected through recordings of particigad s peech
was subjected to EPG and acoustic analyiss. native speakers of Tripolitanian Libyan
Arabic took part in thecoustic part of thetudy. Twoof the speakersalsotook part in
the EPGpartof the study.

Results show thathe effect of the number of stops in a sequence on gestural
timing isnot limited to within syllablanitial and final clusters but also spreads across the
word boundary. The timapof syllablefinal andsyllableinitial stops decreaseas a result
of the increase in the number of st@usoss the word boundaryhe results also show
thatthe timing of syllabldinal clustersis more variable than syllableitial clusters in

acrossvord boundary sequences.



Different sequencetypesexhibit different degrees of gestural coordinatand
epenthesis patterrisetween adjacent stapBiter-consonantal intervalsccurring as a
result of lag durations between adjacent stop gesturesfaltwo types. The first type
aretypical of transitional excrescent voweisth a mean duration ranging from 14ms
20ms and their voice valuesexhibit more variation as a result of the voice context in
which they occurinterconsonantal intervalsf the £cond typearetypical of epenthetic
vowels with a mean duration ranging from 43f%%ms andare usually specified as
voiced The mtterrs of epenthesiglsoshow that Tripolitanian Libyan Arabic beigs to
the VC type of languages wheregsiences of threstops CCC are broken up by
epenthesis occurring between C1 and C2 of the sequence.

Statisticaltests shova significant effect for order place of articulation on gestural
coordination across the word balany in TLA in the C#C sequenegheregesturs are
more closely coordinated in the corowarsal orderRegressive voice assimilation is
more frequentand he voice context of the stops involved plays a major role in
determining the direction of voice assimilation spreading. Progressive voice assmmilatio
is limited to thel V+V voice context and whereasgressive assimilation of voicelessness
occurs in both Furthermore, excrescent vowels are found to be transparent to voice
assimilation and are dependent on the voicing of the trigger segment. Ondghbaott,
epenthetic vowels block voice assimilation and are more dependent usually specified as

voiced.
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Chapter 1 Introduction and background

1.1 Introduction

During the process of speech production, different articulators are employed in
the production of different speech sounds and the shape of the vocalnacyoes
constant changesuring this process. One of the major difficulties in studying speech
production is the problem of observing how speakers coordinate various articulatory
movements durinthis speech process.

Speech production involves the movement of different articulatotseirvacal
tract in order to take ugifferent positions and contadisr the production of different
sounds. In isolation, there are three main phases in the productstopgfapproach,
hold, and release phase. During the hold phase, air peebsilds up behind the
closure.At the release of this closure, pressure is released in the form of a burst or
transient. This burst, although shorter in duration than the turbulence of fricatives, is the
acoustic property of stops. It continues until the pressure behind and in frim of
closureequalizes.

This explanation can be applied to speech sounds or phonemes when produced
in isolation. However, in continuous speech, where phonemes aexl jtogether to
form syllables and words to form sentences, the process differs. Ortheomain
characteristics of continuous speech is the great variability in the articulatory and
acoustic properties of sound segments and that these segments are extremely sensitive
to context and also exhibit considerable influence from surrounding segment
(Hardcastleet al.20061).

When consonants occur in a sequence, their production is affected by
coarticulationwhich is consideredo be a fundamental characteristic of continuous
speech. The timing of the production of consonants in sequence dibenstheir
production in isolationThe tongue must execute both stops at a very short period of
time and as a result the consonants are not discretely articulated. There is a short period

of overlapping or simultaneous closure when articulators participatee production
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of a sequence of stops arftetextent of overlap depends on factors such as phonetic
environmentnd speech rafglardcastle Roach1979:531).

This process is also known as overlapping or temporaccarrenceln the
production of spech, each utterance is made up of a combination of gestures. Co
production is the temporal amccurrence or overlap that takes place in the aatiicud
of two or more gestures.

Continuous speech is made of different gestures that overlap in space @nd tim
during the speech process. In the production of stops for example, the approach, hold,
and release stage can be considered as a gesture. It is the movement of articulators for a
specific intended sound in space and time. Gestures are units of actiararihbé
identified by observing vocal tract articulators as they move in coordination (Browman
et al 1989:69). In other words, repeated observations of the process of producing a
specific utterance will show a pattern of constrictions being formed aedsea.
Browmanet al. add that the gestures of a given utterance are organized into larger
coordinated structure that is represented in a gestural score. During the production of
speech gestures, the shape of the oral tract is constantly changing. Aagmefsthe
production of a given gesture it is completely open whereas at a stage for the production

of a different gesture it may be constricted or closed

1.2 Outline of the study

This thesis is organized as follonShapter 1 and Chapter 2 are the literatu
review chaptersThis opening chapteprovides an introduain and background to the
study, presentinthe theoretical framework thhtis beemdopted in this study. It is also
devoted to outlining the focus and purpose of the study. The chapter oesothe
dialect under investigatiomm this study, namely Tripolitanian Libyan Arabiend
presentsa detailed account of igghonemic inventoryand syllabic templatePrevious
studies conducted on this dialeate also highlightedn addition torelevantstudies

conducted on gestural coordination of consonants in other languages.



Chapter 2describeghe timing and acoustics ofops. The notion of gesture in
Articulatory Fhonologyis also introduced in addition the processesf epenthesis and
assimilaion. The aimof this chaptefs to develop the theoreticabntextessential for
discussing and explaining the results of the stu@gstural coordination in stop
sequences and the factors theg thought tonfluence the rate of gestural coordination
including syllable position, place of articulation, and speech aatealso introduced
Chapter2 will also discussthe process of epenthesis and vowel intrusion in stop
sequences. The reasons behind epenthesis in stop seqaetmsered in addition to
the different patterns of epenthesis in stop sequences that are applied by speakers of
different languages based on the syllable structure and phonotactics of these languages.
The nature of epenthetic vowatsdiscussed in order to develop an understantbng
identify the types of epenthetic vowels applied by speakers in this study.

Chapter 3 is the methodology chapter. In this chapter the main research
guestionsare put forward and the details themethodsused in this study to address
these The subjectsind methods of data collecti@me also discussed in depth this
chapter. The two main types of data analygs be used electropalatography
(henceforth EPG, and acousti are introduced in addition to theirespective
advantages and limitatiomléscussed

Chaptersd and5 presenthe resultof the investigations. Chaptdristhe EPG
data results and chaptéris the acoustic data results. The final chapter, chafter
discusses the key findings of the study and concludes the thesischHputer also

identifiesthe limitations of the study and present suggestions for future research.

1.3 Theoretical framework

This study adopts a gestural approach to $peeoduction as put forward in
Articulatory Fhonology.According togenerative phonologyghonemes can be broken
down into smaller constituents usitigeir distinctive features. For example the oral
plosive /b/ is represented as a feature matggrjorant-continuant, +labial, +voice;

nasal]. It is posited thahe replacement adny oneof these features wiltesult in a
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different phoneme. Thuspf example if the [+voice] feature is replaced wihojce]
the result will be the oral plosive /p/. In recent years there have been a number of
developments in phonological theage of them beig Articulatory Ponology, which
describes the process of speech in terms of gesilinestheory suggests that gestures
rather than featuresyethe basic units of phonological contrast. Brown8asoldstein
(1987:1) argue that the multidimensional natre of articulation can account for a
number of phonological phenomena especially those involving overlapping adigulat
gestures. As a result, they choose represent linguistic structures in terms of
coordinated articulatory movementgich they call gestures claiming that theseare
organized into a gestural scdrat resembles an autosegmental representadtidheir
view, gestures are abstract, discrete, and dynamic linguistic units that are invariable
across different contexts.

Furthermore, Broman & Goldstein (1988:140) argue thlay observingvocal
tract activity during the process of speech various stable patterns may be observed such
as the formation and release of lip or tongue constrictions. Pplosit that these
characteristic patterns of movements or gestures cantf@ivasis for a phonological
description of speech. Using the task dynamics model they claim that individual
gestures can be characterized in terms of coordinated patterns of setsutdtairs.
According to Browman& Goldstein (1992:156)task dynamics has been used to
account for coordinated actions involving more than one articulator. In speech, these
tasks involve the formation of various constrictions relevant to a particularagegu
Oneof the importantasped of task dynamics is the motion of tract variables, which
characterizes a dimension of vocal tract constriction, and not the motion of individual
articulators that is characterized dynamically. For example, a lip apewdatesariable
is affected bythe actions of the upper and lower lip in addition to the jaw. Téyglain
that a gesture in Articulatoryh®nology is specified using a set of related tract variables
so that,for example in the oral tract, the constrictiolocation and degree are two
dimensions of the same constriction and thus considered related tract variables.

Articulatory Phonologytterances are modeled as organized pattardsc onst el | at i
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of gestures where gestural units may overlap in time tleesepatterns of overlapping
gestures can be used to account for different types of phonological variations such as
allophonic variations, coarticulation, and speech errors.

But others disagree with thabstract notion of gestures preferring instéad
describe speech as complex muscular events which are temporally organized. Mowrey
& Pagliuca (1995:56) argue that musciwdaents differ from gesturess understooth
Articulatory Fhonologysince the latterefer to control structures for the rementof
articulators in spatiadnd temporal terms rather than to muscular events underlying any
and all movements. Thefurther notethat gestures in ®iculatory Fhonology are
expressed as groups of vocal tract variables which are set to achieve an astitagéto
or target and thus refer to an abstract entity which controls physmament whilst
muscular events take place at particular times within utterances synchronically and
change in magnitude and timing diachronicgMowrey & Pagliucal995:57%. In their
opinion, thereforegestures in articulatory evolution refer to neuromuscular events that
are more concrete.

Othersauthorshave viewed gestures as phonetic eveatberthan abstract
phonological unitsseeing these as dynamic units, meaning tieit state changes in
time. Gafos (2002:27) defines gesturems spatidemporal units that consist of
attaining a constriction at a location inetvocal tract This notion of gestures being
considered as concrete articulatory movements has been adioptecentwork by
many in their description of processes suchgastural coordinationgoarticulation,
assimilation, epenthesis and vowel intrusion, and deletion (Ryr8altzman 2002;
Gafos 200; Hall 2003). For example, in his description of gesturedp&(2002) states
that as a gesture unfolds, a set of landmarks may be identified such as the onset of
movement, achievement of target, and release away from target. This set of landmarks
comprises the internal, temporal structure of gestufé& notionof gesture and
gestural coordination in speeahediscussed further in chapter 2.

It has also been observed thatstyresmaintaina consistent relation with one

another inthe sens¢hata particulamgesture may begin to be formed at the same time as
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andher gesture reaches its target or release stage.ifthrgestural timingrelation
between gesturas known as phasinfHall 2003).During speech production, gestures
can besynchronizedeither in close transition as a resuif a greater degree of
coaticulation and overlap, or out of phase where there is a lesser degree of
coarticulation and overlap leading ttoe occurrence of a vocalic element between the
gesturesn the process of epenthesis

Being more phonetic than phonological in nature, the mon of &égest ur e
study will consider gestures as concrete articulatory moveméstsing these aseal
movements of the articulatossncethey can be observed using acoustic analysis and
EPG, rather thamsabstract components in the mental repreations of phonological
units/phonemes. Viewing gestures from thésspectiveacilitates describing processes
such asgestural coordinatignthe influence of one speech segment on another, and
epenthesis, where there is a lesser degree of overlapedretadjacent segments

resulting in an intervening vocalic element, where both are the main goals of this study.

1.4 Focus and purpose of study

The current study investigates intergestural timargl coordinationof stop
consonant gesturescross the word boundarin Tripolitanian Libyan Arabic
(henceforth TLA). Interest in this studyas initially prompted by studyconducted by
Ghummed(2008) which investigated th@roduction of English consonant clusters by
Libyan learners of English.hE results of that study showed that Libyan speakers faced
production problems with clusters exceeding two consongmsificallyonset position
threeconsonant clusters and coda position three anddmusonant clusters. This was
explained as due to ¢hfact that the phonotactics of Libyan Aralffeenceforth LA)
prohibit the formation of clusters of more than two consonemtsth syllableinitial
and final position However,during continuous speech, word boundaries give rise to
phonological sequences$ consonants that do not occur within a syllalbecaontinuous
speech,consonant sequences of more than two consonanis @act exist but in

different contexts, i.e. consonasgquencesicross syllable and word boundaries. An
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example of a sequence thiree consonants across a word boundary can be found when
a word ending in @&odasingleton consonant is followed by another word beginning
with an onset two consonant cluster CVC#CCVC, where # denetesdaboundary, as

in /fak#tkasi/, jaw broke Furthemore, a coda cluster may also be followed by an onset
singleton CVCC#CVC as in /fatg#gathe hernia improvedwhich producesa three
consonant sequence. Finally, four consonant sequences CVCC#CCVC also exist as in
[fatg#gdi:m® old hernia.

These examplg raise a number afiteresting issuedt will be argual herethat
the production of theséorms may lead tothe occurrence of different phonetic and
phonological processes such as epenthasgmilation, andesyllabification as a result
of phonotacticlimitations and articulatory demands order to repair these forms
When faced by complex articulatory demands in continuous speech, speakers often
simplify the phonetic and phonological forms several ways (Howard 2004for
example, fi a form consist of a sequence of consonants that cannot be analyzed as a
grouping intopermittedsequences, epenthesis is triggg@aselaw 198).

In this study, therocess of gestural coordination or temporabcourrence that
results fromthe occurrence of adjacestop consonants during continuous speech
focusing on stop consonant sequences across word boundarnesstigated. Nasal
stops, emphatic stops, and fricativase excluded from the investgion andwith
reference to stop consonantghin the study only lingud-palatal noremphatic stops
are dealt withThe ceordination and phasing of stop gestures with respesadh other
during speech and the stability patterns of these gesanesnvestigated since
durational variations in the organizationtbese gestures as a result of differences in
syllable position, place of articulation, and speech rates have been mentioned in other
studies. Furthermore, the study aims to investigate interactional processes occurring
between stops across word boundagied the relative timings of gestures as one sound
gives way to the next in the stream of spe€ldie study investigasethe timing of

consonant gestures in different environments and whether an increase in the number of

! This example includes a juncture geminate can be found that will discussed in section 1.6.4
7



stops on either side of a word balany will have an effect on the timing and duration

of the stop gestures involved, ivhetherthe timing and durations of the stop gestures

in a sequence such as C#C, where # denotes a word boundary, differ as the number of
consonants increases as in GCE#CC, and CC#CC sequences.

Processes such as epenthesis\amice assimilation willalsobe investigatecs
part of this studyThe aim is to identify the different patterns of epenthesis occurring
between stops in different consonant sequences in@adtbtthe duration of the vocalic
elements that arise. As for assimilatory processes in this shebewill be limited to
voice assimilation across word boundaries in TLA.

The research aims to provide a descriptiotheinteraction between consonants
across word boundaries in TLA. In order to carry out this investigation, speakers of
TLA wererecorded anthis datawasanalyzed by the use of speech analyzing computer
softwaresuch aEPGand PRAAT Native speakers of TLAvith no known speech or
hearing impairmentvere selectetb participate in the research.

The results of the study will shed light on stop consonant interaction at word
boundaries. It will focus mainly on how speech gestures across word boundaries are
temporally organized during speewith the aim of describintheir stability patterns. It
will also describe durational variations in the organization of these gestures as a result
of differences in speech rates

A review of the relevant literature revealsttha datefew experimental studies
have investigatetlibyan Arabic.To the best of my knowledge, no studies/e so far
detailed and describd stop production during speech in TLA. This acoustic and
articulatory study of stop consonant sequences will@sdribute to future researcm
TLA.

1.5 Previous studies

Very few studiehave been conducted on Libyan Arabic and its dialects. One of
the earliestlinguistic studies was carried out by Mitchell (1952ho describedhe
dialect spoken in Eastern Libya. Morecently, most research obA has been
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conducted by Libyan postgraduate researchrs have examinedarious dialects of
Libyan Arabic. A study by Aurayieth (1982) investigates the dialect spoken in the city
of Derna in Eastern Libya. In his study, Avieth focuses mainly on verbs but also
investigates the classification of vowels according to their distinctive features. His study
was conducted within the framework of generative phonology as put forward by
Chomsky& Halle (1968).

Another dissertation bAbumdas (1985) investigates the dialect spoken in the
city of Zliten situated in the west of Libya. Abumdas provides a detailed description of
the sound system of that specific dialect.

One of the few studies conducted specifically on TLA was by EIJ2d6) In
his study, Elgadi presents a comprehensive phonological and morphological analysis of
TLA within the framework of the standard theory of generative phonoldgystudy
classifies the distinctive features of sound segments and phonologicasa®ae TLA
and detalils its syllable structure and morphology.

A similar study which was carried out within the framework of the standard and
optimality theories was conductéy Al-Ageli (1995). His studyffers an exhaustive
analysis of stress and syllabstructure in TLA. He also focuses on syllabification in
TLA where he first analyzes syllables in the framework of the Standard Theory and
then attempts an Optimality Theoretic approach to syllabification.

Another study conducted on TLA was carried out by Laradi (1988 study
was probablythe first instrumental study otie Libyan dialect. In her study, Laradi
investigates the phenomenon of pharyngealization in TLA. She focuses on issues
related to thephonetic realization of pharyngeal consonants and the role of the epiglottis
in their production. This physiological and articulatory study uses instrunaemnts
techniquesuch as vide@ndoscopic recordingmdspectrographic analysis, in addition
to paldographic and airflow measurements.

A more recent instrumental stuftycusingon Libyan Arabic was conducted by
Ahmed (2008) The study provides a detailed acoustic and auditory description of the

vowel inventory in Libyan Arabic andlso compares the phetic features of these
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vowels withthoseof other Arabic varieties. He divides his study into two main parts,
production and perception.

In the case ofLA in general, and TLA in particular, none of the studies
conducted so fahasinvestigate the acoustis and articulatory features of consonant
interactional processes across syllable boundaries as with consonant sedli@sces.

gap in the literature providan excellentationalefor conducting this study.

1.6 Dialect under investigation

Spoken in over 20 countries in the Middle East and North Africa, Arabic
belongs to the Semitic group of languages. Thereraney Arabic dialects used today
by over 250 million speakers. A majority of the literature describes these dialects from
the perspetive of an EastWest dichotomy. According to Kaye (1997:265), the Eastern
Arabic dialects include Saudi Arabia, Yemen, Kuwait, Oman, and the United Arab
Emirates, in addition to Iraq, Syria, Lebanon, Palestine, Jordan, and Egypt. The Western
group include dialects that are to the west of Egypt. These include Libyan, Tunisian,
Algerian, Moroccan, and Mauritanian, in addition to severalv extinct dialectal
variantssuch as Siculo Arabic, the Arabic used in Sicily, and Andalusian Arabic, the
Arabic which was formerlyused in Spain.

One of the driving forces behind tiv@tial spread of the Arabic languages
Islam. During the early years of Islam, Classical Arabic was the form that was used and
the Quran was also written in Classical Arabic. The largebeusnof norArabs who
converted to Islam began learning and using Aralhich facilitated the spreadf this
language Classical Arabic became the language of educated Muslims and was also
adopted by Christians and Jews and still exists to this day ifothreof poetry and
scholarly literaturgFischer 1997:188).

In the nineteenth centurthe new Arab elites who emerged under the influence
of Western civilization startetb developa linguistic medium that is suitable for all
aspectsof modern life thatis now known as Modern Standard Arabic (henceforth
MSA). Today MSA is the official Arabic language that is used in all Arapigaking
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countries. AlAni (1970:18) defines MSA as a modernized version of Classical Arabic
and states that it is the languagencoonly used in all Aralb speaking countries today.

He adds that MSA is the language of science and education, literature, press, and radio
and television.

Watson (2002:8notesthat whilst the lexis and stylistics of MSA are rather
different from those foClassical Arabic the morphology and syntax have remained
largely unchanged. On the other hand, she claims that vernacular Arabic dialects have
developed markedly over time. Thiasresulted in Arabic having one standard variety
and a large number of regal and social dialects andeanst h a t an Arab
mother tongue is one of these regional or social dialects M8l& is learnt at school
as a part of the childodés educati on. She
and spoken occasionsich that the regional and social dialects are used at all other
times.

Although Arabic is the official and predominant language spoken in Libya, it is
not the only language used by the inhabitants. Berber is also used in the Western parts
of Libya by Berberminorities in addition to Tuaregs in the southern parts of the
country. Due to the vast area of the country, other regional collocaigties of LA
exist andLA can bedivided into three main dialect are&ach havingts ownregional
sub dialects. Té first is Western Libyan Arabic (henceforth WLA) withtheount r y 6 s
capital Tripoli being the largest population ceritreghis region The second is Eastern
Libyan Arabic (henceforth ELA) with the city of Benghazi being the largest population
centre. Fially, the third dialect is Southern Libyan Arabic (henceforth SLA) with the
largest city in the south, Sebha, being theutatjpon centrdor that dialect (figure 1.1).
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Figurel.1 Map of Libya showing the three main dialect capitals from (http://mapsof.net/
map/libyablank-map) Boundarieas showrare not precise

As stated earlier, each regional dialect has its own sub dialects. For example, in
the case of Western Libyan Arabthjs includes the sub dialects of TLA, Zliten Ldoy
Arabic, Zawiya Libyan Arabic and other§he dialect under investigation in this study
is TLA. In order to illustrate the differences between MSA and the different eastern and
western dialects in Libyd,able 1.1below presentsa list of words and the way they are
produced in MSA, TLA, and ELA. The table highlights the differences in the structure

of the syllable and therefore the phonotactics of these dialects:

MSA TLA ELA Gloss
I'kataba I'ktal/ /ki'tal/ he wrote
I'kabir/ I'kbir/ /ki'bir/ big
I'baqaré I'bogrd I'bgard cow
I'kiob/ I'kidb/ /ki'dib/ lie (v.)

Tablel.1: Differences in syllable structure between MSA, TLA, and ELA

The exampleseproduced in Table 1.1 make it clear tthegt syllabic template of
TLA differs from MSA in that according to AlAni (1970:78), consonant clusters never

occur initially in Arabic whereas TLA allows the formation of consonant sequences in

initial position. Differences are also noticeable between TLA and ELA. Where TLA
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allows the occurrence of consonant clusters irh lsytlableinitial and syllablefinal

positions, ELAattemptsto minimize the occurrence of these clusters. This further

highlights the focusof this study. Given that final position consonant clusters are

permitted in TLA in bdb syllableinitial and syllablefinal positions, therefore in

continuous speech it is possible in TLA to encounter consonant segueitwo, three

or four sto acrossvord boundaries.

TLA has also been influenced laynumber ofother languages through contact
and colonial occupatiomcluding Maltese, Spanish, Turkish, and finally Italian. This

has resulted in a number of loanwords, especially Italian, being incorporated into TLA

which are still usedo this dayafew example®f which are provided in Table 1.2:

TLA MSA Italian/ English

lgar & A 'mi rabb/ garageharage

/ keerio:@u/ /baw 6éba/ cancello/gate

['freno/ /makab i k / freno/brake

/kamradalja/ /du:la:b#hawa/ camera 0 a innerg
tube

/barju:/ /| &wd #ist kam/ bagno/bath tub

I'lamba/ Imisbak / lampadalamp

Tablel.2 Loan words in TLA and counterparts in MSA

TLA is spoken in the Libyan capital city Tripoli and surrounding areas. With an

area of 1,759,540 kirand a population of 6,461,454 inhabitants, Libya has avelspti

small population in a large land area. Due to the fact that 80% of the land is covered by

desert, most of the population is concentrated in the northern coastal cities and towns

where temperatures are lower and with a higher average rainfall. Aqgdalithe

United Nations Statistics Division (2008) the population density is 50 persofshkm
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the northern coastal provinces of Tripoli and Benghazi but this falls to lesigan
person/ kmin other areas. The majority of the Libyan population is young with 30% of
the population being under 14 years of age.

The Libyan economy largely depends on oil production. With the largest proven
oil reserves in Africa, oil constitutes 95% of the coynirs ex por t s. Revenu
oil exports have helped Libyto developits education sector and concentrate on
providing free education for aits citizens As a result, Libya has one of the highest
literacy rates in Africa and according to The Workitthook (2008) the literacy rate is
at 892%. The population of Tripoli, &ording toL i b yUab@drs Planning Agency
(2007), is approximately 1.59 million inhabitants. The t i o n 6is horoeatp thet a |
largest and most importamistitute ofhigher educabn in Libya, Tripoli University.

With nine different faculties and approximately 50,000 students and staff, Tripoli
University was the first university founded in Libya and it played a major role in
graduate and post graduate education in Libya. Althatige the only state run
university in the city, it is not the only higher education institute in Tripoli. Tripolt sub
region, according to the National Consultancy Bureau (2007) hosts eight universities
including the Open Universitwhich offersdistant earning, the layest being Tripoli
University. Currently, lte total number oHigher Educationstudents in Tripoli is
approximately 77,000 with a majority enrolling at Tripoli University and about 8,000
students at the Open University.

Not all of the inhaltants of Tripoli can be considered to be natives of the city or
speakers of TLA due to the largeale internal migration from rural areas into large
cities that began in Libya in the late 1960s and still continues to this day but at a lesser
rate.For purposes othis study, in order to be considered a native of Tripoli and thus a
speaker of TLA a participant must have been born, raised and educated in the city

itself, and must still comue to make Tripoli his or her permanent place of residence.
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1.6.1 Stopsin TLA

There are several differences between MSA and TLA. The basic difference
between the two is the vowel system and the consonantal inventory of these two
varieties.In line with other studies in TLALaradi 1983:9)(Elgadi 19%:5), it is argued
herethatthe consonantal phoneme inventory of Teénsists of total of 28 phonemes
(Table 1.3) There arenine plosives bt k| g The voigeless uvular plosive /qg/,
is normallyusually used in TLA only in wordshich have beeborrowed directlyfrom
MSA, for example/quran/ Quran In other contextshis phonemas usually replaced
by the voiced velar /g/. There aadso a total ofthirteenfricatives in TLA namely
fv,s,z02 o, A, Y, x, k., n,-tental frichtivee/v/ is only askin loahveotds o
from other languages such as /venzwd&lahezuelaand is usually replaced by the
voiceless counterpart /f/. TLA has only two nasal consonants /m,n/. Similarly there are

two liquids /I,r/ and two glides /w,j

Place Manner of articulation

of articulation | Plosive Fricative Nasal Liquid Glide
Bilabial b m W
Labio-dental f,v

Dento-alveolar t,d,0d" s,zg", n l,r
Postalveolar w, A

Palatal ]
Velar K,g

Uvular q Y, X

Pharyngeal K, n

Glottal N h

Tablel.3 Consonant inventory of TLA

It is worth noting that there are a number of phoneme variations between MSA
and TLA. For example, the MSA voiced dental fricative /d/ as in /dabald is
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realized as a dentatop /d/ in TLA andwvould thereforeberealized as /dhab/. Another
example is the voiced emphatic dental fricatié® s in uru:f/ circumstancesvhich

is also realized aan emphatic alveolar stop¥ in TLA and therefored'uru:f/. These
correspondences between MSA and TLA increase the frequency of the usage of stops in
TLA.

1.6.2 Vowels in TLA

In addition to thepreviouslydescribed differences in the consonant system, the
vowel system of LA also differs from MSAhe vowel system dSA hasa total of
six vowels(Watson 2002:21)These can be divided into twoogps according to their
length. Close front, unroundedvowels /i/ and /i:/.Open central vowels /a/ and /a:/.
Finally, close, back, roundedwels/u/ and /u:/.

In addition to the vowels found in MSA, LA also hadditionalvowels in its
inventory. In his study of LA vowels, Ahmed (2008:84) points out that in addition to
the six vowels found in MSA, LA has two more vowels which are the mid front long
vowel /e:/ ad the mid back long vowel /o:/. The examplistedin Table 1.4arehave
been taken fromAhmed (2008:84):

vowel word gloss
I lgi:s/ measure
[ /mis/ touch
u: /mu:s/ knife
u /bun/ coffee
e: /be:t/ home
o: /mo:t/ death
a [fa:t/ passed
a Iran/ rang

Tablel.4 Vowel in LA adopted from Ahmed (2008)
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Aurayieth (1982:23) adds that a short mid back vowellsd occurrsn the
vowel inventory of LA but only inthe dialects of north eastern Libyaiting the
examples/ i | they svarda n d / 1) theyihslk However, Ahmed (2008:84)
disputes this claim pointingut that /o/ is actually an allophone of the mid back long
vowel /o:/ when occurring in word final position and is longhamedial psition as in
the examples i | bthey waorehttan d / i tnay kekdat.: h a /

Some studies of LA also claim the existence of emphatic vowels as independent
phonemes in the vowel inventory of LA his study of the dialect spoken in the city of
Zliten, Abumdas (198%l7) claims thatthee mphati ¢ vowel /| 6/ i s
phoneme and not an allophonetbé& plainopencentralvowel /a/. The following are

some oftheexampleshe cites in ordeto support his claim:

Plain Gloss Emphatic Gloss
I'ballakh he wet 'bollah/ by God
['baelaen/ his attention 'b6:16h/ spade

However, Ahmed (2008:87) arguesome researcherspecializingin Arabic
dialects such as Lebanese (Obrecht 1968, Nasr)18%® Palestinian (Card 1983)
consider the consonants /I/ and tilb/lbeemphaticswhich in their opinion explainthe
reason why emphasis has spread to the adjacent vowel. Ahmed also adds that emphatic
vowel distribution in LA is similar to MSA in that they occur close to emphatic
consonants.

Auerayith (1982:24) pointout that therole played byemphasis between
consonants and vowels is uncertain. Some studies claim that vowels are the source of
emphasis affecting neighboring consonants whereas other stuglethat consonants
themselves as beinthe source of emphasi Youssef (2013) pursues emphasis
spreading as @rocess ofplace assimilation. In his study of Cairrene and Baghdadi
Arabic, he states that a-Mace[dor] feature spreadigdirectionally from an emphatic
segment to other segmerdnad this spreading is Bject to other factors such #se

identity of the contrastive emphatic triggers and the domain of spread of the emphatic
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feature.However, this argumentes beyond the scope dhis study. As previously
stated, all stops occurring in the sequences umdestigation in this study are non
emphatic lingukpalatal stops occurring in monosyllabic words with seomphatic

vowels.

1.6.3 Syllabic template of TLA

In order to investigate consonant sequences across word boundaries ianTLA,
attemptwill be made firstlyto identify the consonant cluster combinations at syllable
edges that are permissible in this variety, in other words, the syllabic template of TLA.
As previously established, vefgw studies have investigated Libyan Arabic aven
fewer have dealt withTLA. These studies differ in their claims with regards to the
syllabic template of Libyan Arabic. @&ording toEl-fitoury (1976), Libyan Arabic has
both two and three consonant clusters and that two consonant clusters obath in
initial and final posibn but three consonant clusters only occur initially. Laradi (1983)
identifiesthe syllabic template of TLAs beingCs'VC,° thus allowingbetween one and
a maximum ofthree consonant clusters in onset position bativeen zero and a
maximum oftwo consonant clusters in coda position.

In his study of the morphology dmphonology of TLA, Elgadi (1996states that
TLA has ten different types of syllables and agreth the syllabic template of this
variety is G'VC,° proposed by Laradi (198350 farthese studies all agree that the
syllabic template of TLA is €VC,°. However, the examplehey providein support
of their claim that TLA allows sequences of three consonants in onset position, such as
/I nfitapdnéd an d itivéldedFagune 12), are questionable

' C 7
|
t

I )L

Figurel.2 Sonority violating onset clusters in TLA
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According to the Sonority Sequencing Principle (SSP¢,constraints which
determineconsonants occrgncein a sequence argovernedto a large extent by the
sonority scale (Kreidler 1997:91). In other words when two consonants occur in a
sequence, they follow the scale of sonoirityvhich those which arkighest in sonority
followed are by liquids, glides, nasals, fricativegnd finally stops. In an initial
consonant cluster, the first consonant has to be lower in sonority than the second
consonant (Ohala 1999:400). Botf the threestop onset clusters in the above
exampleswvould thusviolate the SSP.It can be argued th&l of the onset clusters in
both examples actually belong to another
and [/ ni Figure b.adembnsteates

cvce.C
lzn I

Figurel.3 Consonant sequence conforming to $8PPLA

cCV C cCvCc.C CVC
t ?

a i i a m

In line with this assumption, a study By-Ageli (19%) arguesthat TLA has a
syllabic template of €VC,°, allowing a maximum of two consonant clusters occurring
in initial and final position. This is in line with the previous studies in terms of coda
position consonant clusters.

Being a native speaker of TLA, my intuition is that the syllabic template &f TL
will be G,'VC,, thus in agreement withl-Ageli (19%). Given this, TLArealizes the

following syllable forms
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Syllable TLA Gloss
CvwVv m w.6u did you go (pl)
cvC fak® jaw
CCV: mawe did he go
CCvC dkar male
CvwVv fii in
Cv:C ki:f how
CvCC wagt time

CCv:C sha:b clouds

CCcvccC wr abt | drank
CCV: t'i: ripe

Tablel.5 Syllable forms in TLA

1.6.4 Consonant clusters in TLA

Given the syllabic template of TLA as,WC,’, it therefore differs from the
syllabictemplate of MSA. In addition to allowing the occurrenceafsonant clusters
in syllablefinal position as in MSA, TLA also allows the occurrence of t@asonant
clusters in syllablenitial position. This increasethe frequency ofoccurrence of
consonat sequencesicross word boundaries in TLA which is the main focus of this
study.

Unlike singletons, a formatioim whichtwo or more consonants are found in or
across a syllable is known as a consonant cluster or sequence. Due to the fact that the
producton of consonant clusters involves the spatiotemporal organization of different
gestures and this leads to the overlapping of the gestures involved, consonant clusters
constitute one of the most complex sequences of speech. Clusters can be divided with
reference to their position in or across syllables. Consonant clusters that occur at the
beginning of syllables before vals are referred to as syllabigtial or onset clusters
(henceforth Sl), whereas consonant clusters occurring in final positiorvaitefs are

known as syllabldinal or coda clusters (henceforth SF). The final types of clusters are

Zn this example, /k/ is a geminate
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those spanning syllable or word boundaries which are the main focus of this study. If
the consonant sequence spreads across the syllabierd boundary it is then known
as a sequence of abutting consonants (Abercrombie 196HAB)s study,this third
type of consonant clusters will be referred to as a consonant sequence (henceforth CS).

According to the place of articulation of the consonants involved, consonant
sequencescan be divided into two main types, homorganic and heterorganic.
Homorganic are consonasequencesn which the segments adjacent to the word
boundary share the samegé of articulation. An example of a homorganic CS in TLA
i s [/ holdatwiraalh this example, the stops spanning the word boundary differ in
their voice qualities. In cases where these stops share the same voice qualities, being
either both voicedrovoiceless, they are referred to as geminates.

Geminate consonants can also be considered as homorganic sequences (Catford
1988:111). They are also referred to as juncture geminates and since they each belong
to separate words it is possible to split thdomcturegeminates can be distinguished
from single consonants in terms of their duration. Juncture geminates are also known as
fake geminatesThey arise from identical consonant sequences that span a morpheme
boundary within a word or in a phrase.q. un+named, fun name Whilst true
geminates are phonetically long segments that contrast with phonetically short segments
in a phonemic inventoryuncturegeminates are phonetically long segments that are not
contrastive (Oh et al. 2012). An example dh@norganic CS constituting jancture
geminate in TLA can be found in /fatg#gtidé hernia improved.

On the other hand, a heterorganic consosagtiences where the consonants
involved can be manipulated independently from each other. In other woeds, th
consonants of this type sequenceare produced with different articulators (Catford
1988. In TLA, an example of a heterorganic CS can be foundia d # catightland
killed.

As previously stated, the following across word boundary consonant sequenc
are permissible in TLA starting with the minimum across word boundary sequence of

two consonants, and increasing to three consonants, and finally four consonants:
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Number of stops Sequence Example Gloss

I- 2-stop sequencg CHC wi d#di hold and hide
) CCHC fatg#gal the hernia decrease
ii- 3-stop sequenc
C#CC fak#dkar male jaw
iii - 4-stop sequenc CC#HCC wagt#gdi:m old hernia

Tablel.6 Consonant sequences permissible across word baesitef LA

Therefore the maximum number of across word boundary consseqnences
will result in the fourstop sequence CC#CC asenin /fatg#gdi:m/old hernia It is
arguel in this thesighat the production of the consonant sequences in (ii) and (iii) will
have an effect on the timing of consonants amidl also result in processes such as
epenthesis and possibly resyllabificatidinis is due to the fact that the total number of
consecutive consonants in these examples exceeds the number of consonants permitted
in the syllabic template of TLA.

This chapterpresented a brief overview of the outline and the theoretical
framework of the studyThe dialect under investigation was also introduced including
the phonemic inventory of TLA. Due to the fact that the stfmlyuses on stop
production in TLA, the followingsecond literature review chapter introduces the
articulatory mechanism and acoustic propertiesraf stops. The chapter also presents
the main factors affecting gestural coordination and resulting@otesonantaintervals

that arise from specific gestural coordination patterns.
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Chapter 2 The articulatory and acoustic phonetic®f oral stops

2.1 Introduction

This second literature review chapter is divided into four sections and focuses
mainly on describing stops from an articulatory and acoustic perspective in addition to
speech production process&be aim of this chapter is to present the different types of
speech processes investigated in this study in addition to presenting the theoretical
framework that is being adoptedlhe first section deals with the mechanisamd
phases of stop productioméh vocal fold vibration in relation to these phases. The
second section focuses on speech presssgh as coarticulation and assimilation that
occur as adjacent segments influence each other during speech with more focus on
voice assimilation in stop segnces. The third section introduces the theoretical
framework of Articulatory Phonology that is adopted in this study. This section
introduces the notion of gestures and articulatory timing in addition to how these
gestures are temporally and spatiallyapéd and coordinated with each other during
speech which is the main focus of this study. The third section also discusses the factors
that influence the timing relations between gestures which include the effect of place of
articulation of gestures invobd, the effect of speech rate, and the effect of sequence
position. The fourth section is dedicated to the different types of-a¢otesonantal
intervals occurring between stops in different sequence types. This section provides an
overview including the ause and function of epenthesis and the different patterns of

epenthesis that occur. The nature and quality of epenthetic vowels are also discussed.

2.2 The mechanism of stops
Stopsare characterized by acoustic properties that vary rapidly over the period
of their production. A unique feature of stop consonants is the momeatalyglosure
of the vocal tracin addition to a velic closurehich preventsair from escaping through
the nasal cavity and the buildup of intyeal pressure (Laver 1994). Due to ffresence

of this obstruction, little or no acoustic energy is produced. At the release of this
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closure, pressure is released in the form ofusestbor transient. The release burst
continues until the pressure behind and in front of the location of teareltbecomes
equal. These different degrees of constriction manipulate airflow in different manners to
produce different sounds. During the process of pulmonically driven speech, the only
instance where the oral tract is totally closed is during the hnadepof stops.

The production of stops always involves two articulators, one being the active
articulator and the other being the passive articulator. Since the lower jaw is the part of
the head that is mobile, all active articulators, except for the upper lip andltine, ve
are attached to the lower jaw. Abercrombie (1967:141) distinguishes three phases in his
discussion of the function of stops in connected speech. The fikstoisn asthe
shutting phase, the secoadthe closure phase, and the third andlfiphase s the
opening phase (g§ure 2.1). Abercrombieaddsthat a plosive involves the momentary
but complete obstruction of the airstredhat begins as soon as the first phase is
conpleted. This continues until thabstructionof the airstream is removebsthe third
phase commences Ashby & Maidment (2005:56) refer to these three phases as
6approacho, 6hol dé, and O6released respect

phase will be referred to as the hold phase (henceforth HP).

i ii iii
shutting closure | opening
phase phase phase

Figure2.1 Phases of stop production adopted from Abercrombie (1967:140)
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During the second phase, air pressure behind the closure icitabe
airstream is egressive. Phase thireaccompanied by an equalizatiof this pressure
resulting in a plosion where the compressed air explodes outwards. In the production of
all plosive stops, the pressure build up behind the closure continues until the active
articulator is pulled away from the passive articulator in uglden movement
(Abercrombie 1967:141).

Stops can be distinguished by thglisice of articulation, in other words where in
the vocal tract the obstruction is taking place. In TLA, this can be bilabial, -dento
alveolar, velar, uvulargr glottal (see table 2). For example, a velar closure for the
production of /k and 0/ is formed by raising the back of the tongue, which is here
considered as the active articulator, up against the velum which is considered to be the
passie articulator. In the case ofderto-alveolar clsure as in the production of /t/ and
/d/, the tonguetip/blade which is considered as the active articulator, is raised up
against the back of the upper front teeth and the alveolar ridge forming the closure. In
the case of a labial closues in the production of /p,b/, the lower and upper lips are
brought together forming the closurthn some cases, both these articulators are
considered to be active since the upper lip can also be lowdosekver, it is worth
mentioning that the sequenoé stops under investigation in this thesis will consist of
the noremphatic lingukpalatal stop phonemet, /d/, /k/, b occurring acrossvord
boundaries

During the production of plosive stops there are two occlusions occurring
simultaneously. Théirst occlusion is the velopharyngeal occlusion which prevents air
flowing through the nasal cavity. The second is formed by either the lips or tongue
depending on the place of articulation of the stop being produced. It is usually the case
that the occlsion in the oral tract is lowered first for oral plosives but in some cases the
velopharyngeal port is lowered first resulting in a nasal release which occurs when a
stop is followed by a homorganic nasal such as in the word English word iddeh
(Borden et al. 2003:111).
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In the production of most oral stops, the release of the occlusion is central, in
other words the airstream resulting from the pressure build up behind the closure is
released through the centre of the mouth. But in some casesi¢lase is not central
and the centre of the closure is maintaineditagiould be in a lateral release.
Abercrombie (1967:145) states that lateral plosions occur wihertontact of the
articulators used in the production of the occlusion is maintainédeircentre of the
vocal tract and the sides are released. He adds that lateral plosion can be found when a
plosive is followed by a homorganic lateral. For example, in TLA, lateral release of the
plosives /t/ and it can be foundvithin words and acrossord boundaries as itldta/
threeand/bé 1/ hero.

During the hold phase, there is very little acoustic information thislis
sometimes accompanied by ldawel amplitude in the case of voiced st@mosiveying
very little information on the place oftaulation of the stop (Barry 1984). However,
this phase, also known as the silence pHas®a duration ranging from 50ms to 100ms
andcan be used as a perceptual cue for identifying stops K&sad 199940).

With regards to LA, there does not seéonbe any thorough study of stop
durationswhich further highlights the importance of this theklewever studies otthe
timing of stops inother Arabic dialectexist In their study comparing the phonetic
implementation stop voicing contrast in Saudalic and American English, Flege
Port (1981) measured the hold phase of stops in both languages. With regards to Saudi
Arabic, the hold phase of Sl /b/, /t/, Id/, /k/, anbwiere relatively shorter than the$iF
counterpartsTheyalsoconcluded thathe place of articulation of both SI and SF stops
had a significant effect on the duration of the hold phase.

Another study investigating the spectral and temporal characteristics of sounds
in Egyptian Arabic was conducted by Shaheen (1979). In this Stoalyeen claims that
the hold phase for voiceless stops in Egyptian Arabic were relatively longer in duration
than their voiced counterparts and that the place of articulation of the st@ffedsed
the duration of the hold phase (Shaheen 1979:102).
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However, the above studies only focused on the duration of the HP with regards
to singleton stops. In the study by Fle§e Port (1981), the data consisted of
monosyllabic words with SI and SF singletons. Likewise, Shaheen (1979) only
investigated the HP fd8l singletons in monosyllabic wordseither studyinvestigatel
what effect adjacent stops in a stop sequemght have o the HP. Furthermore, there
donot seem to bmanystudies investigating the timing of stops across word boundaries
which is the tofz to be explored in the current study. Most studies Hagased orCV
coarticulation and not CC. There are several factors that have an effect on the timing of
stop gestures that both studfaged to investigateThese are the number of stops in a
sequence, the effect of position being within a word or across a word boundary, and the
effect of theorder ofplace of articulation of the stops involvekhese factors also play
a role in determining the degree of gestural coordindieweerstops in sequees as
arefurther discussed in section 2.4This gap in researgbrovidesa good opportunity
to investigate the duration of stops in TLA in different stop sequence types across the

word boundary.

2.2.1 Release phase and aspiration

The articulatory productio of stop consonants is not the only way to define
them; they can also be described by their acoustic characteristics which are found in the
releaseor @ffsed phase.The release phase of stops conveys most of the acoustic
information which includes theskease burst or transient. The release burst provides the
most direct acoustic manifestation of the place of articulation of a stop &dpp
1988:17). It is vital for the perception and identification of the stop. The absence of a
release of a stop whemasked by the closure of a following stop in a stop cluster
especially in Sl position can threaten its perceptual recoverability (Chitoran et al.
2002:9). They also add that as a result of the limitation of acoustic information for C1 in
a Sl cluster, thelegree ofjestural coordinatiohetween C1 and G2 restricted in order
to preserve as much acoustic information as possible for each stop and therefore it

becomes crucial for C1 to be acoustically release8liposition since the acoustic
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release is t only information available on the presence and nature of thatT&ia.

was also found in an EPG study by Byrd (1986)which consonant gestures in Sl
clusters exhibited less temporal overlap than SF clusters and therefore more C1 releases
in Sl positon. This is also the case in TLA as in the following examples:

ltkasir ©  broke

/ktakl ©  book

/dkar/ © male

In the above examples, C1 of the underlined SI cluster is always released.
During the release stage, an increase in acoustic energy occuessatt af the sudden
increase in air flowing through the released constriction andaatapid decrease
intraoral pressuteThe duration of this stage can vary and usually does not exceed 20
30ms (Ken®& Read 1999:145).

Borden et al(2003:111)statethat when stops are released orally, an audible
burst of noise can be heard as a result of the outward rushing air that was trapped by the
occlusion. They claim that this burst is part of the release phase and is an example of an
aperiodic sound sourc&o a certain extent, this isimilar to friction that is produced
during the production of fricatives but it differs in that it is transient or tempavaty,
lasting about 20msIn the production of oral stops in sequence as in C1C2, it is
sometimes the & that the release of C1 is masked by the hold phase of C2. Due to a
high degree of coarticulation resulting in closer gestural coordination, the gestures of
stops sometimes overlap atigtre isno acoustic evidence of the release of C1.

The release plsa ofaspiratedstops can be divided into three main events: 1)
transient, 2) fricationand3) aspirationThese phases overlap in natural speechaaad
sometimes difficult to identifyn the waveform(Repp & Lin 1988:19), and for this
reason, the HP of stops is considet@thethe most stable phase of the stop production.
The transients a result othe sudden pressure release. It is usually characterized by a
vertical spike on the waveform and a burstoérgy on the spectrogram after the silent
hold phase marking the point of relealsethe case of voiceless aspirated stops such as

t'Qand /KQ this vertical spike is very clear on the waveform and corresponds to high
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spectral energy reaching 4000Hz tbee spectrogram. On the other hand, in the case of
voiced stops such adl// there is sometimes no evidence of high energy on the
spectrogram due to the low intensity of the burst. This spectral variation is due to the
fact that the transient burst is caited by specific articulatory configurations where
labials have lowfrequency energy bursts, alveolars have tiigljuency energy bursts,

and velars have miftequency energy bursts (KetitRead 1999:145).

The transient burst is sometimes followed by a frication interval. Frication
results from turbulence generated at the constrictothe point where they have just
separated. It has the same acoustic properties of fricatives dine fact thatthe
articulators are still relatively close to each other. As for aspiration,sdgsnentis a
result of glottal frictionthat replaces the fricatioat the constriction as the articulators
move further apart Aspiration is defined as the period whehere isno vocal fold
activity between the release of a stop and the onset of voicing of the following vowel
(Ladefoged, 2001). In TLA, voiceless npharyngealized stops can be aspirated
(Laradi 1983:11).

Voiced stops are unaspirated and formant transitions intéotlosving vowel
can be identified immediately following the transient whereas for voiceless stops,
formant transitions are sometimes delayed as a result of aspifatiomant movements
at the release phase of stops also provide information relevantetldlce of
articulation of the stop (Ladefoge®006). Stops convey their quality by their effect on
the formants of adjacent vowelBormant patterns at the moment of release into a
following vowel are determined by the quality of the following vowel.ngions of
the second and third formants that reflect vocal tract changes as the tongue moves into
position for the following vowel are sufficient cues to the place of articulation of stops
(Dorman et al. 1977:110). According to Lieberm&arBlumstein (198:225), in terms
of perception, stop bursts and formant transitions do not act as separate cues for the
perception of the place of articulation of stops &md certain degreare treated as an
integrated cue. They add that continuity exists between ubhs frequency spectrum

and the frequency spectrum of the formant transitions.
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2.2.2 Vocal fold vibration and VOT

The final feature of stops is voicing, whichtlee presence or absence of vocal
fold vibration during the production of the stop. In fully voicgdps, vibration begins
during the approach phase and continues thrauighoththe HP and rekase phase. In
order Pbr the vocal folds to start vibrating air has to flow through the glottis neguit
a rapidair pressure build up behind the occlusidinis buildup of supraglottal air
pressure causes the termination of transglottal airflow when the pressure reaches a
certain level and results in the termination of voicing (Torres 20Digrefore, the
closure cannot be maintained besa of thisuild-up of pressureHowever, his can be
overcome by expanding the cavity behind the occlusion, for example, by expanding the
pharyngeal cavity by lowering the larynx, advandhgtongue root, or puffingut the
cheeks. Voiceless plosives on the other handrelagively longer in duration. The
reason for this is that during the hold phase, there igbration inthe vocal foldsand
thereforethe duration of the HP can be increadafthat distinguishes the different types
of voiceless plosives is the beginniafjvibration of the vocal folds in relation to the
release of the burst. In some voiceless plosives, vibration starts shortly after the release
of the closure. Sometimes the vibration begins at a far later stage of the release of the
plosive and there ia delay in the onset of vocal fold vibration. For these types of
voiceless plosives, this delay is a result of aspiration. In some cases the release of a stop
consonant coincides with the onset of periodic voicing of the following vowel.

An increase in th delay of vocal fold vibration results in a longer period of
aspiration after the release of the occlusion of a stop. froisess known as Voice
Onset Time (VOT,) s illustrated in figure 2.2. VOT is defined as the time interval
between the articulatomelease of a stop and the onset of vocal fold vibration which
signalsthe beginning of a vowel that follows a stop consonant (Keead, 1999). It
can also be expressed in terms of the timing relation between vocal fold vibration and
movements of the aculators during the production of stops as highlighted in figure
2.3. Some languages, such as Korean, Chinese, and Hindi, use aspiration to show
phonemic distinction between aspirated and unaspirated voiceless stops (Sawashima
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Hirose, 1983:15). In theslanguages, the glottal opening increases and the peak glottal

width is achieved close to the point of the stop release in aspirated stops. As for
unaspirated stops, although the glottis is open, the glottal width is relatively smaller.
This state of theglottis during the production of voiceless unaspirated stops is referred

to as Opr ep h&oHarast2006:856). ( Es |l i ng

vertical spike
signalling release

onset of HP

e

hold phase

“w no acoustic energy during HP

Figure2.2 Waveform and a wideband spectrogram of the TLA voiceless stop /t/ gebduc
/nat/ showing HP and VOT

Release
Hold Phase Vowel
P | ]
Articulation r o r- =
Time .
Voicing — _J | J
| |
negative VOT positive VOT
simultaneous voicing
zero VOT

Figure2.3 Voicing contrast in stops. Agéed with modifications from Yang (1993)
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Some languages exhibit stop consonant voice costrastthese languages,
stops sharing the same place of articulation disagréernms oftheir voidng. In their
study of syllablanitial VOT in different languages, Liske& Abramson (1964) found
two types of languages with tweay laryngeal contrasts. bme type of languages they
had stops with negative VOT and the other with stagtVOT such as Dutch and
Hungarian which they refer to as O0true va
with two-way laryngeal contrast stops had ldag VOT or aspated stopsand short
lag VOT unaspirated stops as in English and Cantonese.

Arabic hasfive voiceless stop§t/, e,k ) a$ apposed @ thidree/ 1 /
voiceless stops English(/p,t,k/). SinceVOT is languagespecific the VOT for /t,k/ in
Arabic differs from that of EnglistAccording to AlNuzaili (1993:30), different studies
of VOT durations have yielded different results. Al Ghamdi (2006:93) states that Arabic
/k/ has a VOT of about 30ms and /t/ about 25ms. Al Ghamdira[sartsthat regional
dialectsin the Arabic Gulf differ in their VOT durations withresults from experiments

reveaing that Iraqi Arabic has the longest VOT whereas Qatari Arabic has the shortest.

2.2.2.1 Factors affecting VOT

There are several factors thatn affect vocal foll vibration and consequently
VOT such as place of articulationpntactsurface area of stops involvedjdaspeech
rate In their study of VOT in Saudi Arabic, Flege Port (1981:80) found that the
place of articulation of the stdpad areffecton VOT in SaudiArabic. This is due to the
speed of the articulators involved. Maddieson (1999:#0ts outthat the release
movement of a velar /k/ is slower than that of an alveolar /t/ or bilabial /p/. The
rotational movement of the jaws esals the release avement of /t/ andpl/ in
comparison with the back of the tongue for /k/ because the jaw pivot is closer to /k/.
Any movement of the lower jaw will result in the lower lip moving further than the
tongue during the same period of tinTdhe oral opening thrggh which air escapes
during the release phase increases in size at a slower rate for /k/. As a result, more time

is needed to reach the required transglottal pressure for voicing to be initiated.
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Therefore the closer the articulators are to the jaw pthetlonger thedelay in vocal
fold vibration and therefore long®iOT.

Another factor that contributes to VOT variations in different stops is the extent
of contact between the articulators involveétho & Ladefoged (1999:326tatethat the
area of cordct of a velar /k/covers a larger surface area than that of bilabial and
alveolar stopsaaindthat stops with a large surface area of contact have a longer VOT.
This is further explained by Steve(999. The rate of change in intra oral pressure
after therelease depends on the rate of increase in the-sestional area at the
constriction. A velar stop closure has a large surface area of contact and as a result a
Bernoulli force acting on the articulators is larger. This results in a slow change in the
crosssectional area of the articulators in comparison with alveolar stops where a small
Bernoulli effect acts on the articulators. Therefore there is a rapid decrease in intra oral
pressure following the release of an alveolar stop but a gradual defoedse velar
stop. As a result, VOT is longer for velar stops than for alveolar st®fE/ens
1999:326).

