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Abstract

This study uses acoustic, electropalatographic and laryngographic data to
investigate articulatory timing and the timing of voicingsofgle stops anto-stop
consonant clusters in Tripolitanian Libyamadic. The theoretical framework which
has beenadoptedin this investigationis based on Articulatory Phonology. An
acoustic approach is also employed in this studym@asurethe duration of
segments and overlap in clustedsiother objective of this resrchis to determine
whethersyllable position, place of articulation, includingiemtation sequence, the
morphological structuregenderof the speakeand articulation ratevill have an
influenceon the gestural coordination and the timing of voicofgTripolitanian
Libyan Arabicstops

Fourteennative speakearof Tripolitanian Libyan Arabicproducedfifty -eight
mostly monosyllabic words that contain sew@ilableinitial single stopsseven
syllablefinal single stopstwenty-sevensyllableinitial two-stop clusteraindseventeen
syllablefinal two-stop clusters in earmal, fast and slow articulation rate. Oispeaker
was recorded using Electropalatography and Laryngography. Measurements include
duration ofthe hold phase of the stopshe duration ofoverlap/delay betweerwb
adjacentconsonantal closureshe timing and duration of the voicing dogi the hold
phase and the duration of VOT.

Statistical results showsignificant influence of syllable position, place of
articulation,gender and speakirrgteon the gestural coonaiation of twaestop clusters
In syllableinitial position, the pattern of coordination is characterised by an overlap
between the two consonantal closures or by a short delay as a rébalteibase of the
first stop In syllable-final position, the pattern of coordination of two consonantal
gestures is marketly a lesscohesivecoordination leading to the existence aof a
epenthetic vowel These patterns of coordination varied as a function of place of
articulation, gender ofhe speaker and the rate of articulati@iusters with lingual
stopsareless overlapped compared to clusters containing bilabias. Stégle speakers
produced longer hold phase durations and longer -auesonantal intervals in
comparison with female spéers While in fasterarticulationratesthe two consonantal

gestures were reduced in duration amtiibitedmoregesturaloverlg, slow articulation



rateresulted inthe oppositeoutcome Results of he influencs of articulationsequence
and morphologial structure of the clustevere less evident.

Finally, the duration of voice onset time and the timing and duration of voicing
during the hold phase varied as a function of syllable position, plaasiailation
andarticulationrate, with more vaing in syllablefinal single stopghan syllable
initial and an increase in voicing by the increase in articulation rate, and the opposite
pattern is ewdent in sbw articulation rate. e duration of VOT becomes longas
the place of articulation moves baekd shorter when the articulation rate is

increased. In slow speaking rate, VOT is longer.

Vi



Tables of Contents

[D7=To [Tor=1 i o] o [P PR PP PR PRPP R SPPPPTR ii
ACKNOWIEAGEMENL......ceeieeieiece et e e e e e errer e s e e e e e e e e e e e e e e e eeeaeens \Y
ADSIIACT ... rrrr e e e e e e e eeeninnneeeeeeeeeeeeeeess N
Tables Of CONENTS.......ouiiiiiiiiee e e Vil
IS A T U Xiv
IS A0 N = 1 o] =PRI XXii
Abbreviations and SYMDOIS.............ouuuiiiiiiiii e XXVil
Chapter One: Introduction and Background................ccoevvviviiiieeiieeeeeiiiennnns 1
1.1 Structure of the ThESIS ... 1

1.2 Purpose of the Study...........ccoeeiiiiiiiiiee e 2

1.3 Rationale for the Styd............oovriiiiiiiiie e 3

AN -1 o o =1 o 1§ - Vo [ |
1.4.2INErOTUCTION .....uuiiiiiiiiiiieiieeeeeeceeeerieeeeeeee e e e e e e e e e e e e smmee e e e e e e e e e e e B
1.4.2Linguistic Variation in Libya...............oovvviiiiiieeeeev, 7
1.4.3Previous 8udies on Libyan ArabiC.............coooiiiiiienne s 10
1.4.4C0NSONANES 1N LA .. .oiiiiiiiiiiiiiiiiee et 12

1441 SUOPS.cciiii i eeee ettt 13

A g ot | 1Yo P 13

1.4.4.3 NASAIS...cccciiiiiiiiiiiiiiiiee ettt 14

1444 LateralS......ccoooiiiiiiiiiiiceeee e 15
1.4.5Consonant Clusters in TLA.......coooiiiiieiieeeeieeee e 16

1.45.1 VCvs. CV dialects..........cevvviiiieiiiiiieeee e 16

1.4.6 ASSIMIlAtioN IN TLA ....ouieieee e 20
1.4.7VOWEIS IN TLA ..o 20
1.4.8Syllable Structure in TLA ......oveeceeee e 24
1.4.9Stress Patterns in TLA ... 27

Chapter Two: Timing in speech producCtion...........cccccveeeeiiiiiiccceeeeeeeeeeeees 29
P25 T [ 01 o To 8 Tox 1 o] o PP 29

2.2 The production of StOPS.........ccoeeiiiiiiiiiieeee e 29

2.3 Theories of timing in speech production..............ccccevvvieeciiiiiiieenn. 33
2.3.1The nature of coarticulatian................ccuuvveriieemrniiiiiiiiiieeeee, 33
23.2Keatingdés Ar t..cul.at.or.y..Mo.dsS6
2.3.3Articulatory Phonology Model............ccooooiiiiiiiieen s 36

2.3.3.1 Articulatory timing............oovvvvviiiiiii i 38

2.3.3.2 Rules of gestural phasing..........ccccooveevviiiiiciiineennn, 40

2.3.4Cues to gestural overlap...........cccvvveviiiiieeciiiiiiiiiiiiieeeeeeeee 41

2.4 Factors that influence gestural coordination...............cccuevvieeennnnn 42
2.4.1The influence of place of articulation....................cccceeeenn. . 42

2.4.2The influence of syllable position {€entre organisation)........43

2.4.3The influence of perceptual recoverability................ccovvennneee. 45

Vil



2.4.4The influence of physiological differences.................ceeeeeeeees 45

2.4.5The influence of articulation rate.............ccccoovveiiiiccce e 47
2.4.6The influence of speaking variability.................ooovvviiieeennnnn. 50

2.4 7 SUMMATY. ...ttt e ree e e e e e e et e e e e e mmme e e e e eeennnrennnees 51

2.5 The timing Of VOICING.......cooiiiiiiiiiieeee e 52
Y20 N 1 o T (3 {od 1o o PRSPPI 52
2.5.2The mechanism of VOICING..........uviiiiiiiiiii e 52

S IRCAY o] ol o 1 0 IS o] 1S 54
2.5.4The timing of voicing in stop consonamts.................cccceee... 56
2.5.4.1 The timing of voicing in single stop consonants.......56

2.5.4.2 The timing of voicing in twestop conenant clusters..57

2.5.4.3 VOICE ONSEL tIME......uuuiiiiiiiiiiiiiiiie e e e 59

2.6 Factors that influence the duration of VOT........cccovviiiiiiiiiiiceeeennn. 60
2.6.1 The influence of place of articulation on VQT........................ 60
2.6.2The influence of the vowel on VOT..........ccccvvvviviieeiieeniiinnnee, 63
2.6.3The influence of gender on VQT.........cooooiiiiiiiiiiiiccceeeees 64
2.6.4The influence of speaking rate on VOT............coovvvviviviicmmnnn.. 65
2.6.50ther factors that influence VOT..........coooooiiiiiiiiicce s 66
2.6.6SUMMArY Of VOICING ......uuuviiiiiiiiiiiiee et 67

P2 A ©o ] [ 11153 o] o SR 638
Chapter Three: Methodology..........ccooviiiiiiiiiiiiieeee e 70
I 0 A [ 1o To 18 ox 1 o o PSPPI 70
3.2 Theoretical FrameWOrkK............ccoouiiiiiiiiiice e ecnees s 70
3.3 Research Questions and Hypotheses............ccccoeeeveeecvcciccieneeeee 1
3.4 The PartiCipants............cccocuuuuiiiiimmmiiiiiiiieieee e eeereeeeeeeeeeeeeeeee L O
3.5 The Material.........uuuiiiiiiiiiiiiiii e 74
3.6 PrOCEAUIES......uuuiiiiiiiiiiiiii i ceeetie ettt e e e e e e e st e e e e e e e e e e e e e e e e e 77
3.7 Instrumentation and MeasuremMents............cooeevevvvimemeeeeeeeeeeeeeennnnns 78
3.7.1Electropalatography (EPG).......ccccuuiiiiiiiiiiiiiiics 79
3.7.1.1 Limitations of using EPG...........cccccoiiiiiiiiii s 80

3.7.1.2 EPG MeasSlMEeNtS.......ccccuuuuiiieireiiiiiimn e 81

3.7.1.3 Calculating Percentage of Contact.......................... 84

R AVZYANE o [ [o TN (=Too] (o [1 5 To PR 84
3.7.2.1 Acoustic Measurements...........ccceevvvvvvvmmmmmmneeeeeeennnnns 85
3.7.3Laryngograph........coooo e 87
3.7.3.1 LX MEASUIEMENTS.......uiiiiiiiiiiieeeeeeeeme e 88

3.8 StatistiCal ANAIYSIS....cccieeiiieeeiiiiiiieeieeee e 90
3.8.1The independergamplet-test...........ccoeeevviiiiiiiiiieeen e, 91
3.8.2The oneway ANOVA test (Analysis of variance)................... 92
3.8.3The repeatetineasures ANOVA teSt.........cuvvvvvveiiiiiiicecennnnnnns 92

3.9 CONCIUSION......cciiiieieeeeeei e e e e e e e e e e aeas 92

viii



Chapter Four: EPG RESUILS..........uuuiiiiiee e 94

vt R 1 Vi Yo 1§ o (o o SRS 94
4.2 Results of two lingual stop cltegs in Sl position...............ccevvvvvvnnns 95
4.2.1Coronal (plain and emphatic) + dorsal.............ccoevvvvviieemnnnnn! 95
4.2.2Dorsal + coronal (plain and emphatic).............ooovvvviiieemnnnn! 97

4.3 Results of clusters containing /b/ iN.Sl...........cooovviiiiiii e 99
4.3.1/b/ + coronal (plain and emphatic)...........cccceeevvvvvvieeerieee e, 99
4.3.2/D] + dOrSALl......uuuiiiiiiiiiiiiiiii e 102
4.3.3Coronal (plain or emphatic) + /b/.........ooovveiiiiiiiiieeeeeeeiinns 103
A.3.ADO0ISAl + /Dl 104

YU 10010 1= U F S PSPPI 105
4.5 Results of two lingual stop clusters in SF positian...................... 106
4.5.1Coronal + dorsal...........coooiiiiiiiiiiimenn 106
4.5.2Dorsal + Coronal...........ooooiiiiiiiiiiineen e 107

4.6 Results of clusters containing /b/ in.SFE..............ccoooiiiiieeen 108
4.6.1/D/ + COroNal........ccoiiiiiiiiiiiiee e 109
4.6.2/D/ + dOrSAL......uuuiiiiiiiiiiiiiiie e 110
4.6.3C0r0NAI1 + 1D/ttt 111
A.6.4D0rSaAl + /Do 112

4.7 The duration of ICl in words isolation............ccccuvvverieeeeieencennnnnne. 113
4.8 The influence of syllable position..............ccoovvviiieee e, 114
4.9 The influence of sequence of place of articulation....................... 116
4.10 The influence of morphological structure.................oceeeevieeeeennnnn. 119
4.11 The influence of speaking rate.............cc.ovvvviiiccrriieeeee, 122
4.11.1  The influence of speaking rate on coronal + darsal....123
4.11.1.1 Slcoronal + dorsal...........ceooviiiiiiiiene s 123

4.11.1.2 SF coronal + dorsal............ccooeeiiiiiimmne s 123

4.11.2  The influence of speaking rate on dorsal + coranal....124
4.11.2.1 Sldorsal + coronal.............coooeiiiiiiimmme s 124

4.112.2 SF dorsal + coronal...........ccooeeiiiiiimmne s 126

4.11.3  The influence of speaking rate on /b/ + coronal.......... 127
4.11.3.1 SI/b/ +coronal.........coooiiiiiiiiiiiiieeen e 127

4.11.3.2 SF /bl + Coronal........cccuueeeeieiiiiiiiieeeiiiiiiiiiieeeeeeen 128

4.11.4  The influence of speaking rate on /b/ + dorsal............. 129
4.11.4.1 SI/B/ + dOrsal.........ccevvviiiieiiiiiiiieeeiiieiieiieeeeee e 129

4.11.4.2 SF/b/ +dOrsal........coooeeiiiiiiiiiiiieee s 129

4.11.5 The influence of spaking rate on coronal + [b/............. 130
4.11.5.1 Slcoronal + /Bl 130

4.11.5.2 SFcoronal + /b/.......coooiiiiiiiin 130

4.11.6  The influence of speaking rate on dorsal +./bi............. 130

iX



4.11.6.1 SIdorsal + /Dl 130

4.11.6.2 Sldorsal +/bl........cccoovviiiiiiiime e 131
4,12 DISCUSSION.....cciiitiieeeeeiiiiie e e eeeee e e e et e e e e e e et semneas e e e e eeataaaeeeaeenans 131
4,13 CONCIUSION......coiiiiiie e ceeei e eeene e e e e e et e e e eaeens 137
Chapter Five: ACOUSHIC RESUILS..........ooooiiiiiiiiiie e 139
S0 R [ 11 o o [F o 1o o I 139
5.2 The influence of place of articulation...............c.ccoevvvieeeneeeeeennee, 139
5.2.1The influence of place of articulation on HP duration of Sl
SINGIE StOPS . .uuiiei i 140
5.2.2The influence of place of articulation on the timing of Sl4two
S (0] o1 [0 1S (= SRR 141
5.2.2.1 The release of C1l in Sl clusters.........ccccevvvvvvvnneaen. 142
5.2.2.2 The duration of Sl coronal + dorsal clusters........... 142
5.2.2.3 The duration of Sl dorsal + coronal clusters........... 144
5.2.2.4 The duration of Sl /b/ + coronal clusters................ 145
5.2.2.5 The duration of Sl /b/ + dorsal clusters.................. 147
5.2.2.6 The duration of Sl coronal + /b/ clusters................ 148
5.2.2.7 The duration of Sl dorsal + /b/ clustels.................. 149
5.2.3Discussion and conclusion of the Sl singlad twastop
CIUSEEr FESUILS. .. .uueieie e 150
5.2.4The influence of place of articulation on HP duration of SF
SINGIE STOPS .. 152
5.2.5The influence of place of articulation on the timing of SF
LU0 ] o] o o3 [0 ] (=T £ 153
5.2.5.1 The release of C1 in SF clusters...............ceeeeeereeee 154
5.2.5.2 The duration of SF coronal + dorsal clusters.......... 154
5.2.5.3 The duration of SF dorsal + coronal clusters.......... 155
5.25.4 The dUra.........ccoveiiiiiieeeeeeecee e 157
5.2.5.5 tion of SF /b/ + coronal clusters.............cceeeeeeeeeene. 157
5.2.5.6 The duration of SF /b/ + dorsal clusters................. 157
5.2.5.7 The duration of SF coronal + /b/ clusters............... 158
5.2.5.8 The duration of SF dorsal + /b/ clusters................. 158
5.2.6The duration of ICI in words in isolation...............cccovvevveeenn. 159
5.2.7Discussion and conclusion of the results for SF single and
tWO-STOP CIUSEEL.......cceiiiiiiieeeeeeee e e 160
5.3 The influence of syllable position...............ccccuviiiieemniiiiiiiieee 162
5.4 The influence of articulation SEQUENCE.........cceeveeeiiiiiiccceeeeeeeen, 163
5.4.1The influence of articulation sequence on Sli clusters......... 163
5.4.2The influence of articulation sequence on SF clusters........ 164
5.5 The influence of morphological structure on HP andhe
duration of excrescent and intrusive VOWel..............ccccceeveeeeennnn. 165
5.6 The influence of gender of the speaker..........cccccoveiviiieeeen e, 166
5.6.1The influence of gender on the HP duration of Sl stops......166

X



5.6.2The influence of gender on Sl clusters............cooooevvivieemennns 167
5.6.2.1 The influence of gender on the relea$€1 in Si

CIUSTEIS. ...ttt 167
5.6.2.2 The influence of gender on the duration of the
excrescent vowels in Sl clusters............cccccvvvviiieennnnnns 168
5.6.2.3 The influence of gender on the HP duration of Sl
ClUSEEIS. ...t 169
5.6.3The influence of gnder on the HP duration of SF single stoftg0
5.6.4The influence of gender on SF StQpS.....ccccoevveeiieiiiiieeecenn, 170
5.6.4.1 The influence on gender on the release of C1 in SF
CIUSTEIS. ...ttt 170
5.6.4.2 The influence on gender on the duration of
epenthetic vowels in SF CluSters...........cccvvveiviiiieeennnee. 171
5.6.4.3 The influence of gender on the HP duration of SF
CIUSTEIS. .. ittt 172

5.6.5The relation between gender and articulation sequence.....172
5.7 Variability amongst and within speakers.........ccccceeeeevvivieeeneeeeennn. 173

5.7.1Variability amongst and within speakers in Sl single staps..173
5.7.2Variability Amongst and Within Speakers in SF single stop$75

5.7.3Variability amongst speakers in Sl clusters......................... 176
5.7.4Variability amongst speakers in SF clusters...........cccceeunnn. 178
5.8 The influence of speaking rate...........cccceeveiiiiieeeiiniiiiiiiieieeeeeeeee 180
5.8.1The influence of speaking rate on the HP duration of Sl single
stopsl80
5.8.2The influence of speaking rate on Sl tatop clusters............ 180

5.8.2.1 The influence of speaking rate on C1 release in Sl
tWO-STOP CIUSEEIS.....covvviiiiiiice e 180

5.8.2.2 The influence of speaking rate on SI HP duration..182

5.8.2.3 The influence of speaking rate on the duration of

excrescent vowels in Sl clusters............cccccvvvvvieennnnnns 182
5.8.3The influence of speaking rate on the duration of SF single
stopsl83
5.8.4The influence of speaking rate on SF {8top clusters............ 184

5.8.4.1 The influence of speaking rate on C1 release in SF
CIUSTEIS. ..ttt 184

5.8.4.2 The influence of speaking rate on SF HP duration.185

5.8.4.3 The influence of speaking rate on the duration of

epenthetic vowelg SF clusters..........ccccceeeiviiiiivieecennn, 186

5.9 DISCUSSION.....cciiiiiiieitiniiiie e s seeeeeestnnasss e s e e e eeeeesamansaaasaaaeeeaeeeeaeeeeees 186
5.10 CONCIUSION......ccciiiiieiieiiiiiii e e e erenrn e e e e e e e e e eaaes 188
Chapter Six: Timing of VOICING RESUIES...........ciiiiiiiiiiiiiics 191
00 R 1 11 o o 13 a1 o] o 191

6.2 The timing of voicing in syllabkenitial single stops............cccvvvvee.e. 192

Xl



6.3 The timing of voicing in syllabldinal single stops...........ccccccceennn. 193
6.4 The timing of voicing in syllablénitial clusters.............ccccceeeeennn.e. 194

6.4.1The timing of voicing in syllabkenitial voiced + voiced.......... 197
6.4.2The timing of voicing in syllabkenitial voiceless + voiceless.199
6.4.3The timing of voicing in syllabkenitial voiced + voiceless......199
6.4.4The timing of voicing in syllabkenitial voiceless + voiced......201

6.5 The timing of voicing in syllabldinal clusters..............ccccvvviiinnnne 203

6.5.1The timing of voicing in syllabkinal voiced + voiced........... 204
6.5.2The timing of voicing in syllabklinal voiceless + voieless.....204
6.5.3The timing of voicing in syllabldinal voiced + voiceless........ 205
6.5.4The timing of voicing in syllabkldinal voiceless + voiced........ 206

6.6 The influence of syllable position on timing of voicing................. 207
6.7 The influence of SEKING rate............ccceeiiiiiiiiiiieeeiiiieeeeeee e 209

6.7.1The influence of speaking rate on voicing of Sl single stop£09
6.7.2The influence of speaking rate on voicing of SF single stop10
6.7.3The influence of speaking rate on voicing of Sl clusters.....211

6.7.3.1 The influence of speaking rate on Sl voiced +

VOICEA CIUSLEIS.....euviiiiiiiie e eeen, 211
6.7.3.2 The influence of speaking rate on voicing of Sl

voiceles + voiceless CIUSLErS.............uveeveiieiiveceeiiiinnes 214
6.7.3.3 The influence of speaking rate on voicing of Sl

voiced + voiceless ClUStErS...........eeiieiiiie i, 214
6.7.3.4 The influence of speaking rate on voicing of Sl

voiceless + vimed CIUSLErS..........vveeiiieiee e, 215

6.7.4The influence of speaking rate on voicing of SF clusters....215

6.7.4.1 The influence of speaking rate on voicing SF Voiced

F VOICEA e 217

6.7.4.2 The influence of speaking rate on voicing of SF
voiceless + VOICEIESS.......cceu e, 217

6.7.4.3 The influence of speaking rate on SF voiced +
VOICERIESS. ..o et 217

6.7.4.4 The influence of speakingteaon SF voiceless +
VOICE. .. 218
0.8  DUSCUSSION. . et 218
0.9  CONCIUSION .. e e e 220
Chapter Seven: General Discussioand Conclusion............cccoeeeeeevvvivieeenn.. 222
7.1 Findings of the study.............oooriiiiiiiie e 222
7.2 Limitations of the study............ccovvviiiiiiiiiicie e, 231
7.3 Suggestions for future research.............ccccoiiiiieeeii 232

Xii



Appendix A: The influence of speaking rate on gestural coordination

(EPG) ettt 233
Appendix B: The influence of speaking rate and gender on Duration

(ACOUSTICS). e eeeeeeeeitttiiiie e sttt e e e e e e srena s e e e e e e e e e e e e e e e e eeannnas 239
Appendix C: The influence of speaking rate on voicing (LX)...............uveennnn. 249
Appendix D: Information sheet and consent forms............cccceeeeviiiiiieeennnnn. 259
APPENIX E: WOI ISt ... 264
RETEIBINCES ...t e e nnne s 266

Xiii



List of Figures
Figurel.1Countries where Arabic is an official or-official language

(Source: AraBbay.compccording to Owen (1993) the dotted line

divides Eastern Arabic (EA) from Western Arabic (WA)..........cccceeeeeeennn. 6.

Figurel.2 A map of Libya shoimg its three dialectal areas, and the

transitional area between Eastern and Western Arabic (The transition

area is adapted from OWeNS 1983:106).........uuurrrrimmmmiieeeiiieireeeeeeeeeeeeeeens 8
Figurel.3. The syllabic structure of the word /ktabt/ in TLA..........coevviiiiinnnes 25
Figurel.4 The syllabic structure of TLA (Is&d on AlAgeli (1996:11)).............. 27

Figure2.1A spectrogram ofthewordda 6t o st art a firebo

approach and hold phase, the release burst and voice onset time. .of. /t80
Figure2.2 Schematic representation showing three overlapping phonetic
gestures with anticipatory and perservatory (or carryover) coarticulation
(adopted with modifications from Fowler and Saltzman 1993:184)......34
Figure2.3 Landmarks in gestural lifespan (from Gafos 2Q02)....................... 37
Figure2.4 The organisation of complex onset and codas in English, as
proposed by the-centre (from Marin and Pouplier 2010)....................... 43
Figure2.5 the possible patterns of voicing in English consonant sequences
(from Docherty 1992:4@11)...........uuuuuiiiiiiiieiiii et 58
Figure3.1 EPG palate (right) with computgenerated display (left) showing
a complete closure at the alveolar region (A) and a complete closure at
the velar region (B). Black sques record tongue contact; white squares
MEAN NO CONTACL...... ..ttt eeeee et eeeee e e e e e e e eeeeaans 79
Figure3.2 EPG frames showing an overlap between a TB gesture and a
FOIOWING TT QESTUIE.....co i eea e 82
Figure3.3 EPG frames showing a delay (ICl) between the release of the TB

gesture and forming the closuiby the TT gesture. The ICI lasts from

frames 25726 LINCIUSIVE..........covviii e e e 83
Figure3.4 The HP duration of /d/ in the word /dam/ (left) and /d/ in the word
L0 To L (1o | 1 SO PEPR SRR 86

Xiv



Figure3.5 The duration ofthe HP of Clchn C2 and I ClI in [/ t1 b/

/ t ¥ (op), and the duration of C1 and C2 id/m the word /Bar/

(bottom) when C1 is not released. Theliag used in the bottom figure

means overlapping closures (i.e. not a lab&hr stop as on the IPA

(03 0= U 1 USSP 86
Figure3.6 The duration of VOT of /t/ in the word ddleft) and the duration

of prevoicing of /d/ in the word /dam/ (righ.............ccceveiiiiiiiiieeciieee 87
Figure3.7 Laryngograph proCessor With.................eeeeeevieeeiiimiiiniiiiieiiieeeeeeas 38

Figure3.8 The onset and offset of voicing relative to the onset and offset of
HP in /bd/ in the word /bde:/. The Figure also shows the duration of
1Y N SRR 89

Figure4 . 1 EPG fr ames and acAugdame /dilspl ay

showing a delay between the release of the TT constriction (vertical red

line) and the formation of the following constriction by the TB gesture

(vertical blue line). The ICI lasts for approximately 30ms (frames 457

A5 INCIUSIVE).....cciieeeeeeeee et erens e e e e e e e e e e e e e e e eees 96
Figure4.2 EPG frames andaustic display of the clusteft/ (in /Aal/),

showirg an overlap (black zigzag line) between the two closures of the

TB (vertical blue line) and the TT (vertical red line) lasting for

approximagly 20ms (frames 37373 INCIUSIVE)..........ccuuvviviiiiiiiiicieeeiiiins 98
Figure4.3 EPG frames and acousticdisptay t he cl uster [/ bt/

showing a delay between the release of the labial closure (vertical green

line) and formation of the closure by the TT gesture (vertical red line).

The delay lasts for approximately 20mS...........ccoovviiiiiiiiccce e 100
Figure4 . 4 EPG frames and acoustia,di spl ay

showing an overlap in zigzag pattern) between the TT closure (vertical

red lindframe 115) and the labial release (dashed green line)............. 101
Figure4.5 EPG frames and acoustic display of the cluster /bk/ (g1/joKhe

figure shows a delay between the LB release (vertical green line) and

formation of the closure by the TB gesture (vertical blue line/frame 324).

The delay lasts for approximately 20ms............coovvvvvveviimmmneeereeeeeinnnenns 102

XV

(

0



Figure4.6 EPG frames acoustic display of the cluster /db/ (inddbehe
figure shows an overlap (black zigzag line) between the TT closure
(vertical red line/frame 332) and the ldzéosure (dashed green ling)....104
Figure4.7 Acoustic display and EPG frames of the cluster /kb/ (in /kbas/). The
labial closure (dashed green line) was formed before the release of the
TB closure (vertical blue lirfkame 218). As a result, C2 closure masked
the acoustic release Of Cl..........uuuuiiiiiiii e 105
Figure4.8 Acoustic display and EPf@mes of the clusr /A&/ (in /wakt/),
showing a long delay between the release of TB closure (vertical blue
line/frame 257) and formation of the TT closure (vertical red line/frame
262). The duration of the ICI lasts for approximately 50ms (frames 257
26LINCIUSIVE)....eiiiiieeeieiee e s 108
Figure4.9 Acoustic display and EPG printout of the cluster /bdfgbd/),
showing a long delay between the release of lalbalice (vertical geen
line) and formation of the closure by the TB gesture (vertical red
line/frame 317). The ICI lasts between frames-318 inclusive.............. 109
Figure4 . 10 EPG frames and acoustic display
The figure shows a long delay between the labial release (vertical green
line) and formation of the closel by TB gesture (vertical blue line/frame
313). The ICI lasts for approximately 45ms (frames-3092 inclusive).....111
Figure4.11EPG frames acoustic and display and
l@tlT b/). There is a long delay between
(vertical red line/frame 419) and formation of the labial closure (vertical
green line). The duration of the ICI lasts fopagximately 50ms............. 111
Figure4.12 EPG frames acoustic and dispdéghe clustero/ (in /nadby/).
The figure shows a typical lordglay between the TB release gesture
(vertical blue line/frame 309) and formation of thbial closure
(vertical green line). The duration of the ICI lasts for approximately
0 0 T TP 112
Figure4.13 Acoustic display and EPG frames of thetelut/ (in /Atal/),
showing a short delay between the release of TB closure (vertical blue
line/frame 319) and formation of the TT closure il red line/frame

XVI



Figure4.14 Acoust display and EPG frames of the ¢ersAt/ (in /wadt/),

showing a long delay between the release of TB closure (vertical blue

line/frame 273) and formation of the TT closure (vertical red line/frame

276). The duration of the ICI lasts for approximatedyn3 (frames 273

275 INCIUSIVE). ittt e emme e 114
Figure4.15 Contact profile of syllablmitial /kt/ (in /ktab/), showing an

overlap betweerhte TB and the TT closures.............cccuvviiiiiieeccniinnnnnee. 115
Figure4.16 Contact profile of syllabienal /kt/ (in /nakt/), showing a delay

between the releasf the TB closure and the formation of the closure

DY the TT geSTUIE.....cccii e 115
Figure4.17 EPG frames and acoustic display for thstelr /kd/ (in /kdab/).

There is a delay between the TB releasing gesture (vertical blue

line/frame 100) and formation of the closure by the TT gesture (vertical

red line/frame 102). The duration of the ICI is approximately 20ms. Both

gestures have high pentage of contack.............cccvvvviiiiiieecciiiiiiiieeee, 117
Figure4.18 EPG frames and acoustic display for the cluster /dk/ (in /dkar/).

There is an open transition between the TT releasing gesture (vertical red

line/frame 151) and the forrtian of the closure by the TB (vertical blue

line/frame 153). The duration of the ICI is approximately 20ms.......... 118
Figure4.19 EPGrames and acoustic display of the cluster /bk/ (in /bkalma/),

showing a total overlap between formation of the closure by the TB

gesture (vertical blue line/frame 117) and the labial release (dashed

vertical green liNE)... ... 120
Figure4.20 EPG frames of the clustdt //  ( &M Thiers Wag an open

transition, approximately 50ms (frames 1680 inclusive) between the

TB release (wtical blue line/frame 166) and the formation of the

closure by the TT gesture (vertical red line/frame 171)....................... 121
Figure4.21EPG frames and acoustic display of the cluster /tk/ (in /tkabir/),

showing the TT gesture (red squares) and the TB gesture (blue

diamonds) showing a considerable amount of overlap lasting for

approximately 40ms (frames between 2748 inclusive).............cccc........ 122

XVii



Figure4.22 Acousic display and EPG printout of thé/ cluster (in Atal/)
produced at fast speaking rate. The figure shows atepv@n zigzag
pattern) between the TB and the following TT closures lasmgs2
(frames LBVL68).......ccceeeiiiiieeeeeeii et e 125

Figure4.23 Acousticdisgly and EPG frames of the
produced at fast speaking rate. The two gestures show a more cohesive
coordination compared to normal speaking rate. The ICI lasts for
APProXIMALElY BIMS... .. ittt 126

Figure4.24 EPG frames and acoustic disphéyhe clusterA/ (in /walt/)
produced at fast speaking rate. Although C1 was released, the two
gestures show a more cohesive dowation compared to normal
speaking rate. TICI lasts for approximately 8ms...........ccccvvvvieiiiiinne. 127

Figure5.1 The coordination pattern of /dk/ in /dkar/ for speaker 1. A short ICI
is seen (between the red vertical lines) because the two closures are not
OVEIIAPPEA. ... e e e 143

Figure5.2 The coordination pattern of /kd/ in /kdab/ for speaker 2. A longer
ICl is seen (between the red vertical lines) because thedstargs are
[ESS CONBSIVE. ... ..ttt e e e e e e e e e e e e e e 145

Figure5. 3 The coordination pattern of
absence of C1 releasean indication that the two closures are
(01T g F= T o] o 1= o USSP 146

Figure5. 4 The coordinati on p a3tThegesturalo f
coordination is less cohesive meaning that a short ICI can be seen
between the tWo ClOSUIES........ccoooeeiiiiiieeeeeeee e 146

Figure5.5 The oordination pattern of /bk/ in /bke:/ for speaker M1. The short
duration of the ICI shows that the two gestures are very cohesive.....148

Figure5.6 HP duration of the coronal + dorsal, dorsal + coronal, /b/ + coronal,
/bl + dorsal, coronal + /b/ and dorsal + /b/ clusters, in addition to the ICI
duration of each Cluster type.........ooooviiiiiie e, 150

Figure5.7 A comparison of HP duration of Sl single stops (blue bars), SF

single stops (red bars) and intervocalic geminate stops (green.bars).153

XVili

/

/

cl

bt

bt

us



Figure5.8 The coordination pattern aft/ in /wadt/ for speaker MS7. The
gestural coordination shows a long delay between C1 release and the
closure formation Of C2..........uiiiiiiiii e 156
Figure5.9 The coordination pattern d&al/ left and /wdt/ right produced in
[K50] F=1 1o o 1A PP PURPPPPPPPP 159
Figure5.10 Duration of cluster HP and duration of ICI in SF coronal + dorsal,
dorsal + coronal, /b/ + coronal, /b/ + dorsal, coronal + /b/, and dorsal +
ID] CIUSTEIS. ..ttt e 161
Figure6.1 Spectrogram (top), acoustic waveform (middle) and glottal
waveform (bottom) showing voicing ini:
(A), /d/ in the word / daldthewsd , /dTl/

BasT/ (right). Whi lteofglottalvibratibns / d/ and /

delayed after the onset of the HP, A it is timed to start at the onset of

the HP. Vertical lines are inserted to mark the onset and offset of thell9B.
Figure6.2 Spectrogram (top), acoustic waveform (middle) and glottal

waveform (bottom) showing an instance of the productioddsfih the

word /Adar/. The figure shows fully uninterrupted voicingairghout

C1, ICl and C2. There is also some reduction in the itundpl towards

the OffSEt OFf C2 HP.e.uvveiiie e e 197
Figure6.3 Spectrogram (p), acoustic waveform (middle) and glottal

waveform (bottom) fra. There!sdomédelayin t he wo |

the initiation of voicing during the onset of /b/ HP; as a result C1 is

partially deVOICE...........oooiiiiiiii e 198
Figure6.4 Spectrogram (top), acoustic waveform (middle) and glottal

waveform (bottom) for the cluster/bd/ in the word /bde:/. The figure

shows a delay in voicing initiation /b/, and an interruption of voicing

before the release of /d/.........ccooeee oo 198
Figure6.5 Spectrogram (top), acoustic waveform (middle) and glottal

waveform (bottom) for the cluster/kt/ in the word /ktab/ showing

complete voicelessness during the HP of C1 aaal the ICI............... 199

XixX



Figure6.6 Spectrogram (top), acoustic waveform (middle) and glottal

waveform (bottom) for the cluster/dk/ ihe word /dkar/. This figure

shows that /d/ is completely devoiced as a result of regressive

= RS 41 F= 110 o PSP 200
Figure6.7 Spectrgram (top), acoustic waveform (middle) and glottal

waveform (bottom) showing the clustdt//in the word Atal/. Voicing

ceases just before the releaseffih anticipation of voiceless /t........... 200
Figure6.8 Spectrogram (top), acoustic waveform (middle) and glottal

waveform (bottom) for the clustét/ T / i n Ott Theef /wos hdo Wi n g

continuous voicing through the HP 6f And ICI. Voicing is ceases

shortly after ..t.he..ans.et..of. . [.11LR201HP.
Figure6.9 Spectrogram (top), acoustic waveform (middle) gludtal

waveform (bottom) for the clusted/tin the word /&a:til/. The figure

shows a fully voiced /t/ as a result of a regressive assimilation........... 201
Figure6.10 Spectrogram (top), acoustic waveform (middle) and glottal

waveform (bottom) for /kd/ in the word /kdab/ showing that the onset of

voicing is timed to start during the ICI making each stop conserve its

VOICING SPECITICAMN. ......evvviiieiiiiei e ee e e 202
Figure6.11 Spectrogram (top), acoustic waveform (middle) and glottal

waveform (bottom) of the cluster /th/ in the wordaltir/. The figure

shows a completely voiced /b/ as of result of a progressive assimilatid@2
Figure6.12Spectrogram (top), acoustic waveform (middle) and glottal

waveform (bottom) the cluster /bd/ in the womndlld/. The figure shows

the termination of voicing before the release of /b/ in anticipation of. /l204
Figure6.13 Spectrogram (top), acoustic waveform (middle) and glottal

waveform (bottom) for the cluster [kt

shows a voicing tail at the onisgf C1 HP. There is no voicing during

the rest of C1 HP, ICl is voiceless, and C2 HP is voice vaiced............ 205
Figure6.14 Spectrogra (top), acoustic waveform (middle) and glottal

waveform (bottom) of the clustek/ T / i n thhle/ woTle / imagur e

shows continuous voicing from the vowel throughout the HP of C1 and

ICI. Voicing ceases 22ms after the onset of C2ZHP.............ccoeeeeiieeeees 205

XX



Figure6.15Spectrogram (top), acoustic waveform (middle) and glottal
waveform (bottom) of the cluster [ bk/
shows that voicing is terminated during C1 HP and resumed during the
SRRSO PPPPPPPR 206

Figure6.16 Spectrogram (top), acoustic waveform (middle) and glottal
waveform (bottom) of d@thleb/cl udaieci Mg libs
terminated 20ms after the onset of CR.Woicing is resumed during the
ICI, but terminated before the release of C2............oevviiiiiiiieeciiiiiiiennn. 206

Figure6.17. Timing of voicing of mixed voictspecifications in Sl and SF
clusters. Onset of C1 closure occurs when the two lines converge, and
the offset of C2 closure occurs when these diverge. The zigzag lines
indicate voicing during the HP. The duration of the ICI is marked in.r&7

XXi



List of Tables

Table1.1 The consonants of ‘A, their place and manner of articulation......... 12
Table1.2 Thepossible combinations of tw&top consonant clusters in
syllableinitial position in TLA. When /b/ and /t/ are underlined, they
fUNCLION @S @ PrefiXa.. .o s 18
Table1.3Thepossible combinations of twstop consonant clusters in
syllablefinal position in TLA. When /t/ is underlined, it functions as a
] U |11 GO PP T PP TPRTRPP 19
Table1.4 Different types of assimilation in TLA froElfitoury (1976: 2324).
In cases where /t/ is a prefix, * isatk The shaded examples are from
Laradi (1983:3435).......uuuuiiiiiiiiiiiiiiie ettt e e e 20

Table1.5 Example of words containing /a:/ aldd, in addition to their short

counterparts /a/ and/ (adopted from_aradi (1983) and Abumdas

(RS 151) ) PR SRROPRR 21
Table1.6 Syllabic tenplates for TLA (based on Laradi 1983:25). In the

examples, syllables types are in bald.................ccoiierrieeeei,s 26
Tablel.7 Words with different stregmtterns...........ccccoeevviiiiiiiieee e, 28

Table2.1 Mean difference between the duration of the HP of single and
geminate stops as produced by three spedRakettet al. 1999:139
20 ) PSSR SPPR 48
Table3.1 Age, gender and educational level of participants in the acoustic
experimentThe mean age is 36 (38) for males and 29 (243) for
1270 0= 1= U £ |
Table3.2 Sl and SF singleton stops in IPA transcriptiorhwibsses and
target consonant underlined............cccoooieiiirieeciiiiiiii e eeeeeeeeeveeeee e d D
Table3.3 Words containing twstop clusters in Sl and SF positiddords
with cluskers containing a prefix or a suffix are placed between curved
brackets. Shaded areas in the table mean that there are no SF clusters to
MALCH thOSE IN Slu.iiiiiiiiiiii e 76

Table3.4 Criteria for voicing categories and the ratio of voicing in the. HP....90

XXii



Table4.1 Average number of syllables per second, duration of HP of C1 and

C2, duration of overlap (in minus) or delay (ICI) in syllabvigial

coronal + dorsal stop clusters proddat normal speaking rate.

Duration iS giVEN 1IN MS.....ccoiiiiiiiiiieiimeee e e eea e 95
Table4.2 Average number of syllables per second, duration of C1 aihtPC2

and the duration of overlap (in minus) or delay (ICI) in syllabigal

dorsal + coronal stop clusters produced at normal speaking rate.

Duration iS giVEN 1IN MS.....cooiiiiiiiiiiei i eeee e e eea e 97
Table4.3 Average number of syllables per second, duration of C1 and C2 HP,

and the overlap (*) or delay (ICI) in syllabieitial /b/ + coronal stop

clusters produced at normal speaking rate. Where /b/ is a,grefikB

and the TT closures are always overlapped. When the (+) sign is used, it

means it is not possible to measure the exact duration of the HP due to

the absence of the labial release..........ccccocciiiiicecee 100
Table4.4 Average number of syllables per second, duration of C1 and C2 HP,

and the overlap (*) or delay (ICI) in syllabieitial /b/ + dorsal stop

clusters produced at normal speaking rate................ovvvveeeeeeeeeennnns 102
Table4.5 Average number of syllables per second, duration of C1 and C2 HP,

and the overlap (*) or the delay (ICI) in syllabietial coronal + /b/ stop

clusters produced at normedeaking rate...........cccovviiiiiiiiiieen e 103
Table4.6 Average number of syllables per second, duration of C1 and C2 hold

phase, and the overlap (*) or dgl(ICI) in syllableinitial dorsal + /b/

stop clusters produced at normal speaking rate...........ccccccvvvveeeeennnnnn. 104
Table4.7 Average number of syllalsger second, duration of C1 and C2 HP,

and the duration of the delay (ICI) in syllaffieal coronal + dorsal stop

clusters produced at normal speaking rate.................ovvvveeeeeeeeeenenns 106
Table4.8 Average number of syllables per second, duration of C1 and C2 HP,

and the duration of delay (ICI) in SF dorsal + coronal stop clusters

produced at normal speaking rate............cccceeeveeirieeee e 107
Table4.9 Average number of syllables per second, duration of C1 and C2 HP,

and the duration of delay (ICI) in syllabii@al /b/ + dorsal clusters,

prodiwced in normal sSpeaking rate.............eeeeiiiieeiceeeiiieie e e e e e eeeeeeen 110

XXili



Table4.10Mean ICI duration in Sl and SF words recorded in isolation. For
ease of comparison,dftduration of ICI in clusters in words recorded in a
carrier sentence IS Provided............eevvviiiiiiiieeeiiie e 113

Table5.1 Mean duration and standard déweia of HP of SI single stops......... 140

Table5.2 The release of C1 in SI tv@op CluSters...........vvvvvviiiiiiiii i 142
Table5.3 Duration of C1 HP, ICI and C2 HP in Sl coronal + dorsal stop

(03 [0S (] TSRS 143
Table5.4 The duration of C1 HP, ICI and C2 HP of Sl dorsal + coronal

SINGIESLOP CIUSTEIS... .o 144
Table5.5 The duration of C1 HP, ICI and C2 HP of Sl /b/ +coronal stop

(03 0] (=T U 145
Table5.6 Duration of C1 HP, ICl and C2 HP of Sl /b/ + dorsal sirsjlep

(03101 =] £ PP PPPPRRPP PP 147
Table5.7 The duration of C1 HP, ICI and C2 HP ofc8tonal + /b/ stop

o3 0] (=] £ 148
Table5.8 The duration of C1 HP, ICI and C2 HP of Sl dorsal + /b/ stop

(0] 015 =] £ TPPPRRT 149

Table5.9 Mean duration and standard deviation of HP of SF single.stap...152

Table5.10 The release of C1 in SF t8P CIUSIErS.......coovvvieiiiiiiiiiiiiieeee, 154
Table5.11 Duration of C1 HP, ICI and C2 HP of SF coronal + dorsal stop

(0] 0153 =] £ TPRRRRR 155
Table5.12 Duration of C1 HP, ICI and C2 HP of SF dorsal + coronal stop

(03 0] (=] RSP 155
Table5.13 Duation of C1 HP, ICI and C2 HP of SF /b/ + coronal stop

(0] 015 =] £ RPRRRR 157

Table5.14 Duration of C1 HP, ICI and C2 HP of SF+#xorsal stop clusters.157
Table5.15 Mean ICI duration in S| and SF words recorded in isolation. For

ease of comparison, thertion of ICI in clusters in words recorded in a

carrier sentence is Provided...........ccoooeiiiiiiiiccciiiii e 159
Table5.16 The duration of C1 HP, ICI, C2 HRdathe overall duration of Sl
AN SF ClUS OIS ettt e e ee e e e e e e e e e e e aannn 162

Table5.17 The influence of articulatory sequence on the release of C1 and on

the duration of excrescent vowels in SI ClUSteIS.......oveeviiiiiieeeeen, 163

XXiv



Table5.18 The influence of sequence of articulation on the release of C1 and
on the duration of epenthetic vowels in SF clusters...........ccccvvvuieee.. 164
Table5.19 The influence of morphological structure on the duration of HP and
IC1iN Sl and SF ClUSTEIS......uueiiiieie e 165
Table5.20 The influence of gender on the duration of Sl single stops......... 166
Table5.21 The influence of gender on the release of C1 in Sli clusters....... 167
Table5.22 The influence of gender on the duration of excrescent vowels in Sl
(03 [0S (=] TSP 168
Table5.23 The duration of C1 and C2 HP in Sl position as produced by male
and female SPEAKEIS...........uvvieiiie e 169
Table5.24 The influence of gender on the HP duration of SF single stops..170
Table5.25 The influence of gender on théesese of C1 in Sl clusters............. 170
Table5.26 The influence of gender on the duration of epenthetic vowels in SF
(0] 015 =] £ TPPPRRT 171
Table5.27 The duration of C1 and C2 HP in SF position as produced by male
and femalespeakers. ... ..o 172
Table5.28 The relation between gender and articulation sequence............ 172
Table5.29 Variability amongst male and femalgeakers in the production of
Y I o [0 = 11 0] o 174
Table5.30 Variability amongst male and female speakers in the production of
STHP AUILION.....cciiiiiiiiiieeee et e e e e e e e e e e e e e e e e 175
Table5.31 Variability amongst male and female speakers in the duration of
HP Of ST CIUSTEIS.. .o e e e e 176
Table5.32 Variability amongst male and female speakers in the duration of
excrescent VOWEN S| CIUSTEIS...........uuvuiiiiiiiiiiiiiieeeiiiiiiieeeeeee e 177
Table5.33 Variability amongst male and female speakers in the duration of
[ T IS o (1] (T 178
Table5.34 Variability amongst male and female speakers in the duration of
epenthetic vowelBl SF CIUSterS..........ooiiiiiiiii e 180

Table5.35 The influence of speaking rate on the release of C1 in SI clustet81

Table5. 36 The influence of speak.i.ngl8at e

Table5.37 The influence of spkiag rate on the duration eicrescent

VOWEISIN ST CIUSTEIS. .. e 183

0]



Table5.38 The influence of speaking rate on the release afi SE clusters....184
Table5.39 The influence of speaking rate on the duration of HP in SF clusiéis.
Table5.40 The influence of speaking rate on the duration of epenthetic vowels
IN SF CIUSTEIS.. ..t e e e e 186
Table6.1 Mean duration, duration of voicing, percentage of voicing, number

of periods, voicing category and VOT values of syllahlgal single

Table6.2 Mean duration, duration of voicing, percentage of voicing, number
of periods, and voicing category of SF single stapS............ccccevvvvveeenn. 194
Table6.3. Mean duration of C1, ICI, and C2, duration and ratio of voicing in
C1 and C2, number of periods, voicing category and VOT in voiced +
voiced clusters (112) and voiceless + voiceless clusters{4y.............. 195
Table6.4. Mean duration of C1, ICI, and C2, duration and graage of
voicing in C1 and C2 , number of periods, voicing category and VOT in
voiced + voiceless clusters-8) and voiceless + voiced clustersl@).....196
Table6.5 Mean duration of C1, ICI, and C2, duration and percentage of
voicing in C1 and C2, number of periods, voicing category in SF two
5] (0] O I o111 1S = O 203
Table6.6. Mean duration of clusters, duration of voicing, ratio of voicing,
number of periods and voicing category of clusters with a range of
voicing specifications in Sl and SF positions.............ccccoovvvvviieeeee e, 208
Table6.7 Mean HP duration, duration and percentage of voicing, number of
periods, voiang category and VOT. While voiceless stops are
completely voiceless, voiced stops are partially devoiced at normal and
fast speaking rate, and devoiced at slow rate...............cccoeevvceveinnnnnns 209
Table6.8 Mean HP duration, duration and percentage of voicing, number of
periods and voicing category. While voiceless stops are completely
voiceless, voiced stops are voiced at normal and fast speaking rate, and
become partially devoiced at SIOW rate.............coevveeiiivieemeeiiiie e, 210
Table6.9 The Influence of speaking rate on duration and category of voicing
in Sl clusters with different voicing combinations...............ccc.uevvvvieennnes 213
Table6.10 Influence of speaking rate on duration and category of voicing in

SF clusters with different voicing combinations...............cccoccevviveeeeenns 216

XXVi



Abbreviations and Symbols

Abbreviations:
Abbreviation Word(s)
LA Libyan Arabic
TLA TripolitanianLibyan Arabic
BA Benghazi Arabic
FA Fezzani Arabic
SI syllableinitial
SF syllablefinal
A-to-P anteriorto-posterior
P-to-A posteriorto-anterior
HP hold phase
Sig significance
EPG electropalatography
Lx laryngograph
ICI interconsonantal Interval
C1 the first stop
C2 the second stop
Dur duration
Syl syllable
risd. released
LB labial
TT tongue tip
B tongue body
clust cluste
VD voiced
PD partially devoiced
PV partially voiced
DV devoiced
VLS voiceless

IPA notation is used throughout the thesis for phonetic and phonemic transcription.
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Chapter One: Introduction and Background

1.1 Structure of the Thesis

This thesis iorganized into seven chapte@hapter Onegresents the aims of
the study, the rationale for choosing this topic. This chapter is also dedicated to the
discussion of the consonant and vowel inventory loA,Tphonotactics and to the
review of previous resgch conducted onLIA. Chapter Twois dedicated to the
discussion of articulatory timing in speech production, including the tinoing
voicing, and the main factors that influence timirgdations in stopproduction.
Chapter Threepresents the main quesi® and hypotheses, ardiscusses the
methodology for this studyincluding the theoretical framework (articulatory
phonology), materials used and recording proceddi@s. chapter also shows how
the measurements were taken in dgdthered byevery instrunent. Chapter Four
presents the results from the EPG measurements and discusses them in the light of
the literature reviewed in Chaptéwo and thehypotheses stated under coordination
and speech rate i@hapter ThreeChapter Fivepresents and discusse® tresults
from the acoustical measurements of duration and discusses these in the light of the
literature reviewedn Chapter Two and the hypotheses stated under coordination,
the influence of morphology and speech rat€hapter Threelt also includeshe
results of the statistical analysis and a discussion ofslggiificance Chapter Sixs
dedicated tqoresening and discussindgix results for the timing of voicing in the
light of the hypotheses stated under voicing and speeciCratpter Three aseil.
Chapter Seversummarizes the main findings of the stugyesents a general
discussion, outlines thimitations of the study and ends by suggesting possible

directions for further research.



1.2 Purpose of the Study

The main purpose of the present reskais to contribute to the body of
knowledge about Libyan Arabic dialectghich to date have received little attention,
and to pave the way for future research on the dialect spoken in the Libyan capital,
Tripoli. This study adopts an articulatory andoastic approach in order to
investigate the temporal and spatial propertégwo-stop consonant clusters in
Tripolitanian Libyan Arabic lfereafterTLA). The thesis is motivated by three main
guestions. The firstoncernshow speakers of TLA coordinate eharticulatory
gestures in stop clusters. The second investigates thewaryngeal gestures
coordinaed with supralaryngeal gesturdsnally, how syllable position, placef
articdation, including sequace of artialation, morphological structurgerder d
the speaker and speaking ratdluence the gestural aardination of two-stop
clusters

EPG frames, gectrogramsand Lx waveforms arased to measure articulatory

timing and explore timing relations amongst the following categories:

Syllableinitial (henceforthSl) single stops
Syllablefinal (henceforthSF) single stops

Two-stop clusters in Sl position (including those involving a prefix)

= =2 =4

Two-stop clusters in SF position (including those involving a suffix)

Examples of the timing relations invegatedhere includethe ratio ofhold
phase (HP) duration &l single stops tthat of SF single stops, twstop clusters to
two individual single stops, voice onset time (VOT) for singletons to VOT of two
stop clusters. These measurements were used ttede®e hypothesestated in
Chapter Three, regarding overlapd to answethe aboveesearclguestions.

The objectives of this thesis are fdotd. First, it will describe the
articulatory and the acoustic properties of stop consonants, and theisgbleni
combinations in TLA Sl and SF clusters. The second objective is to investigate how
the articulatory gestures in twatop clustes are organised and what role the place of
articulation, sequence of articulatiosyllable position, morphological sttuce

gender, and speaking rate play in gestural coordination, theuration of the hold
2



phase (Henceforth HP) and the duration of the inteonsonantal interval
(henceforthICI). It is worth mentioning that this term will be usgx now to refer

to the vocalic segment thappeardetween the two stops regardless of its duration
and voice.When ICl is used in tables, they refer to either excrescent or epenthetic
vowelsdepending on syllable position, i.e. ICIs in onset positefarto excrescent
vowelsand ICls in coda position refew epenthetic vowels.

A related objective is to use electropalatography (EPG) to measure the spatial
and temporal relations between the tongue and the hard palate in the production of
two-stop consonant clusters, foaugiin particular on lingual stops (coronal and
dorsal). The final objective is to investigate the timargl durationof voicing in
two-stop consonant clusters by usingytegography (henceforth Lx), and the
influence of the factors stated above on itdatipn and termination.

1.3 Rationale for the Sudy

There are many reasons for choosing to undertake research in the area of

Arabic phonetics. These includeneral reasons such as:

1 The desire to contribute to the studyAshbic phonetics

1 The need taisedifferentphonetic instruments that have not been used
in TLA before.For exampleHassan and Heselwood (201Q) stress
the need to applmodern phonetic instruments Asabic, in order to
uncover the acoustic and articulatory patterns of this language.

1 Investigatingthe acoustic properties resulting from theemttion of
two stop consonanta particular

71 Investigating the influence ofplace of articulation,gender and

articulationrate onthe productionof two-stop clusters

TLA remains one of the nsb understudied dialects spokenaigapital cily
of the Arab worl d. Work carried out on
focused on its phonology, rather than its phonetics. This thesis is an attempt to shed
more light on the articulatory and acaasproperties of stop consonants in TLA.
3



There is also a tendency in some of the existing studies to treat Libyan Arabic as one
variety. As a result, there has been a lack of focus on the diverse dialects spoken in
t he c ovastrdgiong.0 s

The ration&e of choosingtiming in consonant clusters the fact that
consonant clstering is one of thdeatures shared by many languages. After
investigating the presence of consonant clusters in 104 languages spoken in different
parts of the world, Locke (1988pncluded that some 48% of these languages have
consonant clusters in SI and in SF position. For a language like Arabic which tends
to avoid consonant clustering,istworth investigating this feature when it exidts.
is not cleawhether TLA inheritedhis featurdrom its contacwith other languages
such asBerber, Turkish, and Italianit is beyond the scope of this study to
investigate the origin of consonant clustgrin TLA. It is only concerned with the
acoustic characterissof two-stop clusérs in TLA.

Another reason for conducting this study is thavus studies on TLA
have notused ingumental phonetic tools such as EPG and There are many
advantagesof using multiple modern tools in phonetic researchHdassan and
Heselwood (2011)9point out that in the past, Arabic phoneticians relied mainly on
observations and writing detailed descriptions of the sound system of Arabic. With
modern phonetic instruments now bedognavailable, some of thareas in Arabic
phonetics need to lrevigted andinvestigatedln addition, vhen differentphonetic
instruments are used, thegnprovide more comprehensive data afeld to more
reliable results.

This study will also explore the influence of gender on articulatory timing.
To the best knowlege of the author, this study is the first investigate female
speech iNTLA. This contributeto the research on how gender differences influence

speeclproductionin Arabic dialects.

1.4  Arabic Language

1.4.1 Introduction

Arabic is one of themost widely spo&n languages in the world (Ryding
2005:1). It belonggo the Semitic familya member of thélamito-Semitic family
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which belongs to a larger family known as tA&o-Asiatic group of languages
(Watson2002:1; Newman 2002: 65)Arabic is currently the foult most widely
spoken language in the world (http://geography.about.com) muithe than200
million speakers in twenty Arab countries stretching from Mauritania in Nt
Africa to Oman in the Middle East. It is also usedmainly religious purposeby
more than a billion no#rab Muslms from many parts of the worl(Ryding
2005:1).

The Arabic language is well known for its diglossia, the linguistic
phenomenon whereby two varieties of a language are used to serve different
purposesFerguson (1959:3 refers tofitie superposed vari@tyin the case of
Arabic, this variety isModern Standard Arabic (MSA), which evolved from
Classical Arabic (CA), the language of the Holy Quran] #rellov variety [this
variety refers to Arabic dialects]. InBentaldla ( 1991: 81) opini on,
difference bawveen the two varieties is thahile the high variety is written, the low
variety is spokentHowever, the high varietigs usedn broadcast news and in formal
speeches, whilst in modern times, shortrieg) popular poetry and plays, text
messages, or emails may be written in the low vadstwell Despite the apparent
binary distinction in contemporary times between the high and low varieties of
Arabic, Versteegh (1997:131) observes that a certairuatrad émixingbtook place
during the second stage of Arabicisation when Bedouin tribes from the Arabian
Peninsula spread westwards across what was to become the Islamicfempitee
seventh centuryo the twelfth century (Ryding 2005:3)Another type 6 Arabic
language is emerging as a result of the interaction between MSA and Arabic
dialects.Elgibali (1996) argues that this new linguistic variety combines features
from both MSA and Arabic dialectRy di ng (2005: 6) uses th
spoken Arab c 6 t o r e f eof Arabiowhichifdrnss a coatmuaum,tingtead
of the usual high vs. low binary division.

The division between high and low varieties of Arabic can be based on
language use or may be the result of geographbicpblitical boundaries Figure 1.1
shows a map of the Arab countries where Arabic is an official eofftoal

language.
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Figure 1.1 Countries where Arabic is an official or-odficial language(Source:
AraBbay.con). According to Owen (1993t dotted line divides Eastern Arabic
(EA) from Western Arabic (WA)

MSA is the variety used all over the ar world by Imamsdelivering
sermons in mosques, in television and radio broadcasting, arairoal foccasions
when a speech Iseing delivered. It is also usuallyetimedium by which Arabs who
speakvery distinct dialects are able to communicate with eatbler. Varieties of
Arabic can also be classified on a geographical basis. Thus Newman (2008:63)
refers to Eastern and Western Aratit@\(and WA respectivelyyarieties which can
be further suldivided see kgure 1.1 abovejnto dialects which corresponid
nation states for example Egyptian Arabic, Lebanese Arabic, Jordanian Arabic,
Libyan Arabic (henceforth LA), Moroccan Arabic, etc.

In addition to the above dialectal classification, Alorifi (2008:5) makes a
clear distinction betweeBA and WA EA indudes those Arabic varieties spoken in
the countries of the Arabian Peninsul@audi ArabiaBahrain Kuwait, Qatar the
United Arab EmiratesOmanand Yemer) and Iraq, he Levant(Palestine Syria,
Lebanon and Jordanand alsdegypt Sudan, Somalia, Djibouti and ComorgA,
on theother handrefers to those dialects found in Libya, Tunisia, Algeria, Morocco,
and Mauritania. Alorifi (2008:6) identifies two further factors relevant to Arabic
dialects. The first relates to the fabiat there are significant differences between
Bedoun and Urba dialectal varietiesThe second factor is linked to religious
differences which may lead to the formation of dialects which are associated with
Muslim, Christian, and Jewish conumities or with religious sects,ge Sunni and
Shia.


http://en.wikipedia.org/wiki/Saudi_Arabia
http://en.wikipedia.org/wiki/Bahrain
http://en.wikipedia.org/wiki/Kuwait
http://en.wikipedia.org/wiki/Qatar
http://en.wikipedia.org/wiki/United_Arab_Emirates
http://en.wikipedia.org/wiki/Oman
http://en.wikipedia.org/wiki/Yemen

As Miller (1986) explains, the question of whether Arabic dialects emerged
from Classical Arabic is complicated. It is a weditablished fact, however, that
different Arabic dialects share many phonetic features with MSA and with each
othe (for example pharyngeaésion). Dialectal variation can be found on three
levels: vocabulgy, grammar and pronunciatiofhis thesis is concerned with only
the last of these leveds it is found in LA and no attempt is made to investigate the
other two levels.

On the phoneticlevel, different Arabic dialects have distinct vowel
inventories and also display some variation in the realisation of consonants as well.
For exampleAl-Tamimi and BarkaDefradas(2003:171)point out thatMoroccan
Arabic dialect has only five vowels,hile Jordanian Arabic has as many as eight. In
the case of consonants, Arabic dialects
However, variations between dialleddifs exi
and /A/iwhereas in others these have been merged into /t/, /d/ and /W/ respectively
(Corrientel978:51).

1.4.2 Linguistic V ariation in Libya

Geographical and historical factors played an important role in forming the
linguistic variation which is apparent in contemporary Libya. The uniqueness of
Libyads | ingui st i c itssgeagraphital locationi Gne of the r e ¢
largest countries in Africa, Libya occupies some 1,757,000 sq km, consisting of
mostly desert areas in the south. With its coastline washed by the Mediterranean
Sea, itlies in the heart of the Arab world sharibgrderswith Egypt in the east,
Tunisia and Algeria in the west, Niger and Chad in the south, and Sudan in the
southeast.

Libya has witnessed many eras of linguistic diversity in its history. It was
influenced first by the Berber tribes, then the Phoenicieichants, or Pucs,
together with the Greekshe Romans, and later the Arabs following the Islamic
conquest in 643 C.E (Mattingly 1995:171). It was during the Islamic era that Arabic
was introduced and gradually gained its position as the primarydgaguibya was
under the rule of the tman Empire from 317 to 1912 (Vandewalle 2012:16)
Libya then became an Italian colony for nearly four decalemg the nineteenth
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century when several languages, including Berber, Hebrew, Arabic, Turkish,
Englishand Italianwere spoken in LibyéSimon 1989: 102).

During the Italian occupation, Libya was divided into three main provinces.
The first of these, located in the noutlest region of Libya, was known as
Tripolitania and included Tripoli and the surrourglicities. The second province,
Berga (or Cyrenaica) was located in the Eastern part of Libya. The third province,
Fezzan, was situated in the soutbst region of Libya. The three main dialectal
areas correspond geographically to these three provaxdswn on the map of
Libyain Figure 1.2

Tunisia

AN Mediterranean
Tripoli

Tripolitania

Transitional : Cyrenaica
area betweenq
E t
Sebbha ¢ EA and WA : ayp
Fezzan
Sudan

Figurel.2 A map of Libya showing its three dialectal areas, and the transitional area
between Eastern and Western Arabic (The transition aredajgted from Owens
1983:116).

Thus, TripolitanianLibyan Arabic (henceforth TA), Benghazi Arabic
(BLA) and Fezzani Arabic (FA) became the main dialectal areas in Liblyathis
thesis, TLA is used to refer to the dialect spokaty in the capital Tripoli, i.eit
excludes the surrounding citiesurayieth (1981:1) states that diffec&s relating to
syntax, semantics, and lexis amongst these dialects are wider than they are for

phonetics.



While TLA and HA can be said to belong to the Western dialect or
Maghribi areaBLA belongs to the Eastern dialestea(Chapin 2004:985). It is
worth mentioning that a number of linguists including Owens (1983) and Gleazali
al. (2002) believe that the transitional area between EA andidMALibya on the
boundaries betweenL’A and BLA, as shown in Figure 1.2. In addition to these
main classifiations, numerous Libyan suialects exist within these three main
areas. Mitchell (1993:4) refers to some of these-dalects, such as the Berber
di al ect s, al so known as OTamazighto6, whi
area south of TripoliThe Nafusi variety of Berber has its own dialects, including
Zuara and Djerbi which exist close to the LibyEmisian border (Lewis 2009).
These varieties of Berber add to the complexity of the linguistic situation in Libya
where Berber peoples have bewaixing with Arabs for hundreds of years (Laradi
1983:7).

Other varieties of Berber are also spoken by Bedouins living in the Libyan
Desert. While Tamasheq (or Tamachek) is spoken by the Tuareg, Berbers in Eastern
Cyrenaica speak Awijilah (Lewis 2009). bddition, the Awlad Ali, one of the
largest Arab tribes residing on the Eastern border in both Libya and Egypt, speak
Arabic dialects (EvanPritchard 1949:47) that are more like Egyptian than Libyan
(Mitchell 1993:4).

The main focus of this study,LR, is spoken in TripoliTripoli is the most
densely populated city in the country witbver two million residents
(http://arab.aljayyash/Arabi8-14.html). Given that Libya has just over smillion
inhabitants, this accounts for abaarte thirdof its popuétion. Tripoli has always
been the predominaunity in Libya, and its importance increased during the years of
the Italian occupation (Harrison 1976:399). As a result, it is the preferred destination
for migrants from other cities in Libya and from neighbing countries. Economic
growth on the Libyan coast, particularly in Tripoli, continues to attract those seeking
the chance of a better life, or, at the present time, hoping to ceodéettiterranean
Sea to EuropeDifferent Arabic dialects from the eastest and south of Libya can
be recognised when listening carefully to different speakers in Tripoli, in addition to
other varieties of Arabic and African languages spoken in neighbouring countries.

To conclude, Libya has witnessed many linguistic ckarayer the centuries

since the Islamic conquest originally brought Arabic to this country. Today, Libyans
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speak their own distinctive variety of LA which, depending on the region, can be
TLA, BLA, FLA or one of the other suthalects spoken there by thes®er or
Bedouin peoples. Libyans are also exposed to, and can use MSA to differing
degrees, depending on individual circumstances. The following section provides a
brief review of the phonetic and phonological studies conducted on LA to date, and
will cover both those which are of a general nature and those which have focused on

specific dialects of LA.

1.4.3 Previous Sudies on Libyan Arabic

In general, there is a shortage of publications on Arabic by Arabic linguists
and phoneticians. Classical grammariarchsas AtKhali:l, in the first dictionary of
the Arabic languag&ita:b Al-'Ayn, and Si:bawayh in his meticulous account of
Arabic Al-Kita:b founded the study of Arabic phonetics and both are still cited by
modern academics (Rosenhouse 2007: 131). To@apjtd advances in technology,
computer science and software designed to analyse speech, Arabic phonetics is still
understudied ahneeds further investigation using modern phonetic instrutnents

The same is true of LA dialects. The earliest researcHantpuages in Libya

was conducted by two Iltalian linguists, Griffini (1913) and Panetta (1943)
respedwely (cited in Laradi 1983:3)In the 1950s and 1960s, research on the
phonetics and phonology of EA dialects in Libya was carriedpWMitchell (1952;
1957; 1960).In the late 1970s, however, the picture started to change. Libyan
students were granted scholarships to pursue their studies abroad and some chose to
investigate the grammar, discourse, phonetics and phonology of LA. Some of these
are of releance to this current study dfLA beginning withE |l f i t our yoés (
doctoral dissertation whichdoptsa structural approach to analybe grammatical
structures of the rabic dialect spoken in Tripolbwed6s (1982) compa
utilises a generate phonology framework to examine the processes of verb
development in three different Arabic varieties spoken in national capitals: Tripoli

dialect (Libya), Cairene Arabic (Egypt) and Baghdadi Arabic (Iraq).

1 For more details abothe use of modern phonetic instruments in studying Arabic
phonetics, see Hassan and Heselwood (2011). The volume is devoted to the
important role of modern phonetic instruments in studying Arabic phonetics.

10



In the same year, using a similar frameworkdactoral dissertation by
Aurayieth (1982) investigated the phonology of the verb focusing in this case on
Eastern LA. BotlAbumdas (1985andElgadi (1986) also employ the framework of
generative phonology in their respective studidsumdas (1985) invesgfated the
phonology of LA as it is spoken iliten a city situated some 150 km easfToipoli
,.whilst Elgadi (1986) analysed the phonology and morphologylo&.TTaking a
different approach but still focusing on LA as spoken in the Tripoli regMau
(1988) investigat® the semantic adaptation of Italian loanwords in this Arabic
variety. Oof particul ar i nterest here i
instrumental phonetic study conductenl LA, which investigates the phenomenon
of pharyngeatiation in Tripoli dialectTher e ar e al so the comm
(1960) works on Eastern Libyan Arabic by Owens (1980; 1984).

Studies conducted in the 1990s inclutea r r ama és swhieldy (1
describes the morphological structure ofJabal AtGharbi, or Western Mountain
dialect, which is spoken in an area some 100 km south east of Tripoli. In addition,
thereisAlAgel i 6s study (1996) which deal s wi
of TLA in the light of Optimality TheoryLater studies incide the work of Ahmed
(2008) which investigates the production and perceptiobilpfan Arabicvowels
by speakers of Rayaina, a city which is situated in the Tripolitanian retd@km
south of Tripoli (Ahmed 2008:103)and Kriba (201Q who focuses on
pharyngealisation in Libyan Arabidriba uses locusquatios to investigatdhe
distinction between plain vsemphatic consonants.Elramli (2012 adopts a
constraintbased approach to investigaesimilation in the phonology of Libyan
Arabic. Elramli focuses on the dialect spoken in Misrata, a gated 200km east
of Tripoli. Finally, Maiteq (2013) investigates the magnitude arfticipatory
pharyngealisation in LAWhere relevant these works will be referred to in the
following chapters as a useful soarof general and specific information regarding
the variety of Libyan Arabic used in Tripoli and elsewhere in the province of
Tripolitania.

In the following sections, the consonants and vowels usedLid dre
described and discussed, and an attempt identa clarify the status of some
disputed comsnants and vowels. In additiotihe possible combinatiortd two-stop

consonant clustersassimilation, syllabde structure andstress rulesare also
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considered. Since the present study is restrictedegdiming relations oftwo-stop
consonant clusters inLR, no attempt is made to examine other types of consonant

clusters.

1.4.4 Consonants in LA

Reviewing the studies conducted on LA, it becomes apparendififextent
studies claim different size of consonant inveory. While Elfitoury (1976:1)
reports thirtyfour consonants, Laradi (1983:11) and Elgadi (1985:5dentify
twenty-eight and thirty consonantsspectively. The reason behind this diversity is
that different Libyan dialects vary in regard to the nunddezonsonants they share
with MSA. For example, some dialects, mainly Bedouin ones, presemwmber of

consonants from MSATable 1.1 shows the consonants AT

s | &
— 2 & _
g 1) o ©
> o 0
_ (O] 2: > ()]
CU o (U S c —
S o e - = | S > 8
< 3 c ) ‘_5 S I 35
= < () o () S = =
- oM | | o > ) o Q
(%] . s
% plain t k q n
2 -
(%))
8 S emph. t |
" | Z| plain b d 0
Q
S| emph. di
0 . . -
@ | plain f s W G k h
()
a1 L -
> | 2| emph. s |
3
= 3| plain z A 0 n
(&)
©
> | emph.
Nasals m n
Laterals I
Tap or Trill
Approximants w

Table 1.1 The consonants GfLA, their place and manner of articulation.

All three of the studies mentioned above agree tha fas nine stops (/b/,

It 1, 1d/l 0/t T /qlelevedidd i wiew/ ( /&M, Wss/,] kil'sT
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Y and /h/); two nasals (/m/ and / n/); t

two approximants (/w/ and /j/).

1.4.4.1 Stops

In comparison to English,LTA, like MSA, has a larger inventory of stojis,
both place and manner of articulation. These include the uvular /g/, and the
emphatics £ 1 / dilaand the/ glottal stoffy. /q/ is commonly replaced by / f or
exampl e [/ qul /Y /006 s kKA. Blthouglh it MBidely said that /q/
exists only in the speech of educated people, it is fairly frequently used by most
Libyans regardless of their educatioWords like /quia : n / 6Qur danéb,
6deci sijodnad/, ohbgadsie 66,c o/mag qada cq idor aa:nrd/ /émarr i a
are alwayspronounced with /g/. In DA, /g/ is a lexically determined allophone of
O/ ,101 . es usetthcertanconexi| ace i

Laradi (1983:11) notes one of the common features of bbth dnd other
varieties of Libyan Arabic is the replacement of thettgl stopby a long vowel or

approximant Three examples are shown below:

Rule example Gloss
By /i E /iy /Y [/ bi 6wel
By /j/ /[ eghan/ M/ o6tr a
By /w/ MuEun/ Y/ w bdan

TLA does not hve a voiceless bilabial stop /i loanwords containing /p/,
it is replaced by / b/, for example [/ pent
TLA.

1.4.4.2 Fricatives:

Although Elfitoury (1976:3) statesthat /v/ is not frequently used in LA,
Elgadi (19%:5) still includes it as a distinct phoneme. In words borrowed from

Italian, it seems that when /v/ is intervocalic it is replaced by /w/. For example:
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Italian TLA Gloss
/'lavandelMN wandaNO6l aundr ybod

/'l aMdMd /| alNiwad o6cwasho

/'lavanNjdi/ |l awanNOsi nk©o

/vl occurs mn initial position in Italian or Englishoanwords;however,in

TLA itis replaced by its voiceless counterpart /f/ as in the following examples:

English: vdd & o6vi dyY [/ fi: dA u:

Italian:  /vait/ 6scr Y [/ fniTLAt i

In an informal survey conducted by the researcher, a hundred Libyan
speakersfrom Tripoli and the surrounding citiewere asked how they would
pronounce t he | oanwor dsdaivévadnlg &% o6f, the 6 Vas e
participantssaid they use /v/. In this case, it appears ithatthe level of familiarity
with English or other languages that use /v/, rather than the level of education, that
determines the use of /v/ in loanwords.

According to Elfitoury (1976:3),the voitcee ss i nt er dent al f ri
voiced counterpart, /6/, both found in MSA, are used in areas in the east and west of
Libya. However, TA lacks*/ dahd wordsrealised with this sound in MSA are
realisedwith */t/ in TLAt o produce i/ndtaedd/ ofot hdaka:
correspondsvi t h / d/ to produce /| ha: da/ o6this
this mer ge soduse/ ©oémd [ doli/njtucs t@ c e Orhid prosesse a d o
is called Astoppi ngo a&afdricaiives by lofagarsc t o |
stops(Roach 200(56). The postlveolar affricate*d’Ais consistentlyeduced td

in TLA; as a result, it is excluded as a distioensonant sound in this study.

1.4.4.3 Nasals

There are two nasals inLA: /m/ and /n/. Some stigs (for example
EI fitoury 1976 and EIl gadi 1986)LA. ncl ude
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Sometimes /n/ replaces /I/ as in the following examples:

MSA TLA Gloss
/hisman:l/ /hismarnj:n/ 6l smael
Isilsila/ [sinsla/ 0chainé
lle:n/ /ne:n/ ountil o

Inli s r el e aremtdccuassadjce®lit@// @8 u ¥ HA uldwe
sayo6 (Laradi 1983:12) .

1.4.4.4 Laterals

In TLA , the emphatic /| 1/ -empbaticl/lle(lsasadi f r e gt
1983:13). It exists in commonly used religious expressions sucp agl:1hi/ 6 Al | a
and related termssuch as fimfa | 1 1 1 a: h/  oF&qsbn (M956:446) n g o .
suggests thatl /T / should be treated as a dist.i
consensus on whether to treat it as a separate phoneme or as an allophone of /I/.
Heselwood (1992) laracterise it as a religiously determined allophone/l/of
Finally, /I/ sometimes replac@dSA /n/ as in: /finda : n/ Y :/If/i nodcof f e e
and is sometimes itself replaced by [/ r/

Although /r/ is realized aa tapin TLA, it becomes a trilin final position.

According to Elfitoury (1976:12), DA has twotaps One is a dentatap that

becomes a trilin final position for examplef§:d 6 mous e d, whtaplisst t h.
velarisedas in/fa:d 6di sgr ac e band, lQradi (1988 14) $tates that
depending on its position and whether it is doubled or not, /LA dan be realized

as a tap or #ill. It seems that /r/ can become a tap when intervocalic or preceding a
vowel for examplerf ab/ 6 Ar albwvkeh in firalr posiion preceded by a
vowel for example /marr/ O0he passed6, or
/ k ar b/ Thedtnll avariént can be both an allophone of the tap or a geminate
version of it. This variation is determined by treantext. Additionally, his pattern

of /r/ being realised as a tap when a singleton and a trill when a geminate is common

across many languages including Italian (Ladefoged ardtliéson 1995:21221).
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Metathesis, that is the reversal of a sequence ofdsowithin the same

word, occurs in TA. Examples include:

MSA TLA Gloss
/sl and/f/ I ni sl f/ /I nufusl/ 6éhalfé
/b/ and/d/ /d7adaba/ [Moad/ 6to pull o
/q/ and/b/ / duqb/ / t TOubu 6hol eb

1.4.5 ConsonantClustersin TLA

Before discussing consonant clustering AT a distinction should be made
between consonant clusters, consonant sequences and abutting consonants.
Abercrombie (1967:76) point sisusedttordfenat t
to two or more consecutive consonants occurring within one syllable. However, if
these consonants extend to two syllables, the consonants are said to be in a
sequence. In a sequence of three consonants, two of the consonants belong to the
same syllable. The term O6abuttingdé refel
syllable boundary. For exampleya TLA word likefj nkt ab/ 6it was w
belongsto a sequence, /kt/ forms a cluster, whilst /nk/ are abutting consonants.

Compared toMSA, TLA is more permissive of consonant clustering, and
Laradi (1983:26) argues that this feature has been inherited from the Berber
languageswhich arestill spoken in Libya. In this thesis, the focus is on -stap
consonant clusters which ocdarSl andSF position in TLA. Whenthe terms onset

and coda are usetthey also refer to Sl and SF position.

1.4.5.1 VC vs. CV dialects

Kiparsky (2003:147) makes distinction between different rAbic dialects
on the bases of their internal syllable structitte.divides Arabic dialects into VC,
CV and C dialectsVC-dialects are those dialects mainly spoken in the Levant and

Irag. In these dialects, a remedy of a three consonant sequence is an epenthetic
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vowel inserted before the second consonant. For examgkequence of CCC is in
/ktabtla / ol wrote for h i Im3®LA iassin /ktabithad Bhese d a s
dialects are also known as onset dialects (Farwaneh (2009: 82). The second type of
dialects is Gdialects. These dialects are spoken in North Africatiquaarly in

Morocco Tunis and Mauretania. According K@gparsky (2003:147), these dialects

have long clusters of only consonants, some of warehsyllabic. The final dialect

type is CV. These dialects are spokerEgypt and Parts of Libya. A sequende o

three consonants CCC as in Ba/ is rendered as CCVC as @uireneArabic
/ktabtilu/. These dialects are also known as coda dailects (Farwaneh (2009: 82)

It can be seen frodiparskyd s ¢ | as s i fCairereetArabdamd LA t h a't
do not permita segence of three consonants (Broselow @91, cited in Watson
2002:64). As a result of being a CV diale€airene Arabic speakers inseran
epenthetic vowel after the second consonah#, on the other hand is a VC
dialects, because speakers of this dislensert arepenthetic vowel after the first
consonant Kiparsky 20031). In this respect,the consonants preceding onset
clusters and following coda clusters may have an influence on the gestural
coordination of twestop clusters in TLABefore answerig this question, it is
worthwhile to have a look at the possible t8top cluster combinations in TLA.

Tables 1.2 and 1.3 below show the possible combinations of two stops in onset and
in coda position respectively.
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b/ It/ /d/ It 1/ /[ d1/ Ikl / 0/
by bta:ri:x/ /bde:/ /' btTan /odl a: n /bke:/ / bOar
0 o(datep 6he st| 6he but 6godd 6he ci 6cows
Jtbadr/ ftdu:m M T aji| dlurg 'habilo o fwact
It/ . R , . , o/ou (m/sing)| 0 y omising)
6you c odn 0it en 6she ¢ 6it ha . : LA
i nsi s fightd
/| dbaw /dkar/ /d0ajily/
/d/ , , L.
6cl oth omal e O6mi nut
[T /| ti¥ ba /tT0a
Ohe Gy O0he t a
- / dl bab
fdl 60 blourr 60 f
/kbas/ /ktabt/ /kdab/
Ik/ , ) ) .
Ohe predhe wroifohe | i e
Y [/ Obal /0t al [/ /] 0dar/ |/ O0tTaf/ |/ 0dle: [
6he agitohe kil |[6bhe was/é6he pickdhe pai

Table 1.2 The possible combinations of tw&top consonant clusters in syllaliial position in TLA. When /b/and /t/ areunderlined, they

functionas a prefix.
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/bl It/ /d/ [t 1/ [ d1/ Ikl / 0/
Ib/ /ktabt/ /I habod /| rabt / babd /| kabk /It 1 abd
6l wro o6a sl 0tying 0sei z\ 6furi ol 6to makaeé
1t/ /hatk/ /| fatD
Oviol at Oherni
/d/ {kidb/.
ol yin
/ot ,/tbab/
6cance
Obl ur
Ik , /nakt/ ,/nakd/ _
ounpack Obori
Iy / naob / waOt]| [/ Raoo / maot ]
odril | Ot i me 6tyin o6a kind

Table 1.3 The possible combinations of twstop consonant clusters in syllalileal position in TLA. When /t/ is underlined, it functions as a

suffix.

19



1.4.6 Assimilation in TLA

Assimilationis a term used to refer to tiplonological process in which one
sound changeinto anoher due to the influence ad neighbouring sour(d).

Elfitoury (1976: 2324) identifies thesometypes ofplace and voicassimilation in

TLA. These are presented in the following Table

Rule Example Gloss
Non-velarized to . R T .
velarized (ttl mttintriky 6she f|
. _ KOV O 0) /Mmiba: bil/ys| Ohe camg
Voiceless to voiced - - (sing) a
(tdl Y [t o/1TY/:db*d I 6she t3g
. . Ok Y | MizOkum/ Y /t| 6your @ {
Voiced to voiceless (dt v Sadtd s 51 sta
. (nl ¥ /mninlik/y| Ovheredidyou
place of articulation ‘_ get this frond
(nf Y I nf a¥fass/Y/ 6breat
. v v | Gt became
Others (ts Y Jtsami t / ¥nitE s g straigh
Regressive assimilatio| (| t Y e : | fett/Y/ 6f ami |
Progressive assimilatiol (ZAY z Z I : z/1 Yl zo 6husbart

Table 1.4 Different types of assimilation in TLAom Elfitoury (1976: 2324). In
cases where//ts a prefix * is used Theshadedexamples are frorharadi (1983:34

35).

Finally, Elgadi (1986:49) states that the definite article /I/ is assimilated to /s/,
[ dT1 [/,

does not assimilate to sounds which are not cordtalvever, Heselwood and

I dd /& 1t

Watson (2013) argue against this view, on the basis that assim({laiiwe) must be

optional.

1.4.7 Vowelsin TLA

Different studies conducted on LA have reported varying sizes of lvowe
inventory. While Elfitoury (1976, cited in Abumdas 1985:41) identifies eight

/It 1/,

[ dl,
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vowels, Aurayieth (1981:21) andLaradi (1983:15) respectivelyeport nine.

Abumdas (1985: 41) increases this number to ten vowels. All of the aforementioned
studies have includethe six vowels found in MSA namely /i/, /a/ and /u/, and their

long counterparts /i:/, /a:/ and /u:/. In addition, they include /e:/ and /o:/, which
correspond to the MSA diphthongs /aj/ and /aw/ respectii@airdner1925: 42,

cited in Ahmed 2008:81However,Aurayieth (1982: 23) also includes kiting the

following examples/ijil bi so/ 6t hiems idkroe/s s dtthinggsimbh el d 6,
60t hey sharedbé6.

Responding to Aurayiethodéds exampl es,
short /o/ is just@n allophoe of /0:/ that only occurs in final position. He adds that
whenA u r ay iexarhple$® shown above are suffixed by the object pronoun /ha/,
they preserve the long vowel /o:/théi§: | bi so: ha/ fémdieko whoale 6o
hel dnigtsd mo/ hhaa/r edtfhietd smdasods examples ¢
suffixed, they also contain the long /o:/. In addition, the vowel in the examples
containing /e/ are changed irggher/e:/or /a:/.

The status of the vowel /a/ inLA has proved to be a controversissue.

One assumptionis that thereare two independent vowels, /a/ and / |, with t
former occurringonly in the vicinity of plain consonants while the latter occurs in

the vicinity of emphatic consonants. An alternative proposal isdhé merely an
allophone of /a/ occurring only in thacinity of pharyngealised consonan®hile

Elgadi (1985:7) believes thad [: ] and its s a®aldphonesaffat er p a
and /a/ in the vowel inventory ofLRA, Laradi (1983:15) reports thatonl§y £/ / e x i st
as a distinct vowel in TA. Abumdas {985:47) also includes thisvowed, / / , and i
short c o uas diséinctivaveldExamples from Laradi (1983) and Abumdas

(1985) are showim Table 1.6below:

Laradi (1983: 18) Abumdas (1985:47)
la:/ [ 6: [ la:/ / 6: 1
/dair/f 6 he /do:r/ 6 r o g /bacbah/5 hi s | /b6:bo/ 6f at I
/| ka 6puzi/ &/ o6hol / ca:6emp /&li/l 6my u
Table 1.5 Example of words containingp:/ and/ § in/addition to their short
counterparts /a/ and:6(adopted fronlLaradi (1983) and Abumdas (1985)
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The difficulty with their conclusions isthab/. / and ofcarinthé o not
vicinity of plain consonants, but only i
/' bl /, [ r1 /], KktoErin @968:48), thelse soundd occuo itlder imthe
vicinity of primary emphatic consonants or as a result of certain consonant
combinations. The same author stresses that in the production of all emphatic sounds
Athe tongue i s t emddle rand raisedpat e lsaekd(Erwinn t h
1969:49).

In explaining the nature of /a/, Ghazali (1977:22) states that:

It is my opinion that one can conclude that the /a/ in words not
containing pharyngealized consonants is a target /a/; that is, the

perceptionof emphasis [ é] is due to an wun
the fact t hat the neighbouring cons
resul t, Ghazal.i adds Athe North Afr
two |l ow vowel phonemes: [P/ and [ al o

Abumdas (1985:22)n additions, states that

Since minimal pairs of secondary emphatics and plain consonants
occur only in the environment of the low vowels A and a
respectively, it is possible to deny the phonemic character of
secondary emphatics in LA, attributing the et feature to the
neighbouring vowel(s)

Aurayieth (1982: 24) suggests that both the vowel and the consonant carry
the emphasis. Although the exact status of /a/ in the vicinity of secondary emphatic
sounds remains questionable, it is beyond the sobpkis thesis to address this
issue in depth. In this thesis, for the saksimplicity and convenienceg [:and [0],
will be treated asllophones of /a:/ and [@Vhile /a/ exists in the vicinity of plain
consonants and primary emphatic consonahttitts / t 1/, [/ dfxists / s 1/
only in the vicinity of secondary emphatics. This classification includes all
pharyngealisedor velarised consonants apart from the aforementioned primary
emphatics.

There are8 vowels in TLA: threeshort vowds: /i/, /u/ and /a/together with
five long ones: /i:/, /u:l, la;/lo:/ and /e:/TLA vowels can occur as the nucleus of

closed and open syllablek initial position, \owels are always preceded by a
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glottal stop Ahmed (2008: 201points outthat thelong vowels are twice as long as
the short vowels.

/i:/ is afront high long unrounded vowel. This vowel has many allophones
depending on the surrounding consonants. Thus, in the vicinity of primary emphatic
sounds, it is retracted as in the followingpemp | e s : [ tTi:r/l o6fly
met al bal |l 6.

/il is afront high short unrounded vowel with its context determining its
allophonesExamples includes/1 i nnar a/ 6éfishing rodd and

/u:/ is aback high long rounded vowel whichay occur in both initial and
final position, as in the imperativalu0f u : / 6ddtshtisa madhy allophones
depending on its context with examples includihg: s T u: r / 6 a wal |
mar ket 0.

/ul is aback high short rounded vowel. This vowel mago occur in initial
position, when it is preceded by a glottal stop, or in final position agunm/m/ 6 a
mot her 6, a n dimpemptiveplural). Exam@lesangludé: s ul | / 6 boa
/ sull/ O6tubercul osi so.

/a:/ is front low long open vowelt may occur in initial and final position as
inM: hi/ o6heme diat. /i Sh,aband./ Ot Herdo hax anrhpull
and /da:in/ thhee vdicddhi ty of the secondar.y
I r 11, [ Val is readieddas ¢¢].nExamples include: th: r 1] O6reveng
[M6: 6 phssingo.