In their study of the VOT of speakers from 18 languages, &Hamdefoged
(1999) also state that VOT may vary with place of articulation and that iherlonger
VOT when the closure is further back and there is a more extended contact area. They
argue that due to the small cavity behind a velar closure there is a smaller volume of air
than behind this closure than in the case of an alveolar cloBbi®.also results in
higher pressure behind the velar closure at the point of release of the closure. As a
result, it will take a longer time for the pressure behind the closure to drop in order to
reach the appropriate transglottal pressure requirednitating vibration vocal fold
and therefore longer VOT.

Furthermore, an increase in the speed of the articulators involved results in the
decrease of VOT (Ch& Ladefoged 1999). A faster articulatory velocity (e.g., the
movement of the lower lip as compd to the tongue dorsum) allows a more rapid
decrease in the pressure behind the closure and thus a shortés tisexledbefore

building up an appropriate transglottal pressure. In their study of the effect of speaking
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rate on VOT, Kessinget Blumstein(1998:125) found that changes in speech haté
an effect on VOT durations observitigat as speaking rate slows in voiceless stops,
there was an increase in both VOT and vowel durations.

The above applies to stop consonants occurring as singletons on SF
position. However, de to coarticulationin which individual segments influence each
other in connected speech, it is common that the voicing of a stop is also affected by the
voicing of an adjacent stop in a sequence as a result of voice assimila SI and SF
stop clusters, in addition to across word boundary stop sequences, a voiced C1 may be
devoiced as a result of a neighibiog voiceless C2 oma voiced C2 may become
devoiced as a result of a voiceless Gbme languages exhibit consoneluisters that
only agree in voicing. These types of clusters are known as harmonic clusters because
the laryngeal quality is consistent throughout the cluster (Chitoran 1998:121). One of
the language®xhibiting this phenomenas Georgianin which the two consonants of
a Sl or Skcluster are both voiced, both aspirated, or both ejective. This is not the case
in TLA where stopclustersin Sl, SF,or across word boundariesin either agree or
disagree in terms of voicing as in /dkamialed wagt dimed and deldad#t al
wired It is anticipated that this will result in voice assimilation across the word
boundary which will be furthediscussedn section 2.3.2.1As will become apparent,
acrossa word boundary twestop sequences C#€an consisbf stops disagreeing in
their voicing as ind i d /#chtchfa slap

2.3 Coarticulation and assimilation

One of the major difficultie®ncountered whestudying speech production is
the problem of observing how speakers coordinate various articulatorynranise
during the speech procedifferent theorieshave beerput forwardin an attempt to
describe this process in various wakmmguists and speech scientists recognize that
when phonological units are used in the production of words and sentences, thei
spatiotemporal realization by the articulatory organs and consequent acoustic character
that is perceived by the auditory system is extremely variable and context dep&ndant.
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is a weltknown fact thatGound segments are highly sensitive to context sirav
considerable influence from neighboring segments. Such contextual effects are
described as being the result of overlap@ngt i cul at i on (Hardcasdeoka r t i c
Hewlett 2006. In continuous speech, syllable and word boundaries@treliscre¢ in

the speech signals segments are articulated in close coordination.

2.3.1 Coatrticulation

In the production of sequences of sounds during speech, the shape of the vocal
tract needs to alter in order to satisfy the requirements of all the sounds that beed t
produced. Due to the fact that the vocal tract is governed by the laws of physics and
physiological constraints, it cannot instantly alter its shape from one configuration to
another Thus,instead of assigning a specific articulation for a particpfemneme and
have to later undergo a tirRt®nsuming transition to another, the vocal tract modifies
the places of articulation of phonemes in order to rapidly fulfill sequences of sounds
using varying places of articulatiorthus resulting in the procesd$ ooarticulation.
Coarticulatory processes are obligatory and take place automatically during speech
(Recasens 1993:54).

The term fAcoarticulationo i nverlagpinggui st |
arti cul atartioutation which takes place invahg in a simultaneous or
overlappingway morethn one poi nt (Crystal200&83.vAsdedined t r act
by Daniloff & Hammarberg (1973)¢ o ar t i c utheairtflience of iore spéech
segment upon another: that is, the influence of a phonetic xtonpmn a given
segmen ( 23) 3t:is a universal process in that neighbouring segments
phonetically interact with each otheraf languagesAccording to Perkel& Matthies
(19922911 coarticulationc an b e d e fsupargoditioracd muitiplenirdluences
on the movementofaar t i cul at or 6 and t h mfluendescan her
come fromthe acoustiephonetic requirements of context and from physical interactions
with other articulatorsd Coarticulation occursin all languages and involves the

articulatory adaptation of a sound to its phonetic environmfatording to Tathan&
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Morton (200623) phonetic coarticulation is used to refer to influencesesfjhbouring
segments on each other and describes effedishvetne not voluntarily controlledn
English br example, a phoneme such as the velar stop kéed/ki:n/ and/ k agin
ccotdwould be articulated in different positions on the palate as a result of coarticulation
with the adjacent vowel. In /kif, as a result of being followed by a front vowel, it will

be articulated at a further front position on the palate, whereasoih itkwill be
articulated further back on the palate due to the influence of the following back vowel.
As a result, the tonge needs to adjust its position due to these conflicting articulatory
demands. From an articulatory point of view, coarticulation is a process in which
various articulators interact in space and time during the produdtfiosuccessive
speech segments, wther words,it involves the temporal coproduction of gestures.
Therefore the articulated sounds accommodate each other and the transitions between
adjacent sounds are smoothed out and minimized whenever possible.

Speech consists of a serieswafcal orga gestures which are realizations of
canonical targetsWhen combined together, these targets are not fully realized as
phonological assimilation and phonetic coarticulation come into pragontinuous
speech, speakers temporally overlap the phonetiturgssof speech as a result of
coarticulation or coproduction (Fowler 200@). the case where two stops occur in a
sequence, coarticulatory effects determihe extentto which the gestures ofhese
stops are coordinated. On the one hahd, dgestures of both stops can be completely
overlapped as a result of a higher degree of coarticulation. On the other hand, due to
physiological constrainisthese gestures may be pulled apart as a result of a lesser
degree of coarticulationThe coordinabn patterns and phasing of gestuvedl be
discussed in sectionZ2.

It has been emphasized that coarticulatory effects are not limited to transitions
between sounds, but may also spread across syllable and word boundaries (Tunley
199914, Laver 1994151). Researchstudies have shown that coarticulation occurs

across juncture boundaries as long as the juncture is not marked by a relatively long
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pause since pauses at juncture boundaries tend to reduce or stop coarticulatory effects
(Su et al 1975).

2.3.1.1 Previous studiesof coarticulation

The experimental investigation of coarticulatibmsbeenan important area of
research. Various aspects of coarticulatory phenomena have been examined in different
studies on coatrticulation. These phenomena include velurremment (BeHBerti &
Krakow, 1991) tongue body movement (Zharko¥a Hewlett 2009; Gibbon et. al.,
1993) jaw movement(Gay, 198}, lip protrusion (Daniloff& Moll, 1968; Perkell&
Mathies, 1992)effects of stress and boundaries (D&tyredford 2007: Fowlke 1981)
and speech rate (Engstrand, 1988; DbtiRedford, 2007).

Studies on coarticulation have also dealt wilniouslanguages such as English
(Ohman, 1966; Danilof& Moll, 1968; BellBerti & Harris, 1982; Repp, 1986; Boyce,
1990; Hoole et. al., 1993French (Bengueré Cowan 1974)Arabic (Hussein, 1990)
Italian (Farnetan& Recasens, 1993Tatalan (Recaser& Pallares, 2001; Gibbon et
al., 1993), and Russian (Chdéi Keating, 1991; Davidson 2007). Most these
experimentaktudies on coarticulatiomavetended to focusn the transition from vowel
to vowel and from consonant to vowel and vice vergaivw 0 0¥ , 0 UMC. One ar €
of coarticulation that has not besn thoroughly investigated ithat of consonanto-
consonant caéiculation, @ U C .

Hardcastle (1985) investigatetthe lingual coarticulation of /kl/ clusters in
intervocalic position in English using EPG to identify the degree of overlap in the
articulatory gestures for /k/ and it different speech rates and difet positionsHis
investigation focused ofiive different contexts, (1) wordnitial clock (2) syllable
boundarybacklog (3) word boundarylack lock (4) phrase boundarylack, lock and
(5) sentence boundanylack. Lock In this study,the degree otoarticulation was
measured as the interviaktweenthe release of the /k/ closure to the onset of tongue
movement for //Hardcastldound that overlap was minimat slow speectrate and at
the phrase andentence boundarywhereasoverlap generallyncreasedin fast speech
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rate,and at syllable andiord boundarynorethanin word-initial position Results from
this studyalsoshowed that as a result of coarticulation the articulatory gesture for /I/
began simultaneously or at times before the releade fofr/most speakers.

Using ultrasound imaging, Davidson (2007) investigated -stop gestural
timing and coarticulation in Russian in V{
four speakers producing tokens of /tk/, /kt/, and /gd/ sequences andgaiex$tthe
tongue shape trajectories in three sequence types. Resultbdratudy show thathe
spatiotemporal differences between #CC and @#€significantly larger tharthose
bet ween #CC and #CbpbpC. Davidson st#digs t he
that C1 in both sequences belong to different syllable/word positions where in the onset
position it is articulated with a greater degree of constriction and longer duration. It was
also found that tongue dorsum height for the constriadiofg/ in #gC and #g Gwvas
similar inheight whereas it was lower i#Q@.

Davidson also claims that syllable position effects may interact with the amount
of coarticulatory resistance that is integral to specific articulations. The reason why /tk/
in the #CC clustewas mor e similar to C#C than to #
tongue position for /t/ depends highly on the position of the following articulation and is
therefore less resistant to coarticulation. Davidson adds that /t/ has a slightly lowered
tongue @rsum position when followed by/a Wwhereas when followed by a velar, the
tongue dorsum is already raised during /t/ signalling more coarticulation.

2.3.1.2 Anticipatory vs. carryover coarticulation

Coarticulatory effectof neighbouring segments on each otban operaten
both directions. The influence @ine segment orits following segment is known as
carryover or lefto-right coarticulation, and when a segment influences a preceding
segment it is referred to as anticipatory or Hghleft coarticulation.Anticipatory
coarticulation, also referred to as forward coarticulation, occurs when an articulatory
adjustment for one sound is anticipated in the production of an earlier sound (Kent &
Minifie 1977). An example of this type of coarticulation can be tun the
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anticipatory velar lowering for the nasal in/the phraséree Ontario(Moll & Daniloff
1971). htheir study, sentences containing various coratons ofthe nasal consonant
IN/, consonantgC/, and vowels/V/ in English were investigated. Réts indicatel
anticipatory coarticulation of velar movement toward velopharyngeal opening in CVN
and CVVN sequences such that velar movement tesvapening began during the
approach to the initial vowel. In¢habove example, velar openifoy /n/ actudly began
during the production of /i:/ in the preceding wadree

On the other hand, carryover coarticulation, also referred to as backward
coarticulation, refers to the process where the vocal tract configuration for one speech
segment influences the ea@l tract configuration for a following sound (Guenther 1995).
An example of this type of coarticulation can be found in the Wwoods According to
Kent & Minifie (1977), the lip protrusion associated with the production of the vowel
/u/ can be found in the final /s/. In this example, carryover coarticulation results in the
spreading of lip protrusion through all segments following the vowel /ul.

In this study, thetemporal o-occurrenceof stops in sequence will be
investigated from a gestural poinf giew within the framework of Aiculatory
Phonology (seesection2.3.3 and term coatrticulation in this study will refer to the
degree of gestural catination and the timingfestop gestures in different sequences in
TLA. It is anticipated that &igh degree of coarticulation may result in the partial
overlapping of stop closures during the production of two neighbouring segments across
word boundariesThe coarticulatory effds between gestures of neighboring oral stops
spread acrossord boundariesn addition to the factors affecting gestural coordination

will alsobe discusse(kee sectioR.4).

2.3.2 Assimilation

Coarticulation has been describeds phonetic in natur@nd involving the
articulatory adaptation of a sound to its phonetic environment without changing its
phonological features; assimilation has a phonological naamd entails the
modification ofthe phonological features of a sound as a result of the influence from an
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adjacent or neighbouring sounéssimilation is a language specific process that varies
from one | anguage tiol anioomer i n Tréfeesnayteeir snt 6 @
influence exercised by one sound segment upon the articulation of another sound so that
bothsoundb ec ome mor e a (Cry&tad20@8139).i denti cal 6

Similar to coarticulation, the direction of assimilation can also be in either way,
carryover and anticipatoryand is also referred to as progressive rigdeft and
regressive lefto-right. Assimilation can also be classifiea$ partial or total.In this
thesis, the terms regressive and progressive will be used to refer to the direction of
assimilatory process. However, unlike coarticulation which is obligatory, assimilatory
processes are not arday be affected by factors such as speech rate (Recasens
1993:54).

Modern usage reserves the use of assimilation in reference to influences of one
phonological segnm on another, in addition to being voluntary or optional although it
may reflect the phonetic tendencies of coarticulation. Assimilation is a phonological
process that is language specific varying from one language to aratkgrglish for
example, regrssive place assimilation occurs when a bilabial stop is preceded by an
alveolar nasal as ithe phrasden poundsvhere the word finahasal assimilates the
bilabial feature of the following stop resulting in [temn# & h The lossof voicing or
devoicingof a segment where a voiced segment becomes devoiced as a result of an
adjacent voiceless segment is a phonological process of voice assimaaich will
be discussed later (see section 2.3.2.1).

Jurgec (2011:9argueghat assimilation is segmental alternation which involves
at | east two segment s. He uses the term ¢
the presence of the other segment which &
process of assimilan, the target acquires the phonological property of the trigger and
that this phonological property can be characterized in terms of phonological features.
In English, an example of phonological assimilation across a word boundary can be
found in the phaisethat place[daet#pleisjwhichin connected speech wowdmetimes

be producd as[deep#pleis] where /t/ is the target and /p/ is the trigger.
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Assimilation and coarticulation are sometimes considered as two
indistinguishable or very similar processesin drawing a distinction between
coarticulation and assimilation, Laver (1994:3t@scribescoarticulationas the coe
ordinating phenomenon of the spreading of articulatory features across neighbouring
segmentsoting thatthis influence can be limited to two neighbouring segments or may
extend across all the segments in a short utterance. Laver also adds that the co
ordinatory adjustment between adjacent segments in coarticulation occurs amithin
acrossa word boundaryOn the other handie argueshat assimilation is an optional
process where a segment exerts a modifying influence on the articulatory or phonatory
features ofneighbouring segment.

Others have claimetthat assimilation is connected to linguistic conepet and
is accounted for by phonological rules referring to feature modification. Here the
process of assimilation is part of the grammar and is language specific although it is
widespread among languages. On the other ,hematticulation is viewed as ing
governed by universal rules and occurs as a result of the physical properties of the
mechanism of speech and is therefore connected to the performance domain and is not
part of the grammaiHardcastle et aR006337). The same authors add that twotéas
allow for a distinction to be made between these two processes. Firstly, with regard to
the distribution of contextual change, this is universal in the case of coarticulation and
language specific for assimilation. Secondly, in reference to the yquaflitthe
contextual change, in the case of coarticulation this entails articulatory adaptation whilst
assimilation involves feature modification.

In her study of the perceptual effects of coproduction in consonant clusters
Byrd (1992:22)proposeghatassmilation should be viewea@s a process which can be
modelled in terms of degree of gestural overlap. @gaeghat coarticulation can vary
in degree depending on the organization of the gestures involved and that the acoustic
result of the coproduced i reflects their combined influence on the vocal tract. She
adds that in casual or fast speech, the overlapping of gestures may increase to a certain

degree resulting in the perception of assimilation or deletion. She uses the term
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assimilation in refemgce to an increase in perceptual similarity between two adjacent
segments angosits thaif assimilation is total, one segment will be perceived as having
all the features of an adjacent segment. In other words, the segment will appear to have
been delet and/or replaced by the influencing segmehereasin reality, as a result
of gesturaloverlap, they are articulatorilyresent but perceptually hidden due to being
acoustically unrealized. Byrd (1992:3) also sdthat within the framework of
Articulatay Phonology, assimilatory processes are seen as instances of gestural overlap
in which a gesture is not delinked or deleted but is actually obscured by an overlapping
gesture.

Assimilation can be classified in terms of the phonological features of the
sownds involved. In this type of classification, assimilation can be of three types; place,
voice, and manneFor this study, the process of stop voice assimilation across the word

boundary in TLA will be investigated.

2.3.2.1 Voice assimilation

During the processf voice assimilation, the voicingalueof a segment may be
affected by the voicing ofraadjacent segmen¥When two adjacent segmemsich
disagreen voicing occur in a sequence, a regressive or progressive voice assimilation
may be triggeredn the case of progressive or kdtright voice assimilation, the first
segment is affected by and takes the voice quality of the second segment (or trigger).
Conversely, in the case of regressive or rigHeft voice assimilation, the second
segments the trigger and the first segment takes the voicing of the second segment as

in Error! Reference source not found below:
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Regressive voice assimilation Progressive voice assimilation

[+ voice] [£ voice] [+ voice] [+ voice]
’ *
4 ‘ ~ y
’ ~ N
,* *
[- son] [- son] [- son] [- son]

Figure2.4 Regressive vs. progressive voice assimilation

The proess of voice assimilatiowas thought to occur categorically where a
specific voice feature for one segment is substituted by the voice feature of an adjacent
segment (Teifour 1997:78). However, phonetic studieRussian(Burton & Robblee
1997 have show that it is agradual andncomplete process where a segment may lose
part of its voice featurebut also retain enough to avoitkutralizationas will be

discussed in the following section.

2.3.2.2 Voicing in stop consonant sequences

In the production o€onsonant sequences, different voicing patterns emerge as a
result of the different voicing features of the consonants involmelinglish, there are
five patterns of voicing in the production of conanh sequences (Docherty 1992).
These ardllustratedin figure 2.5as follows: h a sequence where C1 is voiced and C2
is voiceless, both consonants may retain their voicing (1). However, C1 may be totally
(2) or partially devoiced (4) as a result of regressive voice assimilation, or C2 may be
totally (3) or partially voiced (5) as a result ofrqgressive voice assimilation.
Furthermore, he reverse will occur if the voicing of the nsmnants involved is
switched. h a sequence where C1 is voiceless and C2 is voiced, both consonants may

also retain their voiag (6). However, as in the previous voice combination, C1 may be
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totally (8) or partially (10) voiced as a result of regressive voice assimilation, and C2
may be totally (7) or partially (9) devoiced as a result of progressive voice assimilation

This canbe illustrated irFigure 2.5oelow:

C1 @ C2 C1 (i) C2

v v +V

M 6

2

SWAVAVAVA NAVAVAV, TAYAVAVANAVAVAVAL
WAVAY

\/\/9
/\/\/\/\\/\/\7 4}\/\/\/\/\/\10

Figure2.5 Voicing patterns in English consonant sequences (Adopted from Docherty 1992:41)

In somelanguages, obstruent clusters have ame laryngeatonfiguration. In
languages such as Catalan, Polish, and Russian, the first constituent of an obstruent
cluster must agree in voicingitlw the following constituent. An nderlying voiced
obstruent C1 becomes voiceless before a voiceless C2 obstruentsadnergaderlying
voiceless obstruent C1 becomes voiced before a voiced obstruent in C2 (Jun 2011).
Theseare known as ‘harmonic' clusters, because the laryngeal geatiginsconstant
across the cluster (Chitoran 199Barmonic clusters such ast andapt also occuiin
English which is the reason whthe plural and past tense suffixaave different
allomorphs as incats dogs and wished robbed However Heselwood (2007:174)
states than in cases wher@tharmonic clusters occum English, the clusteis always

broken up by inserting an epenthetic schwa vowel.
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Although the laryngeal qualityi.e. voicing remains constanacross these
clusters, studies have shown that there are actually two laryngeal abduction and
adduction gestures occurring. Lofqvi& Yoshioka (1981) investigated laryngeal
activity during the production of voiceless obstruents in Icelandic. They found that in a
cluster of two voiceless consonants at normal speech rate, two independent laryngeal
gestures occurredone for each consonant. However, they also noted that as the
speaking rate increases, these gestures slide on top of each other resaltsiggie
laryngeal gesture. Similarly another study was carried out by Lofqvist &h#un
(1992) focusingon laryrgeal coarticulation aoss word boundaries in English which
usedtransilluminaion and fiberoptic video recording of laryngeal activity during the
production of the phrasdss Tedat different speech rateét faster speech ratesey
observednly a single glottal opening movement for /s/ and /t/ whereas in slow speech
rate, two separate glottal openings were foundther words, the closure duration of
the glottis between the two glottal openings for /s/ and /t/ decreases as speech rate
increases and ewmtually becomes zero in an indication that one laryngeal gesture
made for the /s#t/ clustelcofqvist & Munhall (1992) conclude that at normal speech
rates, two laryngeal gestures ogahe glottisbeinggenerally closed between the two.

In other languages including Dutch, German, Poligtyssian, and Catalan,
syllablefinal voiced stops undergo a complete devoicing process known as
neutralization or finadevoicing. For example, iDutch final obstruents are voiceless
when occurring in utterancénal position but are often voiced when followdy
vowekinitial enclitics (Jansen 20Q%42). Furthermore,according toKulikov (2011),
voiced obstruents in Russian also undergeoa#ng when they occur in woxfinal
position.He also adds that the voicing is retained when followed by another segment.

The following examples are from Kulikov (2011:2):

/dub/  [dup] oak (nom.sg). /duba/ [duba]den.sg)
[sad/ [satprchard(nom.sg). /[sada/ [sadap€én.sg)
Nlug/  [luk] meadow(nom.sg). /luga/ [luga] ¢en.sg)

Ivoz/  [vos]cart (hom.sg). Ivozal [voza] gen.sg).
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However, as tated earlier, others argue that wdirthl devoicing process is
incomplete (Burton & Robblee 1997) and therefore resulting in voice assimitegiog
gradual In their acoustic study of voicing assimilation in Russian, Burton & Robblee
found that voicingssimilation is usually regressive in Russiartheir study of voicing
assimilation across a preposition+word boundary C#C, C1 of theastdpricative
sequencesn /z#d s#d z#t, s#f and/d#z t#z, d#s #td was measured in terms of
closuref/fricative duration in addition to the diima and amplitude of voicing. Their
results reveathat there was more voicing of C1 in the /zt/ sequence than in the /st/
sequence therefore suggesting incomplete devoicing. Ini@uddiess voicing was
found in C1 of the /sd/ sequence than in the /zd/ sequence. They claim that voicing
neutralization in Russian is partial since the devoicing and voicing of C1 in both
examples respectively was incomplete.

In the above study, it can beoticed that C1 and C2 of the sequences
investigated shared the same place of articulation. However, it has been argued that
other features may interfere with voice assimilation. In their study investigating
assimilation between stops across the word dapnin four dialects of Jordanian
Arabic, Zuraig & Abu-Joudeh (2013:75rguethat if adjacent segmendsffer in other
featuressuch as place in addition to voicingpicing assimilation is blockeaksobserved
in /hubb#faani/ hub faanij@ f a d i .nVgice lagsimi@ation betwee@l andC2
occurs orthe condition that @ assimilates in place toXas in/zet#baladi/ [zeb baladi]

d o c a.lGivenitHatéplace assimilation only occurs when both C1 and C2 are oral
stops, this observation is in line with tgeneralization that voicing assimilation only
occurs when all othesurface features of the two consonants are identical

Furthermore, speech rate has also been found to pravigmvironment in
which assimilation becomes obligatoyowever, Kulikov(2011 has argued than
increase in speech rate does not affect the results of voice assimilation directly. In his
study, Kulikov examined voice assimilation across the word boundary in Russian with

the aimof determiningwhether voice assimilation tak@sace in obstruerbbstruent
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clusters across a word boundary at different speech Higslata consisted of eight
obstruentobstruent combinations in which C2 was voiceless /pt/, /tp/, /kp/, Isp/, Ibt/,
/dp/, Igp/, Izp/, and eight obstruestistruent corinations in whichC2 was voiced /pd/,

Itb/, Ikb/, /sd/, /bd/, /db/, /gd/, /zd/. Results frdns study reveal regressive voice
assimilation across the word boundaryRuassian but suggestat speech ratéoes not
directly affect voice assimilationkulikov notesthat voicing in C1 does not increase in
normal and fast speech before a voiced C2 or more voiceless before voiceless C2. The
only effect of speech rate was found in the relationship between closure duration and
voicing duration where in slower sg&h rates resulted in an increase in duration of both
closure duration and voicing in the voiced consonants, but voicing duration in voiceless
consonants remains stable across speech rates.

Tei four 6s (1997) study of v omdctleat as s i
regressive voice assimilation occurs across the word boundary in this language. More
specifically, Teifour found that both regressive voicing and regressive devoicing
assimilation spreads across the word boundary, as shown in the following examples
from the study:

/| ®©t#da r / e:d dar] | bought@ house
/walad#ta:ni/ \valat ta:ni] another child

Voice assimilation also occura iTLA. According to Elgadi (1986regressive
voice assimilation in TLA occurs when the voicelessondperson singular prefix /t/
assimilates tothe voiced C1 of the verb stem and can be found in the following
examples:

ftzi:d/  [dzi:d] you add

ftgu:l/  [dgul] you say

However,thus far,voice assimilation across theovd boundary in TLA has not

beenthoroughlyinvestigatedTherefore, thestops adjacent to the word boundary of the
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tokens in TLA investigated in this study consist of four voice combinations, two
combinations with voice agreement and two combinationh witice disagreement

which will providepossible assimilation sites:

i- Voicedvoiceless as /dd#tal/

ii- Voicelessvoiced asn /At#gic

The word boundary in both examples in (i) and (ii) are possible assimilatory
sites since both stops disagreesaicing. This provides an excellent testing ground for
investigatingvoice assimilation across the word boundary in TLA. For example, in the
token/ wi dCA#Ca2a, wduld C1 be the trigger and C2 the target as in progressive voice
assimilation or vicerersaas in regressive voice assimilatidrhe effect of speech rate
on voice assimilation will also be investigated by measuring the duration of
voicing/voicelessness in the target segment in normal and fast speech rates.
Furthermorein addition to voice disgreement across the word boundbgtween C1
and C2, some of the tokens also disagree in their place of articulation as in the token
/dag#tal/. The claim put forward b¥uraig & Abu-Joudeh (2013) thavoicing
assimilation is blocked both consonants doom share all other features will also be

testedfor TLA by usingthese examples.

2.4 Articulatory P honology

Various theoretical frameworks have analyzed the coproduction of consonant
sequences Unlike the featurdbased model of speech production (Danilcf
Hammarberg 1973) which assumes that coproduction and coarticulation is the result of
the spreading of a feature ohe segment to an adjacent segment, in the Articulatory
Phonology model, gestures, and not features, are considered to be the underlying

cognitive linguistic units. Fowle& Saltzman (199372 define phonetic gestures as

Al i nguistically significant actions of st

48



The Articulatory Phonology model wgsoposedby Browman& Goldstein
(1986, 1988, 1989, 1990, 1992) ander to describe processes such as coarticulation,
epenthesis, assimilation, andletion In Articulatory Phonologygestures represent the
discrete physical events taking place during speech production (Bro&n&Guoidstein
1992).In this model, speects idescribedn terms ofhow the gestures are coordinated
with each other.

In Articulatory Phonology, estures are characterized by variables that refer to
both the locdaon and degree of constriction the vocal tract. (Davidson 2003:7).
According to Brownan & Goldstein (1992:156) task dynamics has been used to
account for coordinated actions involving more than one articulator. In speech, these
tasks involve the formation of various constricti@isdifferent locations in the vocal
tract relevant to a paicular language. One aspect of task dynamics is the motion of
tract variables, which characterizes a dimension of vocal tract constriction, and not the
motion of individual articulators that is characterized dynamically. For example, a lip
aperture (LA) tact variable is affected by actions of the upper and lower lip in addition
to the jaw. Five tract variables are identified: Lips (L), Tongue Tip (TT), Tongue Body
(TB), Velum (VEL) and Glottis (GLOJFigure 2.6.

Furthermore, Davidson (2003) adds thattlis model of speech production,
each of these articulators is independent of the other, and therefore allows for a separate
gestural representation for each variable. In order to account for the fact that tract
variables can constrict the vocal tract Saveral positions, these tract variables are
specified for constriction locations (CL) which include [protrusion], [labial], [dental],
[alveolar], [postalveolar], [palatal], [velar], [uvular], and [pharyngeal]. Furthermore,
constriction degree (CD) is ustmldistinguish between various constrictions that can be
formed at the same location. These include [closure] for stops, [critical] for fricatives,

and [narrow], [mid], and [wide] for vowels and approximants.
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Figure2.6 Tract variables and associated articulators (from Brow&n&woldstein 1990:344)

Gestures are dynamic units, which, unlike features, are allowed to overlap in

time. According to the theory, and due to their intrinsic tempsiratture, gestures can

overlap in time with adjacent gestures during thesspeh

internal duration, they can overlap with each other; and since gestures are physical

events, they are affected by physical processes mmgudur i n g

(Browman& Goldstein 1992:160).

p r Sinceegestures have

t he act

This model has been adopted nore recentstudies(Gafos 2002, Byrd and

Saltzman 2002, Davidsd20D03 Hall 2003)investigating gestural coordination and the

timing relations between gestures in dotdi to factors that influence these relations

Thesewill be discussecelsewhere (sesection 2.2). In these studiesa gestureis

considereda spatietemporal unit, consisting of the attainment of some constriction at
(Gafos 002270)Gestueedn this stuadyare éonsidered

some | ocati on

to be phonetic events in addition to being dynamic yrite stateof which changes

overtime.
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Gafos (2002) states that as a gesture unfolds, it is possible to identify a set of
states that he callandmarksandwhich constitute the internal temporal structure of a
gesture. Gafos adds that gestures enter into temporal relations of overlap that refer to
these landmarks. In his description of a gesture, Gafos (2002:276) identifies five
landmarks: Thdirst landmark is the ONSETL) which refers to thenoment ofactive
movementof the articulatotowards the target of the gesture. The second landmark is
the TARGET (2) which refers to the point in time when tleticulatorreaches the
target. The thirddndmark is th€C-CENTER (3) which is the midpoint of the gestural
plateauand is between the articulator attaining the target and the re@aseg this
phase the articulator reaches maximum conféet. fourth landmark is the RELEASE
(4) which refers tahe onset othe movementof the articulatoraway from the target.

The fifth and final landmark in a gesture is the RELEASE OFF&Teferring to the
point in time when active control of the gesture effidgire 2.7). Gafos points out that
these landmé&s comprise the internal temporal structure of a gestdtging the
production of consonant clusters in connected speech, adjaegntents have an
articulatory éfect on each other and the timing and duration of the gestures vidrees.
degree of gesturacoordination can account for processes suchc@aticulation,

assimilation, epenthesis and vowel intrusion, and deletion

TARGET RELEASE
\
AMPLITUDE
OF GESTURE C-CENTER
~ ONSET OFFSET —
»
TIME

Figure2.7 Gestural Landmarks adopted from Gafos (2002:276)
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In line with recent works by GafodByrd, and Hall, this study adopts the view
that gestures are concrete articulatory movements within the framework of Articulatory
Phonology.Viewing gestures from this perspective will facilitate the description of

processes such gsstural coordination, assimilation, and epenthesis.

2.4.1 Gestural phasing and coordination

The above discussion focuses on describing gestures as individual events that
are isolated and independent of neighbouring articulatory context. But during the
production of consonargequencesn connected speech, adjacent segments have an
articulatory efect on each other as a result of coarticulation. In connected speech,
coordination relationships between gestures gothexriiming of gesturesuch that one
gesture may begin at a point where another gesture has reached its target or being
released.Gesti r a | coordination i S 6a relation
specified landmark (within the temporal structure) of one gesture is synchronous with a
speci fied l andmar k of a2arg.tWiteimr thegogestutau r e 0
framework of Articulatory Phonology, gestures are organized in time and space.
Articulatory timing is considered as the timing pattern responsible for organizing
gestures in speech. Gestuaes temporally coordinated with each other and due to their
intrinsic timing; gesturesan overlap during speech (Browm&rGoldstein 1989).

These intergestur al timing relations
where they exist between adjacent vowelsd between/owels and preceding and
following consonants, and between consonants in sequences (Byrd 1992:4). Byrd points
out that these relationships allow gestures to overlap spatially and temporally resulting
in an acoustic output which varies according to the \iehaf active gestures. In these
timing relations, gestures are realized with respect to the internal states of other
gestures.

Coordinationrelatiors between adjacent gestures can be described as being
either in close transition an open transition (&tford, 1988:116). Catfordefines close
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transition as the formation of therticulatory stricture of the second consonant in a
C1C2cluster before the stricture of the ficginsonant is releaseld. other words, close
transition refers to the HP being mi@ined throughout both consonants of the
sequence. On the other hand, open transition refers to the situation where there is a
release of the HP of C1 before the closure of C2 resulting in a period of open oral tract.
Gestural overlap results from spécitoordination relations between gestures.
According to Gafoset. al (2010:658) the temporal relations of overlap between
gestures of different segments is achieved thrahgkecoordination relationsGafos
(2002)points outthe importance of articulaty timing in consonant sequences whare
landmark in the temporal structure of one gesture may be synchronous with a landmark
within the temporal structure of another gesture thus resulting in gestural owerlap.
terms of gestural coordination, Gafet. al (2010) state that different gestural
coordination relations imply different degrees of overlap between geslurdbe
production of consonant clusterg is possible to identify three distinct gestural
coordination patternd=(gure 2.8. In relationto gestural landmarks in figure 2.7, in the
first coordination pattern (a), the two gestures are produced with some degree of overlap
but with an intervening acoustic release resulting in a period of open oral tract. In this
type, the onset of movement fthe second gesture is initiated around the-paioht of
the ccenter stage of the first gesture cc=0. As for the second gestural coordination
pattern (b), here no overlap occurs between both gestures. The onset of movement for
the second gesture is ir@ited during the release offset stage of the first gesture roff=o.
This timing pattern results in the production of an acoustic release of the first gesture
resulting in a longer open oral tract period and no overlap. Finally, in the third gestural
coordindion pattern (c), the gestures are more overlapped than in (a). Here the onset
stage of the second gesture is initiated at an earlier stage duringeheec of the first
gesture and therefore the target stage of the second gesture is reached aasthe rele
stage of the first gesture is about to be initiated resulting in more gestural overlap and
therefore no acoustic release is present r=t. The main difference between type (a) and
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(c) is that the degree of gestural coordination is weaker in (a) resultegeriod of

open oral tract although there is a relative degree of overlapping.

Landmarks a- Overlap
t r cc
cc roff / })\ \
0
cc=o
b- No overlap ¢- More overlap
roff=o =t

Figure2.8 Gestural coordination relations adopted from G#284.0:658

From the above illustration it can be seen that the acoustic release of the HP of
the first gesture in both (a) and (b) can be considered as an open transition between the
two gestures. On the other hand, in type (c), there is close transition between the
gestures due to the absence of the acoustic release and therefore resulting in the total
overlapping of gestures. However, although both coordination patterns resulted in an
acoustic release of the first gesture, the temporal relation between gestajesnih (b)
differed resulting in a shorter open oral tract interval in (a) and therefore the gestures
are relatively in close coordination and tighter gestural coordination. The absence of the
release burst in (c) signals total gestural overlap and thmerefchigher degree of
gesturakoordination.

The period of open transition resulting from the lag between gestures also leads

to the production of a schwie vocalic element to occur between the gestures (Gafos
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et. al 2002:14) as a result of epenthelisst of the literature uses the term epenthetic
vowel in reference to this type of voweHowever, others have used the term
6excrescent o ( Gaf os 2002; Gi ck & Wil son
epenthetic and excrescent vowels is crucial in thigysin accounting for gestural
coordination of stop sequences across word boundaries in TLA. The patterns of
epenthesis in consonant sequences in addition to the difference between epenthetic and
excrescent vowels resulting from different types of gestoardination patterns will
be addressed in section 2Far the meantime, since occurring between two consonants,
this vocalic elerant which is a norexical vocalic elementis e f er r ednter 0 as
consonant al interval 6, henceforth | ClI
Furthermore, thing relations governing the coordination patterns between
gestures are al so i nThe coerdinatom reldign damande r a |
particulartiming relation that may or may not produce an acoustic release depending on
the natureof the two ©nsonants and other parameters such as rate of épeeChGa f o s
2002:16). The degree of gestural coordination also depends on factors such as phonetic
environment (Hardcastl& Roach 1979:531). Other factors also include the place of
articulation of the geates involved, and sequence position. These factors beill

discussed in further detail the following section

2.4.2 Factors affecting gestural coordination

In the following sections, the acoustic and articulatory evidence that various
factors have on artitatory timing and the coordination of gestures in steguences
will be discussedPhasing relations are subject to factors that influence the degree of
coordination between gesturdss previouslymentioned, phonetic environment, place
of articulation, speech rate, and sequence poditave been found tmfluence inter
gestural timingin stop sequences durintheir production Furthermore, a decrease in
the degree of gestural coordination in stognsonant sequences can result in the
production an ICI which will be further discussed in section 2.5. The effect that these

factors have on the gestural coordination of stop sequences has been investigated in
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several languages within the theoretical fesvork of Articulatory Phonology. These
languages include Moroccan Arabic (Gafos 2002); Georgian (Chitoran 2002); English
(Browman & Goldstein 1998) and (Byrd1996); Russian (Zsiga 200@03), and
English (Byrd& Tan 1996).

2.4.2.1 The effect of sequence position

One of the main factordat influence diculatory timing between gestur@s
stop sequences is the position of the sequence being either S¥p&knedial,and
acrosswvord boundaries. Several studies have demonstrated that gestural coordination in
Sl dffers from SF stop sequences where Sl sequences exhibit less gestural overlap and
higher rates ofacoustic releases of C1 in comparison with sequences (Chitoran
2002: Wright 1996).In his acoustic study of SI and word medial stop sequences in
Tsou, Wrght (1996:76) states that C1 release in SI sequeneesl00% whereas they
averaged 54% in worthedial stop sequences.

These variations in the articulatory timing and gestural coordination of different
sequence positionsave been explaineth terms of grceptual recoverabilityin SF
position, listeners have access to transitional cues into C1 from the preceding vowel.
However, die to the absence of transitional cues into C1 of the S| sequence, gestural
overlapping of consonants in this position canatee their perceptual recoverability.
Wright explains that due to perceptual recoverability, stops in positions where
transitional cues do not exist are produced with an audible rele@kéoran et al
(2002) also addthat because of the limitation of amtic data in C1, the degree of
overlappingn Sl sequences restricted to preserve as much acoustic data as possible

Furthermore, Byrd (2003:11) also points out that SI and SF consonant sequences
differ in terms of the coordination relationships betwegestures. Timing relationships
between gestures in Sl position are stable in terms of gestural coordination whereas in
SF position, these timing relationships are variabid do not exhibit stability. This
view is also held by Gafos (2002). In his investigation of SI and SF consonant

sequences in Moroccan Arabic, Gafos found that excrescent vowels resulting from the
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lag between C1 release and C2 onset in a consonant sequeadeume to occur in SF
consonant sequences and not in Sl sequences where close transition between the
gestures occurred. It is worth pointing out that the results of this study differ from the
study of Tsou (Wright 1996) and of Georgian (Chitoran 2002ptroned earlier where

results from these studies showed that more C1 releases in the SI consonant sequences
of both languages occurred due to perceptual recoverability issues.

The above described variations in gestural coordination pattesins also
highlightedby theC-centrehypothesis (Browma& Goldstein 1988: Byrd 1994yhich
statesthat SI and SF consonant sequences are organized differently.-CEmdre is
considered to be the mybint or centre of the gesture or gestures that make up a cluster
(Byrd 1995:288. In Sl consonant sequences, Browngaisoldstein (1988) claim that
gestures are timed globally and organized with the following vowel by phasing-their c
centre to the following vowel. This results in a steady relationship betweercérdre
of the Sl sequence and the following vowel whether the onset is a singleton or a cluster.

On the other hand, in SF consonant sequences, a steady timing relationship was
not found which suggests that the gestures are timed locally with the preceding vowel
(Browmané& Goldstein 2000). In these clusters, tbit-most edge of the cluster is in a
stable relationshigvith the preceding vowel regardless of the number of consonants in
the cluster.The differences between gestural coordination patterns in SI and SF
consonant clusters as put forward by @ieentrehypothesiscan be further highlighted

below
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Figure2.9 C-centre hypothesis for gestural coordination in Sl and SF clusters: adopted from
Marin & Pouplier (2002:381)

Contrary to Sl and SF consonant sequences, the literature shows that articulatory
timing relations and gestural coordination patterns across word boundary consonant
sequences have not been thoroughly investigated. A fundamentabgueste is how
gestures are coordinated across word boundaries and whether there isrclosser
gestural coordination in comparison to SI and SF stop sequences. In their study
comparing gestural coordination patterns across word boundaries C#C ian€saev
Chineseand American English, Gao et. al (2011:725) reported that there was closer
gestural coordination across the word boundary in Taiwanese /tap#kap/ and /tap#tap/
sequences than in American Englishp cop / t 0 p # k 6qop topd rkd p#t 6 p/
sequencg The results of their acoustic study indicated that there was shorter lag
between SF C1 offset and SI C2 onset in Taiwanese than in American English therefore
closer gestural coordination in the former. They also point out digaslinguistic
gestural coordination differences show thadifferent languages exhibitdifferent
coordination patterns

Furtherstudies have also shown that gestural coordination patterns across the

word boundary can vary. In her studf English and RussiaizZsiga (2000) obserde
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thatin C#C stop sequencesthereweremore C1 releaseis Russian tharn English,
suggestingthat Russian exhibitiess gesturaloverlap than English Zsiga (2000:70)

uses two measures of gestural overldip of release, the percentage whmasked
releses of C1 in the sequence, and duration ratio where she compared the duration of
the cluster to the durations of the two consonants in intervocalic position. She compared
gestural coordination across the word boundary in examples such amdkét/tarts

(Eng.) vs.pok tort(Rus.), and /p#tstop tarts(Eng.) vs.grop tam(Rus.)rowed there
Results indicate that the percentage of unmasked relesseg7%in Russian C#C
sequencesompared to 18%n English In addition, Russian sequences exhibited a
longerduration ratio than their English counterparts.

Other studies have also found similar results where gestural coordination was
weaker between gestures across word and morpheme boundaries. According to Cho
(1998), gestural coordination across word boundaiseweaker than within syllable
boundaries6t he t i mi ng bet we simgle lexical entr\eisspegifiegdin  wi
the lexicon and it is preserved on tharface. On the othdrand, the timing between
two gestures created byorphemeconcatenationis not lexically specified, and is
thereforepotentially subject to any phonological change which can be produgced
varying gedqCGho1998il15).over | apo

Cho (2001) argues that lag intervals between gestures within a word or
morpheme seem to be shortban across word or morpheme boundary and that these
shorter intervals that are associated with a single lexical entry indicate that the gestures
are more strongly bonded. As a result, the stronger bonding for gestures within a lexical
entry would resulin greater stability in intergestural timing as opposed to the weak
bonding of gestures across different lexical it€Figure 2.10.
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Figure2.10 Variability in articulatory timing between gestures witla single lexical entry and
across morpheme or word boundary (#): from Cho (1998)

It is also worth pointing out that these studies only focus on gestural
coordination patterns across word boundaries in C#C sequences. To the best of my
knowledge, therera no studies investigating the effect of an increase in the number of
stop consonants across the word boundary as in CC#C, C#CC, and CC#CC sequences
on gestural coordination across the word boundary which is the main focus of this

study.

2.4.2.2 The effect ofplace order of gestures involved

The effect of place order of consonants in a sequdaheeanterioiposterior
location of C1 constriction in relation to C2 constrictidrgs also been found to
influence the articulatory coordination patterns between gest$tudies have shown
that the degree of gestural coordination differs between-foabhick and backo-front
place oder (Hardcastle& Roach 1979);(Byrd & Tan 1996); (Zsiga 2000, 2003);

(Kochetov 2007). Most of these studies have shown that-fodoack consonant
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clusters exhibit closer gestural coordination than in fadkont clusters. Some have
explained this from an articulatory point of view. Hardca&tl®oach (1979:34) argue
thatin English,closer gestural coordination is exhibitedarfront-to-back place order

tk/ cluster than in a /kt/ cluster. They claim that this is du¢h& anatomy of the
tongue. They concluded that the movement of the tongue in a /tk/ cluster involves the
contraction of a single intrinsic tongue muscle to raisebtek of the tongueo create

the closure fothe TB /k/ gestureand therefore closer gestural coordination. On the
other handthe movement in a /kt/ clustezquires the use of two musclesluding the
extrinsic genioglossus tmovethe tongue upwards drforwardsto create the closure

for the TT/t/ gestureThis requires more time and therefore less gestural coordination is
exhibited between gestures in a bag#ront place order of articulation.

However, some have argued that this gestural coordmaattern is language
specific. In her study comparing patterns of gestural coordination across word
boundaries in English and Russian, Zsiga (2003) found that in Russian there was closer
gestural coordination and less gestural lag between consonant®nirtofback
sequences than in batifront. As for English,Zsiga states that no significant
difference in gestural coordination between both place orders was found in English.

In a study investigating crodsguistic differences in gestural overlap itos
consonant clusters in Russian and Korean, Kochetov et. al (2007) also investigated the
effect of place order in both languages. The tokens used in this study comprised of /kp/
/kt/ and /pt/ stop clusters in both Russian and Korean. In this study.etreedof
overlap between stop gestures was measured in terngesbiiral &g. This was
calculated as the time between the release of C1 and the achievement of target for C2.
In general, Russian speakers exhibited greater plateau lag, less overlap, tam Kor
speakers where the average difference was about 35ms. As for the effect of place order,
results showed that shortgestural &g and therefore closer gestural coordination was
exhibited in both languages in the /pt/ cluster than in the /kp/ anduktécs where C1
closure was anterior to C2 closure. Kochetov et. al. (2007:1363) claim that these effects

are the result of two factors. One of the reasons may be due to recoverability
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constraints. Perceptual factors influence langyzagécular grammated constraints on
gestural coordination, resulting in different timing patterns for ftoriiack and back
to-front clusters. They also add that in the /kt/ consonant cluster, the same articulator is
used for both consonants of the cluster. Therefordptiguie tip movement towards the
target for /t/ is constrained by the tongue dorsum/k/ gesture, resulting ingesiteal

lag between the two closures and therefore less gestural overlap.

The same results were also noted by Chit@taral (2002). In theirstudy they
investigated the effect of place order on gestural coordination in Georgian stop clusters
in both SI position and word medial position. The results of this study show a
significant effect of place order on gestural coordination. In the -frehaick stop
sequences, C2 onset occurs with less gestural lag on average after 3% of the C1
constriction interval. On the other hand, in the beekont sequences, C2 onset occurs
after 82% of the interval therefore exhibiting more gestural lag. Chitetaal.
(2002:19) state that stop sequences with a “fi@biack order of place of articulation
show significantly more overlap than sequences with the-teaftlont order of place of
articulation. They claim that recoverability considerations constraenptitterns of
articulatory overlap. In baeto-front sequences, C2 constriction is more anterior than
C1l and therefore the release of C1 will produce no acoustic manifestation if the
constriction for C2 is already in place. As a result, baekont sequaces allow less
overlap in order to avoid the loss of the acoustic information in the release of C1. On
the other hand, in froftb-back sequences where C2 constriction is more posterior to C1
constriction, at least some acoustic information will be geedran the release of C1
constriction even if there is a high degree of gestural overlap. However, they also point
out that a significant interaction is found between the effect of place order and sequence
position. The effect of place order was significam SI position and not in medial
position.

In this study, place order effects on gestural coordination across the word
boundary will be investigated in TLA. However, since the stops under investigation

consist of alveolar andelarstops /t,d,k,g/ involvin@ TT anda TB gesture the anterior
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and posterior constriction locatioasereferred to as coronalorsal and dorsajoronal
henceforth (CD) and (DC) place order.

2.4.2.3 The effect of speech ra

Many studies have found that changesaiticulatory timing and gestural
coordination patterns are directly related to changes in speecfHeatdcastle1985)

(Huinck et al 200% (Byrd & Tan 1996)As a result of changes in speech rate, gestures
can be phased differently with respect to @m®ther(Davidson 2003:174)Several

studies have shown that an increase in speech rate results in closer gestural
coordination.Using EPG to identify the degree of overlap in the articulatory gestures
for /k/ and /I/ in different speech rateblardcastle (1985) investigated gestural
coordination in /kl/ clusterin five different contexts@locki o6 backI| ogo, 0bl
dlack, locko  abladk. Ladckk Hardcastle found that gestural overlap was minimal at
slow speech rate in all contexts, whereas clgsstural coordination was exhibited in

fast speech rataduinck et. al (2004:5also state that faster speaking rates cause
gestures to slide together and as a result greater gestural overlap whereas in slower
speech rates, gestures tend to slide fudpart resulting in less gestural overlap.

A similar effect of speech rate on gestural coordination was also found by Gafos
(2002). In his study of gestural coordination of consonant clusters in Moroccan
Colloquial Arabic, Gafos focused on the effect ofesgerate on transitional releases
between consonants. He points out that the presence or absence of an acoustic release
between consonants is dependent on the type of consonants involved and speech rate
(Gafos 2002:18).Gafos states that in normal speediter heterorganic consonant
clusters are produced with an acoustic release, whereas homorganic clusters are not
produced with an acoustic release. However, in fast speech rate, the transitional release
is not present in homorganic and heterorganic clusteas indication of an increase in
gestural overlap as a result of the increase.

Speech rate has also been found to affect the duration of seghmemis.
investigation using both acoustic and electromyographic (EMG) data, Gay (1981)
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indicates that theuration of segments decreases as the speechndtie velocity of

the articulators increases. He also points out that the decrease in segment duration is not
uniform where a higher decrease occurs in vowel durations in comparison to the
decrease occung in consonant durations as a result of the increase in speech rate.

Byrd & Tan (1996) alsanvestigated the effect of speech rate @verlap
duration in addition t@gestural coordinatioand gestural magnitude of gestures across
the word boundaryn [d#g], [g#d], [s#g], and [g#s] sequencedJsing EPG in their
investigation, e sequences were placed in a carrier sentence and recorded in four
speech ratesp nor mal 6, astee,di améd, 6f a6t @heit l@sults pe e c
indicate significant segmérmuration differences at different speech rates. They state
that the duration ofonsonants become shorter as speech rate incrédaseshortening
in duration as a result of the increase in speech rate was also exhibited by consonants
that were highly werlapped. Significant differences in gestural coordination were also
found between different speech ratBgrd & Tan (1996:270) point out that temporal
coarticulation increaseas speech rate increased and also that overall faster speech rate
also resukd in greater overlap durations. As for the effect of speech rate on gestural
magnitude, maximum contact percentages in the front and back regions for both
consonant®of each sequence was examin@étie results exhibited a strong effect of
speaking rate ogestural reduction where gestural magnitude decreased as the speech
rate increased. However, this reduction was more consistent in SF consonants than in Sl
consonants. Furthermore, By&l Tan also add that this reduction in magnitude was
more evident in sips than in fricative /s/.

Speech rate has also been found to have an effect on laryngeal gestures
(Munhall & Lofgvist 1992). Using transillumination and fiberoptic video recording to
record laryngeal abductieedduction movements, Munha&l Lofqvist invedigated the
temporal overlap of laryngeal gestures across the word boundary in the pbsated
The results from this study show that two separate glottal gestures were found at slow
speech rates with each consonant retaining its own glottal gestunevelr, at faster

speech rates, only one glottal gesture was observed for the two intervocalic obstruents.
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They argue that the single glottal gesture is a result of greater consonant overlap and
blending of the glottal gestures (1992:122).

2.4.2.4 Summary

This setion summarizedhe main factors affecting gestural coordination. The
factors discussed were the effect of sequences position, place order, and speech rate. Sl,
SF, and across word boundary sequences have been found to exhibit different gestural
coordinaton patterns. Tighter gestural coordination patterns and shorter ICI durations
as a result of shorter lag intervals between gestures have been exhibited more in Sl
sequences in comparison to SF and across word boundary sequences. The place order
effect on @stural coordination has also shown varying gestural coordination patterns
based on the location of C1 constriction relative to C2 constriction in a sequence.
Shorter lag intervals have been found in frmback place order compared to bdok
front plae order where a higher probability of vowel epenthesis was found. This has
been explained in terms of the speed and velocity of the articulators involved. However,
another reason is due to perceptual recoverability. As for the effect of speech rate, not
only does it have an effect on gestural coordination, it has also been shown that segment
durations are also affected. An increase in speech rate results in the decrease of
segments. This increase also resulted in the decrease of transitional releases betwee
gestures and therefore less epenthesis and also an increase in the evexthpAp a
result, shorter I occur in faster speech rat@dthough these are not the only factors
influencing gestural coordination between stops, they are the main fastessigated

in this study.