/al is a front low short open vowel, occuring in both initial and final position
asinfarfay o6t ak®,i tamawaady dwhend. Furtkheat | &x:
O6he apmdaalr ¢ c&d /b/dcecubsanlydnahie vidnity of secondary emphatic
consonants /ml/, [ bl/, [ rdsfre fromlAbumdagas nd /
(1985:47):pd bl ah] bol &1t héhd, Ao tGw ddg v emdal. |

/o:/ is a haliclose long back vowel and tloes nobccurs in final position in
TLA. Examples include: /tlddholuséphased, |/

/e:l is a haHclose long front vowel which may occur in final position,
replacing theMSA gl ot t al st opy s canmdd /&ss ei:fd  /Olsauy €
alternates with /a/ as in /td:or /lad 6 whey @r,/batd  §dr o Gome LA
di al ects ,0hoorw wiutcthé/)i :/ as in [ ki:f/l or

vicinity of different consonants includé:d: 1fe/ 6 a /lopry e s6tsde lalnidn g o .
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In addition to these vowels, Elfitoury (1976:22) states that LA has eight

diphthongs and divides these into two categories: fronting and retracting. The

following examples are from Elfitoury (1976:22):

Fronting
diphthongs Example
hijl /mda/
/ajl /hayra/
lu:j/ /bu:j/
lazy/ la:j/
Retracting
Diphthongs Example
lew/ Iew/
law/ [ kawl it
Ja:w/ /hecwna:h/
law/ /daww/

1.4.8 Syllable Sructure in TLA

Unlike in phonology, where a syllablmay bedef i ned as fia

made up of nucl ear

no commonly agreededinition of what constitutes syllable. There are, however,

and

Gloss

Ohundr edd
Opuzzledod [f
omy f ather o

6nonigo

Gloss

Opuppyo |
6she trie
0t here he S
O6speech, arg

cor

mar gi nal el ement

several theories which have been proposed to account for syllable structure. Before

briefly discussingsome of these theories antheir limitations, it is worthwhile

attempting to defie what constities a syllableln terms of internal structure, a

syllable is divided into onset and rhyme. The onset refers to the consonant(s)

preceding the nucleus, usually the vowel, which is the peak of the syllable. The
rhyme branches into the nucleus and the cwodth the coda referring to the

consonant(s) following the vowelLA allows a maximum of two consonants in an

onset and in coda position. Thus, a three consonant sequence is broken by an
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epenthetic vowel inserted before the second consonant (Kiparsky RQ§13pn

2007).Diagram 1.1 shows the syllable structure of the word /kéalt// y o u

Onset

C C

o

N

Rhyvme

N

Nucleus Coda

Vv C

C

Figurel1.3. The syllabic structure of the word /ktabt/ in TLA

Wr ot e ¢

A syllable is considered to be open when it has no coda, i.e. it ends in a

vowel, and closed when it ends in a consonant (Laver 1994: 32). Syllables can also

beclasdii ed i nto o6light and

6heavyd. A

geminate consonant, or a short vowel followed &yonsonant clusteflLaver

1994:156). A light syllable has, at most, a short vowel followed bynglesi

consonant or ahort vowel n an open syllable (Laver 1994:517).

head

The sonority theory suggests that segments in a syllable are arranged

according to their loudness on a sonority scale (Ladefoged and Johnson 2011: 146).

On the sonority scale, vowels are more sonorous than consowétitstegard to

vowels, open vowels are classed as being more sonorous than closed vowels.

Consonants are divided into sonorants and obstruents, with sonorants being rated as

more sonorous than obstruents. Within the group of obstruents, voiced consonants

are more sonorous than voiceless ones. However, as Ladefoged and Johnson (2011:

246) note, the sonority scale is of limited validity in explaining some syllables.

Thus, for example, in a word like /Ibast/, there is only one vowel. However, it has
/[ al . A modified

twopeakd | / and

prominenceo

(Ladefoged
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/lbast/ contains two prominent peafkdeselwood 2007)or two phonetic syllables,
namely /I/ and /bast/

Another theory which has been used to explain syllable structure is Moraic
Theory. In this theory, every constituent of the syllable equals a mora, which is
representd by t h e GAscprdimgdol Broselow (1976: 34) a light syllable is
monomoraic, a heavy syllable bimoraic, and a superheavy syllable trimoraic.

With regard to syllable structure in MSA, there are two important rules of
formation: (a) syllables never start with a v@wand (b) they never have a
consonant cluster in onset position. In addition to the five syllable types which are
allowed in MSA (namely, CV, VC, CV:, CVC, and CVCC), Laradi (1983:25)
argues that TA also allavs the syllable types shown irable 1.4 beaw. It is worth
mentioning thatif’e of these syllable types can be found in MSA.

syllable type Example Gloss
VCC /abb/ 0f at her ¢
CvC /a@arba/ 6soupb
CVCC /bint/ 6a girl
CCV: Itla:ti:n/ Ot hirty(
CCVvC /b ana:h/ 6we saw h
CCVCC Ifyaft/ 6l knewd
CCCVC Inf t/ak 6it open
CV: Nla:/ 6nobd
CV:CC /ma:dd/ 6except.i
CCV:.C /kta:b/ 6a book§
CCCV:C Istra:k/ 6he rest

Table 1.6 Syllabic templates for DA (based on Laradi 1983:29n the examples,
syllables types are in bold.

Elgadi (1986:5657) states that DA has a syllable structure in which the
peak of the syllable consist of a stilmng vowel or a diphthong. The onset may
consist of up to three consonants, whilst the coda may have none, one or two
consonants. He also includes €« /[ ba: b/ 6door d, oO6armd bEC
cauteAbeamdas (1985:89) inclade¥: Vausigi n n/
60standCup® in /[/aswad]/ O0bl ack©é6. The firs

specific item, not used inLTA. The other two examples offered by Abumdas,
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however, can be preceded by a glottal stjowed by a vowel, which prevents a
sequence of tiee consonants in syllabtmsets.

Al-Ageli (1996:11) summarises the syllable structure loAs in Figure 1.4
He also adds another syllable template CCVV a%in/: /  Gpgouwuinndeda./ 6

e  CV

LA ' C ' CVC :C |
________ : e superheavy
, C CvVvC C

Figurel.4 The syllabic structure ofLA (based orAl-Ageli (1996:1)).

The main issue to notice aboutAlg el i 6 s anal ysi s i s tha
more than two consonants in onset position. In facth@éli (1996:112) argues that
the tlree consonant clusters in onset position are derived by prefixatinfixation
to Class VIl verbs,dr example, and not underlying inLA. For more details on
syllable and metrical structure of. &, see AlAgeli (1996).This thesis supports the
view tha TLA allows up to two consonants in onset and in coda position. A

sequence of more than two consonants can only occur across word boundary.

1.4.9 Stress Ratterns in TLA

Three patterns of stress have been identifiedLiA.TFirstly, monosyllabic
words are alway stressed (Laradi 1983:35; Elgadi 1986:75).

Examples:
I"Aa:b/ 6he Dbroug
/midd/ 6count! o
'brid/ 0i't becam
I'la:d Owhyo
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Secondly, disyllabic words follow different rules depending on the weight of
the syllable, with stress being attracted to the heavy sylalitethe first syllate, if
both syllables are light(Elfitoury 1976: 22; Laradi 1983:35; Elgadi 1986:7%).
Table 1.8 below,List A includes examples of stress falling on the syllable
containing a long vowel or a geminate, whilst list B contains ekesnpf stress
falling on the first syllable when there are two light syllabléghen the two
syllables are heavy, the stress falls the ultimate syllable, as ifmi:'za:n/

0 s c,du’'la:b/o c | asdbdizbi :an/t radi ti onal di sh©o
A B

Example Gloss Example Gloss

I'ba:rid/ 6col d I'kabda/ ol iver
finba: 1l 6can beg ['hurfah/ 6he kne
I'racAl/ 6mano I'maktib/ 6offic
I'i:bi/ OLi bya I'k abi Or opeqd
[izmi/ 6orange ['kammil/ 6he fin
l@rdr/ O6stonce I urb Ohe ti
[ 'dul/ a bgueue I'ma k mi 6redd
['dva:ray bstree 't TA@n | 6cookin

Tablel1.7 Words with different stress patterns

Thirdly, in words of more thatwo syllables, stress falls on the rightmost
heavy syllable:

Example Gloss

/ s'hi:yal 6bowl 6

/bat 1 a: 1 a/ 6unempl oyment o
/kart 1 o: ni /6cardboar do

/ b aijd a 6bl anket d

[faradija/ d adybs coat o
tal'la: 7/ 6refrigeratoro
/ ma'lat | Ghopso

/' m Rbajd/ 6rice puddingb
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Chapter Two: Timing in speech production

2.1 Introduction

This chapter is dedicated tbe literaturereview which will mainly focus on
timing in geech productionThis is divided into two main parts with each one
addressing a key issue. The first is articulatory timing and the second is the timing of
voicing. In the first part, welkknown theories of speech production including the
window model ofcoarticulation andrticulatory PhonologyTheoryare discussed.

The nature of coarticulation and coordination in consonant clusters will also be
discussed. The main factors that influence the coordination of articulatory gestures
during the production ofpeech are then discussed, with a special focus on timing in
stop consonant clusters. These factors include place of articulation (including
sequence of articulatipn syllable position, morphologicatructure gender and
speaking rate. Other factors suatwvariability between speakers are also reviewed.
The second part of the chapter is dedicated to reviewing the timing of voicing in
speech production. It will provide an overview of the mechanism of voicing and the
difference between voiceless and voicdps. Finally, the influence of place of
articulation the voicing quality, syllable positioand speaking rate on the timing of
voicing in the production o8l and SFsingle stopand SI and SRwo-stop clusters

will be consideredWith respect to the faes that influence the duration of VOT,

only place of articulation andrticulationrate will be investigated.

2.2 The production of stops

Stops are the most frequently found consonantal sounds in languages
throughout the world (Hentoet al. 1992:98). Theiproduction is characterised by
completely stopping the flow of air from escaping through the oral cavity. There are
three phases involved in the production
(Ashby and Maidment 2005:56). Other terms used to desthese phases are the
0shutting phasebo, 0cl osure phased and o

the first phase, the active articulator, itbe lower lip orthe tongueforms a
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constriction against a passive articulator to prevent the air froapeg. This can

be achieved by the lower lip closing against the upper one (in the casglsh[p]

and [b) the tip of the tongue being placed againstaiveolar ridge (in the case of

[t] and [d]) or by the back of the tongue being placed agaimstglum (in the case

of [ k). a&he decondiphase starts when contact is made and pressure begins to
build up behind the constriction place. Depending on the identity of the stop, the
vocal fold may or may not vibrate. The last phase entails the openirgease

phase when the active articulator moves away from its target causing the release of
the pressure. Throughout this thesis, the téreap p r 0 a céhh opl hda spehda s e 0
and O péahwhaclae shown inigure 2.1will be used to refer to theghree

phases in the production of oral stops.

approach phase Release burst

hold phase ‘lVO| | |

T j- | '*U;.  ,. ‘:'yll
e
.m:.lhhh.m.

t VOT W

Figure21A spectrogram of the word /taw/ 6éto
hold phase, the release burst and voice onset time of /t/.

In TLA, stops are formed by making the obstruction of theatithe lips,
postdertal region velar, uvula or the glottis The oral stopsvhich participate in
forming a cluster in onset and codalLA are/b/ / t / , [/ d/ [/ Oldthisl / , [ «
thesis, /g/and areexcludedbecause /q/ has distribution that is restricted to coda
position only /iy, in addition,is always precestl by a vowel, preventing it fno
forming clusters in onset positioable 1.1 (pagé.2) describes voice, place and
manner of articulation of these stops.
addtion to having the pogdental as the primary place of articulation, have a

secondary place of articulation resul ti:H
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by a retraction of the root of the tongue, or by lateral compression of the faucal
pillars ands o me rai sing of t he l ar ynx, or a
1977:193).

Stop consonants have different acoustic properties which differentiate them
on the basis of their place of articulation. These includedtiration of thédP, the
formant transitios and the spectrum of therelease burst. The acoustic
characteristics of oral stops correspond to the three stages mentioned above. In his
acoustic analysis of Arabic speech, Shaheen (1979:82) states that the movement of
the articulators during the firstt age af f etcitnse fetnheer gsyh osrpte c t r
there is no activity in the second phase, the HP or the closure, this appears on
spectrograms as an absence of energy, except for voiced stops where some energy
appears at the base line. In the lastsghahe release burst, the intensity of the
release burst isometimesery weak; and as a result it is very difficult to isolate this
from the frication that follows Repp and Lint1988323). Different acoustic
properties are also the result of differgatéices of articulation of stops (Shaheen
1979:83). While a flat spectrum, usually with frequencies above 4000 Hz, is the
characteristic of posdental stops /t/ and /d/, the frequency position of the energy in
/ kI and [/ 0/ is c o40@kzrHowewet, thelfredquentywangeris 2 0 0
dependent on whether the vowel following it is front or b&Dlelattre et al
1962:104) Finally, bilabial stops occupy the frequency range of-3600 Hz. The
low energy inbilabial stops is the result of their weak r@$e burst which is due to
the lack of a chamber in front of the release (Henderson and Repp 1981:71).

In addition to differing in their acoustic properties, stop consonants vary in
the duration of the HP. AbdelBeruh (2009:76) studied the duration of tHE of
different stops in different contexts. He found out that the average HP duration for
/bl is longer than that for alveolar anélar voiced stops. Following aoiced
context, the average HP durationsbdfbial and alveolar stops were significantly
longer than the average HP duration for velar. The overall conclusion is that bilabial
stops have significantly longer HP durations and shorter VOT lags when compared
to alveolar and velar stops (AbdeBeruh 2009:77). The voicing in the HP, in
addition b the transition to and from the vowel, and the release burst, are the main
cues to identifying the stop (Hallet al. 1957: 107). Finally, with regard to the

duration of the HP and the duration of the following vowel, according to Fowler
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(199 2: 14 Jyratiofisvamdvaoksure durations vary inversely in voiced and
voi celess obstruentso. This relation, h
(Keating 1985).The duration of vowsalis not measured in the current study, only

the duration and nature ofenter-consonantainterval (Cl) is investigated.

The place of articulation of the stop also determines the properties of its
release burst. In a controlled study Zue (1980:63) investigated the acoustic
properties of stop consonants. He states thattfothe release burst occupies the
frequency region of about 2000 Hz, and for /k/ preceding a back vowel, there are
two bursts; one is in the mitequency region, and another at higher frequencies.

For bilabial stops, the burstnds to beveak and difficlt to detect.

There are other factors that distinguish stops from each other. For example,
the extentand directionof formant transitios, the duration of the closure, and
aspiration. Regarding formant transitions, the first formant (F1) of vowels jmgced
stops isdetermined by the size of the constriction (William 199®)e first formant
increases when the constriction area increases and decreases when this decreases.
The rate and extent of transitions of the second and third formant (F2 and F3
respetively), depend on the quality of the vowel: the further back it is, the lower the
formant frequencies (Zhao 2003:18). For example, F2 and F3 of a back vowel
preceding a bilabial stop have a slight decrease. F2 of the same vowel increases
before alveolar red velar stops, while F3 decreases. Following a back vowel,
transitions from these stops do the opposite (Stevens 2000).

Aspiration is the last criterion that distinguishes one stop from another.
Ladefoged (2001: 4 4) d évoicetesssessafepthersmg i o n
articulation and before the start of th
between aspiration and the friction noise of the relbasst While the noise made
by aspiration is generated close to the glottis, the noiseesaf the friction is
situated in front of the constriction. Acoustically, aspiration interacts with formant
transitions. For example, F2 transitions of bilabial and alveolar stops preceding [a]
start at considerably higher frequencies than those of wagspsibilantsRepp and
Lin 1988127). In TLA, /t/ and /k/ may be aspirated (Laradi 1983:12); however, they
are not as aspirated as English stdpee duration of VOT will be discussed in 2.5
below.
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2.3 Theories of timing in speech production

In its simplest form, speech production is the transformation of commands into
articulatory gestures. This seems straightforward and easy to capture. However, in
reality, the production of speech is one of the most complex aspects of human
behaviour to analyse and umsand. One of the reasohshindthis complexity is
that speech is a highly variable process employing different timing patterns
(Gaitenby 1965). The main challenge lies in finding out how this timing is
implemented in speech.

Phoneticians and phonolotis have tried to formulate theories that can
account for phenomena such as coarticulation and assimilation but this has proved to
be a difficult task fotwo main reasons.ifstly, human speech is made up of sounds
that cannot be easily untangled into idist elements (Kiihnert and Nolan 1999:11).
Sounds interact with each other, influencing the way they are produced. As a result,
there is no or¢o-one correspondence between the movement of the articulators and
the resulting acoustic signal. There are siwns between sounds in which it is
difficult to establish where one sound ends and another starts. This is the result of
the fact that articulatory gestures overlap in time and space so that one sound starts
before the articulators have been disengagedthe production of another
(Hardcastle 1981: 51).

The second reason for this difficulty the number of contributory factors
which influence theduration of segments and how thaye coordinated in an
utterance. Thesénclude contextual factors, prosodfactors, the nature of the
articulators (their size and velocityhe position of the utterance, the gender of the
speaker, and their speaking styléenis complexity represents the main challenge
facing the formulation of any speech production modedireg to account for how

sounds are timed in speech.

2.3.1 The nature of coarticulation

Torres (2002:9) defines coarticul ati
that takes place in all human languages and involves articulatory adaptation of a

segmenttoits phent i ¢ environment without alter:
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the process of coarticulation, the articulation of one sound affects the articulation of
another sound as a result many factors Two sounds may overlap in time and
space and théegree othis overlap is determined by the articulators involved in the
articulation of the two sounds. For example, in clusters of two stops, there are two
consecutive constrictions. These could involve a constriction at the lips followed by
a constriction at thalveolarridge or velar, or any other permissible combination of
these. The location of the constriction is affected by the following vowel. If this is a
front vowel, theconstrictionis anterior, and ift is a back vowel, theonstrictionis
posterior ($evens 2000), but not for labials where the tongue tends to be in neutral
position.

There are two types of cdeulation: anticipatory and pservatory (or
carryovej. In the former the articulators adjust their position and the speed they
have to traveht in anticipation of the following sound(s). The latter refers to the
production of a sound while the articulators are still engaged with the production of
the preceding soundHenke 196§ Figure 22 shows these two types of
coarticulation.Finally, aaticulation can be influenced by many factors such as
speech rate (Amermaet al. 1970) and the nature of the language itself (Boyce
1990). It is worth pointing out that in the latter case, coarticulation is not purely

phonetic, but partly phonological.

/

Anticipatory field of
gesture?

X

i\

Carryoverfield of
gesture 1

I
|
!I B Carryoverfield of

Anticipatory field of gesture 2
gesture 3

Figure 2.2 Schematic representation showing three overlapping phonetic gestures
with anticipatory and @servatory (or carryovej coarticulation &dopted with
modificationsfrom Fowler and Saltzman 1993:184).
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Coarticulation is norandom Each language allows a particular degree of
coarticulation. One of the most important factors influencing coarticulation is the
articulatory constraint on the gestures involved. It has been ipiibat sounds are
different in their degree of coarticulatory resistance. For example, Ohman (1966)
proposes that consonants and vowels form two different categories with consonants
being a way of starting and ending vowels. He further argues that cotsanan
more resistant to coarticulatory effects than vowels, i.e. the vocalic gesture is more
prone to compromise than the consonantal gesture.

Fowler (1980) identifies two important models of speech production to
account for coarticulation and the patterof timing in speech, namely: extrinsic
timing theories and intrinsic timing theories. In extrinsic timing theories, phonemes
are looked at as timeless units. They exist only in the lexicon of the speaker and the
listener. Phonemes can be described usiimgmanner of their articulation or the
resulting acoustic signal. Theriation of these phonemes, allophonesfuither
divided into those which are language specific, and those resulting from the
physiological limitation of speech.

In intrinsic timing theories, on the other hand, timing is derived from the
dynamics of a muscle groypowler 1980, 1986 Time is an important component
that is implanted within each segment. Unlike extrinsic tinliegpries whictdo not
lend themselves to empirical ansiyto account for anticipatory coarticulation,
intrinsic timing theories can provide an explanation of how two segments overlap in
time, by viewing segments as dynamic units. There are numerous models of speech
production that adopt the intrinsic timingamework. Among these models are
Per kel |-slage Mddel (1980), BeBe r t | and Harrisos T ¢
(1981), Keating6bs Articulatory Mo d el (
Articulatory Phonology Model (1986). Because the last two models are mel@va
the kind of analysis intended in this thesis, they will be discussed in the following

section?

2 For more details on speech production modwds, Fowler (1980), Kelszt al. (1985)
Saltzman and Munha(lL989).
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232 Keatingds Articulatory Model

This model is also known as the window model of coarticulation. It was
developed by Keating1985, 1988, and 1990) to aceot for the temporal and
spatial variability of speech production. Keating (1990) assumes that sounds have
different production limits beyond which they cannot expatehting (1990:455)

states that:

For a given physical articulatory dimension, such &s gasition

or tongue backness, each feature value of a segment has associated
with it a range of possible spatial values, i.e. a minimum and a
maximum value that the observed value must fall within [...]. For
some segments this window is very narrow, wtitg little
contextual variation; for others it is very wide, reflecting extreme
contextual variation.

Despite the fact t hat Keatingds win
articulatory organisation and tries to relate phonetics to phonology, the medels i
criticised by some phoneticians and phonologists. For example, Stevens (1990:475)
st at eismay bedifficulfi at this time to developtheory that will predict the
precision or window size required for positionirggticulatory structures for
sequen es of s e gment la addition, Bowler {199¢'€9r regjects thabd
fiphonological and phonetic generalizations are of the same sort and should be
characterized in the same way by formal rales

How timing is implemented in this model is anotheurse of criticism.
Although Keating (1990) refers to inherent timing in this model, Byrd (1996:6)
argues that coarticulatory timing is not fully explained in this model and it is
considered to be a dimension derived from outside the model. The spatial
coadination between two segments, however, is governed by phonological rules.
The displacement of phonemes is planned and the relation between this spatial

displacement and variability is what motivates this model (Byrd 1994:233).

2.3.3 Atrticulatory Phonology Model

This section outlines the main concepts of Articulatory Phonology, its claims,

why it is important to investigate timing in speech productma how it views
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timing in speech productiont will also review previous work which adopts this
model of timing in consonant clustergrticulatory Phonology was proposed by
Browman and Goldstein (1986, 1988, 1989 and 1990a, 1990b, 1992) to account for
coarticulation, insertion and deletion in speech productibm Articulatory
Phonology, gestures are understaodoe the central element of contrast between
two lexical items(Browman and Goldstein 1992:23)\n articulatory gesture is
def i ned desmpofabunitsgrsistingoof the attainment of some constriction
at some | ocati on i 002:270).€estures@m= Invatiantandimed ( G:
i.e. each gesture has an intrinsic time or duration anceg#t even when there is no
acoustic evidence. Gestures can also overlap in time and the amount of overlap or
delay between gestures can account for psmsessuch asassimilation and
epenthesisAccording to Gafos(20027) an articulatory gesture has the following
landmarks: onset, target;centre, release and release offset. FiguBesBows the

landmarks of an articulatory gesture.

gestural plateau

c-centre
target release

onset release offset

Figure2.3 Landmarksn gestural lifespaffrom Gafos 2002).

The onset refers to the onset of movement of the articulator towards a
particulartarget. The articulator then achieves its target for some time before the
release stés. The midpoint between attaining the target and starting the release is
called the ecentre. This is when the articulator reaches the maximum comteet.
release is when the articulator starts to disengage from the target. Fhmaligldase

offset marks the end of the gesture.
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The term figestur al constellationo is
gestures (Browman and Goldstein 1986:2). Thus, within this approach,
Aphonotacticso describes the possilebl e ¢
Afgestur al scoreo refers to the organi za
1996:140).

2.3.3.1 Articulatory timing

According to Browman and Goldstein (1989: 211) articulatory gestures are
organised according to an internal timing pattern. A set of pgasies governs the
spatiotemporal coordination of these gestures in a given utterance. The timing
patterns in a given language play a crucial role in securing intelligibility and
naturalness (Carlsort al. 1979). It is also crucial in revealing how speeis
organised (Lindblom 1975).

Lisker and Abramson (1996:389) poioiut the importance of segmental
timing in language acquisition. The organisation of articulatory gestures in released
vs. unreleased stop is also governed by timing. For example whestaméds
followed by another, the acoustic release of the first stop is determined by the time
that the closing gesture of the second one reaches its target (Browman and Goldstein
1986). When the first stop is not acoustically released, it means thatatlvéosures
overlap in time.

Byrd (1994) emphasizes the importance of speech timing in both phonology
and phonetics. The diversity of lexical representations, for example, is the result of
differences in articulatory timing (Byrd 1994: 143)ifferent larguages apply
different timing patterns that distinguish them from each other. For example,
languages differ regarding their rhythm. While some languagesaid teemploy
Ast-t embngoare said tofea Isl ow -thismildhqad | é Hoequi st
addtion, different languages apply different timing patterns when it comes to the
duration of vowels imelation toconsonants. For example, it is well documented that
vowels are longer before voiced consonants. The length of this duration, however, is
significant in English (Flege 1988), less significant in French (Mack 1982), and of
no significance in Arabic (Flege 1979).
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Consonant clusters in English are characterised by an overlap between the
two consonantal gestures (Browman and Goldstein 1990a, Zsé$a B9rd 1994,

1996). This is the result of forming the closure of C2 before the closure of C1 is
released (Zsiga 2003:403). Browman and Goldstein (1989b) compared the gestural
patterns of what they <call Acanoni cal
conrected speech. They concluded that the two forms differ with respect to the
magnitude of the gestures and in the amount of overlap between these gestures, there
being greater magnitude and less overlap in the canonical forms (Browman and
Goldstein 1989a :21).

A considerable amount of work has been conducted on articulatory timing of
English consonant clusters, and how it is influenced by many factors. Byrd and Tan
(1996) carried out an EPG study to investigate the articulatory timing of consonant
clustersin fast speech. They speculated that there were two possibilities, namely (1)
as a function of the increase in speaking rate the duration of the segments will
decrease and (2) a decrease in the gesture duration is accontyyan@e gestural
overlap. The& resultsconfirm the assumptions that bghe increase in articulation
rate, gestures exhibit more overlap and shorter durations.

Within the framework of gestural coordination of consonant clusters, Gafos
(2002) explains that vowel and consonant insertan be explained as gestural
mi sti ming. Il n addition, Hal |l of20@3rrese
vowel sé& ( kbaaccbunt 200 thel acoustic element that can be seen in
sequences containing a gutturag a result of mistiming. Shesal differentiates
between epenttie and intrusive vowel®n the basis of their duration. Epenthetic
vowels are longer in duration and voiced. They become shorter in fast articulation.
On the other intrusive vowels are shorter and they disappear intfastadion rate
(2003:3)

There have only been a few studies on timing in Arabic. It has been observed
that in certain circumstances a vodike element appears in onset sequences in
Moroccan Arabic (Harrellet al. 2004). While Dell and Elmedlaoui (2002and
Gafos (2002) analyse this vocoid as a transition between the two consonantal
gestures, Boudlal (2001) interprets it as a short vowel. In one of the recent studies on
the relationship between syllable structure and temporal patterns, € aflo€009

used 3D Electromagnetic Articulometry to distinguish between complex onsets
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(e. g. CCV) and simplex onsets (e.g. C#C)\
in Moroccan Arabic. Their results suppthe simplex onsets proposal, i.e., that a

vocalic eement is inserted at the syllable boundamya recent study, Gafct al

(2011) uses electromagnetic articulography to investigate the timing patterns in
Moroccan Arabic by analysing the stability of timing intervals. Their reseitsal

that iconsonats added before a consonaotwel sequence are not parsed in the

same constituent as that consorard we | s €Gafasetal2@1h:29).

2.3.3.2 Rules of gestural phasing

In Articulatory Phonology, gestures are organised in time and space
according to certaiphasing rules. These phasing rules determine the way these
gestures are coordinated. For example, they may allow overlap in time depending on
certain factors that will be discussed later in this chapter. When a gesture seems to
be deleted or assimilated Bpotherthere issometimes somevidence thait is still
articulated at the same place (Browman and Goldstein 1990).

Il n general, there are two Kkinds of (
and Aclose transitiono ( Bdrthereni$ anetodsticl 9 3 3
release intervening between the two gestures, in the latter there is no release as a
result of forming the closure of the second gesture before, or at the same time as, the
release of the first gesture. These notions correspomotab synchronicity and a
very long delay. Depending on the gestures involved, this total synchronicity, or
overlap, may result in assimilation (the perceptual loss of one of the consonants). On
the other hand, this delay might lead to the perception taisive vowels (Hall
2003, Davidson 2005, Davidson and Roon 2008), particularly ifdahe! isvoiced.

Variability in articulatory timing and phasing rules was also observed by Byrd
(1996). Using EPGo investigate the gestural coordination of stop +,sstqp +/¢/,
and/g/ + stop in the word boundaries, Byrd found that phasing rules may result in
gestural reduction or overlap between the two gestures. When there is no acoustic
evidence of a segment, they argue that gestures may lose magnitude and become
Aacoust iua e(@taymamdnd @oldsteih990b:360), i.e. not deleted from
the gestural score but they have no observable realisation (Heselwood 2013:165
166).
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2.3.4 Cues to gestural overlap

There are many cues to gestural overlap. These include thitedwhthe HP,
the acoustic release of the first conson@i) in a cluster/sequen@nd formant
transitionsfrom and into the vowel. While a missing release burst is a universal cue
to gestural overlap, the duration of the HP can be considered larspegéc. The
duration of the closure interval can be used to determine if there is an overlap
between the gestures of the two stops. Zhao (2003:23) suggests that comparing the
closure interval of the two stops in the cluster to the sum of their duratien they
are single caimn comparable contextgveal the amount of overlap. If the durations
are relatively equal, there is no overlap, but wtientwo durations become shorter,
it can be suggested that this reduction is the result of the overlap betveetvo
gestures

A missing burst of C1 suggests an overlap between the two closures of the
stops.In this overlap, the closure of C2 is formed before the release of C1. As a
result, the release is suppressed by a following closure (Zhao 2003:23). Wigen C1
released, the duration and the quality of the interval can reveal the extent of overlap
between the gestures. For example, when there is considerable overlap, the quality
of the resulting interval is like that of a schwa, but when this overlap is,small
interval ismore likely to bea copy of a surrounding vowel (Hall 2003:3). If there is
an overlagbetween the two closurgthenthere is no vowel interval.

The mechanism involved in the production of t8top clusters is different
from that of singt stops. In VCCVwhere CC is not a geminatermanttransitions
can be used to determine if there is overlap between the two stops or not. For
example, Zhao (2003:22) states that:

[If] differences in formant movementsto the C1 closure exist

and isC2-dependent, then such evidence would suggest that the

formation of the C2 closure began before the release of C1. The

extent of the overlap may be inferred from the magnitude of the
ClorC2dependent deviations in the forn

Because thithesis is concerned with investigating only S| and SF clusters, not
intervocalic clusters, this cue is not tested. Finakgtaral reduction  the ease of

articulatiodo  ( J u n e mhYaksd prdide) spme evidence about the pattern of
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coordination. For example, investigatinghanges of oral pressure during the
production of /pk/, Jur(1996:89) found out that some tokens displayed partial
gestural reduction, while others showed gestural overlap without any reduction.
Gestural reduction is motivatéy word frequency; the highehisis the more likely

that the gesturasndergo reduction (Liet al. 2011)

2.4 Factors that influence gestural coordination

There is a large volume of published studies investigating the factors affecting
timing in speech prodiion in different languagesThe aim of this section is to
review some of thesdactors influencingthe duration andcoordnation of
articulatory gestures. These factors inclydigce of articulation, syllable position,
perceptual recoverability egmder speaking rate and stress.

2.4.1 The influence of place of articulation

Place of articulation has been shown to play a role in how consonantal
gestures are coordinated. Kihnert and Hoole (2006) suggest that the influence of
place of articulation could be the vi#sof certain constraints. For example, Byrd
(1994) conducted an EPG study to uncover the timing patterns of heterorganic
English consonant sequences within and across word boundiéeressults show a
clear influence of place and manner of articulatarthe gestural coordination.

The order of place of articulation can also affect the way gestures are
coordinated. The order of place of articulation canAb-P or Rto-A. In the
former, the place of articulation moves from bilabial to alveolavedar or from
alveolar to velar.P-to-A order of articulation is the opposite. Kochetov and
Goldstein (2005) showed th&to-A sequences (/kt/ and /tpi) Russianshowed
less temporal overlap thaik-to-P sequences (/tk/ and /pt/). They concluded #sat
when C2 constriction isanterior to Clconstriction,C2 constrictionis likely to
prevent the acoustieleaseof CL As a resultless oveap is dlowed in Rto-A

articulation to ensure C1 releamed enhance percepti¢Ghitoranet al. 2002)
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In addition to place of articulations, manner of articulation is likely to
influence the degree of gestural coordination. For exanBylel (1994) examined
what she cé¢d thel oc al ti meo, whi ch rterfwvathirsthet o t h
sequence, andhe global tine' which refers to the phasing pattern of the sequence
in relation to the preceding and following vowels. Her main finding is thaistap

sequences showed more gestural overlap in comparison to sequences containing /s/.

2.4.2 The influence of syllable positbn (C-centre organisation)

Syllable position is one of the main factors that play a role in the way
consonantal gestures are organised. SyHadiial (henceforth SI) clusters have
been described as having particular spatial and temporal characteristics
distinguishing them from syllabienal (henceforth SF) clusters (Browman and
Goldstein 1988). Throughout this thesis SI and SF will be used to refer to the onset
and coda clusters. Sl clusters display greater spatial displacement and exhibit
stability canpared to SF clusters (Pouplier and Marin 2008).

Sl clusters are also said to exhibit thecatied c-centre organisation in which
consonantal gestures are organised globally with the vowel gesture (Browman and
Goldstein 1988; Byrd 1994%F clusters, othe other hand,ra said to be organised
locally. Figure 24 shows the timing patterns of SI and SF consonant clusters as

proposed by the-centre hypothesis.

C-center  Anchor Anchor Left-edge

IIT cab Vv k I back
S

:  —
lag lag
__ __

Figure2.4 The organisation of complex onset and codaBnglish, as proposed by
the ccentre (from Marin and Pouplier 2010).

The consonants in a complex onset are coupled with the vowel inpdrase
relation (Browman and Godtiein 2000) and are in a competitive mode with each
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other to avoid the two consonantal closures overlapping and to secure the perceptual
recoverability of C1 by releasing iChitoran et al. 2002). The eentre for Sl
clusters has been confirmed for a n@mlof languages, including English (Byrd
1996; Marin and Pouplier 2010), Italian (Hernasal. 2008), Romanian (Marin
2013), and French (Kuihneahd Hoole2006).Conversely SF clustersdo not forma

global organisation with the preceding voweky ae in an ani-phase relation with

the voweland they arenot in competitive mode with each other (Browman and
Goldstein 2000)Figure 2.4 abovehows that in onset position, the lag between the
mid-point of a single consonant and the offset of the vowealsgthat between the
mid-point of a cluster of two consonants and the same anchor point. This means that
when consonants are added before the vowel, the lag remains stable. On the other
hand, in coda clusters, this is not the case. The gestures heret ayeganised
globally with the vowel, but rather locallii@rin and Pouplier 201281).

SF clusters are also described as showing a reduction in magnitude (duration)
and percentage of contact (Byrd 1994:2103ing EPG,many studies have been
conductedto investigateclusters in SI and SF positions. These studies report that
clusters in Sl position showigh percentage of contacompared to thasin SF
positions. For exampl e, Byrd (1994) not «
contact when they occur initially than when they occur finally. SI clusters exhibit c
centre organization and stability, while SF clusters did not conform to-tkatre
organization, and showed more variability. Finally, Keatical. (1999) reported
the same results for /t/ and /d/.

Kochetov (2006) studies the effect of syllable position and magnitude of
gestures on the organization of SI and SRussian. He sed the palatadnd non
palatlised voiceless labial stopgfand /p/, and the palatalised /j/. He concluded
that there was a great difference between the same clusters in different positions.
However, Kochetov (2006:565) stressed thia¢ difference between the same
sequencesn different syllable position coulthe related to the fact thalifferent
languages apply different patterns of organization of the same gestures.

The position of the syllable extends to affect not only coordination, but also
duration. Oller (1972) conducted a study to determine the effesstllable position

on segment duration. For consonants, he found out that final syllable consonants
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were longer than medli syllable consonants by BDms. He also found out that this
lengthening could be motivated by perception.

According to Krakow (199) the reason for these differences lies in the way
these syllables are articulated in different positions. While syllables in initial
position exhibit tighter constrictions and stability, a number of studies reported that
there is some weakening in thenstriction or loss of the stop completely in
syllables occurring in final position (Manuel and VatikieBateson 1988, Kent and
Read 1992)The difference between the articulation of Sl and SF clusters could also
be explained in the light of some phorgilal processes where coda consonants are
more prone to weaken, or disappear, than onset consoBaatsples include the
deletionof final /n/ in French Rochet1976 and final /s/ in SpanistBayahi2005)

2.4.3 The influence of perceptual recoverability

The degree of overlap permitted between articulatory gestures is also
influencedby perception. Chintoet al. (2002) conducted a magnetometer study on
Georgian consonant clusters to investigate the relation between the amount of
overlap and perceptual recoability. They concluded that overlap between stop
closures is not allowed in Sl position, because there is a need to enhance perception.
In addition, Kilhnerand Hoole(2006) support the view that less overlap is required
to ensure perceptual recoveraliliEinally, Dell and Elmedlaoui (2002:231) explain
that in two heterorganic stops in Moroc

between the two closures.

2.4.4 The influence ofphysiological differences

Laver and Trudgill (1991:237propose three main mars to identify
speech. There include physical, social, and physiological factors. The first marker
focuses on the influence of physical differences such as gender, shape of vocal tract
and age on speech production. As the name suggests, the second isarker
concerned with sociophonetic factors that influence speech. The final marker
concentrates on thehpsidogical aspects of speech. In this thesis, only the first

factor is investigated.
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Besides the above mentioned factors that influence the coordinattion
articulatory gestures, the gender of the speaker can affect the spatial and temporal
properties of gestures. ltiswellocument ed i n the | iteratu
acoustically different from that of women. This is due to the physiologicalHatt t
women have a vocal tract whichapproximately on averag®% shorter than that
of men (Simpson 2001: 2153). Moreover, he states that physiological differences in
the size and dimensions of the vocal tract between males and females result in
differenees inthe temporal and spatial properties of speech sounds (Simpson 2001:
2163). More specifically, gender differences influence the duration of the vowel
attainment of articulatory targets, and the speed of the articul@wnpson 2002:

417). Gender dierences also affect the dimensions of the vowel space (Henton
1995) . Al t hough there are other factor
wo me n 0 s, ordy@meestic ldifferences will be investigated here.

In a controlled laboratory experiment, Whitesid996) conducted a study to
investigate the influence of gender on linguistic and stylistic conventions. Whiteside
found evidence that men tend to produce shorter utterances in seitahce
positions compared to women. Whiteside (1996) attributes vigtion to the
observation that men tended to either omit or reduce both vowels and consonants,
whilst women tend to fully pronounce segments. The same study also examined the
speech of 29 male and 25 female speakers, and found differences in thendafratio
vowel s for male and f e ma loreavesageléoKkoagers . Fe
than those of their male counterparts. Whiteside (1996) concluded that women tend
to speak slower than males.

Kuehn and Moll (1976) investigated the relationship betwhersize of the
vocal tract, the amount of displacement and the velocity of the articulators. Their
results confirmed that subjects with larger vocal sraethibited both larger
displacements and greater velocity. addition, Byrd (1993)investigating the
TIMIT database, AnAcousticPhonetic Continuous Speech Corpusnfirmed
previous findings that men speak faster than women. Byrd also found out that

women showed greater variability than men.
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2.4.5 The influence ofarticulation rate

There is some debate abahe definition of speech tempo, and whether
speaking rate or articulation rate is the right term to use. &sab(2006:1156)
define articulation ratesit he number of out p.Jdcewigzni t s
(2009:235) makes a distinction between spésgpeaking rate and articulation rate.

He states that because it focuses on general characteristics of speech, the former
includes pauses and intervals between segments and focuses more on the speaker.
The latter on the other hand, does maiude pausesand places more emphasis on

the how segments are producddhr oughout this thesis the
will be used to refer to change in the rate at which segments are articulated.

There is a large volume of published studies describinginthe@ence of
articulation rates on intergestural coordination. Bauest al. (2010) tested the
duration of gestures and the velocity of articulators using electromagnetic
articulography (EMA). Their results showed onset durations varied significantly as a
funcion of active articulatorsThis is the result of thénertia of the threemajor
speech organgaw, tongue (tipand back), and the lower lip general, helower lip
and the tongu#ip are relatively faster than the tongoack Hirose and
Sawashim&982105). However, Hirose and Sawashimadd that the distance the
articulators need to travel and the place of the tract@wce should also be taken
into consideration. Finally, the vowel context has also been shown to influence the
velocity of articulatos (Gay1974: 48).

A number of studies investigated the influence asficulation rate on
segment duration. For example, using electromyographic (EMG) data, Gay (1981)
reported a decrease in segment duration and an increase in the velocity of
articulators aa fastarticulationrate. The increase @rticulationrate also results in
target undershoot where articulators fail to reach their targets due to restrictions on
their speed, particularly at a fast speaking rate (Lindblom 1963). One of the most
important influences of speaking rate on intgrstural coordination is the increase in
the amount of gestural overlap reported in many studies such as Byrd and Tan
(1993), although some studies claim that the relative timing of some gestures
remains stable degpithe change in speaking rate (Kent and Netsell 1971, Kent and

Moll 1975). The contradictory results of the relationship between the increase in
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speaking rate and target undershoot could be related to variability between speakers
(Flege 1988).

Investigatng the difference between single and geminate stops, Manuel
(1990) argues that since duration is the key distinction between single and geminate
consonants, and since duration is affected by speaking rate, it follows then that this
duration decreases asesfiing rate increases. For perceptual reasons, however,
speakers may control the duration of segments to make sure that the acoustic
characteristics remain unchanged. In the case of single and geminate stops, speakers
may limit how much duration should reduced in geminates to ensure the two
categories can be distinguished by listeners.

Arvaniti (1999) investigated the duration of the single and geminate
sonorants /m/, In/, /I, and /r/ in Cypriot Greek and compared them to standard
Greek. Except for /r/increasing the speaking rate had a clear effect on segment
duration. The duration decreased as speaking rate increased.

Pickett et al. (1999) conducted a production experiment to investigate the
duration of single and geminate stops in Italian to detexnfiduration is the only
acoustic difference between these two categories. Another aimiro$tilndy was to
see how the duration of single and geminate stops is influenced by speaking rate.
They concluded that there was a significant difference betwserddration of
single and geminate stops in Italian. In addition, they foundithalow speaking
rate, the difference between the twategories decreasedhe difference also
decreased more ifast rate. Table 2.1 summarises the mean differences between
single and geminate stops in words produced in isolation, at three different speaking
rates. Picketet al. (1999) also concluded that the distinction between single and
geminate stops on the basis of their duration can be taken as a cue to differentiate
between the two categoriesn increase in speaking rate results in a decrease in the

mean difference between the two categories.

Speaker Slow Normal Fast
Speaker 1 175 93 58
Speaker 2 135 105 94
Speaker 3 168 133 97

Table 2.1 Mean difference between the duration of the HP of single and geminate
stops as produced by three speakers (Piekait 1999:139140).
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According to Browman and Goldstein (1990b: 360) an increase in speaking
rate results in an arease in the speed of the articulators, a decrease in gestural
magnitude, in time and space, and an increase in the amount of overlap. In casual
production of stop consonants, the articulators achieve their targets to form a closure
and maintain it. Howesr, at fast speech rate, due to their fast movements in a short
time, the articulators may fail to copy the same gestures of normal speech rate. As a
result, they approximate their targets, undershoot them, or reduce the duration of
contact. Changes in speh rate affect achievement of the target place of articulation
(displacement), duration of segments, the velocity of articulators and the degree of
articulation (Gay 1981:148). All of these factors result in a reduction in the degree
of constriction leadig to more overlap between the gestures (Davidson 2005:82).

There is, however, some argument about how much of an increase in speech
rate will result in a certain degree of overlap. A fundamental question to ask at this
point is whether gestural overlap dependent on the speaking rate, or whether
different speakers adopt different speaking rates meaning that the resulting gestures
may or may not overlap. Davidson (2005:95) supports this idea and states that there
are two types of speakers. The first typereases the gestural overlap when they
increase their speech rate whilst the speech of the second type is characterised by
gestural overlap regardless of their speech flateddition, Gayet al. (1974:47)
state that the jaw movement in fast speedhaessame as that in slow speech. The
only difference is in the decrease in overall displacement as the speaking rate
increases. They concluded that speaking
muscl e contetahIO74i48®.n0 ( Gay

In the casef stops, speech rate has an influence on achieving the target place
of articulation. Gayet al. (1974 investigated the influence of speech rate on the
production of bilabial consonants /b/ and /w/ at a fast speaking rate. They reported
an increase in nacle activity as well as in the movement of the lips. Regarding the
tongue movement in fast speech rate, there was a decrease in tongue displacement
and a decrease in the muscle activity. They concluded that at a fast speech rate,
gestures require a chanigeduration and muscle activity.

As for the overlap between the supralaryngeal and the laryngeal gestures,
Munhall and Lofgvist (1992) conducted a study to investigate theacomf

voiceless consonant clustertsvord boundary. They concluded that al@w rate of
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speech, the two consonants had separate gestures for the opening of the glottis, but
in fast speaking ratesas a result of overlap between the gestures of the two
consonants, there is only one gesture. Kipah the production of labiaklars,

where two places of articulation are achieved synchronically, Yehouenou40998
states that when speakimgte is increasedthere is an incomplete closure at the
velum in labiovelar stops. Despitthe reduction of thgercentage of contacthe

taget wasstill achieved. Because the lower lip is a separate articulator, the
constriction at the lips is not influenced by the retraction of the totpigever, the

general patternis characterised by a decrease in duration as speaking rate is
increased.