2.5 Types ofinter-consonantal intervals

As previously mentioned in section 2.3.3.1, specific gestural coordination
patterns where a lag interval occurs between gestures results in the production of a
vowellike ICI. The intrusion of the ICI between gestures is generally referred to as

epenthesis Furthermore, most of the literature uses the term epenthetic vowel in
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reference to this type of vowel. However, studies in Articulatory Phonology have
identified different types of vowel intrusion; epenthetic vowels (Browman & Goldstein,
1992, 1995); anexcrescent vowel$Gafos 2002;Gick & Wilson 2006). Generally
speaking, epenthetic vowels result from a phonological process wh&t¢ @rcurs as
a result of amctual vowelbeing inserted by speakers when faced with problematic
combinations. On the ath hand, excrescent vowels result from the misalignment of
two adjacent gestures. Specifically, when the two gestures are not sufficiently
overlapped in production, thresulting IClbetween the two gestures yields a vowel like
transition between consonaniThe main features of both these types will be presented
in sections 2.5.1 and 2.5.2

The process of vowel epenthesis refers to any process in which a vowel is added
to an utterance (Hall 2011:1576). This process usually occurs in many languages in
problematic consonant clusters or clusters that do not conform to the phonotactics of a
specific language. In Spanisiior example, phonotactic restrictions prohibit the
occurrence of Sl clusters of the type /s/ + stop (Hickey 1985:233). As a result,
epenthetic/e/ is used resulting iescuelab s c hool 6 whi ch sduoldaf er s
6school 6 where [/ s/ +stop clusters are not
Dutch and 1lrish but only in SF position.
Dutchand /arpbom/ in Irish (Hickey 1985:234).

Although several studies have assumed that the inserted vowel used in
epenthesis is wusually a schwa [D], ot her s
vowel is language specific. According to Uffmann (2008)0the inserted vowel
during the process of epenthesis is the default vowel of the language. In Lebanese
Arabic for example, Haddad (1984) quoted by Hall (2011:133) states that the default
epenthetic vowel is /il as in /libs.nalr clothing[libisna] wheeas it is /e/ in Farsi
(Shademan 2002) . I n English and Ger man t|
Uffmann states that the default vowels that are applied by languages in epenthesis are
phonetically shortest and least salient. However, othersrdsagith this claim and

argue that the quality of the epenthetic vowel varies across speakers. In her study of the
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qguality of epenthetic vowels in Lebaneseabic, Hall (2013:142) found variation
betweenepenthetic vowels by differerdpeakers She reportsthat some speakers
produed an epenthetic vowetjuality similar to lexical [i] whereassome applied
epenthetischwalp ] .

Studies in L2 acquisition have also shown that L2 learners adopt epenthesis as a
strategy when faced with L2 consonant clusters tlatnot exist in their native
language. In her study of Egyptian and Iraqi leasr@rEnglish, Broselow (1983:2y1
reported that speakers of these Arabic dialects applied epenthesis to SI English
consonant clusters that did not exist in their L1. In tlee cd the Egyptian learners, an
epenthetic vowel was inserted in Sl clusters gglastic [bilastik]. On the other hand,

Iraqi learners inserted an epenthetic vowel before the SI cluster sisdy[istadi].
Broselow claims that the different epenthesites are a result of transfer of a
phonological rule from the first language of both learners.

Furthermore, sonority also plays a role in triggering epentlassigreviously
stated in sectioi.6.3where it was argued that TLA, the three stop Sl clusten
/ nf it@é&ned and héweldéddotate sonorityOhala (1999:400¢laims that
sequences of consonants are preferred over others because of the Sonority Sequencing
Principle (SSP). SSP requires that between any element on the edge of syllables and the
vowel, only consonants that are higher in sonority than the peript@mabnants are
permitted(Figure 2.1}. In other words, in a Sl cluster CC, sonority of C1 has to be
lower than or equal to that of C2. On the other hand, in a SF cluster CC, C1 sonority has

to be equal to or higher in sonority than C2.

67



Nucleus

Vowel
Glides Glides
Sl Liquids Liquids SE
Nasals Nasals
Fricatives Fricatives
Stops Stops

Figure2.11 SSP in Sl and SF consonant clusters (adopted from Carlisle 2001:4)

Constraints on which consonants occur in sequence in the English syllable are
further highlighted by Kreidler (1997:91). Kreidler points theat these constraints are
determined to a large extent by the sonority scale. He claims that when two consonants
occur in a sequence, they follow the scale of sonority, i.e. an obstruent+sonorant or a
nasal+glide and that the reverse of these sequengrpassible.This is also stated by
Heselwood (2007:160) who adds that sonority is an important constraining factor in
syllable structure. However, Heselwood also points out that in many languages
including English, sonority violating Sl and SF sequenae®actur as in the English
examplesstopsandskidswhere the more sonorant consonant precedes the less sonorant
consonant. In L2 acquisition, these clusters are considered problematic for learners
whose native languages do not allow violations of sonarmityyllable configurations.

This would also lead to the assumption that syllables that do not conform to SSP will
most likely be affected by epenthesis.

However, the argument here is whether epenthesis is actually a phonological
process where speakersartsan epenthetic vowel or not. In other words, whether the
ICI between the consonants is a result of epenthesis opeolyct of specific gestural

coordination patterns where C1 is released before C2 closure is reached. Recent studies
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have shown that eéhvocalic element occurring between these consonant sequences is
not actually a lexical vowel but is the 4pyoduct of the lack of overlap between the
gestures of these consonants due to articulatory constraints (Bro&ntoldstein

1990; Gafos 2002). Intber words, in some cases speakers are not deliberately inserting
an epenthetic vowel but may be unable to produce smooth transitions between the
gestures of these consonant sequences resulting in looser coordination. Gafos
(2002:272) states that duringettproduction of consonant sequences, a period of no
constriction in the transition between gestures is identified as a diktevaocalic
element. In his study of Moroccan Colloquial Arabic, Gafos (2002) points out that in SF
clusters as ikkatb6 t o wr i t-lkévocalg tramsitibnvisgound in the coda cluster
resulting in /kdlb/. He points out that it is not a lexical schwa but is a result of gestural
conflict.

Davidson& Stone (2004) also investigated whether this vocalic element was a
result of the process of phonol ogi cal ep
results in the perception of a schike vocalic element. In order to distinguish
bet ween the two, the data used for their

clusters in English and /zC/ Sl consonant clusters in Polish:

English [/ sbC/ English/sC/ Polish /zC/

succumb scumb [zgama]

The participantsvere native English speaisewith no knowledge of Polish.
Using ultrasound she compared the tongue movement of the English speakers in the
production of [zgama] with [/ skAm/ and [/ sbpD
are repairing the phonotactiaillegal Sl consonantcluster [zC] by inserting an
epenthetic schwa vowel resulting in [ zbDC]
to their production of the English [sbpC]
mistiming the gestures in /zgam#ie tongue shape movement in [zC] will be similar to

[sC] resulting in a transitional schwa.
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The ultrasound images showed that the speakers did not use epenthesis to repair
the Polish consonant clusters, but they were unable to employ the appropsiatalge
coordination required for their productigfigure 2.12. The Polish SI clugrs were
produced withaschwiai ke vocalic el ement as in [zbDg
the [sk] cluster osuccumb evidence of schwa was found in the onset of /s/ where it
was produced with a relatively low tongue position due to coarticulation with the low
/ ol vowel . Ho we v e iscum then/s/ wals prodiicedkwjth acvéryuhsgh e r ¢
tongue position due tooarticulation with the high tongue position of /k/. The tongue
shape ¢ han gzaamawere mpre ongldr to thbse occurringsnumwhere
[z] seems to be coarticulating with the high tongue position of [g]. Davi@s&tone
claim that if a schwa wgapresent in the [zg] cluster, the tongue body will have a lower
starting point in /z/ similar to that of /s/ succumbDavidson& St one poi nt out
speakers produce the consonants with an insufficiently overlapping configuration
oOmi sti mamgidt i amanatlr vocoid would resul't bet
(2004:108).

open vocal tract=voicing

Figure2.12 Excrescent schwa between consonants with no gesture corresponding to schwa:
Adopted from Davidso®&: Stone (2004L17).

2.5.1 True epenthetic vowels

In the process of phonological epenthesis, the epenthetic yoadiicedhas an

underlying target. In o#r words, the speaker inserts ggpenthetic vowel when faced
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with problematic or illegal consonant clusters that may be prohibitgghbgotactics.
Theseepent heti c vowels are Ophonol ogi cal S €
st r uc Hallr2@06:387). (Although being phonological segments with their own
gestural targets, epenthetic vowels differ from lexical vowels. In her study of the
difference between lexical and epenthetic [i] in Lebanese, Hall (2013) points out that
the formants of epenthetic vowels have a higher F1 and lower F2 in comparison with
lexical vowels. She also adds that epenthetic voWwaleshorter durations than lexical
vowels

The duration of epenthetic vowels are also shorter than lexical vowels. In his
study of epenthesis in Spanish consonant clusters, Ramirez (2006) found the didiratio
the epenthetic vowels were approximately one third the duration of the lexical vowels
averaging duration 26.98ms compared to 85.61ms in lexical vowels. Furthermore, Hall
(2006:391) points out that duration of epenthetic vowels decreases as a result of
increase in speech rate. In other words, speech rate does not have an effect on the

presence or absence of epenthetic vowels.

2.5.2 Excrescent vowels

Excrescent vowels are considered as being a purely phonghiotiyct of two
conflicting articulatory goalgGick & Wilson 2006). In their study using ultrasound,
they investigated tongue movement from an advanced position to a retracted
root/dorsum position in English SI clusters. Results showed that in atdrback or
backto-front tongue movement,thetprue i s expected to pass t
resulting in the production of a schwike vocalic element (Gicl&k Wilson 2006:650).
In such cases, excrescent vowels are a result of conflicting articulatory goals and not
true epenthetic vowels that areliderately inserted by the speaker to break up
consonant clusters.

Within the framework of Articulatory Phonology, Browma% Goldstein
(1992b) state that the period of time between the two adjacent gestures may produce a
transitional schwa, which is undgecified or "targetless”. These types of vowels are
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also phonetically weaker and shorter than other vowels (Hall 2011:1584). Hall (2006)
uses the term O6intrusived6 to refer to th
vowel may not exist in the weel inventory of a specific language. Hall also points out
that intrusive vowels result from a vowel gesture in a neighboring syllable gesture
which shows through between two adjacent consonant gestures that are loosely
coordinated.

Contrary to epentheticowelswhere their duration is only reduced as a result of
an increase in speech rate however they still remain, excresneek arelikely to be
optional,and maydisappear at fast speech rates due to an increase of overlap between
gestures (Hall 200891). Furthermoreexcrescent vowels usually occur in heterorganic

consonant sequences where articulatonflect is more likely to occur.

2.5.3 Patterns of epenthesis in consonant sequences

Although epenthesis occurs in many languages in the production sdremt
sequences, the pattern of epenthesis, i.e. the position where the epenthetic vowel is
inserted in a consonant sequence, is language specific. In most Arabic dialects, and
specifically in TLA, CCC sequences only occur as across syllable, word, ivr aff
boundaries. Different languages apply epenthesis in different locations within these
problematic sequences. Several studies in Arabic dialects have shown that consonant
sequences are broken up by epenthesis in different positions in the sequence.

Kiparsky (2003:147 identifiesthree different Arabic dialect groupscording to
the pattern of epenthesis they apply to a CCC consonant sequence:

1 C-dialects: these includdialects inMorocco, Tunis, and Mauritania. In
addition, Maltese and certain Berber dialects also belong toyfies In
this type of dialect;CCGC consonant sequences are permitted and are

not broken up by epenthesis.

1 VC- dialects: these includéialects spoken isyria, Lebanon, Palestine,

Iraq, and Eastern Libya. In addition, the dialects of the Eastern part of
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the Egyptian delta and Upper Egypt also belong to this didkedhis
type, mediakCCGC sequences are syllabified by inserting annépetic
vowel before thesecond consonant resulting-@VCC-.

1 CV-dialects: these includmost of the dialects of Egyphe oases of the
Libyan Desert and Middle EgyptHere,-CCGC- consonant sequences are
syllabified by inserting an epenthetic voweteaifthe second consonant
resulting ini CCVC-.

In his description of the patterns of epenthesis in different Arabic dialects,
Kiparsky cited inWatson 2007:337) further adds that #{€CC- consonant sequences,

VC dialects syllabify CCC clusters by epeniketo the left of the unsyllabified
consonant, CV dialects syllabify CCC sequences by epenthesis to the right of the
unsyllabified consonant, and C dialects maintain the CCC consonant sequence. It is
worth mentioning that in both the VC and CV dialect® thaximum number of
consonants that are permitted in a sequence without triggering epenthesis is CC. If the
sequence exceeds two consonants, epenthesis intervenes in order to prohibit the
formation of three and four consonants in a sequence.

Furthermore, peakers also transfer native epenthesis patterns to their L2
language acquisition process and loanword adaptations resulting in a foreign accent
(Broselow 1983)The attempt by learners to bring second language forms to conéorm
first language restrictits through the process of epenthesis leads to the
mispronunciation ofL2 consonantclusters. As previously mentioned, Broselow
(1983:269) points out that different epenthesis patterns in L2 consonant sequences
result from the transfer of a phonologicaleritom the first language of learners.

To the best of my knowledge, studies of the phonetic characteristics of
epenthetic vowels in Arabic dialects are very limited. With the exception of the acoustic

study of vowel epenthesis in Lebanese Arabic (Hall 204®st studies on epenthesis
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in Arabic dialects have dealt with the process from a phonological perspective within

the framework of Optimality Theory.

2.5.3.1 Epenthesis patterns in Egyptian Arabic

Egyptan Ar abi c i s C 0 n sdiabtat wheré in anmedd €OCs et 6
consonant sequenc€?2 is syllabified asan onset(Hall 2011:1580) In line with the
classification by Kiparsky (2003) and Watson (2007) where Egyptian Arabic is
considered a CV dialecthe epenthetic vowels inserted between C2 and Cl8o
(1989241) also points out that in Cairene Egyptian Arabic; a CCC sequence is broken

up by inserting an epenthetic vowel after C2.

Epenthesis in medial CCC cluster in Egyptian (Ito 1989):
Inul-t-1-u/ [ u.tfi].lu] | said to him

These epenthesis patterns are dialect specific and differ from other Arabic
dialects as will become apparent in the following section. Furthermore -aoasénant
sequence CCCC, Ito (1989:241) states that in Cairene Egyptian Arabic, the epenthetic
the clusteiis broken up in the middle by inserting an epenthetic vowel between C2 and
C3.

Epenthesis in CCCC clusters in Egyptian (Ito 1989):

/katabt-1-ha/ [katabfi]lha] | wrote to her

As highlighted by Broselow (1983gpenthesis patterns in L2 consonant
sequences result from the transfer of a phonological rule from the first language of
learnersthe same pattern of epenthesis is applied by Egyptian learners of English when

faced with consonant sequences in English.

Epenthesis by Egyptian learners of ksig(Broselow 1983)
Children /[t wi/ | dif ddfgren
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In the above English example, the epenthetic vowek[ihserted between C2
and C3 of the medial CCC cluster as a result of transfer of the epenthetic pattern from
L1.

2.5.3.2 Epenthesispatterns in Iragi Arabic

In contrast with Egyptian Arabic, Iraqi Arabic differs in terms of the epenthesis
patterns occurring in both the native language consonant sequences and English
consonant sequences in language learning. In agreement with Kip2@ky) (and
Wat sonds (2007) cl assi finarmedial €@C seqguende,rCa q i a
is syllabified as a coda (Hall 2011). In other words, the epenthetic vowel is inserted
between C1 and C2.

Epenthesis in medial CCC sequence in Iraqi1889):
[gil-t-1-a/ [gil[i]tla] 'l said to him'

However, although applying a different epenthesis pattern in CCC consonant
sequences, in the case of CCCC sequences both Egyptian and Iraqi Arabic apply the
same pattern. Ito (1989:241) points ab&t in Iragi Arabic, a CCCC consonant

sequence is also broken up by inserting the epenthetic vowel between C2 and C3.

Epenthesis in CCCC sequence in Iraqgi (Ito 1989):
lgil-t-I-ha/  [qilt[i]lha] 'l said to her'

As for L2 acquisition, this langge specific epenthesis pattern is found in the

production of English consonant sequences by Iraqi learners.

Epenthesis by Iragi learners of English (Broselow 1983)
Children [t wi/| dfo wie [ i ] d
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In the above example, unlike thettean adopted by Egyptian learners of
English, the epenthetic vowel was inserted between C1 and C2.

2.5.4 Summary

This section summarized the main differences between epenthetic and
excrescent vowels occurrirgs a result of epenthesis. $aiccurring where gestal
coordination is weakan be classified as being either epenthetic or excrescent vowels.
Epenthetic vowels seem to be applied in order to break up problematic consonant
sequences and not allow the formation of consonant clusters exceeding the number of
consonants permitted by the phonotactics of a specific language. On the other hand, as
highlightedby Browman& Goldstein (1990), Gafos (2002), GiékWilson (2006),and
Hall (2003), excrescent vowels are merely a-pbyduct of specific gestural
coordinaion patterns due to conflicting articulatory goals. Furthermore, different
languages have also been found to apply different epenthesis patterns when inserting
epenthetic vowels. This has been highlighted by the examples presented from the
Arabic dialectspoken in Iraq and Egypt.

The distinction between epenthetic and excrescent vowels is very important for
this study. In order to investigate the production of stop consonant sequences across the
word boundary in TLA, resulting 1& will be investigated iorder to determine if they
are epenthetic or excrescent type of vowels. The pattern of epenthesis will also be
investigated in order to determine if different patterns are applied in the different stop
consonant sequence types, C#CC#C, C#CC, and CC#CCthat are under
investigation in TLA.Furthermore, an interesting question that arises here is how both
types of vowels interact with voice assimilatispecificallywhetherepenthetic and
excrescent vowelare transparent to voice assimilation whetherthey block the

process.
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Chapter 3 Methodology

3.1 Introduction

This chapter presesita detailed description of th@im and objectiveof this
study, including its design.Methodological issues, data collection, participaaisd
instruments adopted are also discusadtiis chapterin addition to how measurements
are takenThe first sectionntroduceghe research questions that this stualy attempt
to answelandthe rationale for addressing these issdé® second sectiomill describe
the participants that t part in this studyincluding criteria for their selection. Section
three of this chapter pressrhbe data that was used in this stunlyrder to answer the
research questions addition to the data collection procedures. In the final settien
focus shifts tchow the datavereanalyzed using both EPG and acoustic data analysis in
addition to the statistical tests that were carried out in ordadtivpessthe research
guestionsThe advantages and disadvantages of these methods are also highhghted
how both are equally important in observing and monitoring speech gestures.

3.2 Research questions

The main goal of this study is to provide a description of the interaction between
coronal and dorsatop consonants across word boundariesLiA . TThe stug focuses
on the timing and duration gtopconsonant gestes in different environmentsC#G,
-C#CG, -CC#G, andfinally the-CC#CG sequence, where # denotes a word boundary.
The general aim othis study is to provide a better understanding of speech production
and the temporal organisation of articulatory gestube® of the main characteristics
of continuous speech is thapeechsegments are extremely sensitive to context
(Hardcastle et al 1999)The relative timings of lingugpalatal stop gestures as one
sound gives way to the next in the stream of speech for different environments across a
word boundaryvasinvestigated.

As previously mationed in section 1.3 and 2#his study adopts a gesal view
of speech production within the framework of Articulatory Phonology as put forward by

77



Browman& Goldstein (1986), and adopted by Gafos (2002), ByrSaltzman (2002),
Davidson (2003), and Hall (2003).eBg more phonetic than phonological in matu
the notion of 0 g e s t uugestudestoi be cortcrbté articusatony d y
movementsi.e. real movements of the articulators as they can be observed using
acoustic analysis and EPG. Viewing gestures from pleEisspectivefacilitates the
desciption of gestural coordination and the factors tlafluence adjacenspeech
segnents such as the number of stop consonants in a seqtiengece order of stops
involved, and speech rate. It also assisinvestigating processes such as epenthiesis
which a lesser degree ofoordination between adjacent segments resulis an
interveningICl and voice assimilation across the word boundary and the direction in

which it occursThe main research questions that this study adekass as follows:

1- What effectdoesan increase in the numbersibpconsonantin a sequence

have onthetiming and duratiorof stop®

Research question 1 has been prompted by the discussion in sectilbrc@n2
be anticipated that an increase in the number of stopssasms boundary sequersce
will have an effect on the duratiofistops immediatelydjacent to the word boundary
Following the studies by Fledg® Port (1981) and Shaheen (1979), HP was used for the
durational measurementBor example, in a twstop sequencesuch as C#C, it is
anticipated that the duration of the HPtloé SFsingle articulatory gesture st@l stop
and S| @ onset singleton would be affected as the number of stops spanning the word
boundary increases as in a thetep sequenc€#CC where underlined SF Cdtop is
followed bya S cluster. Furthermore, it is also anticipated that the HP of the underlined
SI C1 in the twestop sequence CHwill vary whenpreceded by Sl clusterasin the
threestop sequence @GC. The effect of an inciese in the number of stops on the HP
of the underlined&F and Sktopsin the CC#C and C#£C sequencewhen both occur as
underlined in the foustop CC#CC sequence will also be examinddhe duration of SF

and Sl stop consonant clusters adjacent to the word bounilaiglso be measured to
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observe whether the duration of the cluster ashale was #Hected as the number of
stops following or preceding these clusters increases. For exawipl there be a
difference in the total HP of the underlined SF clust&€@#C when this is followed by

a singleton as opposed to when it is followed by a Sl cluster@SA#EC?

2- Do gestural coordination patterns across the word boundary vary as the
number of stops in a sequence increaaad are the ICdistributionpatterrs

stable for diferent sequence types?

This was motivated by the discussion in sedi@@ and 25. As previously
mentioned,coordination relationships between gestures gotegriiming of gestures
such that one gesture may begin at a point where another gesture has reached its target
or is being releasedThe temporal relations of overlap between gestures of different
segments are achieved throuflkesecoordination relatiorsps In order to understand
how gestures are coordinated acrasgord boundary, the effect of an increase in the
number of stops in a sequence on gestural coordinatiost first be investigated
Following the study by Zsiga (2000), tpercentag®f unmaskd releass between any
two adjacent stopsn the C#C, GQC#C, C#CC, and C#CC sequences was first
identified. The presence of an acoustic release in this positiditatesthe lack of stop
closure overlapand open transition between gesturesadfacentstops whereas the
absencandicatestighter gestural coordinatianSecondly, in the discussion in section
2.4.,it was noted thate lag interval between C1 release andet of closure a2 in a
consonant sequence results in the occurrence of an I@NEAICI indicates a lesser
degree of gestural coordinatiohhe degree of gestural coordination was measured in
terms of the temporal lag between release of C1@@& closure.Studies by Cho
(1998) and Zsiga (2000) have found that gestural coordinatimssaword boundaries
is weaker than within syllable boundari@fhe mean durations &€ls occurring inSl,

SF and across wordooundaies are compared todeterminewhether the change in

sequence typas a result of the number of stops involved and lonatf word
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boundarywill have an effect oncoordination relationships between gesturesr
example in the CC#C sequencethsrecloser gestural coordination exhibited between
stops of the SF cluster or those spanning the word boundary. This will eigdyidhe
different epenthesis patterns occurring in the four secgitypes undenvestigation

3- Is the gestural coordination pattern across the word boundary affected by

whether a coronal precedes a dorsal or a dorsal precedes a coronal?

In section 24.2, he effect of place order of consonants in a sequehee,
anteriorposterior location of C1 constriction in relation to C2 constrictieasfound to
influence the articulatory coordination patterns between gestures. Studies have shown
that the degree of gestural coordination differs between-fodbick and backo-front
place oder (Hardcastl& Roach 1979Byrd & Tan 1996 /Zsiga 2000, Q03 Kochetov
2007).Some languages such as English have exhilgiteskr gestural coordination in
the frontto-back placeorder (Hardcastl& Roach 1979). However, in other languages
such as Russiarnhere was closer gestural coordination and less gesagdidtween
consonantsacross word boundariga frontto-back sequences than in baokfront
sequences (Zsiga 2003). However, sincahaistops investigated in this study involve
linguakpalatal contact, the place order was referred to as cedonsd) henceforth
(CD) and dorsatoronal henceforth (DC)

4- |Is the epenthetic vs. excrescent vowel distinction valid in TLA?

In secion 2.5, different types of IGlwere discussed. In cases where gestural
coordination is weakthe intrusion of the ICI betweeayestures is generally referred to
as epenthesisiowever, ecent studies have shown tirasome casethe ICl occurring
between these consamt sequences is not actually an epenthatigel but is the by
product of the lack of overlap between the gestuoé these consonants due to

articulatory constraints (Browmaa Goldstein 1990; Gafos 200Z)hese types of IGI
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have been referred to ascrescent vowelgGafos 2002,Gick & Wilson 2006).The
answer to this research question will idBnthe differenttypes of ICE occurring in the
four sequence types in TLA and their distribution patterns according to the

epenthetic/excrescent vowel distinction.

5- Does voice assimilation occur across the word boundary in TLA and do

differenttypes of IC§ block voice aamilation?

This research question was motivated by the discussion in sectiol Ar8tRis
section, different languages were found to exhibit different voice assimilation patterns.
When two adjacent segments disagreeing in voicing occur in a seqagrgegssive or
progressive voice assimilation process may be triggered. This process may be total or
partial. However, most voice assimilation studfesusing onArabic dialects have
shown that regressive voice assimilation is more common (Jordaniait,Afabaiq &
Abu-Joudeh 2013; Syrian Arabic, Teifour 1997, Heselw&&anjous 2008). In this
study, voice assimilation was investigated in termshefdirection in which it occurs
and the extento which it occurs. Itwould also be interesting to find out wtiker the
different types of IC3 block the assimilation process or not. It can be anticipated that
being short in duratigrexcrescent vowelsay notblock voice assimilatiofut longer

true epenthetic vowels may.

6- Does an increase irspeech rate have an effect on gestumardination

across word boundaries

In section 2.£.3, speech rate was found to be one of the main factors affecting
the degree of gestural coordinatids a result of changes in speech rate, gestcae
be phased differently with respect to one ano{Davidson 2003:174)Several studies
have shown that an increase in speech rate results in closer gestural coordination and

therefore longer gesturalverlap periods and shorter KCIBeing an importa factor,
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the effect of speech rate was appliethen investigatingall the above research

guestions.

3.3 Patrticipants

The subjects participating in this study &ibyan nationals and are atlative
speakers of TLA. In order to be selected for this studyp#récipants had to meet a
number of criteria and requirement$ie main criterion is that in order be considered
a native of Tripoli and thus a speaker of TLA, the subjects had to have been born and
educated in Tripolior its suburbs, ando have lival there most of their lives.
Furthermore, all participants had history of speech defects or hearing difficulties

The participants weranainly recruited through personal contacts. All the
participants took part in this studyerestudents at the Univeity of Leedsenrolledon
a range ofundergraduate and pegtaduatecourses Unfortunately no females were
available dung the data collection period, meaning toaty male participants were
approachednd recruited The number of participants that took part in this study was
ten participantsncluding myselfasa native speaker of TLAOf theseten participants,
two were used for the EPG studyhe age of the participants ranged betwee 20
years of age. Before eapingto take part in the studwll participants were provided
with an information sheet and consent form summaritgigaim ofthe study anda
consent forminforming them of thie rights and obligations (see ppendix).
Throughout this study, participewere anonymised for the sake of confidentiality and
identified only by number£thical approval for the study was obtained from the Chair
of the Arts and PVAC Faculty Research Ethics Committee at the University of Leeds

(see appendix).

3.4 The data
In an dtempt to answer the main research questions stated in section 4.2, and in
order to investigate the effect of word boundaries on intergestural timing of stop

consonarg, the dataconsistsof different types of stop consonant sequences across word
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boundarie in TLA. Given the syllabic template of TLA being:VC% allowing a
maximum of two consonasiin both onsetand coda positionthis study focuses in
particular on environments where more than two consor@usr across the word
boundary where it can be predicted that a decrease in the degree of coordination at the
word boundary occurs between the gestures of the stop consonants involved thus
reailting in the occurrence of |Gl

The dataconsists of two words segaded by a word boundary. The first word
ends in a linguapalatal stop singleton or cluster and the second word starts with a
lingud-palatal stop singleton or clustd@eginning withthe two-stopsequence of C#C
which is thesmallest possiblstop sequere across the word boundatiie number of
stops in the sequengeaduallyincreaseso include the threstop sequences CC#C and
C#CC, and finally ending with the largest possibfeur-stop sequence in TLA of
CC#CC This allows the investigation of thefeft that an increase in the number of
stops in a sequendass on gesturaltiming across a word boundary and therefore
provides answers t@search question 1.

The timinginvestigationis limited tothe comparisometween the same stop in
different sequetes. For example, in SF position, in C#C, the duration of C1 of the
sequence will be compared to the duration of the same SF stop in C#CC. Similarly, in
SF position, in CC#C, the duration of SF C2 will be compared with the same stop in
CC#CC.Equally impotant, the SF stop in both the C#C and C#CC sequenees
considerecphonologicallyas beinggeminates in terms oftheir duration This is due to
the fact that thewre preceded by a short vowktoughoutthe data. This isttestedn
Swedish andArabic where geminates are always preceded by a short vowel (Majeed
2002. However, throughout the study theSE single stops will not be considered as
geminates for two main reasons. The first is based on the classification presented by
Heselwood& Watson (2013:51) that consides$ single stopges O pseudo gemi
since they can contrast phonologically witltrue singletos. The other reason is that
since this study adopts a gestural approach in investigating timing and coordination of

stops in diferent sequences, tbeSF stopsareconsidered single stopsot in terms of
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their durations but in terms of the gestures involved in their production, i.e. they are
composed of single articulatory gestures. Therefore, throughout this thesis they are
referred to as single articulatory gesture stops.

In addition, his study only focuses on lingdpalatal stops of the alveolar and
velar regions in TLA /t,d,k,g/ occurring across the word boundary. The reason for this is
twofold: to limit the data to a magaable size anbdecausene of the limitations of the
EPG is that it does not register labial articulations. BHmwvs the control of the place
order of stops across the word boundary, resulting only in cetorsal and dorsal
to-coronal place ordeokens. This classification of the datdl facilitate providingan
answerto research question\8hich investigates theffect of place order on gestural
coordination across the word bounddryaddition, since the stops adjacent to the word
boundary onsist of a voiced and a voiceless alveolar stop /t,d/, and a voiced and a
voiceless velar stop /k,g/, this allows all possible voicing combinations across the word
boundary to bachievedn an attempt to answeesearch questionwhich investigates
voicing assimilation across the word boundary.

In order to answeresearch question r2garding gestural coordination afi
distribution patterns, 1@l occurring in SF, Sl, and across word boundary in each
sequence typweremeasured in order to find outttiere is stability in the distribution
pattern ofICls for each sequence type and whether the ICI occurring at the word
boundary is similar to the ICI occurring in the coda and onset clusters. Furthermore, the
durations and properties of IE€lwere identified in order to determine if the
epenthetic/excrescent vowel distinction is valid in TLA in an attempt to address
research question 4. Finallsgsearch question dealing with the effect of speech rate
on gestural coordination was addresbgdrecording the data in both normal and fast
speech rates making it possible to investigate whether an increase in speech rate results
in closer gestural coordination across the word boundary.

Table 3.1 table 3.2 table 3.3 andtable 3.4present the da for each sequence
type that was recorded:
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Token Gloss Phonetic context
Al t #t al bring a wire VitV
Ai t #di s bring and hide Vi#dV
Ai t #kal bring a dog Vi#kV
Ait #gi bring hay Vi#gV
wi d#t al hold a wire Vd#tV
wi d#di s hold and hide Vd#dV
wi d#ki f catcha slap Vd#kV
Wi d#gi © catch hay Vd#gV
fak#tal undo a wire VK#tV
fak#dam undo blood Vk#dV
fak#kif undo a slap Vk#kV
fak#gi undo hay Vk#gV
dag#tal hammer a wire Vg#tV
dag#dam drink blood Vg#dV
dag#kif knock a slap Vg#kV
dag#gi hammer hay Vg#gV

Table3.1 Target phrases in the twatop sequence C#C and the target phonetic context

Token Gloss Phonetic context
wagt#tal wire time VCt#Htv
wagt#daf pushing time VCt#dV
wagt#kif slaptime V Ct#kv
wagt #gi hay time VCt#gV
nagd#tal wire tying VCd#tV
nagd#dam blood tying VCd#dV
nagd#kam how much tying VCd#kV
N g@d#gas cutting knot VCd#gV
hatk#tal wire beating VCk#tV
hatk#dam severebeating VCk#dV
hatk#kif smack beating VCk#kV
hat k#gi haybeating VCk#gV
fatg#tal wire hernia VCg#tV
fatg#dam blood hernia VCg#dV
fatg#kam how much hernia VCg#kV
fatg#gal hernia improved VCg#gV

Table3.2 Target phrases in the threop sequence CC#C and the target phonetic context
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Token Gloss Phonetic
bat#tkasir broke overnight Vi#HCV
nat#dkar maleanger Vi#dCV
nat#kdab became outraged and lied Vi#kCv
nat#gtal becameputragedandkilled Vit#gCV
wad#t k aj{ graspedsomething) and broke Vd#CV
wad#dka male grasp Vd#dCV
wad#Kkti grasping increased Va#kCV
wad#gt a grasping killed Vd#gCV
fak#tkasir jaw broke Vk#tCV
fak#dkar male jaw Vk#dCV
fak#ktir mugging increased Vk#kCV
fak#gtal untied and killed Vk#gCV
wag#t ka crack broke Vg#HtCV
hag#dkar male right Vg#dCV
nag#ktir nagging increased Vg#kCV
hag#gdi:m old right Vg#gCV

Table3.3 Target phrases in the threp sequence C#CC and the target phonetic ¢

ontext

Token Gloss Phonetic context
wagt#tkasir the time it broke VCi#HtCV
wagt#dkar male time VCt#dCV
wagt#ktab book time VCt#kCV
wagt#gdi:m old times VCt#gCV
1 gd#tkasir knotbroke VCd#CV
N gd#dkar male knot VCd#dCV
N gd#ktab book knot VCd#kCV
N gd#gdi:m old knot VCd#gCV
hatk#tkasir heavybeating VCKk#CV
hatk#dkar severe beating VCk#dCV
hatk#ktir beating increasec VCk#kCV
hatk#gdim old beating VCk#gCV
fatg#tkasir hernia broke VCg#HICV
fatg#dkar male hernia VCg#dCV
fatg#ktir hernia increased VCg#kCV
fatg#gdi:m old hernia VCg#gCV
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As can be seen from the tables above, all the words occurring on adjacent sides
of the word boundary are monosyllabic words except for the tokesir/tkehich is
polysyllabic. Thereason for this is due to the lack of any monosyllabic word in TLA
consisting of a Sl cluster where C1 of the cluster is /t/. Therefore, in order to account for
all types of combinations across the word boundary, a polysyllabic word was used. In
addition,almost all the tokens include only the short vowels /i,a,u/ except for the token
/gdi:m/ which consists of a long vowel /i:/. The reason for this is in an attempt to be
consistent in terms of duration of the syllables on both sides of the word boundary.

Although all the individual words aneidely used in TLA, in some cases they
do not occur togetheA few semanticallyanomalous phrasesere used in order to
account for all possibleCD and DC place order of articulation across the word
boundary in additin to accounting for appossiblevoice combinations

3.4.1 Data collection

The recordingdor the acoustic dattook place in the recording studio of the
Linguistics and Phonetics department at the University of Leeldi$st the EPG data
was recordedn the Language Research Laboratdrizge word lists were recorded for
both types of analyses. All thekens under investigation were embeddetha same
carr i ermap hrgatd-g--:-.fo Dofot say------ . @esulting for example in a
sentences u ¢ hmaa st giwalgit : Hdod reotosay it i book tinde The sentence was
produced without any pauses with the phrasal boundary being at the end of the last
word in the phraseThe sentences containing the target phrases were iyp&abic
orthography on normal A4 papewith each phrase on a separate hne each sequence
type on a separate sheet resulting in a total of 4 separate. shemtder to investigate
the effect of speech rate on the temporal and spatial organization of the gestuees of th
consonants under investigation, speak@mduced thetokens at two speech rates,
normal and fast For each of these speech rates, each tolesrepeated times by
each speaker and thiest three repetitions were used for the analyEiee lastepettion
was eliminated due to the fact that speakers tend to lengthen this token during
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recordings. Prior to any recording session, the subjéets in this case including
myself, were given enough time to go over the sentences in order to familiarize
themséves with their productiorand in order to produce the phrases fluerilyring
this period, the participants read through the tokens and were given sufficient time until
they found themselves comfortable to begin the recording session.

Each recording seism lastedbetweem0 and50 minutes. This was divided into
two sessions for each speech ratgh a 10 minute break in betweemhen the
participants were provided with refreshments. The same procedure was followed for the
EPG and the data was recordedath normal and fast speech rates. However, due to
the fact that the artificial palate becomes uncomfortable after a period of time, a break
was given between the recordings of each sequence type. As a result, the recording
session for the EPG data lastedger ranging between &D minutes.

3.5 Data analysis

Three method of data analysisvere usedn the study. The first is the EPG
analysis, the second is the acoustic data analysis, and finally statistical software analysis
was also used to calculate sigo#nt differences between variables, mean durations of
segments, mean percentages, and the plotting of graphs. All durational measurements
were in milliseconds. The data were coded in order to facilitate statistical investigation.
In the case ofthereleasef st ops, the presence of a rel
the absence of a release for a specific s
to indicate the presence or absence of an ICI. In the case of voicing dieing
production of stopand ICE, t hi s f eature was codexd i ntoa
fully voepadiayvoicedwbhegna v oi cel ess segmenst i s ¢
devoicedwhena v oi ced segment Fgotoelaesy, denvdi €
partially devoicedvhena voiced segment is slightly devoicélthble 3.5explainsthe

coding systenusedin this study.
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Feature Cateqory ode

Stop release Release
No release

Fully voiced
Partially voiced
Voicing of stops and ICls Devoiced
Voiceless
Partially devoiced

GIESIMITNIIIN Y @)

Table3.5 Coding system adopted in study

Following several previous studies investigating oral stop duraticlegd &
Port1987), (Kent & Read 199% (Shaheen 1979the duration of a stop was identified
as the total duration between the onset of closure to the point of release,Hle. Tie
main reason for this is to be consistent in duration measurements in both the EPG and
acousticdata due to the fact that only stop closure durations are measured from the EPG
frames. Another reason is that in this study als@stigates the occurrence of $ClI
between stops. Throughout this study, whether a stop is released or not is an important
indicator of gestural coordination and timing. In addition, the length of time before the
onset of closure of the following stop, i.e. the duration of the ICI is of equal importance.
As previously mentioned, the degree of gestural coordination was measutieechs of
the temporal lag between release of C1 and C2 cloBurearily the duration of ICI in
this study was measurdthmediately afterthe releaseéburst of C1 to the onset of
closure of C2. Furthermore, there are four oral stops under investigattbrs istudy
it,d,k,g/ all situated adjacent to word boundaries. In some cases, C1 of a consonant
sequence may hot be released and therdfaras only possible to account fttve hold
phase of that particular stop in the EPG data. Therefore, for thesgugb consistency,
the duration of the stop was identified as the hold phase in both the EPG and acoustic
data analysis.

The point of release of stops can be easily identified on a spectrobingsis
characterized by the abrupt opening of the articulegsulting in a sudden increase in
the acoustic energy which can be noticed as a vertical spike after a period of silence.
However, deciding the start point of the closure by a spectrogram alone may be rather
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problematic. Under normal circumstances, tbepwhere a periodic wave fades away

in the waveform and higher frequency energy suddenly decreases in the spectrogram is
assumed to be the starting point of the closure. For that reason, both the waveform and
the spectrogram were used in identifying tie@dd phase of stops under investigation.

The most important criterion is was consistency in all measurements across the whole
data.

Thetotal mean duration dFandSl stops adjacent to the word boundary across
all four contexts was calculated in order to compare the mean duration in each sequence
type. Then the mean duration of the same stops was calculated across all four contexts
for each speaker in order to comp#ne individual productions of speakers with the
general pattern. The same process was be appliS&é smd SI consonant clusters to
find out if the total duration of the cluster is also affected by the number of stops on the
adjacent side of the boundary.

The total mean duration o8F, word boundary, andl ICIs occurring in
different contexts was also calculated for comparison purposes. The mean ICI durations
for the productions of each speaker was also calculated and compared with the general
pattern in oder to investigate if any variability between speakers occurred. This sheds
light on gestural coordination between different stops.

Release and no release percentages across the word boundary in each sequence
type were also calculated and compared in rotdeidentify across word boundary
gesturalcoordination Following Zsiga (2000) and Wright (199&n increase in the
release percentageetween two stops a specific sequence indicates a decrease in
gestural coordinatiarFurthermore, in the case oftlEPG data where it was possible to
measure overlap duratiothe effect ofCD and DC order of place of articulatioon
gesturaloverlappingacross the word boundawas investigatedThe datawvasdivided
according to the order of placeder of the stops involvedhe overlap duratiomvas
assigned a negative) (valug and the ICI durationvasassigned a positive (+) value for
eachplaceorder. The mean values for bgpkace orderswere compared A negative

value indicates that the HP difie two gestures overlgpwhereas a positive value

90



indicates a lag between the constrictidar the two gesturesThe tokens where the
stops adjacent to the word boundary shared the same place of articulation were
excluded from this investigatisincethe place order is the san@n the other hand, in

the acoustic data where it is not possible to measure overlap duration, this investigation
was limited to gestural coordination and not overlapping across word boundaries. Here
thelag durationand the reglting ICI reflectthe degree of gestural coordination across

the word boundary.

3.5.1 Electropalatography (EPG)

EPG has been used in speech research for over twenty fivefgearsalyzing
connected speech processes such as coarticulation and assimiRi&@imas also been
used to study speech related disorders such aspelletie and hearing impairment. The
EPG consists mainly of two components, the artificial palate and an electric device
detecting and displaying patterns of contact between the tonguéeamalate during
the process of speech. The subject wears an acrylic palate with silver sensors attached to
the surface and connected with lead wires to a computer. When the twmgeasinto
contact with one of the sensors, a circuit is completed ansighels travding through
the lead wiresireregistered by the computer.

There are different EPG systems used today for speech research. For this study,
the Articulate EPG palatewas used.Due to the relatively high price of the articulate
palate, in addion to the timeconsuming processf having one made, only two
participants were recorded for the EPG datgself andarothe native speaker of TLA.

The first Reading EPG palate made for mys&ls unsuccessful sindedid not account
for velar closures; thusnother Articulate EPG palate was ordered and used for this
study. Both participants in the EPG data investigation used the Articulate palate.

There are a total of sixty two sensors embedded on the surface ofifiblart
palate. These sensors are arranged in eight horizontal rows each row having eight
sensors except for the anterior row which has only six sensors. The first row

corresponds to a line immediately behind the upper front teeth and the last row
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correspods to a line between the hard and soft palate. The sensors within each row are
evenly spaced but the distances between the vawsfor different parts of the palate,

seeFigure 3.1

Figure3.1 Articulate EPG palate used in this study

Authors have differed in the way that they divige the artificial palate into
different zones. Hardcastle (1989) divides the artificial palate into three zones: alveolar
rows 13, palatal rows %, and velar rows -8. On the other hand, Recaseatal.

(1993) preferred a division consisting of two major zones: the alveolar zone from rows
1 to 4 and the palatal zone from rows 5 to 8. They then further divided the alveolar zone
into two subzones: the front alveolar (row$012) and the postlveolar (rows 3 to 4).

The palatal zone was also subdivided to create-padegal zone (rows 5 to 6), a medio
palatal zone (rows 6 to 7), and a ppatatal zone (row 8).

In this study, the artificial palate was divided into threeemofollowing
Hardcastle (1989Rows 13 corespond to the alveolar regi@mdrows 68 the velar
region (figure 3.2) This division was due to the fact that no palatal sounds were
investigatedvith alveolar and velar stog®nstitutingthe main area of investigation.
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Figure3.2 EPG palateshowing rows corresponding to alveolar and velar contact regions

EPG hasmanyadvantages over the other devices which have previously been
used in diculatory studies. EPG allows the monitoring of changes in topglste
contact patterns of a speech segment over time at intervéds ofilliseconds. This
method enables us to trace the developing pattern of contact between the tongue and the
roof of the mouth: where, when, and how major constrictions start and end. It also
enables the identification of the presence or absence of open oral tract during the
production of stop consonant sequensigmalingthe presence or absence of vocalic
elements dung their production. As EPG allows continuous speech to be recorded, it
offers a significant advantage for the study of connected sp&behmost important
advantage that the EPG has over acoustic analydsability to measure the overlap
duration letween two adjacent segments. Tpisves usefuhot onlyin investigating
the degree of gestural coordination but also the amount of overlap between stops under
investigation. Furthermore, the EPG display also provides acoustic data analysis

accompanyingthe EPG data displayhich is also used to facilitate durational
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measurements of segmenEsirthermorethe acoustic analysis accompanying the EPG
wasalsoused to infer articulatory behaviour from the other acoustic data.

However, this dvice also hasome limitationspne of thesdeingthe fact thatt
only records contact on the hard palate and as a result, the area of the palate where
contact for /k/ occurs is sometimes incompletely recorded (Pougilial. 2010:624).
Borden et al. (2003:2243lso point out the fact that the artificial EPG palate lacks
sensors at the most anterior part of the alveolar ridge, the teeth, in addition to the velum
and therefore no there is no record of any articulatory contact for these regions. They
also state that theneven distribution of the sensors on the surface of the palate may
provide alargeamount ofdatawhere there is sensor concentration but less detail where
there is lack of concentration of the sensors. In addition, the EPG cannot record bilabial
closures since it does not cover the ligdowever, this does not affect this study since
only linguatpalatal stops were investigatedevertheless, even with these limitations,
the EPGwasvery useful forinvestigating the articulatory aspects of speech soimds
this study.

The EPG was used to measure durations of singleton stops and stop clusters
adjacent to the word boundary. ICI durations within coda, onset, and word boundary
positions were also measured. In addition, the occurrence or absence of stop releases
across the wrd boundary and the overlap period between two stops adjacent to the
word boundary was also measured from the EPG data.

The duration of a stoplP was identified as the interval between the first EPG
frame showing complete closure in the oral tract toléds¢ EPG frame showing the
same closure as seenhigure 33. In this token, /dag#dam/, the duration of /g/ was
measured starting from frame 18&4hich isthe first frame showing a complete velar
closure to frame 198 which is the last frame with thensavelar closure. Given that the
duration of each EPG frame is 10ms, the total duration of singleton coda /g/ in this

example was 15x10=150ms.

94



182 183 185 186 187 188 189 190

[ [ LI
]

[

s

]
EE_
[]

Figure3.3 EPG frames 18498 corresponding to duration of velar /g/ in the token /dag#dam/
normal speech rate

In the case of ICI measurements, the ICI duration between two stop consonants
C1C2 was identified as the interval between the first EPG frame showingeamaoal
tract following C1 closure to the last frame showing an open oral tract preceding the C2
closure. In the tokemagd#gdi:m/Figure 34, a word boundary ICI can be seen between
the alveolar and velar closures. This ICI begins from EPG frame 80 white first
frame following the alveolar closure to frame 83 which is the last frame showing an
open oral tract preceding the velar closure in frame 84. The duration of the ICI period in

this example was measured4xd 0=4ms.
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Figure3.4 EPG frames 8@3 correspondig t o #1 Cl dur &gdiimbnormal h e t
speech rate
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As for the duration of stop clusters C1C2 $F and Sl positions, these were
identified as the interval between the first frash@wing complete closure for C1 to the
last frame showing closure for C2 prior to the release. iSHigther highlighted in the
SFcluster /gt/ in the token /wagt#tdligure 35 whereC1 is not released until after the

formation of the C2 closure ancettefore there is no ICI
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Figure3.5 EPG frames 33852 corresponding to duration of coda cluster /gt/ in the token
/wagt#tal/ normal speech rate

The syllablefinal cluster /gt/ in this example wawseasured as the interval
between frame 335 showing the onset of velar closure of C1 to frame 352 being the last
frame of the CZ2alveolar closure. The syllabfenal cluster/gt/ in this example was
measured as 180mb cases where a release between tHd pbases of two stops
occurs resulting in an ICI, being a-pyoduct of the cluster production, the ICI duration
was included in the total duration of the cluster.

As for the case of measurements taken for overlap duration where the release of
a stop is masked by the formation of a following stop, the duration of overlap was

identified as the interval between the first frame where a second closure is formed while
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retaining a previous closure to the last frame where the second closure is released, i.e.
the overlap of the hold phase of two gesturesedéhoverlap duratiorsan be seen in

figure 35 and 36. In the token /fak#talfigure 36, the release of velar /k/ closuig
masked by the formation of the alveolar /t/ closure resulting in a period of aestur
overlap. The overlap period was measured as the interval between frame 294 exhibiting
the occurrence of both an alveolar and velar closure and frame 297 which is the last
frame exhibiting the double closure prior to the release. The overlap intertlabkin

example was measured as 4x10=40ms.
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Figure3.6 EPG frames 29297 correspondingo duration of word boundary overlap in the
token /fak#tal/ normal speech rate

For each investigation, the EPG data was first analyzed in terms of the total
productions of both speakers in order to find out the general pattern. Later, and in order
to find out if any variability existed between speakers, the data for each speaker was

analyzed separately.

3.5.2 Acoustic software analysis

Articulatory activity is not directly represented in acoustic displays but can be
inferred from them ithe likely articulatory correlates of acoustic features and patterns
are known For examplein investgating the effect of the order of place of articulation
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on gestural coordinatigroverlap durations were inferred in the acoustic data on the
basis of the EPG dat&or this reason, the EPG analysis was conducted before the
acoustic data analysis. Thisdsie to the fact that the EPG has several advantages as
mentioned in section 4.5.1. The acoustic data accompanying the EPG was used to infer
articulatory behaviour from the other acoustic datee software used in this study for
acoustic analysis is PRAATL is a computer software through which speech can be
analyzed, synthesized, and manipulated. PRAAT displays speech using a digital
spectrogram and time domain waveform. Since most of the acoustic analysis in this
studyis based on durations, both thesspthys are almost equally useful depending on
different contexts. According to Ladefoged (2003:138) the best method used in
measuring most aspects of duratisim terms of points on the waveform. He also adds
that in some casesspectrograms can alsoopide useful datan support of these
measurementd-or example, formants and formant transitions are best analyzed using
spectrograms. On the other hand, stop closure onset, closure release, voicing offset
during the stop closure, voicing onset for theveb are be#r measured using the
waveform.

For this study, measements were takefilom the waveform with reference to
the spectrograniThe reasotbeingthat in some contexts it is sometimes difficult to rely
on only one of these. For example, acoustieases are betteédentified using the
waveform sincehte sudden release of the articulators results in a vertical spike on the
waveform after a period of silenda cases of voiced stops, where there is continuous
vibration in the waveform, it is somaies easier to identify the acoustic release using
the spectrogranbecausehe sudden release of the articulators can be identified as a
sudden increase in high frequency acoustic enétigwing a period of absence of
acoustic energy. Furthermore, the en®sf the HP was identified using both the
waveformand spectrograpwhere it was identified as the poiot abrupt amplitude
drop (Watt 2013:94). In some cases especially in voiceless stops due to the lack of
vocal fold vibration in the waveform, the sjigram was also uséd determinghe

onset of the HP which was identified by the decrease in higher frequency energy.
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The HP of a stop was measured as the distance between the onset of the closure
and the onset of the relea3éis can be highlighted in the duration of /t/ in the token

Inat#gtal/of Figure 37.
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Figure3.7 Screenshot from PRAAT showing hold phase of /t/ in /nat#gtal/ in waveform and
spectrogram

It is sometimeghe case where a stop release is masked by the closure of a
following stop resulting in the overlapping of gestures between C1 and C2. In these
cases the duration of C1 was consideoelehalf of the total duration of the cluster.

In the case of consonanlusters C1C2, the total duration was measured from
the onset of closure of C1 to the acoustic release of C2. In cases where an acoustic
release of C1 of the cluster occurs resulting in an ICI durdiging a byproduct of the
cluster production, theCll duration was included in the total duration of the cluster.

One of the disadvantages of any acoustic speech analysis software is the
inability to measure overlap duratioms cases wheréhe hold phase of two adjacent
stops overlap. Unlike the EPG analysis, the onset of closure of the second stops is
impossible to identify from the spectrogram or waveform. Therefore, in the acoustic
data analysis section of this studtyyas not possibléo account forgestural overlap
The degree of gestural coordination was measured in terms of the tefagdratween
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release of C1 an@2 closureThis was identified by the duration of the ICI occurring
between adjacent stops. The longer the ICI, asérooed by the EPG analysis, the more

the gestures are pulled apart resulting in less gestural coordination. A short ICI indicates
closer gestural coordination between two adjacent stops.

3.5.3 Statistical analysis

The statistical software used in this study whas IBM SPSS 20 statistical
package. SPSS was used in this study to calculateé¢a@ duration of stops and &ClI
in addition tothe release percentages across word boundéoreall contexts. It was
also used for producing visual data in the form olembbarcharts and graphs in
presenting results for thmean durations of stops and $Gh different contexts.

In order to test the significance of the results obtained, statistical significance
testswerealso carried out tadentify anysignificant dfferences between variables. A
significance threshold of 0.05 was used. Any significance results phaleeis <0.05
was consideredo be significant between group®f variableswhereas a significance
result of >0.05 wasot consideredo besignificart. Before conductingny significance
tests,in cases where the variables are continusushas in ICl and stop durationa,
normality testwas carried out in order to determine whether the data is normally
distributed or not owhether itcontairs outliers. Normality tests were carried out by
conducting a Shapir@Vilk test for normality. Any significant value &f0.05in this test
indicates that the data distribution for a specific variable being not normally distributed
(Laerd statistic014). In suchcase, nonparametric testwere conducted since these
are not affectedf the datais not normally distributed and outlieese presenfLaerd
statistics2014).

In thosecases where only two independent groups of variadoketo be tested
for significant differences between their means and the data distribution for both
variables is normally distributed, an independent samgiesfiwas conducted to test

for any significant differences. This type of test is use@stablishif there is any
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significant dfference between the means of two independent sanfplesis et al
2012)

If more than two groups of variablase to betested for significant differences
and the data distribution for the variables being tested is normally distributed,-a One
way ANOVA shouldfirst be conductedo comparevhether the groups are statistically
significantly different. The Onevay ANOVA is used to find out ithe means for each
group are significantly different from each other by using variances (Norris et al 2012).
Howeve, the Oneway ANOVA only compares within group variation awcdmot
determine significant differences between specific groups. Therefore, if thev&@dne
ANOVA results in a significant difference of <0.0& Borferroni Post Hoc test which
compares acrossaup variationshould beconducted to examine which specific group
of variables is significatly different from othes.