Duez (1999) examined how the duration of syllables, consonants and vowels
vary as a function of their articulation rate and position in phrases and utterances. He
concluded that vowels are more prone than consonants to suffer shortening. There
was also a ignificant variation among speakers in the duration of sentences at

normal and fast speaking rate. The duration decreases as speaking rate increases.

2.4.6 The influence of speaking variability

An opposite argument to the view that gestural overlap is puhsisigdogical
is provided by Jun (1996). He states that the amount of overlap between gestures or
the reduction in their magnitude can be controlled by the speaker. In addition, Zsiga
(1994:139) noticed that the increase in speaking rate is not always modech by
an increase in the amount of overl&mally, F| egeds (1988: 99)
timing and overlap correlated with speech rate sheds light on the nidéer.
concludes thathe amount of overlap and reduction may not be related to the
increaseor decrease in speaking rate.

Additionally, the social class of the speaker has been found to influence
speech production.nltheir study to investigate the influence of gender on the
production of the plain coronal /t/ and its emphatic siblingl Khatab et al.
(2006157 concluded that gender of the speaker in addition to his/her cultural
backgroundare likely to affect the production of emphati¢.l/

Finally, the process of assimilation has been found to be optional. Heselwood
et al (2011) used lectropalatographic and acoustic data to investigate the
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assimilation of worefinal /I/ to wordinitial /r/ in three female native spkers of
Syrian Arabic. Although their results shdiat assimilation can be complete at fast
speaking rate and gradiemt slow and normal articulation ratiaey found out that
the process of assimilation gptional atall speakig rate: normal, slow and fast
Heselwoockt al (2011:63).

2.4.7 Summary

This section investigated timing in speech production and how it is
influenced by factors such as place of articulation, syllable position, gender and
speaking rate. Timing has been found to be a very important component in speech
production. How time is employed in speech can account for many phonetic
phenomena. Different theoriesxd modelshavetried to explain howspeech units
are timed in speeciihe Articulatory Phonology Model as proposed by Browman
and Goldstein provide a gestural approach to investigate and account for
coarticulation, insertion and deletion in speech. an conceptof articulatory
phonology are gestures, phasing rules and timing. Different languages apply
different phasing rules andifferent timing patterns to allow for certain degrees of
gestural overlap or delays between gestures. These patternfitaarced by many
factors. Syllable position has been found to be an important factor in determining
how two consonantal gestures are organised. In general, Sl clusters exhibit more
gestural overlap than SF. The place of articulation, including sequence of
articulation, has been also found to influence the coordination of gestures with more
overlap inA-to-P compared to Bo-A.

Other factors thatre crucial to the coordination pattern are perception,
gender of the speaker and speaking rate. For the $aderaeption, sspeakemay
opt for less overlap. Due mainly to physiological differences, male and female
speakers have been foundetdhibit different durational and spatial patterns. Finally,
an increase in articulation rate, which results in an iner@aghe velocity of the
articulation, leads to the possibility of gestural overlap. Slow articulation rate is

likely to result in the opposite.
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2.5 Thetiming of voicing

2.5.1 Introduction

This section focuses on the mechanism of voicing, the timing of voicidg, an
the factors that influence voicing speech productiont begins with an overview of
the voicing mechanism, particularly the laryngeal mechanism involved in the
production of voiceless and voiced stops, and how these laryngeal activities are
coordinatel with supralaryngeal activities. The section also discusses VOT duration
of single andtwo-stop clusters. Voicing assimilation in stop clusters is also
discussed. The rest of the section provides a review of the main factors that
influence voicing duringhe HP and the duration of VOT. These factors include
place of articulation, syllable position, gender, the influence of vowel and. skress
main objective is to determine the patterns of timing of voicing with respect to
supraglottal articulatordAs in other studies of voicing in obstruents (e.g. Dothe

1992), he stops will be referred &s either voiced or voiceless.

2.5.2 The mechanism of voicing

The subglottal airway is below the vocal folds whilst the supraglottal airway
is above these. In order feoicing to occur there must be a pressure difference
between these airways. A pair of vocal folds in the larynx attach anteriorly inside the
thyroid cartilage and posteriorly to the lafid right arytenoid cartilage$he space
between these two folds malled the glottis. When the vocal folds are apart or
abducted, the glottis is open. When the vocal folds are together or adducted, the
airway to the lungs is sealed. Vocal folds must be adducted in order for voicing to
occur.

In his myoelasti@aerodynamictheory of voice production, Van den Berg
(1958) states that in order to initiate amdintainvocal fold vibration, a difference
between subglottal and supraglottal air pressure must be secured. His theory states
that when the air is suckedtinthe lungs the vocal folds are abducted and lax.
Intrinsic laryngeal muscle activities brinige vocal folds together and this adduction
blocks the akstream coming from the lungs. When the subglottal pressure increases

to the point where the tranggottal pressue is high, the air coming from the lungs
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through the bronchi will force the vocal folds to be blown apart to let the air pass.
The vocal folé will resist this force by trying to shut agaibhis activity is repeated

as long as the pressure of air comirgnf the lungs is sufficient. When the pressure
finally drops, the vocal folds are abductea@iagLaver 1980:96).

Catford (1977:107) states that laryngeal features are gradual in nature,
covering the spectrum from complete voicelessness, when the vodal dod
abducted, to a glottal stop, when the vocal folds are adducted. In order for voicing to
take place, a number of conditions must be fulfilled such as the vocal fold should
tense and the subglottal pressure should be arc@nth?Ho2 (Catford 1977:98

Subglottal pressure increases during exhalation. When the subglottal
pressure is greater than the supraglottal pressure the result is a pressure drop across
the glottis. According to the myoelastéerodynamic theory, the vocal folds will
only vibrate when this pressure drop across the glottis is present. The high pressure
will force the lower portion of the vocal folds to separate first while the upper
portion remains together. As the air continues to travel, the upper portion of the
vocal folds begind separate, opening the glottis. The elasticity of the vocal folds
first brings the lower portion of the vocal folds back to a medial position, which
lowers the transglottal pressure. This decrease in pressure pulls the lower portion of
the vocal folds invard, with the upper portion lagging behind. As the upper portion
of the vocal folds comes together the glottis is sealed. The vocal folds rapidly cycle
through this vibratory pattern. The generation of sound due to the vibration of vocal
folds is known aghonation (Behrman 2007).

Laver (1994: 187) points out that the larynx is capable of producing a wide
range of different modes of phonation. In this chapter, only those laryngeal activities
that are relevant for the description of voicing in stop conseraetdiscussedhe
opening of the glottis during the production of voiceless obstruents is controlled by
two muscles: the cricoarytenoid is used to abduct the vocal folds and the
interarytenoid to adduct them (Hirose 1976). Voicing can be prolongediayihg
the larynx or expanding the cheeks to allow for more diote into the supraglottal
chambel(Torres 2002).
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2.5.3 Voicing in stops

Maddieson (284: 28) states that 88.9 pentofthewod 6 s | anguages
voice contrats amongst their soundBo ensue the voice distinctionhe production
of oral stops entails the coordination of many articulatory systems at the same time.
The process of stop consonant production starts by directing the air to the oral cavity
by raising the soft palate. A closure Wihen be formed bynovements ofthe
tongue, the lips and the jaws. The final stage is controlling the movement of the
vocal folds which are abducted in the production of voiceless stops and adducted in
the production of voiced stop®n this basis, stoponsonants can be distinguished
by the state of the vocal folds. In spedlby can bevoiced and voiceless sounds.
Voiceless sounds have an absence of vocal fold vibration. Voiced sounds are
characterised by the presence of vocal fold vibration seen axipgy in the
speech wave. In stop consonants, the vocal folds remain stiff; in the case of /p/, /t/
and /k/, they do not vibrate, inthecadéb / , / d/ and / 0/, they

The coordination of oral and laryngeal gestures during the production of stop
saunds is one of the most complex stages in the production of stops. In order for the
oral pressure to take place and increase, the active articulators, tongue or lips, should
form a closure at the appropriate place of articulation. To prevent the air from
escaping from the nasal cavity, another closure is secured by raising the velum. The
glottis will then adjust, depending on whether the stop is voiceless or voiced. In the
case of voiceless stops, for example, the vocal folds are tense to prevent them from
vibrating during the HP (Lofqvist 1992:16).

Lofqvist and Yoshioka (1984) investigated the interarticulator timing of
Swedish voiceless obstruents. They state that in aspirated stops, theclgisittglis
delayed till after the release of the stop, winl@naspirated stops, the opening takes
place before the release. That is why on spectrograms, voiceless stops show no
voicing during the HP, whereas with voiced stppsicing can be seen along the
baseline of spectrograndsiring the HP.

Docherty (1992:8) describes three laryngeal features during the production of
oral stops. These features correspond with the closure phase, the release phase, and
the offset of release. During the first stage, if the stop is voiceless, there is no
laryngeal actiity. On a spectrogram, this stage is characterised by a complete

silence. | f the stop is voiced, howeve
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waveform. During the second stage, there is higher intensity in voiceless stops
compared to the voiced ones.ig s due to the amount of air escaping at the release
burst. During the last stage, due to the velocity of the articulators in moving apart
from each other, the intraral pressure drops very fast.

According to Summerfield (1981) timing is of thémost mportance in
establishing the contrast in stop voicing specifications. Docherty (1992:16) explains
some timing patterns of the coordination between the glottis and the closure in
voiced aspirated stops and in voiceless post aspirated stops. While insthe fi
example the opening gesture of the glottis takes place towards the end of the oral
pressure, in the second example the glottal abduction takes place at around the same
time asthe closure. That is why the sound is characterised as voiceless. Moneover,
postpausal Sl position, English stop voicing is characterised by three main patterns.
Voicing either commences during the HP, at the release of the HP, or is delayed to
start after the release phase (Docherty 1992:23). While the first two patterns
chalcterise voiced stops, the last pattern is a typical feature of voiceless stops in
English.

To produce the right kind of stpghere must be coordination between the
oral and laryngeal gestures. Lofgvist (1992:16) explains some timing patterns of the
coodination between the glottis and the closure in voiced and voiceless stops. In the
former, the vocal fold may be vibrating at the onset of closure, but in voiceless
stops, the vocal folds are stiff producing a voiceless sound.

In addition to the differencin the state of the vocal folds, stop consonants
can be contrasted according to their length. Voiceless stops t&iagdtongerHP
durationthan their voiced counterpart due to the fact tf@ating cannot continue
once the pressure has equaligdéntan et al. 1992: 6768). If the duration of the
HP of voiced stops is as long as that of their voiceless counterparts, the subglottal
and oral pressure would be the same, and the voicing will be terminated (Torres
2002: 6). Finally, voiced and voiceless stagiffer in the amount of air produced.
While the volume of air produced in voiceless stops is about 80 ml, it is 50 ml in
voiced stops (Warren 199@jowever, this depends on the place of articulation of

the stop.

Regarding the relation between the dunatof the HP and voicing, Westbury

and Keating (1986) examined the nature of voiced and voiceless stops in different
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phonetic contexts. They found that in intervocalic position, stops are naturally
voiced if their HP is short. If the closure is long, intaralic stops tend to show a
voicedvoiceless pattern. Westbury and Keating (1986) state it is more likely for
stop voicing to occur in the medial/intervocalic position than in the initial or final
position due largely to the fact that voicing depends han difference between

subglottal and supraglottal pressures.

2.5.4 The timing of voicing in stop consonants

This section reviews the timing of voicing in gie stops andwo-stop
consonant clustetis English It will also discusd/OT. Finally, thissectionreviews
the influence of the place of articulation, vowel context, gender, and speaking rate

on the voicing quality.

2.5.4.1 The timing of voicing in single stop consonants

In Sl voiced stops, the timing of voicing starts either during the closure
phase, or aftererl ease of the wtogi nGbeoterrim®»i 6p
used to refer to the for mer, whil e fvo
1992:29). Regarding the pattern speakers employ when producing Sl voiced stops,
studies havereported inconstent results. While Lisker and Abramson (1964)
noticed that the preoicing pattern was dominant in comparison with the short lag,
other studies (e.g. Westbury 1979) reported similar proportions between the pre
voicing and the short lag.

In an intervocat position, voiced stops are characterised by uninterrupted
voicing through the closure phase. Westbury (1979) reports that voicing in voiced
stops occurring in intervocalic position was interrupted in only 3% of his tokens. In
SF position, voiced stopsae either be completely voiced, partially voiced as a
result of ceasing voicing before the release phase, or devoiced. Roach (1983:33)
points out that in SI and SF position, voiced stops are often not voiced. There is only
some voicing in SF voiced stops.

When voiceless stops occur in intervocalic position, there is evidence in the

literatureof a voicing tail. l.e. wicing from the preceding vowel continuieso the
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closure phase of the stop. For example, Suomi (1980) reportstiauagion of the
voicing by 10ms through théHP of voiceless stops. In addition, Westbury (1979)
noted a longer voicing interval continuing from the previous vowel. Other studies
that confirm this pattern in voiceless stops include Keating (1984).

In TLA, /b/, /d/, /d/  a n de vdicéd, /t/ and /k/ are voiceless aspirated and

/t | Is avoiceless unaspirated emphatic plosive.

2.5.4.2 The timing of voicing in two-stop consonant clusters

In their paper examining consonant clusters in American English Yoshioka
et al. (1981) point out thaih order to understand the laryngeal coarticulation in stop
clusters, it is very helpful to examine voiceless consonant sequences, because this
will provide the main organisational principles governing how gestures interact with
each otherThe vocal fold remain stiff for voiceless ones and lax for voiced stops.
When both stops are voiced or voiceless, the state of the vocal folds remains the
same throughout. However, the state of the glottis changes when the two stops are
different. For example, if C1 mgoiced and C2 is voiceless, whéx is released the
glottis will start to expand, and the vocal folds wiiiffen. On the other hand, if C1
is voiceless, and Zis voiced, the glottis will start tdoseand the vocal folds will
becomdax after the relase of @ in anticipation of the voiced stop (Zhao 2003:21).

Since he main focus of this section is to investigate the timing of voicing in
two-stop consonant clusters and how this is coordinated with the three phases of the
production of stopsFigure 2.5 below from Docherty 1992:4@1) shows the
possible patterns of voicing in English consonant sequences.
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Figure 2.5 the possible patterns of voicing in English cament sequeces (from
Docherty1992:4041).

FromFigure 2.5jt can be seen that if C1 is voiced and C2 is voiceless, there
are five possible patterns. In the first, both stops will retain their voicing quality, i.e.
no voice assimilation will take place. In the sed pattern, the first stop will
become devoiced as a result of regressive assimilation. In the third pattern, voicing
will continue from C1 through thElP of C2. As a result, C2 becomes voiced due to
progressive assimilation. In the fourth pattern, ifcung is ceased before the release
of C1, this becomes patrtially voiced. The last pattern occurs when voicing from C1
continues to thédP of C2, but ceases before the release of C2. In this case, C2
becomes partially voiced.

If C1 is voiceless and C2 is wed, there are also five possible patterns of
voicing in the cluster. In the first pattern both stops keep their voicing quality. In the
second pattern, as a result of progressive assimilation, C2 becomes devoiced. In the
third pattern, regressive assiatibn will result in a voiced C1. In the fourth pattern,

C2 is partially devoiced, and the voicelessness of C1 continues to the closure phase
of C2 where there is prevoicing before the release of C2. In the final pattern, voicing
starts during C1 closureaking C1 partially voiced.

Numerous studies on the mechanism of the larynx during the production of

speech have been conducteding fibreoptic filming, Fujimura and Sawashima
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(1971) investigated laryngeal coordination in t8top clusters in Americanniglish.
However, they covered only a few clusteré&nother stug that used
transillumination of the larynx and aerodynamic records tostiyate Swedish
voiceless stopsvas conducted by ofqvist (1977) Lofqvist investigated Icelandic
voiceless stops. Hiesults concluded that clusters of two voiceless stop consonants
can be produced with either one or two glottal opening and closing geshd®s.
(1999) points out that Hungarian has a rule of voicing assimilation whereby
obstruent clusters come to shére voiced/voiceless specification of their rightmost
member across word boundaries as well as within words.

Concerning the magnitude of laryngeal gestures, Romero (1999) showed that

single voiced stops have the highest levels of voicing; in other wibiels have the

smallest glottal opening. Voiceless consonant clusters, on the other hand, have the

lowest level of voicing, that is, they have the greatest glottal opening.

2.5.4.3 Voice onset time

Voice onset time (VOT) is probably one of the most prominentston

characteristisi n st ops. Li sker and Abramson (1
interval between the burst that marks the release of stop closure and the onset of

guasiperiodicity which reflects | arynge

to as having different categories depending on the time of voMihgn the voicing

starts before the rel ease, it i s refer

measured as negative. When voicing starts after the release, it is referred to as

Avoiing | ago, and VOT is then measured
the release, VOT is referred to as zero (MacKay 1987)98 Shor t |l ago
voicing starts up to 26s af t er t he r el eles wicingastartd A |
more than 25msra up to 10fnhs or moreatfter the releas@.isker and Abramson
1964: 389). It has been argued thatafiguages can be said to fall into one of these
two categories, either having prevoicing and short lag, or short lag and long lag
(Kessinger and Blumsteih997).However, some languages, e.g. Arabic, allow the
two categories. They have short lag in voiceless empliaticout long lag in
voiceless plairit/ (Khattabet al.2006135; Heselwoodl99631).
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Lisker and Abramson (1964) distinguish between thdemiht VOT
durationsof English stops. They state that /b/, /d/, abd/ ar e pr oduced
VOTs, or with prevoicing in some instances. On the other hand, the English
voiceless stops /p/, /t/, and /k/ have longer VOT valDexherty (1992)confirms
that in English, /p/, tand /k/ have along lag (300ms ) whi | st [/ b/, [ d
a short lag (€25ms).

There have not been many studies focusinghennvestigationof VOT in
Arabic dialects. Amongst the availabliterature isRahim and k& s i (2009:39
spectrographic study which investigated thhduence of vowel context on the
duration of VOT in Mosuli. Their results show that VOT for voiceless stops is
longer beforea close vowethanbefore a nonclose voweloiced stops, however,
were not mnfluenced by the vowel context. The results also showed a clear influence
of place of articulation on VOT duration with the later becomes longer in velar stops

TLA and English stops differ in their place of articulation and in VOT.
While English has a twaway voicing distinction between long lag and prevoicing,
TLA has a tweway voicing distinction between short lag and prevoiclmang lag
has also been reported for /k/ (Laradi 1983:12).

2.6 Factors that influence the duration of VOT

There are many factotkat can influence the duration of VOT. Sufacttors
includethe place of articulation of the stop, gender of the speaker, speaking rate,
vowel quality, position of the stop, stress, and the number of syllables in a word. In

the following sections, these tacs will be reviewed and discussed.

2.6.1 The influence of place of articulation on VOT

Il n general, [b/, [/d/, and /[ag/VOT n En
(Keating 1984:88) whilst English /p/, /t/ and /k/ are produced with a long delay of
voicing (Lisker and Abramson 1964). Variation in VOT duration is the result of the
place of the constriction. The general view is that the duration of VOT increases as

the place of articulation shifts frormn anterior place of articulation to a posterior

60



one,i.e. VOT for /p/ is shorter than that of /t/, and VOT for /t/ is shorter than that for
/Kl (Lisker and Abramson 1964, 1967).

Docherty (1992) conducted a study on timing of voicing in British obstruents
and found that of the three places of articulation, bilab@pssthave the shortest
VOT lag. As the point of articulation of the stop moves from bilabial to velar, the
value of VOT increases indicating an effect of place of articulation on VOT (Liske
and Abramson 1994Docherty (1992)also found that shoftag VOT in /b/ was
significantly shorter than that for /0/.

In addition, AbdelliBeruh (2009) investigated the influence of place of
articulation on the shotdg VOT, closure durationthe voicelessinterval,
percentages of phonated closure in pasted and pstvoiceless contexts in
Parisian French. She found out that the average-EpMOT duration is longer in
velar stops. The average shiary VOT of bilabial stops was significantly shorter
than that for velars. In accounting for this variation, it hesnbstated that different
amounts of pressure cause different values of VOT (Klatt 1975) and the more
rapidly this pressure drops, the earlier the initiation of voicing will start (Lisker and
Abramson 1967).

Y a v (@009) tested the influence of place of articulation and vowel on VOT
of Englishand discovered a correlation between the place of articulation and VOT.
His results confirm previous findings that the duration of VOT becomes |l@sger
the place of aitulation is moved backwards. However, this pattern was not
confirmed between alveolar and velars when followed by low vovi#ien when
controlling for all these factors, Allegt al.(2003) states that different speakers have
different VOTSs.

Despite theapparent influence of place of articulation on the duration of
VOT, some results reported no significant results. For exampleherty (1992)id
not find any significant difference betwe¥®T duration for/ d /  almtbe same/ .
lines, Mitleb (2009:135)investigating the influence of place of articulatamm VOT
in Arabic, found that there is no difference in VOT duration between /t/ and /k/.
Their results could be influenced by the speaker or the comtestim, the influence
of place of articulation on VOT is evident and weatlcumented in the literatyre
however, it is variableThe question raised at this point is why VOT varies as a

functionof place of articulation.
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Cho and Ladefoged (1999) discube possible reasons behind the variations
in VOT duration as a function of the place of articulation. They mentiondhene
of the cavity relative to the place of constriction, the velocity of the articulators, and
the size of the contact area. The deratavity behind the place of constriction of
velar stops results in higher pressure. Compared to the pressure behind the other two
places of constriction, namely the lips and the tip of the tongue and the alveolar
ridge, this pressure needs a longer ttmeélrop and allow the vocal folds to start to
vibrate.

Along these lines, the VOT has been also found to vary fasiaion of
pharyngealisationAbudalbuh (2010) conducted an experiment to see the effect of
gender on the production of emphasis in JoatarArabic, using CVC pairs of
words in which the consonant in the onset position was emphatic or plain. He found
that the VOT for voiceless emphatic stops was significantly shorter than the VOT
for plain stops. His results also revealed that emphasisnveas evident in the
speech of males than it is in the speech of females size of the cavity in front of
the constriction place is also relevant in this respect. The air in this cavity will hinder
the high pressure from dropping fast and reaching tlmt pdere the pressure is
sufficient for the vocal folds to vibratél@rdcastle 1973).

Despite the assumptions that both the lips and the tongue move at a very high
velocity at the onset of closure, and that the vowel context is what makes the tongue
slower (Lofqvist andGracco2002281)), it is a weltknown fact that the size and
velocity of speech artidators are not the same. The lower lip is always faster than
the tongue to initiate a movement towards a ta(lg#fgvist 2006:2883)In addition,
the maement of the back of the tongue has lowelocity in comparison to the
tongue tip and the lower lip (Roon et al 2007:409).

But let us now account fathe difference in VOT betweermpRand KR
Because of the high velocity of the lower lip, it takesslése to decrease the
transglottal pressure and start the vibration. On the other hand, due to the slow
velocity of the back of the tongue, more time is needed for the right pressure to be
reached and for the vocal folds to start to vibrddar@castle 183, Klatt 1975,
Kuehn and Moll 1976 However, it is also possible to have unaspirated/short lag [K]
in many languages such as JapanBgaaef/et al. 2007).
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Abdelli-Beruh (2009:67)dentifies two factors that control the onset of vocal
fold vibrations. Tlese arehte rate of decrease in the inteal pressure after the
release of the stop, and the rate of increase in volume velocity of the air flow
through the glottisThis is in agreement witBtevens (1999 ho argues that a more
plausible explanation fahe variation of VOT duration is the size of the contact area
between the active and the passive articulators forming the constriction. The size of
the contact area decreases as the place of articulation moves from back to front. It
follows then that théarger this contact area is the more time is needed to allow for
the articulatory to be disengaged completely. This will slow down the rate at which
thetransglottal pressumrops, which means more time ftire vocal folds to vibrate.

With regard to thenterarticulator phasing, Lofqvist (1992:15) states that
there is a weak correlation between VOT and interarticulator phasing. There are,
however, other factors in addition to interarticulator phasing that have an effect on
the duration of VOT. These inalde fAgl ott al openi ng, tre
airfl ow, and vocal fold tensionodo L°fquvi
Maddieson (1995:622) conclude that the variation is very difficult to explain,

because there could be more than one reason résledios this difference.

2.6.2 The influence of the vowel on VOT

The second factor that affects VOT is the quality of the vowel. Klatt (1975)
measured the duration of VOT and the duration of the different stop bursts in word
initial consonant clusters. Thestdts show a clear influence of the following vowel
on VOT duration. The duration of VOT is longer when the following vowel is high
in comparison with contexts where mid and low vowels followed. In addition, Ohala
(1981) reported that the mean VOT value foi/ was double that of /pa/. Finally,
the quality of the vowel, whether it is tense or lax, has an effect on VOT. Weismer
(1979) states that VOT is longer when the following vowel is tense as opposed to
when it is lax. In this thesis, the vowel contexkept consistent by using the open

low vowel /a/.
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2.6.3 The influence of gender on VOT

The physiological differences between males and females have also been
found to influence the duration of VOT. These physiological differences include the
shape of the glts, the size of the vocal tract, the thickness of the vocal folds, and
differences in speaking styles (Shue and Iseli 2008:4498)difference between the
speech of males and females emerges during preadolescenes 8Ld€®99),the most
noticeable dference between the two genders being the size of the vocal tract.
Simpson (2001) has shown that differences in the average vocal tract dimensions of
males and females result in differences in the spatial and temporal properties of
sounds. It has beensal suggested thahysiological differences in the glottis and
vocal tract can also be influenced by age differen@éattingly 1966). These
differences are manifested in the duration of VOT.

There are, however, contradicting results of the influencender on VOT.

For exampleMorris et al. (2008) compared the VOT values produced by male and
female speakers of English. Although there was a significant difference between
VOT values as a function of the vowel, there was no significant difference between
VOT values for males and femald3ther studieson the other handiave noted
longer VOTs in adult females when compared to males. Swartz (1992) examined the
influence of gender on VOT. The results of analysis for eight males and eight
females showed sigfitant differences between the two groups, particularly in /t/
and /d/ where male speakers produced a shorter ¢@mMpared to female speaker

In addition, Whitesideet al. (2004) measured the duration of VOT for a sample of
females and found out thateth produced longer VOTs than the males in the study.
The resul ts wer e mor e significant when
suggesting that these differences may be motivated by hormones.

NnSmithos (1979) -speakinhyadultsstennngplesiatey | i s h
adults produced 12 CVC words in isolation. After analysing the VOT duration of the
two groups, Smith concluded that the percentages of prevoicing and short lag
between the two groups were about the same. However male participants produced
longer VOTsf or initial /d/ and /0/. 1In addit
English stops in stressed syllables and in woitthl and prevocalic position to
investigate the influence of gender on VOT. Their target words were produced by

five males (aged 237) and five females (aged -38). The results of their analysis
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revealed that female speakers produced longer VOT values compared to male
speakersin addition, Ryalls et al. (1997) investigated VOT production by twenty

males and females, African Americand Caucasian American speakers of English
who produced the six stops (/p/, @t/ , [
Significant gender differences were found in the results with female speakers
producing longer VOT.

The age of the speeakis another factor thdtas been found to be important
in influencing voicing quality and VOT duration. Sweeting and Baken (1982)
looked at the influence of age on VOThey usedhree groups, each consisting of
ten speakers. The participants in thetfiroup were aged 239; those in the second
group were aged 654, whilst speakers in the last group were over 75. All groups
produced the words O6ébeat 6, OPdtsshdwed and
that with the increase in age, there was increase in variability within the
participantdeading to more variability between the groups.

Finally, Khattab et al. (2006) investigated the influence of gender on the
production of /t/ and /tl/ in Jordeani an
participants produced longer VOT duration. Another study by Almbarak (2008)
investigated the sociophonetic factors influencing emphasis in Syrian Arabic.
Female participants showed large but not significant differences between VOT
values for [t/ and /t1/

2.6.4 The influence of speaking rate on VOT

Previous studies on English voicing have shown that the duration of VOT
varies as a function of speaking rate (Miller and Baer 1983, Malieal. 1986).
There is an inverse relationship between VOT duration aedkspg rate. In other
words, a decrease in speaking rate results in an increase in VOT duration, and vice
versa. However, changes in speaking rate do not have the same influence on
different categories of voicing. Morrigt al. (2008:316) confirmed that VO
becomes shorter as speech rate increases, but found no significant chémage in
duration of theshort lag.

Pind (1995: 293) conducted an experiment on the influence of speaking rate
on VOT and quantity in Icelandic stop consonants. He found out that thkeate
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of speaking is slowed, longer VOTs were produced for both aspirated and
unaspirated stops. However, the influence of speaking rate on these categories was
not equal, being more evident in aspirated stops.

Kessinger and Blumstein (1997) investegh the extent to which fast and
slow speaking rates affect the distribution and mean values of VOT in French, Thai
and English. They used CV(C) words in isolation where the first consonant is either
a biabial or an alveolar. Their results show that thange in speaking rate did not
have any effect on the short lag value of VOT. However, changing the speaking rate
affected the long lag VOT in Thai and English, and thevpieed consonants in
Thai and French. This influence made the two categories pverla

Schmidt and Flege (1996) carried out a study on bilinguals and monolinguals
of English and Spanish to investigate the influence of speech rate on the production
of stops. Regardless of the language, the four groups showed similar patterns in fast,
normd, and slow speech rate. However, as expected, the values of VOT in the
English and Spanish monolingual groups were different. Finally, Summerfield
(1981) examined the influence of speech rate on the perception of voiceless /p/, It/
and /k/, and theirvoed si bl ings [ b/, [/ d/ and [/ 0/ .
words were more likely to be identified as voiced i.e. as theofadiculation slows

down, longewoicing durations arproduced.

2.6.5 Other factors that influence VOT

There are other factothat can play a rolenithe variation of VOT duration.
These includespeaker variability, the position of the stop, number of syllables,
voicing of consonants in the same syllable, and stress. éllah (2003) tested the
VOT of voiceless stops in mongkabic words to see the influence of speaker
variability. His results revealed that the value of VOT differed from one speaker to
another, and that the rate of speech of the speakers was variable as well. The
position of the stop in an utterance, whetihés in a list or embedded in a sentence,
has also been said to influence the value of VOT. A shydyisker and Abramson
(1964) revealed that VOT for words produced in isolation was longer than when the

wordswereproduced in a sentence.
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The number ofsyllables influences the duration of VOT. Klatt (1975)
observed that VOT of stops in monosyllabic words was 8% longer than VOT of
stops in disyllabic words. Another factofluencing the duration of VOTs the
voicing of neighbouring segments. Weismer7@pnoticed that the voicing of the
consonant in syllablénal CVC affects the VOT of theyllableinitial stopin the
same syllable The VOT value of theonset stop was longer if the codtop is
voiced, as compared to when it is voiceless.

Finally, stess has been found to influence VOT. In their study, Lisker and
Abramson (1967) used both words in isolation and words in sesfearue found
that in stressed syllables there ibagerlag in the value of VOT, which is not the
case for unstressed syllab. In syllables bearing the final sentence stress, the value
of VOT increased even more. Lisker and Abramson (1967) further noticed that the
VOT value was longer when the following vowel was stressed than when it was

unstressed.

2.6.6 Summary of voicing

The ®cond section of this chapter reviewed the mechanism of voicing and
how it is coordinated with supralaryngeal gestures during the production of single
and twastop clusters. The laryngeal gesture is one of the complicated gestures in
speech marking the disction between voiceless and voiced stops. While in the
former the vocal folds are abducted that air can pass freely between them, the
latter is marked by the vocal fatheing adducted so that they can vibrate during the
production of voted stops. fie timing of voicingis influenced by many factors
such as the place of articulation, the voicing of the surrounding sounds, gender and
speaking rate. VOT is one of the most important characteristgtops consonants.

It can be measudeas positive wheroicing starts after the release of the stops, and
as negative when voicing starts during the HP. VOT has been found to be influenced
by place of articulation with VOT duration is longer as the place of articulation
moves back. VOT also varies as a fumctiof vowel context, gender, articulation

rate and stress
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2.7 Conclusion

This chapter reviewed the relevant literature on articulatory timing and timing
of voicing in speech production. It also reviewed the main factors that influence
gestural coordinationra the initiation of voicing in speech sounds, particularly stop
consonants. Stop consonants have different acoustic properties depending on their
place of articulation. The main differences are the duration of the HP and VOT. In
short, bilabial stops havenger HPs, but shorter VOTSs.

The production of speech is one of the most complex human skills to analyse
and understand because sounds are fused together in such a way that it is almost
impossible to determine where one sound ends and another staitslafaty
phonology is an attempt to clarify some of the ambiguity of speech production. The
basic unit consists of articulatory gestures which overlap in time and space, and are
affected by many factors. Place of articulation, including the order otikatien, is
one of the main factors affecting the coordination of gestures. In general, less
overlap is allowed ifP-to-A order of articulation. The position of the sequence also
affects how its gestural components are coordinated with Sl sequences being
organised differently from SF ones. Perception has also provee @ factor in
gestural coordination. When there is a risk of misunderstanding, less overlap is
adopted. The influence of gender has a physiological and social basis. Men are said
to produceshorter utterances and omit more than women. Finally, speaking rate
influences the coordination of articulatory gestures. In general, an increase in
speaking rate results in an increase in the velocity of the articulators and a decrease
in the duration andhagnitude of the gesture.

The second part of the chapter reviewed the mechanism and timing of voicing
in single and twestop clusters. It also considered some studies on VOT and the
factors that are responsible for variation in the initiation of voiclngorder for
voicing to take place, several requirements need to be met. These include the correct
amount of transglottal pressure, suitable velocity of the articulators and the air, the
size of the glottal opening and the stiffness of the vocal folds.

Stop consonants can be distinguished on the basis of vocal fold activity during
the HP. In general the vocal folds vibrate for /b/, id/]// and / 0//,t Ib/ut
and /k/ Voicing during the HP is referred to as qw@cing. The duration from the
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release to the start of voicing is known as VOT. Depending on the duration, VOT is
referred to as short or long lag.

VOT duration is influenced by many factors, including place of articulation,
the vowel context, gender, speaking rate and other factdnsasugyllable count and
stress. The place of the constriction is one of the most important factors, the general
pattern being that VOT duration increases as the place of the constriction moves
from front to back. The size of the cavity behind/in front led tonstriction, the
velocity of the articulators and the size of the contact area are among the main
explanations advanced to account for VOT variation. The vowel context influences
VOT as well, as longer VOT durations were observed when high vowelsvéallo
The gender of the speaker also affects VOT duration with females having been
found to produce longer VOT duration than males. As for speaking rate, the duration
of VOT increases at a slow speaking rate, and decreases at a fast speaking rate. It
seemsthat the amount of the pressure behind the constriction, the velocity of the
articulators and finally the velocity of the air all play an important role in VOT
duration. Finally, there are other factors such as the number of syllables in the word

and stres that have been found to influence the duration of VOT.
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Chapter Three: Methodology

3.1 Introduction

This chapter reviews the methodology adopted in this thesis. It discusses the
methodological issues such as the theoretical framework, material, patscipan
instrumentation and measurements. Three different instrumental techniques of
recording and measuring the data are used in this thesis, namely electropalatography
(EPG) to investigate the coordination of articulatory gestures, spectrography to
investigde the acoustic and durational properties of the target sound(s), and finally,
laryngography (Lx) to investigate the timing of voicing. Depending on the
techniques, different measurements are discussed in this section. The Statistical
Package for the Sodi&ciences (SPSS) was used to analyse the ddtaitferent
tests such as the independsample t-test oneway ANOVA and repeated
measures ANOVA were employed to investigate any significant differences in the

data.

3.2 Theoretical Framework

This thesis aduats the articulatory phonology framework as formulabsd
Browman and Goldstein (1986) and developedlyyd (1996) and Gafos (2002).
This framework links phonology with phonetics on the premise that both form
complementary descriptions of the same sys{diatham 1995:85). Sounds are
looked at in terms of the gestures that constitute different variables of the vocal tract
during the production of speech. Such variables describe the location of constriction
(i.e. the tongue tip and body, the lips, the gitéind the velum) and the degree of
constriction (closed, critical, narrow, mid or wide) (Gafos 2002). Another
instrumental methodadvanced in this thesis addresses articulatory and acoustic
phonetics. Thisnethodis concerned with the production of spescdlinds and their

acoustic characteristics including voicing.
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3.3 Research Questions and Hypotheses

Answering questions related to speech production has alivaysmain
difficulties. The first arises from the fact that it is not always straightforward to
cleaty observe the behaviour of the articulators involved, or the overlap between the
gestures of two consonant¥he seconddifficulty is that variability in speech
production is the result of many factors such as the context (which includes place of
articulgion, manner of articulation and voicing of the sonants), prosodic
structure and speakimgte.

The aim of this study is to investigatew speakers of TLA coordinate the
articulatory gesturesf Sl and SF twestop clusters in TLAAnother aim is @
investigate the patterns of the timing of the glottal opening with respect to the
closure and release gesture of the stop, and what will happen when the two stops do
not agree in voicing.

The main research question is: what is the influence of placei@ilation,
sequence of articulation, syllable positiomorphological structure, gender and
articulation rate on the gestural organization of Sl and SF-dtop consonant
clusters? The extent of the difference in the coordination pattern, in Sl and SF
clugers, beteen male and female speak&salso investigated. The hypotheses
tested in Chapter four, five and six can be divided into four main themes:
coordination, morphology, speech rate and voicing as follows. Under each of these

themes, there may benamber of related hypotheses.

Coordination

91 The place of articulation of C1 and C2 will affect the duration of their HP.

This hypothesis is also tested for single stops in Sl and SF position

9 Sl two-stop consonant clusters will exhibit more intergestaoodlesion than

SF twostop clusters, leading to more overlap in onset than in coda.

1 Consonant clusters with two lingual stops will exhibit more overlap than
lingualbilabial, or bilabiallingual clusters. This hypothesis is based on the
assumption that wimethe tongue is the only active articulator in the gestures

of two stops in a consonant cluster, the two gestures will be more overlapped
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than when the lip (LB) gesture is followed by a tongjpe(TT) or tongue

back (TB) gesture or vieeersa.

91 Posteriorto-anterior (Pto-A) sequence of articulations will have more
gestural overlap than antertw-posterior (Ato-P) articulation. When a
posterior closure is followed by an anterior one, the release of the first
closure may be hindered by the second clostiteis was formed before the
release. On the other hand, if there is an anterior closure followed by another
posterior closure, the release of the front closure is secured so that even if the
closure at the posterior region was formed first, the fravduwk will still be

released.

1 Since more overlap is expected in two lingual stops and in clusters with A
to-P sequence of articulation, it follows then that the duration of ICI in these
contexts will be shorter.

Morphology

1 The morphological structure &l and SF clusters will influence the gestural
coordination pattern. This hypothesis is based on the assumption that where
C1 and C2 are tautomorphemic (belonging to the same root) will have less
gestural overlap than when C1 and C2 are heteromorphentibdlumging
to the same root). In other words, when C1 is a prefix, the two consonantal
gestures are less likely to show overlap than when it is not a prefix. In SF
position, when C2 is a suffix, it is less likely to overlap with C1 than when it
is not.

Speech rate
1 The pattern of coordination in different articulation rates may be influenced

by the place of articulation and gender of the speaker. This hypothesis
assumes that an increase in the articulation rate will result in a decrease in
the HP durationin an increase in gestural overlap (less C1 release and
shorter ICIs) in SI and SF two stop clusters. On the other hand, slow
articulation rate is expected to have the opposite effect on these clusters, i.e.
longer HP durations and less gestural overtapré C1 releases and longer
ICIs).
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1 Based on the physiological difference between males and females, the two
groups (males and females recruited in this study) are expected to exhibit
different HP durations and different gestural coordination patterrite(@t

patterns of C1 release and different ICI duration).

1 This hypothesis is related to the influence of articulation rate on voicing. It
supposes thataincrease in articulation rate results in longer voice durations
relative to the HP duration. In sloarticulation rate, the opposite is assumed.

1 Anincrease in articulation rate is expected to result in shorter VOT duration
and the opposite is expected in slow articulation rate.

Voicing
1 This hypothesis is adopted fromWe st bur y6s 1tahebegree It s
of voicing adaptation in stop clusters may be determined by the voicing
characteristics of single stops.

1 The duration of VOT will vary as a function of place of articulation. The
further back the place of articulation is, the longer the VO&atihn will be.

1 The voicing quality of first and second stop in the consonant cluster will
determine the voice quality of the ICI. When the two stops are voiced, it is
hypothesized that the ICI will be voiced, and if the two stops are voiceless,
the ICI isexpected to be voiceless. The voice quality of the second stop in
the cluster will play a more important role than the first stop in determining
the voice quality of the ICI.

3.4 The Participants

Fourteen TA participants took part in this study. The crigefor inclusion of
participants were being born and raised in Tripoli, and usibg Tor everyday
conversationslt is worth mentioning that four of the participants were not living in
Tripoli during the time of the recording, and that three participaotaat speak
English at all. The rest of participants could speak Enghsi different degreesf
proficiencyfrom preintermediate to advanc@®neof themale participarg aged 35
yearsoé6 ol d, was recorded using EBRREG and
(including the EPG and Lx participant) and seven females, were recorded for the

acoustic analysis. The age range for those partici@driteetime of data collection
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was 2043. The average age for male participants was 36 years and 29 years for
femak participantsAll participantswere informally interviewed to verify that they
speak TLA (that their accent contained no other accent features) amtbstwe that

they did not have a history of any speech or listening disordées. the speakers
wererecruited, theywere asked to read the description of the research (prowvided i
Arabic and English (Appendix Dand sign a consent form (Appendix D). None of
the participantswas informed about the main purpose of the experiment. All
participants were offed compensation for their time. Information about participants

is presented in Table 3.1.

Speakers Age Gender Level of Education

MS1 36 M MA

MS2 33 M MA

MS3 35 M PhD

M4 36 M PhD candidate
MS5 35 M PhD candidate
MS6 43 M PhD candidate
MS7 33 M MA

Fs1 43 F BA

Fs2 41 F BA

FS3 38 F BA

F4 23 F BA

FS5 20 F Undergraduate
FS6 20 F Undergraduate
FS7 20 F Undergraduate

Table 3.1 Age, gender and educational level of participants in the acoustic
experinent. The mean age is 36 (@) for males and 29 (243) for females.

From now on, male speakefis{) will be referred to aMS1-MS7and female

speakers1-7) will be referred to as speakieS1-FS7.

3.5 The Material

The recorded material was divided irftur main groups. The firsgroup
consists off CVC syllables wittone ofte st ops / W/, ,/ t//k,/ Jach/d,

position (14x7x3=294). The second group contains the same single stops in SF
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position (14x7x3=29% . Al | of the words are verbs
| dakn/d [ kaO/ . T a bgetevods in the singletow (Sl ahdiSE). t a

Sl single stops SF single stops

Word Gloss Word Gloss

/ba G / ihe spr / lbla ihe | ov
fta W/ ifhe | it /na/ A he ye
/dam/ Abl ood /| dla Afhe cau
/t ab/ ihe kic /oa /1 Afducks
/ddm/ i hpea ¢ k e ¢ [ A ihe bi
/kar/ Afhe tow [ Wa Asuspic
vasl / ihe cu | Kla iright

Table 3.2 SI and SF singleton stops in IPA transcription with glosses target
consonant underlined

In the thrd group, here are27 words containing twstop clusters in Sl
position (27x14x3=1134Depending on the place of articulation, these are divided
into 6 groups as follows: coronal + dorsal, dorsal + cordbal+ coronal,/b/ +
dorsal, coronal #o/, andfinally dorsal +/b/. These cluster typesan be sudlivided
into two further categories. The first category consist&&ivords with the target
cluster (C1 + C2) are part of the root. The second category consists of nine words
where C1 is the prefix /46 words) or the prefix /t/3 words). Table 3.3 presents
words with SI and SF twetop clustersin this table words with clusters containing
a prefix are placed betweenrvedbrackets. Apart fromwords containing a prefix
and |/ diddng/jandb d 1 b, all:wbrds/are monosyllabic.

Cluster tvpe S| two-stop clusters SF twaostop clusters
yp Word Gloss Word Gloss
/dkar/* Omal e
/ doa: Omi nut
coronal + dorsal —x -
clusters f t I.U ohe ta —
(/tka:bir/) 6you b /hatki Gviolationd
(/todg 6you f| /fat] 6hern
. ounpac
/ktab/* 6he wr /n_akvt}l 6you
dorsal + coronal (/dl k a | h
clusters . augr’
/kdab/* O0he | i] /nakd/_ Obori
/ vt a 6he ki| / walD Ot i me




(/sl d a dlyou told
t he t
/[ 0t1 6he pil/ mas °%2 ki
ropesd
/ 0dal] 6 he wa /nav 6knodt
/bde:/* O0he st | I hab 6sl av
/ bda:| 6with a '
/' btl g 6he but /rab 6tyin
/bl + coronal (/ bt Owi t h ¢
(/bdl 09 ®Dd |/ 5apl 6aringe
(/ bdl| 6wi t h 6a )
(/btacrix/) | 6on tdé g (/ktabt/) | 61 / you
/bke:/ * 0he cr I kab 6angi
/bi++dorsal  |-okalma)| o wiawb r d
fblal — 0COWS(, gl 6dril
(/ bval6with o
(/ftbawdi f6you col
/ dba 6cl ot h
coronal +/bf /t1b| o6he ty| /| wat] 6ded e
/ d1 b a 6fogod
coronal +/b/ /kb.aS/* 9 he pr¢ A
/| bba| 6he acc / navl édpunct

Table 3.3 Words condining twastop clusters in SI and SF positioords with
clusters containing a prefior a suffixare placed betweeturvedbrackets Shaded
areas in the table mean that there are no SF clusters to match those in SlI.

In the fourth group of wordshereare 17 words with SF twestop clusters
(17x14x3=714).The group is divided into the same 6 cluster types adopted in Sl
clusters.This group can also be sulivided into those containing no suffixes (14
words) and those with the /t/ suffix (3 words). Wonddgh a suffix are plaed
between curved brackets imafle 3.3.

All words with a Sl or SF cluster are arranged on the basis of order of place
of articulation. Words can contaik-to-P or P-to-A articulation. In the former, C1 is
either a bilabial or an aletar followed by a velar, or a bilabial followed by an
alveolar.P-to-A articulation presents the opposite pattétris worth noting that not
all the clusters are lingual stop&ords marked with (*) hava corresponding word
with the opposite order of lpce of articulation in Sl position, whilst those marked
wi t h (d cprredpendirgg word with thepposite order of place of articulation
in SF position.

In order to help keep the sample consistéreg same lists of words were

used when conducting tie&PG and the Lx recording. There is another advantage of
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using the same lists which relates to the vowel. According to Byrd (1994:312), using
the vowel /a/ has two advantages. Fiitstnakes the velar constricticamterior, so

that it is more easily recogable on the EPG palate. Second, it minimises vocalic
linguapalatal contact.

3.6 Procedures

The patrticipants were asked to read each target word embedded in the carrier
s ent ematge:li:sh i halbad meani ng ADonot say
t i mes 0. manyeeasens farruging a carrier sentence. First, it is used to avoid
the gemination of singleton stops in fp&usal position. Second, a carrier sentence
helps maintain the sanaeticulationrate, minimisevariation ofstress and intonation
patterns. Thd, it helps when taking accurate measurements. For example, the
sounds preceding and following the target words, naméland /h/ work as a
marker both for the onset of the HP for initial stop consonants and foffte¢ of
HP for SF final stops.

To investigate that the gestural coordination of the Sl clusters is not influenced
by the preceding consonant in the cargentence () or the following consoant
(/n/) for SF clusters, words containing Sl arfedlcBusters were recorded in isolation.
Although it is not always possible to measure the duration of the C1 hold phase,
recording in isolation is very help when itroes to investigating the duration of ICI
in only two-stop clusters.

Apart from /nakd/, [/mal0tl/, all the
TLA, and the participants were expected to have no difficulty in producing and
perceiving them. However, readiniget material from the cards posed an important
methodological issue: interference from Modern Standard Arabic (MSA). Since
TLA is not usually written, unlike MSA, it was possible that participants would be
influenced by their knowledge of the orthographistem of MSA when reading the
target words. To avoid this influence, the words were written in Arabic script on a
series of 20 x 5 cm cards without any diacritics indicating how they should be
vocalised The participants had a chance to practise pronognttiese and to
annotate the cards with diacritics and short vowels if they wishemn these

practices, the researcher was satifiat all participants used TLA pronunciations.
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Once ready, the participants read the carrier sentences with the tardedtwor
three differentarticulationrates: normal, fast and slow. To produce normal speech
rate, participants were instructed to speak as though takiagfriend or a family
member For fast speakingrte rate, all participants were asked to speak ragdly,
to ensure that they did not misarticulate. For slow speaking rate, participants were
asked to speak fcar eéldd499:1B38wathout inserting any | y o
pauses between or within words (Kewlegrt and Luce 1984)Since stress
influences the duration of segments, participamtre advisedot to speak lad or
emphasisany partof the carrier sentencé&his is to avoid comparing a segment in a
stressed syllable with one in an unstressed syllable.

The data for each speaker was collddtea single session. The microphone
wasplaced12 0 c¢cm to the right or IiePoppAfhgbhe
threesecond pause was | eft between each se
and lips to return to their neutral position, dadkeep the speech rate consistent with
the advised speaking rate. There wasout a 10 minutéreak between the
recordings. All recordings were then carefully monitored to make sure that all the
participants had adopted approximately the same thtparticipants had not
produced some sentences at the speech rate required or had made any mistakes, such
aspausing or failing to achieve the correct pronunciatibay were asked to repeat
these itemsit the end of their session.

3.7 Instrumentation and measurements

In this study, the articulatory analysis was based on data obtained from three
different instruments: audio recordings, EPG and Lx recordibgsh of these tools
proved useful in providing particular insights when attempting to answer the
researchquestions Later, the advantages and disadvantages of these tools are
discussed and rationale is provided for the choice of these tools in relation to the
research objectives of this thesis.
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3.7.1 Electropalatography (EPG)

Electropalatography (EPG) is onetbe most useful techniques for studying
lingual coarticulation (Butcher and Weiher, 1976; Hardcastle, 1984). It is used to
provide information about the spatial and temporal contacts between the tongue and
the palate and this is what distinguishes it frotimer phonetic instruments, making
it suitable for the purposes of this thesis. The only ER@used in this studwere
produced by the researchérhis custommade arti fici al pal at
articul ate pal ateo, i eaker 9st bwrrigueea d d f p
3.1 shows the EPG palate used in this study.

A

— Alveolar <

B
HEEEEEEEE
EEEEEEEE— " Vel
Figure 3.1 EPG palate (right) with computgienerated display (left) showing a

complete closure athe alveolar region (A) and a complete closure at the velar
region (B). Black squares record tongue contact; white squares mean no contact.

The articulate palate contains 62 electrodes equally distributed on both sides.
These are arranged in eight rowsyen of these containing eight electrodes, whilst
the front row contains only six. The front three rows3]Imeasure alveolar region
contact, the next three rows-§4 measure palatal region contact, while the last two
rows (#8) measure velar region cawct (Articulate Assistant User Guide 2003
2007 31).

Regarding the number of electrodes, Fougesbal. (2000) compared how
the linguatpalatal information varies as a function of the number and distribution of
electrodes. They concluded that althoughrenonformation is provided by
pseudopalatewith more electrodes, the information provided by the pseudopalate

with 62 electrodes is good enough to give clear articulatory patterns.
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The palate is connected to a oBR@l tipl
serial interface SPI V.2.0 with a palate scanner EPG3.V2. This scanner is then
plugged into a PC. T he wasUdsedwmanaysedher t i c !
recording. This software displays the place and time of the tongue contdctievit
palate. Eery frame at 1@s intervals shows regéiime artculatory events aligned
with acoustic informatiorfgspectrogram and waveform dispjabout these contacts
The tonguepalate contact patterns can be analysed and presented in tables and
graphs Articulate Assstant User Guide 2063007 31).

3.7.1.1 Limitations of using EPG

EPG is one of the oldeahd most widely used instrumentlinguistics and

speech therapy. It has the following advantages:

1 It is very easy to useit does not require an expert to operate
However, the person analysing the data needs to be phonetically
trained.

71 It provides accurate information about the position of the tongue
when it is in contact with the palate, making it both suitable and
convenient for investigating intergestural coordinatd two lingual
stop clusters.

1 The dateareeasy to interpret and convert into tables and charts.

The articulate palate used in this study has s@ueantagesover the
Reading palate. For example, the velar closure in the articulate palate is better than

the original Reading palate wivw.Articulateinstrumeents.com/Information

Moreover,the former is lighter, thinner, and shock resistantcdn also provide
lateralcontact information omhe palate sides, and grips around the teeth very well

Despite the above advantagtse followingdrawbackshave been also noted:

1 EPGis relatively expensive for largecale studies involving many
participants.
It is considered to be an invasive tool.
Perhaps the most seriousstrictionof using the articulate palate is

that it does notrecord the bilabial closureAs a result, it is not
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suitable for investigating intergestural coordination when one of the
stops is bilabial.

1 It may fail to provide anynformation about thenagnitude of the
tongueback gesturgvhen this igposterior
It may influencehe production of some sounds.
Finally, the 10ns interval between frames may not capture shorter

articulatoryevents.

The articulate palate, in particuldras somealrawbackssuch as the cables
which may influence ligrounding. It also covers the teeth which may influence the
production of dental stops. Despite these limitations, the role of EPG as an
instrument in investigating timing in lingual stops remsavital and its limitations

are not as problematic as they may seem for the following reasons:

1 Since the main aim of this thesis is to investigate the intergestural
coordination in twestop clusters, the position of the tongue when it is
not in contacis less importanin this study. The most important cue
is tracing the builelp of the constriction until it is formed, reaching
the maximum contact and thbeingreleased.

1 In the case of clusters containing /b/, the spectrograms aligned with
these framg canbe, to some extenyysedto infer the pattern of
coordination

1 The vowel /a/ is used to provide anterior constriction that is
captured by the last two rows of electrodes in the velar region.

1 Finally, in respect to the claim that EPG influencess gihoduction of
sounds, such influence has been proven to be insignificant (e.g.
Hardcastle 1972).

3.7.1.2 EPG measurements

All clusters in Sl position were followed by the open vowel /a/. Using this

vowel helps to minimise the interference with the trajectdrythe consonantal
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gestures (Chitorant al. 2002:11), and to control the contextual effect of the vowel
environment (Dixit and Flege 19%nd Byrd 199R For each cluster, four EPG
measurements were made. These are (1) onset and offset of closure R)rabgef
and offset of closure for C2, (3) the amount of overlap between the closure of C1
and C2, and finally, (4) the amount of delay between the release of C1 and
formation of the closure of C2. It is worth noting that C1 and C2 refer to the first
and £cond stops in a cluster, regardless of syllable position.

The onset of closure of C1 or C2 was measured from the first frame in which
the tongudip (TT) or the tongudody (TB) gesture reached the target and formed a
complete closure. The onset of gestframes, the frames before a complete seal is
formed, are not counted. The offset of closure of C1 or C2 is marked by the first
frame where the closure seal at the alveolar or velar region is brdokenvorth
mentioning that the measurement of theation includes the duration of the HP
only. In other words, it excludes the duration of VOT in SlI clusters and the release
of C2 in SF clusters

The amount of overlap was measured by how many frames there were in
which there was a simultaneous closure daf &d C2 at the alveolar and velar
regions. The greater the number of frames with a simultaneous constriction, the
more overlap between the two closures. FiguPesBows the EPG measurements of
the onset and offset of closure of a TB gesture followed BV gesture when there
is an overlap between the two closures.

Another measurement that is used only in EPG is the number of syllables per
secondThe duratiorof each repetitionvas calculated from the onset of the acoustic
signal to the pause whehe peaker finishes theentence. This duration was then

divided by the number of syllables in each sentence.

Onset of C2 C2 release

160 161 162

SRR

Onset of CXlosure Overlap = simultaneous C1 release
C1 and C2 closures

Figure 3.2 EPG frames showingn overlap between a TB gesture and a following
TT gesture
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Finally, when there is no overlafhe ICI frames were defined as the frames
between the release of C1, where the seal is broken, afatriegion of the closure
for C2, where a new seal is complete. ICI frames are characterised by having no
complete alveolar or velar seal. An increase in the number of these frames reflects a
lesser degree of verlap between the twaestures Figure 33 shows the
measurements for onset and offset of closure of TB gesture followed by a TT

gesture when there is a delay between these two closures.

Onset of C2 closure C2 release

FlelalalalalelE
\ ICI = Delay between C1
release and C2 closure

Ons»& of C1 closure C1 release

Figure3.3 EPG frames showing a delay (ICl) between the releaieecf B gesture
and formingthe closure bythe TT gesture. The ICI lasts from frames 257
261linclusive

When C1 is /b/, the acotis release of /b/ relative tthe formation ofthe
closure of the lingual stop is the main criterion used to determine whether there is an
overlap or not. For example, in /b/ + coronal stops, the absence laibibE (LB)
acoustic release is evidence that the TT closure took please tefdr® release.
i.e., the two closures overlap. On the other hand, if the LB closure is released before
formation of the closure by the TT, then the two closures do not overlap. While
shorter ICIs between the two closures indicate more overlap betweetwdhe
gestures, longer ICIs mean that the two gestures are less overlappeckpulled
apart.

In cases where the duration of ICI is less than 10ms, this means that the EPG

frames show neither an overlapy o they show a delay, i.e. no overlap or delay
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3.7.1.3 Calculating Percentage of Contact

The EPG frames were divided into three regions depending on the place of
articulation. These were the alveolar region (first three rows), the palatal region
(next three rows) and the velar region (last two rows). Thebeu of electrodes
contacted in each region was calculated and converted to a percentage depending on
the total number of electrodes in that region. For example, if the tongue was in
contact with 22 electrodes in the alveolar region, the percentage attmi00%.

A 100% contact in the velar region, on the other hand, only requires the tongue to be
in contact with 16 electrodes. It is worth mentioning that the percentage of contact in
the velar region, despite closure formation, is rarely 100%. Thissmaaly the last

row may have a complete seal.

The percentages of contact in the two lingual gestures were aligned on an
Excel spread sheetnd plottedframe by frameand theframes with a complete
closure were identified. Althougthe percentag of contat at any given frame was
calculated, more importance was placed on the onset and offset of clokare.
percentage of contact proved very helpful when investigating the influence of
syllable positionFinally, the duration of the HP of the gestweas al® calculated

from the number of frames with complete seal

3.7.2 Audio recording

Audio recording is one of the adt tools used to record speechhds many
advantages. Unlike some of the instruments mentioned above which must be
operatedand analysedby techical experts, audio recording requires no specialized
expertise. This means that researchers can recruit a large number of participants. In
addition, this method is neinvasive and does not require long preparations and
sessions. Because the device istgue, researchers can record participants
anywhere. Finally, the acoustic signal displayed in spectrograms and waveforms can
be analyzed tadeducedifferent articulatory movements such as the HP and the
release.

There are some important disadvantagesstoguaudio recordings. First, there
is the background noise which can arise from surroundings. This can be reduced by

recording in a soungroof room, if possible, or in a quiet place. The second
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disadvantage is the fact that the behaviour of the artarslaannot be fully inferred

from the acoustic signal. For example, in a<stop cluster, when C1 is not released
because it has been acoustically masked by C2 closure, it is not possible to tell when
it was released. However, these limitations can bercowee by following
instructions on how to make a good audio recording, and by using gitbaetic
instruments.

In this experiment, the data was collected digitisedusing Praat software
(available at: http://www.fon.hum.uva.nl/praat/) in the recordimogm of the
phonetic laboratory at the Department of Linguistics and Phonetics, University of
Leeds Where this was not possible (for example, when participants were outside
Leeds), datavererecorded in a quiet room away from electric appliances or device
in order to avoid interference with the recorder anderteure the best possible
guality. Datawere recorded using the Marantz PM67, at 44,000sHmpling rate
together with the Sennheiser Evolution E865, a supsatioid prepolarised

condenser micromine. Recording sessions took48® minutes.

3.7.2.1 Acoustic Measurements

Wide-band spectrograms and waveforms generated by Praat soiwese
used to obtain visual measurements of stop consonants. The samgstic
measurements of consonants and vowels wesmd throughout the thesiShese
included: (1) the duration of the HP of Sl and SF singleton stops, (2) the duration of
the HP of C1 and C2 in Sl and SF tstp clusters, (3) the duration of the inter
consonantal interval (ICl) in SI and SF clusters andil{é)duration of VOT. It is
worth mentioning that C1 and C2 refer to the first and second stop in the cluster,
regardless of syllable position.

The duration of HP of Sl singleton stops was measured from the zero
crossing at end otHere fs na notedableofricatiatgf the/stest , wh
of the aperiodic energy to the first spike of the release burst (Davidson and Roon
2008). It is worth noting that the duration of VOT was not included in the duration
of the HP. In SF position, the HP of siaggin stops was measured from the end of
periodicity of the vowelthe point where the amplitude drops,the release burst.

The release phase of stops in SF positi@y sometimede difficult to determine
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because of the /h/ sound which followed. Figusesbhiows the measurements of the

Sl and SF HP of singleton stops.

Onsef of HP Rel|eae

Onset| of HP Rel?ase
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Figure34The HP duration of /d/ in the word

(right).

The same procires were followed when measuring the HP of C1 and C2 in

two-stop clusters in SI and SF positidiigure 35 shows these durations.
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Figure3.5 The duration of the HP of Cldn C2 and | CI in [/ t1b/

(top), and the duration of C1 and C2 1in
not releasedThe tiebar used in the bottom figure means overlapping closures (i.e.
not a labialvelar stop as on the IPA chart)
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Special attention, however, was paid to whether the C1 was released or not
and whether any vocalic element was produced after the release. If C1 was released,
the duration of the ICl was measured from the release burst of C1 to the onset of C2
HP. If Clwas not released, the duration of the HP was measured from the end of
frication of the preceding [/ w/ to the re

The last measurement was the duration of VOT. Figufe sBows the
measurement of VOT in voiceless and voiced stops. VOTmeesured from the
release burst to the start of periodicity in the case of voiceless stops. In voiced stops,
when voicing often starts during the HP, it was measured from the onset of vocal
folds vibration to the release burst. VOT was measured only poStion and it
will be discussed in the next chapter.

Onset of voicin
Onset ofHP Release ?nsetof vowel OnsetoHP | gR;eIease
|

\_ H
’i'r'm‘z",',,rywm\&——&wﬁ{" | ‘ﬁ" i MM/M N 'm Nl\ 1&
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i () t |voil a () i ) d a

Figure36 The duration of VOT of [t/ in the
prevoicing of /d/ in the word /dai(right).

3.7.3 Laryngograph

The Laryngograph (abbreviated to Lx) is an instrument used to record the
activities of he vocal folds during the production of speedhe Lx does not
provide the dimensions of the glottal a |
is used instead of Agl ott ogrThepibrationoFour ci
the vocal foldsisrecdre d by two el ectrodes that can
neck, as can be seen in Figure 3.7 below. This instrument has the following

advantages:

1 Itis very convenient for tracking the onset and offset of voicing.
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It is physiologically safe (Rothenbeagd Mashie 1988:338).

It is norrinvasive.

It is not affected by noise, so recording can take place anywhere (Fourcin
2000).

It provides the number of cycles and glottal waveform

It providesacoustic information (waveforms and spectrograms) aligned with

vocal fold activity.

Figure3.7 Laryngographprocessowith
electrodeghat straparound the neck

The only disadvantage of using the Lx is that if the electrodes are not placed in
the right position, the resuttyy waveform may be distorted. In this case it is very
difficult to analyse. This disadvantage can be overcome by ensuring that the
electrodes are placed correctly and that the movement of the waveform is monitored
during recording.

3.7.3.1 Lx measurements

The Lxmeasurements included duration of voicing, the number of periods, the
duration of the HP and the duration of VOT. The number of periods was obtained
from the Multidimensional Voice Profile (MDVP) function in the speech studio
software. The rest ofhe measirements were obtained visually from the glottal
waveform. In Sl voiced stops, VOWas measured from the onset of periodicity

during the HP to the release of the stop. If the stop is voiceless (or devoiced) the
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duration of VOTis taken from the release lsiirto the first vocalic voicing pulse
(Abramson 1977). Thdurationof VOT depends on the onset of voicing. If voicing
started before the release, VOT was measured as negatarel(if voicing started
after the relese, VOT was measured in positi¢g). When voicing started at the
release, VOT was zero. In SF singleton stops, voicing was measured from the offset
of the vowel to the cessation of voicingFigure 38 shows the voicing
measurements

The duration of voicing in S| twetop clusters was measdrigom the onset to
the offset of vocal fold vibration during the HP of C1. In C2, the duration of voicing

is measured from the onset of voicing in the HP to the release of the stop.

b ICI d vot €
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offset of C1 HP \ \ offset of C2 HP
onset of C1 HP  onset of voicing onset of C2 HP end of voicing

Figure 3.8 The onset and offset of voicing relative to the onset and offset ohHP i
/bd/ in the word /bde:/. Thedure also shows the duration of VOT.

In SF, the duration of voicing in C1 is measured from the offset of thelvowe
to the cessation of voicing. C2 voicing is measured from the onset of voicing in the
HP to the release of the stop. Special attention was paid to the voicing of the ICI in
Sl and in SF position. The voicing category was either voiced or voicékse3.4
classifies the main voicing categories which are based on the ratio of voicing during
the HP of the stops.

Voicing category Percentage of voicing Abbreviation
V(_)lceless 0-24% of the HP is voiced VLS
(for voiceless stops)
Devoiced 0-24% of the HP is voiced DV

(for voiced stops)
Partially voiced
(for voiceless and voiced stops

25-49% of the HP is voiced PV
89




Partially Devoiced 50-74% of the HP is voiced PD

(for voiced stops)

. Voiced . 75-100% of the HP is voiced VD
(for voiceless and voiced stops

Talle 3.4 Criteria for voicing categories and the ratio of voicing in the HP

3.8 Statistical Analysis

Whentaking all the measurements, daterefirstly fed into Microsoft Office
Excel 2010. It was then transferred into the siatibtsoftware IMB SPSS 2.0 for
Windows to test whether the dedee normally distributed or not. If the dateere
normally distributed, parametric tests were used. If the detiee not normally
distributed, nofparametric tests were used. Another purposeising statistical
analysis was to obtain the descriptive data such as the mean and standard deviation.

In addition to testing for the distribution of the data and obtaining descriptive
statisticsthe purpose of conducting the statistical analysis weestdhe hypotheses
stated in ChapteFhree and to determine if there were any significant differences in
the dataThe main variables evaluated were the duration of the HP of the stop(s) and
the duration of the ICI. The influence of place of articulatisyllable position,
morphologicalstructure sexbased differencespeaking rate and variability (where
relevant) on these durations is also investigatéithin each variable, a number of

timing relations were investigated as follows:

1- The influence oplace of articulatiomncludestesting:

1 The duration of HP of single and two stop clusters.

The duratiorof VOT for Sl single and two sp clusters.

1 The influence of order of place of articulation (by compaAag-P vs. R
to-A) on duration and patterri coordination.

=a

2- The influence of syllable position includes comparing:
1 The duration of HP of single and tvatop clusters in Sl and in SF
The amount of overlap in Sl and in SF.
9 The duration of ICl in Sl and in SF

=

3- The influence of morphologicatructureon the gestural coordination
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1 The duration of HP of C1 and C2 in tautomorphemic and heteromorphemic
cluster.
9 The duration of ICI in these two environments.

4- The influence of gender includes the following tests:

1 The duration of HP of single and tvatop clsters in Sl and SF positigas
produced by males and females)

1 The amount of overlap between C1 and C2 closure, or the ducétiGh
when C1 is released (as produced by males and females).

1 The duration of VOT as produced by males vs. females.

5- The influence of speaking rate includes testing:

1 The duration of HP of single and tvetop clusters in Sl and SF position in
fast and slow speaking rate to see the amount of decrease and increase in the
HP duration.

1 The duration of ICI in fast and slow speaking.

VOT in different speaking rates.

1 The relationship between speaking rate and gender.

=

In addition to testing the influence of the above factors, another aim of
conducting the statistical analysis was to test for variability between and within
males and femas. The following was the main test used to conduct the statistical
analysis. Tie null hypothesis (the assumption), was that there is no significant
difference betweemny two groups (or more) comparedalues were considered
significant if PO0.05.

3.8.1 Theindependentsamplet-test

This testis used to compare the mean of two different conditlmgtsveen two
groups or within a speakeFor example, to see whether théseany significant
difference between the duration of /b/ in Sl and the duration afi 8Fi To conduct
this test, two variableasreneeded. In the above example, the place of articulation
the categorical or independent variable, whilstHfedurationof SI or SF /b/$ the

continuous or dependent variable.
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3.8.2 The oneway ANOVA test(Analysis of variance)

This testis conducted to see if tharmeany significant difference between more
than two groups ofariables. For example, i used here to test if theig any
significant difference in the duration of ICI producedifferent cluste types(e.g.

/bt/, Ikd/, Itb/ etc.)The cluster typés the independent factor whilst the duration of
different ICls was the dependent factor. The difference between this test and the
previous one lies in the number of cases under the dependent vandlile the
independent sampletestis used to compare the mean durationl©f in two

clusters only, the on@ay ANOVA is used to compare the duration of I€Imore

than two clusters. Theneway ANOVA is used to test if there were any significant
differences between VOT values of the differeoiceless i ngl et on st ops
/K.

3.8.3 Therepeatedmeasures ANOVAtest

In general, this test is used to investigate any significant differences within one
sample on different occasionswliasused here to test the variability within speakers
when producinghe thee repetitions. In the repeateteasures ANOVA, datare
usually collected on different occasions to test the difference between thenetKerr
al. 2002:120). In this experiment, however, the data to be compamextollected
on one occasion. Anotheeason for using this test was to determine whether the

male or the female group was more variable.

3.9 Conclusion

This chapter discussed the methodology adopted in this thgmieséntedhe
theoretical framework, material, participants, instrumentaéind measurements. It
also discussed the advantages and disadvantages of different instrumental techniques
that can be used when investigating speech production. Three main instruments were
used in this thesis: Electropalatography, spectrography and gégsaphy.
Electropalatography was judged most suitable for investigating the coordination of

articulatory gestures of clusters of two lingual stops because it is able to capture
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intergestural coordination. However, it cannot be used when one of therstiyes i
cluster is bilabial. Thus, a second tool, spectrography, was used to investigate the
acousticproperties of target stop(s). This less invasive tool is considered useful for
largescale studies with large numbers of participants. Finally, laryngogiaptsed

to investigate the timing of voicing. All three instruments together were able to
cover the areas to be investigated in this study. The Statistical Package for the Social
Sciences (SPSS) was used to investigate any significant differences datthe
produed. Three tests were used: The independent satriplkg the oneway
ANOVA and the repeatetheasures ANOVAThe following three chapters will
present and discuss the results of the EPG, acoustic and Lx analysis. The EPG
results are presentedrdt because it is the only instrument that can provide
information about the duration of overlap between two lingual stops.
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Chapter Four: EPG Results

4.1 Introduction

The Electropalatography (EPG) results discussed in this chapter were drawn
from the aalysis of the speech of on& A participant. They provide the patterns of
intergestural coordination and duration of clusters of two lingual stops and clusters
containing /b/ in SI and SF position. This chapter also discusses how the place of
articulation of C1 and C2, their syllable position, segge of articulation,
morphological structure and change in speaking rate influence the pattern of
intergestural coordination, i.e. the amount of overlap or delay between the two
consonantal closures in each ¢lss The results for two lingual stop clusters are
divided into two groups: (1) coronal (plain and emphatic) + dorsal and (2) dorsal +
coronal (plain and emphatic). The clusters containing /b/ are divided into four
groups: (1)ilabial + coronal (plain andmphatic), (2pilabial + dorsal, (3) coronal
(plain and emphatic) -bilabial, and finally (4) dorsal -bilabial. Results of the
acoustic analysis and the timing of voicing will be presented separately and

discussed in Chapter Five and Chapter Six.

In this chapter, the following hypothes@s6 and 9)are tested

1 Sl two-stop consonant clusters will exhibit more intergestural cohesion than
SF
The place of articulation of C1 and C2 will affect the duration of their HP.
Consonant clusters with two lingualops will exhibit more overlap than
lingualbilabial, or bilabiallingual clusters

1 P-to-A sequence of articulations will have more gestural overlapAhtmP
articulation.

1 The duration of ICI in two lingual stops and Pto-A sequence of
articulation wil be shorter.

1 SI and SF clusters where C1 and C2 are tautomorphemic will have less

gestural overlap than when C1 and C2 are heteromorphemic.
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1 Finally, an increase in the articulation rate will result in a decrease in the HP
durationand an increase in gestl overlap fewer C1 releasgand shorter
ICIs) in SI and SF two stop clusters, and a decrease in speaking rate is

expected to have the opposite effect.

4.2 Results oftwo lingual stop clustersin Sl position

This section presents the results relating to twerdination of the
articulatory gestures of two lingual stops in Sl position. In these clusters, the
constrictions of the two stops are maatdwo different places of articulation: the
alveolar and the velar regions. For example, in clusters consistimgronal +
dorsal, a tonguéip (TT) gesture is followed by a tongibedy (TB) gesture, as in
/db6/, /dk/, Jtk/, [/ t0O/ and /tITO/. In do
a TT gesture, as in [0t/ , [0d/, [ kt/l, [T

4.2.1 Coronal (plain and emphatic) + dorsal

Results of the duration of S| coronal + dorsal clusters are presented in Table

4.1. In /tka:bir/ and /tOa:till/l, C1 is
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur. of
sec. C1lHP Overlap ICI C2 HP cluster
1.| /dkar/ 3.5 117 - 20 86 223
2./ dba|l 3.9 120 - 20 97 237
3. /t1{ 45 93 - 30 76 199
4|/t ba 35 78 -- 20 95 193
5. | /tka:bir/ 4.3 84 20 - 100 204
Average 3.9 98 20 23 91 211

Table4.1 Average number of syllables per second, duration of HP of C1 and C2,
duration of overlap (in minus) or delay (ICI) in syllaliétial coronal + dorsal stop
clusters produced at normal speaking rate. Duration is given in ms.

The average number of syllables pecond is 3.9. The average duration of C1
and C2 is 98ms and 91ms respectively. The average duration of coronal + dorsal

clusters is 211ms. The duration of C1 HP is longer than the duration ofPC2 H
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except for the clusters [/tk/ and /[/tO0/.
prefix.
Apart from /tk/ where the two closures overlap for approximately 20ms, the
pattern of intergestural coordination in coronal + dorsal clusters is charadteyis
20-30ms delay between the release of the TT constriction and the formation of the
following constriction by the TB gesture. For example, in the clusters /dk/ (in /dkar/)
and /d0/ (in /dba:jio0O/), ther efoimatora shor
of the closure for C2. However, the two consonantal gestures have a high percentage
of contact, particularly in /dk/ where tlyesturefor /k/ was initiated during the HP
of /d/. A further observation on these clusters relates to the voicimg o€lease of
Cl. While in /dO0O/ the 1CI is voiced, in
The cluster /tTO0/ (in /tlToar/) consi s
Figure 4.1 below shows the pattern of intergestural coordination and percentage of

contact inthis cluster.

460 461 462 463 464 465 466 467

Sl i

.................................. | 4

1=a - —_——————— - > |< T . »
100
B0
[Sle)
g0
20
[s]

1 =2 5 7 i=1 i 1= 1rs 17 19 21 23 25
—=— coronal —— dorsal

Figure4d1EPG framesand@& ousti c di splay for the «cl uc
a delay between the release of the TT constriction (vertical red line) and the
formation of the following constriction by the TB gesture (vertical blue line). The

ICI lasts for approximately 30s (frames 45459 inclusive).
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Figure 4.1 aboveshows the same pattern of coordination in which the two
closures do not overlap. Moreover, e gestures show different percentages of
contact. While the TT closure has the maximum percentage of contact during the
HP, the TB gesture shows a lower percentage of contact as a result of the reduction

in the size of the contact area.

4.2.2 Dorsal + corond (plain and emphatic)

Results of the duration of SI dorsal + coronal clusters are presented in Table
4.2. The average number of syllables per second is 4.4. In comparison with coronal
+ dorsal clusters, there are more syllables per second. The averagendof C1 is
107ms, and the average duration of C2 is 88ms. As in coronal + dorsal clusters, the
duration of C1 HP tends to be longer. The mean duratidheotlusters is 192ms,

some 1%ns shorter than that for coronal + dorsal clusters.

Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur. of

sec. C1lHP Overlap ICI C2 HP cluster
1.| /ktab/ 4.5 95 20 - 98 173
2.| /kdab/ 4.8 103 - 10 65 178
3.] /10t 4.7 110 20 - 97 187
4.1/ Ot 3.9 124 - 20 97 241
5| / 0dgq 4.3 104 10 - 85 179
Average 4 107 17 15 88 192

Table4.2 Average number of syllables per second, duration of C1 and C2 HP, and
the duration of overlap (in minus) or delay (ICI) in syllablgial dorsal + coronal
stop clusters produced at nwal speaking rate. Duration is given in ms.

The average duration of overlap in dorsal + coronal clusters7nss.
However, not all of the clusters exhibited an overlap between the two closures.
While the twoconsonantat | osur es i n /hkwed an overlaplasting a n d
1020ms, [/ kd/ /0t 1/ | @@ms detay ght | )
between the release of the TB closure and formation of the closure by the TT

and wer e

gesture.
Results of the temporal and spatial analysis of these clusteese the two

closures overlap, show that the two gestures are tightly coordinated and produced
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with a considerable amount of overlap. Figure 4.2 below shows the gestural
coordination of /0t / (gesturewas initated infamel n t h
371 and érmed a complete seal by framé23 two frames before the release made

by the TB in frame 374. There is a high percentage of contact in the velar region
throughout the HP of the coronal stop. This evidence suggests that the two
consonantal gaures are very cohesivia clusters where the two closures do not
overlap, theres a 1020ms ICI. Although theselusters areP-to-A sequence of
articulation, wheréess overlapnay beassumedo enhance perceptipthey showed

overlap The influence barticulation sequence as a factor in gestural organisation

will be presented in section 4.7.

333333

onset and offset &1 HP onset and offsef2 HP
- ~ Aty
Overlap
...................................... /\Nv\/\/ —————— <
0 t VOT a
.......................................... /\NV\N —— = ——

—=— dorsal —=— coronal

Figure42EPG frameand@ oust i ¢ di spl ay of thgeancl ust
overlap (black zigzag line) between the two closures offtBdvertical blue line)

and theTT (vertical red line) lasting for approximately 20ms (frames-372
inclusive).

TheTB and the TT gestures of /k/ and iti (ktabt) are also very cohess.
Here, the duration of overlap between the two closures is 20ms. In addition, the two
gestures show the maximum percentage of contact in both the velar and alveolar

regions. The | ast cluster s h) Wesegvo ge st L
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gestues are |l ess cohesive than [/ 0t/ and [k
before the release of [ 0/ i . e. the two
Although this pattern of coordination led to the obliteration of C1 release, there is
notmuchamount of overl|l ap between the two cl
the pattern of coordination is less cohesive than all Sl clusters. The two gestures in
[ 0dT / and [/ kd/ all ow the presence of a
closures. Thedst Sl dorsal + coronal cluster to be considered in this section is /kd/.
Although the TB and the TT closures do not overlap, there is a high percentage of
contact in the wvelar region, even after

gestures arproduced with tight coordination.

4.3 Results of dusters containing /b/ in SI

This section presents the timing results of clusters containing /b/ + a lingual
stop (coronal or dorsal). The results are divided into four groups as follows: /b/ +
coronal (fod/ bt/ [/ bdl/ and /btl/), [/ b/ + dorsa
and /dlb/) ad/ H/i makhodustic yeleaseEoh/b/ relatitethe
closure of thdollowing lingual stop or the lingual release relative to the onset of
the bilabial closures taken as an evidence as to what pattern is employed.

In all clusters consisting of /b/ + a lingual stop or lingual + /b/, and showing
an overlap between the two consonantal closures, there is no direct observation of
the duration obverlap between the two closures, nor is there any way to calculate
the HP duration of /b/. In the tables showing the duration of clusters containing /b/
below, an asterisk (*) indicates that there is an overlap between the two closures of
C1 and C2, buthis cannot be measured. A plus sign (+) is used when the duration

of /b/ cannot be measured acoustically.

4.3.1 /bl + coronal (plain and emphatic)

There are 7 clusters consisting débial (LB) gesture followed by a TT
gesture. Theasults of the& durationar e s hown in Table 4.3 be
/| bda: fan/, [/ btlawa/ and /bdlarba/, [/ b/l i
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Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur. of

sec. C1HP Overlap ICI C2 HP cluster
1.| /bde:/ 3.5 100 -- 30 60 190
2./ / bt 3.6 104 - 20 100 224
3./ / bdl 4.3 120+ * - 100 220
4.1/ bt a 4.1 80+ * - 80 160
51/ bda 4.3 110+ * - 80 190
6./ / bt 4.5 110+ * - 90 200
7.1/ bdl 4.3 120+ * - 70 190
Average 4.0 106+ * 25 83 196

Table 4.3 Average number of syllables per second, duration of C1 and C2 HP, and
the overlap (*) or delay (ICI) in syllablmitial /b/ + coronal stop clusters produced

at normal speaking rate. Where /b/ is a prefix, the LB and the TT closures are always
overlapped.When the (+) sign is used, it means it is not possible to measure the
exact duration of the HP due to the absence of the labial release.

The average numbef syllables per second is 4.0he average duration of

C1 and C2 HP is 106+ and 83mdliat orderAs seen in previous cluster types, the

duration of C1 HP is longeiThere are two patterns of intergestural coordination
when C1 is /b/. In /bdfin /bde:/a n d (/ibnt | W Thé @attesn)of coordination of

/

bt1/

(in

/ bt dresdd/ )

shown i

Fi

g

=== bilabial

=== coronal

Figure4.3 EPG framesandacoustic display f

100

t he

cluster
a delay between the release of the labial cloéeegical greerine) and forméon

of the closure by the TT gesture (vertical red line). The delay lasts for approximately
20ms.
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In the previous figure,hie LB closure and the following TT closure do not
overlap. As a result, there is a delay between the two closures. The durda@omsof
30ms and 20ms respectively.

In /bdl/ (in /bdlana/, however, ther
The absence of C1 release indicates that the two gestures are blended together into
one long HP andould bereleased together. In Figure 4.4 belomhich displays
EPG frames andn acoustic display of /dd( i n a /i)kilteILB closure is not
released immaiately after the formation dhe dorsal closure. As a result, the two
closures are overlapped. The gredsshed line is speculative because it is not

possible to determine agtly when the LB closure was released.

HA

=== bilabial === coronal

Figure 44 EPG frames andc oust i c di splay of :tale, cl
showing an overlap in zigzag pattern) between e closure (vertical red
line/frame 115) and the labial releas@aghed greeline).

The coordination of the two gestures
prefix, follows the same pattern of ove
was forned before the release of C1. As a result, the two gestures are coordinated in

such a manner th#ttere is no ICI
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4.3.2 /bl + dorsal

The results of the duration of Sl /b/ + dorsal clusters are shown in Tdble 4.

below.In/ bk al ma/ afb/ds a/ptefixal bna/

Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur. of

sec. C1lHP Overlap ICI C2 HP cluster
1.| /bke:/ 3.4 100 - 20 110 230
2. /' b0a 3.6 120 - 20 920 230
3. | /bkalma/ 4.4 100+ * - 920 170
4./ boal 4.1 90 - 20 80 170
Average 3.9 103 * 20 93 200

Table4.4 Average number of syllables per second, duration of C1 and C2 HP, and
the overlap (*) or delay (ICl) in syllablmitial /b/ + dorsal stop clusters produced at

normal speaking rate.

The average umber of syllables per second is 3.9. The average duration of
C1l is 103+, and the average duration of C2 is 93. The average duration of these

clusters is 200msThe general pattern is characterised by the release of C1 as in

Figure 4.5 below.

¥

£ -
b k
— — — P | P [
et e == ]
F

e bilabial == dorsal

Figure4.5 EPG framesand acoustic displagf the cluster /bk/ (in /bke:/). The figure

shows a delay between th#® release (vertical greelme) and brmation of the
closure by theTB gesture (vertical blue line/frame 324). Thelagelasts for

approximately 20ms.
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The figure shows the coordination pattern of /bk/ in /bkdthough the TB
gesture was initiated before the release of ltBeclosure,the TB closure was
achieved after the release of /bhe average duration of thell@ /b/ + dorsal
clusters is 15msThis duration was measured from spectrograms, because EPG does
not record the closure of the LB gestufdis is not the case in /bk/ in /bkalma/
where the TB gesture reached its target before the LB release

Thelastadi st er consi ng of
/ bbal bna/). Although the TB
release of /b/, the closure was achieved after the LB release. The average duration of
the ICl is 20ms.

[ bl + a

gesture in

St dor s

4.3.3 Coronal (plain or emphatic) + /b/

Table 4.5 below shows the results of the duration of S| coronal + /b/ clusters.

Il n /tba: wir, [t/ is a prefix.
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur. of
sec. ClHP Overlap ICI C2 HP cluster
1./ / tba 4.1 70 - 20 80 180
2.| / dba 3.3 130 * - 130+ 260
3.] /t1h 3.7 90 - 20 100 220
4.1/ dl b 4.0 140 * - 120+ 260
Average 3.8 107 * 20 108 230

Table4.5 Average number of syllables per second, duration of igllG2 HP, and
the overlap (*) or the delay (ICl) in syllabieitial coronal + /b/ stop clusters
produced at normal speaking rate.

The average number of syllables is 3.8 syllables per second. The average
duration of clusters consisting of coronal + i$/230ms.This duration makes this

clustertype the longestThe average duration of C1 and C2 is 107 and 108+ms

respectively. Whilet/ b/ and /tl b/ are characterized
the TT c¢closure and formation of the LB
between these two closures. The average duration of ICI in clusters with no overlap

is 20ms. Figure 4.6 showsorw t he two gestures of [/ db/
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together into one long HP and one release, evidence of overlap between the two

cloaures. The dashed vertical grdare is speculative.

=== bilabial

Figure 4.6 EPG framesacoustic display f t he c¢cl ust er figueb/
shows an overlap (bladkigzag line) between the TT closure (vertical red line/frame
332) and thdabial closure (dashed grekne).

e cOTONAl

I t1 b/

coordinated becausthe formation of the TT closure was delayed until the LB

I n a n ther handy the two gestureb are less tightly

closure was released.his leads to a 20ms IC| between the two consonantal

closures.

4.3.4 Dorsal + /b/

The results of the duration of &brsal + /b/ clusirs are shown in Table6.

Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur. of

Sec. C1HP Overlap ICI C2 HP cluster
1.| /kbas 3.4 110 * -- 90+ 230
2. /0bg 35 90 * -- 80+ 200
Average 3.4 100 * -- 85+ 215

Table 4.6 Average number of syllables per second, duration of C1 and C2 hold

phase, and the overlap (*) or delay (ICl) in syllainigial dorsal + /b/ stop clusters

produced at normal speaking rate.
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The average number of syllabless 3. 4 syl | abl es per se
the average duration of the cluster is 215ms. The average duration of C1 and C2 is
100 and 85+ ms. respectivel y. The gestur.
is characterised by the formation of thB closure while the dorsal constriction is
still maintained. As a result, C1 release is absent and the two closures are

overlapped. Figure 4.7 shows the coordination pattern of /kb/ (in /kbas/).

FRTTRRI T AT T
onset and offsatf C]HP onset and offset of C2 HP
PR
Overla&p
:fw\ P > -
| : g
5 : . S5
I &z
W ' - a
e AMAVN = = = st s >
N _‘—77_—| \
== I S —
—
|
== dorsal == bilabial

Figure4.7 Acoustic display and EPG frames of the cluster /kb/ (in /kbas/). The labial
closure (dashed gredine) was formed before the release of the TB closure (vertical
blue line/frame 218). As a result, C2 closure masked the acoektase of C1.

4.4 Summary

In all SI clusters, the duration of HP of @dnds to be longer than that of C2.
The pattern of gestural coordination varied from a total overlap between the two
closuresto a delay ofL0-30ms. The duration of the clusters ranf@euin 192ms to
230ms. These durational differences do not indicatenteggestural coordination.
Dorsal + /b/ showed more gestural cohesion than /llottsal Clusters containing
two lingual stops,corond + dorsal and dorsal + coronal, showed less opetitan

clusters containing /b/.
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4.5 Results of two lingual stop clustersn SF position

The clusters discussed in this section consist of two lingual stops in SF

position. These include coronal + dorsal clusters, where a TT gesture is followed by

aTBgesturas in /tk/ (in /hatk/) and /[t0/ (i
gesture is followed by a TT gesture as in /kt/ (in /nal&/)d / (in [/ nakd/)
/ waldt /), /[ 0d/ (in [/ nhaodd/), [ 0t 1/ (in [/

/dl kakt / ).m Aparott /f r vslalways aG@fix.i s /[t / it

45.1 Coronal + dorsal

Table 4.7 below shows the results of the duration of SF coronal + dorsal

clusters.
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur. of
sec. ClHP Overlap ICI C2 HP cluster
1.| /hatk/ 4.3 80 - 40 70 190
2.1 [ f at 4.2 70 - 55 94 218
Average 4.3 75 = 48 82 204

Table4.7 Average number of syllables per second, duration of C1 and C2 HP, and
the duration of the delay (IClin sylable-final coronal + dorsal stop clusters
produced at normal speaking rate.