However when the datavasnot normally distributed, non parametric tests were
carried out to test for significant differences. Inswaseswhencomparing between
two variablesa ManrWhitney U nonparametric testasused to test for significance
due to thefact that this test is not affected by tpeesence of outliersince the
calculations are based on medians and not on naemtis thereforeused when the data
is not normally distributed (George & Mallery 2012).

In those cases when more than two variables were being tested for significant
differences but the data was not normally distributed due to the presence of outliers in
the variables, a Kruskalallis nonrparametric test was applied to test for significant
differences between the variables due to the fact that this test is not affected by the
presence of outliers in the data.

Throughout the data analysisthis study, unles stated otherwise, the datare
consideredo benormally distributedbased orthe results of the normality tests and
parametric testahich were carried out. Howeveany nortnormal distribution of data

was highlighted before conducting nparametric tests.
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Chapter 4 EPG results

4.1 Introduction

This chapter consists of two main sections, the first focusing on articulatory
timing of stops and the second gestwal coordination. In answer to the first research
guestion, section 4.2 presents the results of the dffatan increase in the number of
stops in a sequence has on the timing of SF and Sl stops. The HP of SF and Sl stops
adjacent to the word boundaryg highlighted by the EPG framese compared ithe
C#C, CC#C, C#CC, and CC#CC sequences. Similarly, the timing of clusters including
any intervening ICI in both SF and Sl positioisspresented to determine if the
articulatory behaviour of clusters as hole is also affected by the increase. Section 4.3
presents the results of the intergestural timing and patterns of gestardination in
stop sequencdn an attempt to address the second research question. This includes the
percentage of stop releasescurring across the word boundary in the four sequence
types in addition to ICI duration and distribution patterns. Finally, section 4.4 presents
the results of the effect of place order of stops involved on gestural coordiimation

order to addreghethird research question.

4.2 The influence of the number of stops ira sequence on the timing of SF and Sl
stops and clusters

In this section, the timing of stops and stop clusters adjacent to the word
boundary, whether in SF or Sl position, are presenteccamgared. The results shed
light on the effect an increase in the number of stops in the sequence has on the duration
of SF and Sl stops adjacent to the word boundary in the four sequence types and

therefore aims to answer research question 1.
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4.2.1 The influence of the number of stops in a sequence on the timing of SF stops

The results of the timing of SF stops /t,d,k,g/ in four positions are presented, two
occurring as SF single articulatory gesture stops in tokens oC#@ and C#CC
sequences, and two ocang as C2 of the SF cluster in tokens of th€#C and
CC#CC sequences. The results shed light on the effect an increase in the number of
stops in the sequence has on the duration of SF stops adjacent to the word boundary in

the four sequence types ath@refore aims to answer research question 1.

4.2.1.1 SF alveolar /t/ and /d/

The EPG results reveal that the mean HP duration of SFetingitops /t/ and
/d/ waslongest when occurring in th&C andd#C sequence tokens respectivélie
mean HP of the sgieton /t/ gesture (table 4.1) wd23ms at normal speech rate and
107ms at fast speech rate whereas the voiced counterp@abld/4.2)averaged 132ms
in normal speech rate and 99ms in fast speech rate in tokensd#Greequence when
followed by a Sl simgleton stop.As the number of stops increased in Sl position in
tokens of the t2C sequence, the mean HP of /t/ decreased to 104ms in normal and
76ms in fast speech rates. This decrease was also exhibited by /d/ in tokerd#afGhe

sequence in normahdfast speech rase

Normal Fast
Sequencq Token Mean N | Std Dev. Mean N | Std. Dev.
(ms) (ms)

Ait #]| 11167 | 6 10.328 | 89.17 | 6 19.343

HC in t #( 104.17 | 6 10.685 | 84.17 | 6 15.626
Al t #K 14167 | 6 8.756 | 115.00| 6 20.000

Ai t #( 135.00 | 6 18.708 | 140.00| 6 43.359

Mean 123.12 | 24 | 19.881 | 107.08| 24 33.909
bat#tkasir | 66.67 6 19.408 | 45.00 | 6 14.832

HCC nat#dkar | 112.50 | 6 43.789 | 69.17 | 6 15.943
nat#kdab | 128.33 | 6 12,910 | 9250 | 6 13.323

nat#gtal 109.17 | 6 8.612 | 100.00| 6 8.944

Mean 104.17 | 24 | 33.090 | 76.67 | 24 25.353
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wagt#tal 97.00 6 12.329 | 75.50 6 10.932
CHiC wagt#daf 73.33 6 8.756 63.67 6 5.538
wagt#kif 90.83 6 11.143 | 61.67 6 14.376
wagt # 71.67 6 12.517 | 60.83 6 17.725

Mean 83.21 24 | 15.354 | 65.42 | 24 13.503
wagt#tkasir| 61.17 14972 | 55.33 11.690
wagt#dkar | 87.00 6 12.247 | 6033 | 6 19.408
wagt#ktab | 82.00 6 31.305 ]| 66.17 | 6 19.343
wagt#gdi:m| 84.50 6 26.599 | 6450 | 6 5.244
Mean 78.67 24 | 23.621 | 6158 | 24 14.738

Table4.1 Mean HP duration of SE/ normal and fast speech rate
This decrease in duration is also exhibited by both stops when occurring as C2

»
»

Ct#CC

of the SF cluster as a result of the increase in the number of stops across the word
boundary in Sl position. When occurring as SF C2 of thel&ter, the mean HP of the

TT gesture in the #C sequence was 83ms in normal speech rate and 65ms in fast
speech rate. This decreased to 78ms in normal speech rate and 61ms in fast speech rate
in the @#CC sequencerigures 4.1 and 4.2 highlight the @ifeénce in the timing of the

It/ gesture irthe Ct#C andCt#CC sequences.
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Figure4.1 Long HP of SF /t/ in /wagt#kif/ by speakenaflnormal speech rate. Frames 68 to 78
showanalveolar/t/ closure ofabout 110ms.
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Figure4.2 Short HP of SF /t/ in /wagt#ktab/ by speaker 1 normal speech rate. Frahtes 48
486 showanalveolar/t/ closure of about 60ms.
As for the voiced counterpart /d/, the mean &Reraged 83ms in normal and

70ms in fast speech rate in tokens of tlig*C sequence and 76ms in normal and 63ms

in fast speech rate in tokens of the#CC sequence.

Normal Fast
Sequencq Token Mean Mean
N Std. Dev. N Std. Dev.
(ms) (ms)
Wi d#t g 126.67 |6 16.021 | 94.17 |6 15.303
d#C Wi d#dil 107.50 |6 22749 | 79.17 |6 7.360
wi d# kil 14583 |6 41.643 | 119.17|6 11.583
@i d#gil 150.83 |6 30.069 | 105.00|6 14.142
Mean 13271 | 24 | 32.369 | 99.38 | 24 | 18.957
wad#t K 9417 |6 17.151 | 7417 |6 9.174
di#ce wad#dk 9833 |6 15.706 | 76.33 |6 9.730
wad#kt 113.33 |6 13.663 | 94.17 |6 15.943
wad#gt 10833 |6 35.024 | 100.00| 6 17.607
Mean 10354 | 24 | 22.041 | 86.17 | 24 | 17.057
nagdital 88.17 |6 10.028 | 7167 |6 7.528
CaEC fagdtdam | 73.67 |6 3.830 68.33 |6 8.959
fagdtkam | 84.17 |6 17.151 | 7750 |6 16.355
nagdigas 8433 |6 26.357 | 61.67 |6 19.408
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Mean 8258 | 24 | 16.442 | 69.79 | 24 | 14.283

fagd¢tkasir | 78.33 | 6 12.111 | 75.00 |6 16.125
casce | negdidkar | 7333 | 6 18.886 | 49.17 |6 20.104
fagdtktab | 73.33 | 6 14.024 | 64.17 |6 15.943
fgdigdim | 79.17 | 6 4916 | 63.33 |6 6.831

Mean 76.04 24 12.852 62.92 | 24 17.252
Table4.2 Mean HP duration of SF /&t normal and fast speech rate

These results indicate that whether /t/ or /d/ are a SF gingler C2 of a SF
cluster, the duration decreases as the number of consofmdoising the word
boundary increasess highlighted in figures 4.4nd 4.2. Results also show that the HP

is shorter in fast speech than in speech at a normal rate

4.2.1.2 SF velar /k/ and /g/

The HP of the SF TB /kidnd /g/gesturs also exhibita similar pattern in both
normal and fast speech rates. The mean HP duration of thet@mpBe gesture /k/ was
longest in the k#C sequence where it averaged 129ms in normal and 99ms in fast
speech rate. The mean HP decreased when followed by a Sl cluster in tokens of the
k#CC. This decrease in the mean HP duration of the TB /k/ gesture is xdignted
when TB /k/ occurs as C2 of the SF cluster in tokens of the Ck#C and Ck#CC
sequences. Furthermore, the duration of theald®decreased as asudt of the hcrease

in speech rate.

Normal Fast
Sequencq Token Mean Mean
N Std. Dev. N Std. Dev.
(ms) (ms)
fak#tal 150.83 |6 11.143 113.33 | 6 14.720
KHC fak#dam | 133.33 |6 14.720 | 110.00 | 6 21.213
fak#kif 113.33 |6 7.528 86.67 |6 8.165
fak#gil 12033 |6 15.449 88.67 |6 6.218
JEET 129.46 | 24 | 18.734 | 99.67 | 24 | 17.890

k#CC fak#tkasir 110.83 |6 22.895 | 90.83 |6 21.545
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fak#dkar 120.83 |6 34988 | 99.17 |6 23.327
fak#ktir 98.33 |6 22.730 | 89.17 |6 11.583
fak#gtal 100.00 |6 11.402 | 88.33 |6 15.055
Mean 10750 | 24 | 24628 | 91.88 | 24 | 17.804
hatk#tal 88.83 |6 13.197 | 70.00 |6 5.477
CK#C hatk#dam | 95.83 |6 23.112 | 68.33 |6 6.831
hatk#kif 95.00 |6 14.142 | 7167 |6 4.082
hat k#d 7617 |6 10.685 | 65.00 |6 3.162
Mean 88.96 24 | 16.936 | 68.75 | 24 | 5.367
hatk#tkasir | 54.17 |6 16.558 | 42.50 |6 14.748
ckuzcc | hatk#dkar | 54.17 |6 25,577 | 6250 |6 12.145
hatk#ktir 7417 |6 8.010 61.67 |6 16.330
hatk#gdi:m | 79.17 |6 11.583 | 82.50 |6 19.170
Mean 65.42 24 | 19500 | 62.29 | 24 | 20.641
Table4.3 Mean HP duration of SF /et normal and fast speech rate
The onl vy exception S found i n

/ hat k
/hatk#gdi:m/ of the Ck#CC tokens. In both normal and fast speech rates, the mean HP

of SF C2 TB /k/ gesture was longer when followed by a SI cluster in /hatk#gdi:m/ in

comparison to /h&t# g i w/ .
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The decrease in the mean HP duraasrresult of the increase in the number of
stops in Sl position is also evident when comparing the mean HP of the SF C2 /g/ when
occurring in tokens of the Cg#C and Cg#CC sequences. In tokens of the Cg#C
sequence, the mean HP of the SF C2 /g/ gestureongsrlcompared to the mean HP in
tokens of the Cg#CC sequence. This was consistent in both normal and fast speech
rates. However, when comparing the mean HP of the SF C2 /g/ gesture in /fatg#gal/ and
[fatg#gdi:m/ in normal and fast speech rates, the mdamitation exhibited a slight

increase in the latter although the number of stops in Sl position of the sequence

increased.
Normal Fast
Sequencqg Token Mean Mean
N Std. Dev. N Std. Dev.
(ms) (ms)

dag#tal 149.17 |6 10.206 99.17 |6 22.895
gHC dag#dam 12417 |6 14.634 101.67 | 6 17.795

dag#kif 11750 |6 11.292 90.00 |6 14.142

dag#gil 88.33 6 11.690 76.67 |6 5.164
AN 119.79 | 24 | 24.825 | 91.88 | 24 | 18.226

wag#t K 113.33 |6 5.164 93.33 |6 12.111
gHCC hag#dkar 11083 |6 14.634 8583 |6 13.934
nag#Kktir 10750 |6 14.405 67.50 |6 12.145
hag#gdi:m | 102.50 |6 18.097 73.67 |6 14.922

Mean 10854 | 24 | 13.632 | 80.08 | 24 | 16.157

fatg#tal 117.50 |6 19.685 | 77.50 |6 11.292
CgC fatg#dam | 99.17 |6 15.943 | 73.33 |6 9.832
fatgtkam | 96.17 |6 7360 | 7450 |6 5.050
fatg#gal 8483 |6 5345 | 65.83 |6 5.845

Mean 99.42 24 | 17.350 | 72.79 | 24 | 8.997

CgtCC fatg#tkasir | 64.17 6 22.675 7417 |6 3.764
fatg#dkar 84.17 6 27.644 67.50 |6 22.528
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fatg#ktir 75.83 6 37.605 36.67 |6 4.082
fatg#gdi:m | 87.50 6 11.292 6750 |6 11.726

Mean 77.92 | 24 | 26.413 | 61.46 | 24 | 19.195
Table4.4 Mean HP duration of SF /g/ normal and fast speech rate

The decrease in the duration of the SF single articulatory gesture stop can be
highlighted in the HP duration of SF singlgiculatory TB gesture /g/ in /dag#tal/ and
| wag#t k as3amd/44).( fi gure 4.

56 57 58 59 60 61 62 63 64
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ey | L Ly Ly el Wl
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(RN I I oOm e B EE ] E EEE
[ || EE EN EN ER EN ER HN EN HEE N
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[ ANNNENNE ENEEENEEN EENENEEE EEENENEE NENEEEEE B

Figure4.3 HP of SFsingle articulatory gesturg/ in /dag#tal/ speaker 1 normal speech rate.
Frames 58 to 71 show velapslre of about 140ms. Frame 71 shows overlap with alveolar /t/

29 30 31 32 33 34 35 36 37 38

Figure4.4 HP of SFsingle articulatory gesturg/ in i a g # t sheakern 1mormal speech rate.
Frames31to 41 show velar closure of approximatel§Qins.
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Individual speaker productions did not vary whboth speakes also exhibited
the same durational pattern. This decrease in the HP of SF /g/ as the number of stops in

the sequence increases is highlightedgnre 45.
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Figure4.5 Mean durations of the HP of SF /g/ in the four sequence positions
4.2.1.3 Summary

Articulatory behaviour from the EPG data reveals that in SF position, the timing
of the stop adjacent to the word boundary decreases as the number of stops in the
sequence increases. In most tokens, the timing of SF stops was inversely proportional to
the number of stops in the sequence resulting in the compression of the HP of stop
gestures. The general timing pattern of SF stops reveals that mean HPpeéuilde
geminateSF single articulatory gesture stop in token€8{ decreases as the number
of stogs in Sl position increase in tokens of #CC sequence. Similarly, the mean HP
of C2 of the SF cluster in @#C decreases when the number of stops increases in Sl
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position as in the C#CC sequence. However, a few exceptions are found in the results
of sedion 4.2.2.1 regarding the TT /t/ gesture stop.

Another interesting result is that tipseudo geminat&F stops investigated in
tokens of theC#C andC#CC sequences are longer when followed by a heterorganic
stop. In other words, when followed by a cattitig gesture, the duration of the stops is
longer than when followed by a homorganic stop. For example, in section 4.2.1.2, the
mean HP duration of the SF stop /d/ thi/ d/#ahdatdi d /Hasteraged 126ms and
107ms respectively when followed by the sagssture in both examples. However,
when followed by a conflicting gesture asani/ d/#amkditofi d/#vberedhe TT gesture
is followed by a TB /k/ and /g/ gesture, the mean HP of SF /d/ averaged 145ms and
150ms respectively.

Speech rate also played aeah the timing of SF stops. The increase in speech
rate led to a general decrease in the HP of all SF stops investigated in comparison with
the same positions in normal speech rate. The following section presents the results of

the counterpart S| stopsdik,g/.

4.2.2 The influence of the number of stops ira sequence on the timing of ISstops

In this sectiontheresults of the timingf Sl stops/t,d,k,g/in four positionsare
presentedThe first two positions occuas Sl singletonsn tokens of theC#C and
CC#C sequenceshe othettwo occur as C1 of the Sluster intokens of theC#CC and
CC#CC sequences

4.2.2.1 Sl alveolar /t/ and /d/

The EPG results reveal that in batbrmal and fast speechtes, the mean HP
duration of SI TT /t/ gesture in the Céeqence was longest when preceded by a single
articulatory stop gesture averaging 134ms and 98ms respectilely duration
decreasedo 85ms and 69meespectively in the CG#sequenceHowever, the results
indicate that when occurring as C1 of the Sl clugieC#C sequence, the mean HP

duration of the TT gesture did not exhibit a similar decrease as the number of stops
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increased in SF position in tokens of the @C#equence. The only tokens that did
exhibit a decrease were found in /bat#tkasir/ amd /g # t ok thesC#C sequencelhe
mean HP duration of SI C2 /t/ in all the other tokens of theEC&¢quence increased

when preceded by a SF cluster in tokens of thetCG#quence.

Normal Fast
Sequencg Token Std
Mean(ms) | N D ' Mean(ms) | N Std.Dev.
ev.
Ait #t g 111.67 |6 10.328 | 89.17 6 19.343
Cit Wi d#t g 126,67 |6 16.021 | 94.17 6 15.303
fak#tal 150.83 |6 11.143 | 11333 |6 14.720
dag#tal 149.17 |6 10.206 | 99.17 6 22.895
Mean 134.58 24 | 20.158 | 98.96 24 | 19.448
wagt#tal 97.00 6 12.329 | 75.50 6 10.932
CCt n a #tal 88.17 6 10.028 | 71.67 6 7.528
hatk#tal 76.67 6 13.292 | 71.67 6 6.831
fatg#tal 80.00 6 14.832 | 60.00 6 11.402
Mean 85.46 24 | 14.344 | 69.71 24 | 10.585
bat#tkasir | 79.17 6 36.799 | 41.67 6 14.024
CHIC wad#t K 5250 6 9.354 58.83 6 7.627
fak#tkasir | 57.50 6 23.611 | 49.17 6 14.289
wag#t Kk 69.17 6 10.685 | 50.83 6 10.206
BT 64.58 24 | 23.907 | 50.13 24 | 12.698
wagt#tkasir | 59.17 6 17.151 | 43.33 6 6.055
CCHC f a #tldésir | 70.00 6 11.402 | 67.50 6 14.405
hatk#tkasir | 70.00 6 17.607 | 62.50 6 12.550
fatg#tkasir | 67.50 6 6.892 54.17 6 9.704
BT 66.67 24 | 13.805 | 56.88 24 | 13.973

Table4.5 Mean HP duration of SI /Ht normal and fast speech rate

At normal speech rate, resustisoshow that thenean HP duration of SI TT /d/
gesture decreased as the number of consonants adjacent to the word boundary increased

when occurring as a singleton in €€#&nd CC# sequences where the mean HP was
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94ms and 76ms respectively. However, not all tokens werastemswith the general
pattern. When comparing the mean HP duration of the TT /d/ gesture in /dag#dam/ and
counterpart /fatg#dam/ in normal speech rate, the mean HP of Sl /d/ was longer when
preceded by a SF cluster averaging 84ms in /fatg#dam/. Onhéyxehatnd, this pattern

did not occur across all tokens when comparing the mean HP of SI C1 /d/ indBe C#
and CC#C sequences. Here the mean HP exhibited a slight increase of 4ms in the
CC#dC sequence (table 4.6). The mean HP duration of SF C1 /d/ kdkaat and

/wa d # ofkhe IC#IC sequencéoth increased in the corresponding /wagt#dkar/ and

/I a #dKar tokensof the CC#IC sequenceContrary to this, the mean HP of SI C1 /d/

in /hag#dkar/ and /fak#dkaof the C#dC sequen@xhibited a decrease whencurring

in the corresponding /hatk#dkar/ and /fatg#dkar/ tolkdise CC#C sequence

Normal Fast
Sequencqg Token Mean Mean
N Std. Dev. N | Std. Dev.
(ms) (ms)
Ai t #di| 10417 |6 10.685 | 4.17 6 15.626
C#d wi d#di|] 10750 |6 22.749 79.17 |6 7.360
fak#dam 88.33 6 28.752 9250 |6 27.884
dag#dam 79.17 6 6.646 62.50 |6 20.676

Mean 94.79 24 | 21593 | 7958 | 24 | 21.260

wagt#daf 73.33 6 8.756 63.67 |6 5.538
CC#d N a#ddm | 73.67 6 3.830 68.33 |6 8.959
hatk#dam | 75.00 6 7.746 5250 |6 10.840
fatg#dam 84.17 6 9.704 56.67 |6 4.082

Mean 7654 | 24 | 8602 | 6029 | 24| 9612

nat#dkar | 70.00 |6 | 10.488 | 68.33 |6 | 9.309
cidc | wad#dk 6167 |6 | 6055 |5917 |6 | 7.360
fak#dkar | 73.33 |6 | 4.082 | 8250 |6 | 17.819
hagtdkar | 7500 |6 | 4472 ] 70.83 |6 | 9.704

Mean 70.00 | 24 | 8209 | 7021 | 24| 13.869

ccide | wagt#dkar | 7750 |6 | 16.956 | 68.33 |6 | 14.376
fa#ddar | 7750 |6 | 8803 | 73.33 |6 | 20.166
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hatk#dkar | 69.17 6 13.934 69.17 |6 18.280
fatg#dkar 72.50 6 12.145 63.33 |6 15.384

Mean 7417 | 24 | 12910 | 68.54 | 24 | 16.450
Table4.6 Mean HP duration of S| /ditnormal and fast speech raite
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Figure4.6 Mean durations of the HP of Sl /d/ in the four sequence positions

4.2.2.2 Sl velar /k/ and /g/

In terms oftherelationship between timing and number of stops in the sequence,
the mean HP duration of Sl /k/ reveals that when occurring as a singleton, the mean HP
duration decreases as the number of stops increases in SF position. The mean HP
duration in tokens of # C#k sequence averaged 132ms in normal and 112ms in fast
speech rates when preceded by a stoglstop. As the number of stops in SF position
increased in tokens of the CKC#sequence, this decreased to 100ms and 75ms

respectively.
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Normal Fast
Token
Sequence Mean (ms) | N | Std. Dev. | Mean (ms) | N | Std. Dev.
Ai t # k| 136.67 6 33.714 136.67 6 37.103
Cik Wi d#k| 160.83 6 40.548 111.67 6 24.014
fak#kif 113.33 6 7.528 111.67 6 24.014
dag#kif 117.50 6 11.292 90.00 6 14.142
Mean 132.08 24 | 31.825 112.50 24 | 29.635
wagt#kif | 104.17 6 23.327 63.33 6 21.134
CCik | a #kdm | 108.33 6 16.330 87.67 6 39.073
hatk#kif 95.00 6 14.142 71.67 6 4.082
fatgttkam | 96.17 6 7.360 81.17 6 4.491
Mean 100.92 24 | 16.237 75.96 24 | 22.939
nat#kdab | 73.83 6 20.351 63.33 6 11.690
CHKC wad#k| 93.33 6 21.602 75.00 6 10.954
fak#ktir 92.50 6 16.355 66.67 6 10.801
nag#ktir 90.83 6 12.416 69.17 6 7.360
Mean 86.88 24 | 19.326 | 68.54 24 | 10.579
wagt#tktab | 71.67 6 11.690 67.50 6 24.850
CCHkC | a #kthb | 53.33 6 8.165 65.00 6 18.708
hatk#ktir | 75.83 6 18.280 68.33 6 22.286
fatgttktir 79.17 6 17.440 57.50 6 15.083
Mean 70.00 24 | 16.940 64.58 24 | 19.667

Furthermore, the mean HP duration of SI C1 /k/ also exhibited a similar

Table4.7 Mean HP duration of Sl /k/ normal and fast speech rate

decrease when comparing the mean HP in tHeOC#hd CCKC sequenceddowever,

resultsalsoindicate that variations between individual speaker productionsredcAt

the fast speechate of speaker 1, the mean HP duratiorsbfC1/k/ in tokens ofthe

CC#C sequence increased to 81ms compareédkiens of the CC sequence where it

averaged 72ms. This was not consistent with the general pattern where the mean HP

continued to decreases the number of stops in the sequence incredsexr general
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pattern of the mean HP of /k/ in different sequence types isefuhighlighted in figure
4.7.
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Figure4.7 Mean durations of the HP of Sl /k/ in the four sequence positions

On the other handgsults of the Cgt and CC# sequenceslsoshow that the
mean HP of Sl /g/ was shorter when preceded by a SF cluster than when preceded by a
SF single articulatory gest stop. In tokens of the @#sequence, the mean HP
duration of Sl /g/ was 115ms in normal and 98ms in fast speech rate. This decreased to
81ms and 65ms when preceded by a SF cluster in tokens of trgesé@dence. This
further indicates the decrease ie tHP as the number of stops in the sequence increases
(table 4.8).

The mean HP duration of SI C1 /g/ in tokens of thg@&nd CCHC sequences
also exhibited a similar pattern. The mean HP of SI C1 /g/ was shorter in tokens of the

CC#HC sequence comparéa the mean HP duration in the counterpargC#equence
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tokens where it was preceded by a sitayiestop gesture. However, the only exception
was the increase in fast speech rate in the mean HP duration of SI C1 /g/ found in
Iwagt#gdi:m/ where it averag@®ms compared to the mean HP duration of SI C1 /g/ in
the counterpart token /nat#gtal/ of thegC#sequence where it averaged 72ms.

Normal Fast
Sequencqg Token Mean
Mean (ms) | N Std. Dev. N Std. Dev.
(ms)
Ai t #gi| 128.33 6 36.423 | 124.17 |6 35.835
Cty wi d#gil 119.17 6 20.595 | 104.17 |6 20.104
fak#qgi| 120.33 6 15.449 | 88.67 6 6.218
dag#gi|l 95.00 6 21.679 | 76.67 6 5.164

Mean 115.71 24 | 26.397 | 98.42 24 | 26.665

wagt #d 86.67 37.771 | 65.00 22.361
CCHg I a #gds 76.67 16.931 | 52.50 8.216
hat k#g 76.17 6 10.685 | 70.83 6 16.857
fatg#gal 84.83 6 5.345 73.33 6 5.164

o
»

(o]
(o]

Mean 81.08 24 | 20.656 | 65.42 24 | 16.078
nat#gtal 85.83 6 | 10685 | 7250 |6 | 18.641
CaC wad#gt 11583 |6 | 33379 | 8250 |6 | 12.145
fak#gtal 86.67 6 | 12.111 | 8667 |6 |18.619
hag#gdiim | 91.67 6 | 28752 | 8833 |6 | 32.042
Mean 95.00 24 | 25.195 | 82.50 24 | 21.110

wagt#gdi:m | 81.67 6 | 32506 | 80.83 |6 | 41.523
ccic | 0 agdim | 66.67 6 | 9309 | 7750 |6 | 38.046
hatk#gdi:m | 73.33 6 | 19.408 | 75.00 |6 | 28.636
fatg#gdicm | 77.50 6 | 18371 | 7750 |6 | 32.977

Mean 74.79 24 | 20.876 | 77.71 24 | 33.296

Table4.8 Mean HP duration of S| /gitnormal and fast speech raite
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4.2.2.3 Summary

In SI position, the mean duration pattern of the stop adjacent to the word
boundary exhibits a decrease duration as the number of stops in the sequence
increased. This was evident when comparing the Sl singleton in both ea@#
CCHC sequences. In the latter where a SF cluster precedes it, the mean HP of the SI
stop exhibited a decrease in durationgiag between 24mS0ms in normal speech
rate. This result is similar to the results of the SF stopestigated in section 4.2.1.
Stop gestures are compressedorder to accommodate thecrease in the number of
stops At both normal and fast speech mtehe longest HP duration of Sl stops
occurred in the G& sequence.

Despite this, when comparing the mean HP duration of the SI C1 in (A€ C#
and CC#£C sequences, the pattern was not consistent. Some tokens did exhibit a
decrease in the mean HP durataanthe number of stops increased in SF position. Here
the decrease ranged between 14®ms. However, this decrease was less than that
exhibited when comparing the mean HP duration of the SI singletonGra@# CC#£
sequences. Furthermore, some tokensadlgt exhibited an increase in the mean HP
duration of the SI C1 stop under investigation in tokens of theGQQC#equence
compared to the same stop in the counterpart tokens in thé §&gjience.

Having found a relatiogship between the timing of stops adjacent to the word
boundary and the number of stops in a sequence, the following section presents the
results of the effect of the number of stops on the timing of SF and SI clusters as a

whole.

4.2.3 The influence of the number ¢ stops on the timing of SF stop clusters

This section presentie results of the mean duration of SF clusters adjacent to
the word boundary, i.e. the articulatory behaviour of SF cluster in tokens GIGHE
andCC#CC sequences. These results shed tighthe effect the number of stops in Sl
position have on the timing of SF clusters. The duration of each cluster is identified as
the interval between the first EPG frame showing complete closure of C1 of the cluster
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and the last EPG frame showing comglefosure of C2 prior to the release and

includes any ICI duration.

4.2.3.1 SF dorsal-coronal /gt/ and /gd/clusters

The resultsin table 49 indicate that the mean duration of the SF cluster /gt/
decreases as the number of stops in Sl position incre@sesrmal speech rate, the
mean duration of /gt/ averaged 183ms ingh¥C sequence and decreased to 132ms in
thegt#CC sequence

In section 4.2.1.1, the mean HP duration of SF C2 /t/ in the g&fiesequence
averaged 83ms and slightly decreased by 5ms wbeurring in thegt#CC sequence.
However, the significant decrease of 51ms in the mean SF /gt/ cluster duration indicates
that the increase in the number of stops in the sequence does not only affect the SF stop

adjacent to the word boundary but all segreafitthe SF cluster.

Normal Fast

Sequence| Token Mean N Std. Mean N Std.

(ms) Dev. (ms) Dev.
wagt#tal 179.17 | 6 11583 | 141.33 |6 17.512
gH#C wagt#daf 187.50 | 6 12.550 | 146.17 |6 21.217
wagt#kif 195.00 | 6 24.698 | 129.17 |6 20.595
wagt #d 17250 | 6 17.536 | 135.83 |6 32.158
Mean 183.54 | 24 | 18.385 | 138.13 | 24 | 22.878
wagt#tkasir | 120.00 | 6 14.491 | 87.50 6 11.726
gHCC wagt#dkar | 135.83 | 6 17.151 | 94.17 6 14.289
wagt#ktab | 137.50 | 6 19.937 | 100.83 |6 15.943
wagt#gdi:m | 136.67 | 6 13.292 | 110.83 |6 21.075
Mean 13250 | 24 | 17.004 | 98.33 | 24 | 17.425

Table4.9Mean duration of SF /gt/ clustatnormal and fast speech rate
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Figure4.8 Mean duration of SF cluster /gt/ in tv@equence positions

The same duration decrease pattemissexhibitedby the SF /gd/ clustetable
4.10) At normal speech rate, the mean duration of the SF /gd/ cluster averaged 193ms
when followed by a Sl singleton in tokens of thd#C sequence. Theduration
decreased to 163ms as a result of the increase in the number of stops in the SI position
in tokens of theyd#CC sequence.
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Normal Fast

Sequence| Token Mean Mean Std.
N Std. Dev. N
(ms) (ms) Dev.
na#a | 50817| 6 21.830 | 15833 | 6 | 23.805
QHC na#dm | 19083| 6 5845 | 16917 | 6 | 28562
na#kedm | 18083| 6 21.311 | 17000 | 6 | 37.148
na#gds | 19350 | 6 35826 | 134.17 | 6 | 18.819

Mean 193.33| 24 24.261 157.92 | 24 29.930

N a#tiasir | 15833| 6 21.602 | 120.00 | 6 | 25.298
N agddar | 15667| 6 18.074 | 9500 | 6 | 10.954
6
6

ga#CC

Na#keb | 15167 6 | 33.862 | 125.00 42.071
na#gdim | 18917 6 | 37.339 | 120.00 15.492

Mean 16396 | 24 | 30857 | 115.00 | 24 | 27.307

Table4.10 Mean duration of SF /gd/ clustatnormal and fast speech rate

The average decrease duration was 3@msrmal speech rate and 42atfast
speech rate. In section 412, the mean HP duration of SF C2 /d/ in ¢ft#*C sequence
decreased by only 6nadé normal speech rate from 82ms to 76ms when followed by a Sl
cluster in thegd#CC sequence. The decrease in the mean duration of the whole SF /gd/
cluster here is considerably higher averaging 3famthe normal speech rate.

4.2.3.2 SF coronal-dorsal /tk/ and /tg/ clusters

The results reveal that the durational pattern ofc&fnatdorsalclustes /tk/
and /tg/ weresimilar to the dorsakcoronal SF clusters in the previous secti The SF
cluster/tk/ duration decreases as the number of stops in onset positi@asesThe
mean Skcluster /tk/durationwas shorteiin tokens of thek#CC sequence averaging
152msin the normal speech rat®mpared td®203msin tokens of thek#C sequence
(table4.11).
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In fast speech rate, the decrease in the duration of the Skerclwas
considerably lower. In comparing the mean duration of the SF /tk/ cluster in the tk#C

and tk#CC sequences, the mean duration decreased by only 13ms.

Normal Fast

Sequence| Token Mean Mean Std.
(ms) N Std. Dev. (ms) N Dev.

hatk#tal 201.33 | 6 20.992 | 14167 |6 7.528
HC hatk#dam | 20833 | 6 28.402 | 159.17 |6 28.358
hatk##kif 215.00 | 6 17.029 | 16167 |6 9.832
hat k#49d] 19117 |6 5.845 160.83 |6 13.934
Mean 203.96 | 24 | 20.565 | 155.83 | 24 | 17.917
hatk#tkasir | 175,00 | 6 40.125 | 120.83 |6 15.303
HOC hatk#d‘far 125.83 | 6 17.440 | 150.83 |6 29.397
hatk##ktir 152.50 | 6 38.955 | 141.67 |6 45.789
hatk#gdiim | 157 50 | 6 49.472 | 155.83 |6 62.643
Mean 152.71 | 24 40.027 | 142.29 |24 | 41.650

Table4.11 Mean duration of SF /tk/ clustat normal and fast speech rate

The highest decrease in mean SF cluster as a result of the increase in the number
of stops in the sequence occurred in the SF /tg/ clugéden followed by a Sl
singleton, the mean duration of SF clustgf in tokens of thgt#C sequence averaged
216msat normal speech rate. This decreased to 155ms in tokenstgffB€ sequence
due to the increasen the number of stops in the adjacent Sl position. The same
durational pattern is exhibitetbr the fast spech rate where a decrease of 35ms
occurred (table 42).
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Normal Fast

Sequence| Token Mean Mean Std.
(ms) N Std. Dev. (ms) N Dev.
fatg#tal 228.33 | 6 22.061 | 165.83 |6 17.151
tgHC fatg#dam 216.67 | 6 11.690 | 155.00 |6 15.166
fatg#kam 214.50 | 6 13.546 | 168.67 |6 17.049

fatg#gal 207.33 | 6 11.708 | 165.00 |6 | 4.472
Mean 216.71 | 4 16.268 | 163.62 |24 | 14.467
fatg#tkasir | 14833 | 6 16.633 | 144.17 |6 38.134

gHCC fatg#difaf 162.50 | 6 41.079 | 120.83 7.360
fatg#ktir 170.00 | 6 44.833 | 12250 |6 13.323
fatg#gdim | 140,83 | 6 28534 | 12750 |6 | 33.279
Mean 155.42 | 24 | 34.323 | 128.75 | 24 | 26.386

Table4.12 Mean duration of SF /tg/ clustatnormal and fast speech rate

The decreasm duration in this SF cluster also indicates tiiet increase in the
number of stops in the sequence affects all constituents of the SF ealndtés not
limited to the SF stop adjacent to the word boundiargection 4.2.1.4he decrease in
the mean HP duration @2 /g/ of the SF cluster frontg#C to tg#CC sequences was
22msat normal speech ta and 11msitfast speech rate which is significantly less than

the decrease found in the whole SF /tg/ cluster.

4.2.3.3 Summary

When followed by a Sl singleton in tli&C#C sequence, the durationaddrsat

coronal andcoronatdorsalSF clusters investigated were longer in duration than when
followed by a Sl cluster in thEC#CC sequencéit normal speech rate, this decrease

ranged from 3&b1ms. This pattern was also exhibitgdast speech rates. However, the

decreaseangedfrom 13-42ms.
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The results in section 4&how that C2 of the SF cluster inCEC sequence
decreases when followed by a Sl cluster in tig##CC sequence. However, the mean
decrease duration was found to be significantly less and at times negligible compared to
the decrease occurring in the whole SF cluster in this section as the number of stops
increased in Sl position. This is a clear indmatthat the increase in the number of
stops in Sl positiomoes not only influencéhe duration of SF C2 astedin section
4.2 Furthermore, these results indicate that SF clusters are variable in terms of their
duration which could be due to changeg@stural coordination patterns between stops

of SF clusters in tokens of different sequence types.

4.2.4 The influence of the number of stops on the timing of Sl stop clusters

This section presents results of the mean duration of Sl clusters adjacent to the
word boundary, i.e. the timing of the SI cluster in tokens of thEC#nd CCE£C
sequences. These results shed light on the effect the number of stops in SF position have

on the timing of these clusters and therefore their production.

4.2.4.1 Sl coronal-dorsal /tk/ and /dk/ clusters

The mean duration of the Sl cluster /tk/ did not vary considerably as a result of
the increase in the number of stops in SF position (tab®).4A1 normal speech rate,
the mean duration of the Sl cluster when preceded by a winglep in the C#k
sequence averaged 141ms. When preceded by a SF cluster, the mean duration slightly
decreased averaging 134ms. In fast speech rate on the other hand, results show that the
mean duration of the Sl cluster /tk/ in fact increased when precedadbycluster in

the CC#k sequence averaging 121ms.

Normal Fast
Sequence| Token
Mean (ms) | N Std. Dev. | Mean (ms) | N Std. Dev.
bat#tkasir | 14983 |6 | 40.990 | 106.67 |6 14.720
C#k watdasir | 13517 |6 | 17.034 | 12383 |6 | 31.846
fakitkasir | 14633 |6 | 42.387 | 109.17 |6 12.416
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watyasir | 13333 |6 | 19.664 | 11750 |6 | 8.803
Mean 141.67 |24 | 30.862 | 114.29 |24 | 19.141
wagtikasir | 126 67 14.376 | 115.83 11.583
Ok N a#ghkhsir | 147 50 12.145 | 130.83 15.943
hatkitkasir | 13250 |6 | 17.248 | 12250 |6 | 19.429
fatgitkasir | 13750 |6 | 4183 | 11750 |6 | 8.216
Mean 134.79 |24 | 13.471 | 121.67 | 24 | 14.720

increased in SF positiors considerably shorter than the amount exhibited by SF
clusters as a result of the increase in the number of stops in Sl position found in section
4.4. The mean decrease in duration of Sl /tk/ cluster ranged between 1ms andt23ms

normal speech ratélhis is evident in the difference between the Sl cluster /tk/ in

The amount of decrease in the duration of the Sl cluster as the number of stops

Table4.13 Mean duration of Sl /tkAitnormal and fast speech rate

/bat#tkasir/ of the G# sequence and /hatk#tkasir/ of the @Csgequence (figue4.9

ard 4.
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Figure4.9 Sl /tk/ cluster in /bat#tkasir/ speaker 1 normal speech rate. Frames 472 to 484 show
duration of about 130ms. Frames 478 to 479 show an ICI duration of aboutFz@mes 460

to 465 show coronal closure of SF alveolar /t/. Fraéitesto 477 showoronalclosure ofSl /t/.
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Figure4.10 Sl /tk/ cluster in /hatk#tkasir/ speaker 1 normal speech rate. Frames 119 to 13
show duration of about 120ms. Frames 123 to 124 show an ICI duration of about 20ms

The resultsalso show that the mean duration of the Sl /dk/ cluster decreased
slightly when preceded by a SF cluster in normal speech rate (talllp When
preceded bya singléon stop in tokens of the G sequence, the mean duration
averaged 164ms and decreased to 147ms when preceded by a SF cluster in tokens of the
CC#dk sequence. Howevest fast speech rate there was no considerable variation
exhibited as the numbef stops increased in the preceding SF position.

Not all tokens exhibited the same durational pattern. The mean duration of Sl
/dKk/ cluster in /ngtdkar/ of the C#lk sequence averaged 155ms in normal speech rate
when preceded by singleton stop /t/. dposed to the decrease exhibited by the other
tokens investigated, the mean duration of Sl /dk/ increased to 160ms in counterpart
Iwagt#dkar/ of the CGQik sequence as the number of stops in SF position increased

when preceded by the SF /gt/ cluster.
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Sequence Token Normal e

Mean (ms) N Std. Dev. | Mean(ms) | N | Std. Dev.

natdkar | 15500 | 6 | 6.325 | 11383 | 6 | 39.550

Cidk wadkar | 17167 | 6 | 27.869 | 13083 | 6 | 10.206

fakidkar | 16333 | 6 | 8756 | 14833 | 6 | 9.309

hagiikar | 16750 | 6 | 26220 | 135.83 | 6 | 13.934

Mean 164.37 | 24 | 19578 | 13221 | 24 | 24.157
wagtdkar | 16000 | 6 | 15.811 | 135.00 | 6 | 21.909

il na#ddar | 15583 | 6 | 15303 | 12500 | 6 | 22.804
hatkwdkar | 13500 | 6 | 19.235 | 14833 | 6 | 12.111

fatgtdkar | 14083 | 6 | 9174 | 13000 | 6 | 8.367

Mean 147.92 | 24 | 17.749 | 13458 | 24 | 18.528

Table4.14 Mean duration of Sl /dk/ cluster normal and fast speech rate

4.2.4.2 Sl dorsal-coronal /kt/ and /gd/clusters

The durational pattern exhibited by ttersatcoronal Sl /kt/ cluster was more
consistentas presented in Table %.1in both speech rates the mean duration of the
cluster decreased as a result of the increase in the numbepsfis SF positionAt
normal speech rate, the mean duration of Sl /kt/ averaged 183ms when preceded by a
singldgon stop in tokens of the G# sequence and decreased to 159ms in tokens of the

CCi#kt sequence. The results show a similar pattthe fast speech rate.
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Normal Fast
Sequencq Token

Mean(ms) | N | Std. Dev.] Mean(ms)| N | Std. Dev.

wakivt | 17667 | 6 | 25820 | 14167 | 6 | 6.055

Crkt | fakektir | 99417 | 6 | 22.004 | 13500 | 6 | 17.029
nagitir | 17917 | 6 | 9174 | 14500 | 6 | 23.875

Mean 183.33 | 18 | 20.651 | 14056 | 18 | 16.794
wagtktab | 16000 | 6 | 20.000 | 139.17 3.764

N a #thb

CCikt . 15167 | 6 | 16.330 | 130.83 3.764
hatkktir | 16167 | 6 | 12.910 | 136.67 | 6 | 10.801

fatgfktir | 16583 | 6 | 18552 | 122.50 | 6 | 16.047

Mean 159.79 | 24 | 16.842 | 13229 | 24 | 11.419

Table4.15 Mean duration of Sl /kt/ clustet normal and fast speech rate

On the otherhand, he mean duration of the Sl /gd/ cluster was not highly

affected by the increase in the number of stops in SF posiidmghlighted in table

4.16. At normal speech rate, the mean duration remained stable with a negligible

decrease of 2mat fast peech rate, the decrease averaged 15ms. In fast speech rate,

the decrease in mean duration in these tokens averaged 17ms.

Sequence] Token Normal st

Mean (ms)| N Std. Dev. | Mean (ms)| N | Std. Dev.

Crgd | hagigdim | 16000 | 6 | 8944 | 13250 | 6 | 15.083
Mean 160.00 | 6 | 8944 | 13250 | 6 | 15.083
wagtgdim | 15583 | 6 | 19.600 | 115.83 | 6 | 13.197

— ha @‘fiim 15833 | 6 | 16.330 | 110.83 | 6 | 9.704
hatkfgdiim | 15833 | 6 | 14.376 | 120.00 | 6 | 10.488

fatghgdim | 16083 | 6 | 13.934 | 12333 | 6 | 13.292

Mean 158.33 | 24 | 15.228 | 11750 | 24 | 11.978
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4.2.4.3 Summary

The influence of the increase in the number of stops in the sequence on the
timing pattern of Sl cluster was not as consistent as the timing exhibited by SF clusters.
At normal speech rate, the mean duratioh SI clusters /tk/, /dk/, /kt/, and /gaVas
dightly longer when occurring in the G£ sequence preceded bypseudo geminate
SF single articulatory gesture stop than in the CC#equence. However, the EPG
data reveals that the decrease in duration occurring in Sl clusters resulting from the
increag in the number of stops in the sequence was relatively less than that found to
occur inthe SF clusters in section 4.Burthermore, in some cases the decrease was
negligible as was found in the Sl /tk/ cluster. As oppdse8F clusters in section 4.4
Sl clusters are less variable in terms of their durations. It can be said that S| clusters
exhibited more stability and were not higltdffectedby the increase in the number of
stops in SF positioriThese timing results of the EPG data are to be furtlseudsed in

section 5.2.5.

4.3 Intergestural timing and patterns of gestural coordination in stop sequences

This section presents the results of shedy ofintergestural timing and patterns
of gestural coordination in stop sequene@®ed at addressg the seond research
guestion.The aticulatory behaviour of stops is expressed in terms opéreentage of
unmaskedstop releases in the four sequence types in addition to ICI duration and
distribution patterns. This section concludes with results of theteffébe place order
of stops involved on gestural coordination as mentionéokeinhirdresearch question.

An increase in the release of C1 between any two adjacent stop gestures C1C2
reveals a lack of stop closure overldperesultingpresence of aflCl as highlighted by
the EPG frames indicateless gestural coordination and open transition between
gestures ofadjacent stopsvhereas theresence of successive EPG frames with total
closures as a result of gestural ovetiagether withthe absenceof releasesighlight
closer gestural coordinatioiihe degree of gestural coordination is measured in terms

of the temporal lag between release of C1 and C2 closure, i.e. the ICI duration. An ICI
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in the EPG analysis igdentified as the interval between thst EPG frame showing an
open oral tract followinga stopclosure to the last frame showing an open oral tract

preceding théollowing stop.

4.3.1 Release percentages and gestural coordinatio

The main observation regarding the percentage of releases ocaorosg the
word boundary is that different sequence types exhibit different intergestural
coordination patterns reflected in the percentageumiaskedreleases occurring
between adjacent stops.

4.3.1.1 Release percentag®f SF stopin C#C sequence

The EPG frame show that in the twetop C#C sequence tokens, stop gestures
are closely articulated. EPG frames indicate that in most tokens, complete overlap of
stop closure occurs across the word boundary. Therefore, tighter gestural coordination
is found between th8F single articulatory gesture stop and the following Sl stop in
tokens ofthis sequence. A significantly lownmaskedrelease percentage of 16%
occurred in both speech rates as seealle 4.17

Il n [/ Ai t #9gi &/ unmaskedredersapancdntag, of thehSF single
articulatory gesturestop was 17%at normal speech rate. However, fiak#tal and
[fak#dam tokenswhere stops adjacent to the word boundary are in the DC place order
of articulation, thaunmaskedeleasepercentagevasmuchhigher aveaging 100%and
66% respectively.In the /dag#dam/ token, the unmasked release percentage of the SF
/g/ averaged 50% in both speech rates.

Furthermorehomorganic stopokens spanning the word boundary were closely
articulated wherehe unmaskedelease percentage across the word boundary in both
speech rates was 0%PG frames in this position indicate that the HP of SF stop
overlaps with the HP of the SI stojn thesehomorganic sequenctokens, the
concatenation of identical segments acrbssiord boundary resulted in the production

of juncturegeminatess highlighted in figure 4.11
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Normal Fast
Token #rls. % rls. N #rls. % rls. N
Aittal 0 -- 6 0 -- 6
At#dis 0 -- 6 0 -- 6
At#kalb 0 -- 6 0 -- 6
WHIO 1 17 6 1 17 6
dd#tal 0 -- 6 0 -- 6
dd#dis 0 -- 6 0 -- 6
cd#kif 0 -- 6 1 17 6
d#gi 0 -- 6 1 17 6
fak#tal 6 100 6 4 66 6
fak#dam 4 66 6 5 83 6
fak#kif 0 -- 6 0 -- 6
fak#gio 0 -- 6 0 -- 6
dagt#tal 1 17 6 0 -- 6
dag#dam 3 50 6 3 50 6
dag#kif 0 -- 6 0 -- 6
dag#gw 0 -- 6 0 -- 6
Mean 15 16% 96 15 16% 96

Table4.17 Number of unmaske8Freleases across word boundary and percentag&sGn
sequence tokereg normal and fast speech rates

All unmasked stop releases occurred in heterorganic sequences and mostly in
the DC order of pleg articulation However, in Ai t /#fgthe €D order of place of
articulation, the unmasked release petage of SF /t/ was 17% indicating that 5 tokens
exhibited stop closure overlapn heterorganic stop sequences spanning the word
boundary such asoi d# ki f / tokens thé indredsé ¢nispeéch rate actually
resulted in an increase in unmasked releases from 0% at normal speech rate to 17% at
fast speech rate indicating a decrease in gestural coordination. On the other hand, in
/dag#tal/,a decrease in unmasked release gqegage at fast speech rate resulted in
closer gestural overlap across the word boundary in all tokens compared to normal

speech rate where 16% exhibited unmasked stop releases.
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Figure41llEPG frames showing fake geminate occurrtr
speaker 1 at normal speech rate. Frames 92 to 112 shows one alveolar /t/ HP of about 210ms
spanning word boundary

4.3.1.2 Release percentag®f stopsin C#CC sequence

The EPG frames real different articulatory behaviour in the C#CC sequence
tokens resulting in a different gestural coordination pattern across the word boundary.
Results indicate a consideralitjgher unmaskedrelease percentage of the SF single
articulatory stop gesturdgefore closure of SI C1 is formed. In this position, EPG frames
reveal that 100% of the tokenssulted in unmasked stop release®oth normal ad
fast speech rates (table 4)18onsisting of three stops in the sequemdach violates
the total number of stops permitted by the syllabic template of TLA, the SF C2 was
released prior to the formation of the HP of SI C1 in all the tokens and therefore none
exhibitedstop closureverlap.
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Normal Fast

Token rT; % rls. r?sl ;ﬁ. N rlz . % rls. rlssl. % rls. N
bat#tkasir 6 100 6 100 [ 6 6 100 4 66 6
nat#dkar 6 100 4 66 6 6 100 4 66 6
nat#kdab 6 100 6 100 [ 6 6 100 6 100 6
nat#gtal 6 100 6 100 [ 6 6 100 4 66 6
@d#tkasir | 6 100 6 100 | 6 6 100 3 50 6
@ad#dkar 6 100 6 100 [ 6 6 100 3 50 6
@d#ktir 6 100 5 83 6 6 100 4 66 6
@d#gtal 6 100 3 50 6 6 100 2 33 6
fak#tkasir 6 100 4 66 6 6 100 6 100 6
fak#dkar 6 100 5 83 6 6 100 3 50 6
fak#ktir 6 100 3 50 6 6 100 4 66 6
fak#gtal 6 100 3 50 6 6 100 3 50 6
@gttkasir | 6 100 3 50 6 6 100 4 66 6
hag#dkar 6 100 1 16 6 6 100 6 100 6
nag#ktir 6 100 3 50 6 6 100 3 50 6
hag#gdiim | 6 100 3 50 6 6 100 2 33 6

Mean 96 | 100% | 67 | 70% | 96 | 96 | 100% | 61 | 63% 96

Table4.18 Number ofunmaskedeleases across word boundary and in Sl cluster of C#CC
sequence tokersg normal and fast speech rate

Due to the high percentage wimaskedeleases, gestural coordination between
the stops adjamnt to the word boundary was very weak resulting in an ICI doguat
the word boundary. The unmaskedease percentage of the SF stop remained stable at
100% for both speech rates. In comparison with the previous C#C sequence, weak
gestural coordinatio across the word boundary in this thetep sequence was also
exhibited by tokensvith homorganic sequencepanning the word boundary as in the
[ ad#dkar/tokenin figure 412 as opposed to the gestural coordination pattern in the
C#C sequence tokens where no releases occurred in homorganic tokens. The 100%
unmaskedrelease of the SF stop in the C#CC sequence occurred theaibkens

produced by both speakers in both nornmal fast speech rates.
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Figure4.12 EPG frames showing release of SF /d/ at word boundary in C#CC homorganic
sequence [/ wad#dkar/ by speaker 2 at nor mal s
two dveolar closures

Furthermore, the results reveal closer gestural coordination between stop
gesturesn the SI cluster of the C#CC sequence. It is also worth mentioning that all Sl
clusters consist of heterorganic stops. Neverthelessintmaskedeleasepercentage of
S| C1 decreased indicating closer gestural coordination in the Sl cluster compared to the

word boundary in the C#CC sequence tokens.