There are two examples of a coronal followed by a dorsal in SF position.
It k/ / hat k/) /It O/

second is 8. More syllables per secondlere produced in SF coronal + dorsal in

These are (in and (ir
comparison with SIThe average duration of C1 and C2 is 75 and 82 respectively.

The average duration of these clusters is 204ms. There are two interesting
observations in SF coronal +rdal clusters compared to their SI counterparts. The

first is that the duration of C1 and C2 decreased in comparison with SI C1 and C2.

The second observation is that the two SF consonantal closures do not overlap.
There is a long delay between the releaséhe TT gesture and formation of the

closure by the TB gesture. The average duration of ICI in this conteBis. 4
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45.2 Dorsal + coronal

Results of the duration of SF dorsal + coronal clusters are presented in Table

4.8 below. In /sdidaot/ and /dl kakt/, [/t

Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur. of

sec. Cl1HP Overlap ICI C2 HP cluster
1.| /nakt/ 4.9 90 -- 40 80 200
2.| Inakd/ 5.0 90 -- 40 85 201
3. / wao 44 65 -- 50 60 175
4| /I nal 45 80 - 40 70 180
5| / mao 3.9 60 -- 55 77 192
6.| /sld a O 4.2 50 -- 50 78 178
7.0/ dTl k 4.5 70 -- 50 91 211
Average 4.5 72 = 46 77 191

Table 4.8 Average number of syllables per second, duration of C1 and C2 HP, and
the duration of delay (ICl) in SF dorsal + coronal stop clusters produced at normal
speaking rate.

The average numberf syllables per second is 4.5 which isgar to Sl (4.4
syllables per second)he duration of these clusters ranges betweer2175ns with
an average of 191ms. The average duration of C1 and C2 iand 7ms
respectively. It is obvious that C1 and C2 are shorter when they are in SF. The
avemlge duration of the ICl is6fns. In SF dorsal + coronal stop clusters, there is no
overlap between the two closures.

In general there is eelatively long delay between the release of the TB

gesture and formation of the closure by the TT gesture. This teatie presence of
a vocalic element separating the two closures. The duration of this ICI varies from
40ms in /kt/, [/ kd/ and /0d/, to 50ms in
TB gesture is reduced in magnitude, i.e. the size of the contact area between the TB
and the velar is smaller. It seems that there is less of an attempt by thestwege
/ 0/ and /t/ to overlap in SF than in SI
/t/ (in /walOt/) is shown in Figure 4.8 &
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Figure4.8 Acoustic display and EP6r ames of the cluster [/ 0t
long delay between the release of TB closure (vertical blue line/frame 257) and
formation of the TT closure (vertical red line/frame 262). The duration of the ICI

lasts for approximately 50ms (frames 2Z3linclusive).

In /dlikakt/, the TB gesture is reduce
the two gestures are pulled apart, leading to the creation of a vocalic element. This

ICl is voiceless due to the voicing of the adjacent consonants.

4.6 Results ofclusters containing /b/ in SF

In this section, results of the timing of clusters consisting /b/ + a lingual stop
in SF position are discussed. As in section 4.3, the results are divided into four
groups as follows: (1) /b/ + coronal, (2) /b/ + dorsal,0@)pnal + /b/ and finally (4)
dorsal + /b/.
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4.6.1 /b/+ coronal

Examples of /b/ + coronal clusters are /bt//(ikt abt /), [/ btl1/ (in
/ habd/ ) and Table4.9below shows the tesultsy of the duration of SF

/bl + coronal clusters.

Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur. of

sec. C1lHP Overlap ICI C2 HP cluster
1.| /ktabt/ 4.4 65 - 40 63 168
2. /' rahb 3.9 104 - 35 87 226
3. ' nab 3.7 80 - 37 91 206
4.| I babl 37 83 - 46 79 208
Average 3.9 83 = 40 80 202

The average number of syllables per second is 3.9. The average duration of C1
and C2 is 83 and 80ms in tharder. The average duration of ICI is 40ms. The
average duration of these clusters is 203trseems that the average duration of the
clusters, including the ICI, remains relatively the same regardless of syllable
positon.l n SF [/ bd/ ( iimFigure) 4% thé jwo gebtwes raas

overlapped as in Sl clusters.

17
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onset and offseaif C1 HP ) onset and offset closuoé C2 HP
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Figure49Acoustic display and EPG printout o
a long delay betweeile release dhbial closure (vertical gedime) and formation

of the closure by the TB gesture (vertical red line/frame 317). The ICI lasts between
frames 314316 inclusive.
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The less tight coordination pattern in the previous figure bfd / igives/ nabd.
rise to a long ICI between the two closures. The duration of the ICIns.3lt is
also obvious that the TT gesture is large in magnitude.

Although another SF /b/ + coronal cluster, /bt/, is the shortest in comparison
with the rest of the clustergis pattern of gestural coordination is consistent with
I bt 1/,

clusters, the duration of the ICI is-8&ms. Another interesting observation relates

longer¢ usters such as where the two
to clusters where C2 is emphatic. Here, there is more contact between the back of

the torgue and the palate.

4.6.2 /bl + dorsal

There are two clusters consisting of /b/ + dorsal stops: /bkband heir

durational results are presented in Table 4.10 below.

Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur. of

sec. C1HP Overlap ICI C2 HP cluger

1.| /habk/ 3.7 83 - 45 74 202
2.1 /1t 1 4 3.8 80 - 40 67 187
Average 3.8 82 = 43 71 195

Table 4.9 Average number of syllables per second, duration of C1 and C2 HP, and
the duration of delay (ICl) isyllablefinal /b/ + dorsal clusters, produced in normal
speaking rate.

The average number of syllables per second is 3.8. The average duration of C1
and C2 is 82 and 75ms. The average duration of the ICI is 43ms. The average
duration of the two clusteis 195ms. In SF position, the coordination is typical to
other clusters in SF positions, i.e. the two gestures are pulled apart giving rise to a
long ICI between the two gestures. Figure 4.10 shows the pattern of coordination of
/bk/ in SF position.
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== Dilabial e dorsal

Figure 410 EPG framesand @ oust i ¢ di spl ay of the <clu
figure shows a long delay between tlabial release (vertical greelme) and

formation of the closie by TB gesture (vertical blue line/frame 313). The ICI lasts

for approximately 45ms (frames 3342 inclusive).

4.6.3 Coronal + /b/

/tlb/ is the only cluster Rduedtl a co
illustrates the pattern of coordination of ®is cluster.

w== coronal = bilabial

Figure 4.11 EPG framesacousticandd i spl ay and of t he cl us
There is a long delay between the release of the TT closure (vertical rechimee/f

419) and formation of thiabial closure (vertical gredime). The duration of the ICI

lasts for approximately 50ms.
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The average number of syllables is 3.9 per second. The duration of C1 and
C2 in this cluster is 70 and 77ms respectively. The duratiadhe ICl is 50ms. The
overall duration of the cluster is 197ms. One noticeable observation is the high
percentage of contact during the HP of the coronal stop. Despite the high degree of
magnitude, the two closurese separatedn fact, it is obvioughat the two gestures

are less tightly coordinated in comparison to the same gestures in Sl position.

4.6.4 Dorsal + /b/

The cluster /O0Ob/ (in /naOb/) is the onl"
syllables per second is 4.1. The duration of the HHRCb and C2 is 87 and 79ms
respectively. The duration of the 1|ClI is 40
206ms. The pattern of coordination of the two gestures is typical to that of SF clusters. i.e.
there is no overlap between the twostiees which are separated by a longer ICI in
comparison with the same cluster in SI. The pattern of coordination of this cluster is shown
in Figure 4.12 below.

== dorsal === bilabial

Figure 4.12 EPG famesacousticand displayo f the cluster [/ Ob/
figure shows a typical long delay between the TB release gesture (vertical blue
line/frame 309) and formation of thkabial closure (vertical greefine). The
duration of the ICI lasts for apgximately 40ms.
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4.7 The duration of ICI in words in isolation

The duration of ICI in clusters recorded in words in isolation is presented in
Table 4.11.

ICI duration in| ICI duration in | ICI duration in| ICI duration in

Cluster type Sl clusters (in| Sl clusters (in a| SF clusters (in| SF clusters (in g

isolation) carrier sergnce) isolation carrier sentence|
Coronal + dorsal 20 23 50 47
Dorsal + coronal 10 15 40 64
/b/ + coronal 17 25 43 40
/b/ + dorsal 27 20 56 43
Coronal + /b/ 22 20 47 43
Dorsal + /b/ 24 0 42 50
Average 20 17 46 48

Table4.10Mean ICI duration in SI and SF words recorded in isolation. For ease of
comparison, the duration of ICI in clusters in words recorded in a carrier sentence is
provided

When compared to the duration of ICI in clusters in words recorded in a
carrier sentence, there are no significant differences between the two contexts. The
only clusters type where the ICI duration was shorter in words recorded in isolation
is SF dorsh+ coronal clusters. Despite these differences, the pattern of gestural
coordination remains the same in both sagkere the coordination of Sl clusters
favours short delays, Figure 4.13, and the coordination of SF clusters is

characterised by a long dglbetween the two closures as in Figure 4.14 below.
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Figure4.13 Acoustic display and EPG frames of the tlwsr  / Otlt), /shoinga  /
shortdelay between the release oB Tlosure (vertical blue line/frame 3)1%nd
formation of the TT clagre (vertical red line/frame 320The duration of the ICI
lasts for approximatelyOms.
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Figure4.14 Acoustt display and EPG frames of the ¢clus r  / 0 t/), shqwingy / wa (
a long delay between the release of TB dias (vertical blue line/frame 2yand

formation of the TT closre (vertical red line/frame 2Y6The duration of the ICI

lasts for approximatelg5ms (frames 27275 inclusive).

4.8 The influence of syllable position

The principal observation regarding the influence of syllable position on the
pattern of intergestural coordination is that in Sl, the coordination pattern always
favours either a total @vlap or a short delay lasting3®ms between the two
consonantal closures. In SF, on the other hand, the pattern of coordination is
characterised by the lack of overlap between the two consonantal closures. The
typical pattern is a 365ms delay betweehése two closures.

Results show that the duration of overlap or delay between the release of C1
closure and the formation of the closure for C2 in SI and SF varied, depending on
the place of articulation. Foranedx a/mph /e,
exhibited an overlap in S| position lasting-20ms. In SF, the same cluster
exhibited a 3660ms delay between the two closures. Figur® dtibws the pattern
coordination of Sl /kt/ and Figure £Xhows the pattern coordination of the same

cluser in SF position.
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Figure 4.15 Contact profile of syllablénitial /kt/ (in /ktab/), showing an overlap

between the TB and the TT closures.
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Figure4.16 Contact profile of syllabldinal /kt/ (in /nakt/), showing a delay between
the release of the TB closure and the formation of the closure by the TT gesture.

In clusters containing /b/, there was aredap between the two consonantal

closures as well. However, it was not possible to mark the release of /b/. Thus in

these cases the duration of overlap was marked with (+). The shortest ICI in SF was
t hd/ (icl ust e

30ms in the cluster /kt/ (in /nakt/), and the long&sins
/ma /).

i n

Clusters in which there was no overlap regardless of syllable position are /kd/,

eI/, [ bd/, I bt 1/, /I b0/,

function of syllable position. In Sl position, the duration of ICl was3@fhs. On the

other hand, in SF position the duration of ICl wasb3@ns.
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4.9 The influence of sequence giflace ofarticulation

Examples containing\-to-P sequience of articulation arkilabial + coronal
(bd/,/ Wt lTand /bdl /), coronal + dorsal (/ dk!/
SF), andbilabial + dorsal (/bk/ anél W) DExamples containing Bto-A sequence of
articulation are coronal bilabid (db/,/ t/1,b / d1 b/ ), dorsal + co
[ Ot 1/ and i n SF bilabial {/kb/// WtbWUnderlined olubtersl aver s a |
found in both SI and SF position. Othelusters that have\-to-P vs. P-to-A
sequences, butwithClasaprefixkc r e [/t k/ vs. [ kt/, [t0]/

There werdhreedifferent patterns of intergestural coordination as a function
of articulaton sequence. These were: lesgrlap inP-to-A articulation sequence,
no influence of articulation sequenard finally more overlap iA-to-P. In the first
pattern, the intergestural coordination seems to be influenced by the sequence of
articulation. In general, clusters withPao-A sequence of articulation showed more
overlap or tighter gestural coordirati than clusters withA-to-P sequence of
articulation. For example, Wile Pto-A ¢l usters [/ 0d/ , / db/ /
characterised by an overlap between the two closures, Ak&P counterparts
showed no overlap. There was a total difference of sor208% in the amount of
overlap between the two sequences of articulation. Eem there was no overlap
bet ween the two cl os uPtesssequence ofiarticulationl 0/
exhibited tighter coordination between the two consonantal gestures. This was
evident in the duration ofvdg.he2dmd iim /btc

In the second pattern, the articulation sequence did not show any influence
on the intergestural coordination. For
/ dli babal/), Cl was not rel eased apped. bot h
Moreover, the TT gesture has a high magnitude

In the third patterni-to-P articulation seemed to exhibit tighter coordination
between the two consonantal gestures. For example, i\ ieeP sequence of
articulation [/ bt lwahs marked by more toaesive)cqordihatioa p a 't
between the two gestures in comparison withRte-As equence /[t 1 b/ (
The duration of the I CI was 20 in /btl]/

Despite the observation that the pattern is usually characterised @y mor
overlap inP-to-A sequences, some-to-P sequences did show more overlap. When
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C1 was released in /dk/ and /kd/, although there was the same number of open
frames between the release of C1 and formation of the closure of C2, the acoustic
duration of ICIshowed thatA-to-P /dk/ was produced with tighter coordination
compared tdP-to-A /kd/. Figure 4.7 and 4.B show the coordination of /dk/ and

/kd/ in Sl position.

" 00
3 S| SR
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onset and offseatf C1HP

AT el ——

onset and offself CZ HP
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3 5 v 9 11 13 15 17 19 271 23 25 27 29 321
—=—dorsal —= coronal

Figure4.17 EPG framesand acoustic displafpr the cluster /kd/ (in /kdab/). There is

a delay between the TB releasing gesture (vertical blue line/frame 100) and
formation of the closure by the TT gesture (vertical red line/frd®2). The
duration of the ICI is approximately 20ms. Both gestures have high percentage of
contact.
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Figure4.18 EPG frames andcoustic display for the cluster /dk/ (in /dkarThere is

an open transition between the TT releasing gesture (vertical red line/frame 151) and
the formationof the closure by the TB (vertical blue line/frame 15Bhe duration

of the ICI is approximately 20ms.

In SF position, the sequence of artation influence on coordination was not
consistent in all the clusters. There were three different patterns. The first pattern
showedP-to-A sequence as having tighter coordination compared-to-P. For
exampl e, /I kt/ (in [/ nakt/) and [/ 0t/ (i
when compared to /tk/ (in [/ hatk/) -and /t
50ms in theP-to-A context compared to 485ms in theA-to-P one. In the second
pattern, the sequence of articulation seemed to have no influence on the
coordination. Both /b0/ and /0b/ showed
The duration of the ICl was 40ms in both. In the last patgfg-P/bt 1 / s howe
tighter coordh at i on bet ween the two consonant al
While the duration of the ICI in the former is 35ms, in the latter it was 50ms.
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4.10 The influence of morphologcal structure

This sectioninvestigatesthe coordination pattern of SF tvatop clusters
containing a suffix.The aim is to determine whether or nbe morphological
structurehas an influence on coordination by comparing these clusters to the same
cluster whersl C1 or SF C2s part of the root. The clusters to be discussedbale /

(in /bde:)6 h e s vsalbdl gndbd a : féawji/t)h a matdilved( i n /
6goowdks 0 / bl & roba /s8)h f,a k/iebdt 1 / 6hien b loajiaidiol /
(in /bt T a :6vbay/ )a /bkp @nbke:/)6 h e cwus.i/bk/did bkalma/)6 wi t h a
wor,dd b0/ {ddadwsg.b0/abbla/) bénman't)h qamd heiamaldl y
(i n /owaiome/d / 0Otthoyon $bhdadnallbfthese paies, t r u't
the secondvord containsa preposition/b/ asprefix as In the last pair, the second

word contains auffix /t/.

Analysis of the results showed thidte morphologicalstructureseemed to
have an influence on the intergestural (
example, in /bde:/ where /b/ is not a prefix, there is a 30ms delay betweetetdser
of the LB closure and the formation of the closure by the TT gesture. On the other
hard, in /bda:fay, where /b/ is a prefix, the release of /b/ was masked by the
formation of the closure for coronal closure /d/. As a result, the two closures
ovel apped. I n another cluster, [ bt 1/, t h
depending on the identity of [ ROms)jinWhil e
/ btl awa/ the two closures are overl appec
sane pattern of morphology can be observed. In /bke:/ the duration of ICI was 20ms
but in /bkalma/, there was no /b/ release. The percentage of contact in the dorsal
region was high throughoube cluster, an indication that the two gestures are
overlappedFigure 4.5 page 1@) shows the coordination pattern of /bk/ (in /bke:/)
and Figure 4.9 belowshowsthat for /bk/(in /bkalma/).
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Figure 4.19 EPG framesand acoustic displapf the cluster /bk/ (in /bkalma/),
showing a total overlap between formation of the closure by the TB gesture (vertical
blue line/frame 117) and the labial release (dashed vegtieahline).

Morphology did not seem to have an influence on the pattergesfural
coordination in SI / bdl/ and / b0/, and
/ bdl arba/ and /bdla3a/), the TT gesture
As a result, the release is not acoustically visible, as the two ctosuetlapped.

Ancther example in which the morphological structdid not seem to have an
influence is [/b0O/ (in /[/bOar/ and /[/bbbal
between the two closures. The duration of ICl was 20ms.

Il n SF [/ O0t/ (wandt/ 9 isdcat diffefeneca retveen the
coordination of SF [/ 0t [Figueh20bdioe showsthe wa s
coordinaton ® t he s ame g easdFigureets (page 10&oWschawd t /
the TB and the TT gaecbondnaesin both clustdrs the ( i
duration of the ICI, which separates the two consonantal clossré®ms. It is
worth mentioning that the two gestures

somereduction compared to ifercentage of coatct i n / waOt /[ .
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Figure4.20 EPG frame® f

t

he ¢l u

ster /[ O0t/

(in

approximately 50ms (frames 1860 inclusive) between the TB releaser{ieal
blue line/frame 166) and the formationtbé closure by the TT gesture (vertical red

line/frame 171).

When /t/is a prefix, thereis no cluster in which /t/ was part of the root.

However, there are two clusters that are worth discussing. Thesea/ t k/ and

It k/

and

/It O/

wher e

It

was

a

prefi x,

two gestures exhibit a high percentage of contact and an overlap fastéh@ms.

Figure 4.21shows the coordination of the two gestures in /tka:bi
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Figure4.21 EPG frames andcoustic disphy of the cluster /tk/ (in /tkaldiy, showing

the TT gesture (red squares) and the TB gesture (blue diamonds) showing a
considerableamount of overlap lasting for approximately 40ms (frames between
270273 inclusive)

ln /[ tO/, the two gestures were | ess
before the formation of the closure of C2. It seems that when the C1 and C2 agree in
voicing, they are more likely to be overlapped than when they do not agree in their

voicing.

4.11 The influence of speaking rate

This section presents the influence of speaking rate on the patterns of gestural
coordination. The same place of articulation classiioe which was adopted in the
previous sections is used here too. For ease of comparison, results of the influence of
fast and slow speaking rate on Sl and SF clusters are combined together.

In general, an increase in speaking rate results in a dedredise overall
duration of the cluster, an increase in the duration of overlap between the two
closures, a more cohesive coordination, and a reduction in the percentage of contact.

A decrease in the speaking rate, on the other hand, leads to an inctbasavierall
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duration of the cluster and a less cohesive pattern between the two gestures.
However, different clusters are not identical in their sensitivity to change in
speaking rate. Place of articulation and syllable position seem to play an important
role in determining the pattern of coordination in different speaking rates.

4.11.1 The influence of speaking rate on coronal + dorsal

4.11.1.1SI coronal + dorsal

The average number of syllables per second increased from 3.9 syllables in
normal speaking rate to 5.6 les per second at fast speaking rate. The average
duration of Sl coronal + dorsal clusters decreased from 211ms to 135 (a 35%
decrease ranging from 100ms in /d0/ (in
intergestural coordination pattern betwed® two closures ranges from rié
overlap in /dk/ and /dO0O/ to 10ms del ay i
delay between the TT releasing gesture and the formatitre @losure by the TB
gesture. In other words, the frame of releaseimasediately followed by the frame
of closure. In this case, the duration of ICI is less than 1@mesduration of one
frame).

At slow speaking rate, on the other hand, the average number of syiables
decreased from 3.9 to 2.1 per second. The avehageion of the clusters increased
from 211 to 329ms (a 33% increase, rangi
The average duration of ICI decreased from 14 to 8&®s1(s for /tk/, and 20ms for
/ dk/ and /t1T0/. This wabk Aaedausie/tldow
overlap at slow speaking rat€his resultfailed to supporthe hypothesis under
speech rate which states thadecrease in articulation rate will result in a longer ICI

duration.

4.11.1.2SF coronal + dorsal

In SF coronal + dorsal clusteproduced at fast speaking rate, the average
number of syllables increased from 4.3 to 6.2 syllables per second. The average

duration of these clusters decreased from 204 to 130ms (a 37% decrease, ranging
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from 114ms for /tk/ to 145ms forOft It is obviousthat C1 and C2 had shorter
duration in SF, and were subject to more reduction as a result of the increase in
speaking rate. This was particularly noticeable in the duration of ICI which
decreased from an average of 47ms at normal speaking rate t@lfasisspeaking
rate (10ms for /tk/ to 30ms for [tO/.
At slow speaking rate, the average number of syllables in sentences
containing SF coronal + dorsal stop cludtasdecreased froman average o4.3 to
2.5 per second. The average duration of the@lssncreased from 204 to 296ms (a
31% increase in overall cluster duration). The average duration of the ICI also
increased from an average of 47m3heto 58
speech ratdypothesiswhich states thaby the decrease iarticulation rate, the
duration of segments becomes longewvalidated here. This is the result of the

articulators having more time dedicated to the production.

4.11.2 The influence of speaking rate on dorsal + coronal

4.11.2.1Sl dorsal + coronal

In SI dorsal + coroal clusters produced at fast speaking rate, the average
number of syllables increased from 4.4 to 5.8 syllables per second. The average
duration of these clusters decreased from 192 to 137ms (a 28% decrease in overall
cluste duration, ranging between 128 for /kd/ and 15¢ns f or /0t 1/ ) . T
duration of overlap increased as a result of the increase in speaking rate from 4ms at
normal speaking rate tdoths (O f 0-20f obt U /Ot & nhklowrshogvsi r e 4
the pattern of gestural coordinatoho / Ot / (in /Otal/) produ
The same pattern noticed in normal speaking rate (see figitepage 98) is

observed in fast speaking rate.
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Figure4.22Acoud i ¢ di spl ay and EPG printout of
at fast speaking rate. The figure shows an overlap (in zigzag pattern) between the
TB and the following TT closures lastin@@s (frames 167168).

The increase in gestural overlapwas r e evi dent in [/ kd/ =
two closures did not overlap in normal speaking rAtea result of the decrease in
speaking rate, on the other hand, the average number of syllables decreased from 4.4
to 2.3 per second. The average durationhef ¢lusters increased from 192ms to
380ms (a 46% increase in the overall duration of the cluster, ranging from 220ms for
/ kt/ to 472ms for /[/O0t/). As a result of
duration of ICI increased from an averagetofs overlap at normal speaking rate to
an average of 18ms delay at slow speaking r&t®( f or [/ kt/ and 40m
and /0tl/). 1t is worth noting that the

rate.This is an evident that slow speakingerdbes not always entail less overlap.
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4.11.2.2SF dorsal + coronal

Results of the influence of fast speaking rate on the intergestural
coordination of SF dorsal + coronal stops show that the average number of syllables
increased from 4.5 to 6.6 per second. Therage duration of these clusters
decreased from 191ms to 126ms (ranging between 106ms in /kt/ to 134ms in /kd/, a
36% decrease in the overall cluster duration). The average duration of the ICI
decreased from 42ms to 17ms (O for /kiis¥ o r  /, gresknel in figurd.23
bel ow, 8ms f,presentedifigire 424 anti3n0andst /(i n / maoOt 1 /

28 e 300 301

wLuuBRARANGL

-~ / \
o < -/J > \_\r
1 3 5 7 =1 11 13 15 17

—es—dorsal -= coronal

Figure 4.23 Acoustic display and EPG frames of thesclu e r / kt/ (i
produced at fast speaking rate. The two gestures show a more cohesive coordination
compared to normal speaking rateeTgl lasts for approximatelynss.
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Figure4.24 EPG framesnd @oustic disphyof t he cl uster [0t/ (
at fast speaking rate. Although C1 was released, the two gestures show a more
cohesive coordination compared to normal speaking rate. [0 lasts for
approximately ghs

At slow speaking rate, the average number of syllables increased from 4.5 to
2.5 per second. The average duration of these clusters increased from 195ms to
325ms (a 3% increase, ranging between 298 f or / k't / to 400 ms
duration of the€Cl i ncreased from 42ms to 67ms (6
for /O0t/ [in /sldaOt/]). Contrary to pr ¢
duration, the SF dorsal + coronal showed a longer duration as a result of the

decrease in speakingte compared to their Sl counterpart.

4.11.3 The influence of speaking rate orb/ + coronal

4.11.3.1Sl /b/ + coronal

In Sl /b/ + coronal clusters, the average number of syllables increased from

4.1 to 6.1 per second at fast speaking rate. The average duration ofltistses
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decreased from 196ms to 118ms (a 39% decrease in the overall cluster duration,
ranging from 102ms for /bt/ to 157ms for /bd/). The duration of the ICI decreased
from an average of 7ms to a complete overlap at fast speaking rate. This was
particula | 'y evident in [/ bd/ an dsndtéa prdfix, thereHo we v
was a 10ms delay between the two closures.

At slow speaking rate, the average number of syllables decreased from 4.1 to
2.0 per second. The average duration of the clustersased from 196ms to 379ms
(a 48% increase in the average duration of the cluster, ranging between 339ms for
/' btl1/ (in /btla:wa/) to 453ms for [/ btl/
from 7ms to 33ms (27nhds5m¥ @nr // tdIl /. TH(Si m  // Wbt
is an indication that the two gesturesdme less cohesive as a result of the decrease
in speaking rateThis result is in agreement witthe speech rate hypothesis

advanced in @apteiThree

4.11.3.2SF/b/ + coronal

Results of the nfluence of fast speaking rate on the intergestural
coordination of SF b + coronal stops show that the average number of syllables
increased from 3.9 to 5.7 per second. The average duration of the target clusters
decreased from 202ms to 135ms (a 33% deerea the overall duration of the
cluster ranging between 103ms for /bt/ to 149ms for /bd/). The I@atidn
decreased from 39ms to 25ms (10ms for [/ |
[ bdl1 /).

At slow speaking rate, the average number of syllables decreased from 3.9
syllables at normal speaking rate t@ fer second. The average duration of I¥F+/
coronal clusters increased from 202ms to 355ms (a 43% increase in the average
cluster duration, ranging fro@36émsfor/ot t o 36 7ms for /[ bt1/).
|l CIl also increased from 39ms to 74ms (62

128



4.11.4 The influence of speaking rate orib/ + dorsal

4.11.4.1SI /b/ + dorsal

The increase in speaking rate resulted in an increase in the number of
syllables per second from 3.9 to 5.8 per second. The average duration oftithe Sl
dorsal decreased from 200ms to 144(@m 23% increase in the overdlirationof the
cluster ranging from 120ms for [/b0/ (in
duration of ICI decreased from 15ms to total overlap inldl+ dorsal clusters
produced at fast speaking rate. This means that the two consonantal geshess in t
Sl /b/ + dorsal clusters became more cohesive as a result of the increase in speaking
rate.

As a result of slow speaking rate, the average number of syllables decreased
from 3.9 to 20 per second. The average duration of the clusters increased from
20ms to 380ms [ranging from 305ms for [ |
/[ boar /)], 49% increase check). The dur a
26ms [18ms for /[/bk/ (in /bkalma/) and 31

4.11.4.2SF/b/ + dorsal

In seriences containingp/ + dorsal clusters produced at a fast speaking rate,
there was an increase in the number of syllables from 3.8 to 5.4 per second. As a
result, the overall duration of these clusters decreased from 195ms to 144ms (a 27%
increase in theverall durationoft e cl uster, ranging from 1
/bk/). The average duration of ICI decreased from 43ms to 23ms (16ms for /bk/ and
20ms for [/ b0/).

At slow speaking rate, the average number of syllables decreased from 3.8
to 2.6 per second. The averaggation of the SH/ + dorsal stops produced at slow
speaking rate increased from 200ms to 368ms (a 45% increase in the overall
duration of the cluster, ranging from 3¢
duration of ICl increased from43msté8ns ( 86 ms f or [ bk/ and

is a sign that the two gestures are pulled apart at slow speaking rate.
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4.11.5 The influence of speaking rate on coronal #/

4.11.5.1SI coronal +/b/

The average number of syllables increased from 3.8 to 5.5 per second. The
average duration of the target clusters decreased from 230ms to 153ms (a 37%
decrease in the average duration of the cluster, ranging from 117ms for /tb/ and
173ms for t bf). The duration of ICI decreased from 15ms at normal speaking rate to
total overlapin all coronal +/b/ produced at a fast speaking rate. This is evidence
that the two gestures became more cohesive as a function of the increase in speaking
rate.

On the other hand, the decrease in speaking rate resulted in a decrease in
number of syllalds from 3.8 to 2.5 per second. The duration of the cluster increased
from 230 to 408ms (a 38% increase in the average duration of the cluster, ranging
from 320ms for /tlb/ to 450 msfrothtmstd dl b/ )
3Ims (22msforflo/ t o 38ms for [/ tlb/).

4.11.5.2SF coronal +/b/

At a fast speaking rate, the coordin:
by an increase from 3.9 to 5.6 syllables per second. The average duration of the
cluster has decreased from 197 to 129 (a 35% dedrettseaverage duration of the
cluster). The duration of ICI decreased from 50ms to 10ms.

At sl ow speaking rate, the coordinat
by a decrease from 3.9 to 2.7 syllables per second. The average duration of the
cluger has increased from 197ms to 405ms (a 51% increase in the total duration of

the cluster). The duration of ICI increased from 50ms to 87ms.

4.11.6 The influence of speaking rate on dorsal #b/

4.11.6.1SI dorsal +/b/

Results of the influence of the increase in speakate on the intergestural

coordination of Sl dorsal #/ clusters show that the number of syllables increased

130



from 3.4 to 5.3 syllables per second. The average duration of the syllables decreased
from 215ms to 142ms (91ms for [ kb/ to 1
pattern of intergestural coordinatioemained characterised by a total overlap in
both clustersThese results suggest that if two gestures are normally produced with
overlap in normal speaking rate, their coordination pattern is likely to remain stable
in fast speaking rate

At slow speakingate, the average number of syllables decreased from 3.8 to
2.4 per second. The average duration of the clusters decreased from 215ms to 375ms
(a 39% increase in the overall duration of the cluster). The duration of the ICI

increased from 33msto 40ms (22m f or / Ob/ to 46ms for [/ ki

4.11.6.2SI dorsal +/b/

Finally, the influence of articulation rate on SF dors#b/-clusters show that
at fast speaking raté 0 b /  ( iischaraatedsedby an increasethe number of
syllables per seconfiom 4.1 t05.4. The average duration of the cluster decreased
from 206ms to 135ms (a 34% decrease in the average duration of the cluster). The
duration of ICI remained 40ms regardless of the increase in speakintnrateer
words, the pattern of coordination was ndiluanced the increase in articulation
rate.

At sl ow speaking rate, on the other
was characterised by a decrease in the number of syllables per second, from 4.1 to
2.8 per second. The average duration of the cluster increased from 206ms to 365ms
(a 44% decrase in the average duration of the cluster). The duration of ICI

increased from 40ms to 70ms.

4.12 Discussion

The present results suggest that there are two general patterns of gestural
coordination in twestop clusters in TLAThe first takes place in Sludters. This
pattern is characterised ksither an overlap oa short delp between the two

closures. Tie second pattern takes place in SF clusters. This pattern is marked by a
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longer delay that separates the two closures. Based on duration, the dekgnbetw
the two closures seems to fall under two categories. These are excrescent and
epenthetic. While the former is shdiiall 2003, Daviden 2005, Davidson and
Roon 2008; Dell and Elmedlao@D02 and existsas a result of gestural mistiming

(Hall 2003) orto ensure perceptiofChitoranet al. 2002) the latter is triggered by

the three consonant sequence which is not permissible in TLA.

These patternare evidenteven when the target clusters were recorded in
words in isolation. This suggeststhat the coadination patterns are largely
determinedby syllable position. Sl clusters are very cohesive as a result of the
overlap, or the short delay, teeen the closures of C1 and G2, the formation of
the closure for C2 usually takes place before the relefa€4 or a short time after
the releaseA question to be asked here is why an epenthetic vowel is not inserted
before C1 in Sl clusters, i.e. having a consonant in the carrier senteice, /
maximises the sequence to three consonanssenario that TLA does not permit.
There are two explanations for this. The first is that all participants were asked not to
pause or leave any gaps between the words in the carrier sentence. However, in
same case, there was facta short vocoid before C1. The second explanation is the
long vowel occurring just before the clusterdisl vowel helped to block the
epenthetic vowel that shalhave been inserted beforg.C

In addition, SI two-lingual clustes exhibit a high percentage of contact,
particularly in the alveolar region, an indication that the mechanism involved in their
production is different from that forSF clusterswhich exhibit less cohesive
coordination between the two gestures. Epenth&éc vowel in SF clustersis the
result of the phonotactics of TLA which does not permit a sequence of three
consonants. Due to the following /h/ in the carrier sentence, an epenthetic vowel is
inserted before C2. This coordination supports the views addahg Kiparsky
(2003) and Watson (2007) that TLA asVC dialect As a result of the epenthetic
vowel in SF clusterghe two gestures become less cohesive. This is evidéné in
reduction exhibited by the lingual gestures, particularly in the velarmegomsum
up, regardless of the number of consonants, the general coordination pattern is
consistent.

The variation of gestural coordination could be related to the fact that Sl

clusters are articulated differently from SF clustefbis is in agreementith
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previous literature on the effect of syllable position on gestural coordin@ign
Browman and Goldstein 198Bpuplier and Marin 20Q8viarin and Pouplier 2010
Kochetov 2006Krakow 1999). @herreasons such as perception (Goldstgiral.

2007) ad stress patterns (Tilsen 201dguld also play a role in the way these
gestures were coordinate@ther explanations could be thize andvelocity of the
different articulatorsinvolved in the production of these clustdiBauer et al.

(2010) For examfe, although the retraction of the tongue towards the back of the
mouth in /tTO0/ should facilitate more o\
the distance that the back of the tongue needs to travel, the two closures do not
overlap. This could be l&ted to the frequency of the word. Because the word has a
low frequency it could be that it was produced with less overlap to ensure its
perceptual recoverability.

Another noticeable difference between Sl and SF is the duration of the HP of
C1 and C2. IrsSl, the duration of C1 and C2 HPnds to bdonger than that of SF.

This result does not support Olld9{ 2 results which report longer HP durations in

for SF stopsThe duration oexcrescent voweah Si clustersis shorter than that of

the epenthetiwowel in SF. In SF, the duration of C1 and C2 is shorter because the
two gestures are not tightly coordinated. As a result, they allow the presence of a
long transition between the two closur@sis distinction between excrescent, or
intrusiveg andepenhetic vowels is observed and studiesrnbgny researchers (e.g.
(Hall 2003; Davidson 200%®avidson and Roon 2008)

It seems that there is some sort of a trading relationship between the
duration of C1 and C2 HP and the duratiorerfrescent/epenthetiowelsin both
syllable positions. Longer C1 and C2 HPs in Sl require shexetrescent vowels
and shorter C1 and C2 HPs in SF require loegenthetic vowels

However, i n / t lexcrescenttahdeepedtheticavovielthe o f
same regardless alyllable position. A possible explanation is that the vocal tract
configuration during the production of emphatic sounds makes it difficult for the lips
to maintain any closure before the emphatic sound is released. The influence of
emphatic sounds can Iseen in those clusters in which they are positioned as C2.
Here, the higher percentage of contact in the velar region during the production of
clusters containing emphatic stops could be an indication that the TB gesture is
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influenced by the retraction d¢iie tongue towards the back of the mouth during the

production of the emphatic stops.

The influence of emphatic stops can
andt/T/ 0 There is more contact in the vel a
possibe expl anati ons for t his. The first

constrained t hamphatitsdddve aodbrsal gesture.in adlition toea
coronal one, i.dave a secondary articulation, it could be that in apagion of the
following gesture for/ t the/ back of the tongue remainstracted even after the
release of /0/. Another possibility is t
back of the tongue was moving slowly, the percentage of contact decreased very
slowly. Although t he two gestures, /[/0/ and [/tT1/,
place after the release of [0/.

Another example of the influence of the agty of the articulators and the
distance they have to traveh the coordination pattern can be seenm@é is /b/.
Here when /b/ is a prefix, it @lmostalways overlapped with the following TT, but
when it is followed by a TB gesture, the labial closure is always released first. This
could be the result of the velocity of the TT and TB gesture. The Tastsr to
achieve its target before the TB gesture.

The sequence of articulation is related to the place of articulation of C1 and
C2. The results show that tieto-P sequence of articulation showed more overlap
and shorteexcrescent vowelsompared td>-to-A clusters.These results are not in
agreement with those obtained by Kochetov and Golds2€id5)who reported less

overlap in Ato-P sequence of articulation.

Although in A-to-P clusters (/b/ + coronal and /b/ + dorsal) there is no
obstruction tothe release of the labial closure, due to the lack of another anterior
closure, both closures, the labial and coronal or the dorsabvar&pped On the
other hand, irP-to-A, although the C1 closure is expected to be released, due to the
need to enhamcthe perceptual recoverability of the word (Chitoeaal. 2002), it is
masked by C2 closure. That is why the cluster appears on spectrogram as one long
HP followed by one acoustic release. This could be attributed to the fact that the
phasing rules of TA favour overlap.
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Other reasons could be the velocity of the articulatorsvben the word
frequency is highiLin et al 2011) Since the labial, coronal and dorsal gestures each
have differentvelocities; the coordination of the cluster is determined the
velocity of the formation of the closure of C2. For example réteactionof tongue
in an A-to-P sequencerticulation is faster than fronting in B-to-A articulation
sequence

While clusters like /kt/ showed an overlap between the two closurtésgldsr
20ms, the dorsal closure in /kd/ was released before the formation of the following
coronal closure. The pattern of coordination in these clusters could be motivated by
the voicing of the two gestures. It may be the case that to facilitate theofsta
voicing of C2 in /kd/, C1 intraoral pressure is released so that voicing can be easily
initiated. In /kt/ where the two stops are voiceless, there is no need to release the
intraoral pressure because there is no voicing. The last fact which cowdd hav
motivated the release is the fact that /d/ is actually /6/ in Modern Standard Arabic,
i.e. it was originally a fricative not a stop. In anticipationjudt a narrowing (or
partial closurepf the air, the /k/ was released.

Another instance where voicingeems to play a role is inlk/ and /dy/.
When /d/is released, thexcrescent voweis voiceless. This could be due to the
voicing of adjacent consonant s, or the
caused a delay in the formation of the clesaf C2, and led to the insertion of a
voicedexcrescentln SF theepenthetic vowek mostly voiced, because the adjacent
stops are voiced. ¥n the adjacent consonants are voiceless as in SF /kt/, the
epenthetic vowels voiceless. Duration may also prde another explanation as to
why theepenthetic vowel in SF is mostly voiced. Tlader duration othis vowel
allows sufficient timefor the vocal foldsto start vibrating, particularly if C2 is
voiced

Another factor that could account for the vapatiin the gestural
coordination of twestop clusters concerns whether the cluster is in a disyllable or
monosyllable word. For examplé¢here is more overlap in the disyllabic word
/ btla: wa/ as compared t o aridulatoryngestuem y | | ab
disyllabic words are coordinated in such a manner that overlap between consonantal
gestures is allowedThis explanation is irsupport toTilsen (2013) that more

gestural overlap is observed in disyllabic words.

135



As a result of the increase in speaking rate, the duration of both SI and SF
clusters decreased. A strong relationship between speaking ratesegnuent
durationhas beemeported in the literature (e.gindblom 1963; GayL981Arvaniti;

1999 Pickettet al. 1999 Miller 1981), but not with some studies which reported no
significant influence of articulation rate on segment durafeg. Gay et al. 197,
Kent and Netsell971, Kent and Moll 1975).

Because Sl clusters were already overlapped at normal speaking rate, they
remained stable when the speaking rate was increased. However, the two gestures of
/kl and /d/ exhibited greater overlap at fast speaking Rasults of lhe influence of
fast articulation rate do not support the view that fast articulation rate does not
always entail less overlae.g.Zsi ga 19914; Fl egeb6bseddds,;
1988. However, he decrease in the durationtbé epenthetic voweh SF clusters
is the result of the two gestures becoming overlapped or more cohesive. The shorter
duration ofthe epenthetic voweh SF clusters produced at fast speaking supports
this conclusion. This is evidence that the two gestures are more cohesivasat a f
speaking rate.

In SF clusters, the TB gestures decreased more markedly in magnitude and a
showed a lower percentage of contact at a fast speakingl'raseresult is in line
with previous work on gestural reduction reported by June (19%&).demanan
the articulators to achieve their targets within a certain time frame could result in
target undershoot. The reason why the same reduction is not observed in SlI could be
attributed to many factord suclnaa hehen
2004). It could be also related to the longer duration and shorter transitions which
led to the tighter coordination observed in SI.

However, more overlap was also observed at slow speaking rate. For
example/ t 0/ and [/ d0/ overl apped more at a
point out that slow articulation does not alwdgad toless overlap. Rather, this
relates to the coordination and velocity of the articulators. In addition, it is the
distance beteen the two points of articulation that determines the pattern of

gestural coordination.
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4.13 Conclusion

The patterns of intergestural coordination of 48top consonant clusters in
TLA, and how this coordination is influenced by factors such as syfadston,
place of articulation, segace of articulation, morphological structamed speaking
rate, were presented and discusdedsed on these results it can be stated that
gyllable positionis the main factor that influences the coordination of -siap
closures. In general, there awmo patterns of intergestural coordination in SI and
one pattern in SF. The first S| pattern consists of /b/ + a TB or a TT gesture,-or vice
versa. This pattern is characterised by the absence of C1 rakaseesult of
overlap between the two closurdde first S| patternalsoinvolves a TB gesture
followed by TT gesture. This pattern exhibits an overlap between the two closures in
some clusters. C1 is released at the same timing of the formation of the closure of
C2. This pattern is stable, and less sensitivéhtochange in speaking rate. In the
secondS| pattern, there is a short delay between the release of C1 and the formation
of the closure of C2. This pattern leadsatshort delaypetween the two closures. In
all these patterns, when either C1 or C2 is emphatic, less overlap is observed.

In SF position, the pattern of coordination is characterised by a long delay
between the release of the closure of C1 and the formation of the closure of C2,
regardless of theplace of articulation of the two step This gives rise to an
epenthetic vowelseparating the two closure3his epenthetic vowel has been
observed in Arabic dialectshich do not favour consonant clusters (see Hall 2013).
This epenthetic vowels mostly voiced, unless it occurs between two voiceless
stops.

The pattern of coordination has also been found to be influenced by the
sequence of articulation and speaking rate. Sl-limgual clusters in aA-to-P
sequence of articulation exhibited more overlagntR-to-A articulation. Clusters
with /b/+ coronal and /b/ + dorsal seemed to be less influenced by sequence of
articulation. In SF position, the sequence of articulation did not seem to play any
significantrole in the intergestural coordination.

The influence of speaking rate showed that Sl clusters increased in overlap as
speaking rate increased, and decreased in overlap as the speaking rate decreased,
apart from those clusters where a TB gesture was followed by a TT gesture. This
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appliestomostcluster i n SI and SF positions. Howe
I bt/ and [/ 0Ob/ were mor e r es ieis patennt t o
remained stabl e. Ot her clusters such as
/kd/ were sensiti® to the change in speaking rate.

Other factors that may have influence intergestural coordination atbe
morphologicalstructure, voicing of the stopsnd the number of syllablea the
word. Results of intergestural coordinati@mow that it couldbe influenced by
whether the two stops areutamorphemic or notMore overlap was seen in clusters
where C1 was not part of the root of the word. The number of syllables influences
the amount of overlap, with disyllabic words showing tighter coordinakorally, a
cluster of two stops sharing the same voicing quality are more likely to overlap than

clusters in which C1 or C2 shows a different voicing quality.
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Chapter Five: Acoustic Results

5.1 Introduction

This chapter presents and discusses the resiuttee acoustic measurements
of singlestops in SI and SF positi@nd twoestop clusters in SI and SF position. The
results reveal the influence of place of articulation, syllable positidiguatory
sequence, morphologgender and speaking rate on tineing relations and gestural
coordination of twestop clusters. The chapter also presents results of the
relationship between gender and speaking rate as well as variability amongst and
within speakergmales and femalesThe ShapiréNilk test for norméty was used
to test the distribution of the data. Then, all the data were subjected to the
appropriate statistical tests such as thdependenrsamplest-test the oneway
ANOVA and the repeatetheasures ANOVA. The mean difference is considered
significant at the | evel of 0.05 (pO 0.-05).
stop clusters are presented and discussed in Chapter Six.