4.3.1.3 Release percentagef stopsin CC#C sequence

The CC#C sequence tokens consisting of three stops like th€ G#quence
but with a different word boundary location exhibitedimilar unmasked stop release
pattern as the C#CC sequence. Both tstep sequences exhibited tighter gestural
coordination between their C1 and C2 stops and weak gestural coordindti@ere
their C2 and C3 stops. Tablel8.compares the mean percentage release in both speech

rates.
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Normal Fast

Token I?SF %o rls. rli. r(:/;. N r?sF Yo rls. rlz. rol/so. N
wagt#tal 6 100 0 0 6 6 100 0 0 6
wagt#daf | g 100 | © 0 6 6 100 0 0 6
wagt#kif 6 100 3 50 | 6 6 100 4 67 6
wagt#gw | ¢ 100 | 3 | 50 | 6 6 100 3 50 6
ragdtal 6 100 | © 6| 6 100 6 | 100| 6
nagdtdam | g 100 | © 6 6 100 6 | 100| 6
nagdikam | g 100 | © 6 6 100 3 50 6
nagdigas | g 100 3 50 | 6 6 100 6 100 6
hatk#tal 6 100 | 3 | 50 | 6 6 100 3 50 6
hatk#dam | g 100 | 6 | 100 | 6 6 100 6 | 100| 6
hatk#kif 6 100 | © 0 6 6 100 0 0 6
hatk#gito 6 100 0 0 6 6 100 0 0 6
fatg#tal 6 100 2 33 | 6 6 100 3 50 6
fatg#dam | g 100 2 33 | 6 6 100 5 83 6
fatg#tkam | g 100 0 0 6 6 100 0 0 6
fatg#gal 6 100 | © 0 6 6 100 0 0 6

Mean 96 | 100% | 22 [ 23% | 96 | 96 | 100% | 33 |34% | 96

Table4.19 Number of unmasked releases in SF cluster and across word boundary of CC#C
sequence tokerat normal and fast speech rate

This shows closer gestural coordination and overlap between stops occurring
across the word boundary than across the word boundiding C#CC sequence tokens
in the previous section. As opposed to btile C#C and C#CC sequence tokens
previously sequences investigated, the increase in speech rate resulted in a slight
decrease in the percentage of unmasked releases of around 1(%rafatd a relative
increase in gestural overlapping as the gestures of stops spanning the word boundary are
in close transition.

In all tokens where homorganic sequences across the word boundary occurred,

the release of SF C2 was masked by the closutteedbllowing Sl stop indicating stop
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closure overlap. This high degree of gestural coordination is fiouboth speech rates.

Consequentlyt h e

examples occurring in tokessu ¢ h agd#al/ /fatg#gal/, and /hatk#kifds a result of

occurrence

of

6f aked

g e mi

nates

total gestural overlap across the word boundgogrthermore, an increase in gestural

overlap was also exhibitad tokens consisting of heterorganic sequences spanning the

word boundary.
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Figure4.13 EPG frames showing lingughlatal contact patterns in CC#C heterorganic

sequence /fatg#tal/ by speaker 1 at normal speech rate. Frames 196 to 198 show across word
boundarystop closureverlap of about@ms

On the other hand, the results reveal that gestural coordination within the SF

cluster of the CC#C sequence was very weak. In all the tokens produced, the HP of SF

C1 was always released before the formation of SF C2 closure in both speech rates. The

meanunmaskedelease percentage of SF C1 was 1d6%doth speech rates. This is

also illustrated in figure 43 of /fatg#tal/ where SF C1 /t/ is released in frame 180

before SF C2 closure for /g/ is formed in frame 183. The gestural coordination pattern

exhibited between stops of the SF cluster in the CC#C sequence is very similar to the

pattern exhibited between stops across the word boundary in the C#CC sequence. As a
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result, tokens of this sequence exhibited tighter gestural coordination between stops

spanning the word boundary than between stops in the SF cluster.

4.3.1.4 Release percentagef stopsin CC#CC sequence

In the fourstop sequence CC#CC, the significantly highmaskedrelease
exhibited by SF C2 as the stop gestures are pulled apart suggdseyreatet not closely
coordinated across the word boundary. However, closer gestural coordination between
SF and Sl stops can be found as the nuzanaskedelease percentage of SE @nd Sl
C1 decrease. Table 4.poesents the resuléd normal speech rate.

Normal

Token ﬁg % rls #rls % rls Slris | %rrls N
wagt#tkasir 5 83 6 100 6 100 6
wagt#dkar 3 50 6 100 3 50 6
wagt#ktab 3 50 6 100 3 50 6
wagt#gdi:m 3 50 6 100 3 50 6
nagditkasir 3 50 6 100 3 50 6
nagdtdkar 4 67 6 100 3 50 6
nagdtktab 3 50 6 100 3 50 6
ragdsgdi:m 2 34 6 100 3 50 6
hatk#tkasir 6 100 6 100 3 50 6
hatk#dkar 4 67 6 100 1 17 6
hatk#ktir 2 34 6 100 4 67 6
hatk#gdim 3 50 6 100 3 50 6
fatg#tkasir 3 50 6 100 3 50 6
fatg#dkar 4 67 6 100 3 50 6
fatg#ktir 5 83 6 100 3 50 6
fatg#gdi:m (0} (0} 6 100 3 50 6
Mean 53 55% 96 100% 50 52% 96

Table4.20 Number ofunmaskedeleases between stops in SF cluster, across word boundary,
and in Sl cluster of CC#CC sequence tokanmsrmal speech rate
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At normal speech rate, SF C2 was released before the formation of SI C1 in all
the tokens produced which suggests that gestures are in open transition and stop
closures did not overlap across the word boundary. As for the fast spee¢taykte
4.21), the ame gestural coordination pattern was exhibited although there was a
negligible decrease in the mean unmasked release percentage oiMbiciCaveraged

almost 98%.

Fast

Token ﬁg % rls #rls | %rls | Slrls | % rls N
wagt#tkasir 4 67 6 100 5 83 6
wagt#dkar 4 67 6 100 3 50 6
wagt#ktab 3 50 6 100 3 50 6
wagt#gdi:m 3 50 6 100 3 50 6
nagditkasir 3 50 4 67 3 50 6
nagdtdkar 3 50 6 100 4 67 6
nagdzktab 2 33 6 100 3 50 6
nagdtgdi:m 2 33 6 100 3 50 6
hatk#tkasir 6 100 6 100 3 50 6
hatk#dkar 6 100 6 100 3 50 6
hatk#ktir 5 83 6 100 3 50 6
hatk#gdim 2 33 6 100 3 50 6
fatg#tkasir 3 50 6 100 3 50 6
fatg#dkar 3 50 6 100 3 50 6
fatg#ktir 6 100 6 100 3 50 6
fatg#gdi:m 4 67 6 100 3 50 6
Mean 59 61% 94 98% 51 53% 96

Table4.21 Number ofunmaskedeleases between stops in SF cluster, across word boundary, and
in Sl cluster of CC#CC sequence tokangastspeech rate

The coordination pattern across the word boundary in the tokens of this

sequence was very similar to the C#CC sequence. This result was anticipated due to the
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increase in the number of stops adjacent to the word boundary. The high percentage of
unmasked sip releases occurred in the tokens of both homorganic and heterorganic
sequences spanning the word boundary. The only exception occurred in the fast speech
rate of the homorganic token A #tkdsi¥ where there was a decrease in the release
percentage toraund 66% where 2 out of a total of 6 repetitions exhibited stop closure
overlap across the word boundary.

The results of theinmaskedelease percentage within stops of the SF and Sl
clusters indicate a different gestural coordination pat#&rmormal peech rate, okser
gestural coordination between gestures of the SF cluster oasueflected in the
decrease in the mean release percentage and therefore more stop closure overlap
compared to the mean releases of SF C2. In SF position, 43 repetitiobiseelxstop
closure overlap out of 96 repetitions. A similar resoittgestural coordination pattern is
found between C1 and C2 stop in the Sl cluster where the gestures are closely
coordinated with each othasindicated by the decrease in the numideneteases of Sl
C1. In this position, 46 repetitions out of 96 exhibited stop closure overlap. Both SF and
Sl clusters exhibited closer gestural coordination than across the word boundary in the
CC#CC sequencéhis decrease in the percentage of unmas&lhsedbetween stops

of theSF and Sl clusters is also exhibited at fast speech rate.

4.3.1.5 Statistical analysis
In order to identify any similarities in the pattern of stop releases occurring
across the word boundaries of the four different sequence tymemveay ANOVA
test wascarried out The Shapirewilk test for normality showed a significant difference
of p>0.05 and therefore normal distribution of the daanormal speech rate, the ene
way ANOVA showed a significant difference jp£0.05 Table 4.2 presents the results
of the oneway ANOVA and Bonferroni Post Hoc that compares between groups to
determine which specific group of variables is significantly different from the other.
The results of this test indicate that there was no significantrelifte between
stop releases across the word boundary in the C#C and the CC#C sequence tokens in
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normal speech rate with a neignificant value ofp=0.427. This shows that stop
closure overlap patterns between stops adjacent to the word boundary indseth th
sequences were similar. Moreover, the results also show that stop releases across the
word boundary in both C#C and the CC#C sequences was significantly different from
stop releases across the word boundary in both the C#CC and CC#CC sequences with a
significance value op=0.00Q0 However, no significant difference was found between

stop releases across word boundary in the C#CC and CC#CC sequences with a
significance value op=1.00Q As a result, two distinct categories in terms of stop
releases acrgghe word boundary were identified. The first category includes tokens of
both the C#C and CC#C sequences where closer gestural coordination across the word
boundary was exhibited. The second category includes tokens in both the C#CC and
CC#CC sequencesitiv less gestural coordination across the word boundary as found

by the increase in stop releases in this position.

Multiple Comparisons
Dependent Variable: Release
Bonferroni
(I) Sequence type Mean Std. Sig. 95% Confidence
Difference| Error Interval
(1-3) Lower | Upper
Bound Bound
C#C C#CC .844 .040| .000 74 .95
CC#C .073 .040 427 -.03 .18
CC#CC .844 .040( .000 74 .95
C#CC | C#C -.844 .040| .000 -.95 -.74
CC#C -771 .040( .000 -.88 -.66
CC#CC 0.000 .040| 1.000 -.11 i i
CC#C C#C -.073 .040 427 -.18 .03
C#CC 771 .040( .000 .66 .88
CC#CC 771 .040 .000 .66 .88
CC#CC | c#C -.844 .040| .000 -.95 -74
C#CC 0.000 .040| 1.000 -.11 A1
CC#C -771 .040 .000 -.88 -.66
*. The mean difference is significant at the 0.05 level.

Table4.22 Summary of significant effects in the Post Hocistaal analysis of unmasked
releases at word boundary in C#C, C#CC CC#C, and CC#CC seqatmoasal speech rate
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The same tests were also applied to stop relehadast speech rateThe
BonferroniPost Hoc test did not exhibit the same significant difference pattern between
the four sequence types. Although no significant difference was found between stop
releases across the word boundary in both the C#CC and CC#CC sequences with a
significance vala of p=0.00Q contrary to the pattern in the normal speech rate, a
significance value op=0.000was found between stop releases in the C#C and CC#C
sequence tokens. Stop releases across the word boundary in the CC#C sequence on one
hand was also signifiadly different from both the C#CC and CC#CC sequence tokens
on the other hand with a significance valuepef.00Q This highlights the fact that
although there was an increase in the release percentage across the word boundary in
the CC#C sequence tokenmghich resulted in thisbeing different from the C#C
sequence tokens, the increase in release percentage was still less than in both the C#CC
and CC#CC sequences. These results were also exhibitied individual productions

for each speaker

4.3.1.6 Summary

The EPG results reveal théthe gestural coordination pattern between adjacent
stop gestures varied in the four sequence types as highlighted by the percentage of
unmasked releases. Concerning coordination patterns across the word boundary, two
different pattens emerged. Both the C#C and CC#C sequences exhibited closer gestural
articulation reflected in the low percentage of unmasked releases and therefore more
stop closure overlap. In both sequences, stop closure overlap between gestures of stops
spanning thevord boundary occurred in all the homorganic tokens. Tokens of the C#C
sequence exhibited the lowest release percentage of the SF stop preceding the word
boundary and as a result, stop gestures in this sequence were tightly coordinated.

On the other handthe C#CC and CC#CC sequences exhibited a relative
increase in the percentage of unmasked stop releases across the word boundaries in both

sequences and therefore less stop closure overlap occurred. This was exhibited by both
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heterorganic and homorganiagsences spanning the word boundary. In both the C#CC
and CC#CC sequences, close transition was not exhibited across the word boundary.

The stop release pattern between stops of the SF and SlI clusters in the CC#C,
C#CC, and CC#CC sequences differed. In @#C sequence, a high percentage of
stop closure overlap was found between the stops of the SI cluster compared to the high
percentage of unmasked stop releases and therefore open transitions between stops
gestures across the word boundary. On the othed, lihe CC#C sequence exhibited a
high percentage of stop closure overlap across the word boundary but less within the SF
cluster. Finally, the CC#CC sequence also exhibited weak coordination across the word
boundary but relatively closer gestural coortioa between stops of the SF and Sl
cluster compared to the SF and SI clusters of the CC#C and C#CC sequences.

The effect of the increase in speech rate on the release percentages was not
consistent. In the CC#C sequence tokens, the increase in speechstdtied in a
decrease in stop closure overlap and therefore an increase in the percentage of releases.
On the other hand, in the CC#CC sequence tokens, the increase in speech rate resulted
in a slight increase in gestural coordination and closer transkiietween gestures
spanning the word boundary reflected in the slight increase in stop closure overlap
across the word boundary.

These results have highlighted the positioms which the articulatory
coordination pattern of gestures is characterized byabk of stop closure overlap in
terms of stop gestures being released before closure formation of the following stop
gesture. However, this does not imply that stop gestures are not coordinated with each
ot her but simply i nd.ietlap.tThenextsestiart investgates HP 0 s
the degree of gestural coordination between stops in terms of ICI durations. The
duration of the ICI resulting from these releases provfddber information on the
degree of gestural coordination in terms of thedagation between the release of a stop

gesture and the closure of the following stop.
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4.3.2 ICl durations and distribution patterns in stop sequences

Having already identified different gestural coordination patterns between stops
in the four sequence types,dhgection presents the results of ICI durations for adjacent
stops as a result of thenmaskedeleases previously detaile@ihe degree of gestural
coordination is calculated in terms of the articulatory lag between release of C1 HP and
C2 closure. Resultsf the durations oSF, Sl, and word boundary I€for the four
sequence types indicate the degree of gestural coordination between stops. The ICI
duration between two stops is identified as the interval between the first EPG frame

showing the release of C1 and the first EPG frame showing the closure of C2.

4.3.2.1 ICl duration and distribution in two-stop C#C sequence

Table 4.3 presents the results of the mean ICI duration occurring at the word
boundary in the C#C sequendePG frames indicate that the ICI is relatively sHort
both speech rates as a result afser gestural coordination across the word boundary
between the SF and Sl singleton stops. In normal speech rate, the mean ICI duration
across all tokens averaged 13ms and remained almost stable at 12ms in fast speech rate.
This indicates that the releasktthe SF stop is closely coordinated with the onset of the
Sl stop.

At normal speech rate, the shortest mean ICI duration is found in the /dag#tal/
token. Here the lag interval between the release of SF /g/ closure and the onset of the
HP of the Sl /t/ @eraged 7ms. The longest lag interval occurred in the /fak#dam/ token
with mean ICI duration occurring at the word boundary of 16ms. e ¥ /#o§en &
exhibited a mean ICI duration of 15ms. At fast speech rate, the mean ICI duration in
both these tokerndecreased to 12ms and 10ms respectively. The increase in speech rate
resulted in a negligible decrease in the mean ICI duration in all the tokens except for the
/dag#dam/ token where the mean word boundary ICI slightly increased from 10ms in
the normal spech rate to 15ms in the fast speech rate. Furthermore, speaker 2 exhibited

slightly shorter mean ICI durations than speaker 1. At normal speech rate, the mean ICI
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duration of speaker 1 was 15ms whereas speaker 2 was 11ms. In fast speech rate, the

mean IClduration for both speakers was 12ms.

Normal Fast
Mean Std. Mean Std.
Token | e N Dev. ICl N Dev.
Ai#tal -- 0 -- -- 0 --
At#dis -- 0 -- -- 0 --
Aitkalb -- 0 -- -- 0 --
A#gicy | 15ms 1 -- 10ms 1 --
dd#tal -- 0 -- -- 0 --
dd#dis -- 0 -- -- 0 --
do#kif -- 0 -- 5ms 1 --
dd#giw -- 0 -- 10ms 1 --
fak#tal 14ms 6 5 12ms 4 5
fak#dam | 16ms 4 5 12ms 5 5
fak#kif -- 0 -- -- 0 --
fak#giw -- 0 -- -- 0 --
dag#tal 7ms 1 - -- 0 --
dag#dam] 10ms 3 3 17ms 3 5
dag#kif -- 0 -- -- 0 --
dag#gi -- 0 -- -- 0 --
Total 13ms 15 5 12ms 15 5

Table4.23 Mean ICI durations at word boundary of C#C sequdocaormal and fast rage

4.3.2.2 ICl duration and distribution in three-stop C#CC sequence

In section 4.3.1.2, the SF stop was released in all tokens whereas SI C1
exhibited a decrease in the percentage rel&seomparing the mean ICI duration in
the two positionsn table 4.2, closer gestural coordination is exhibited within theedn
cluster than across the word boundary. The mean lag duration between the first EPG
frame not showing total closure after the SF HP and the first EPG frame showing total
closure of SI C1 was 55na normal rate and 44met fast rate. On the other harl,
decrease in the lag interval is found in the Sl cluster of this sequence. Here the mean ICI

duration was 22matnormal rate and 17n&fast rate.
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Normal Fast
Mean Std | Mean Std | Mean Std. | Mean Std
Token | icr | N pev|siici | N | pev] #ici | N | pev|siici| N | pev

bat#tkasir | 64ms| 6 | 11 | 13ms| 6 4 60ms| 6 | 11 | 17ms| 4 5

nat#dkar | 60ms | 6 11 | 13ms | 4 11 | 50ms | 6 8 15ms | 4 10

nat#kdab | 40ms| 6 | 10 | 24ms | 6 12 | 37ms| 6 | 10 | 2Ims| 6 12
nat#gtal | 58ms | 6 7 18ms | 6 15 | 38ms | 6 9 16ms | 4 4
@d#tkasir | 65ms| 6 | 16 | 21ms | 6 13 | 41ms| 6 | 19 | 15Gms| 3 5

@d#dkar | 67/ms| 6 | 10 | 14ms| 6 5 50ms| 6 | 10 | 28ms | 3 10
@d#ktir | 44ms| 6 5 22ms | 5 12 | 42ms | 6 8 22ms | 4 9
@d#gtal | 42ms| 6 | 15 | 36ms | 3 5 40ms | 6 | 12 | 20ms | 2 7
fak#tkasir | 60ms | 6 13 | 20ms | 4 11 | 35ms | 6 8 5ms 6 0

fak#dkar | 46ms| 6 10 | 20ms | 5 10 | 30ms | 6 6 20ms | 3 10
fak#ktir 71ms | 6 11 | 33ms | 3 15 | 51ms | 6 2 18ms | 4 6
fak#gtal | 68ms| 6 | 10 | 30ms | 3 8 53ms | 6 8 23ms | 3 5
@gttkasir | 49ms | 6 6 25ms | 3 8 40ms | 6 | 10 | 18ms| 4 8
hag#dkar | 32ms | 6 7 20ms | 1 -- 30ms | 6 6 8ms | 6 2

nag#ktir | 60ms | 6 5 30ms | 3 5 60ms| 6 | 13 | 3Bms| 3 11
hag#gdim| 55ms| 6 | 11 [ 36ms | 3 2 55ms | 6 | 15 | 22ms | 2 3
Mean 556ms | 96| 16 | 22ms | 67 | 11 | 44ms | 96| 13 | 17ms | 61 9

Table4.24 Mean ICI duratios at word boundary and Sl cluster of C#CC sequatiwermal and
fast rate

457 458 459

473 474 475 476

477 478 479 483 484 485
EEEEEE (]| 1] I
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| [ [}
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Figure4.14 EPG frames showing lingughlatal contact patterns in C#CC sequence /bat#tkasir/
by speaker 2 normal speech rate. Frames 466 to 471 show # ICI of about 60ms. Frames 478 to
479 show SI ICI between /t/ and /k/ of about 20ms.
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4.3.2.3 ICl duration and distribution in three-stop CC#C sequence
Resuts of the mean duration of I€loccurring in the CC#C sequence are

presented in table 462

Normal Fast
roken | SE | | S| Hean | | St | TSR | S| dean | | St
ICI ICI
wagt#tal | 34ms | 6 7 - 0] - 27ms | 6 7 - 0
wagt#daf | 50ms | 6 9 - 0 - 36ms | 6 13 - 0
wagt#kif | 50ms | 6 15 10ms | 3 0 32ms | 6 9 13ms | 4 6
wagt#gio | 52ms | 6 11 31ms | 3 10 39ms | 6 9 23ms | 3 2
nagdtal 55ms | 6 13 -- 0] -- 32ms | 6 16 -- 0
nagdddam | 41ms | 6 7 -- o -- 42ms | 6 19 -- 0
nagdtkam | 36ms | 6 6 -- 0 -- 383ms | 6 16 8ms 3 2
nagd¢tgas | 41ms | 6 5 13ms | 3 5 25ms | 6 10 10ms | 6 0
hatk#tal 43ms | 6 8 25ms | 3 5 3lms | 6 11 18ms | 3 7
hatk#dam | 48ms | 6 12 | 2lms | 6 13 | 3Ims | 6 5 20ms| 6 11
hatk#kif | 46ms | 6 12 -- 0 -- 36ms | 6 10 -- 0
hatk#gw | 48ms | 6 17 -- 0] -- 44ms | 6 11 -- 0]
fatg#tal 48ms | 6 10 10ms | 2 (0] 33ms | 6 2 10ms | 3 0
fatg#tdam | 53ms | 6 15 15ms | 2 7 34ms | 6 5 10ms | 5 0
fatg#tkam | 50ms | 6 - 0 - 35ms | 6 8 - 0
fatg#gal | 48ms | 6 5 - 0 -- 32ms | 6 7 - 0]
Mean 46ms | 96 | 11 19ms | 22 10 | 34ms | 96| 11 14ms | 33 7

Table4.25Mean ICI durations at SF cluster and word boundary of CC#C seqaemmenal and
fast rats

In terms of the number of stops in the sequence, both the CC#C and C#CC
sequences presented in the previous section consist of three stops, C1C2C3. However,
the main difference between both sequences is the location of the word boundary.
Despite this difference, EPG frames reveal that the articulatory behaviour of these stops

in both sequencds identical. They alsoindicate that the gestural coordination pattern
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between stops of the SF cluster was very weakftectedin the mean SF ICI duration
of 46msat normal and 34mst fast speech rate. Here the gestures are pulled apart
resulting in a longer lag interval highlighted by the intervening ICI. On the odret, h
stop gestures spanning the word boundary exhibited closer gestural coordiAation.
normal speech rate, the mean lag interval between SF C2 release and onset of closure of
the Sl stop was considerably shorter averaging I&mermal and 14matfastspeech
rates.

The same gestural coordination pattern was found in the individual productions
of each speaker as presented in tablé.4®wever, the mean lag intervals reveal that
speaker one exhibited closer gestural coordination between stops ingies e than

speaker two.

Normal Fast
Mean Mean
Std | Mean Std Std. | Mean Std
Speaker |SCI|: Nl pev|#ict | N | Dev |SCI|: Nipev|#ict | N | Dpev

Speaker 1| 44ms | 48| 7 10ms | 4 3 3lms (48| 10 | 11lms| 9 4

Speaker 2| 50ms | 48| 15 | 21ms | 18 | 11 | 37ms | 48| 11 15 241 8

Table4.26 Mean ICI durations at SF cluster and word boundary of CC#C seqaemmenal and
fast rate for speaker 1 and 2

The similarity between the gestural coordination pattern exhibited in both three
stop sequences CC#C and C#CC is that there is more gestural lag between Cinand C2
both sequences and therefore gestures are pulledragieithan the lag exhibited by
C2and C3 of these sequences.

4.3.2.4 ICl duration and distribution in four-stop CC#QC sequence
Due to the increase in the number of stops, the EPG frames indicate that the
articulatory behaviour of stop gestures in the CC#CC sequence differ from the previous

stop sequences. At normal speech rate table 4,2he mean ICI duration occurring
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within the SF cluster was 16ms. This indicates that SF stopsl@sely articulated

where the lag duration between the release of SF C1 and onset of closure of SF C2 is
very shot. This pattern is not consistent with the pattern exhibited by tokens of the
CC#C sequence where weak gestural coordination was found between SF C1 and C2. In
some cases, the EPG frames also show that
C1 and C2 oerlap as in the SF cluster /tg/time /fatg#gdi:m/ token. The longest mean

lag duration between the EPG frame showing SF C1 release and onsstie ofdSF

C2 is found in the SF cluster /gd/ gfagd#tkasit where the mean ICI duration was

26ms.

Results of gestural coordination across the word boundary show that stops
adjacent to the word boundary in this sequence are not in close transition and gestures
are further pulled apart as highlighted by the number of EPG frames with no dingual
palatal cbsures. Resulting ICI duration in this position are considerably lpnggr a
mean ICI duratiorof 56ms. In some examplesuchas in /fatg#ktir/ the mean word
boundary ICI duration is 80ms. Despite being homorganic, a relatively long lag duration
can e found between SF C2 /g/ and SI C1 /k/ indicating that gestural coordination is
very weak in this positionThis is also evident in all other tokens where homorganic
sequences occur across the word boundary. In fact, it can be seen that longer lag
duratimms are exhibited by homorganic sequences across the word boundary than
heterorganic sequences. In these sequence types, the ICI duration in normal speech rate
ranged between 66ms and 80rmssection 4.3.1.4 results reveal that SF C2 is released
in all tokens.

The articulatory behaviour exhibited between stops of the Sl cluster in the
CC#CC sequence is similar to that exhibited by stops of the SF cluster. The EPG frames
reveal that a relatively short lag duration is found between SI C1 and C2 with aimean o
21ms.Apart from the long lag duration of 40ms exhibited by the EPG frames between
stops in the Sl /kt/ cluster in /fatg#ktir/, lag duration here ranged from 8ms to 30ms,
indicating closer gestural coordination within the SI cluster than between sjapsrad

to the word boundary.
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Normal

roen | S [ [sm T e [ [se [ e [ v [ 5o
wagt#tkasir| 23ms 5 13 66ms 6 17 16ms 6 9
wagt#dkar 16ms 3 11 66ms 6 15 18ms 3 11
wagt#ktab 13ms 3 6 45ms 6 11 18ms 3 6
wagt#gdi:m| 11lms 3 7 43ms 6 14 18ms 3 12
nagditkasir 26ms 3 18 64ms 6 6 25ms 3 13
nagdtdkar 13ms 4 11 68ms 6 6 8ms 3 3
nagditktab 21ms 3 14 40ms 6 16 26ms 3 11
nagd¢gdi:m 12ms 2 3 40ms 6 20 23ms 3 6
hatk#tkasir| 15ms 6 9 40ms 6 14 11ms 3

hatk#dkar 15ms 4 7 45ms 6 10 10ms 1

hatk#ktir 12ms 2 10 64ms 6 11 27ms 4 14
hatk#gdim 13ms 3 5 66ms 6 14 31ms 3 14
fatg#tkasir 15ms 3 8 50ms 6 12 15ms 3 5
fatg#dkar 11ms 4 2 47ms 6 21 15ms 3 5
fatg#ktir 10ms 5 0 80ms 6 16 41ms 3 3
fatg#gdi:m - - - 77ms 6 12 36ms 3 10
Mean 16ms 53 | 10 56ms 96 19 21ms 50 12

Table4.27 Mean ICI durations at SF cluster, word boundary, and Sl cluster of CC#CC segtience
normal speech rate

The articulatory behaviour betwestopsin the CC#CC sequence wamgar at
the fast speech rate presentethinle 428. The mean lag duration decreased as a result
of the increase in speech rate indicating closer gestural coordination between adjacent

stops in SF, word boundary, and Sl position.
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Fast
roen | dreen T S [ e [ [ S ] e [ | 5
wagt#tkasir | 15ms | 4 7 65ms | 6 7 19ms | 5 8
wagt#dkar 1lims | 4 2 65ms | 6 8 20ms | 3 13
wagt#ktab 16ms | 3 8 38ms | 6 2 3lms | 3 10
wagt#gdi:m | 18ms | 3 3 39ms | 6 3 18ms | 3 10
ragdttkasir 8ms 3 6 55ms | 4 10 15ms | 3 0
ragd¢dkar 13ms | 3 3 45ms | 6 15 8ms | 3 2
ragatktab 17ms | 2 3 34ms | 6 5 26ms | 3 7
nagdégdi:m | 20ms | 2 7 40ms | 6 10 18ms | 3 10
hatk#tkasir | 13ms | 6 7 35ms | 6 5 1ims | 3 2
hatk#dkar 10ms | 6 0 35ms | 6 24 6ms | 3 2
hatk#ktir 14ms | 5 5 64ms | 6 13 20ms | 3 5
hatk#gdim 10ms | 2 0 62ms | 6 14 26ms | 3 2
fatg#tkasir 1ims | 3 3 36ms | 6 10 éms | 3 2
fatg#dkar 10ms | 3 0 41ms | 6 19 16ms | 3 11
fatg#ktir 14ms | 6 5 76ms | 6 3 30ms | 3 0
fatg#gdi:m 7ms 4 3 64ms | 6 10 21lms | 3 10
Mean 13ms | 59| 5 49ms |94 18 | 18ms | 50 9

Table4.28 Mean ICI durations at SF cluster, word boundary, and Sl cluster of CC#CC sequence
fast speech rate

In brief, results indicate that gestures are more closely coordinated within SF
and Sl clusters than across the word boundary. This pattern is exhibited by both
individual speaker productions. However, speakae exhibited a closer gestural
coordination ptternthan speakeitwo as indicated in the shorter mean ICI duration in

the productions of speakenein tables £29and 4.8.
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Normal

Speaker Mean N Std | Mean N Std | Mean N Std.
P SF IC Dev | #ICI Dev | SIICI Dev

Speaker 1 9ms 14 1 47ms | 48 | 16 9ms 5 2

Speaker2| 17ms | 39 | 10 66ms | 48 16 23ms | 45 11

Table4.29 Mean ICI durations at SF cluster, word boundary, and Sl cluster of CC#CC sequence
normal speech rate for each speaker

Fast

Speaker Mean N Std | Mean N Std | Mean N Std.
P SF IC Dev | #ICI Dev | SIICI Dev

Speaker1| 12ms | 17| 4 41ms | 46 | 17 10ms 4 0

Speaker 2| 13ms | 42 5 58ms | 48 14 19ms | 46 10

Table4.30 Mean ICI durations at SF cluster, word boutydand Sl cluster of CC#CC sequermte
normal speech rate for each speaker

4.3.2.5 Summary

The EPG data reveals different articulatory behaviour occurring between stops
in the four sequence types investigated. Results of both section 4.3.1 and &.3.2 ar
consisent in that longer I& occurred between stops exhibiting high release
percentages. Gestural coordination patterns differ from one sequence to another
depending on the number of stops in the sequence and the position of word boundary
within the sequencenlthe twestop C#C sequence, stop gestures spanning the word
boundary are tightly articulated as revealed by the high degree of overlap between these
gestures in addition to the relatively short word boundary ICI with a mean of 13ms in
tokens where the Hef both stops did not exhibit completgerlap However, when the
number of stops in the sequence exceeds two, the articulatory behaviour between
adjacent stops in the sequence becomes complicated. Thesthpe€#CC sequence

exhibited close articulatorypehaviour between stops of the Sl cluster. Both stop
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gestures of the Sl cluster were closely articulated with a mean ICI duration of 22ms
indicating that the release of the HP of SI C1 is quickly succeeded by the closure of the
articulators of SI C2. Howey, articulatory behaviour across the word boundary in this
sequence reveals that gestural coordination is very weak. The mean ICI duration in this
position was 55ms. This indicates thrabvement of the articulators isot in close
transition anda longerlag duration intervergebetween the release of the SF stop HP
and onset of closure of SI C1.

Despite a different word boundary location, articulatory behaviour in the-three
stop sequence CC#C was similar to the C#CC sequence. Both sequences consist of
three stops C1, C2, and C3. Articulatory behaviour revealed by the EPG indicate that in
the CC#C sequence, the articulators responsible for stops spanning the word boundary
are closely coordinated and lag durations averaged 19ms. Further evidence for this is
found in homorganic sequences occurring in this position where one long HP was found
in the EPG framesignalinga lack of release at the word boundary. However, gestural
coordination between stops of the SF cluster was very weak. Articulators responsible
for closures of both stepvere not closely coordinated resulting in relatively long lag
duration between the release of the HP of SF C1 and onset of closure of SF C2. The
mean lag duratioat normal speech rate in this position was relatively long withCan
averaging 46ms. This explains the restdisnd insection 4.2.1 where tteming of the
SF C2 in the @C#C sequence was shorter in duration than the SF stap#@C
sequence. The longer ICI duration in the SF cluster o€tb#C sequence resulted in a
decrease in the duration of the SF C2 following the ICIl. The similarity in articulatory
behaviour between the C#CC and CC#C sequence is that gestural coordination is very
weak with long lag durations between C1 and C2 of both sequences. However,
articulatay behaviour of C2 and C3 reveathat the articulators are closely
synchronized resulting in relatively shorter lag durations.

Finally, the CC#CC sequence exhibits unique articulatory behaviour in terms of
the gestural coordination patterns between segpecially in SF position. Tokens of

this sequence reveal that articulators are closely coordinated during the HP of adjacent
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stops in both SF and SI clusters. Lag durations between the release of the articulator in
SF C1 and closure for SF C2 are reldinghort averaging 16mat normal speech rate
compared to the lag duration between stops of the SF cluster in the CC#C sequence
tokens whichaveraged 46ms. The same gestural coordination pattern is found between
stops of the Sl cluster. Here the arti¢atst behaviour exhibited by the EPG frames
reveals short lag durations between the release of the HP of SI C1 and onset of closure
of SI C2. Articulators responsible for the production of stops in the SI cluster are
closely coordinated exhibiting a shorean lag duration of 21ne normal speech rate
and 18msat fast speech rate. As a result of the close coordination between articulators
of the SF and Sl clusters, a weak gestural coordination pateeiound between stops
spanning the word boundary. Alagvely long lag duration indicating weak gestural
coordination is found across the word boundary similar to the articulatory behaviour
found across the word boundary of the C#CC sequence and the SF clusteCGfte
sequence. The mean lag duration hveae 56msatnormal and 49matfast speech rate.

These results indicat@at two distinct types of IGlemerge. The first is a long
ICI occurring where long lag is found between stop gestures. This type is typical of
epenthetic vowel durations that ocdnrpositions where gestural coordination is at its
weakest. The second is a short ICI occurring where short lag is found between stop
gestures. This type of ICI occurs in positions where closer gestural coordination
between stop gestures was exhibitede Hecond type does not seem to be a true
epenthetic vowel but has durations typica
transition process between conaat articulations (Hall 2011).

Speech rate also had an effect on gestural coordinatigoskions where long
lag duration vere found to occur, i.e. the word boundary of the C#CC sequence, the SF
cluster of the CC#C sequence, and the word boundary of the CC#CC sequence, the lag
duration decreased as the speech rate increased indicatinggaetenl coordination
atfast speech rate. However, in pasis where short lag durationexe found to occur
i.e. the word boundary of the C#C sequence, the SI cluster of the C#CC sequence, and

SF and SI clusters of the CC#CC sequence, the lag duraiatnvbe en HPO&s wa
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affected. Here the increase in speech rate did not result in closer coordination between
articulators as indicated by the negligible decrease in the lag durations. These results are
also in line with the classification of Libyan Arabés being a VC dialect (Kiparsky
2003, Watson 2007).

Having identified different gestural coordination patterns between stops in
different sequences, the following section investigates the effect of the order of place of

articulation on gestural coordinatio

4.4 The influence of order of place of articulation on gestural coordination and
overlapping

Two topics are dealt with in this section. Firstly, the results of the effect of the
order of place of articulation asthercoronaldorsal (CD) vs. dorsatorona (DC) on
the coarticulation of stop gestures spanning the word bourdargresentedrhe aim
is to determine whetheaarticulators exhibitcloser gesture coordination atiterefore
close transitions when &T gesture is followed by &B gestureorderor vice versa
The degree of gestural coordination is measured in terms of the temporal overlap or lag
between stop closures as highlighted by the EPG frahesinvestigations limited to
the gestures of stops spanning the word boundary, which is the focus of this study.
Secondly, the focus shifts the effect of the order of place of articulation of the stops
involved onstop closure overlapThis investigations limited to D and DC tokens
where complete overlap was exhibited across the word bourdargvealed by the
EPG frames Since gestural overlap occurs in both CD and DC order of place of
articulation, this sectioexploreswhether the amount of overlap is also affddbg the
place order of articulation. Homorganic sequenees excluded fromboth these
investigatios since the order of place of articulation is the same. Furthermore, in order
to avoid any coarticulatory effects from tautosyllabic clusters on conscadjatent to
the word boundary, the CC#C, C#CC, and CC#CC sequekeaswereexcluded due
to the presence of tautosyllabic clusters in their sequence®randC#C sequence
tokens are investigated@his part of the study addresses the thgdearch quéisn.
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4.4.1 Influence of order of place of articulation on gestural coordination inthe
C#C sequence

Table 4.3 presents the data investigated according to the order of the place of
articulation of the stops adjacent to the word boundary.

Order of place of articulation
Sequence
Coronal-to-dorsal (CD) Dorsal-to-coronal (DC)
C#C At#kalb, At#gic) do#kif, fak#tal, fak#dam, dag#tal,
dd#giw dag#dam

Table4.31 Tokens classified according to order of place of articulation of stops adjacent to the
word boundary in C#C sequence

As previously mentioned in section 3.5etoverlap durationf the HPof two
adjacent stop gestures C1C2 as indicated by the EPG framesigeed a negative) (
value and thdag duration between the release of C1 and onset of closure of C2 is
assigned a positive (+) valu&he resulting values consideredto be a continwm
(ICI/OV) where a high positive valuandicates a decrease in the degreegedtural
coordination for a particular order of articulatic®@n the other handj high negative
value indicatescloser gestural coordination and more overlap for a particutkar af
articulation.

The percentage afnmasked stopeleases occurring across the word boundary
in each order oplace ofarticulationwas investigated first. The results presented in
table 4.2 indicate that the percentage of the unmasked release INGE articulatory
gesture stop in the C#C sequence tokens was higher in the DC order of place of
articulation in both speech rates. Articulatory behaviour in the CD order shows that
gestural overlap across the word boundary in this context is very liiglomy 4% of
the tokens not exhibiting stop closure overimormal speech rate and 1286fast
speech rate. On the other hand, in the DC order of place of articulation, the movement
of the articulators responsible for the stop gesture are not closefginated resulting

in a high percentage of unmasked releases of the HP of the SF stop before the closure
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for the HP of the Sl stop is reached. In this context, unmasked SF stop releases averaged

58%at normal and 50%t fast speech rate.

Normal Fast
Token #rls. % rls. N #rls. % rls. N
At#kalb 0 - 6 0 - 6
cD AtHgiw 1 17% 6 1 17% 6
dd#kif 0 -- 6 1 17% 6
dd#gid 0 - 6 1 17% 6
Total 1 4% 24 3 12% 24
fak#tal 6 100% 6 4 66% 6
fak#tdam 4 66% 5 83%
DC dagttal 1 17% 6 0 -- 6
dag#dam 3 50% 6 3 50% 6
Total 14 58% 24 12 50% 24

Table4.32 Unmasked release percentages of SF stop in C#C sequence in CD and DC order of
place of articulation

In terms of the ICI/OV duration, articulatory behaviour of stops adjacent to the
word boundary indicates that gestures of the CD order of place of articulation are more
closely coordinated than the DC order of place of articulation. TabBpfe3ents the
results of the mean ICI/OV durations used to measure degrees of gesturalatmrdin

between stops in each order of place of articulation.
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Normal Fast
Token
Mean N Std. Mean N Std.
_ (ms) Deviation (ms) Deviation
Atttkalb | -43ms 6 9.024 -48ms 6 10.079
At#gio | -31ms 6 8.975 -57ms 6 6.737
CD ad#kif -21ms 6 4.400 -31ms 6 11.819
dd#giw | -36ms 6 9.174 -15ms 6 8.784
Mean -33ms 24 9.759 -37ms 24 9.135
fak#tal 5ms 6 5.583 -7ms 6 7.583
fak#dam | 10ms 6 7.492 -7ms 6 5.111
DC dag#tal | -23ms 6 8.605 -20ms 6 8.944
dag#dam| 1ms 6 7.206 Oms 6 10.974
Mean -2ms 24 7.674 -8ms 24 8.750

Table4.33Mean ICI/OV in C#C sequence in CD and DC order of place of articulation

All tokens of the CD order of pt& of articulation exhibited a negative mean
ICI/QV indicating that the articulators acselycoordinated resulting in the overlap of
stop closuresAt normal speech rate, the mean ICI/O\38ms.At fast speech rate the
mean is-37ms. The increase speech rate resulted in a slight increase in the overlap
duration and therefore closer gestural coordination. In the DC order of place of
articulation, results show that stop gestures are pulled apart as indicated by the short
ICI/OV mean of-2msat normalspeech rate an@msat fast speech rat This indicates
that themean duration of stop closure overlapshorter thann the CD contextFor
example, ifAi t # &f thé @D order of place of articulation figure 4.15, the result
of the degree of gestural coordination between the stop closure of the TT gesture of /t/
and TB gesture of /k/ averagedilms indicating more overlap duration. On the other
hand, in/fak#tal of the DC context figre4.16 where both stops under irstegation are

the same but in a different order of place of articulation, the degree of gestural
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coordination between the stop closure of the TB gesture of /k/ and the TT gesture of /t/
averaged 5ms. Since having a positive value due to the lag duratdaesulting ICI,

this shows that the gestures are not articulated in close coordination but are rather pulled
apart. However, the only exception in this order of place of articulation is found in
/dag#tal. Here the mean ICI/OV waf3msat normal speechate and-20msat fast

speech rate indicating closer gestural coordination between the TB /g/ gesture and the

TT /t/ in relation to other tokens of the DC order.

323 324 325 326 327 328 329 330 331 332

336 337 338 339 340 341 342

Figure4.15EPG frames showing lingupla | at al contact patterns in
speaker 1 normal speech rate. Frames 331 to 334 show stop closure overlap between TT and TB
gestures of about 40ms

205 206 207 208

Figure4.16 EPG frames showing linguahlatal contact in C#C DC context token /fak#tal/
speaker 1 normal speech rate. Stop closures of the TB and TT gestures do not overlap
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Results also reveal that in the CD order of articulation, tokens with voice
agreementbcaurring across the word boundary exhibit the highest negative ICI/OV
value and thereforeelativelylonge overlap duratioa Examples of this were found in
the tokenAi t #kal b/ where both st wgevoiclpssheni ng
ICI/OV durationaveraged43ms Furthermorej n t he t ok e nbothstggsd #gi w
spanning the word boundaryeve voicedthe overlap ICI/O\Vaveraged36ms.

Both speakers exhibit the same articulatory behaviour paHemmever, peaker
2 exhibited closer gestural coordinatitran speaker i both the CD and DC order of
articulation of stops as highlighted by the mean ICI/OV durations in table 4.3

Normal Fast
Mean N Std. Mean N Std.
(ms) Deviation (ms) Deviation
Speake|l CD -26.67 | 12 17.880 -20.00 12 16.514
1 DC 5.42 12 14.994 -2.50 12 17.645
Speakey CD -38.75 | 12 29.705 -55.00 12 38.671
2
DC -9.17 12 28.828 -14.58 12 28.079

Table4.34 Mean ICI/OV in C#C sequence in CD and DC order of place of articultticgach
speaker

4.4.1.1 Statistical analysis

Statistical testavere carried out taneasure angignificant differences between
the CD and DC order of articulatioAt normal speech raf the ShapirdVilk normality
tests show that the data was not normally distributed with a significance value of
p<0.05 A MannWhitney U test was conducted to test for significant differences
between the CD and DC contexts.

The MannWhitney U nonparametric teshows a significance value p&0.05
between the CD and DC contexts across the word boundary in the C#C sedhence
same significantlifferencewas foundfor speaker onat normal speech ratelowever,
results show that no significadiifference betweenhe CD and DC contexts in the

productions of speaker#here the significance value was0.063.
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At fast speech ratelata was normally distributed and an Independaniple T
test was carried out. Thesuls shows a significant differeee ofp<0.05 between the
total means for both speakers in the CD and DC order of articuldkio®.same
significant difference between the CD and DC contexas found in the individual
productions of each speakatfast speech rate. A significant difeerce between the
mean in the CD context and DC context wattialue ofp= 0.020was found in the fast
speech rate of speaker 1. Similarly, a significant difference between the means with a
value ofp= 0.008was found in the fast speech rate of speaker 2.

4.4.2 The influence of order of place of articulation on stop closure overlap
durations

Results have so far confirmed that in terms of articulatory behaviour of stops,
the temporal relations between gestures in the CD context exhibit closer gestural
coordination than in the DC context. Since a number of tokens in the DC context also
exhibited gestural overlap across the word boundasyhighlighted in the results of
section 4.3.1.1this section investigates the effect of the order of place of articulation of
the stops ontotal gestural overlapping across the word bound&pkens that did not
exhibit comple¢ overlapping of stop closure@gere excludedTable 435 presents the
results of the overlap duration between stop closures in the CD and DC contexts at both

speech rates.
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Normal Fast
Token
Mean N Std. Mean N Std.
_ Deviation Deviation

At#kalb | 43ms 6 14 47ms 6 8

A#Hgioo | 31ms 6 12 70ms 5 12

CDh cid#kif 21ms 6 7 38ms 5 7

dd#giw | 35ms 6 9 20ms 5 7

Total 32ms 24 24 44ms 21 31

fak#tal 40ms 1 0 47ms 2 10

fak#dam| 20ms 1 0 45ms 2 7

DC dag#tal | 38ms 4 6 20ms 6 8

dag#dam| 8ms 3 2 16ms 3 5

Total 26ms 9 21 27ms 13 15

Table4.35 Stop closure overlap durations in C#C sequence

The mean stop closure overlap duration was slightly longer in tokens of the CD
order of place of articulation with a mean of 32atsiormal and 44msit fast speech
rate. Stop closure oveyh durations are found to be slightly shorter in the DC order of
place of articulation averaging 26rasnormal and 27mat fast speech ratét normal
speech rate, in the CD context where a TT gesture is followed by a TB gesture, the
mean overlap duratioof both stop closures was highest iAi/ t # wielde a TT
gesture if followed by a TB gesture averaging 43ms in normal speech rate. The shortest
mean stop closure overlap duration is exhibited dy /d /#wkeref the mean overlap
duration of TT /d/ and TB /k/ averaged 21atsiormal speech rate. It is also clear that
the increase in speech rate resulted in closer gestural coordination and therefore an
increase in the overlap duration of stop closures. énptievious examplexi d/#tkei f
mean stop closure overlap increased to 38ms as a result of the increase in speech rate.

The effect of the increase in speech rate is also visible in the stop closure overlap
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duration between the TT gesture and the TB gestu/Ai t /#vigereds averaged 31ms
in normal speech rate and increased to 78tfiast speech rate as a result of gestures
sliding closer to each other.

Stop closure overlap duration was found to be slightly lower in the DC order of
place of articulatn. As a result of the decrease in gestural coordination between stops
in the DC context as found in the previous section, stop gestures are slightly pulled
apart when a TB gesture is followed by a TT gesture as indicated by the decrease in the
stop closue overlap duration. The mean stop closure overlap duration in this context
was 26msat normal and 27mat fast speech rate. Relatively long stop closure overlap
durations are also found in this context. In normal speech rate, stop closure overlap
durationsbetween the TB gestures and the following TT gestures averaged 40ms and
38ms in /fak#tal/ and /dag#tal/ respectively. Furthermore, despite the increase in the
overlap duration of stop closures as a result of the increase in speech rate, the increase
in duration was not as significant as the increase in stop closure overlap as a result of
the increase in speech rate exhibited by the CD tokens. The only exception was the
increase in the mean stop closure overlap duration fourfdkitidanmi which atnormal

speech rate was 20misicreasingo 45msatfast speech rate.

Normal Fast
Order of articulation
Mean N S.td'. Mean N S.td'.
Deviation Deviation
Speaker] 27ms | 12 17 26ms 10 9
Coronal-to- 1
dorsal Speaker] 39ms | 12 29 60ms 11 35
2
Speaker] 14ms 4 4 35ms 6 7
Dorsal-to- 1
coronal Speaker| 37ms 5 24 18ms 7 16
2

Table4.36 Stop closure overlap durations in C#C sequence

The results in this section indicate that despite closer gestural coordination is

exhibited by tokens of the CD order of place of articulation than those of the DC order
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of place of articulation, this does not suggest that more stop closure overlapdsrfoun

tokens of the CD context in comparison to the DC context.

4.4.3 The influence of overlap duration on sequence duration

This section presents the results of the effect the overlap duration has on the
duration of stops in the C#C sequence. Results have so far identified that articulatory
coordination and stop closure overlap durations in the C#C sequeratieeted bythe
order of place of articulation contexfThis section presents the results of the relation
between stop closure overlap durations and the duration of the stop sequence in C#C.
Since gestures are more closely articulated, it is anticipated that the ducdtite
sequencavill decreaseas a result of the increase in stop closure overlap durdtadhe
4.37 presents the results of the mean word boundary sequence duration in C#C and
corresponding mean overlap duration between the SF and Sl stop.

Normal
Token MeanSeq. | Mean Overlap
Duration C#C duration
dag#dam 205 8
fak#dam 235 20
dag#tal 236 38
Wi d# 270 35
Ait # 275 40
Ait # 278 43
fak#tal 305 40
Wi d# 306 48

Table4.37 Mean sequence (SF+8top duration and overlap duration

Results reveal that there is no consistent relationship between the duration of the
sequence and the duration of stop closure overlap. In most cases, an increase in stop
closure overlap duration seems to occur with an increase in the total C#C sequence
duration. For example, in /dag#tal/, the mean SF andt& sequence duration was

236ms and the stop closure overlap duration averaged 38ms. On the other hand, the stop
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closure overlap duration increased to 40ms fak#tal/ where the mean sequence
durationaveraged 305mddowever, figure 4.7 shows that in théw i d/#phkraséthe
stop closure overlap duration sometimes decreases as the duration of the sequence

increases.

400

350

300

250
200 - H Sequence
150 - m Overlap
100 -
50 -
0 - T T T T T
1 2 3 4 5 6

Figure4.17 /t#g/ ®quence durativandgesturaloverlap duration i6 reptitions of At#gi
highlighting lack of correlation

4.4.4 Summary

The results reveal that in the C#C sequence tokapnse unmaske®dF stop
releass are foundn the DC than in th€D order of place of articulation. This indicates
that more stop closure overlapping across the word boundary occurred in the CD
contextratherthan the DC context. The increase in speech rate did not however result in
a decrease in the release percentagmih contexts. In facynmaskedeleases of the
SF stop increaseslightly as speech rate incredsa the CD context.

In terms of articulatory coordination, tokefudlowing the CD order of place of
articulation showed significalyt closer gestural codmation across the word boundary
than tokengollowing the DC orderA TT gesture exhibitedloser gestural coordination
with a following TB gesture. In the DC order of place of articulation, articulatory
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movement is not tightly coordinate@lthough stop closure overlap is also exhibited
across the word boundary in some tokens of the DC order of place of articulation, the
ICI/OV was significantlydifferentthan in the DC context. In other words, a TB gesture

is not closely coordinated with a following Tgesture.Furthermore, loser gestural
coordination and longer overlap durations are found to occur between stops of the CD
context that agree in voicing. However this pattern did not caidast speech rate or in

the DC order of place of articulation.

In both CD and DC order of place of articulation, closer articulatory
coordination occurred as a result of the increase in speech rate. More stop closure
overlap duration and shorter lag durations between stop geateesibited in tokens
of both ordes of place of articulation. However, the increase in the degree of gestural
coordination between stops was relativejyeaterin the CD order of place of
articulation.

The effect of the order of place of articulation of stops spanning the word
boundary orstop closureoverlap duratioahas revealed thatop closur@verlap across
the word boundary in the CD order of articulatawes not differ considerably frothe
DC order of articulationDespite closer gestural coordinationterms of lag durations
andoverlap durationdeingexhibited by tokens of the CD order of place of articulation
than the DC order of place of articulatidhe resultssuggest that stop closure overlap
in tokens of the CNdDC contexts consistent

Furthermore, the results also indicate that there is no inverse relation between
sequence duration and stop closure overlap duration. lamtegpated that the duration
of the sequence decreases as a result of the increase in stop closure overlap duratio
However, the relation between both durations is not consistent.

The overlap durations revealed by the EPG results of sectidhahd 4.4.2are
to be usedor the purpose ahferring overlap durations in the acoustic data asialyn
Chapterfive particularly in C#Csequencéokens. However, in the acoustics data, it is
not possible to infer overlap durations from sequence duration as revealed by results of

section4 4.3 These results are to be further discussed in section 5.4.4.
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4.5 Overall summary of EPG results

This section presents an overall summary of the results of the EPGTHata.
results are further discussed in light of the literature review along with relewioinse
of the acoustics data inh@pterfive. In terms of the timing of stops SF and Sl
positions adjacent to the word boundary, results indicate that segment timing relations
are not confined to Sl and SF stops or syllables but also spread across word boundaries.
This was particularly evident in the effect of the number of sitoassequence had on
the timing SF and Sl stop singletons. The resultsot sectiors 4.2.1 and 4.2.2 reveal
t hat the HPO6s of SF and SI stops decrea
increases. The duration of stops adjacent to the word bounda&thevhoccurring as
singletons or within a SF or Sl clustegnds to decrease as the number of stops increase
on the other side of the word boundary. The timing of the SF and S| st@#Cimnd
CHC respectively exhibit a decrease in their durations wiodlowed or preceded by
clusters inC#CC and CCE& respectively. However, this pattern is more consistet
evident in SF stops investigated where SF stops were more varidble their
counterpart Sl stops. Furthermore, SF stops ofC#€ andC#CC sequences were in
most cases relatively longer in duration than their counterpart Sl stops of Ghan@#
CCHC sequencesrThis is due to the pseudmgminate nature of the formddowever,
when occurring as C2 of a SF cluster or C1 of a Sl cluster asengak the C#C and
CHCC respectively, the timing pattern of these stops was not consistent as the number
of stops increased. For example, the SF C2 occurring in tokens oC#€ S€=quence
did not exhibit a stable decrease in duration when the samectors @n tokens of the
CC#CC sequence. Likewise, the SI C1 in tokens of the@©Cgequence did not exhibit
a stable decrease in duration pattern when the same stop occurs in tokens ofGfie CC#
sequence.

Theresults of thaiming of SF clusters investigatein section 4.2.3ndicatea
consistent decrease in their durations as the number of stops inaessssthe word
boundaryin Sl position However, the decrease in the timing of Sl clusters as the

number of stops increased in the adjacent SF positias mlatively less than that

166



exhibited by SF clusters and in some cases negligible as found in section 4.2.4. The
decrease in the timing of SF clusters in @@#C is relatively higher ranging between
30ms to 51ms as the number of stops increased in Hiopas the CC#CC sequence.

This is due to different gestural coordination patterns exhibited by stops of the SF
cluster in theCC#C sandCC#CC ®quences found in sections 4.3.2.3 and 4.3.2.4. The
lag duration and therefore the ICI between stops of thecl88ter in CC#CC is
considerably shorter than the ICI occurring between stops of the SF cluSi&#D
sequence. On the other hand, the decrease in the timing of the Sl cluste€n C#
ranged between 7ms and 19ms as the number of stops increased in the SF position in
the CC#C sequence. ICI distribution patterns in sections 4.3.2.2 and 4.3.2.4 reveal
that the SI clusters in both C&€ and CC#C sequences exhibit tighter gestural
coordindion patterns and therefore shorter ICI durations in both sequences. SI stops and
clusters exhibited more stability whereas SF stops and clusters were more variable due
to different gestural coordination patterns in the SF cluster in tokens QIGHE and
CC#CC sequences. The results here are in line with these studies that SF clusters
exhibit less gestural coordination and are more variable in timing in comparison with Sl
clusters (Browmai Goldstein 19882000; Marin& Pouplier 2002Byrd 2003 Gafos

2002).

The effect of speech rate was found to be consistent throughout the timing
results. Articulatory timing was directly affected by the increase in speech rate. As the
speech rate increased, the HP duration of the individual stops generally decreases. Th
SF and Sl clusters also exhibited this effect. The durations of SF and SI cluster types
also decreased as a result of the increase in speech rate. This is due to the increase in the
velocity of the articulators therefore resulting in shorter HP duratibhese timing
results exhibited by the EPG data are to be used in inferring durational measurements in
the acoustics data especially in cases where the HP of a following stop overlaps the HP
of the stop preceding it. In such cases, the lack of the peeséribe acoustic release
burst on the waveform and spectrograreans thamaking durational measuremeigs

very difficult.
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Section 4.3 reveals that articulatory coordination patterns between stops in the
four sequence types differs. The resutissection 4.3.1 concerningthe unmasked
release percentages of stops and 4.3.2 of ICI duration and distribution patterns were
consistent. Consisting of only two stops in the sequence, Biajpe C#C sequence
exhibited a low release percentdge the SF singleto stop prior to the closure of the
HP of the following Sl stop and therefore closer gestural coordinatiuh shorter lag
and ICI durations at the word boundary. All homorganic sequences exhibited stop
closure overlap in this sequence type. The other C#IGH#C, and CC#CC sequence
types all exhibited relatively high unmasked stop releases between their stops. In the
C#CC sequence, a very weak gestural coordination pattern was found between stops
spanning the word boundaryeflected in thel00% release ofhe SF singleton stop
before closure of the HP of SI C1 is reached. Furthermore, long ICI durations where
found to occur in this position as a result of the gestures of stops adjacent to the word
boundary being further pulled apart. However, stops of th@duSter of this sequence
exhibited closer gestural coordination similar to that exhibited by the stops in the C#C
sequence. As a result, stop closure overlap between SI C1 and C2 increased and lag
durations were shorter.

Gestural coordination across twerd boundary of the CC#C sequence differed
from gestural coordination aftops spanning the word boundary of the C#CC sequence.
The CC#C sequence exhibited a tight coordination pattern across the word boundary as
revealed by the lack of release of SFi@2homorganic sequences spanning the word
bourdary and relatively shorter I€lin tokens where SF C2 was released. However, in
terms of the number of stops in both the C#CC and CC#C sequences; both consisting of
three stops C1C2C3 and both violating thdagyc template of TLA, the gestural
coordination pattern was very similar. In both sequerthestop gestures of C1 and C2
were not in close coordination and longer ICI lag durations were found between these
stops. However, tighter gestural coordinateam be found between C2 and C3 of both
sequences resulting in more stop closure overlap and shorter lag durations between

these stops.
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As anticipated, the CC#CC exhibited a complex gestural coordination pattern
due to the existence of four stops in tkegeence. Stops of the SF cluster exhibited
tighter gestural coordination compared to the SF cluster in the CC#C sequence.
Similarly, stops of the Sl cluster exhibited tighter gestural coordination as revealed by
the short | ag dur abbthsiops Holwevér,\stepegastutetispanrtihB 6 s
the word boundary exhibited the longest lag durations. Here stop gestures are further
pulled apart even when homorganic sequences occur across the word boundary. In
nutshel| gestural coordination patterns asdahe word boundary were weak in both the
C#CC and CC#CC sequences. The only exception was the word boundary of the CC#C
sequence where shorter lag dimas and therefore shorter KCbccurred in this position
as the gestures are in close coordination.

In terms ofthe unmasked stoyelease percentages of section 4.3.1, the increase
in speech rate did not affect the release patterns exhibited between stops of the four
sequence types. However, the increase in speech rate allowed gestures to slide closer to
each other resulting in a decrease in lag durations and therefore shorderd@ins
found in section 4.3.Despite the tighter coordination of speech gestures as a result of
the increase in speech rate, the same stop closure overlap and ICI disthiladtern in
the four sequence types occurred in the fast speech rate.

These results also revetilat two distinct types of IGlemerge. The first is a
long ICI occurring where long lag is found between stop gesthegsare typical of
epenthetic vowel wrations that occur in positions where gestural coordination is at its
weakest. The second is a short ICI occurring where short lag is found between stop
gestures. This type of ICI occurs in positions where closer gestural coordination
between stop gestigewas exhibited. The second type does not seem to be a true
epenthetic vowel but has durations typica
transition process between conaat articulations.

Theresultsin section 4 reveaéd that the order of place of articulation of the
stops involved does have an effect on the degree of gestural coordination between stops

in the C#C sequence. The results reveal that a significant difference was found between
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the ICI/OV continuum in the CDral DC contexts. Closer gestural coordination
expressed in longer stop closure overlap durations and shorter lag durations can be
found between stopa the CD orderatherthan the DC order of place of articulation. A

TT gesture is more closely coordinatedh a following TB gesture. The results also
reveal that the stop closure overlap durations were not affected by the order of place of
articulation in the same manneregpite closer gestural coordination is exhibited by
tokens of the CD order of placé articulation than those of the DC order of place of
articulation, this does not suggest that more stop closure overlap is found in tokens of
the CD context in comparison to the DC context.

The stop closure overlap durations found in this section are@lse used in
inferring overlap durations irhé following acoustics datdiscussed irChapterfive.
However, as revealed by the rdsuin section 4.8, it is not possible to infer stop
closure overlap durations from the duration of stop sequence< iacthustic data.
Results show that there is no inverse relation between sequence duration and stop
closure overlap duration3.he following chapter presents the results of the acoustics
data. The same investigations carried out in the EPG data are athectsmhin the
following chapter. In additiorthe nature of the IGlare investigated further in order to
determine whether they are distinct belonging to diffetgpes. Furthermoreyoice
assimilation across the word boundasyinvestigated only in thacoustics data since
the voicing patterns of stops is better understood from the waveform and spectrogram.
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Chapter 5 Acoustic results

5.1 Introduction

As for section 4.2 of the EPG data results, section 5.2 presents the timing results
of SF and Sl singleton stops and clusters in different sequences in order to determine
whether an increase in the number of stops in the sequence has an effect on their timing.
The HP of SF and SI stops adjacent to the word boundary as highlighted by
spectrograms and waveforms are compared in the C#C, CC#C, C#CC, and CC#CC
sequences. Similarly, the timing of clusters and any intervening ICI in both SF and SI
positions are preserteto determine if the behaviour of clusters as a whole is also
affected by the increase. These results address research question 1. Section 5.3 mainly
deals with patterns of gestural coordination between stops in the four sequence types
with emphasis on thword boundary. The results attempt to address research question
2. This includes percentage of stop releases in the four sequence types and resulting lag
and ICI duration and distribution patterns. Furthermore, in an attempt to answer
research question #his section also investigates whether there are two disypes of
ICls, epenthetic and excrescent, as discussed in the literature rélewature of the
ICIs occurring between stops of the different sequence types are compared in terms of
their durationsand the effect of voicing of neighbouring stops on their voice qualities.
Section 5.4 presents the results of the effect of place order of stops involved on gestural
coordination as mentioned in research question 3. This section investigatesrvéheth
CD or a DC sequence of consonants spanning the word boundary differ in terms of the
degree of gestural coordination, i.e. is gestural coordination affected by the order of
place of articulation of the stops involved. Finaltige results of voice assiilation
across the word boundary in TLA are presented in sectionbi¢h concentrates on
addresmg research question 5. This section presents results of the direction of voice
assimilaton and the effect different I€lhave on the process of voice askition
spread.The results of the direction of voice assimilatiord dhe effect that different

ICIs have on the process of voice assimilation spread are revealed.
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5.2 The influence of the number of stops ina sequence on the timing of SF and SI
stops and clisters

Similar to the EPG data section 4.2 this section, the timing of stops and stop
clusters adjacent to the word boundary, whether in SF or Sl position, are presented and
compared. The results shed light on the effect an increase in the numlmgrsahsihe
sequence has on the duration of SF and Sl stops adjacent to the word boundary in the

four sequence types and therefore aims to answer research question 1.

5.2.1 The influence of the number of stops in sequence on thiening of SF stops
Theresults ofthe timingof SFstops/t,d,k,g/in four positionsare presentedwo
occurring as SF single articulatory gesturetokens of theC#C andC#CC sequences
and two occurring as C2 of the SEluster intokens of theCC#C and C#CC
sequencesThe duration of the stop HP was identifiedtlas interval between the onset
of closurewhere no acoustic energy was visible on the spectrogcamompanied by an

abrupt amplitude drop on the waveform to the release burst.

5.2.1.1 SF alveolar /t/ and /d/

The acouscs data indicate that the mean HP of fiveglearticulatory gesturé/
was longest when followed by a Sl singleton stop in tokens diffesequence (Table
5.1 An increase in the number of stops in Sl position resulted in a decrease of the mean
HP duation of the singl®n stop in normal and fast speech rate in tokens of#G¢€
sequence whicks highlighted in figure$.1 and 52. When occurring as C2 of the SF
cluster in the &#C sequence, the mean HP duration was 65ms in normal speech rate
and 56ns in fast speech rate. Similarly, the increase in the number of stops in Sl
position resulted in a decrease in the mean HP durnatiooth speech rates tokens of
the Q#CC sequencds for the effect of speech rate, tH® duration of /t/ decreased as
the speech rate increased

This durational pattern was also exhibited by the individual productions of all

speakers except for speakers 2 and 7. In the case of speaker 2, in normal speech rate the
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mean HP of /t/ remained stable averaging 92ms in tokensothf t#C andt#CC
sequences. As for speaker 7, the mean HP duration of SF C2 in tokens offthe C
sequence averaged 50ms in normal speech rate and increased to 61ms in tokens of the
Ct#CC.

Normal Fast
Sequence Token Mean N Std. Dev. Mean N Std. Dev.
_ (ms) (ms)
Ar#tal 95.23 30 18.416 71.13| 30 11.310
At#dis 90.33 30 18.615 70.30 | 30 12.598

e At#kalb 114.50 | 30 26.115 | 97.30 | 30 24.256

AHIO 113.07 | 30 28.259 | 85.83 | 30 19.451
Mean 103.28 | 120 | 25.345 | 81.14 | 120 | 20.777
bat#tkasir | 61.43 30 16.439 | 48.57 | 30 11.252
nat#dkar 90.87 30 14.666 | 63.83 | 30 12.972
nat#kdab | 101.20 | 30 17.050 | 74.57 | 30 15.930
nat#gtal 101.83 | 30 15.656 | 73.63 | 30 18.382
Mean 88.83 | 120 | 22.811 | 65.15 | 120 | 18.064
wagt#tal 69.63 30 12.291 | 58.50 | 30 9.598
wagt#daf 67.23 30 12.552 | 58.30 | 30 9.599
wagt#kif 63.60 30 13.459 | 54.43 | 30 12.711
wagt#gi 61.40 30 13.756 | 56.40 | 30 9.751
Mean 65.47 120 13.254 | 56.91 | 120 10.497
wagt#tkasir] 51.60 30 12.179 | 47.57 | 30 10.874
wagt#dkar | 54.23 30 16.034 | 49.67 | 30 14.079

t#CC

Ct#C

CtHCC wagt#ktab | 54.57 30 15.400 | 42.60| 30 8.282
wagt#gdim 53.23 30 13.151 | 43.23 | 30 9.684
Mean 53.41 120 | 14.145 | 45.77 | 120 | 11.202

Table5.1Mean HP duration of SF /atnormal and fast speech rate across all speakers
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Figure5.2 HP of SF /t/ 118ms in t#CC /nat#gtal/ normal speech rate

The mean HP duration ebiced SF /d/ was consistent with mean HP duration
pattern of voiceless /t/. The duration decreased as the number of stops in the sequence
increasedas presented irable 5.2 The longest mean HP duration of the single
articulatory gesture stop /d/ across all speakers foasd in tokens of thed#C
sequence. This decreased when /d/ was followed by a Sl cluster in tokensl®Cthe

sequence. Theame pattern was exhibited when /d/ occurred as C2 of the SF cluster in
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tokens of the @8#C and @#CC sequences. The shortest mean HP duration was in the
four-stop QGI#CC sequencddowever the patterrdiffered for somandividual tokens
For example,hte duration of the singten/d/ in /wi d #bfithed#C sequence remained
steadywhilst the number of stops in Sl position increasedura/d #/ afktlae d#CC
sequence as opposexthe general mean pattern.

Furthermore, in the case of speaker 5, contratiigameneral pattern of a steady
decrease in the duration as the number of stops in the sequence increased, in normal
speech rate the duration remained steady averaging 84oisems of bottthe d#C and

thed#CC sequense This was also the case in theguctions of speaker 6.

Normal Fast
Sequencq  Token '\("rﬁz)” N | Std. Dev. '\g'rf]";‘)” N | Std. Dev.
dol#tal 104.93 | 30 | 19.846 | 81.63| 30 | 12.764
e do#dis 9127 | 30 | 21992 | 72.77| 30 | 10.207
cinl#tkif 12327 | 30 | 26.608 | 99.53| 30 | 19.915
ddl#gicy 117.07 | 30 | 30.031 | 92.77| 30 | 38.235
Mean 109.13 | 120 | 27.519 | 86.42 | 120 | 25.128

@d#tkasir 86.40 30 19.220 | 67.03 | 30 15.174
@ad#dkar 90.83 30 22.656 | 68.30 | 30 18.263

d#CC a :
cad#ktir 100.60 | 30 | 20.017 | 78.87 | 30 | 18.382
ad#gtal 10453 | 30 | 16.167 | 74.27| 30 | 15.195
Mean 9559 | 120 | 20.735 | 72.12 | 120 | 17.287
nagd#tal 76.30 | 30 | 10.433 | 64.97 | 30 | 10.669
cd#c nagd#dam | 70.00 | 30 8.052 | 63.03| 30 8.556

ragd#kam | 66.43 | 30 | 14.899 | 60.53| 30 8.943
nagd#gas | 65.17 | 30 | 14.669 | 55.20| 30 | 11.860
Mean 69.48 | 120 | 12.949 | 60.93 | 120 | 10.625
nagd#tkasir| 54.03 | 30 | 17.196 | 41.43| 30 | 13.700
nagd#dkar | 57.20 | 30 | 14.789 | 48.97 | 30 9.842
nagd#ktab | 49.37 | 30 | 10.852 | 41.57 | 30 7.514
nagd#gdim | 49.70 | 30 | 13.039 | 41.53| 30 8.589

Mean 52.58 | 120 | 14.356 | 43.38 | 120 | 10.564
Table5.2 Mean HP duration of SF /@t normal and fast speech rateross all speakers

Cd#CC
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5.2.1.2 SF velar /k/ and /g/

The overall meamdP duration of SF /k/ for the production of all speakers was
longest when occurring as a sirnglestop in tokens of thk#C sequence. The mean HP
duration decreased when followed by a Sl cluster in tokens d{#8€ seqance in
normal and fast speechtea. This decrease was also exhibited by /k/ when occurring as
C2 of the SF clustédn tokens of the €#C sequencéVhen followed by a Sl cluster in
tokens of the €#CC sequence, the mean HP duration of SF C2 /k/ decreBised.
results in table 5.3 indicatthat an increase in the number of stops across the word
boundary results in a decrease in the timing pattern of SF /k/. This pattern was
consistent for all tokens investigated in normal speech IFaeever, in fast speech

rate, the decrease wasgligible.
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Normal Fast

Sequencq  Token Mean N | Std. Dev. Mean N | Std. Dev.

(ms) (ms)
fak#tal 119.20 | 30 31.007 | 84.20 | 30 25.085
fak#dam 115.60 | 30 33.763 | 81.63 | 30 23.618
fak#kif 102.67 | 30 18.894 | 77.87 | 30 15.917
fak#qgiw 104.57 | 30 18.455 | 75.43 | 30 20.302
Mean 110.51 | 120 | 27.057 | 79.78 | 120 | 21.517
fak#tkasir 99.07 30 17.691 | 76.40 | 30 19.564
fak#dkar 103.97 | 30 15.368 | 78.80 | 30 16.886
fak#ktir 94.20 30 15.628 | 71.10| 30 14.184
fak#gtal 93.97 30 14.646 | 69.50 | 30 16.611
Mean 97.80 | 120 | 16.204 | 73.95| 120 | 17.132
hatk#tal 57.00 30 16.524 | 51.13 | 30 14.393
hatk#dam 57.27 30 12.747 | 45.00 | 30 10.386
hatk#kif 73.23 30 10.731 | 67.47 | 30 10.683
hatk#g_]bb 68.77 30 13.776 | 63.37 | 30 9.000
Mean 64.07 | 120 | 15.213 | 56.74 | 120 | 14.390
hatk#tkasir | 45.27 30 7.469 48.73 | 30 13.362
hatk#dkar 48.83 30 10.544 ] 51.10 | 30 14.630

k#C

k#CC

Ck#C

Ck#CC -
hatk#ktir 61.33 30 20.363 | 58.17 | 30 11.980
hatk#gdi:m | 62.20 30 13.700 | 57.10 | 30 10.413
Mean 54.41 | 120 | 15.613 | 53.77 | 120 | 13.150

Table5.3 Mean HP duration of SF /et normal and fast speech rateross all speakers
As for variability acrossspeakes, this durational pattern was not coneist for

all of them. In the case of the normal speech rate of speakaer2 was also a slight
increase from 90ms in tokens of tk#C sequence to 96msk#CC.
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Figure5.3 Mean HP durationat normal and fast speech rdite SF /k/ in the four sequence
positions across all speakers

The mean HP durational pattern of SF voiced velar /g/ was also consistent with
the peviously investigated syllabienal stops as highlighted in table 5.4. When
occurring as a singten stop in tokens of thg#C sequence, the ean HP duration
averaged 106ms arttkcreased to 95ms when followed by a Sl cluster in tokens of the
g#CC sequence. Furthermore, when occurring as SF C2 in tokens ofgti@ C
sequence, in norrhapeech rate the mean HP averaged 67ms. This also decreased when
followed by a Sl cluster in tokens of theg#CC sequence where it averaged 55ms.
However, in fast speech rate the decrease in mean HP duration averaged only 5ms
between tokens of both thesequences.

However, the mean HP of SF /g/ in some tokens was not consistent with this
general patternn /d a g #dj theg#C sequence anths counterpart /hag#gdi:m/ of the
g#CC sequence, the mean HP of the SF sioglstop /g/ remained stable in normal

speech rateSimilarly, when occurring as SF C2 in /fatg#dam/ of thg##C sequence
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and counterpart /fatg#dkar/ of thg#CC sequence, in normal speech rate the mean HP

of SF C2 remained stable averaging 55ms.

Normal Fast
Sequencs Token Mean N Std. Dev. Mean N Std. Dev.
(ms) (ms)
dag#tal 113.40 30 25.337 | 80.70 | 30 24.554

dag#dam 108.43 30 27.750 | 71.63 | 30 22.530
dag#kif 105.63 30 17.884 | 79.50 | 30 11.907
dag#gin 93.63 30 21.039 | 71.67 | 30 16.769

Mean 106.77 | 120 24.120 | 75.87 | 120 19.796

@ag#tkasir 96.70 30 18.063 | 75.70 | 30 14.293
hag#dkar 95.97 30 17.141 | 78.53| 30 17.882

g#C

g#CC -
nag#ktir 94.20 30 17.566 | 74.50 | 30 10.285
hag#gdi:m 93.33 30 24.821 | 70.40 | 30 13.130
Mean 95.05 120 | 19.450 | 74.78 | 120 | 14.287
fatg#tal 62.53 30 16.899 | 50.37 | 30 13.720
Ca#C fatg#dam 55.43 30 12.196 | 44.87 | 30 8.529
fatg#kam 77.17 30 16.022 | 69.00 | 30 9.255
fatg#gal 74.53 30 13.940 | 64.70 | 30 10.035
Mean 67.42 120 | 17.167 | 57.23 | 120 | 14.437
fatg#tkasir 52.33 30 11.406 | 49.97 | 30 8.720
CgtCC fatg#dkar 55.10 30 13.914 | 51.60| 30 9.853

fatg#ktir 60.97 30 16.937 | 54.00 | 30 15.320
fatg#gdi:m 54.97 30 8.624 53.13 | 30 8.625

Mean 55.84 120 13.303 52.18 | 120 10.950
Table5.4 Mean HP duration of SE)/ at normal and fast speech rateross all speakers

5.2.1.3 Summary

The acoustic data in this section indicates that an increase in the number of stops
adjacent to the word boundary in Sl position have an effect on the HP of the SF position
stops investigated. When occurring as a single articulatory gesture stop indbkeas
C#C sequencethe mean HP of the SF stop decreased when followed by a SlI cluster in
tokens of theC#CC sequence. Similarly, when occurring as C2 of the SF cluster in
tokens of the C#C sequencethe mean HP decreased as the number of stops increased
in Sl position in tokens of the @G*CC sequenc&hese results are consistent with the

EPG resultsee section 4.2. By measuring the HP from the onset of closure to the
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acoustic release, the duration of the SF single articulatory gesture stop indbkiems
C#C sequence was longer than in @#CC sequence where the decrease in the mean
HP duration ranged between 1tdtsms. Furthermorethe SF C2 in tokens of the
CC#C sequence was longer in duration than SF C20#QC. However, the decrease
observedn the lattewasshorter ranging between 10+h&ms.

Furthermore, when followed by a conflicting gesture, the duration of the SF stop
in tokens of theC#C and C#CC sequences is longer than when followed by a
homorganic stopfFor example, in section 5.2.1the mean HP duration of the SF stop
Iklinfflaktk i f/ and [/ fak#gi w/ averaged 102ms anc
the same gesture in both examples. However, when followed by a conflicting gesture as
in /fak#tal/ and /fak#dam/ where the TB gestisgréollowed by a TT /t/ and /d/ gesture,
the mean HP of SF /k/ averaged 119ms and 115ms respectively. These results are
consistent vth the results of section 4.201 the EPG data.

In general, the increase in speech rate resulted in the decrease unatimndf
the stops investigated in comparison to their durations in normal speech rate. Despite
this decrease, the same durational pattern of the SF stops investigated was also found in
the fast speech rate. The following section presents the resttis tiing of S| stops

and the effect the increase of the number of stops in the sequence has on their duration.

5.2.2 The influence of the number of stops in a sequenoa the timing of Sl stops
Theresults of the timingf SI stops/t,d,k,g/in four positiors are presentedere
two occurring as Sl singletons tokens of theC#C and CC#C sequencesand two

occurring as C1 of the Sluster inthe C#CC and GC#CC sequences

5.2.2.1 Sl alveolar /t/ and /d/

The resultpresented in table 5.5 reveal that the longest mean HP duration of Sl
It/ occurred in tokens of the C#vhere it was preceded by a SF sihghestop
averaging. The mean HP duration decreased as the number of stops increased in SF

position in tokens of th€C# in normal speech and fast speech gan the other
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hand, when comparing the mean HP duration of SI C1 /t/ in tokens of tid aow
CC#C sequences, the mean HP duration did not vary considerably as highlighted by
figures 54 and 55. Despite thericrease in the number of stops in SF position, the mean
HP duration of SI C1 /t/ in tokens of the tC#sequence remained stable in tokens of the

CC#C sequence.
Normal Fast
Sequencs Token Mean N | Std. Dev. Mean N Std. Dev.
(ms) (ms)

At#tal 95.23 30 18.416 | 71.13| 30 11.310

Cit dd#tal 105.10 | 30 19.911 | 81.53| 30 12.741
fak#tal 85.80 30 14.264 | 74.13 | 30 12.045

dag#tal 87.87 30 12.665 | 76.60 | 30 10.702

Mean 93.50 | 120 | 18.043 | 75.85| 120 | 12.192

wagt#tal 69.47 30 12.528 | 58.50 | 30 9.598
nagd#tal 76.30 30 10.433 | 64.97 | 30 10.669

cer hatk#tal 81.70 30 10.768 | 69.83 | 30 12.335
fatg#tal 79.17 30 13.204 | 70.63 | 30 15.531

Mean 76.66 | 120 | 12.513 ] 65.98 | 120 | 13.024
bat#tkasir 59.87 30 14.797 | 48.17 | 30 12.402

CHIC @d#tkasir 62.97 30 31.911 | 52.60 | 30 13.182

fak#tkasir 60.50 30 15.046 | 52.87 | 30 12.765
@agi#tkasir 58.43 30 10.457 | 52.17 | 30 12.006

Mean 60.44 | 120 | 19.648 | 51.45| 120 | 12.584

wagt#tkasir |  59.47 30 13.331 | 48.80 | 30 16.575
negd#tkasir| 63.10 30 17.399 | 54.07 | 30 15.863

CC#C :
hatk#tkasir | 57.77 30 15.646 | 49.70| 30 13.814
fatg#tkasir 56.50 30 10.362 | 50.87 | 30 12.787
Mean 59.21 120 | 14.461 | 50.86 | 120 | 14.786

Table5.5 MeanHP duration of §/t/ atnormal and fast speech rageross all speakers
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Figure5.5 HP of SI C1 /t/ preceded by SF cluster in CC#tC token /hatk#tleisiofmal speech
rate showing a HP of 60ms

This overall pattern was exhibited by all speakersegt speaker 2 fast speech

rate.In this casean increase in the mean HP duration of /t/ in tokens of @& Cin

comparison to tokens of tlE@#C was found as opposed to the general pattern.
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Figure5.6 MeanHP durationsat normal and fast speech ratd Sl/t/ in the four sequence
positions across all speakers

A similar timing pattern tahat of Sl /t/ is exhibitedby the voiced counterpart
/d/. The overall pattern shows that mean HP duration whemri@eg as a Sl singleton
was longer in tokens of the @#equence. As the number of stops increased in SF
position, the mean duration decreased in tokens of thel G€¢uence in normal and
fast speech rate. However, when occurring as S| C1 in tokens G#tlt2 and CCHC
sequences, the mean HP duration of SI CsHdived little variatiorfTable 5.6)

However, as opposed to the general pattern, speakers 4, 5, and 8 all exhibited a
slight increase in the mean HP duration of the SF C1 in tokens of theG23&uence
in comparison to the same stop in tokens of theC#equence.
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Normal Fast

Sequencs Token Mean N Std. Dev. Mean N Std. Dev.
(ms) (ms)
At#dis 90.67 30 18.288 | 70.23| 30 12.626
c#d do#dis 91.27 30 21.992 | 712.77 | 30 10.207

fak#dam 91.20 30 16.113 | 78.10| 30 13.158
dag#dam 84.20 30 13.594 | 72.43 | 30 13.485
Mean 89.33 120 17.793 | 73.13 | 120 12.636
wagt#daf 67.23 30 12.552 | 58.30 | 30 9.599
ragd#dam 70.00 30 8.052 63.03 | 30 8.556
hatk#dam 82.33 30 13.379 | 7147 | 30 11.691
fatg#dam 78.93 30 9.425 69.07 | 30 9.892
Mean 74.63 120 12.581 | 65.47 | 120 11.146
nat#dkar 72.10 30 16.973 | 57.87 | 30 13.201
@d#dkar 62.53 30 17.772 ] 59.10| 30 18.443
fak#dkar 63.23 30 14.668 | 55.50 | 30 9.954
hag#dkar 65.00 30 12.733 | 56.53 | 30 14.248
Mean 65.72 120 15.926 | 57.25 | 120 14.172

wagt#dkar 63.30 30 16.217 | 56.07 | 30 12.000
ragd#dkar 64.63 30 11.084 | 54.80| 30 12.928

CC#d

C#dC

CC#dC
hatk#dkar 62.87 30 15.600 | 52.00 | 30 12.586
fatg#dkar 62.93 30 14.300 | 51.77 | 30 10.444
Mean 63.43 120 | 14.272 | 53.66 | 120 | 12.016

Table5.6 Mean HP duration of ISd /atnormal and fast speech raseross all speakers

5.2.2.2 Sl velar /k/ and /g/

Table 5.7 presents the results of the mean HP of Sl /k/ in the four sequence
positions. The decrease in the mean HP duration can be found in sequences where SI /k/
occurs as a singleton stop. In tokens of th& €#quence, the mean HP duratigas
longest This decreased as the number of stops in SF position increased in tokens of the
CC#k sequence. However, in fast speech rate, this decrease in the mean HP of the Sl
stop was negligible. Furthermore, when occurring as C1 of the SI cluster in tokens of
the C#C sequence, the mean HP duration of SI C1 /k/ did not decrease as the number
of stgps in SF position increased in tokens of the KC#equence. The mean HP
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duration of SI C1 /k/ in tokens of the K& did increasavhen occurring in tokens of the

CC#kC sequence.

Normal Fast
Sequence Token Mean N | Std. Dev. Mean N | Std. Dev.
(ms) (ms)
At#kalb 64.20 30 13.231 | 51.67| 30 10.710
dd#kif 67.77 30 14.253 | 57.50 | 30 12.577

C#H#k

fak#kif 102.53 | 30 18.686 | 78.17 | 30 15.790
dag#kif 104.63 | 30 17.884 | 79.50 | 30 11.907
Mean 84.78 | 120 | 24.774 | 66.71 | 120 | 17.736
wagt#kif 65.07 30 11.399 | 54.43 | 30 11.904
nagd#kam 67.17 30 13.017 | 58.87 | 30 9.202
hatk#kif 73.23 30 10.731 | 67.47| 30 10.683
fatg#tkam 77.17 30 16.022 | 69.00 | 30 9.255
Mean 70.66 | 120 | 13.670 | 62.44 | 120 | 11.851
nat#kdab 58.30 30 12.276 | 49.13| 30 7.262
@d#ktir 55.27 30 9.432 | 4780 | 30 12.347
fak#ktir 55.60 30 9.130 54.17 | 30 13.465
nag#ktir 58.67 30 10.643 | 55.87 | 30 7.943
Mean 56.96 | 120 | 10.426 | 51.74 | 120 | 10.998
wagt#ktab 49.43 30 7.370 | 4543 | 30 10.533
nagd#ktab 50.30 30 9.098 | 45.77| 30 13.403

CC#k

C#kC

CC#C :
hatk#ktir 73.33 30 15.210 | 67.20| 30 13.897
fatg#ktir 61.57 30 15.007 | 59.20 | 30 13.867
Mean 58.66 | 120 | 15.497 | 54.40 | 120 | 15.840

Table5.7 Mean HP duration of Sl /kdtnormal and fast speech raseross all speakers

Variations between speakers also existed. In normal speech rate, the mean HP
duration of /k/ in CKC decreased as opposed to the pattéincreasewhich occurred
in the CC#C sequence. This pattern was exhibited by both the normal and fast speech
rates of speakers 6, 8, and 9 and atdast speech rate of speakers 4, 5, and 9.

The overall meanHP durational pattern foSl /k/ was also exhibited by the

voiced cainterpart /g/as highlighted in table 5.8he mean HP duration of SI /glas
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also longesin tokens of the CgtsequenceWhen preceded by a SF cluster the duration
decreased in tokens of tlEC#g. However, in fast speech rate, a negligible decrease in
the mean HP duration of 2ms was fourwthen preceded by alveolar /t/ and /d/, the
mean HP of SI /k/ in tokens of the @#equence did not vary in duration when
occurring in tokens of the C@#equence. When comparing Sl C1 /g/ in tokens of both
the CHC and C#YC sequences, the HP in these tokens did not vary and remained
stableat both speech rates.

Normal Fast

Sequencq  Token Mean N | std. Dev. Mean N | Std. Dev.
(ms) (ms)

Wetgicd 67.97 | 30 | 12557 | 4857 | 30 | 11.676
dk#gicy 63.47 | 30 | 11.016 | 55.47 | 30 | 12.891
fak#gico | 104.57 | 30 | 18.455 | 75.43| 30 | 20.302
dag#gio | 93.63 | 30 | 21.039 | 71.67| 30 | 16.769
Mean 82.41 | 120 | 23.610 | 62.78 | 120 | 19.167
wagt#giy | 61.43 | 30 | 10.291 | 54.30| 30 | 11.582
fagd#gas | 65.70 | 30 | 8.848 | 56.67| 30 | 12.338
hatk#gio | 68.77 | 30 | 13.776 | 64.73| 30 | 10.780
fatg#gal | 74.53 | 30 | 13.940 | 64.70 | 30 | 10.035
Mean 67.61 | 120 | 12.706 | 60.10 | 120 | 12.035

nat#gtal | 5133 | 30 | 8.248 | 47.80| 30 | 9.988
dad#gtal | 50.03 | 30 | 8931 | 4237 | 30 | 8.632
fak#gtal | 58.77 | 30 | 10.526 | 52.87 | 30 | 10.040
hag#gdim | 56.60 | 30 | 12.336 | 54.73| 30 | 10615

Mean 54.68 | 120 | 10.542 | 49.44 | 120 | 10.854

wagt#fgdiim | 5047 | 30 | 7.413 | 44.40| 30 | 13.768
fegd#gdim| 4967 | 30 | 6.728 | 4500 | 30 | 16.853

C#g

CCty

CHoC

CC#yC :
hatk#gdi:m | 62.80 | 30 | 13.845 | 61.13| 30 | 12.213
fatg#tgdiom | 57.93 | 30 | 8.812 | 56.87| 30 | 9.153

Mean 54.97 | 120 | 11.066 | 52.07 | 120 | 14.937

Table5.8 Mean HP duration of SI /@t normal and fast speech raeeross all speakers
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Variations between speakers in the mei@hduration ofSl/g/ were also found
At normal speech rate, the mean durationSof/g/ for speakers 1, 4, 6, 8, and 9
decreasedalightly in tokens ofthe CC#C sequence compared tisoseof the CHC
sequence as opposed to the general durational pattern thleeraean HP duration
remained stableThis decreasavas alsonoted atthe fast speech rafer speakers 1, 4,
and 10.
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Estimated Marginal Means

20

T T T
C#g CC#g C#gC cC#gt

Position_in_seq

Figure5.7 Mean durationgt normal and fast speech rafer onset position /g/ in the four
sequence positiorecrossall speakers

5.2.2.3 Summary

The durational pattern of the Sl stop adjacent to the word boundary was not as
consistent as the SF stagescribedn sectin 5.21. In the latter, a decrease in the mean
HP duration was found as the number of stops on the other side of the word boundary
increasedor all the four sequence typesheseresults are in line with the EPG data
results (see section 242). A decreas in the mean HP duration was found when
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comparing the HP duration of the Sl stioptokens of the C8 sequence to the HP
duration of the Sl stop in tokens of the GQC#equenceesulting from an increase in the
number of stops in SF position. The mekecrease in the HP ranged from-1IZms.
However, the decrease in duration of C1 of the Sl stop @CC#as not significant
when the number of stops increased in SF position in theCCC#equence and
remained stable in both speech rates. In most tokenstigated, the mean HP duration
of SI C1 remainedtable as highlighted in figurés4 and 55. In contrast, in previous
investigaions of SF stops (sections 4.2. and 5.3F C2 stops in tokens of theCEC
sequence exhibited a decrease windlowed by a Sl cluster in the C#CC sequence.
The difference in timing of SF and Sl stops indicates that Sl stops are more stable than
SF stops as a result of an increase in the number of stops in the sequence.

Furthermore, there was an overall decrease in the meatutdion of all stops
investigated at fast speech rate when compared to the mean HP durations of the same
tokens at normal speech raféhis highlights the fact that speech rate is also a factor
that influences the duration of stops in sequences. Tlwvial) section investigates the
effectthat anincrease in the number of stops on the adjacent side of the word boundary

has on the timing of SF and Sl stop clusters.

5.2.3 The influence of the number of stops on the timing of SF stop clusters
This section presents results of the mean duration of SF cluster in tokens of the
CC#C andCC#CC sequences. These results shed light on the #flg¢he number of

stops in Sl position have on the timing of SF clusters

5.2.3.1 SF dorsal-coronal /gt/ and /gd/clusters

Table 5.9 presents the results of the mean duration of the SF cluster /gt/. The
pattern indicates a decrease in the mean duration of the SF cluster as the number of
stops inthe Sl position increase. In tokens of th#C sequence, the mean diwsatof
the SF /gt/ cluster was longest normal and fast speech rate. The increase in the

number of stops in Sl position in tokens of §##CC sequence resulted in a decrease in
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the duration irbothnormal and fast speech rate. The decrease in durasisshorter in
fast speech rate as a result of itherease in speech rate whiclfieated the duration of

all segments of the cluster.

Normal Fast
Sequence, Token Mean N Std. Dev. Mean N | std. Dev.
(ms) (ms)

wagt#tal 177.77 | 30 16.972 135.90 | 30 12.494

gHiC wagt#daf | 175.87 | 30 16.313 136.47 | 30 12.990
wagt#kif 165.60 | 30 20.611 128.60 | 30 18.854

wagt#gn | 166.57 | 30 22.797 129.27 | 30 14.326

Mean 171.45| 120 19.871 13256 | 120 | 15.138
wagt#tkasir | 117.77 | 30 20.873 | 104.10 | 30 16.597

e wagt#dkar | 126.27 | 30 23.462 112.37 | 30 27.641

wagt#ktab | 123.63 | 30 23.799 | 103.33 | 30 9.746
wagt#gdi:m | 122.07 | 30 18.038 104.03 | 30 12.207

Mean 122.43 | 120 21.616 105.96 | 120 | 18.074

Table5.9 Mean duration of SF /gt/ clustatnormal and fast speech rate

The sameiming patternwasfound in the /gd/ SF clust@resented in table 5.10
Speech rate also resulted in an overall decrease in the SF cluster duration. At fast speech
rate, the duration of the SF /gd/ cluster deadas comparison to the normal speech

rate.
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Normal Fast
Sequence] Token Mean N std. pev.| Mean N | Std. Dev.

(ms) (ms)

fagd#tal | 184.63 | 30 | 18.416 | 15050 | 30 | 18.239
fagd#dam | 180.30 | 30 | 18.471 | 14573 | 30 | 15.728
ragd#kam | 170.47| 30 | 28.987 | 140.30 | 30 | 18.894
fagd#gas | 166.87 | 30 | 25.303 | 130.33 | 30 | 16.050

gd#C

Mean 175.57 | 120 24.054 141.72 | 120 | 18.650

nagd#tkasir | 126.80 | 30 21.753 100.27 30 19.467
nagd#dkar | 132.93 | 30 20.272 108.20 30 18.933

gd#CC -
nagd#ktab | 119.67 | 30 18.945 98.83 30 14.907
nagd#gdi:m| 120.93 | 30 19.884 97.47 30 10.757
Mean 125.08 | 120 20.671 101.19 | 120 16.720

Table5.10 Mean duration of SF /gd/ clustatnormal and fast speech rate

180 Speech_rate
— MNormal

— Fast

160

1407

Estimated Marginal Means

120

100

T T
qd#C qd#cec

Position_in_seq

Figure5.8 Mean durationgtnormal and fast speech rafer SF /gd/ cluster in both positions
across all speakers
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5.2.3.2 SF coronal-dorsal /tk/ and /tg/ clusters

Resultsof table 5.1lindicate that the mean duration of SF /tk/ clugtemomal
speech rates shorter in tokens of th&#CC sequenceompared to the same SF cluster
in tokens of thetk#C sequence. This is also the case at fast speech rate but with a
smaller decrease of 18ntdowever,aslight increase in the duration of the SF cluster in
thetk #CC sequence was found in the productions of speakecdmparisorwith the
mean SF cluster duration in thekens of thak#C This increase was also found in the

fast speech rate of speakerargl 7.

Normal Fast
Sequence] Token Mean Mean

(ms) N Std. Dev. (ms) N | Std. Dev.
hatk#tal 156.70 | 30 23.800 129.50 | 30 22.735
hatk#dam | 158.20 | 30 27.094 120.53 | 30 18.737
hatk#kif 186.17 | 30 19.336 154.27 | 30 14.678
hatk#gio | 180.97 | 30 17.596 150.93 | 30 10.818
Mean 170.51 | 120 25.674 | 138.81 | 120 | 22.269
hatk#tkasir | 125.10 | 30 17.247 115.63 | 30 18.635

hatk#dkar | 129.57 | 30 16.218 119.70 30 22.178

tk#C

tk#CC -
hatk#ktir | 134.83| 30 | 27.959 | 122.77 | 30 | 14.552
hatk#gdi:m | 135.57 | 30 | 16.456 | 122.40 | 30 | 16.635
Mean 131.27 | 120 | 20.280 | 120.13 | 120 | 18.214

Table5.11 Mean duration of SF /ticlusteratnormal and fast speech rate

The SFcluster /tg/alsoexhibited the same durational pattern inttpC and the
tg#CC sequencesThe total measF clustedurationat both speech rates whmgerin

thetg#C sequenci comparison withthetg#CC sequencétable5.12).
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Normal Fast

Sequence|]  Token Mean [ sty pev| Mean N | std. Dev.
(ms) (ms)

fatg#tal | 16510 | 30 | 27.158 | 126.13 | 30 | 17.706
fatg#dam | 15727 | 30 | 23.818 | 121.40 | 30 | 17.340
fatg#kam | 19047 | 30 25.667 | 157.50 | 30 | 14.073
fatg#gal | 18520 | 30 | 20.128 | 15467 | 30 | 15.916
Mean 17451 | 120 | 27.705 | 139.92 | 120 | 22.952
fatg#tkasir | 12203 | 30 20.833 | 113.47 | 30 | 16.782
fatg#dkar | 12947 | 30 | 21.697 | 118.43 | 30 | 15.806

tg#C

tg#CC :
fatg#ktir | 13037 | 30 25.022 | 120.80 | 30 | 25.531
fatg#gdiim | 12683 | 30 | 13.049 | 11577 | 30 | 17.226
Mean 127.17 | 120 | 20.619 | 117.12 | 120 | 19.193

Table5.12 Mean duration of SF /tg/ clustatnormal and fast speech rate

5.2.3.3 Summary

The results indicate that all SF clustefghe CC#C sequence are characterized
by a decrease in the duration when occurring ind8¢CC sequence. These results are
consistent withthe results of the EPG dafseesection 42.3). Results in section 5.2
indicate that SF C2 in the@*CC sequence is shorter in duration than the SF single
articulatory gesture stop @#CC due to the pseudo geminate nature of the lattieis
was also fand in the EPG data section 4R2owever, the mean decrease in duration of
the SF stofseesections 4.2 and 5.21) was less than the decrease in the duration of
the whole SF cluster found in the acoustics data. The decrease in duration of SF C2 in
CC#C compared to SF C2 in@#CC ranged from 12ms to 17ms in normal speech rate.
On the other hand, results of this section indicate that the decrease in the mean duration
of the SF cluster in thEC#CC sequence compared to ©€#C sequence ranged from
39ms to50ms. This shows that the decrease in duration of the SF cluster is not just a
result of the decrease in the duration of SF C2 but also as a result of the different ICI
durations occurring between C1 and C2 of the SF cluster iC@#C andCC#CC
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sequences. As previsly mentioned in section 4.4.&is can be attributed to the lag
durations occurring between C1 and C2 of the SF clusters. The results of sections
4.3.2.3 and 4.3.2.4 indicate that gestural coordination between C1 and C2 of the SF
cluster in CC#C and CC#CC sequences differ. Longer lag durations and therefore
longer ICI durations are found between stops of the SF cluster &fGH€ sequence
compared to the SF cluster in tB€#CC sequence resulting in longer SF clusters in
the former.As a result, the increase in gestural coordination in addition to the decrease
in the HP of SF C2 resulted in a decrease in the duration of the SF cluSE#CC
compared to the SF cluster GC#C. This is further investigated in section 5.3 of this
chaper to confirm that the difference in gestural coordination pattern between stops of
the SF cluster in th€C#C andCC#CC sequences of the acoustics data exhibit the
same coordination pattern as found in the EPG data in sections 4.3.2.3 and 4.3.2.4. The

next section investigates the timing of SI clusters in botC#and CC#£C sequences.

5.2.4 The influence of the number of stops on the timing of Sl stop clusters
This section presentbe results of the mean duration of Sl cluster in tokens of
the C#£C and CC#£C sequences. These results shed light on the effetthe number

of stops in SF positiohason the timing of Sl clusters

5.2.4.1 Sl coronal-dorsal /tk/ and /dk/ clusters

Table 5.13 presents the results of the mean SlI cluster /tk/ dgratitokens of
the C#tk and CC#k sequences. Tkeresults show that the timing pattern of Sl clusters
is different fromthat of theSF clusterglescribedn sections 4.2.3 of the EPG chapter
and section 5.2.3 of this chapter. The mean duration of the SI cluster in bothcesquen
remains stable at 131ms in both sequen&efast speech rate, there wasiacrease of
5ms.

The same durational patteis exhibited by the syllablaitial /dk/ cluster. The

total mean duration in normal speech rate averaged 142ms in tokens ofidke C
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sequence and 141ms when preceded by a coda cluster in tokens of thkeseq@ience

(table5.14).
Normal Fast

Sequence]  Token Mean N | Std. Dev Mean N | Std Dev
(ms) ] (ms) "
batitkasir | 13703| 30 | 19.990 | 106.67 | 30 | 16.221
@d#kasir | 13883 | 30 | 26.878 | 11080 | 30 | 19.937

Citk :
fakitkasir | 12883 | 30 | 15.302 | 113.00 | 30 | 17.597
@gkasir | 12653 | 30 | 15200 | 114.23 | 30 | 14.619
Mean 131.31| 120 | 20.225 | 111.18 | 120 | 17.230
wagtikasir | 12557 | 30 | 16.075 | 113.60 | 30 | 19.329
.. fegd#kasir | 13403 | 30 | 18524 | 117.47 | 30 | 18552
hatkitkasir | 13383 | 30 | 20427 | 116.70 | 30 | 19.148
fatgitkasir | 13050 | 30 | 15.002 | 118.13 | 30 | 12.835
Mean 13115 | 120 | 17.766 | 116.47 | 120 | 17.535

Table5.13 Mean duration of Sl /tk/ clustet normal and fast speech rate

Normal Fast
Sequence Token Mean N Std. Dev Mean N Std. Dev
(ms) ' ' (ms) ' ]
natidkar | 14663 | 30 | 20727 | 12523 | 30 | 18.420
ad#ikar | 14790 30 23.127 | 12853 | 30 | 24.150
Cc#dk ek
ak#dkar | 13840 | 30 20549 | 12387 | 30 | 15.024
haglkar | 147 43| 30 16.604 | 122.70 | 30 | 19.554
Mean 142.09 | 120 | 20.344 | 125.08 | 120 | 19.437
wagtidkar | 13917 | 30 19.825 | 126.90 | 30 16.476
conik nagdilkar | 14383 | 30 18.890 | 128.30 | 30 | 15.888
hatkidkar | 14370 | 30 | 21.602 | 126.27 | 30 | 17.463
fatgidkar | 14073 | 30 17.078 | 12527 | 30 | 12.253
Mean 141.86 | 120 | 19.275 | 126.68 | 120 | 15.485

Table5.14 Mean duration of Sl /dk/ clustat normal and fast speech rate
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Variation betweenhe averageneansfor speakersvas foundin the production
of this syllableinitial cluster.At normal speech rate for speakers 1, 5, and 7, there was
an increase in the mean duration of /dktakens ofthe CC#lk sequenceompared to
those forthe C#lk sequenceas opposed to the general patterhere there was a
decrease in the mean durationtis cluster when preceded by a SF cluster fast
speech rate, the mean duratwnSI /dk/ clusterfor speakers 3, 4, 8, and 9 showed a
slight decrease in their mean durationtakens ofthe CC#lk seqiencecompared to

thoseof the C#lk sequence

5.2.4.2 S| dorsal-coronal /kt/ and /gd/ clusters

As with the previous Sl clusters investigated, the durational pattern exhibited by
S| /tk/ was consistent with the previous Sl clusters. In normal speech rate, the mean
duration of Sl /tk/ averaged 145ms in tokens of th&kGequence and 147mstimose
of the CC#k sequenceshowinga negligible increase of 2mAt fast speech rat¢he
mean duration of Sl /tk/ cluster remained stable in tokeh®f thesesequence(table
5.15).

Normal Fast
Sequence Token Mean N Std. Dev Mean N | Std. Dev
(ms) 7 (ms) -
@dAktir | 14433 | 30 | 14.325 | 126.00 | 30 | 19.761
Ciit fak#ktir | 14507 | 30 | 18.895 | 13567 | 30 | 23.182
nag/ktir | 14527 | 30 | 16.278 | 137.30 | 30 | 13.634
Mean 14489 | 90 | 16.422 | 13299 | 90 | 19.699

wagtiktab | 13980 | 30 | 16.437 | 123.10 | 30 | 12.425
negd#ktab | 14153 | 30 | 13.263 | 12433 | 30 | 23.314

CCikt :
hatk#tir | 15060 | 30 | 25.129 | 146.67 | 30 | 20.795
fatgtktir | 14673 | 30 17.767 | 136.80 | 30 | 20.619
Mean 14767 | 120 | 20519 | 132.72 | 120 | 21.757

Table5.15 Mean duration of Sl /kt/ clustat normal and fast speech rate
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In the case of speakers 4, 5, 6, 8, and 9, there was a slight decrease in the mean
duration of /kt/ in tokens of the C&t#tsequence ranging from 2ms to 11ms compared
to the mean in tokens of the C#kt sequence. As for speakers 2, 3, 7, and 10, an increase
was seelin the mean durations of /kt/ in tokens of the &C#equence compared toet
C#kt sequence. This variation ranged from 7ms to 30ms.

Furthermore, the meaturation of the Sl /gd/ also exhibited the same pattern as
the number of stops increased in SF position preceding the word bpuhtdarmean
duration was not affected in take of both the Cgd and CC#d sequencefable5.16)

Normal Fast
Sequence]  Token Mean N | std. Dey.| Mean N | Std Dev.
(ms) (ms)
Ctgd | hagigdim | 14433| 30 | 14.325 | 126.00 | 30 | 19.761
Mean 14489 | 90 | 16422 | 132.99 | 90 | 19.699

wagtigdiim | 13980 | 30 | 16.437 | 123.10 | 30 | 12.425
nagdwdim | 14953| 30 | 13263 | 124.33 | 30 | 23314

CCtyd -
hatkigdi:m | 16260 | 30 | 25129 | 14667 | 30 | 20.795
fatg#gdim | 14673 | 30 | 17.767 | 136.80 | 30 | 20.619
Mean 147.67 | 120 | 20519 | 132.72 | 120 | 21.757

Table5.16 Mean duration of Sl /gd/ clustat normal and fast speech rate

Variatiors between speakemsere foundin the mean duratioal patternof Si
/gd/ were found. In normal speech rate, as opposed to the general durational pattern
showinga decrease in the mean duratafnSI /gd/in the CC#d compared tdhat of
C#gd sequencethe durational pattern of the mean $peakers 1, 2, and 7 showed an
increase in the mean duration of Sl /gd/ when occurring in tokérntke CC#d

sequenceThis increase ranged between 1@fms.In fast speech rate, speakers 3, 5,
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and 7 also showea similarincrease irthe mean duration @&l /gd/ when occurringn

tokens ofthe CC#d sequenceompared tahoseof the C#d sequence.

5.2.4.3 Summary

Results of the timing of SI clusters in the two sequence types indicate that Sl
clusters are nogreatly affected by the number of stops in the sequembese results
are consistent with the resulisr the SI clusters in the EPG daseesection 4.2.1
Whilst the results for SF clusters (sections 4.2.3 and 5.2.3) showed a considerable
decrease in their mean duration in @@#C sequence compared t@t8F cluster in the
CC#CC sequence, ranging between 39ms and 50ms, SI clusters exhibited more stability
in their duration.The overall pattern indicates that the mean duration of clusters in Sl
position did notexhibit a sharp decrease when preceded by &l@ster. The mean
duration of the Sl cluster in the C& sequence did not decrease when occurring in the

CCHCC sequence due to the increase in the number of stape & position.

5.3 Intergestural timing and patterns of gesturalcoordination in stop sequences

This section presents the results of intergestural timing and patterns of gestural
coordination in stop sequencegh the aim ofaddresmg research question Acoustic
behaviour of stops is expressed in terms ofpeatage of stop releases in the four
sequence types in additionlagdurators occurring between the
stops and patterns of ICI distributiofhis section concluddsy presenting theesults of
the effect of place order of stops invallven gestural coordination as mentioned in
research question 3.