5.2 The influence of place of articulation

The influence of place of articulation on the production of stops is presented
here. Results relating to the influence of place of articulation on SI and SF single
stops are presented first. Unless otherwise stated, results include both groups of
participants, males and females, and include only the duration of the HP. Results of
the influence of place of articulation on the production of SI and SFstop
clusters are presented and discussed next. These measurements include the duration
of the HP of both C1 and C2 and the duration of the-twesonantal interval (ICl).

The purpos is to check the validity of Hypotheses10) by revealing how the
articulatory gestures of twstop clusters are organized. The duratibnhe HP of
single stops and the duration of the ICI are used to determine the degree of
reduction/overlap in diffient clusters. For example, shorter cluster HP duration in
comparison with that of single stops could be the result of overlap. In addition, the
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absence of C1 release and the short ICI when C1 is released are clear signs of
gestural overlap. The resultssal show how C1 and C2 place of articulation,
articulatory sequencenorphological structuregender and speaking rate influence
cluster duration and the degree of overlap between the two consonantal gestures.
Unless otherwise stated, none of the clusteatiions include the duration of the ICI.

The results will be discussed in the light of the hypotheses presented in Chapter
Three

5.2.1 The influence of place of articulation on HP duration of Sl single stops

The averagélP duration and standd deviation of $single stops, as

produced by males and femalasg presented in Table 5.1.

. Interval of means
N Mean | Std. Deviation| Std. Error Lower Bound| Upper Bound

/bl 42 71 13 2 67 75

ik 42 57 13 2 53 61

/d/ 42 66 15 2 61 70

/1t 1 42 67 14 2 62 71
/[dn 42 74 22 3 68 81
Ik/ 42 66 15 2 61 70

/| 0/ 42 63 19 3 57 69

Total | 294 66 17 1 64 68

Table5.1 Mean duration and standard deviation of HP of Sl single stops

The averageHP duraton of Sl single stopssi66ms(between 57ms for /t/
and 74my fCormr omdll/ stops, with the except
HP compared to the dor dahidl stoptthb Besultsokd and
oneway ANOVA test revealed significant differences beémethe HP duration of
SI single stops. For example, [t/ 1s sic¢g
= 0.00) and /0/ is significantly shorter
The averagedP durationbased on the place of articulation is 71ms for /b/,
66msfor coronal stops, including emphatics, and 65ms for dorsal stops. The HP
duration tends to decrease as the place of articulation moves further back. This
pattern is compatible with earlier findings by Lisker and Abramson (1967) and Klatt
(1975). Voiceles stops usually have a shorter HP duration. This applies to coronal
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stops, butnottal or s a | stops since the HP durati

The mearHP duration ofSl voiceless single stops is 63ms, and the mean duration of
the HP of their voiced counterparts is 69ms. These results are not in line with Suen
and Beddoes (1974vho reported longer durations of the silent interval of voiceless
stops in English. It is worth mentioning that thisosly the duration of the HP.

When the duration of VOT is added, the average duration of voiceless stops

becomes 88ms and the averageation of voiced stops increases to 79ms.

5.2.2 The influence of place of articulation on the timing of S| twestop
clusters

As in the previous chapter, Sl tvgbop clusters are divided into six types on
the basis of three articulatory gestures, namely ahiall (LB) gesture, the tongue
tip (TT) gesture and the tongidack (TB) gesture. Results for the following types of
clusters are presented here:

coronal + dorsal /dkar/, /da:ji0/ , [/t 1T ODawvati, /tka:bir
dorsal + coronal /ktab/, /kdab/,Utal/, /0t T adat/ , /

/bl + coronal / bde: [/, fablt,] a/nb/t,ary/tbidAdait 1 alwt
/bl + dorsal Ibke:/, Iar/, /okalma/, /balbna/

coronal +b/ ftbaxr/, /dbab , Y t 1 badl ba: ba/

dorsal +b/ /kbas/, bbal/

These resudtinclude the HP duration of C1 and @# release of Gihd the
duration of the ICI when C1 is released. It will also present the results of overlap in
the clusters by calculating the sum of C1 + C2 HP and compare these to the duration
of the HP of the tw stops as singletons to determine the degree of reduction which

could be the result of overlap.
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5.2.2.1 The release of C1 in Sl clusters

Table 5.2 shows the percentages of release vs. not release of C1 in Sl two

stop clusters.

Cluster Type N Release of C1 inlSwo-stop clusters
Released| Percentage Not released Percentage

coronal + dorsal 210 170 81% 40 19%
dorsal + coronal 210 184 88% 26 12%
/bl + coronal 294 150 51% 144 49%
/bl + dorsal 168 87 52% 81 48%
coronal +/b/ 168 103 61% 65 3%
dorsal +/b/ 84 67 80% 17 20%

Total 1134 761 67% 373 33%

Table5.2 The release of C1 in S| tw&top clusters

In all cluster types, C1 was released in 67% of the total 1134 tokens and was
not released in 33% of them. The highest percentage of C1 releases is in dorsal +
coronal 88% anaoronal + dorsal 81%. Dorsal/B/ and coronal +b/ follow with
80% and 61% respectively. Finaly + dorsal andb/ + coronal clusters have the
least percentage of releases with 52% and 51%. In terms of gestural coordination,
the higher percentages i&leases are interpreted as having less overlap between the
two closures On the other hand, clusters with less C1 releases are interpreted as
having more overlap between the two closures because of formiotpsheeof C2

before the release of C1.

5.2.2.2 The duration of Sl coronal + dorsal clusters

There are five clusters consisting of a coronal followed by a dorsal stop.

Theacoustic measurements are presented in Table 5.3.

N Dur. of | Dur. | Dur. of | Dur. of Std Cluster Sslggi

C1HP| ofICI | C2HP | Cluster| Dev. HP HPs

/dkar/ 42 71 16 61 148 26 132 122
/ d0al 42 64 14 58 136 21 122 129
/ t 10 42 76 18 69 163 32 145 130
ftka:bir/ | 42 54 18 58 130 20 112 123
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/ t 0a| 42| 54 18 56 128 26 110 120
Total 210 64 17 60 141 25 124 125
Table5.3 Duration of A HP, ICI and C2 Hh Sl coronal + dorsal stop clusters

It can be seen from the data in Table 5.3 that the average duration of C1 HP
is 64ms (ranges 546ms). The average duration of C2 HP is 60ms6@&@s).
Results of theoneway ANOVA show that thereare some significandifferences
bet ween the HP duration of Cl and C2 (
duration of C1 HP tends to be longer than that of C2. However, results of the
independent sampleédestshow that there are no significant differences between the
average duration of HP of C1 and C2 (P = 0.06). When the duration of the HP of C1
+ C2 was compared to the C1 and C2 as Sl singletons, there is some reduction in the
HPdu ation in /do/, [/tk/, /a@kd aAnd/ /tbhdt i
In those istances where the coronal stop was released, the average duration
of the ICl is 17ms (14.8ms). Figure 5.1 shows the pattern of coordination of the

cluster /dk/ in /dkar/ and how the two closures are separated by a short ICI.

C2 HP

v

M*ﬂﬂﬂf"r ‘t“\‘“ )

Y > "'.”. W » .
IR S e |
k VOT a r

Figure 5.1 The coordination pattern of /dk/ in /dkar/ for speaker 1. A short ICI is
seen (between the red vertical lines) because the two closures are not overlapped.

No significant differences were found between ICI duratiorrs QR45). This
means that the two gesturiesall coronal + dorsal clustefsllow a similarpattern

of gestural coordination. When the ICI duration was added to the total duration of
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the clusters, results show some significant differences between thetari(P =
0.00).

5.2.2.3 The duration of Sl dorsal + coronal clusters

Table 5.4 shows the results of the acoustic measurements of Sl dorsal +

coronal singlestop clusters.

N Dur. of | Dur. | Dur. of | Dur. of Std Cluster SSIE%IE

C1HP | ofIClI | C2HP | Cluster| Dev. HP HPs

/ktab/ | 42 63 12 76 151 24 139 123
/kdab/ | 42 63 18 67 148 25 130 122
| Ot @ 42 67 15 71 153 33 138 120
[ 0t 1] 42 65 15 71 151 21 136 130
/| 0dg 42 63 18 64 145 20 127 129
Total 210 64 16 70 150 25 134 125

Table5.4 The duration of C1 HP, ICl and C2 HP of Sl dorsal + coronal sistgie
clusters.

The average duration of C1 HP is 64ms-@&3ns). The average duration of
C2 HP is 70ms (646ms). Unlike coronal + dorsal clusters, where C1 HP was
longer, in dorsal + coronal clusters, C1 HP is shorter. While there are no significant
differences between the duratsoof C1 HP (P = 0.64), results of treneway
ANOVA test show that there are some significant differences between HP durations
of C2 (P = 1) and between HP durations of C1 and C2 (P = 0.00).

Dorsal + coronal clusters showed the highest percentage of C1 release in all
cluster types. The average duration of the ICI is 16msL8)2Figure 5.2 shows the
pattern of coordination of the clustdd/ in /kdab/ and how the two closures are
separated by a longer ICI compared to coronal + dorsal. This means that the two
consonantal gestures in the clusters where the duration of the ICI is shorter show
greater overlap compared to the gestures sepdvgtieohger ICIs. These results can
also be discussed in the light of articulation sequence which will be presented in the

following sections.
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Figure5.2 The coordination pattarof /kd/ in /kdab/ for speaker 2. A longer ICl is
seen (between the red vertical lines) because the two gestures are less cohesive.

It is worth mentioning that there were no significant differences between the
ICI durations (P = 0.07) and no significadifferences between the coordination
patterns in these clusters. Considering the overall duration of each cluster without
the 1 Cl duration, there are some signitf
= 0.03). When the duration of the ICI is addedhe overall cluster duration, these
differences disappear (P = 0.41). This could be interpreted in the light of the trading

relationship between consonants and vowels.

5.2.2.4 The duration of Sl /b/ + coronal clusters

Table 5.5 below shows the acoustic measurgsnef Si/b/ + coronal stop

clusters.

N Dur. of | Dur. | Dur. of | Dur. of Std | Cluster SS'FO?)Ig

C1HP | ofICI | C2HP | Cluster | Dev. HP HPs

/bde:/ 42 81 5 56 142 38 137 137
[ bt 1| 42 75 4 63 142 36 138 138
/ bdl g 42 64 2 66 132 27 130 145
[btari:x/ | 42 57 13 63 133 31 120 128
[/ bda: 42 66 7 56 129 18 122 137
/ bt 1 q 42 66 9 65 140 23 131 138
[ bdl g 42 64 5 58 127 36 122 145
Total 294 68 6 61 135 32 129 138

Table5.5 The duration of C1 HP, ICI and C2 HP of/81 +coronal stop clusters
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As Table 5.5 shows, the average duration of C1 is 68m815i&), and the
average duration of C2 HP is 61ms-&&ms). Againm this cluster type, the HP of
C1 is longerResults of theoneway ANOVA test show that there are significant
differences between the HP duration of C1 (P = 0.00), the HP duration of C2 (P =
0.01) andbetweenthe averageHP duration of C1 and C2 HP (P =00). The
average duration of ICI is 6ms-{Bms). Compared to the previous clusters LiBe
and theT T arevery cohesively coordinated so that C1 is not always released. Figure
5.3 shows how the TT closing gesture was formed before the LB releasingzgestur
and Figure 5.4 illustrates how the TT closure was delayed until after the release of

the LB gesture.

Cl1+C2HP

b t |

Figure53The coordination pattern alfsendebft I /
C1 release is an indication that the two closures are overlapped.

b IC

Figure54 The <coordination pat tMSr3nTheodestufabt T /
coordination is les cohesive meaning that a short ICI can be seen between the two
closures.
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There are significant differences between the ICI durations (P = 0.00). The
shorter the ICI is, the momverlapped the two gestures are. Thus, the two gestures
in clusters like /bl am/ and /bdla:na/ have a grea
/ bt 1 a: wa/ Despite thésk differences inoverlap, there are no significant
di fferences between the clustersdé durat.

duration is addedhe differences between the clusters become significant (P =0.00).

5.2.2.5 The duration of Sl /b/ + dorsal clusters

Results of the acoustic measurements @dbSt dorsal stop clusters are

presented in Table 5.6.

N Dur. of | Dur. | Dur. of | Dur.of | Std | Cluster Sslg)gplg

C1HP | ofIClI | C2HP | Cluster | Dev. HP HPs

/bke:/ 42 67 5 70 142 26 137 137
/ b0d 42 73 6 60 139 36 133 134
/bkalma/| 42 64 4 59 127 24 123 137
/| boal 42 62 6 53 121 26 115 134
Total 168 66 5 60 131 30 126 136

Table5.6 Duration of C1 HP, ICI and C2 HP of &V + dorsal singd-stop clusters

From Table 5.6, it can be seen that the average duration of C1 HP is 66ms (62
73ms), and the average duration of C2 HP is 60ms7(53s). There are no
significant differences between the HP durations of C1 (P = 0.12), but there are
some diferences between the HP durations of C2 (P = 0.00) and those of C1 and C2
(P = 0.00). The average ICI duration is 5ms6(ds). There are no significant
differences between the ICI durations (P = 0.80). The ICI duration indicates that the
two gestures areery cohesive, as Figure 5.5 below illustrates, and the statistical
results (being not significant) show that the coordination pattesimgar in this

cluster type.
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Figure 5.5 The coordination pattern of /bk/ in /bke:/ for speaker M1. Ehert
duration of the ICkhows that the two gestures are very cohesive.

There are no significant differences between the average duration of these
clusterso6é6 HP (P =carf differénces batneenehe euration sfi g n i
these clusters emerge when the duration of the ICI is added to the overall duration (P
=0.00).

5.2.2.6 The duration of S| coronal +/b/ clusters

Results of the acoustic measurements of Sl coroftalstop clusters are

presented in Table 5.7.

N Dur. of | Dur. Dur. of | Dur. of| Std | Cluster Sslpoggg
C1HP | ofICI | C2HP | Cluster| Dev. HP HPs
/ t ba]| 42 57 13 63 133 31 120 128
/ dbal 42 71 8 64 143 28 135 138
I t1 b| 42 70 9 71 150 34 141 138
/dl bal 42 74 7 74 155 30 148 145
Total 168 72 8 70 149 31 141 141

Table5.7 The duration of C1 HP, ICI and C2 HP of Sl corondb/Astop clusters

The average duration of C1 HP in coronab#clusters is 72ms (574ms)
and the waerage duration of C2 HP is 70ms {88ms). Theoneway ANOVA
results show that there are significant differences between the durations of C1 HP (P
= 0.00) and those of C2 HP (P = 0.04) but not between C1 and C2 HPs (P = 0.97).
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The average duration of th€l is 8ms (#13ms). No statistically significant
results were fouth for ICI durations (P = 0.09), which means that the two gestures
exhibited asimilar coordination patteriWhen the ICI duration is excluded, the
01ims. Héres thecel amessoneersgyroficamd P
t he HPs (

average duration i

di fferences bet ween clusterso

added, the significant differences between the clusters disappear (P = 0.36).

5.2.2.7 The duration of S| dorsal +/b/ clusters

Results of thecoustic measurements of Sl dorsdbAstop cluster are

presented in Table 5.8.

N Dur. of | Dur. of | Dur. of | Dur. of Std Cluster Sslpoglg
C1HP ICI C2 HP | Cluster | Dev. HP HPF:);
/kbas/ | 42 59 14 79 152 22 138 137
/ 0b|42 71 8 74 153 26 145 134
Total | 84 65 11 77 153 24 142 136

Table5.8 The duration of C1 HP, ICI and C2 HP of Sl dors#bAstop clusters

The average duration of C1 HP is 65ms and the averagéatuof C2 HP is
77ms. Results of the independsaimplest-test show that there are significant
differences between the duration of C1 HP in the two clusters (P = 0.00), but not
between the HP durations of C2 (P = 0.32). However, when the C1 HP dusation
compared to the C2 HP duration, significant differences are evident (P = 0.00).

The average duration of the ICI is 11msl1@ns). There is a significant
difference between the ICI durations (P = 0.00), which means that the two gestures

t he clusters

are coordinatedidf f er ent |l y i n t wo
overall duration of the cluster is 153ms. Here, there are no significant differences
between the duration of the two clusters (P = 0.13), even when the ICI duration is

excluded, the differemcremains not significant (P = 0.70).
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5.2.3 Discussion and conclusion of the Sl singland two-stop cluster results

From the results, it can be seen thatdneation of the HP of single stops
decreases as the place of articulation moves faoterior to poterior. The HP
duration of bilabial and coronal stops tends to be longer than that of dorsal stops and
the differences are significantThis result supports the hypothesis under
coordination which statabat place of articulation will influence the HP dtion of
single stopsThe results also support previous literature that place of articulation
influence the HP duration of the stop (Byt@94) These durational differences
could be related to the amount of time the pressure takes to build up in differen
places of articulation.tltakes longer in /b/, due to the largézesof the mouth
cavity, and noas longin the case of dorsal stops whée pressure builds up faster
and is released earlier.

A summary of the cluster HP durations of the six typesladters and the

duration of the ICI for each cluster type is presented in Figure 5.6.

160
140
120
100
80
60
40
20

Coronal | dorsal + b+ b+ coronal | dorsal +
+ dorsal | coronal | coronal dorsal +b b

M Dur. Of Clust. HP 124 134 129 126 142 142
M Duration of the ICI 17 16 6 5 9 11

Figure5.6 HP duration of the coronal + dorsal, dorsal + coroftal coronal,/b/ +
dorsal, coronal +b/ and dasal +/b/ clusters, in addition to the ICI duration of each
cluster type

In SI two-stop clusters, the duration of C1 HP tends to be longer, except when
C1 is dorsal. The difference between C1 and C2 HP duration is significant, but not

in coronal +/b/ clusters. As for the release of C1 in Sl cluster® highest
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percentage of releases is in dorsal + cor@& and the lowest percentage of
releases is ilb/ + coronal51%. It seems that the articulatory gestures in clusters
consisting of two linguallasters are less cohesive, and clusters where C1 is /b/ are
the most cohesive of all the cluster types. The nandevelocityof the articulators
involved couldbe the reason for the diversity in the coordination pat{@aueret

al. 2010) While in coonal + dorsal and dorsal + coronal clusters, the tongue is the
only articulator, the rest of the clustehave the lips as the second articulator
follows thenthatit is difficult for the tongue to achieve the second closure without
the release of théirst one, particularly with the low velocity of the TB gesture. In
the case of clusters containirlb/, there are two independent articulators, the
closures of which closures can easily overlap.

There is no significant difference between the HP duratiddloin all cluster
types (P = 0.18) and there are some significant differences between C2 HP duration
in different clusters (P = 0.00). The fact that there is no significant difference
between C1 HP durations could be related to stress i.e. C1 is alnessed in the
same manner. On the other hand, differences in C2 HPs could be related to the
number of syllables in the word.

As shown in the EPG resultfietICI falls under two categories depending on
syllable position: excrescent (short delays) and #yetic (long delays)These two
patterns have been observed in studies suchlsal | 6s 200 3, Davi ¢
Davidson and Roonés 20 0202aTmeldurgtien of thea nd E
excrescentvowel varies from one cluster type to another. These ifsignt
differences between the duration of tkgcrescent vowein different clusters
indicate that the gestures are coordinated differently. For example, the gestbfes in
+ dorsal clusters showed a greater overlap compared to coronal + dorsal.clusters
Further evidence of different coordination patterns being employed in SI clusters is
that differences between the cluster HP durations became more significant when the
duration of theexcrescent vowekas added [evel of significance increasdtbm P
=0.01 to P =0.00).
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5.2.4 The influence of place of articulation on HP duration of SF single stops

The average HP duration and standard deviation of SF single stops are
provided in Table 5.9.

Std Interval of Means
N Mean | peviation | Std- Efror Lower Bound| Upper Bound

b/ 42 128 30 5 119 138
i/ 42 133 25 4 125 140
/d/ 42 130 25 4 122 137
It 1/ 42 145 23 4 138 153
/[ d1 42 127 23 4 120 134
k! 42 137 26 4 128 145
/ 0/ 42 120 18 3 115 126
Total 294 131 25 1 128 134

Table5.9 Mean duration and standard deviation of HP okBiglestop

The awrage duration of HP of SF single staps131ms Kanges between
120ms f or [ 0/ 1. Fonbdabidl 4,3hmaverdge duration is 128ms, for
coronal stops, the average duration is 134ms, and for dorsal stops, the average
duration is 128ms. Thaverage duration of the HP of SF voiced stops is 126ms and
the average duration of their voiceless counterparts is 138ms. It is worth observing
that SF voiced stops tend twave shorter HP durations in comparison to their
voiceless siblings.

The place ofarticulation hassomeinfluence only on the HP duration of SF
single stops. The results of tmeway ANOV A t est show that t
significantly |l onger than /dlI/ (P = 0.0
0.00) and /k/ (P = 0.03). These results are in line with Oller (1972) who observed
that final consonants are -80ms longer. Hwever, theamountof the increase in
this case is about double. (The average duration of all Sl stops is 66ms and 131ms
for all SF stops). The ratio of Sl stops to SF stops is 1:1.8 for /b/, 1:2.3 for /t/, 1:2 for
/d/, 1:2.2 for fot//kA; l1ladhdf ar 1/ 81-fpr 1/
way ANOVA show that these differeas are significant (P = 0.00)he duration of
the HP of single stops in SF position wasocompared to that of geminate stéps

3 Geminate stops in intervocalic position were recorded in this study, but they were
excluded for time constraints. The word list can be found in Appendix E and the
participants are theame ones recruited in the study. It is worth mentioning that
only the duration of geminates was measured.
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Figure 5.7shows this comparisoihe average duration of geminates /bb/, /tt/, /dd/

and /dldl/ was |l onger than that of thei
the independerdampled-testshows no significandiferencesn the HP duratn of

the two groups (P = 0.08)
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't AL T dAT K /

M Dur. of HP of Sl single stopsm Dur. of HP of SF single stops

Dur. Of HP of geminate stops

Figure 5.7 A comparison of HP duration of SI single stops (blue bars), SF single
stops (red bars) and intervocalic geminate stops (green bars)

From Rgure 5.7 it is apparent that intervocalic geminate stops andisdie
stopshave approximately the same HP duration. Heselwood andow§2013:51)
use t heudogem nmeptsees 6 t o t heseHARdfBlainglel ong

stops on the other hands significantly shorter.

5.2.5 The influence of place of articuation on the timing of SF twastop
clusters

Depending on the place of articulation, SF4stop clusters can be divided

into six cluster types. These are:

coronal +dorsal / hat k/ , [/ fat0/
dorsal + coronal /nakt/, /nakd/, /wat/, Medd/, /mat T / ,0t # sd T d &
/bl + coronal / kt abt fabd/,ba badlt /T / , |/
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/bl + dorsal / habk®, /tlab
coronal +b/: /| watl b/

dorsal +/b/: / naOb/

The total number of tokens 714. This section presents the results of C1
release, the duration of the HP of C1 and C2, and the duration of the ICI.

5.2.5.1 The release of C1 in SF clusters

In all SF cluster types, C1 was released in 94% of the total number of
utterances and was not raéed in only 6% of them. The highest percentage of C1
releases is in coronal A/ (100%) and clusters of two lingual clusters (coronal +
dorsal (98%) and dorsal + coronal (97%). Clusters with less percentage of C1
release include dorsal/b/ (95%), /b/ +coronal (89%) and /b/ + dorsal (85%pable
5.10 shows the percentages of release vsrelease of C1 in SF clusters

N Release of C1 in SF Tw8top Clusters
Released | Percentage Not Releaseq Percentage
coronal + dorsal 84 82 98% 2 2%
dorsal + coraal 294 284 97% 10 3%
/bl + coronal 168 150 89% 18 11%
/bl + dorsal 84 71 85% 13 15%
coronal +b/ 42 42 100% 0 0%
dorsal +/b/ 42 40 95% 2 5%
Total 714 669 94% 45 6%

Table5.10 The release of C1 in SF twatop clusters

From the percentages of C1 releases, it is apparent that the gestural
coordination of two gestures in SF is less cohesive. The release of C1 in SF shows
that the two gesturen iISF favour the release of C1 over overlap.

5.2.5.2 The duration of SF coronal + dorsal clusters

There are two clusters that consist of a coronal + a dorsal stop in SF position.

Theacoustic measurementstbeseclusters are presented in Table 5.11.
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N Dur. of | Dur. | Dur.of | Dur.of | Std | Cluster| SFC1| SF C2
C1HP | of ICI | C2HP | Cluster| Dev. HP HP HP
/hatk/ | 42 61 39 66 166 | 21.932| 127 133 137
[ f a| 42 81 31 75 188 | 22.673| 156 133 120
Total | 84 71 35 71 177 | 37.516| 142 133 129

Table5.11 Duration of C1 HP, ICI and C2 HP of SF coronal + dorsal stop clusters

The average duration of C1 is 71ms-@lms) and the average duration of C2
HP is also 71ms (685ms).Results of thef the oneway ANOVA show that there
are significant differences between the durations of C1 HPO(B0) and between
C2 HP (P =0.01).However, the independergamplest-test result shows no
significant differencéetween the HP of C1 and C2 (P = 0.86).

The average duration of the IGf SF coronal + dorsal clusters is 35ms-(31
39). There is a significant difference between the duration of thefISF coronal +
dorsal clustergP =0.002) which means that the two gestures are not organised in
the same pattern. Shorter ICI durations imply that the two gestures have a greater
overlap. When considering the duration of the cluster HP without the ICI, there is a
significant differene between théwo clusters (P =0.041). When the ICI duration is
included in the overall duration of the cluster, the difference becomes more
significant (P =0.00).

5.2.5.3 The duration of SF dorsal + coronal clusters

Results of the acoustic measurements of Skaller coronal stop clusters are

presented in Table 5.12.

N Dur. of | Dur. Dur. of | Dur.of | Std | C1+C2| C1 C2

C1HP | of ICI | C2HP | Cluster | Dev. HP HP HP

/nakt/ | 42 61 39 66 166 21 127 137 | 133
/nakd/ | 42 81 31 75 188 22 156 137 | 130
/ wa U 42 64 41 64 169 28 128 120 | 133
/ ma 0| 42 65 39 77 182 28 142 120 | 145
/ nav 42 67 39 67 173 29 134 120 | 130
/sl da| 42 67 33 66 166 28 133 120 | 133
/dl k a| 42 61 39 66 166 21 127 | 137 | 133
Total | 294 67 37 69 173 29 136 127 | 134

Table5.12 Duration of C1 HP, ICI and C2 HP of SF dorsal + coronal stop clusters
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The average duration of C1 HP is 67ms-83Ins) and the average duration of
C2 HP is 69ms (645ms). There are significant differences between Hife
duratiors of C1 (P = 0.00) and between C2 HP (P = 0.00). However, the
independensamplest-testresults show no significant differences between the HP
durations of C1 and C2 (P = 0.85).
The average duration of the ICI in this cluster type is 37ms4{3ds).
Figure 5.8 illustrées how the two consonantal gestuné$d/ and 1/ in SF position

are less cohesive in comparison with SI.

ClHP ICI C2 HFi
+—> (¢ <

i
e AR~ oAt
t. WY : ;‘m-&:‘.,.\

YO 1o S s
L as LA L \a M*L

® W a 0 ICI t h a

v
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Figure’5.8 The coordination pattern obt/ in /walt/ for speakeMS7. The gestural
coordination shows a long delay between C1 release and the closure formation of
C2.

There are significant differences between the ICI duratednSF dorsal +
coronal clustergP = 0.03). Whether the duration of the ICl is includethaoverall
duration of the clusters or not, results of tmeway ANOVA test show significant

differences between these clusters (P = 0.00).
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5.2.5.4 The dura

5.2.5.5 tion of SF/b/ + coronal clusters

Results of the acoustic measurements of!tl$F coronal stop cluste are

presented in Table 5.13.

N Dur. of | Dur. Dur. of | Dur.of| Std | C1+C2| C1 C2

C1HP| ofICI | C2HP | Cluster| Dev. HP HP HP

/ktabt/ | 42 65 27 67 160 28 132 128 | 133
/I nal 42 68 37 61 166 27 129 128 | 130
[ rakhl 42 64 38 68 170 26 132 128 | 145
/ Oabl 42 69 39 58 166 21 127 128 | 127
Total 168 67 35 63 165 29 130 128 | 134

Table5.13 Duration of C1 HP, ICI and C2 HP of @57 + coronal stop clusters.

The average duration of C1 HP is 67ms-@ns) and the averagluration of
C2 HP is 63 (5&8ms). There are no significant differences between the durations
of C1 HP (P = 0.35), but there are some significant differences between those of C2
HP (P = 0.02). The difference between the HP duration of C1 and C2 is not
significant either (P = 0.07).

The average duration of the ICI is 35ms -@ms). There are significant
differences between the ICI durations (P = 0.00). These significant differences
indicate that the way the bilabial gesture is coordinated with the cagesalre is
not the same. The shorter the ICI duration is, the more cohesive the two gestures are.
There are significant differences between the cluster durations with or without the
ICI duration (P = 0.00)

5.2.5.6 The duration of SF/b/ + dorsal clusters

Resultsof the acoustic measurements of/B/ dorsal stop clusts are
presented in Table 5.14.

N Dur. of | Dur. | Dur.of | Dur.of | Std. | C1+C2| C1 C2

C1HP | of ICI | C2HP | Cluster| Dev. HP HP HP

| kal 42 67 38 73 177 24 140 128 | 137
/I t1 42 69 39 58 166 19 127 128 | 120
Total 84 68 38 65 172 22 133 128 | 129

Table5.14 Duration of C1 HP, ICl and C2 HP of 3/ + dorsal stop clusters
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The averageluration of C1 HP is 68ms (669ms) and that of C2 HP 65ms
(58-73ms). There are no significant differences between the duration of C1 (P =
0.35) but there is a significant difference between the durations of C2 HP (P =
0.00). There was no significant difence between the durations of the HP of C1
and C2 (P = 0.23). The average duration of the I@b/ir dorsal clusters is 3@ns
(38-39ms). There is no significant difference between the ICI durations (P = 0.621)
in the two clusters. When the durationtioé¢ ICI is excluded frorthe overall cluster
duration, be independerdamplest-test results show that there are no significant
differences between the two clusters (P = 0.09). When the ICI duration is added, the

differences become more significant (PGZ).

5.2.5.7 The duration of SF coronal +/b/ clusters

/t1 b/ is the only c¢l ust &oin$Fposiidni c h a
In this cluster, the average duration of C1 HP is 69ms and the average duration of
C2 HP is 60ms. Statistical tests show significant differences between C1 and C2 HP.
The averge duration of the ICI duration is 39ms. The cluster HP duration is 127ms.
The average duration of C1 as a singleton is 145ms and that of C2 as a singleton is

128ms. When the duration of the ICI is added, the overall duration becomes 166ms.

5.2.5.8 The duration of SF dorsal +/b/ clusters

/ Ob/ is the only cl ust ébfin SFpositioh.iinc h a
this cluster, the average duration of C1 HP is 68ms and the average duration of C2
HP is 69ms. No significant differences were found between C1 and C2 HP duration.
The averageuration of the ICI duration is 38ms. The cluster HP duration is 137ms.
The average duration of C1 as a singleton is 120ms and the average duration of C2
as a singleton is 128ms. When the duration of the ICI is added, the overall duration

becomes 175ms.
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5.2.6 The duration of ICI in words in isolation

As stated in the methodology chapter, words containing Sl and SF clusters
were also recorded in isolation. The main aim is to verify whether thegestural
coordination pattern of these clusters will be inficeoh by the preceding consonant,
in the case of Sl clusters, and the following consonant, in the case of SF clusters.
Results of the duration of ICI in S| and SF are presented in Table 5.15. For ease of

comparison, the duration of ICI in clusters recordedai @rrier sentence are

presented.
ICI duration in| ICI duration in | ICI duration in| ICI duration in
Cluster type Sl clusters (in| Sl clusters (ira | SF clusters (in SF clusters (ira
isolation) carrier sentence|  isolation carrier sentence
Coronal + dorsal 19 17 59 35
Dorsal + coronal 23 16 54 37
/b/ + coronal 21 6 47 35
/b/ + dorsal 16 5 41 38
Coronal + /b/ 16 9 46 39
Dorsal + /b/ 19 11 46 38
Average 19 11 49 37

Table5.15 Mean ICI duration in SI andFSwords recorded in isolation. For ease of
comparison, the duration of ICI in clusters in words recorded in a carrier sentence is
provided.

As can be seen from thealile 5.15 the duration ofthe ICI seems to fall
under the same categories depending olalgg position. Whether the ICI exssn
clusters recorded in isolated words or in a carrier sentence does not affect the
coordination pattern, i.e. shorter delays in Sl clustegardless of the preceding
consonantscomparedto longer ones in SF, degpithe absence of a following
consonant. Figure 5$hows the pattern of gestural coordination of the clusteiry
Sl and SF.

Intrusive vowel | Epenthetic vowel |

| >

® W{\W“?#\%‘l.l.‘\:\vg.'\r,w\\.,k.v«.-.. e W "[""",[f,Lll;I'J — W\W’l‘“"* ...........,_,‘

I .z“ a1 Y (i) Ly R0 g
W IR ' " ‘

'u‘ b m, bl " ml“n

M) ‘M O
0 t a | w a 0 t

Figure 5.9 The coordination pattern otal/ left and /wat/ right produced in
isolation.
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It is worth nothing that the duration of ICI in SI and SF clusters in words
recorded in isolation seems to be longer than those recorded in a carrier sentence.
This wvariation can benneexcptleadi nsepde eicnh tphreo
1969) where consonants are assimilaBdriy 1992, or deleted(Farnetani and
Recasen4§997)andvowels are reduced.indblom 1963).

5.2.7 Discussion and conclusion of the result®r SF single and twestop
cluster

The HP durtion of SF single stops seems to be less variable compared to that
of SI. The place of articulation has less influence on the HP duration. The most
striking result to emerge from the acoustic analysis is the significantly longer HP of
SF single stops in ooparison to that of SThis distinction has been observed in the
literature (e.g. Heselwood and Watson 2013).

In monosyllabic major class words in TLA, as is likely to be the case in many

other Arabic dialects too, there appears to be quantity comptgntathe vowel is

|l ong, then the coda consonant must be s
vowel IS short t hen ei ther t he coda

Obroadcastingd), or there has tpThdbe a ¢
rhyme structures O6short V + short C6, 6I

are unattested in monosyllabic major class words. One consequence of this situation

is that, in the context of occurring after a short vowel, there is no contissblgo

between a singleton and a geminate consonant. The consonant that occurs typically
has duration similar to what is expected in a geminate consonant, but, as Heselwood

& Watson (2013: 51) argue, we cannot really call it a true geminate unless & is in
position where it can contrast phonologically with a true singleton. They call such
consonants Opseudo gemi nat es 0. Whil e w
singletons nor geminates, we can nevertheless point out that they comprise a single
articulatay gesture in contrast to clusters which comprise two successive gestures
potentially separable by an ICI. That is to say, pseudo geminates, like true geminates
but wunli ke false and fake geminates, cor

2002: 274)riterion and cannot be interrupted by an ICIl. We are therfore justified in
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saying that there is a single coda consonant in a word sumt povided we make
it clear that it is contextually lengthened. In light of the above, these words will
thereforebe represented phonologically in transcription with a single consonant
symbol; in allophonic transcriptions they will be represented with length marks.
In SF twastop clusters, there is a tendency for C1 HP to be longer than C2
HP. However, when C1 is a hal stop, the HP duration of this stop is always
shorter. Regarding the release of C1 in SF position, the results arstrlang. C1
was released in 94% of the instances and not released in only 6%. In cofbhal +
C1 was released in every case. Tdhaster where a coronal is followed Ibly/
showed the least releases with C1 released in 85% of the total number of utterances.
The release and narlease factor can be considered as evidence that the pattern of
coordination favours the release of C1 makihe two gestures less cohesive.
Summary of the durations of HP in SF clusters and the duration of the

epenthetic voweh each type of cluster are presented igure 510.
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Figure5.10 Duration of cluster HP and duration of ICI in SF coronal + dorsal, dorsal
+ coronal/b/ + coronal/b/ + dorsal, coronal #/, and dorsal +b/ clusters

There are some significant differences between C1 HP duratimh<2 HP
durations (P = 0.00). Although the duration of the ICI seemed to be stable across all
cluster types, theneway ANOVA results show significant differences between ICI
durations in different cluster types. Despite these differences, the gpateah of
coadination always favours epenthetic vowelsmpared to Sl cluster&Vhether
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this durationof the epenthetic vowat included in the overall cluster duration or
not, differences between the clusters remain significant (P = 0.00).

These restt are in agreement with the EPG results which show that
regardless of the consonant preceding Sl clusters and the consonant following SF
clusters, the coordination pattern is the same: Excrescent vowels in Sl clusters as a
result of a tighter gestural cabnation, and an epenthetic vowel in SF clusters as a

result of less cohesive gestural coordination.

5.3 The influence of syllable position

Only the clusters /[Ot/, [OtT/, [0d/,
be found in Sl and SF position. Resubf the duration of C1 HP, ICC2 HP and
the overall duration of these clusters are presented in TalBe Bhis table also
shows t he significance | evel o f di fferenc

duration including the ICI, and between the ICI duration in SI and SF clusters.

Cluster Syllable-nitial SyllableFinal Level of Significance
Cl | ICI | C2| Cluster| C1 | ICI | C2 | Cluster| HPs | Clusters| ICls

/ ot| 67| 15| 71| 153 | 64| 41 | 64| 169 0.09 0.03 | 0.00
/ ot | 65| 15| 71| 151 | 65| 39 | 77| 182 0.24 0.00 | 0.00
/ 0d| 63| 18 | 64| 145 | 67| 39 | 67| 173 0.17 0.00 | 0.00
/bd/ 8l| 5 | 56| 142 | 68| 37 | 61| 166 0.26 0.00 | 0.00
/ bt | 75| 4 | 63| 142 | 64| 38 | 68| 170 0.41 0.00 | 0.00
/odl /| 64| 2 | 66| 132 | 69| 39 | 58| 166 0.41 0.00 | 0.00
/bk/ 67| 5 | 70| 142 | 67| 38 | 73| 177 0.55 0.00 | 0.00
/ bO| 73] 6 |60| 139 | 69| 39 | 58| 166 0.36 0.00 | 0.00
/' t1] 70| 9 [71] 150 | 69| 39 | 60| 168 | 0.013| 0.00 | 0.00
/ Ob| 71| 8 | 74| 153 | 68| 38 | 69| 175 | 0.118| 0.00 | 0.00
Average| 70 | 9 | 67| 145 | 67| 39 | 66| 171 | 0.266| 0.0 | 0.00

Table5.16 The duration of C1 HP, ICI, C2 HP and the overall duration of Sl and SF
clusters

In Sl position, the average C1 HP duration is 70ms8®Bas). In SF, the
averageHP duration of C1 is 67m&4-69ms). TheaverageHP duration of C2 HP
in Sl is 67ms (5&/4ms)and the average HP duration of C2 in SF is 66ms (58
77ms) Wi th the exception of /tlb/ where t

influence on the C1 + C2 HP duration (P = 0.@4¢re are no significant differences
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between C1 + C2 HP in Sl position (145ms) and C1 + C2 in SF position (137ms) (P
= 0.26). This means there is no influence of syllable position on cluster HP duration.
The average duration of the excrescent vawél clusters is 9ms (28ms)

and the average duration of tepenthetian the same cluster but in SF position is
39ms (3741ms). There are significant differences between the duratioteof
excrescent voweah Sl andthe epenthetic vowel i&F position (P £.00). This is

more evident in clusters where C1 is /b/. The difference between cluster duration,
which was not significant when only the HP was measured, became significant
when the ICI duration is added to the overall duration of the cluster. This the&ns

the two gestures in Sl and SF are not coordinated in the same manner. While in SI
the two gestures are very cohesive allowing @Xgrescent vowel@-18ms), in SF
position, the two consonantal gestures are pulled apart giving rise ldoger
epenhetic vowel (37-41ms). These results are in agreement \Btbwman and

Gol dst ei findings ti{atloAs8t&nd coda clusters are organized differently.

5.4 The influence of articulation sequence

5.4.1 The influence of articulation sequence on Sl clusters

Anotherfactor investigated here is the articulation sequence. The articulation
sequence cabe A-to-P or P-to-A. Results of the influence of articulatory sequence
on the release of C1 and on the durationerérescent vowel$I clusters are
presented in Table 5/1

Anterior-to-posterior Posteriorto-anterior
Clust.| cirsd | €1MOU || S cust| cirsa | CLMOU | gy | S| Sie.
rlsd Dev. rlsd Dev.
/dk/ | 37 (88%) | 5(12%) | 16 | 9 | /kd/ | 37 (88%)| 5 (12%) | 18 | 11 | 0.42
/ dy 35(83%)| 7(17%) | 14| 11 | / 0 d 39(93%)| 3(7%) | 18| 11 | 0.56
/ t 1] 39(93%)| 3(7%) | 18| 9 / 0t 37(88%)| 5(12%) | 15| 9 | 0.18
/db/ | 25 (60%) | 17 (40%) | 5 7 /bd/ | 24 (57%) | 18 (43%)| 8 13 | 0.11
/ bt] 20(48%) | 22(52%)| 4 | 8 | / t 1] 30 (71%) | 12(29%)| 9 | 8 [0.03
/odl [ 12 29%) | 30 (71%)| 2 5 [ d 1| 17 (40%) | 25 (60%)| 7 11 | 0.08
/bk/ | 33(79%) | 9(21%) | 5 6 /kd/ | 39 (93%)| 3(7%) | 14 | 10 | 0.00
/ by 18 (43%) | 24 (57%)| 6 11 | / 0§ 28(67%) | 14 (33%)| 8 8 |0.22
Total | 219 (65%) | 117 (35%)| 8 8 251 (75%) | 85(25%) | 12 | 10 | 0.20

Table5.17 The influence of articulatory sequence on the release of C1 and on the
duration ofexcrescent vowels i8I clusters
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The average instances of C1 release varies as a function of the articulation
sequence. While i-to-P clusters, the peentage of C1 release is 65%,H+0-A
clusters, this percentage increases to 75%. This is particularly evident/ bt 1 / v s .
and / b0 /Theviglgendeni bamplestest results show that there are no

significant differencedvetweenA-to-Pc |l ust er s [ dk/ , /[ d0/ , / t
theirPto-Acount erparts /kd/ (P = 0.42), [0d/
0.11) and /b0/ (P = 0.22). This means t

any significant role n the way these gestures are coordinatecach cluster
However, there are significant differences betw@eto-Pc | ust ers [/ bt 1/,
/ok/, and theiPto-Acount erparts /[t b/ (P = 0.00),
0.00). The shorter duratiorf the excrescent vowels A-to-P clusters indicates that

the two gestures have a greater overlap in that order of articulation. Since this
duration is significantly longer in the$eto-A clusters,it follows then thathe two

gestures are less cohesive.

5.4.2 The influence of articulation sequence on SF clusters

There are four SF clusters with opposite sequence of articulafion.
comparison inC1 release and the duration of the epenthetic vobet&eenthese
clusters igpresentedn Table 5.8.

Anterior-to-posterior Posteriotto- anterior
C1 not Std C1 not Std .
Clust.| C1lrlsd fsd ICI Dev. Clust.| C1lrlsd fsd ICI Dev. Sig.

Jiki | 40 (95%) | 2 (5%) | 43| 8 | /kU | 40(95%) | 2 (5%) | 39 | 12 | 0.05

/ t { 40(95%) | 2(5%) | 31| 11 | / 0t 40(95%) | 2(5%) | 41| 16 | 0.00

/ b t| 42 (100%)| 0 (0%) | 37 | 13 | / t 1| 42 (100%)| 0(0%) | 39 | 11 | 0.50

/ by 40(95%) | 2(5%) | 39| 11 | / O H 40 (95%) | 2 (5%) | 38 | 17 | 0.85

Total | 162 (96%) | 6(4%) | 38 | 11 | Total | 162 (96%)| 6(4%) | 39 | 14 | 0.35

Table5.18 The influence okequencef articulationon the release of C1 and on the
duration ofepenthetic vowelsi SF clusters.

The average instances of C1 release in the SF position does not vary as a
function d the articulation sequenck botharticulation sequensgthe percentage
of C1 releases is8%. This means C1 is not released in ottfy of the total number

of tokens. While this pattern of C1 release indicates that there is no significant
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difference bewveen clusters of opposite articulation sequence, the duration of the
epenthetic vowelshows some significant differences in the pattern of coordination.