An increase in the release of C1 between any two adjacent stop gestures C1C2
reveals a lack of stop closure overldperesultingpresence of aflCl as highlighted by
the acoustic release othe spectrogram and waveform suggeltss gestural
coordination and open transition between gestureadphcent stopswvhereasthe
absencef an acoustic release cases whethe release obne stop gesturs masked

by the HP of C2 indicates closer gewral coordination The degree of gestural
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coordination is measured in terms of the temporal lag between release of C1 and C2
closure, i.e. the ICI duration. An acoustic release in the acoustic analigEstified by

the vertical spike on the wavefornitex a period of silence or the sudden increase in
high frequency acoustic energy on the spectrogram as a result of the sudden release of

the articulators.

5.3.1 Release percentages and gestural coordination

This section presents the results of the release of the HP of a C1 stop of a C1C2
sequence beforthe formation of the HP of C2 and corresponds to section 4.3 of the
EPG data.

5.3.1.1 Release percentag®f SF stopin C#C sequence

At normal speech rate, stop closuredap occurred in 50% of the tokens. This
remained steady with a slight decrease in fast speech rate as presented in table 5.17.
Being composed of only two stops, a high percentage of stop closure overlap was found
across the word boundary in homorganiketos of this sequence. All of the tokens
consisting of homorganic stops spanning the word bounahgthercoronal#coronal
or dorsal#dorsa¢xhibited stop closure overlaphese can be found in the homorganic
sequence tokenA #tal, /Ai t /#Hdii &/# b iad /#/dk#st, If a k #/daigHkif, and
/[dag#ihgn wt hese seqguences can behsaid téibeddslinated in t h e
that the release of C1 is masked by the closure of C2 of the sequence.

As anticipated, the SF single articulatory tges stop was always released
before closure of the Sl stop is attained in heterorganic sequences. In these tokens, stop
gestures are not in close coordination resulting in the absence of any stop closure
overlapperiod

The same pattern is also found astf speech rate. The increase in speech rate
did not result in a significant decrease in the percentage of stop closure overlap across
the word boundary. No speaker variability was found. The same pattern was exhibited

by all 10 speakers.
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Normal Fast
Token # rls. % rls. N # rls. % rls. N
At#tal 0 - 30 0] - 30
At#dis 0 - 30 0] - 30
At#kalb 30 100 30 30 100 30
INHGID 29 96 30 30 100 30
dd#tal 0 - 30 0 - 30
dd#dis 0 - 30 0 - 30
dd#kif 30 100 30 30 100 30
dd#giw 29 96 30 26 96 30
fak#tal 30 100 30 29 96 30
fak#dam 29 96 30 30 100 30
fak#kif 0 - 30 0 - 30
fak#giw 0 - 30 0 - 30
dag#tal 30 100 30 29 96 30
dag#dam 30 100 30 29 96 30
dag#Kkif 0 - 30 0] - 30
dag#gin 0 - 30 (0] - 30
Mean 237 49.4% 480 233 48.5% 480

Table5.17 Number ofunmaskedeleases across word boundary and percentages in C#C sequence
tokensatnormal and fast speech rate

/t/ release

zero release at # \/
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Figure59Absence of acoustic release at word boun
normal speech rate
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5.3.1.2 Release percentag®f stopsin C#CC sequence

The unmasked release of the SF single articulatory gesture stop preceding the
word boundary increased in tH@#CC sequence as seen in table 5T18s threestop
sequence violates the total number of stops permitted by the syllabic template of TLA
andstop gestures ameot closely coordinated resulting in an increase in the unmasked

release of the SF stop.

Normal Fast
0, 0, 0,
Token #rls e S| % rls. N o & S - N
rls. rls rls. rls. rls. rls.

bat#tkasir| 15 50 | 30 100 | 30 4 13 30 | 100 | 30
nat#dkar | 21 70 | 30 100 | 30 | 14 | 46 30 | 100 | 30
nat#kdab| 30 | 100 | 30 100 | 30} 30 | 100 | 30 | 100 (| 30
nat#gtal | 30 | 100 | 30 100 | 30 30 | 100 | 28 | 93 30
@d#tkasir| 21 70 | 30 100 | 30 | 18 60 30 | 100 | 30
@d#dkar | 22 73 | 30 100 | 30 | 15 50 30 | 100 | 30
a@d#ktir 30 | 100 | 30 100 | 30§ 30 | 100 | 30 | 100 | 30
@d#gtal | 30 | 100 | 30 100 | 30} 30 | 100 | 29 | 96 30
fak#tkasir | 30 | 100 [ 30 100 | 30} 30 | 100 | 29 | 96 30
fak#dkar | 30 | 100 | 30 100 | 30} 30 | 100 | 30 | 100 | 30
fak#ktir 30 | 100 | 30 100 | 30 | 22 73 29 | 96 30
fak#gtal 30 | 100 | 30 100 | 30 | 23 76 30 | 100 | 30
@g#tkasir| 30 | 100 [ 30 100 | 30} 30 | 100 | 30 | 100 (| 30
hag#dkar| 30 | 100 [ 30 100 | 30} 30 | 100 | 29 | 96 30
nag#ktir | 30 | 100 [ 30 100 | 30 | 27 90 30 | 100 | 30
hag#gdi:m| 30 | 100 [ 30 100 | 30 | 26 96 30 | 100 | 30
Mean 439 | 91% | 480 | 100% | 480 389 | 81% | 474 | 98% | 480

Table5.18 Number ofunmaskedeleases across word boundary and in Sl cluster of C#CC
sequence tokerat normal and fast speech rate
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The acoustic data indicates that stop gestum this position are not
synchronised resulting in a high percentage of unmasked stop closures averaging 91%
in normal speech rate. At this speech rate, the only tokens that did exhibit masked SF
stop releases are the coronal#coronal homorganic seguBocsal#dorsal homorganic
sequences did not exhibit any stop closure overlap as highlighted in figure 5.10.

The increase in speech rdes to a slight decrease in thenmaskedrelease
percentage of the SF stoguggestinga slight increase in gestural coordination in fast
speech rateThis occurred in the coronal#coronal homorganic sequences across the
word boundary. However, stop closure overlap was also found in homorganic
sequences of the dorsal#dorsal type in fast cdpaate. In /fak#ktir/, /fak#gtall,
Inag#ktir/, and /hag#gdi:m/, the HP of the velar gesture was not released across the

word boundary in 8, 7, 3, and 4 repetitions respectively.

] K release

Figure5.10 Unmasked stopelease across word boundary in C#CC sequence /fakafktir/
normal speech rate
Furthermore, the results reveal that gestural coordination between stop gestures

of the SI cluster of this C#CC sequence is characterised by a high percentage of

unmasked Sl Cieleases. In normal speech rate, the mean percentage release of SI C1
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was 100% and remained almost stable in fast speech rate. Only 6 out of a total of 480
repetitions exhibited stop closure overlap between gestures of the Sl cluster in fast
speech ratdt is also worth mentioning that all Sl clusters consist of heterorganic stops.
This general pattern was consistent in the productions pgdicipants except
speaker 7 whaexhibited a slight increase in stop closure overlap across the word
boundary whee the release percentage was 65% across the word boundary in normal

speech rate.

5.3.1.3 Release percentagef stopsin CC#C sequence

A different stop closure overlap pattern was found in this three sequence
(Table 5.19).In the SF cluster, gestural coordima between stops of the cluster is
characterised by the lack of gestural coordinatiotih unmasked releases of SF C1
occuring in all tokens. This is also the case in fast speech rate. Bttips SF cluster
are not closely coordinated. However, a dase in the percentage of unmasked stop
closure releases can be seen across the word boundary. The percentage of unmasked SF
C2 release in normal speech rate was 49% in normal speech rate and 48% in fast speech
rate. Stop closure overlap between SF C2 &hdC1l occurred in all homorganic
sequencespanning the word boundary in both speech rates (figudg. I.his pattern
is very similar to that found across the word boundary in the C#C sequence (section
5.3.1.1) and also in the EPG results investigathng same CC#C sequence (section
4.3.1.3). Like the former sequence, stop closure overlap occurred in both
coronal#coronal and dorsal#dorsal homorganic sequences across the word boundary at
both speech rate3he only heterorganic token exhibiting stop clas overlap across
the word boundary was found in one repetitionvof/ g t /#ngorral speech rate. In
fast speech rate, 4 repetitions exhibited stop closure overlap across the word boundary
in /] a#gd¢ and 1 repetition in /hatk#tal/. Unmasked stogasks across the word

boundary occurred in all remaining heterorganic sequences (figie 5.
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Normal Fast

0, 0,
Token ol % rls. i - N =5 % rls. i . N
rls. rls. | rls. rls. rls. rls.
wagt#tal | 30 100 0 - 30 30 100 0 - 30
wagt#daf | 30 100 0 - 30 30 100 0 - 30

wagt#kif | 30 | 100 | 30 | 100 [ 30 | 30 100 30 | 100 | 30
wagt#gw | 30 | 100 | 29 | 96 | 30 | 30 100 30 | 100 | 30
nagd#tal | 30 | 100 0 - 30 | 30 100 0 - 30
nagd#dam| 30 | 100 0 - 30 | 30 100 0 - 30
nagd#kam| 30 | 100 | 30 | 100 | 30 | 30 100 30 | 100 | 30
nagd#gas| 30 | 100 | 30 | 100 | 30 | 30 100 26 86 | 30
hatk#tal | 30 | 100 | 30 | 100 | 30 | 30 100 29 9% | 30
hatk#dam| 30 | 100 | 30 | 100 [ 30 | 30 100 30 | 100 | 30
hatk#kif | 30 | 100 0 - 30 | 30 100 0 - 30
hatk#gw [ 30 | 100 0 - 30 | 30 100 0 - 30
fatg#tal | 30 | 100 | 30 | 100 [ 30 | 30 100 29 9% | 30
fatg#dam| 30 | 100 | 30 | 100 [ 30 | 30 100 30 | 100 | 30
fatg#kam | 30 | 100 0 - 30 | 30 100 0 - 30
fatg#gal | 30 | 100 0 - 30 | 30 100 0 - 30
Mean 480 | 100% | 239 | 49% | 480 480 | 100% | 234 | 48% | 480

Table5.19 Number ofunmaskedeleases in SF cluster and across word boundary o€ECC#
sequence tokersg normal and fast speech rate

At normal speech rate, no speaker variability was exhibited in the individual
productions of all 10 speakers. Howevat,fast speech rate, speakelr, 2, and 3,
exhibited a slight decrease in the percentage of unmasked releases across the word
boundaryresulting ina slightly closer gestural coordinatigrattern between stops
spanning the word boundattyanwas the case fdhe otherspeakers
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Figure 5.11 Stop closure overlap at word boundary in CC#C homorganic sequence /wagt#daf/
normal speech rate
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Figure5.12 Unmasked stop release at word bougpddrCC#C heterorganic sequence /fatg#tal/
atnormal speech rate
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5.3.1.4 Release percentagef stopsin CC#CC sequence

The results presented in tables 5.20 and 5.21 indicate that stop gestures across
the word boundary in the CC#CC sequence are characterised by a high percentage of
unmasked releases of the SF C2 stop even in tokens consisting of homorganic
sequences in thiposition. This pattern is very similar to tieefound across the word
boundary of the C#CC sequence in section 5.34t.2ormal speech rate, stop closure
overlap across the word boundary occurred in only 47 repetitions. These instances were
exhibited by homorganic sequences only mostly in coronal#coronal sequences. All
heterorganic sequences spanning the word boundary exhibited unmasked SF C2
releases (figure B3). In /wagt#tkasir/ where a homorganic sequence spanned the word
boundary, 5 repetitionexhibited a lack of release of the alveolar /t/ HP. Similarly, 8
repetitions of /wagt#dkar/ exhibited the same pattern. The highest muofbstop
closure overlap across the word boundary were foung m#tlkadsiv and fj a #pdkar/,
where9 repetitions irthe former and 11 repetitions of the latter exhibited stop closure
overlap across the word boundary. As for the dorsal#dorsal across word boundary
homorganic sequences ifatg#kti/ and /fatg#gdi:m/, 3 repetitions in each sequence
exhibited stop closureverlap across the word boundary. In addition, stop closure
overlap was also found in 5 repitns of /hatk#ktir/ (figure 5.14and 3 repetitions of
/hatk#gdi:m/. These results show that gestural coordination across the word boundary in
the CC#CC sequencerelatively weak.

Stops in both SF and Sl clusters in this sequence also exhibited a high
percentage ofinmasked stop releasdt seems to be the case that SF C1 and SI C1 are
always released before the closures of their respective following stofisraesl. The
only instance where stop closure overtghoccurr was between stops of the SF and Si
clusters of I} a #dKka¥. This occurred ira singlerepetition produced by speakerail

normal speech rate.
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Normal

Token SFris| %rls | #rls | %rls | Slrls | % rls N

wagt#tkasir | 30 | 100 | 25 | 83 | 30 | 100 | 30
wagt#tdkar | 30 | 100 | 22 | 73 | 30 | 100 | 30
wagt#ktab | 30 | 100 | 30 | 100 | 30 | 100 | 30
wagt#gdim | 30 | 1200 | 30 | 100 | 30 | 100 | 30
fagd#tkasir | 30 | 100 | 22 | 70 | 30 | 100 | 30
fagd#dkar | 29 9% | 19 | 63 29 9% | 30
nagd#ktab | 30 | 100 | 30 | 100 | 30 | 100 | 30
fagd#gdim | 30 | 100 [ 30 | 1200 | 30 | 100 | 30
hatk#tkasir | 30 | 1200 | 30 | 100 | 30 | 100 | 30
hatk#dkar | 30 | 100 | 30 | 1200 | 30 | 100 | 30
hatk#ktir 30 | 100 | 25 | 83 | 30 | 100 | 30
hatk#gdim | 30 | 100 [ 27 | 90 | 30 | 100 | 30
fatg#ttkasir | 30 | 100 | 30 | 100 | 30 | 100 | 30
fatg#dkar | 30 | 1200 | 30 | 100 | 30 | 100 | 30
fatg#ktir 30 | 100 | 27 | 90 | 30 | 100 | 30
fatg#gdiom | 30 | 100 [ 27 | 90 | 30 [ 100 | 30
Mean 479 | 99.7% | 433 | 90% | 479 |99.7% | 480

Table5.20 Number ofunmaskedeleases between stops in SF cluster, across word boundary,
and in Sl cluster of CC#CC sequence tokamormal speech rate
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Figure5.13 Unmasked SF C2 stop release at word boundary in CC#CC heterorganic sequence
/wagt#ktab/at normal speech rate

Figure5.14 Unmasked SF C2 stop release at word boundary in CC#CC homorganic sequence
/hatk#ktir/atnormal speech rate
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The fast speech rate also exhibited the same unmasked stop release pattern. The
increase in speech rate did not result in a significant increadeprclosure overlap in
all three positions of the CC#CC sequence. In fact, the number of repetitions exhibiting
stop closure overlap across the word boundary decreased &b fd&t speech rate
compared to 47 in normal speech rate. However, stop closeriap between stops of
the SF and Sl clusters increased to 7 repetitions in both SF and S| cti$testsspeech

ratecompared to 1 repetition in normal speech rate.

Fast

Token SFrls | %rls | #rls | %rls | Slrls | % rls N

wagt#tkasir | 30 | 1200 | 21 | 70 | 30 | 100 | 30
wagt#dkar | 28 | 93 | 24 | 8o | 30 | 100 | 30
wagt#ktab | 30 | 1200 | 30 | 100 | 30 | 1200 | 30
wagt#gdim | 30 | 100 | 30 | 1200 | 30 | 100 | 30
fagd#tkasir | 28 | 93 | 24 | 80 | 30 | 100 | 30
magd#dkar | 29 | 96 | 24 | 80 | 30 | 100 | 30
nagd#ktab | 29 | 96 | 30 | 100 | 28 | 93 | 30
magd#gdim| 29 | 96 | 30 | 100 | 30 | 100 | 30
hatk#tkasir | 30 | 100 | 30 | 1200 | 30 | 100 | 30
hatk#dkar | 30 | 100 | 30 | 100 | 29 | 96 | 30
hatk#ktir 30 | 100 27 | 90 | 28 | 93 | 30
hatk#gdim | 30 | 200 | 27 | 90 | 30 | 1200 | 30
fatg#tkasir | 30 | 100 | 30 | 100 | 30 | 100 | 30
fatg#dkar | 30 | 100 | 30 | 1200 | 30 | 100 | 30
fatg#ktir 30 | 100 24 | 80 | 30 | 100 | 30
fatg#gdim | 30 | 200 | 27 | 90 | 28 | 93 | 30
Mean 473 | 98% | 438 | 91% | 473 | 98% | 480

Table5.21 Unmaskedeleases between stops in SF cluster, across word boundary, and in Si
cluster of CC#CC sequence tokeiastspeech rate
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Variability amongstspeakersvas also observed wittpsakers 2, 3, 7, and 9
exhibiing a decrease in the percentage of unmasked SF C2 stop releases across the
word boundary in normal speech rate. In the case of speakers 2 and 3, the unmasked SF
C2 stops release percentage in the normal speech rate was 66% and 68% respectively

demonstratingloser gestural coordination.

5.3.1.5 Statistical analysis

As with the EPG data, a ongay ANOVA test wasonducted on thpatternof
stopreleases across the word boundanall four sequenced he ShapireVilk test for
normality showed a significant difference of >0i@8licatingnormal distributiorof the
data. A onewvay ANOVA test was performed tacheck for significant differences
betweenthe mean percentage releases for all speaketbe four sequencesit both
normal and fast speech rat€sirthermore, @onferroni Post Hoc statistical test was
used tocomparebetweenthe mean percentages of release of the SF stop preceding the
word boundaryor all four sequence type3he results are presented in tabl22.

Results of the test indicate that no significant differen@e<.05 existed
between the pattern of stop release across the word bguinddre C#C and CC#C
sequencesThis indicates that stop closure overlap patterns between stops adjacent to
theword boundary in both these sequences were similar. Results also reveal that there
was no significant differencép>0.05 between stop releases across the word boundary
in the C#CC and CC#CC sequenddswever, a significant value @0.05was found
between stop releases across the word boundary of the C#C sequence and both the
C#CC and CC#CC sequences. Furthermore, a similar signifiifietence (p<0.05)
was also found between stop releases across the word boundary of the CC#C and both
the C#CC and CC#CC sequences. These results are consistent with the test carried out
on the EPG datésection 4.3.1.b The resultsandicate thatin terms of stop releases
across the word boundary two distinct categories can be idenfifiedfirst categor
includes tokens of both the C#C and CC#C sequences where tighter gestural
coordination across the word boundary was exhibited. The second category includes
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tokens in both the C#CC and CC#CC sequences with less gestural coordination across

the word boundy asdisplayed inthe increase of stop releases in this position.

Multiple Comparisons
Dependent Variable: Unmasked elease
Bonferroni
(I) Sequence type| Mean Std. Sig. 95% Confidence
Difference| Error Interval
(1-J) Lower | Upper
_ Bound | Bound
C#C C#CC 421 .026| .000 .35 49
CC#C .004 .026| 1.000 -.07 .07
CC#CC 408 .026] .000 34 48
C#CC | C#C -421 .026| .000 -.49 -.35
CC#C -417 .026| .000 -.49 -.35
CC#CC -.013 .026| 1.000 -.08 .06
CC#C | C#C -.004 .026| 1.000 -.07 .07
C#CC 417 .026| .000 .35 49
CC#CC 404 .026] .000 .33 47
CC#CC | C#C -.408 .026| .000 -.48 -.34
C#CC .013 .026| 1.000 -.06 .08
CC#C -.404 .026] .000 -.47 -.33
*, The mean difference is significant at the 0.05 level.

Table5.22 Summary of significant effects in the Post Hoc statistical analysis of unmasked
releases at word boundary in C#C, C#CC CC#C, and CC#CC seqaenoeral speech rate

At fast speech ratghe oneway ANOVA also showed a significant difference

of p<0.05 but the significance pattern was not consistent with thathe normal
speech rate. e Bonferroni Post Hoc test shows that a no significant differealce

of p=1.000was observed betwestopreleases ithe C#C and CC#C sequendedine

with normalspeech rate. However, contrary to normal speech rate, a significanbfalue
p=0.001 was foundbetweenstop releasesacross theword boundary inthe C#CC
sequence and the CC#CC sequence. Furthermore, a significant vala8.@b was
found between stop mhses in the C#CC sequence and both the C#C and CC#C

sequences. These significance results are not consistent with the results found in the
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normal speech rate. The increase in the speech rate resulted in a decrease in stop
releases across word boundaryhie C#CC sequence as highlighted in table 5.18. This
seems to have resulted in a significant difference being exhibited compared to stop
releases across the word boundary in the CC#CC sequence. In normal speech rate, both
these sequences belonged to themnesaategory in terms of stop releases occurring
across the word boundary.

As for the productions oidividual speakes, the oneway ANOVA testalso
resulted in a significant difference of p<0.fa each speakeA Bonferroni Post Hoc
testwas applied to both the normal and fast speech rate productions of each speaker
separately in order to identify significant differences between sequences. Speakers 1, 5,
6, 7, 8, 9, and 10 exhibited the same significance results in normal and fastrspesch
Forthese speakers, stop releases across word boundary in the C#C and CC#C sequences
were not significantly different from each other. Furthermore, in both the C#CC and
CC#CC sequences, stop releases across word boundary in these sequences were not
significantly different. However, the resulfisr the C#C and CC#C sequences on one
hand were significantly different from the results in both the C#CC and CC#CC
sequences on the other hand highlighting two different categories of gestural
coordination aass the word boundary aseviouslyfound in the general pattefor the
normal speech rate.

Variations between speakers wei@ind in the statistical resultbetween
speakers 2, 3, and 4. In the case of speaker 2, resultsBdrferroni Post Hoc tegor
the normal speech rate showed that there was no significant difference with a value of
p=1.000 between stop releases across the word boundary in the C#C and CC#C
sequences. However, a significant difference with a valu@=8.044 was found
between stp releases in the C#CC and CC#CC sequences as opposed to the overall
pattern. Furthermore, a no significant value p3f0.200 was found between stop
releases in the C#C and CC#CC sequence and a no significant v@iae.483 was
found between releases imet CC#C and CC#CC sequences. These results show that in

normal speech rate of speaker 2, there was an increase in stop closure overlap across the
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word boundary in the CC#C€&equence resulting a pattern similar to stop releases in
the C#C and CC#C sequms.

However, this pattern for speaker 2 was completely different at fast speech rate.
In this case, the Bonferroni Post Hoc test showed that there was no significant
difference p=1.000) between stop releases in the C#C and CC#C sequences or between
the C#C and the C#CC word boundary sequenpe$.859). However, a significant
difference was found between stop releases in the CC#CC sequence and in all the other
three sequences.

As for speaker 3, thd@onferroni Post Hoc tesshows that there was no
significant difference between stop releases across the word boundary in all four
sequence typeat fast speech rate.

Finally, in the case of speaker @t normal speech rate Bonferroni Post Hoc
test showed that no significant difference in stop releases sdhes word boundary
with a value 0$%=0.107found between the C#C and the C#CC. Stop releases across the
word boundary in both these sequences where significantly different from each whereas
they arenot significantly different according to the overphttern.

5.3.1.6 Summary

The acoustic data reveals that different sequences exfaityiing degrees of
gestural coordination between adjacent stops. With regards to the pattern exhibited
across the word boundaries of the four sequence types investigated, stieadtegsults
indicate that two different categories canitbentified In terms of the number of stop
closure overlap occurring across the wbodindaryboth the C#C and CC#C sequences
are very similar. Both sequences exhibited closer gestural articulaflected in the
lower percentage of unmasked releases and thergfurater stop closure overlap
occurring across their boundarid=or both sequences, stop closure overlap between
gestures of stops spanning the word boundary occurred in all thedammtokens.

On the other hand, the C#CC and CC#CC sequératbdelong to the second

category in terms of the number of unmasked stop releases occurring across the word
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boundary. The number of stop closure overlap occurring across the word boundary in
tokens of both these sequences was almost negligible. Unmasked stop releases across
the word boundary were also found to occur in homorganic stop sequences spanning the
word boundary. The HPOs of stops spanni ng¢
not closely coordinated resulting in a visible acoustic release and therefore less gestural
coordination. These results are in line with the results of section 4.3.1 of the EPG data.

The increase in speech rate did not have a significant effect on the pdttern o
stop closure overlap in all four sequences. The percentage of unmasked stop releases
remained stable in both normal and fast speech rates. The overall pattern of masked and
unmasked stop releases occurring across the word boundaries of the four sagesnce

is illustrated in figures 35 and 516.

100%
90%
80%
70%
60%
50% g m Release
40% - No release
30% -
20% -
10% -
0% -
CC#C C#CC CC#CC

Figure5.15 Percentage of masked and unmasked stop releases across word boundary in normal
speech rate
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Figure5.16 Percentage of masked and unmasked stop releases across word boundary in fast
speech rate

In terms of the number of stop releases between stops of the SF and SI clusters
of the C#CC, CC#C, and CC#CC sequences, a high nurhbenasked stop releases
occurred between stops of the SF and Sl clusters in all four sequenessrelultfor
the number of unmasked stop releases occurring in the SF cluster of the CC#C sequence
are consistent withthose for the EPG datgsection 4.3L.3) both exhibiting 100%
unmasked stop releaséfowever, the percentage of unmasked stop releases within the
Sl cluster of the C#CC sequence was 100% in normal speech rate whereas in the EPG
data this percentage was 70%. Furthermore, in the SF andissércbf the CC#CC
sequence, the percentage of unmasked stop releases in normal speech rate faras 99%
both positions wheredhesewere 55% and 52% respectively in the EPG data.

As previously mentioned, these results do not imply that stop gesturestare n
coordinated witreach other but simply indicatehat t he HPG6s of both
not exhibit overlap. The following section investigates the degree of gestural
coordination between stops in terms of ICI duration. The duration of the ICI resulting
from these releases providestherinformation on the degree of gestural coordination
in terms of the lag duration between the release of a stop gesture and the closure of the

following stop.
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5.3.2 ICI durations and distribution patterns in stop sequences

Having identified different gestural coordination patterns between stops in the
four sequence types in the previous sectibis section presents the results of ICI
durationsoccurring between adjacent stops as a result of the unmasked réafetises
four seuence typesThe degree of gestural coordination is calculated in terms of the
articulatory lag between release of C1 HP and C2 closure. Results of the durhtions o
SF, SI, and word boundary I€lof the four sequence types indicate the degree of
gestural coordination between stops. The ICI duration between any two stops C1C2 is
identified as the interval between the acoustic release of the HP of C1 and the onset of

closure of C2.

5.3.2.1 IClI duration an d distribution in two -stop C#C sequence

Table 5.23 presents the results of the ICI duration occurring across the word
boundary between the SF single articulatory gesture stop and the Sl singleton in cases
where the release of the SF stop was unmasked.r@hdts indicate that the lag
duration is short resulting in closer gestural coordination between both stop gestures.
The mean ICI duration across all tokens was 1dthsth speech rates.

The longest mean lag duration of 20ms is found at the word bourdary
/dag#tal/ in normal speech rate. Here the TB and the TT gest@reulled apart more
resulting in a Il onger I ClI duration betwe
tokens where a TB gesture is followed by a TT gesture such as /dag#dam/l/ /fakéta
[fak#dam/. All these tokens exhibited longer lag durations and therefore lesser degrees
of gesturalcoordination. The shortest I€bccurred at the word boundary iAi/ t/# gi ®
and i d/#vheareca TT gesture is followed by a TB gesture. Howeverdifierence
in ICI duration is not considerable.
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Normal Fast
Mean Std. Mean Std.
Token ICI N Dev. ICI N Dev.
At#tal -- 0 -- -- 0 --
Ai#dis -- 0 -- -- 0 --
At#kalb 10 30 5 8 30 3
AHgiw 9 29 5 8 30 4
dd#tal -- 0 -- -- 0 --
dd#dis -- 0 -- -- 0 --
do#kif 11 30 5 11 30 6
dd#giw 9 29 7 7 26 5
fak#tal 19 30 6 19 29 6
fak#dam 18 29 8 19 30 8
fak#kif -- 0 -- -- 0 --
fak#gi -- 0 -- -- 0 --
dag#tal 20 30 8 18 29 5
dag#dam 19 30 7 19 29 6
dag#kif -- 0 -- -- 0 --
dag#gw -- 0 -- -- 0 --
Total 14ms 237 8 14ms 233 7

Table5.23 Mean ICI durations at word boundary of C#C sequetticermal and fast rase

Furthermore, the increase in speeake did not have a significant effect on
gestural coordination. In fast speech rate, the degree of gestural coordination did not
increase between stop gestures as highlighted by the negligible decrease in ICI duration
in fast speech rates. These resutes @so in line with results the EPG dds®ction
4.3.21).
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In bothnormal and fast speech rates, tighter gestural coordination bettegsn
across the word boundary in all tokens of the C#C sequence was exhibidid1By
speakersThis is reflected by the short ICI durationstable 5.24 However, relatively
longer lag durations and therefore a slight decrease in gestural coordimatiss the
word boundary is exhibited by speakers 7 anavfh®ncompared to thetherspeakers.
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Normal Fast

Mean Std. Mean Std.

SgEEler ICI (ms) a Dev. | ICI (ms) A Dev.
Speaked 11 22 8 11 22 7
Speaker 10 23 6 14 22 9
Speake3 11 24 4 12 24 6
Speake#d 13 24 8 12 24 8
Speakeb 10 24 5 11 24 6
Speakeb 14 24 5 11 22 5
Speakel? 21 24 8 19 24 5
SpeakeB 16 24 6 15 24 5
SpeakeB 11 24 7 8 23 6
Speakef 0 24 24 9 19 24 1

Table5.24 Mean #ICl in C#C sequence across all tokens

5.3.2.2 ICl duration and distribution in three -stop C#CC sequence

In the C#(C sequencehere are two positions in which the ICI resulting from
unmasked stop releases may occur, namely, betwess adjacent to the word
boundary and within the Sl clusteéFhe results presented table 5.25 reveal that
gestural coordination differs in these locations. In normal speech rate, the mean ICI
occurring at the word boundary across all tokerevyagyed 47ms whilswithin the Si
cluster it averaged 16ms. Stop gestures spanning the word boundary exhibit a
significant decrease in gestural coordination in comparison with the coordination
pattern in the C#C sequendescribed irthe previous section. Here gestures are further
pulled apart as aesult of the long lag durations occurring across the word boundary.
However, stops of the Sl cluster exhibit shorter lag durations similar to those found in
the previous section in C#C which indicates that the degree of gestural coordination

between Sl sfas is very tight.
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Normal
Token LI N Std Dev MIEE =L N Std Dev
ICI ICI

bat#tkasir 38 15 18 15 30 6
nat#dkar 49 21 15 13 30 7
nat#kdab 35 30 9 18 30 7
nat#gtal 40 30 8 19 30 7
@d#tkasir 46 21 15 14 30 5
@d#dkar 50 22 14 15 30 7
@d#ktir 38 30 9 20 30 7
@d#gtal 38 30 8 20 30 4
fak#tkasir 41 30 10 12 30 6
fak#dkar 48 30 10 13 30 5
fak#ktir 61 30 15 19 30 5
fak#gtal 59 30 11 18 30 8
@ag#tkasir 47 30 9 11 30 7
hag#dkar 49 30 6 13 30 6
nag#ktir 58 30 11 20 30 6
hag#gdi:m 58 30 15 17 30 8
Mean 47ms 439 14 16ms 480 7

Table5.25Mean ICI durations at word boundary and SlI cluster of C#CC seqatncamal
speech rate

This pattern is evident in all tokens of this sequente [Ag duration between
stops spanning the word boundary is at least double the lag duration fetwetb
stops of the Sl cluster as highlighted/fak#tkasir/figure 518. In normal speech rate,
the mean #ICI duration was 38wéereaghe Sl ICI was 20min o a d # gveaihg
how stop gestures across the word boundary are pulled apart further compared to those
in the SI cluster. In /fak#ktir/, despite the fact that both stops spanning the word
boundary are TB gesture stops, the mean ICI| averaged @hmanean ICI duration

occurring at the word boundary ranged from 35ms to 61ms. The mean ICI duration
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within the Sl cluster was significantly shorter ranging from 11ms to 20his.gestural

coordination pattern is also exhibited by all ten speakers asnpeesin table 5.26.

#ICI onset ICI
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Figure5.18#ICI and Sl ICI in /fak#tkasiratnormal speech rate

Normal
Token | rmey | N | dev | icime) | N | pev
Speaked 47 48 13 16 48 6
SpeakerR 50 44 14 13 48 6
SpeakeB3 37 36 11 11 48 4
Speaked 50 47 11 13 48 6
Speakeb 51 48 11 12 48 5
Speakeb 50 48 8 17 48 5
Speakei7 54 36 17 21 48 6
SpeakeB 46 42 15 16 48 6
SpeakeB 32 42 13 14 48 6
Speaked 0 50 48 11 24 48 6

Table5.26 Mean #ICl and Sl ICI in C#CC sequence across all tokensrmal speech rate
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The ICI distribution pattern in both posit®nf the C#CC sequence did not
differ as a result of an increase in speech rate. In fast speech rate, longer ICI durations
are also found across the word boundary suggesting weaker gestural coordination
whereas shorter lag durations occatvieen stops of the SlI cluster as presented in table
5.27.

Fast

Token Mlegln # N Std Dev MelgT Sl N Std Dev
bat#tkasir 31 4 18 11 30 3
nat#dkar 38 14 12 12 30 3
nat#kdab 24 30 9 17 30 8
nat#gtal 29 30 7 15 28 7
@d#tkasir 36 18 16 12 30 5
@d#dkar 43 15 10 14 30 4
@d#ktir 34 30 10 18 30 6
@d#gtal 30 30 7 16 29 6
fak#tkasir 35 30 10 11 29 7
fak#dkar 34 30 9 12 30 7
fak#ktir 48 22 17 19 29 5
fak#gtal 48 23 13 17 30 6
@ag#tkasir 36 30 6 11 30 5
hag#dkar 36 30 9 12 29 6
nag#ktir 46 27 10 19 30 6
hag#gdi:m 47 26 12 19 30 7
Mean 37ms 389 13 15ms 474 6

Table5.27 Mean ICI durations at word boundary and SI cluster of C#CC seqtesispeech
rate

Despite the stability in the gestural coordination pattern, the ICI duration
between stops spanning the word boundary did exhibit a decrease in comparison to the
normal speech rate suggesting closer gestural coordination resulting from the increase
in speech rate. However, a similar effect is notntbun the lag durations and €]
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occurring between stops of the Sl cluster. The mean word boundary lag duration
decreased t87ms in fast speech rate compared to 47ms in normal speech rate. On the
other hand, the ICI occurring between stops of the SI cluster remained stable averaging
15ms in fast speech rate compared to 16mmmmalspeech rate. This was also found
previously when investigating the ICI occurring in the word boundary of the C#C
sequence. This effecas a result ofhe increase in speech rate is also exhibited by the
productions of all 10 speakemlease refer to Appendix A fahe fast speech rate of
individual speakers.In general, tokens of the C#CC sequence exhibited tighter
coordination within the SI cluster and weaker gestural coordination between stops

spanning the word boundary in both speech rates.

5.3.2.3 ICI duration and distribution in three -stop CC#C sequace

Like C#CC, this sequence also consistadhree stofC1C2C3 sequenceith
two possible positions for an ICI imt&l to occur:within the SF clusteor between
stops adjacent to the word boundary. The only differéiesenthe location of the word
boundary. Here the word boundary is located between C2 and C3 of the sequence as
opposed to being between C1 and C2 in the C#CC sequence.

Results show that there is a considerable difference between ICI durations
occurring in badh locations in thissequace (table 5.28) Unlike the C#CC sequence
where weak gestural coordinatiaasreflected in long lag durations occurring between
stops adjacent to the word boundary, ICI durations occurring at the word boundary in
the CC#C sequercwere significantly shorter indicating tighter gestural coordination
during the articulation of these stops. In normal speech rate, the mean #ICl duration was
15ms. Furthermorelemonstratinghis tight coordination pattern between stop gestures
in this position, all homorganic sequences across the word boundary are characterized
by zero lag durations as a result of stop closure ovedgpeviously explaine@ection
5.3.1.3. The ICI occurring across the word boundary ranged from 10ms to 19ms. These
durations are similar to the lag durations exhibited across the word boundary of the C#C
sequencésection 5.3.2.)1 The longest mean lag duration found here is 19vhsch is
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found in /fatg#tal/ and /hatk#tal/ where a TB stop gesture is followed by a TT stop
gesture across the word boundary. Closer gestural coordination across the word
boundary is found inw a g t/#ugdi fjua #gds$ with a mean lag duration of 10ms
occurring between the TT stop gesture and TB stop gesture.

Normal

Token Melzg: SF N Std Dev Mlegln # N Std Dev
wagt#tal 41 30 9 - 0 -
wagt#daf 41 30 10 - 0 -
wagt#kif 44 30 7 11 30 6
wagt#gio 43 30 6 10 29 7
nagd#tal 46 30 6 -- 0 --
nagd#dam 44 30 8 -- 0 --
nagd#kam 45 30 8 11 30 6
nagd#gas 43 30 9 10 30 7
hatk#tal 38 30 7 19 30 6
hatk#dam 39 30 7 18 30 4
hatk#kif 48 30 12 -- 0 --
hatk#gio 45 30 12 - 0 -
fatg#tal 42 30 11 19 30 6
fatg#tdam 41 30 9 18 30 5
fatg#kam 46 30 13 - 0 -
fatg#gal 45 30 10 - 0 -

Mean 43ms 480 9 15ms 239 9

Table5.28 Mean ICI durations at SF and word boundary of CC#C sequnoemal speech
rate

On the other hand, a different gestural coordination pattern is found between
stops of the SF cluster in the CC#C sequence. Gestural coordination between stops in
this position is characterized by longer lag durations averaging 43ms. The mean ICI
durationoccurring between stops of the SF cluster ranged from 38ms to 48ms. This
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coordination pattern is similar to the coordination pattern occurring between stops
adjacent to the word boundary in the C#CC sequence of the previous section. Stop
gestures here afarther pulled apart as a result of the weak coordination between stop
gestures. This resulted in longer lag duration and therefore longer ICI durations than
those occurring across the word boundary.

In /f} a #kdn in figure 519, the mean ICI duration ocaing between stops of
the SF cluster averaged 45ms in an indic
relatively pulled apart. On the other hand, the mean ICI duration occurring between the
TT and TB gesture stops spanning the word boundary avewgd 1ms thereby
exhibiting an increase in the degree of gestural coordination. In /hatk#kif/, the lag
duration between stops of the SF cluster increased to 48ms. However, as a result of the
fake geminate occurring acras® word boundary, no I€lexistel in this position.
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Figure5.19 SF ICl and #ICl infj a #kdm/atnormal speech rate

This gestural coordination pattern betwestops of the CC#C sequence was
reflectedin the individual productions of theen speakergas highlighted by the ICI

durations in table 5.29%However, a increasein gestural coordination between stops
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adjacent to the word boundary is found in speaker 7 where the mean ICI duration
averaged 24ms. The lag durations in the SF cldsteall ten speakers ranged from
33ms to 51ms. Gestural coordination across the word boundary resulted in a mean ICI
duration ranging from 11ms to 24ms.

Normal
speaker | "G me) | M | dev | orme) | N | pev
Speaker 1 38 4 9 12 24 6
Speaker 2 51 4 7 13 24 6
Speaker 3 43 4 9 12 24 6
Speaker 4 41 4 8 12 24 7
Speaker 5 48 4 7 13 24 7
Speaker 6 45 4 8 14 24 5
Speaker 7 37 4 7 24 24 3
Speaker 8 45 4 6 11 24 3
Speaker 9 33 4 6 15 23 8
Speaker 10 51 4 8 19 24 6

Table5.29 Mean SF ICI anét ICI in CC#C sequence across all tokens

Table 5.30 presents the results of the mean lag durations occurring between
adjacent stops of the CC#C sequence in fast speech rate. The increase in speech rate
causeda similar effect on the degree of gesturabrdination as that occurring the
previous C#CC sequence. At fast speech heesame gestural coordination patteas
found where gestures of the SF stops lack tight gestural coordination and gestures of
stops spanning the word boundary exhibitedrtenolCI. However, the increase in
speech rate resulted in closer gestural coordination in the SF position where the stops
gestures were pulled apart in normal speech rate. The mean ICl duration occurring
between stops of the SF cluster decreased to 28rnepposedo 43ms in the normal
speech rateThe gestural coordination pattern between stops spanning the word
boundary was not affected in the same wagwever Here the mean ICI duration
remained almost stabk both speech ratesith the mean averagg 15msat normal
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speech ratand 14msat fast speech rate. Therefore, it is evident that in both the C#CC
and CC#CC sequences, the increase in speech rate only has an effect on the long ICI
location in both sequences where gestural coordination is weakirmgsin tighter
coordination. The resultbor the C#CC sequencgsection 5.3.2.2yevealed that the
increase in speech rate did not havg effiect on the position where the short lag was
found, in this case at the Sl cluster. However, the position of thel@nduration, the

word boundary in this case, was affected where gestural coordination increased
resulting in a decrease in the ICI dtion in this position. These results are in line with

the EPGresults éections 4.3.2.2 and 4.3.3.Please refer to Appendix A for the fast

speech rate of individual speakers.

Fast

Token Melrér: SF N Std Dev Mlegln # N Std Dev
wagt#tal 24 30 8 - 0 -
wagt#daf 23 30 8 - 0 —
wagt#kif 28 30 8 13 30 5
wagt#gto 27 30 5 10 30 7
nagd#tal 32 30 6 -- 0 --
nagd#dam 28 30 6 -- 0 --
nagd#kam 31 30 7 10 30 4
nagd#gas 28 30 6 9 26 7
hatk#tal 29 30 7 17 29 6
hatk#dam 28 30 6 21 30 6
hatk#kif 33 30 7 -- 0 -
hatk#gto 33 30 7 -- 0 -
fatg#tal 29 30 6 17 29 6
fatg#dam 30 30 4 18 30 7
fatg#kam 34 30 8 - 0 -
fatg#gal 33 30 8 - 0 -

Mean 29ms 480 7 14ms 234 7

Table5.30Mean ICI durations &@F andwvord baindaryof CC#C sequencatfastspeech rate
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It is worth noting that gestural coordination between stops in the C#CC and
CC#C sequences very similar. As previously mentioned, the similarity between the
gestural coordination pattern of stops exhibitethimn CC#C and C#CC sequendies
in the factthat there is more gestural lag and therefore a decrease in gestural
coordination between C1 and C2 stops of both sequeGoesersely C2 and C3 stops
exhibit tighter gestural coordination and therefore sndetg duration. Despite having
different word boundary locations, the coordination patterns in both sequences are
identical. At normal speech rate, the resutis the ICls occurring between stops of the
C#CC sequencésection 5.3.2 Preveaéd that the nean lag duration between C1 and
C2 of the sequence was 47mhilst between C2 and Ctis was 16ms. Similarly, in
the CC#C sequence, the mean lag duration between C1 and C2 averaged 43ms and
between C2 and C3 it was 16ms1 example will servao highlightthis similarity in
the gestural coordination pattern betwestops of both these sequences. Thus,
/nat#kdab/ of the C#CC and /hatk#dam/ of the CC#C sequence both consist of the same
C1C2C3 stopsnamely,/t,k,d/. The only differencbetween them lies ithe location of
the word boundary. Despite this, the same degree of gestural coordination is found
between these stops in both sequence types. When occurring in the C#CC sequence as
in /nat#kdab/, the mean ICI duration between C1 TT /t/ and C2 TB /k/ aatbB&Ems
indicatingthat the gestures are pulled apart. However, a mean ICI duration of 18ms is
found between C2 TB /k/ and C3 TT /d/. Furthermore, when the same sequence of stops
occurs in /hatk#dam/ of the CC#C sequence, the mean ICI durations between these
stops are simdr. Here the mean ICI duration between C1 TT /t/ and C2 TB /k/ was
39ms. The mean ICI duration between C2 TB /k/ and C3 TT /d/ was 18ms. This
highlights the similarity in the coordination pattern of stop gesturéhe CC#C and
C#CC sequences asfigure 5.20.
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VCECCV ——— VC--#--CCV

VCCECV ——— VC----CH#CV

Figure5.20 Similarity of gestural coordination patterns between sitopise GICC and C#C
sequencewhere (---) representtonger lag durations between C1 ands@i@sof both
sequences

The following section presents the results of a further investigation into gestural
coordination and ICI distribution patterns between stopshe CC#C and C#CC

sequences.

5.3.2.3.1 Gestural coordination in C#CC and CC#C sequences

A possible explanation for thignsilarity in the gestural coordination and ICI
distribution pattern between stops in both the C#CC and CC#C sequences found in both
the acoustic and the EPG dafsection 4.3.2)is that in the CC#C sequence, a
resyllabification process occurs by which SE @igrates to the other side of the word
boundary and forms a Sl cluster with SI C1. If this is the case, the resulting
configuration is similato the syllabic configuration of the C#CC sequence as a result of
the weak gestural coordination pattern and theeef longer ICI duration occurs
between stops of the SF cluster of @@#C sequenceThe hypothesis here is th&F
C2 of the CC#C sequenceigrates to the other side of the boundary and bonds with the

Sl stop in the environment where the Sl stop ocasra singleton as in figure 3.2
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CCHC —» C - CHC

Figure5.21 Delinking of SF C2 in CC#C sequence and ntigrato Sl position

In order to find evidence for this, a-€&&ntre measurement was applied to
compare the durational relationship between clusters and their following vowels: The C
centre hypothesis (Browmaa Goldstein 1988) claims that in Sl positiomnsonants
are organized and overlap with the following vowel and an increase in the number of
consonants in onset position will result in the shortening of the following vowel. In
other words, the duration between the midpoint of a singleton S| onsdieantidet of
a following vowel would be the same as ftharation between thenidpoint of a Sl
cluster consisting of two or three consonants to the offset of the following vohe!.
actualhypothesis will not be tested to find out whether it applies to ®tAot; the C
centre is simply being used as a unitrifasurement.

Consisting of a stable Sl cluster, the baseline cluster used here is the Sl cluster in
the C#£CV sequenceThisis used as daselinesinceit already consists of &l cluster
of two stops, which is the maximum possible according to the syllabic template of TLA
of G,'VC,? and therefore prohibits the occurrenceaofy migration across the word
boundary from SF position to occur. As for the primary sequence under iatestig
for the resyllabification proces§C#C, here SF C2 is considerénl be C1 of a SI
cluster and the Sl singleton is considered as C2 of the Sl cluster as in the following
CC#CV sequence. Any ICI durations found between C1 anth@2y of these clusts
were included in the total duration of the cluster. Thee@te was calculated by
measuring the duration between the midpoints of the above mentioned clusters to the

left edge of the following vowel. In addition, thed@ntre was also measured in the
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C#C sequence where both the SF single articulatory gesture stop and the Sl singleton
are consideredo represenbne cluster as IlTC#CV and are therefore measured in
relation to the following vowel. The entre durations for all tokens in these three
sequace typedetailed abovavere calculated and comparedhe hypothesis tha&F

C2 of the CC#C sequence migrates to the other side of the boundary and bonds with the
Sl stop in the environment where the Sl stop occurs as a singgepoovedif the G

centre durations in th@éC#CV andC#CCV sequences afeund to besimilar.

5.3.2.3.2 C-centre in C#CC, CC#C, and C#C sequences

The results of the mean-€&ntre durationsacross all speakerns the three
sequence types under investigation are presenteabli@ 5.8. In normal speech rate,
the meanC-centre to anchor point duration in the baseline sequUEHCELYV averaged
148msat the normal speech rate. This was considerably shorter thanetneC-centre
to anchor point measured in t8&CV sequence where it averaged 17Gtthe normal
speech rateHowever, in viewing the resultef the meanC-centre in theCC#CV
sequence under investigation f8F C2migration it can be observed that mean C
centres to the respective anchor points in ggguence and the sequenceCC¥
consisting of a stable SI cluster aknost identicabveraging 148ms in thE#CCV
sequence and 147ms in BE#CV sequence.

Normal Fast

Std. Std.
Sequenceg Mean N Deviation| Mean | N | Deviation
C#CV 176ms| 480 11816 | 142ms | 480 | 7.212

CHCCV | 148ms| 480 9.746 | 12/ms | 480 | 6.088

CC#CV | 147/ms| 480 4.096 | 127ms | 480 | 7.281

Table5.30 Mean Gcentre to anchor point durations in C#CCV sequence compared to CC#CV
and C#CV sequences in normal and fast speech rate across all speakers
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The same pattern is also exhibitdhe fast speech rat€he meanC-centre to
anchor pointaveragedl42msin the C#CV sequencet fast speech ratevhilst for the
baseline sequende@#CCV this averaged 27msat the samespeech rateFinally, the
meanC-centre in theCC#CV sequence under investigation 8F C2migration also
averaged 127ms whichigentical to the mean-Centre in the baseline sequentkese
results further indicate that both timing and gestural coordination in both the CC#C and

C#CC sequences are very similar as highlighted in fig@2 5.
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Figure5.22 Mean Gcentre durations in C#CV, C#CCV, and CC#CV sequeatesrmal and
fast speech rates across all speakers

This pattern is also exhibited in the individual productions of all speakers (figure
5.23). All ten speakers exhibit ainsilarity between the duration and coordination
pattern of the Sl cluster in the C#CC sequence and that in the CC#C sequence where it
is hypothesized that SF C2 migrates to form a Sl cluBtease refer to appends«for

detailed results for individuapgsakers.
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Figure5.23 Mean Ccentre durations i€#CV, CHCCV, and CC#CV sequenceatnormal
speech ratefor eachspeaker

5.3.2.3.3 Statistical analysis

A oneway ANOVA statistical test was performed to compare theeftre
means in the three sequeneg¢doth normal and fast speech rat@sBonferroni Post
Hoc statistical test was used to check for specific significant differences between the
mean Ccentres othethree sequence typesmpared The hypothesis th&F C2 of the
CC#C sequenceanigrates to the other side of the word boundanya resyllabification
procesgesulting in similar syllable structure to the C#CC sequence will be supported if
no significan difference with an alpha value p#0.05is found between the-Centre in
the QC#CV sequence and the baselineGG¥/ sequence.

At normal speech, the one way ANOVA showed that there was significant
difference with a value gp<0.05 between the mean3he Bonferroni Post Hoc test

(table 5.31) demonstrates that a significant difference valug<d#.05 was observed
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between the €entre duratiogin the baseline GZCV and theC#CV sequence. The
same significant difference value<0.05 was also observedetween the C#CV

sequence under investigatiand theC#CV sequence.

Mean 95% Confidence
(I) Sequence | Difference 2 Sig. Jilts el
(1-J) Error Lower | Upper
Bound | Bound
CHCV CH#HCCV 27.89 1.435 | .000 24.45 | 31.33
CC#CV 29.04 1.435 | .000 25.60 | 32.48
cicoy |_CHCV 27.89 | 1.435| .000 | -31.33| -24.45
CC#CV 1.16 1.435 | 1.000 | -2.29 4.60
CCHCV C#CV -29.04 1.435 | .000 | -32.48 | -25.60
C#HCCV -1.16 1.435 | 1.000 | -4.60 2.29
*. The mean difference is significant at the 0.05 level.

Table5.31 Summary of significant effects in the Post Hoc statistical analysiscein@e in

C#CV, C#CCV, and CC#CV sequences across all speakers normal speech rate

However, in support of the coda C2 migration hypothesis, the Bonferroni Post
Hoc test shows that ¢he was no significant difference between the measer@re
durations in theCC#CV sequencand baselin€#CCV sequenceavhere a significance
value of p=1.000 was observed. This shows that the duratiomad gestural
coordination patteretweenstopsof the Si cluster in the baselin€E#CCV sequence
and the following vowel offset are identical to the duraticarad gestural coordination
pattern betweenstopsin the CC#CV sequence and the following vowel offsén.
further support of C2 migration pgthesis,the same patterof significanceis also
foundatthe fast speech rate.

The same significance pattern between these memmalso found in the
individual speaker productions when the -aveey ANOVA was run for the productions
of each speaker. Results show that all speakers exhibited the same significant
differences in Gentre resultat both speech rates except for speaker 1 normal and fast
speech rates in addition to the fast speech ratpeztkers 2. In the case of speaker 1

significant differences were observed between thee@re duratins in all three
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sequence typest normal speech rate whilst &st speech rateno significant
differences were found between the @entre in the baselin€#CCV and theCC#CV
sequences dretween the €entre in theCC#CV sequence and the#CV sequence
Speaker2 exhibitedsignificant differences between thec€ntre durabns in all three

sequence types in fast speeate.

5.3.2.3.4 Summary

These results have provided proof that tokens of2lG&C sequence undergo
resyllabification or coda migratioprocess whereby th&F C2 of the CC#C sequence
delinksandbonds with theSI singleton adjacent to the word bounddtyidence othis
was found in the ICI distribution and durations occurring between stops in both the
CC#C and C#CC sequences where a similar pattern is observed in sections 5.3.2.2 and
5.3.2.3 of this chapter and sections 4.3.2.2 and 4.3.2.3 of the EPG data itiagdtiga
CC#C and C#CC sequences.

As a result,the phonological and syntactic bounidarare notalignedin the
CC#C sequencé&.he phonological boundaig actuallywithin the SF cluster whereas
the syntactic boundaris at the word boundaryln support & the hypothesisthe
syllabic configuration in the CC#C sequence undergoes an alternation process resulting
in a syllabic configuration identical to the C#CC sequence due to the migration of the
SF C2 coda in the C#C sequence to the adjacent side of eeindary and thus
resulting in both sequences exhibiting an identical gestural coordinatidnICI

distributionpattern.

5.3.2.4 ICI duration and distribut ion in four-stop CC#CC sequence
Consisting of four stops, this sequence hagtkatespossible positions for the
occurrenceof ICIs. These are within the SF cluster, across the word boundary, and
within the SI cluster.
As previously notedsection 5.3.1.)4 the percentage of unmasked releases
occurring between stops in this sequeisogery high occurring in 97% of tokens in the
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SF and Sl clusters, and in 90% of tokens across the word bouhdadhys fourstop
sequence, IGImay occur within the coda cluster, word boundary, and the onset cluster.
Furthermore, it can be anticipated tlaast seen in the EPG data (section 4.3.20,
longest lag durationsvill occur at the word boundary of this sequence due to the
increase of the number of stops and dewmauseboth SF and Sl clusters in this
sequence have the maximum number of stops ipsitoie in the syllabic template of
TLA.

Results in table 53illustrate that the distribution and durational pattern of the
ICI in this sequence differs from previous sequences investigated. In normal speech
rate, lag durations between stops refledtedhe resulting ICI are relatively short in
both SF and Sl positions compared to the ICI duration occurring between stops adjacent
to the word boundary. The mean ICI duration between stops of the SF cluster averaged
20ms. The mean ICI duration between stopthe Sl cluster was also short averaging
15ms. However, the lag duration between stop gestures spanning the word boundary
averaged 51ms. The mean ICI duration between stops of the SF cluster ranged from
13ms to 25ma&ndbetween stops of the Sl clusteorh 10ms to 20ms indidag closer
gestural coordination between stops in these positions. On the other hand, the mean ICI
duration ranged from 39ms to 68ms between stops adjacent to the word boundary
suggesting that gestures spanning the word boundapubeel apart resulting in longer
lag durations.
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Normal
oen | 'SE | | S| Mo | | S| bemn |y |5
wagt#tkasir( 19 30 | 12 53 25 12 11 30 | 6
wagt#dkar [ 23 30 | 14 56 22 11 13 | 30 | 6
wagt#ktab | 19 30 | 10 40 30 8 16 | 30 | 5
wagt#gdiim| 21 30 8 43 30 7 20 30 | 6
nagd#tkasir| 24 30 | 12 49 21 9 13 | 30 | 7
ragd#dkar | 25 29 | 13 50 19 4 13 | 29 | 7
ragd#kiab [ 23 30 | 8 39 30 8 17 | 30 | 4
nagd#gdiom| 23 30 8 43 30 7 19 30 | 5
hatk#tkasir | 22 30 | 9 44 30 7 11 [ 30 | 6
hatk#dkar | 18 30 | 9 52 30 4 13 [ 30 | 9
hatk##ktir 18 30 | 9 64 25 9 16 [ 30 | 9
hatk#gdim | 18 30 7 61 27 11 17 30 | 10
fatg#tkasir [ 16 30 | 10 49 30 10 10 30 | 5
fatg#dkar | 17 30 8 52 30 8 11 30 | 7
fatgi#ktir 13 30 7 68 27 5 14 | 30 | 6
fatg#gdiim | 17 30 | 5 64 27 7 18 | 30 | 6
Mean 20ms| 479 | 10 | 51ms | 433 9 15ms | 479 | 7

Table5.32 Mean ICI durations at SF, word boundary, and Sl positidBC#QC sequencat
normal speech rate

This gestural coordination pattern is exhibited throughout all tokens. In
Iwagt#gdi:ni, the mean ICI duration between stops in SF position was 21ms and 20ms
between stops of the Sl pasit. These relatively short I€lindicate that stop gestures
are tightly coordinateth these positions. The mean lag duration found across the word
boundary in this example was 43ms which is double the lag durations in the SF and Sl
clusters. This indicates that gestural coordination across the word boundary is relatively
weak and the TTDesture is pulled away from the TB gesture. This gestural coordination

pattern is further highlighted by the ICI durations in /wagt#dkar/ in figit4 5.
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Figure5.24 SF ICI, #ICI, and SI ICI in /wagt#dkéat normal speech rate

The shortest mean lag duration across the word boundary is found between the
TT /t/ and TB /k/ in f) a #kthb. Here the mean ICI duration was 39ms. However, in
line with the general pattern, stop gestures of both the SF and SI clusters exhibited
tighter gestural coordinationith the mean ICI duration averag 23msin SF position
and 17msin Sl position As opmwsed to tokens of the C#CC and C#G€juences
previously investigated where long lag durations were found between C1 and C2 of
tokens of both sequences, the long lag duration in tokens of this sequence were found
between C2 and C3 of the sequence.

The shor lag durations exhibited in SF and Sl positions of the CC#CC sequence
are similar to the lag durations exhibited across the word boundary of tokens of the C#C
sequencésection 5.3.21andin the SI cluster of the C#CC sequetfsection 5.3.2.2
On theother hand, the lag durations found in the SF cluster of the CC#CC sequence
differ from those occurring in the SF cluster of the CC#C sequence in section 5.3.2.3.
However previousresults(section 5.3.2.3)Ireveal that SF C2 of the CC#C sequence is

actudly SI C1 as a result of the resyllabification process occurring in the CC#C
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sequence. This also provides evidence that SF C2 of the CC#CC sequence does not
migrate here.

It is worth noting that the results also indicate that lag durations across the word
were longest where stops adjacent to the word bouna@yromorganic stops. In
tokens where TT gesture is followed bwother TT gesture and a TB gesture is
followed by a TB gesture, mean ICl durations were relatively longer in duration
compared to when &T gesture is followed by a TB gesture or vice versa. When the
homorganic stops both consist of a TB gesture (as in /hatk#ktir/, /hatk#gdi:m/,
[fatg#ktir/, /fatg#gdi:m/), the mean lag durations ranged from 61ms and 68ms. On the
other hand, when a TB gestuis followed by a TT gesture, the mean lag duration
ranged from 44ms to 52ms. Similarly, when the stops consist of TT gestures (as in
Iwagt#tkasir/, /wagt#dkar/|)/a #tkasiv, Magdtdkar/), the mean lag durations ranged
from 49ms to 56ms. Whereas whée stops adjacent to the word boundary consist of a
TT gesture followed by a TB gesture, the mean lag durations ranged from 39ms to
43ms.

In general, the ICI distribution and duration pattern between stops of the CC#CC
sequence is characterized by a tight gestural coordination between stops in the SF and
Sl clusters. However, weak gestural coordination resulting in long ICI durations occurs
across the word boundary. This pattern is exhibited by all the speakers. However, the
degree of gestural coordination varied in some speakers as presented in table 5.33. The
mean ICI duration across all tokens in SF position was 32ms in the productions of
speaker 7. This indicates a slightly weaker gestural coordination patterthéhane
exhibited by the other speakers. This is also the case in Sl position where a mean ICI
duration across all tokens averaging 25ms is found which is also relatively thager

other speakers.
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Normal
Mean Mean
speaker | SF | n | St Mol | st | st | | st
ICI Dev (ms) Dev | ICI Dev
(ms) (ms)
Speaker 1| 17 4 7 44 47 11 10 4 5
Speaker 2 | 27 4 | 16 45 32 18 14 4 7
Speaker 3 | 22 4 9 47 33 12 11 4 5
Speaker4 | 13 4 4 61 48 12 11 4 5
Speaker5 | 19 4 8 53 48 12 12 4 5
Speaker 6 | 21 4 4 53 48 10 18 4 4
Speaker 7 | 32 4 9 59 41 20 25 4 7
Speaker8 | 14 4 5 54 48 14 12 4 6
Speaker 9 9 4 3 42 40 17 12 4 7
Speaker 10| 21 4 5 54 48 8 20 4 6

Table5.33Mean SF ICI, # ICI, and SI ICI in CC#CC sequence across all takteosmal
speech rate

As for the increase in speech rate, in fast speech rate the same gestural
coordination pattern is also exhibited between stops of the CC#CC sequence tokens. SF
and Sl clusters both exhibit relatively short lag durations in an indication of tighter
gesturalcoordination. However, stop gestures adjacent to the word boundary exhibit
longer ICI durations between them indicating that gestures in this position are further
pulled apart resulting in weak gestural coordination. However, it is worth noting that the
increase in speech rate did not have an effect on the lag durations occurring in the SF
and Sl positions where they remained almost stablt®th speech rates. On the other
hand, the increase in speech rate did result in a decrease in the mean ICI duration
occurring across the word boundary suggesting that the increase in speech rate resulted
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in stop gestures being more &@bscoordinated as the mean $dh table 5.34 reveal.

Please refer to Appendix A for the fast speech rate of individual speakers.

Fast
Then | SE | N[ S Mean | | SO e | S
wagt#tkasir| 17 30 9 52 21 10 10 30 6
wagt#dkar 18 28 o] 50 24 9 10 30 6
wagt#ktab 16 30 7 33 30 10 14 30 4
wagt#gdi:m| 17 30 7 38 30 9 16 30 5
nagd#tkasir| 17 28 7 44 24 11 9 30 5
nagd#dkar | 17 29 | 10 47 24 6 11 | 30 | 4
rnagd#ktab | 18 29 | 11 34 30 | 12 15 | 28 | 6
rnagd#gdiom| 16 29 | 7 35 30 7 16 | 30 | 6
hatk#tkasir| 19 30 7 39 30 14 8 30 5
hatk#dkar 19 30 9 43 30 15 11 29 6
hatk#ktir 18 30 8 58 27 9 16 28 8
hatk#gdim 17 30 7 62 27 9 14 30 7
fatg#tkasir 17 30 9 47 30 11 9 30 5
fatg#dkar 16 30 4 47 30 12 11 30 4
fatg#ktir 16 30 8 59 24 14 16 30 5
fatg#gdi:m 16 30 8 53 27 14 15 28 6
Mean 17ms | 473 8 43ms | 438 12 | 183ms | 473 | 6

Table5.34 Mean ICI durations &@F,word boundaryand Sl positioiin CC#C sequencat fast
speech rate

5.3.2.5 Summary
The results of theistribution and duration of IGlin the four sequence types are
consistent with the EPG data results in section 4.3.2. Tokens of the C#C sequence
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exhibited the shortest lag durations between stops adjacent to the word boundary. This
is due to the fact that the number of stops in theilessce does not violate the syllabic
template of TLA.At both speech rates, gestural coordination between stops of this
sequence were closely gdmated resulting in short I€laveraging 14ms across all
tokens.

As for the tokens of the other sequences wtibe number of stops violate the
syllabic template of TLA, a different gestural coordination pattern emerged. In the
C#CC sequence, long lag durations averaging 47ms in normal speech rate and 37ms in
fast speech rate across all tokens occurred acrossdtieboundary indicating weak
gestural coordination. In Sl position, lag durations were significantly shorter averaging
16ms in normal speech rate and 15ms in fast speech rate across all tokens indicating
tighter gestural coordination between stops inposition.

In the CC#C sequence, an interesting result that is found is that this sequence
undergoes a resyllabification process where SF C2 migrates to the other side of the
word boundary as highlighted by tpeeviousresults(section 5.3.2.3)1 Theresulting
configuration is similato the syllabic configuration of the C#CC sequence as a result of
the weak gestural coordination pattern and therefore a longer ICI duration occurring
between stops of the SF cluster of @E#C sequence. As a result, botle CC#C and
C#CC sequences are phonologically the same exhibiting the same gestural coordination
patternsbetween their stopsiere the mean ICI occurring between C1 and C2 averaged
43ms in normal and 29ms in fast speech rates. As for the mean ICI diretveeen C2
and C3 this averaged 15ms in normal and 14ms in fast speechlngecan be
highlighted by the similarity in | CI dist
sequence and)/a #kdm/ of the CC#C sequence in figure3dand 526.
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As for the CC#CC sequencstops of the SF and SI clusters exhibited closer
gestural coordination reflected in the short lag duration of 20ms and 15ms respectively
in normal speech rate and 17ms and 13ms respectively in fast speech rate. Stop gestures
in both these positions are sty coordinated. However, weak gestural coordination is
exhibited across the word boundary where the mean ICI duration across all tokens in
this position averaged 51ms in normal and 43ms in fast speech rate. The short lag
occurring in the SF cluster ofédfCC#CC sequence is also an indication that the syllabic
structure in this sequence is stable as opposed to the CC#C sequence.

It is alsoworth noting that lag durations between homorganic stop sequences
tended to belonger than the lag durations occurrifigptween heterorganic stop
sequences. This is found in long ICI durations typical of epenthetic vowels across the
word boundaries of the C#CC and CC#CC sequences where it was possible to control
the place of articulation of stops adjacent to the word bayndesulting in both
homorganic and heterorganic sequences. When a TT gesture is followed by another TT
gesture or a TB gesture is followed by another TB gesture, lag duratgyasound to
be longer than opposing place of articulation stops.

An interesing finding is that the increase in speech rate did not result in a
change in thelistribution pattern of I&. However, the increase in speech rate resulted
in closer gestural coordination indicated by the decrease in the ICI durations in
positions thaexhibited long lag durations. These are the word boundary of the C#CC
sequence, the phonological word boundary of the CC#C sequence, and the word
boundaryof the CC#CC sequence. All I€loccurring in this position exhibited a
decrease in their duration atiterefore closer gestural coordination as a result of the
increase in speechtea On the other hand, I€loccurring in positions that exhibited
short lag durationssuchas the word boundary of the C#C sequence, the SI cluster of
the C#CC sequence, thgnsactic word boundary of the CC#C sequence, and both SF
and Sl clusters of th€C#CC sequence, these $Giere not affected by the increase in
speech rate.
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It can be concludethat two distinct types of IGlemerge in line with results of
the EPG data. The first is a long ICI occurring where long lag is found between stop
gestures. This type is typical of epenthetic vowel durations that occur in positions where
gestural coordination is at its weakestidertified above. The second is a short ICI
occurring where short lag is found between stop gestures. This type of ICI occurs in
positions where closer gestural coordination between stop gestures was exhibited. The
second type does not seem to be a true epnthowel but has durations typical to
fexcrescento vowels that are a result 0
articulations (Hall 2011). The following section presents the resulis afivestigation
into whether these 1@l do actually belongottwo distinct groupsn terms of their
durations and how the voicing of adjacent segments affieetvoicing of both these
types of vowelsn an attempt to answer research question 4 to find out whether the

epenthetic vs. excrescent vowel distinctiomasd in TLA.

533 Natureof ICIssiepent heti co0 vs. HfAexcrescento
The ICI durations and distributional patterns discussed in this chapter (section
5.3.2) and in the EPG data results (section 4.3.2), cleanly ahmmodal distribution of
ICls in which shorterCls are typical of gcrescent vowels and longer KCare typical
of epenthetic vowelsThis section presents the results of thesifastion of both types
of ICIs. The first section compagsdetween the mean dhtions of the two types of 16l
in order tofind out if they belong to distinct categories in terms of their durations.
Furthermorein order to confirm thathey belong tawo distinct groups, statistical tests
are carried out to see whether the differences between the means of both groups are
significant and therefore confirming that the epenthetic/excrescent vowel distinction
(Hall 2013) is valid in TLA.
Thefollowing sectionanalysesow the voice qualities of these I€4re affected
by the voicing context of adjacent segments. The voicingese IC$ areexamined in

the four different voice contexts of adjacent segments:
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- Voiceless + voiceless
- Voiced + voiced

- Voiceless + voiced

- Voiced + voiceless

Due to the large amount of data, the excrescent vowels occurring in te of
five of thepositions where excrescent vowels are found were used for this investigation;
those occurring at the word boundaries in tokens of tHe &hd CC#C sequences. In
addition, epenthetic vowels occurring in two out of three of the positions where
epenthetic vowl positions are found were used; those occurring at the word boundaries
of the C#CC and CC#CC sequences. Taking into account any voice assimilation
processes, the phonological voicing of the adjacent segments was taken into

consideration in this investigan.

5331 Durationsof fAepenthetico and fAexcrescento
Table 5.35 presents the réiswof the mean duration of I€loccurring between

stops of the C#C, C#CC, CC#C, and CC#CC sequences across all tokerssultise r

indicatethat ICls occurring in differenpasitions in thesesequences differ in terms of

their durations At both normal and fast speech rates, two pattern€iaf emerge in

terms ofthe durationof the ICk. In the excrescent vowel positiofositions 15); the

mean duration of the vowel rgadfrom 14ms to 2ths at normal speech rate arficom

12ms tol7msat fast speech rat@ hese positions exhibited closer gestural coordination

between their stopgsections 4.3.2 and 5.3.2In the epenthetic vowel positions

(positions 68); the mean duratbn of the vowel rangetfom 43ms to51ms in normal

speech raten fast speech rate, the range decre&s28ms to46ms
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(Cl position Normal Fast
Mean (ms) N Std. Dev.| Mean (ms) N Std. Dev.

(1) # of GiC 14 237 8 14 233 8
(2) # of CGIC 15 239 9 14 234 7
(3) Sl of C#,C 16 480 7 15 474 6
(4) SF of CC#CC 20 479 10 17 473 8
(5) Sl of CC#C 15 479 7 13 473 6
(6) SF of CC#C 43 480 9 29 480 7
(7) # of GICC 47 439 14 37 389 13
(8) # of CG#CC 51 433 9 43 438 12

Table5.35Mean ICI durations occurring between stopthia four sequence types across all
tokens

Furthermore, the mean duration of all instanaeexcrescent vowels in normal
speech rate averaged 16ms and 14ms in fast speech rate. Epenthetiondhelsther
handwere considerably longer. The mean dioraof all instances of epenthetic vowels
averaged 47msat normal speech rate and 37ms in fast speech rate. Based on these

durationalresults,ICls typical ofexcrescent vowelsccurin the following positions:

1
2
3
4
5

The word boundary of the#T sequence.

Theword boundary of the GEC sequence.

Sl cluster of the C&C sequence.
SF cluster of th€ C#CC sequence.

Sl cluster of the CG3C sequence.

On the other hand, longer Kltypical of epenthetic vowelsoccur in the
following three positions:

6- SF cluster of th€C#C sequence.

7- The word boundary of the#CC sequence.

8- The word boundary of the GICC sequence.
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Another interesting observation is that the increase in speech rate has a different
effect oneach type ofvowel. In the case of epenthetic vowels, the incréaspeech
rate resulted in a decrease in the duration and therefore an increase in the degree of
gestural coordination between stops. On the other hand, excrescent vowels are not
affected by the increase in speech rate. Their durations remainatthttile normal and
fast speech rates. This distinction between excrescent and epevithatls in terms of
duration also applies to bottormal and fasspeech rateas highlighted in figure 27.
All ten speakers exhibited this distinction in their individpdductions.

Speech_rate

Eriormal
G0 EFast

507

40

30

Mean Dur of ICI

20

C=C  CCzC  C=CC CC=CC CC=CC) CC=C  C=CC  Ccc=CC

Excrescent vowels Epenthetic vowels

Figure5.27 Durational pattern of excrescent and epenthetic vofeelsoth speech rates. The
location of the ICI is underlined in each position
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5.3.3.2 Statistical analysis

In order to verifythat excrescent and epenthetic vowels in the data belong to two
distinct categories in terms of their duration, a significance test was conducted to
determine if statistically significant difference between the total durations of both types
of vowelsexid. The conclusion that the vowels belong to two distinct groups in terms
of their durationss supported if a significant difference p£0.05is found between the
two categoriesThe normality tests show that the data was not normally distributed with
the ShapireWilk showingan alpha value gi<0.05. Therefore a MantWhitney U non
parametric test was conducted to test for significant differences between their durations.

At normal speech rate, a statistically significant difference between the duration
of excrescent and epenthetic vowels was found with a valpe<df.05. Results of the
significance test for each speakedividually at normal speech rate also reveal that the
same significant difference between the excrescent and epenthetic vowels affihaan
value ofp<0.05was found in the productions of all ten speakers.

Normality test of the durations of both types of vowels also revealed that the fast
speechrate exhibited a nomormal distribution with an alpha value p&0.05 The
MannWhitney U non-parametrictest shows that a statistically significant difference
between the durati@mof excrescent and epenthetic vowels with a valup ©9.05 is
exhibited by the fast speech ratds for the productions of individual speakers, a
significant diffeence with a value gb<0.05was also found betweehe durations of
the excrescent and epenthetic vowrlshe individualproductions of the ten speakers,

as noted previousy at normal speech rate.

5.3.3.3 Voicing of epenthetic and excrescent vowels

Results showhat the relationship between the voice value of epenthetic and
excrescent vowels and the voice context of adjacent segments differed. The voicing of
epenthetic vowels was ngteatlyaffected by the voicing context of adjacent segments.
Epenthetic vowelsppearto be independent in terms thieir voicing, being uraffected
by the voicing oneighbouring stops. Epenthetic vowels occurred mostly voildeese
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were 100% voicedt both normal and fast speech rateshe +\4+V voice context. The
independence dthe epenthetic vowels wasarticularly evident in theV-V context.
Although both adjacent segments occurred voiceless, in normal speech rate 77.5% of
the epenthetic vowels occurring in this voicing context were voiced and only 80
instances of a total of58 in this voice context occurringpiceless This is illustrated in
figure5.28 where a voiced epenthetic vowel occurs between two voiceless TT gestures
in /wagt#tkasir/ In fast speech rate, the percentage of voiced epenthetic vowels
decreased slightlyot 64.5% but still remained considerably higher than voiceless

epenthetic vowels.

Y e——

voiced #
epenthetic
vowel

Nhow ‘ 1l

T 1 ] B AR R RL .
{ M | wal -

" by
L

g t # t k a S

Figure5.28 Voiced epenthetic vowel i¥V-V context at the word boundary of /wagt#tkasir/ of
the CC#CC sequence in normpesch rate

In the two remaining voiceV+V and +V-V voice contexts, the percentage of
epenthetic vowels occurring as voiced was 93% and 97% respectively in normal speech
rate and 96% and 93% respectively in fast speech rate. This highlights the minimal
effect of the voicing of adjacent segmentstbat of epenthetic vowe]sxhibiting their
degree ofndependence in terms of voicinghe voicing of epenthetic vowels isrtiuer
illustrated in figure 9.
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Figure5.29 Voicing of epenthetic vowels in different voicing contexts in normal and fast
speech rates showing a high percentage of epenthetic vowels occurring as voiced across all
contexts

Excrescent vowels behaved differently in terro§ voicing. Unlike the
independence exhibited Bpenthetic vowels, excrescent vowels appear to be more
influenced by and therefommore dependent on the voicing context of the adjacent
segments. As opposed to epenthetic vowels whehe 23% occurred as/oicdessin
the-V-V context, the percentage of excrescent vevagcurring voiceless in th&/-V

contextis 99%atnormal speech rate and 10@f4ast speech rate (fige5.30).
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Figure5.30 Voiceless excrescent vowel in\é-V context occurring at the word boundary of
/hatk#tal/ of the CC#C sequence

Furthermore, 96% of excrescent vowels occurringh@ +V+V context are
voiced at both normal and fast speech ratesufegs.31). This highligits the fact that
the voicing of excrescent vowels is more dependent on the voicing of adjacent stops and

is therefore affected by their voigalues
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# voiced excrescent vowel

<

Figure5.31 Voiced excrescent vowel in a +V+V cont@dcurring at the word boundary of
[fatg#dam/ of the CC#C sequence

Excrescent vowels the-V+V contextswere voiceless in 54 out of a total of 56
instances, a percentage of 9G%normal speech ratéAt the fastspeech rate, the
percentageexcrescent vowelsccurring as voiceless decreased to 8Bally in the
+V-V context,at both speech rates the ratio of voiced to voiceless excrescent vowels
was almost equalAt normal speech rate the percentage of voiceless excrescent vowels
increased to 55% and 57% fast speech ratelhe variability in the voice value of
excrescent vowels in opposing voice contexts further highlights the difference between
these types of vov® and epenthetic vowelblnike excrescent vowels, the voice value
of epenthetic vowels remained almost stable being mostly voiced in both opposing
voice contexts. The variability of the voicing of excrescent vowels in different voice

contexts is furtherigghlighted in figure 532.
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Figure5.32 Voicing of excrescentowels in different voicing contexts in normal and fast
speech rates

5.3.3.4 Summary

The results confirnthat two distinct types of IGloccur betwee stops resuitg
from the lack of unmasked stop releases. The first type is true epenthetic vowels that are
characterized by their longer durations and independent voice qliatign be argued
that epenthetic vowels are specified as voiced but aretsoesedevoiced inV-V
contexts.They are found to occur between stops adjacent to the word boundary
tokensof the C#CC and CC#CC sequence wiggsturalcohesion is very weak. They
are also found occurring between stops of the SF clustéokiens ofthe CC#C
sequence. However, as highlighted psevious results (section 5.3.2.3)2 this is
actually a phonological word boundary. Epenthetic vowels are also affected by the
increase in speech ratAt fast speech ratehey exhibit a decrease in their @tion
resulting in closer gestural coordination between stops.

The second type is excrescent vowels that are shorter in duration and their voice
gualities exhibit more variatiodepending orthe voice context in which they occur.
They are not specified a®iced but become voiced next to voiced consondhis. to

their short durations, they occur between stops that are more cohesive in terms of their
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gestural coordination pattern. Excrescent vowels occur at the word boumdakgns

of of the C#C sequencé&hey are also found between SF and SI stopgskensof the
CC#CC sequence armbtweenSI stopsin tokensof the C#CC sequence. takens of

the CC#C sequenc#ey are found to occur at the word boundary. Howeirethis
positiontheyactuallyoccurbetween stops of a phonological Sl cluster as a result of the
coda migration procegsreviously detailedsection 5.3.2.3)2 Excrescent vowels are
not affectedby the increase in speech rate and unlike epentlieti@ls they donot
exhibit a considerableedrease in their duration as exhibited by epenthetic vowels.

5.4 The influence of the order of place of articulation on gestural coordination

This section presents the results of the acoustic data on the effect the order of
place of articulation of adjacentops on gestural coordination across the word
boundary.EPG data results (section 4.4) revealed that gestural coordination in the
coronaldorsal (CD) order of articulation of stops spanning the word boundary in the
C#C sequence is more cohesive and cltisen its dorsatoronal (DC) counterpart.
The acoustic data was also classified as CD or DC according to the order of place of
articulation of the stops across the word boundamg degree of gestural coordination
across the word boundary is identifiedtémms of the lag durations between the release
of the HP of C1 to the onset of closure of thkbowing C2. The resulting 1G], in this
case excrescent vowels, in both orders of articulation are compadsdetonineif a
similar effect on gestural coordition existdo that describeth the EPG datgsection
4.4). Likewise, n order to avoid any coarticulatory effects frémutosyllabicstopson
the production oftonsonants adjacent to the word bound#mg, CC#C, C#CC, and
CC#CC sequencesere excludedrom this investigation since coarticulation affects
their coproduction. The maifocusis on tokens of the twetop sequence C#fhere no
coarticulatory effects from neighbouring consonangn influence the degree of

gestural coordination across the woalndary between the stops under investigation.
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Homorganic sequencegere excluded from this investigatisince the order of
place of articulation is the same as in the token#tal/, /dag#kif/, fid#dis/ etc (see

table 4.2 for a full list of tokengnvestigatedor eachorderof place of articulation

5.4.1 Influence of order of place of articulation on gestural coordination in C#C
sequence

The percentage of unmasked stop releémesach order of place of articulation
is presented first in table 5.3@\s previouslyseen(section 5.3.}, unmasked stop
releases occurred in almost all tokens of the four sequence types including the C#C
sequence. The only exception where stop closure overlap occurred was in homorganic
sequence that are not investigated lerThe results show that most tokens exhibit
unmasked stop releases in both the CD and DC place order of articulation. This result is
not consistent with the results of the EPG data. However, as previously discussed, these
unmasked releases do not necelysadicate weak gestural coordination.

Normal Fast

Token #rls. | %rls. N #1ls. % rls. N
At#kalb 30 100 30 30 100 30

oD AHgico | 29 96 30 30 100 30
dd#kif 30 100 30 30 100 30

dd#giw 29 96 30 26 96 30
Total 118 98% 120 116 96% 120

fak#tal 30 100 30 29 96 30
fak#dam 29 96 30 30 100 30

DC dag#tal 30 100 30 29 96 30
dag#dam| 30 100 30 29 96 30
Total 119 99% 120 117 97% 120

Table5.36 Unmasked release percentages of SF stop in C#C sequence in CD and DC order of
place of articulation
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Despite the lack of difference between the CD and DC order of place of
articulation presentedabove, the lag durationfor each context differ. Table 5.37
presents the results of the mean ICI duration occurring in tokens of the CD and DC
order of place ofrticulation. In the CD context, the mean ICI occurring between the
release of C1 and onset of HP of C2 was 10ms in normal speech rate and 8ms in fast
speech rate. In the DC context, the mean ICI duration increased relatively. In this order
of place of antulation, the mean ICI duration was 19ms in normal speech rate and
remained stable in fast speech rate. These results indicate that gestural coordination
varieswith more cohesive gestural coordination exhibited by tokens of the CD order of

place of artialation.

Normal Fast
Token
Mean N Std. Mean N Std.
_ (ms) Dev. (ms) Dev.
Attkalb 10 30 5 8 30 3
AtHgio 9 29 5 8 30 4
CD do#kif 11 30 5 11 30 6
dd#giw 9 29 7 7 26 5
Mean 10ms 118 6 8ms 116 5
fak#tal 19 30 6 19 29 6
fak#dam 18 29 8 19 30 8
DC dag#tal 20 30 8 18 29 5
dag#dam| 19 30 7 19 29 6
Mean 19ms 119 7 19ms 117 6

Table5.37 Mean word boundary ICI duratiofier C#C sequence in CD and DC order of place
of articulation

In the CD context’Ai t # phiadeihere a TT gesture stopfislowed by a TB
gesture stopvhich shares the sameicing, the mean lag duration in normal speech rate
256



was 10ms in normal speech rate. When the same stops occur in the DC contéxt as in
case offak#tal/ where a TB gesturéop is followed by a TT gesture stop, the mean lag
durationnearlydoubled to 19ms. These lag durations indicate that the gestures in both
the CD and DC contexts do not exhibit the same degree of gestural coordination. More
cohesion is found across the woapoundary in tokens of the CD order of place of
articulation. This pattern is also evideattfast speech rate where in the CD context
token the mean lag duration averaged 8ms and in the DC context token the mean lag
duration averaged 19ms.

The pattern islso consistenivhereboth adjacent stops disagree in voiciAt)
normal speech ratdéor /Ai t /#vbereda voiceless TT gesture is followed by a voiced
TB gesture in the CD order of place of articulation, the mean lag duration averaged
9ms. When both tlse stops occur in the DC order of place of articulation as in
/dag#tal/, the mean lag duration increased significantly to 20ms. Stop gestures in the
DC order of place of articulation are less closely coordinated than in the CD order of
place of articulatio.

It was previously mentione@section 5.3.2.bthat lag durations in excrescent
vowel positions are not affected by the increase in speech rate. For this reason, the
durations of the excrescent vowels occurring in tokens of the C#C in this investigation
were not affected by the increase in speech rate and remained attabte speech
rates. Despite this, the same gestural coordination pattern in both orders of place of
articulation with more cohesion in the CD tharthe DC order of place of articulati
is also found between stops in the fast speech rate. These findings are consistent with
the findings of the EPG resulfsection 5.4.1

5.4.2 Statistical analysis

In order to verifythe validity of theseesults, a significance test was conducted
to determim if there is a statistically significant difference between the ICI dusaition
the CD and DCorders of place of articulationThe conclusion that there tgghter
gestural coordination in the Carder of place of articulatiotihan inits counterparDC
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is supported if a significant difference pk0.05 is found between th&ag durations
between stops bothcontexts. The normality tests show that the data was not normally
distributedwith a value of p<0.05n this casea ManrWhitney U non-parametridest

was conducted to test for significant differences betweemxtbeescent vowels in the
CD and DC contexts.

The result ofthis test indicates statistically significant difference betwetre
excrescent vowel durations the CD and DQontextswith a value of p<0.(5. This
suggests that gestural coordination in both orders of place of articuasigmificantly
different supporing the assumption that tokens of the CD order exhibit more cohesion
between stops adjacent to the word boundary. Alllsggsaexhibited the same results
except for speaker 10n normal speech rate, significarce value of p=0.109 and
therefore no significant difference was found in this case betVegedurations irthe
CD and DCorders of place of articulation

The rormality test revealed that the fast speech rate exhibitednoomal
distribution and therefore the MaiWihitney Unonparametridest was also applied
statistically significant difference betwedne lag durations between stojpsthe CD
and DCorders ofplace of articulatiorwas found with a value qf <0.05. However,at
the fast speech rateo significant difference wakund for speakers 6 and 7, with
values ofp=0.269 andp=0.053 respectivelyDespite this, the general significance
pattern at both spech ratesconfirms that in tokens ofthe CD order of place of
articulation a more cohesive coordination pattern is exhibited between adjacent stops
than in the DC order of place of articulation. These results are in line with the results of
the EPG dateni section 4.4.1.1.

5.4.3 Summary

The results reveal that the order of place of articulation does have an effect on
the degree of gestural coordination across the word boundary in the sequences
investigated.These results are in line with the results of the ER@&.dn the CD
context, the tokensAi t #k al b/ , [/ Ai t # d extibited clbsexigesturali f / |
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coordination between the gestures of the stops spanning the word boreilatedin
thar relatively short lag durationsThis shows that althgi the release of the stop
preceding the word boundary is not completely masked by the closure of the following
stop, gestures of both these stops arphiase with each other resulting anmore
cohesivegestural coordinatiopattern

On the other handnithe DC contextfor the phrases/fak#tal/, /fak#dam/,
/dag#tal/, and /dag#dam/, a decrease in the degree of gestural coordination between
gestures of stops spanning the word boundafgundto havea somewhatongerlag
duration In this order of place of articulation, the degregedtural coordination across
the word boundary seemed to decrease with gestures being further pulled apart. The
differences between both contexts were further supported by the results of theatatistic
tests carried ouThe results also support the observation that the increase in speech rate
does not result in an increase in the degree of gestural coordination in positions where
excrescent vowels occur. The excrescent vowel durations occurringe aivdid

boundary of the C#C sequence tokens are stabl®mth normal and fast speech rates.

5.5 Voice assimilation in C#C sequence

This section attempts to address research question 5 whether voice assimilation
occurs across the word boundary in TLA aviaether different types of 1G3 block this
process.This investigation is divided into two sections. The first section presents the
results regarding the direction in which voice assimilation occurs across the word
boundary in TLA. In order to avoid interferendrom the occurrence of voice
assimilation within SF and Sl clusterbkig investigatioris limited to tokens ofthe C#C
sequencehus excluding the CC#C, C#CC, and CC#CC sequences.dirbetion of
voice assimilation is investigated i’vV+V and +\-V voice contexts. Throughout this
investigation, stops adjacent to the word boundary are referred to as C1 and C2 where
C1l is the SKingle articulatory gesture stapd C2 is Sl singleton of the C#C sequence.
Furthermore, the extent of voice assimilation spreadto the HP of target segments

is also examined. The main objective is to investigate how voice assimilation spread is
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affected by factors such as voice context of adjacent segments, homorganic vs.
heterorganic sequences, and speech rate.

The second s#ion focuses on whether excrescent apenthetic vowels are
transparent to voice assimilation whetherthey block ths process in an attempt to
address the second part of the research questidime with studies by (tas (2002)
and Hall (2006), I3 occurring at the word boundary of the C#C sequence in TLA were
previously identified as excrescent vowels resulting fepacificgestural coordination
patternsas highlighted byreviousresults(section 5.3.8 The resultsalso reveal that in
homorganicC#C sequencefound in/ Ai t #di s/ |, | f ak#gitght, /| Wi
gestural coordination was exhibitedand as a result excrescent vowels were not
exhibited at the word boundary due to stop closure ovdraprder to studyhe effect
of voice assimilation on theoice value of excrescent vowelghis investigation was
limited to tokens exhibiting unmasked releases resulting in excrescent vowels

Furthermore in order tocompare theinteraction betweerexcrescent and
epentheticvowels and voice assimilatioracross the word boundartokens from the
CC#CC sequence werselected andexamined for comparative purposes since
epentketic vowels are the type of I€bccurring at thevord boundary of this sequence
aspreviouslyindicated(section 5.3

Voicing was examined throughout both stops of the sequence from the onset the
HP of C1 to the release of C2 and any intervening ICI. Vocal fold vibration during the
HP of C1 and C2 was identified as periodic vibration on the waveform. Thende
classifiel according to the voice valued C1 and C2 of the C#C sequence. sThi
classification resulted in +¥ and a-V+V voice contexts occurring across the word
boundary.

5.5.1 Direction of voice assimilation across word boundary
Resultsindicatethat voice assimilation was bdirectionalwith both regressive
and progressive voice assimilatipatternsoccuring across the word boundary in TLA.

However, righito-left regressive voice assimilation was more frequent. In normal
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speech rate, 68% of the abtnumber of tokengn which voice assimilation occurred
exhibited regressive voice assimilation compared to 32% exhibiting progressive voice
assimilation. At fast speech rate, the number of instances of regressive voice
assimilation increased to 78% whitee number of tokens exhibiting progressive voice
assimilation decreased correspondingly to 22%.

The results highlight thahe voice context of C1C2 play role in determining
the direction in which voice assimilation occurs. In theWVoice contex{table 5.3,
only regressive righto-left assimilation of voicelessness was exhibited. In this voice
context, C2s always the trigger and voicing in C1 was always affected and as a result
devoiced. Progressive ldft-right voice assimilation was not letited in this voice

context and C2 alwayetainedts voice value

Normal Fast
foken Reg. | Prog. assinI:licl)ation N Reg. | Prog. assigitl)ation N
lag#tall | 27 0 3 30 30 0 0 30
Jag#kifl | 28 0 2 30 | 27 0 3 30
/dag#tall| 25 0 5 30 | 16 0 14 30
[dag#kif/| g 0 2 30 | 20 0 10 30
Total 108 0 12 120 | 93 0 27 120

Table5.38 Direction of voiceassimilation(regressive vs. progressivagross the word
boundary in tokenef C#C sequence in +V voice context

In normal speechate, regressive assimilation of voicelessruessirred inl00%
of the total instances of voice assimilation as illustrated in figuBS. S/oice
assimilation did not occur in 1®kens Furthermore,in fast speech rateegressive
assimilation of voicelessness also occurred in all tokens exhibiting voice assimilation.

However, the number of tokem®t exhibitng voice assimilationncreased to 27The
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results show that the instances of voice assimilation decreased as a result of the increase

in speech rate.

devoicing of /d/ 58ms
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Figure5.33 Regressive assimilation of voicelessness in-¥M#bice context normal speecate
for/ @i dskotwingl partial dvoicingof HP of voiced /d/. HP of /d/ =125ms, devoiced
duration= 58ms

On the other hand, in thHe/#+V voice context the voice assimilatigrattern
differed. Results in table 5.39 reveal thabtb regressive and progressiveice
assimilationoccursin this voice context. In normal speech rate, progressive assimilation
of voicelessneswas more frequent than regressive voice assimila#ohighlighted in
figure 534. Progressive assimilation of voicelessnessurred in69% of the tokens

exhibiting voice assimilatian
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Normal Fast
O Reg. | Prog. assimi(l)ation N Reg. | Prog. assirlr\:i(l)ation N
[A#dis/ 18 8 4 30 27 3 0 30
IAtttgich 3 27 0 30 8 15 7 30
[fak#dam/ 0 10 20 30 7 14 9 30
[fak#gid 7 20 3 30 17 10 3 30
Total 28 65 27 120 59 42 19 120

Table5.39 Direction of voice assimilation across the word boundary in tokens of C#C sequence

in -V+V voice context
bl
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Figure5.34 Progressive assimilation of voicelessnesd/tV voice context /fak#dam/.
Complete devoicing of HP of /d/. Excrescent vowel is also voiceless

complete devoicing

ofHPof/d/\
oy
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Regressive assimilatioof voice occurred ir28 tokensaveraing 31% of the
total tokens exhibiting voice assimilatioin this voice context27 tokens did not
exhibit any type oWoice assimilationFor /fak#dam/ 10 tokensexhibitedprogressive

assimilationof voicelessnesm whichthe TT /d/ gesture was devoicadd zeraokens
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exhibitedregressive assimilatioof voice Both/ Ai t #gi &/ and [/ fak#gi
highest number of instancesmbgressive assimilation of voicelessnegth the TB /g/
gesturebeing devoiced in27 tokens and 20 tokens respectiveg forthe/ Ai t #di s/
phrase as opposed to the other theemples 18 instances of regressive assimilation
of voice occurredcompared to only 8 instances of progressive assimilatibn
voicelessness.

The increase ispeech ratén the-V+V voice contextresulted in an increase in
the number of instances of regressive assimiladfonoice occurring across the word
boundary averaging59% of voice assimilation instance§he number of tokens
exhibiting progressive assilation of voicelessness decreased to 42 tokens. The
number of tokens not exhibiting voice assimilation also decreasgd ttukens in fast
speech rateompared t®7 tokensin normal speech rate.

5.5.1.1 Ratio of voice assimilation spred into HP in +V-V voice ontext

The spread of voicing and voicelessness into the HPLadind C2as a result of
voice assimilatiorwas measureth both regressive and progressive voice assimilation
Results of the previous section show that intta#itokers of the +\{V voice conéxt,
only regressive assimilation of voicelessness occurred. As a iasaiitjcipation of the
voicing of C2, the voiced TB /g/ gesture and voiced TT /d/ gesture are affected by

voicelessness as illustrated in table 5.40.

Token CIHP Devoicing % C2 HP | Voicing of | % voicing
of C1 HP | devoicing C2 HP
[dd#tal/ 102ms 64ms 62% 105ms Oms 0%
[dd#kif/ 125ms 52ms 41% 67ms Oms 0%
/dag#tal/ | 119ms 56ms 47% 87ms Oms 0%
/dag#kif/ |  105ms 56ms 53% 104ms Oms 0%

Table5.40 Regressive assimilation of voicelessness inVAVoice contexat normal speech
rate. Mean C1 and C2 HP, mean duration of devoicing in HP of C1, and mean % of HP
devoicing of C1
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As a resultof the spread ofegressive assimilation of voicelessndkg, TT /d/
gesturein iditel/ is affected most by devoicingith the meandevoiced duration
averagingé 4 ms , which is 62% of t dveragesheyaacad HP .
duration ofthe mearHP of TT /d/ gesture was shortaveragng 52ms or 41% of the
meanHP. The averagedevoiced duration of theneanHP of the TB /g/ gesture in
/dag#talivas56ms,or 47% of the mean HP. Finallin /dag#kif/, the devoiced duration
averaged 56ms or 53% of theeanHP ofthe TB /g/ gesture

It is also worthnotingthat regressive assimilation of voicelessness spreade
in sequences where stops across the word boundary were homagaigblighted in
figure 535.1 n b ot h nd/dag#Hiffthepdrcentageof devoicing into themean
HP of voiced C1 averaged 62% and 53% respectively wivi$ higher than in the
heterorganic sequences wi d #&nld i/dag#tal/ wheret averaged 41% and 47%

respectively.
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Figure5.35 Regressive assimilation of voicelessness in homorganic sequeneeé fedgkif/.
HP of /g/=107ms, duration of devoicing =80ms. Absence of C1 release results in increase in %
spread of voice assimilation into HP of C1
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The inagease in speech rate resulted in a decrease in the duration of devoicing

spread into the HP of Cds highlighted by the results in table 5.Bbwever,it is also

worth noting thatthe HP of C1 and C2 also decreased as a result of the increase in

speechrate asnoted previously whemvestigating timing relationgsections 4.2 and

5.2). As a result of this, the ratio of devoicing spread into the HP of C1 did not

considerably differ as a result of the increase in speechRFateexample if wi d # ki f /

the mean devoicing duration into the HP tfe TT /d/ gesturen normal speech rate
averaged 52ms which was 41% of theanHP. On the other handj the fast speech

rate, although this duration averaged 39ms the devoicing duration averaged 38% of the

HP. Therebre there was a decrease of only 3% inghecentagef devoicing spread

into themeanHP of C1.

Furthermore, similato what occurred ahormal speech ratehe duration of

devoi

ci

ng

nt o

the HP

of

voi ced

C1lalli

ncr e

and /dag#kif/ in comparison with the other heterorganic sequehaws d # k i f /

/dag#tall.
Token CIHP | Devoicing % C2 HP | Voicing of | % voicing
of C1 HP | devoicing C2 HP
[dd#tal/ 81lms 46ms 56% 81lms Oms 0%
[d#kif/ 101ms 39ms 38% 57ms Ooms 0%
/dag#tal/| 87ms 36ms 41% 76ms Oms 0%
/dag#kif/ 81ms 48ms 59% 81ms Oms 0%

Table5.41 Regressive assimilation of voicelessness inVAVoice contexatfast speech rate.
Mean C1 and C2 HP, duration of devoicing in HP of C1, and % of devoicing in 8P of

5.5.1.2 Ratio of voice assimilation spred into HP in i V+V voice context

Previous esults(section5.5.1) reveal that in thé V+V voice context both

regressive assimilation of voice and progressive assimilation of voicelessriesad

across the word boundary. In order to investigate the ratio of voice assimilation spread
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into the HP of the targeegment as carried out on the -/voice contex the results
are divided according to the direction of voice assimilation for each token.

At normal speech rate, there were 29 instances of regressive assimilation of
voice from a total of 90 voice assimilation instances (tahk?). Vocal fold vibraton
spread throughout theeanHP of C1 in all theokensresuling in C1 becoming 100%
voiced in both homorganic and heterorganic sequeasdsighlighted in figure 36.

For example, ir Ai t thedriean/HP ahe TT /t/ gestur@averaged 82mwith voicing
spreathg through 100% of theneanHP. The only exception was /fak#damAvhere at

normal speech rate regressive voicgragation did not occur

Token | CIHP V‘(’:i‘i";lgp"f % voicing | C2 HP [gf‘é"zi"':”g dev‘:f;cinq
[At#dis/ 82ms 82ms 100% 82ms oms 0%
[Attgid 83ms 83ms 100% 61ms oms 0%
[fak#dam/ - - - - - -
[fak#gidh 83ms 83ms 100% 83ms Oms 0%

Table5.42 Regressie assimilation of voicen -V+V voice contextat normalspeech rate. Mean
C1 and C2 HP, duration of voicing in HP of C1, anelan% of voicing of HPof C1

The same ratio of voicing spreading into theanHP of C1 was exbited byat
fast speech rat@able 5.43. As previously seeftable 5.39, the increase in speech rate
resulted in an increase in the number of instances of regressive voice assimilation where
59 instances occurrems compared to 29 instancesnormal speech rate in thé/+V
voice context. Similar to normal speech rate, vocal fold vibration spread through 100%

of themeanHP of voiceless Cas a result ofompleteregressive voice assimilation.
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Token CIHP | Voicing of | % voicing | C2 HP | Devoicing %

_ ClHP of C2 HP | devoicing
[ At#dis/ 70ms 70ms 100% 70ms Oms 0%
[At#gich 79ms 79ms 100% 50ms Oms 0%
[fak#dam/| 70ms 70ms 100% 74ms Oms 0%
[fak#gidy 68ms 68ms 100% 68ms Oms 0%

Table5.43 Regressive assimilation of voice-¥+V voice contexiat fast speech rate. Mean C1

and C2 HP, duration of voicing in HP of C1, and mean % of voicing of HP of C1
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Figure5.36 Complete regressive assimilation of voice of TT /t/ gestuid/ivV / Ai t HPpi @/

/t/=89ms completely voiced

However progressive assimilation of voicelessnessuogng in thei V+V voice

context exhibiteda different pattern of voice assimilation spreading. Progressive

assimilation of voicelessness occurred Srit@ékensout of a total of 8 tokens exhibiting

voice assimilationSimilar to the spread of voicelessness into the HP of Gilrasult

of regress/e voice assimilationn the +\+V voice contextdevoicingwas partial and
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did not spread 100% into the HP of the voiced C2 in normal speechssi@®wnin

table 5.44 In [At#dis/, the devoiced duratiasf voiced TT /d/ gesturaveraged 60ms or

46% ofthe meanHP (figure 537). In/ Ai t #gi &/ this duration a
the meanHP ofthe TB /g/ gestureln /fak#dam/, 32% of theneanHP ofthe TT/d/
gesturevas devoi ced. Finally, I n méaneHP bfthenor g an
TB /g/ gesturewas 80% devoiced which was higher than in the other homorganic

sequence [/ Ait#dis/.

Token CIHP | Voicing of | % voicing | C2 HP | Devoicing %

_ Cl1HP of C2 HP | devoicing
['At#dis/ 106ms Oms 0% 106ms 60ms 46%
[At#gid | 119ms oms 0% 68ms 46ms 67%
[fak#dam/| 118ms Oms 0% 97ms 32ms 32%
[fak#gid | 112ms Oms 0% 112ms 90ms 80%

Table5.44 Progressive assimilation of voicelessnesd/inV voice contextat normd speech
rate. Mean C1 and C2 HP, devoicing of HP of C2, and mean % of HP devoicing of C2

#
\de‘\'oicing of /d/ 44ms

. \
i \" !
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Figure5.37 Progressive assimilation of voiceiin # + V. cont ext [/ Ai t #di s/ .
where 44ms was devoiced
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The increase in speech rate resulted in a decrease in the number of instance of
progressive assimilation of voicelessness in itheV voice context. Compared to
normal speech rate wher® éhstances occurred out of a total &, 9he number of
tokens exlibiting progressive voice assimilation of voicelessresseased to 42o0m a
total of 101 tokens where voice assimilation occurred as seen in tablérb/Zi#dis/,
67ms of theneanHP ofthe TT /d/gesturevas devoiced. Ih Ai t # gi ©/ mead 2 ms
/| fak#dam/

respectivelyof the meanHP of C2 wagdevoiced However,an increase ithe ratio of

HP oftheTB /g/ gesturev a s

devoicingspread intahe HP of C2 in this voice context increased as the speech rate
increaseds observedtable 5.45. This is noticeable il Ai t ahdl/i 75i/t wheré o/
devoicing spread into the HP of @&s100% and 90% respectively wheredasiormal

devoi

ced.

As for

speech ratéhese figures fodevoicing spreawere46% and 67% respectively.

Token CIHP | Voicing of | % voicing | C2 HP | Devoicing %

_ C1lHP in C2 HP | devoicing
[ At#dis/ 67ms Oms 0% 67ms 67ms 100%
[At#gidd 90ms oms 0% 46ms 42ms 90%
[fak#dam/| 83ms Oms 0% 83ms 34ms 40%
[fak#gidh 81ms Oms 0% 81lms 69ms 85%

Table5.45 Progressive assimilation of voicelessnesiMmV voice contexiat fast speech rate.

Mean C1 and C2 HP, devoicing of HP of C2, and mean % of HP devoicti® of

5.5.2 The effect of excrescentand epenthetic vowels on voice assination across

the word boundary

Previous esults(section 5.3.3.Bindicate that excrescent and epenthetic vowels
differ in how they are affected by the voicing context of adjacent segnidrésvoice
valuesof excrescent vowels are more influenced by and therefore more dependent on
the voicing context of the adjacent segmeAtsnormal speech rate, results show that
99% of excrescent vowels in tli&/-V voice context occurred voicelesgilst 96%
occured voiced in the +V+V contexOn the other hand, the independence of the

epenthetic vowels was particularly evident in ih&V voice context. Although both
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adjacent segments occurred voiceless, in normal speech rate 77 % of the epenthetic
vowels occurmg in this voicing context were voicediggestinghat unlike excrescent
vowels, epenthetic vowels are more independent in terms of voicing. In this section, the
voicing of excrescent and epenthetic vowels occurring at the word boundary as a result
of the unmasked release between two adjacent stops gestiureher investigated in
instances of regressive and progressive voice assimilatioftih and +V-V voice
contexts. The resulting voice values of excrescent and epenthetic vowels indicate
whether theseowels block the voice assimilation process or not. For example, where
regressive assimilation of voice in thg¢+V voice context occurgheresulting voiced
excrescent or epenthetic vowel indicates that it was transparent to voice assimilation
whereas aesulting voiceless excrescent or epenthetic vowels indicates the blocking of

voice assimilation.

5.5.2.1 Effect of excrescat vowels on voice assimilation

The results reveal that voice assimilation directly affects the voice value of
excrescent vowels occurring the word boundary of the C#C sequence. The voice
value of the excrescent vowel is always in agreement théalvoicing of the trigger
segment never the target segmentegardless of the directioin which voice
assimilation occurs. The results in tabld6 reveal that as a result of regressive voice
assimilation in thé V+V context,excrescenvowels were voicedt both speech rates as
a result of the trigger being voiced as illustrated in figuB8.9n this voice context,
there were2 instances of gressive assimilation of voic normal speech rate and 15
instancesat fast speechate These were found intheAi t #gi &/ phmases / f ak ;
All resulting 17 excrescent vowedsboth speech rates were voiced.

In the other +WV voice context, regrasve assimilation of voicelessness
resulted in excrescent vowels occurring as voiceless as a result of the trigger being
voiceless. Occurring in wi d# ki f / phrasds, d twtal goft 32 airlstAnces of

regressive assimilation of voicelessness in normal speech rate and 43 instances in fast
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speech rate occurred in this voice context. All 95 excrescent vowels were voiceless as a

result of the spread of voicelessness fthmvoiceless trigger.

- Normal Fast
oice — —
context assu(rll\lll)atlon excrescent vowel (N) assu(rll\lll)atlon excrescent vowel (N)
voiced voiceless voiced voiceless
V+V 2 15
2 0 15 0
voiced voiceless voiced voiceless
+V-V 52 43
0 52 0 43

Table5.46 Regressive voice assimilation in both voice contexts tokenthamesulting voice
value of excrescent vowel

voiced /k/ voiced excrescent
vowel
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Figure5.38 Regressive assimilation of voicingiiv+V context in /fak#damétfast speech rate.
Trigger TT /d/ gesture is voiced resulting in voiced excrescent vowel
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Thevoicing of excrescent vowels in cases of progressive voice itetsom are
presentedn table 5.4. In the-V+V voice context, excrescent vowels were voiceless as
a result of the voice value of the trigger beingcetess and voicelessness spreading
throughout the vowel. This applies to both normal and fast speexh Etcrescent
vowelswere found inthé Ai t # gi &/ phrasds as Highlighted m figure3s.

As for the +\£V voice context, no instances of progressive voice assimilation occurred

in either speech rate pseviously notedsection 5.5.1

voiced | voiceless voiced | voiceless
V+V 41 29
0 41 0 29
voiced | voiceless voiced | voiceless
+V-V 0 0

Table5.47 Progressive voice assimilation in both voice contexts and resulting voice value of
word boundary excrescent vowel

I APt #gi @

Figure5.39 Progressive assimilation of voicelessnessMit V. cont e x t
voiceless resulting in voiceless excrescent vowel
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