The independensamplest-test shows that the sequence of articulation influences

the durationofICi n / t k/ vs. [ kt/ (P = .0.05) and

former a greater overlap is observed in #0-A cluster, the latter shows the
opposite i.e. greater overlap in theto-Pc | ust er . Results of [/

/ 0 b/ ncitfleence of the articulation sequence on the coordination pattern.

5.5 The influence of morphologcal structure on HP and on theduration of

excrescent and intrusive vowel

Table 5.8 compares the duration of HP of C1 and C2 and the duration of ICI
when Cland C2 are tautomorphemic (belonging to the same root) to when they are

heteromorphemic(no bel onging to the same root) .

the rest of these clusteaisein Sl position

Tautomorphemic Heteromorphemic
N Dur. of | Dur. | Dur. of N Dur. of | Dur. | Dur. of
C1HP | of ICI | C2HP C1HP| of ICI | C2HP
42 | [bde:/ 81 5 56 42|/ bda 66 7 56
421/ bdl 64 2 66 42|/ bd1l 64 5 58
421/ bt 1| 75 4 63 42|/ bt 66 9 65
42| [bke:/ 67 5 70 42 | /bkalma/ 64 4 59
42| I bbq 73 6 60 |[42|/ b Ona/l 62 6 53
Average 72 4 63 Average 64 6 58
42] | wal 64 41 64 |42] /d da| 67 33 66

Table5.19 The influence of morphologicatructureon the duration of HP and ICI
in Sl and SF clusters

In SI tautomophemic clusters, the average duration of C1 HP is 72ms, and
the average duration of C2 HP idn@s. The average duration tfe excrescent
vowel is 4ms. In heteromorphemic clusters, on the other hand, the average duration
of C1 HP is 64ms and 58ms fG2. Theaverage duration dhe excrescent vowes

6ms. In SF tautomorphemi / 0t / , the average HP dur
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64ms.

heteromor phemic

In SF

dur at i

The average duration dahe epenthetic vowelis 41ms.
/I 0t/ the
58ms. The average duration of the epenthetic vasv@ns.

aver age

While tautomorphemic clusters seem to be more cohesive in Sl position,
(with shorter ICIs), heteromorphemic clusters show a shorter HP duration and
relatively longerexcrescent voweldResults of the independeseampled-test show
some significant dierences in HP duration, but not in the duration ofekerescent
vowels In SF position, results from the same test show that there are no significant
difference in the HP duration between the two clusters, whereas theigrafieant

differences intiedurationof epenthetic vowel@ = 0.01).

5.6 The influence of genderof the speaker

This section reports the results of the influence of gender on the duration of
the HP of single stops (in SI and SF position), the duration of HP of C1 and C2 in Sl
and SFclusters, in addition to the release of C1, and the duration @xitrescent
and epenthetic vowelg&s produced by males and femaleBhe results of the

relationship between gender and sequence of articulatiothenllbe discussed.

5.6.1 The influence ofgender on the HP duration of Sl stops

Table 5.20compares the HP duration of Sl single stops as produced by male

and femalespeakers

Sl Males Females
single Std Std Std Std
stogps N Mean Dev. Error N Mean Dev. Error
/bl 21 81 11 2 21 62 6 1
Il 21 63 14 3 21 51 10 2
[d/ 21 74 16 3 21 58 10 2
[t 1| 21 76 10 2 21 57 10 2
[ dl] 21 89 18 4 21 59 13 3
K/ 21 68 18 4 21 63 10 2
[ v/| 21 73 19 4 21 53 14 3
Total 147 75 17 1 147 58 11 1

Table5.20 The influence of gender on the duration of SI singlpsto

166




The results of the HP duration 81 single stops show that the two groups
(males and females) are different. The average HP duration of Sl single stops for
males is 75ms and for females 58nWhile the longest HP produced by male
speakers i$ d for/female speakeris is /k/. Male speakergend to produce longer
HPsat all places of articulation when compared to fensdeakersThis difference
is not the result of speaking rate differences, becthesspeaking ratef the two
groupswas normal. Dgpite these differences, the two grouesd to share some

/| kas the shoxtestrip dugation and
lof [/ dl/ /I b

durati onal patterns. bot

show similar patternsintrleu r at i on and

5.6.2 The influence of gender on Sl clusters

5.6.2.1 The influence of gender on the release of C1 in Sl chess

Results of the influence of gender on the release of C1 in Sl clusters are

presented in Table SlDbelow.

Cluster Males Females Sig.
type N Clrisd | Clnotrisd| N Clrisd | Clnotrisd
Coronal+ dorsal| 105 | 81 (77%) | 24 (23%) | 105| 89 (85%) | 16 (15%) | 0.16
Dorsal + coronal 105 | 103 (98%)| 2 (2%) | 105| 81 (77%) | 24 (23%) | 0.00
/bl + coronal 147 | 94 (64%) | 53 (36%) | 147 | 56 (38%) | 91 (62%) | 0.00
/bl + dorsal 84 | 54 (64%) | 30(36%) | 84 | 33(39%) | 51 (61%) | 0.00
Coronal +b/ 84 | 56 (67%) | 28 (33%) | 84 | 47 (56%) | 37 (44%) | 0.15
Dorsal +/b/ 42 | 36(86%) | 6(14%) | 42 | 31 (74%) | 11 (26%) | 0.17

Average 567 | 424 (75%) | 143 (25%) | 567 | 337 (59%) | 230 (41%) | 0.08

Table5.21 The influence of gender on the release of C1 in Sl clusters

In general, nmlespeakerslid not release C1 in 25% of the instances containing
S| two-stop clusters. In comparison, femaleeakerslid not release C1 in 41% of
the same clusters. Apart from coronal + dorsal clusters where fespabkers
producedmore C1 releases (8o compared t@7% by males), in all the rest dhe
clusters, femalespeakerproduce fewer C1 releases. For malaad femalesthe
highest percentage of noaleased C1 is i/ + coronal (36%for male speakers
and 62% for female speakexsfollowed bythat in b/ + dorsalclusters(36% for

male speakers arGl%for female speakers).
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The highest percentage of C1 releases by nspleakersis in clusters
containing two lingual stops. For example, in dorsal + coronal, repdéakers
released C1 98% of thetéd number. For femalspeakersmore releases took place
in coronal + dorsal clusters. There are significant differences in C1 release between
the two groups in dorsal + coronal aftsd + dorsal with malespeakerdiaving more

C1 releases.

5.6.2.2 The influence ofgender on the duration ofthe excrescent vowels Sl
clusters

The two groups also diffen regard to the duration of the excrescent vowels
in Sl position.Table 5.2 presents these duratioas produced byhe male and

female groups

Males Females
Cluster type N Dur. Std Std Dur. Std Std Sig.
of ICI | Dev. | Error | of ICI Dev. Error

Coronal + Dorsal 105| 17 10 1 17 10 1 0.90
Dorsal + Coronal 105| 18 10 1 13 10 1 0.00
/bl + Coronal 147| 10 13 1 3 6 0 0.00
/bl + Dorsal 84 8 13 1 2 5 1 0.00
Coronal +/b/ 84 12 13 1 7 8 1 0.00
Dorsal +/b/ 42 12 9 1 10 10 1 0.17
Total 567 | 13 12 1 9 10 0 0.18

Table 5.22 The influenceof gender on the duration of excrescent vowels in Sl
clusters

While the average duratiaf excrescent vowelgroduced by malspeakerss

13ms (818ms), the average duratimf excrescent vowelproduced by female
speakerss 9ms (217ms). For both groups, longer duratiarfsexcrescent vowels

are observed in lingual stop clusters, and snairationsare in clusters where C1

is /b/. While there are no significant differences between the two groups in the
durationof excrescent vowel®undin coronal + dorsal (P = 0.90) and in dorsal +
/bl (P = 0.17), results from the independsamplest-test show that there are
significant differences in the duratiaf excrescent vowelsetween the two groups

in dorsal + coronal (P = 0.02)/ + coronal (P = 0.00)p/ + dorsal (P = 0.01) and

coronal +/b/ (P = 0.01).Differencesin the durationof exaescent vowelbetween
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male and female speakesise an indication of gender differences in the way the

gestures of tw«stop clusters are coordinated in Sl position.

5.6.2.3 The influence of gender on thédP duration of Sl clusters

Gender also seems to have areffion the HP dutimn of two-stop clusters.
Male speakersproduced longer C1 and C2 HP duration compared to female
speakersTable 5.3 below presents the duration of C1 and C2 HP as produced by

male and femalspeakers

Males Females
Ctlusfaer c1Hp| c2rp| CUSt | o1 pp | copp | Clust| Sig.
yp HP HP
Coronal+ dorsal 73 60 133 54 61 115 .000
Dorsal + coronal 69 74 143 59 66 125 .000
/b/ + coronal 74 65 139 61 57 118 .000
/b/ + dorsal 73 63 136 60 57 117 .000
Coronal +/b/ 77 71 148 58 65 123 .000
Dorsal +/b/ 74 78 152 59 75 134 .002
Average 73 69 142 59 64 123 .000

Table5.23 The duration of C1 and C2 HP in Sl position as produced by amale
femalespeakers.

The average duration of C1 HP producgdimlespeakerss 73ms (6974ms)
and that for femalespeakerss 59ms (5461ms). The C1 HP duration produced by
malespeakersvas longer by 14ms. In additiothe duration ofC2 HP as produced
by malespeakerss 69ms (6678ms) as compared to 64ms {Bams) for female
speakers The average of cluster HP is 142ms for mgpeakersand 123ms for
female speakers Results of the independesamples t-test show significant
difference between the two groups in all cluster types. It is worth noting that while
males produced longer C1 HP duration compared to C2 HP, females produced
shorter C1 HP duration in comparison to C2.
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5.6.3 The influence of gender on the HP duration of SF single stops

A comparison between male and femsppeakersn the duration of HP of SF

single stops is presented in Tablebzlow.

SF single MaIeSStd Std Femaless{d Std
stops N Mean Dev. Error N Mean Dev. Error
b/ 21 131 36 8 21 125 23 5
i/ 21 129 28 6 21 137 20 4
/d/ 21 128 27 6 21 131 23 5
I t1 21 149 28 6 21 142 18 4
/[ dl 21 134 28 6 21 121 14 3
1kl 21 140 33 7 21 133 18 4
/ 0/ 21 127 21 5 21 114 12 3
Total 147 134 30 2 147 129 20 2

Table5.24 The influence of gender on the HP duratiorséfsingle stops

The influence of gender on the duration of the HP of SF singleton stops is
surprising bot h t he of t
/t1/. Another i ng

speakergproduced longer HP durations in voiceless and voiced alveolar /t/ and /d/.

For groups, durati on

nt erest i 0 besstopsyfamtaieo n i

For the rest of SF single stops, male participants tended to produce longer HPs.

5.6.4 The influence of gender on SF stops

5.6.4.1 The influence on gender on the releasof C1 in SF clusters

Results of the influence of gender on the release of C1 in SF clusters are

presented in Table SDelow.

Cluster Males Females S
type N | cinsa | CEot| [ cipsg | CLmot | 29
risd risd

Coronal+ dorsal| 42 | 42 (100%)| 0(0%) | 42 | 40 (9%) | 2(5%) | 0.16
Dorsal + coronal 147 146 (99%)| 1 (1%) | 147| 138 (94%)| 9 (6%) | 0.10
/b/ + coronal 84 | 83(99%) | 1(1%) | 84 | 67 (80%) | 17 (20%) | 0.00
/bl + dorsal 42 | 40 (95%) | 2 (5%) | 42 | 31 (74%) | 11 (26%)| 0.00
Coronal +/b/ 21 | 21 (100%)| 0(0%) | 21 | 17 (81%) | 4 (19%) | 042
Dorsal +/b/ 21| 21(100) | 0(0%) | 21 | 19(90%) | 2(10%) | 0.16

Average 357 | 353 (99%)| 4 (1%) | 357 | 312 (87%) | 45 (13%)| 0.14

Table5.25 The influence of gender on the release of C1 in Sl clusters
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In general, malspeakerslid not release C1 in only 1% of the instances of SF
two-stop clusters. Femakpeakerson the other hand, did not release C1 in 1I8%
the same clusters. In all SF clusters, fensdeakerdended to produce fewer C1
releases. For males, the highest percentage ofeleased C1 is ib/ + dorsal
(5%). For femalespeakersthis is alsab/ + dorsal (26%). The difference between

the o groups in C1 release is significant when C1 is a bilabial.

5.6.4.2 The influenceon gender on the duration of epenthetic vowels SF
clusters

Theaverage duration of epenthetic vowelSF clusters as produced by male

and femalespeakerss presented in Tabl5.8.

Cluster Males Females _

type N Dur. Std Std Dur. Std Std Sig.
of ICI Dev. Error | of ICI Dev. Error

Coronal + dorsa| 42 35 12 2 35 12 2 0.88
Dorsal + coronal 147 38 15 1 37 12 1 0.41
/b/ + coronal 84 36 14 2 35 12 1 0.71
/bl + dorsal 42 38 13 2 38 9 1 0.82
Coronal +b/ 21 40 10 2 38 11 2 0.63
Dorsal +/b/ 21 40 15 3 37 19 4 0.59
Total 357 39 14 1 36 12 1 0.10

Table 5.26 The influenceof gender on the duration of epenthetic vowielsSF
clusters

Regarding the duration dhe epenthetic vowelvhen C1 is released, there
seems to be no significant difference between the two groups. Wikilaverage
duration ofepenthetic vowehs produced by makgpeakerss 39ms (3540ms), that
average for femalspeakerds 36ms (35838ms). Unlike in Sl position where both
groups showed some significantfdiiences in the duration of excrescent vowels
there are no significant differences in the duratbepenthetic vowelbetweerthe

two groupsn SF position (P > 0.05).
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5.6.4.3 The influence of gender on thédP duration of SF clusters

Results of the duration of C1 and C2 HP as produced by male and female
spekersare presented in Table 3.Below.

Males Females
Cluster Clust Clust Sig
type C1HP| C2HP HP C1HP | C2HP Hp
Coronal+ dorsal 69 75 144 74 67 141 0.91
Dorsal + coronal 66 72 138 68 66 133 0.25
/bl + coronal 70 63 133 63 64 127 0.19
/bl + dorsal 70 65 135 66 66 132 0.46
Coronal +/b/ 71 61 132 67 58 126 0.63
Dorsal +/b/ 67 73 139 69 66 135 0.58
Average 69 68 137 68 64 132 0.50

Table5.27 The duration of C1 and C2 HP in SF position as produced by male and
femalespeakers

The average duration of C1 HP produced by rspkakerss 69ms (6671ms)
and that for femalespeakerds 68ms (6374ms). In additionC2 HP duration as
produced by malespeakersis 68ms (6175ms) compared to 64ms for female
speakerg58-67ms). The average of cluster HP is 137ms for nspleakersand
132ms for femalespeakers Results of the independesamplest-test show no

significantdifferences between both groups in all SF cluster types (P = > 0.05).

5.6.5 The relation between gender andrticulation sequence

Results of the relationship between gender and articulation sequence are
presented in Table 5382

Anterior-to-posterior Posteriofto-anterior
Cluster| N I\I/Ig:e Felgale Sig. | Cluster | N I\I/Ig:e F?(r;ale Sig.
/dk/ | 42 | 17 15 1.00 /kd/ 42 22 14 0.00
/ d 0| 42| 18 10 | 004| /0d| 42| 16 19 0.65
/[t 1| 42| 16 19 | 070| /0t | 42| 18 12 0.05
/bd/ | 42 8 2 0.00 /db/ 42 12 4 0.00
[ bt]| 42 7 1 0.00 [t 1] 42 12 7 0.00
/ bd| 42 3 0 002 /dIl | 42 11 3 0.00
/bk/ | 42 6 3 0.04 /kb/ 42 14 14 0.95
/ bO| 42| 8 3 001| / O0Ob| 42| 11 11 0.79
Total | 336| 10 7 0.22 336 | 15 11 0.30

Table5.28 The relation between gendand articulation sequence
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There are some significant differences in the coordinatiofh-tu-P and P-
toAbet ween the two gr oudp/s.whlepraer tt hferroem wad
influence on the gestural coordination, gender seems to play a rothein
coordination ofA-to-P clusters. Femalgpeakerseem to have tighter coordination
in A-to-P sequences in comparison to the male group (P = < 0.05).PhtoaA
articulation, results of the comparison between the two groups show that apart from
/I6dkb/andDb/ where there was no difference
0.95 and 0.79 respectively), statistical results show that fespalgkerdrave more
cohesive coordinationintieto-As equence of articul ati on

Within each group, t#tre has been some influence of the sequence of
articulation on the dation of the cluster and tiaurationof the excrescent vowel
Malespeakerp r oduced significantly longer [ 0b/
longer /bk/ clusters compared /kb/.agstical results show that there are also
significant differences inA-to-P vs. P-to-A articulation produced by female
speakers

Regarding the duration of excrescent voweis the two sequences of
articulation as produced by each group, the male groaywssh tendency to produce
shorter durations (more gestural overlap)Aito-P compared tdP-to-A. The only
cluster wherePto-Ae x hi bits more overlap is [/0d/.
group only produced longer ICIs i-to-P/ d k/ and /emaimng stopFor t
clusters, thé>-to-A stop clusters showed a longer ICI duratiblost of these results
are not in line with previous findings showing thd@to-A articulation hasless

gesturaloverlap tharA-to-P.

5.7 Variability amongst and within speakers

5.7.1 Variability amongst and within speakers in Slsinglestops

Table 5.3 below presentsesults of the variability amongst speakers in the
production of SI HP durations. Results of the SI HP duration as produced by the
male group shweed that the range of data 79ms (45125ms). The average of the
standard deviation is 17. There are significant differences amongst speakers in this
group. M51 tended to produce shorter HP in comparison wigsld, 3 and5 (P =
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0.00). Variability within speakers in this group alsbows some differences. In

general, M1 and MB3 showed less variability in comparison witts#and M57.

Std

Std

95% Confidence

Interval for Mean

speakers N Mean Dev. | Error | Lower | Upper Minimum | Maximum
Bound | Bound
MS1 21 66 9 2 62 70 45 86
MS2 21 73 14 3 67 79 51 104
MS3 21 92 15 3 85 99 65 125
MSA 21 72 12 3 67 77 50 94
MS5 21 81 14 3 75 88 51 101
MS6 21 79 15 3 72 86 46 115
MS7 21 62 19 4 53 70 52 106
Total 147 75 17 1 72 78 45 125
FS1 21 60 15 3 53 67 42 84
FS2 21 57 10 2 52 61 45 82
FS3 21 48 10 2 43 52 50 68
FA4 21 56 9 2 52 60 49 73
FS5 21 60 9 2 56 64 47 77
FS6 21 65 10 2 60 69 42 86
FS7 21 58 9 2 54 62 41 75
Total 147 58 11 1 56 59 41 86

Table5.29 Variability amongsmale and émalespeakers in the production of SI HP

duration

Amongst thespeakerof the female group, the range of data is 44ms (42
86ms). The average standard deviation is 11. The female group shows less
variability than the male group but there are significhfiérences within the female
group. In general, 8 produced shorter HP durations compared $6, FS6 and

FS7. Within-speaker variability results show that F1 displayed more variability

compared to the rest of the group.

The level of variability variessaa function of place of articulation. Results

show

significant differences amongst the speakers seem to be in voiced single stops, and
the least in voiceks singletons expet
results of variabilitywithin speakes show some significant differences within each

speaker i.e. there are significant differences between the three repetitions for each

speaker.

| ess

speaker

var.i

for
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5.7.2 Variability Amongst and Within Speakers in SFsinglestops

Table 5.3Melow presents the results of the variability amongst speakers in
the duration of HP of SF single stops.

95% Confidence
speakers N Mean DSet?/ ESr:(cj)r Il_n;\?vglfl forul\gggp Minimum | Maximum

Bound | Bound
MS1 21 97 12 3 92 103 74 126
MS2 21 151 19 4 143 160 119 190
MS3 21 158 15 3 152 165 138 196
MSA 21 122 19 4 114 130 83 150
MS5 21 150 18 4 142 158 116 187
MS6 21 155 19 4 146 164 119 192
MS7 21 103 20 4 94 112 99 134
Total 147 134 17 2 129 139 74 196
Fs1 21 126 12 3 121 132 104 152
FS2 21 110 17 4 102 118 84 138
FS3 21 118 9 2 114 122 99 135
F4 21 129 14 3 123 135 104 150
FS5 21 146 23 5 136 157 110 195
FS6 21 132 21 5 122 141 96 172
FS7 21 143 18 4 134 151 104 173
Total 147 129 20 2 126 132 84 195

Table5.30 Variability amongsimale and femalepeakers in the production of SI HP
duration

Variability in the duration of the HP amongst malgeakershows that the
range of data is 122ms (-196ms). The average of the standdeviation is 17.
There are significant differences amongst the male speakers in this gr8u@nd
MS7 produced significantlghorter HP durations (P = 0.00yone of the speakers in
this group showed any significant variability within their repetitions.

Amongst thespeakersn the female group, the range of data is 111ms (84
195ms). As was the case for Sl stops, in SF the female group showed less variability
compared to the male group. The average standard deviation is 20. The female
speakersshowed morevariability in their SF clusters and there are significant
differences amongst themSZE tends to produce shorter HP durations compared to
FS5 and F57. Within-speaker variability results show tha®%; FS6 and 57 were

more variable in their HP durations.
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In SF position, speakers showed variability in all places of articulation,

particularly /t/ and /k/.

5.7.3 Variability amongst speakers in Sl clusters

Table 5.3 below presents the results wdriability amongst speakers in the

HP duration of Sl clusters.

95% Confidence
spakers N Mean Std Std Interval for Mean . _
Dev. | Error | Lower | Upper | Minimum | Maximum
Bound | Bound
MS1 81 120 22 2 115 125 132 184
MS2 81 157 22 2 152 162 114 209
MS3 81 153 24 3 147 158 105 228
MA 81 131 33 4 124 138 115 179
MS5 81 165 18 2 161 169 107 204
MS6 81 158 23 3 153 163 122 205
MS7 81 124 16 2 121 128 102 168
Total 567 144 29 1 142 146 102 228
FS1 81 122 20 2 118 127 95 177
Fs2 81 115 21 2 110 120 77 166
FS3 81 114 21 2 109 118 89 172
F4 81 110 15 2 106 113 102 144
FS5 81 138 19 2 134 142 115 183
FS6 81 123 30 3 117 130 96 208
FS7 81 141 16 2 137 144 104 180
Total 567 123 23 1 121 125 89 208

Table5.31 Variability amongstmale and femalspeakers in the duration BP of S
clusters

Variability in the duration of the HP of Sl clusters amongst male speakers
shows that the range of duration is 126ms {228). The standard deviation is 29.
There are significant differences amongst the male speak&isaktl M57 tendto
produce significantly shatr HP durati on (P (@asubes 05) .
ANOVA results show no significant differences in variability within the male

S p e a kepetitisng.
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The range of the HP duration produced by female speakers is 119ms (89
208ms). There are significant difearces amongst the female speakerS4 F
produced significantly shorter HP duration (109ms) while HP duration $@ri&
significantly longer (140ms). The standard deviation is 23. This means that the
female group shows less variability than the male graariability results for
individuals show that the female group was less variable in their cluster HP duration.

Table 532 presents the variability results angst speaker production of
excrescent vowelsn Sl position. h the male group, thduration of excrescent
vowel ranges from é@B8ms with a mean of 14ms. The standard deviation is 12.
There are significant differences amongst male speakers. While M1 produced the
shortest excrescent vowelduration (3ms), M2 produced significantly longer
durations (23ms)Variability tests for individual speakers show that M2 and M7

exhibit more variability than the other males.

95% Confidence
N Mean Std Std | Interval for Mean Minimum | Maximum
Dev. | Error | Lower | Upper
Bound | Bound
MS1 81 3 6 1 2 4 0 28
MS2 81 23 17 2 19 26 0 38
MS3 81 18 11 1 15 20 0 29
MA 81 8 10 1 6 11 0 36
MS5 81 15 10 1 13 17 0 33
MS6 81 8 9 1 6 10 0 38
MS7 81 14 11 1 12 17 0 25
Total | 567 13 12 1 12 14 0 38
FS1 81 15 10 1 12 17 0 30
FS2 81 7 10 1 5 9 0 25
FS3 81 8 9 1 6 10 0 36
F4 81 8 8 1 6 10 0 28
FS5 81 9 8 1 7 11 0 29
FS6 81 5 10 1 3 7 0 33
FS7 81 6 9 1 4 8 0 25
Total | 567 8 10 0 7 9 0 36

Table 5.32 Variability amongstmale and femalespeakers in the duration of
excrescent voweh Sl clusters

Regarding variability in the excrescent vowddliration amongst female

speakers results show that the range dération s (0-36ms) and the standard
177



deviation is 10. There are significant differences amongst this group. Waile F
produced significantly longezxcrescent vowelEl5ms), 56 produced the shortest
(5ms).

5.7.4 Variability amongst speakers in SF clusters

Results of tk variability amongst speakers in theration of theHP are
presented in Table S33elow.

95% Confidence
speakers N Mean DSetij/ ESr:gr Irct)e:v:/\;e;l forul\gsgp Minimum | Maximum

Bound | Bound
MS1 51 135 29 4 126 143 96 198
MS2 51 147 15 2 143 151 117 171
MS3 51 148 28 4 140 156 106 198
M4 51 153 25 3 146 160 112 206
MS5 51 150 22 3 144 156 135 177
MS6 51 190 25 4 183 197 156 249
MS7 51 125 19 3 120 131 103 166
Total 357 150 30 2 147 153 96 249
FS1 51 124 22 3 117 130 91 171
FS2 51 125 24 3 118 132 112 191
FS3 51 141 19 3 136 147 105 175
F4 51 138 22 3 132 144 96 180
FS5 51 168 23 3 161 174 134 208
FS6 51 154 24 3 147 161 97 191
FS7 51 154 18 3 149 159 108 190
Total 357 143 22 1 141 146 91 208

Table 5.33 Variability amongstmale and femalspeakers in the duration of HP in
SF clusters

Variability amongst male speakers in the duration of the HP of SF clusters
shows that the range of duration is 153msZ98), with a sindard deviation of 30.
There are significant differences amongst the male speak&&tévids to produce
significantly short HP durations (125ms). Variability results for individual speakers
show that M1 displays a greater variability range than othex spedakers.

The range of the HP duration produced by female speakers is 117ms (91

208ms), the standard deviation being 23. There are significant differences amongst
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the female speakers, witlSF producing significantly shorter HP duration (123ms)
and F6 poducing significantly longer cluster HP duration (171ms). The standard
deviation is 22, showing that this group displays less variability. Results for
individual speaker variability show that all female speakers exhibited greater
variability in their HP dration.

The variability amongst speakers in the duratiorthef epithetic voweis
presented in Table $43pelow. The duratiorof epenthetic vowels in SF clusters
ranges from @2ms, with a standard deviation of 14. There amgniicant
differences in th durationof epenthetic vowela mongst mal e speaker
MS6 and M57 produced the longest and the shortest ICI (22 and 53 respectively).
Results also show that $8 and M55 display more variability than other male
speakers.

Regarding the variabily in theduration of epenthetic vowalmongst female
speakers, the female group is less variable than the male group. The ICI duration
ranges from &5ms, with a standard deviation of 12. There are significant
differences in the duratioaf epenthetic vowls While FS2 produced the shortest
HP (an average of 33ms)SF has produced the longest (an average of 45ms). In
addition, there were differences in variability of individual female speakers. While

FS6 showed greater variability SE and 4 were less ariable than the others.

95% Confidence
speakers N Mean Std Std :_T;\?VZ?I forUI\SEZ? Minimum | Maximum
Dev. | Error

Bound | Bound
MS1 51 35 13 2 31 39 17 92
MS2 51 35 11 2 32 38 15 58
MS3 51 35 13 2 31 39 0 55
M4 51 38 10 1 36 41 0 60
MS5 51 38 12 2 35 42 19 69
MS6 51 22 12 2 19 25 0 46
MS7 51 53 9 1 50 55 31 75
Total 357 37 14 1 35 38 0 92
FSs1 51 30 8 1 28 33 4 42
Fs2 51 30 15 2 26 35 0 73
FS3 51 35 11 2 32 38 0 57
F4 51 32 9 1 30 35 10 50
FS5 51 38 12 2 35 41 23 59
FS6 51 48 14 2 44 52 0 75
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FS7 51 38 7 1 36 40 24 52

Total 357 36 12 1 35 37 0 75

Table 5.34 Variability amongstmale and femalespeakers in the duration of
epenthetic vowels SF clusters

5.8 The influence of speking rate

5.8.1 The influence of speaking rate on the HP duration of Sl single stops

Both speaking rates, fast and slow, have an influence on the duration of the
HP of singleton stops in onset positidks speaking rate increases, the duration of
the HP decreses. The amount of decrease is 22% for /b/, 23% for /t/, 20% for /d/,
25%for/ t 1/, 28% [ dT /1, 19% /I k/
the speaking rate decreases, the duration of the HP increases. The amount of
increases 31% for /b/, 46% for /t/, 44% for /d/, 44% fort 1 / 35% / d
/k/ and final y 4 4 % /O0/. 1t is worth ol
at a fast speaking rate, and display more variability at a slow speaking rate.

for for and
for
for ment i
Moreover, the amount of decrease in HP duration at fast speaking rate is less than

the amount of increasn HP duration at slow speaking rate

5.8.2 The influence of speaking rate on Stwo-stop clusters

5.8.2.1 The influence of speaking rate on C1 release in 8lo-stop clusters

A summary of the influence of speaking rate on C1 release vgetease in
Sl clusters igpresented in Table BH3elow. The total number of tokens for each
speaking rate (fast, normal and slow) is 1134. For each speaking rate the number of

Cl release vs. nerelease is presented as both a number and a percentage.

Normal Fast Slow
C:;Jps;er N C1 C1 not C1 C1 not C1 C1 not
released released | released| released| released | released
Coronal 210 170 40 181 29 185 25
+ dorsal (81%) (19%) (86%) (14%) (88%) (12%)
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Dorsal +| ,,. [ 184 26 163 47 189 21
coronal (88%) (12%) (78%) (22%) (90%) (109%)
i+ | o9, | 150 144 101 193 181 113
coronal (51%) (49%) (34%) | (66%) | (62%) | (38%)
o+ | e 87 81 92 76 108 60
dorsal (52%) (48%) | (55%) | (45%) | (64%) | (36%)
Coronal 168 103 65 55 113 141 27
+ I/ (61%) (39%) | (33%) | (67%) | (84%) | (16%)
Dorsal + 84 67 17 44 40 75 9
ol (80%) 20%) | (52%) | (52%) | (89%) | (11%)
Average | 1134| 761(67%) | 373(33%) | 636 (56%)| 498 (44%) (%37;)) (22502)

Table5.35 The influence of speaking rate on the release of C1 inuSierk

For sake of convenience, a summary of the results of normal speaking rates
are presented first, followed by results for fast, then slow speaking rate. At normal
speaking rate, the percentage of C1 released is 67% of the total number. The highest
percentage of C1 release is in dorsal + coronal (88%) and in coronal + dorsal (81%).
On the other handb/ + coronal andb/ + dorsal show the highest percentage of C1
not released (49% and 48% respectively)fast speaking rate, the percentage of C1
releases decreased to 56%. It is worth noting that the percentage of C1 releases
increased to 86% in coronal + dorsal clusters and to 8944 A dorsal clusters.

With regard to fast speaking rate resulting in less C1 release, the cordoal +
cluster praluced the most striking results where the percentage ofadeased C1
decreased to 67% of the total utterances.

The percentage of C1 releases at slow speaking rate increased from an
average of 67% at normal speaking rate to 78% at slow speaking rgteer Hi
percentages of C1 releases are evident in dorsal + coronal (90%), ddwsg9fo)
and coronal + dorsal (88%\While results of the influence of fast articulation rate
are not in support ahe speech rate hypotheswhich assumes than increasen
the articulation rate will result in a decrease in the HP duration in an increase in
gestural overlap (less C1 release and shasterescent vowe)sand a decrease in
articulation rate will result in the oppositeesults of the influence of slow speadi
rate do confirm the hypothesibhis indicates that the two gestures become looser at
slow speaking rate. Howevely/ + coronal clusters show some resistance to this

pattern.
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5.8.2.2 The influence of speaking rate on SI HP duration

Results of the influence dcfpeaking rate on the duration of cluster HP is
presented in Table %3

Normal Fast Slow
Cluster type | Cluster Std Cluster Std Cluster Std
HP Dev. HPdecreasg Dev. | HPincrease| Dev.
Coronal+ dorsal| 124 32 103 (17%) 25 185 (49%) 46
Dorsal + coronal 134 25 103 (23%) 18 186 (39%) 40
/bl + coronal 129 32 102 (21%) 22 213 (65%) 70
/bl + dorsal 126 30 101 (20%) 23 203 (61%) 54
Coronal +b/ 136 33 107 (21%) 21 204 (50%) 50
Dorsal +/b/ 141 24 111 (21%) 22 194 (38%) 44
Average 131 29 105 (20%) 22 197 (50% 51
Table536The i nfluence of speaking rate on

As can be seen in Table 5.38, the duration of SI clusters HP decreases at fast
speaking rate, and increases at slow speaking rate. The average duratiorasfedec
at fast speaking rate is 20%. Coronal + dorsal clusters show some resistance to this
increase in speaking rate, compared to dorsal + coronal. Other clusters showed
relatively the same percentage of HP reduction. The standard deviation shows that
theduration of the cluster becomes less variable at fast speaking rate.

As a result of the decrease in speaking rate, the average duration of the
cluster HP increases by 50%. The standard deviation shows that, in addition to this
increase, thespeakersbecomemore variable. With a 65% increase in the HP
duration,/b/ + coronal clusters are more influenced by this increase. In dorkal +
clusters the percentage of decrease is 38%. This means thafagafclusters are

more resistant to the change in spegkate.

5.8.2.3 The influence of speaking rate on the duration oéxcrescent voweln
Sl clusters

Table 5.3 presents the results of the influence of speaking rate on the

duration of theexcrescent vowels SlI clusters.
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Normal Fast Slow
Cluster  typel Dur. Of | o4 pey. | DU OF | 4 pey.| PU OF | g1 pev.
ICI ICI ICI

Coronal+ dorsal 17 10 12 9 24 14
Dorsal + coronal 16 10 11 9 23 15
/bl + coronal 6 7 2 4 12 14
/bl + dorsal 5 9 3 4 10 12
Coronal +/b/ 9 11 4 7 19 16
Dorsal +/b/ 11 9 5 7 19 14
Average 11 9 6 7 18 14

Table5.37 The influence of spédng rate on the duration excrescent vowels Sl

clusters

At fast speaking ratall Sl excrescent voweldecrease from an average of

11ms to an average of 6ms. This means that the consogastates show greater

overlap or a more cohesive coordination patieas a result of the increase in

speaking rate. At slow speakingate on the other hand, the duration of the

excrescent vowelscreases from an average of 11 at normal speaking ragants.

/bl + a lingual stop clusters and coronalbt clusters are more influenced by a

decrease in speaking rate. The increddbe duration of excrescent vowelsslow

speaking rate is an indication that the two consonantal gestures become less

overlapped at slow speaking rate.

5.8.3 The influence of speaking rate on the duration of SF single stops

In SF clusters, the change in speaking rate has an influence on the HP

duration of SF single stops. At fast speaking rate, there is a slight decrease in the

duration when compared to Sl single stops, except for /t/ which remains Sthble.

amount of decrease is 14% for /b/, 13% for /t/, 19% for /d/, 19% forl / |,

N

22%

f or

17%

I k| At tast dpeakingradel dpgakerd ghttw |ése r
variability when producing onset /b/, /t/ and /d/, but greater variability in the rest

At slow speaking rate, the duration of the Hiereases as expectethe
amount of increasis 55% for /b/, 61% for /t/, 50% for /d/, 63% fort T / ,

61%

f or /

k /

Itl, 44% for /d/, 44% fof t 1 / ,

clear that some stops are more resistant to changes in speaking rate thamnothers.

35 %

for

/[ d1 [/,

58% f

a n d Thé amount of increds831%forf/bd, 46%/fod /
4 0% .

fdon

addition, speakers show greater variability in all SF single stops except for /d/. At
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sl ow speaking rate, speaker s/cdmpargditeay |

nor mal speaking rate. Speakers show | ess

5.8.4 The influence of speaking rate on SF twstop clusters

5.8.4.1 The influence of speaking rate on C1 release in SF clusters

A summary of the influence of speaking rate on €l&ase vs. nerelease in

SF clusters is presented in Table&.3

Normal Fast Slow
Cluster N C1l C1 not C1l C1 not C1l C1 not
type released | released| released| released released | released
coronal+ 84 82 2 71 13 81 3
dorsal (98%) (2%) (85%) (15%) (96%) (4%)
dorsal + 294 284 10 273 21 278 16
coronal (97%) (3%) (93%) (7%) (95%) (5%)
/ol + 168 150 18 147 21 155 13
coronal (89%) (11% (88%) (13%) (92%) (8%)
/bl + 84 71 13 71 13 78 6
dorsal (85%) (15%) (85%) (15%) (93%) (7%)
coronal + 42 42 0 40 2 41 1
/bl (100%) (0%) (95%) (5%) (98%) (2%)
dorsal + 42 40 2 38 4 42 0
/bl (95%) (5%) (90%) (10%) (100%) (0%)
Average | 714 669 45 640 74 675 39
(94%) (6%) (90%) (10%) (95%) (5%)

Table5.38 The influence of speaking rate on the release of C1 in SF clusters

At fast speaking rate, the average percentage of C1 release in SF clusters is
90%, a decrease of 4% in comparison with that of normal speaking rate. However,
this decrease is not significantgpared to the Sl clusters. The release of C1
appears moraoticeablen coronal + dorsal clusters, b + dorsal clusters remain
stable. At slow speaking rate, the average percentage of C1 releases is 95%. There is
no significant difference between thasd average percentage for normal speaking
rate. In clusters consisting of twimgual stops and in coronal A/ clusters, the
percentage of C1 release decreases in comparison with normal speaking rate. This
means that in these clusters, the decreaspanking rate does not always imply
decreasen the percentage of C1 releaséhese resultsupportthe speech rate
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hypothesis which states that a decrease in articulation rate will result in more

instances of C1 realese.

5.8.4.2 The influence of speaking rateon SF HP duration

The influence of speaking rate on the duration of HP of SF clusters is shown
in Table 5.3 below.

Cluster Normal Fast Slow
type N | Cluster| Std Cluster Std Cluster Std
HP Dev. HP Dev. HP Dev.

coronal+ dorsal | 84 142 37 107 (B5%) 21 211 (49%)| 57

dorsal + coronal| 294 136 29 105 (23%) 19 194 (43%)| 50

/ol +coronal | 168 | 130 | 29 | 107 (18%)| 19 | 198 (52%)| 40

/bl + dorsal 84 | 133 | 22 | 108(19%)| 23 | 191 (44%)| 46

coronal +/b/ 42 | 127 | 30 | 113(11%)| 24 | 235(85%)| 67

dorsal +/b/ 42 | 137 | 28 | 104(24%) | 19 | 202 (47%)| 48

Average 714 | 134 | 29 | 107 (20%)| 21 | 205(53%)| 51

Table5.39 The influence of speaking rate on the duration of HP in SF clusters

The results in Table 58show that the average duratiohSF clusters HP
decreases at fast speaking rate, and increases at slow speaking rate. The average
percentage of decrease at fast speaking rate is 20%, the same amount of decrease as
in Sl clusters. However, in this case it is not coronal + dorsal clustach are
more resistant to the increase in speaking rate, but coraofél €@oronal + dorsal
show they are more influenced by an increase in speaking rate. The standard
deviation shows that the duration of SF clusters is more variable at fast spaaking r
than at the same speaking rate in Sl position.

As a result of the decrease in speaking rate, the average duration of the
cluster HP increasdsy 53%. The standard deviatiofil, shows that, in addition to
this increaseyariability betweenspeakerdiasalso increasg Coronal +/b/ clusters
are more influenced by this decrease. The average HP duration increase in coronal +
/bl clusters is 85%which is almost doublein dorsal + coronal clusters the
percentage of decrease is 43%. The increase in thaitdBah in SF means that the

two gestures present less overlaplatv speaking rate.

185



5.8.4.3 The influence of speaking rate on the duration oépenthetic vowelsn
SF clusters

Results of the influence of speaking rate on the duratieperthetic vowels

in SFposition are presented in Tabld®&.

Cluster type Normal Fast Slow
ICI Dur. | Std Dev.| ICIDur. | Std Dev.| ICI Dur. | Std Dev.
coronal+ dorsal 35 13 24 11 56 23
dorsal + coronal 39 15 29 10 57 24
/bl + coronal 35 12 22 11 55 18
/bl + dorsal 38 11 30 13 53 22
coronal +/b/ 39 11 22 10 50 19
dorsal +/b/ 38 17 36 9 57 24
Average 37 13 27 11 54 22

Table5.40 The influence of speaking rate on the duratioepe#nthetic vowels SF
clusters.

At fast spealag rate, the duration of tlepenthetic vowels all clustershas
decrease from an average of 37ms to an average of 27ms. This means that the
consonantal gestures become more cohesive as a result ofriggsein speaking
rate. The epenthetic vowels /b/ + coronal clusters is shorter compared to those in
dorsal + coronal clusters. At slow speaking rate, the duration oeplkathetic
vowelsincreases from an average of 37ms at normal speaking rate to 54ms. There
are no significant differences betweéme duration ofepenthetic vowelsn SF

clusters which means that the gestural coordination pattern was almost the same.

5.9 Discussion

In this section, results of the influence of syllable position, sequence of
articulation, morphological structure, gendedaspeaking rate are discussed in the
light of the literature review. In the results, syllable position was found to influence
the HP duration of the cluster. This is the result of the mechanism involved in the
production of Sl clusters compared to SF. Téree of articulation in Sl is stronger
leading to longer durationlt is also well documented in the literature that Sl
consonants are organised differently from @fowman and Goldstein 1988;

Pouplier and Marin 20Q8arin and Pouplier 201 &Xochetov2006)
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The difference in duration between the excrescent vowel in Sltlaad
epentheticvowel in SFhas also been observed in thieréture (e.g. Hall 2003;
Davidson 2005Davidson and Roon 2008; Dell and Elmedlaoui 2082cause the
tight gestural coordiation in Sl, the two gestures either overlap or coordinate in
such a manner to allow the release of C1. In SF, on the other hand, the two gestures
are pulled apart as a result of the epenthetic vowels insertedinsartion of this
vowel is motivated byhe phonotactics of TLA which does not allow a sequence of
three consonant3.his vowel is inserted before C2, because TLA is a VC language
(Kiparsky 2003; Watson 2007).

Not in agreement with previous literature on the influence of articulation
sequence o gestural coordination and C1 relea€hiforanet al. 2002) sequences
with P-to-A place of articulation had more C1 releases thato-R. The shorter
duration of the excrescent vowels intéxP sequence suggest that the two gestures
are more overlapped this context than it is in-B-A. This could be motivated by
the need to release C1 when it is posterior to ensure perception. Frequency of the
word could be also a factor determining gestural overlap. The fact that in SF there
was no significant inflance of the sequence of articulation on the duration of
epenthetic vowelsupports these conclusions.

Results also showed thexcrescent vowels weillenger in heteromorphemic
clusters compared to tautomorphemic. This result suggests that the morphological
structure influences the gestural coordination paiteifowever, the shorter HP
duration of C1 and C2 could be analysed as a tradatgtionship between
consonants and vowels.e. shorter HP durations allow for longdurations of
excrescent vowelsard viceversa.

The gender influence in the results is in agreement with previous studies
where differences in speech production were due physiological differ@rmesr
and Trudgill 1991;Simpson 2001Kuehn and Moll1976) Vowel space Klenton
1995)

Femaé speakers produced fewer C1 releases in Sl clusters, shorter HP
durations and shorter excrescent vowels when C1 was released and shorter
epenthetic vowels in SF. The results indicate that there are semleased
differencesm the way articulatory geses are coordinated in TLA. Since there are

not any gender studies in LA, these results could not be velifmadever, results of
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the study are not in agreement with those obtained by previous studies on gender
influence on segment duration. In these rssuinale speakers were found to
produce shorter segments that female spe@k#rteside1996) and speak faster
(Byrd 1993)

Finally, the influence of articulation rate on the duration of segments,
consonants and vowels is wdibcumented in the literatufe.g. Lindblom 1963).
The velocity of the articulators which increases in fast speakindBeadg&vman and
Goldstein(19900 is determined by their inertidBéueret al. 2010) Results of the
influence of fast speaking rate are in agreement with previaukest (e.g Gay
1981 Arvaniti 1999 Pickett et al. 1999) which found that by the increase of
speaking rate, the duration of segments decrease. However, the results do not
support studies which found no significant influence of articulation rate on segment
duration(e.g.Gayet al. 1974:47 Kent and Netsell 197Kent and Moll 1975).

5.10 Conclusion

This chapter has presented and discussed the results from the acoustic
analysis. These results include those for siogke and twostop clusters.
Measurements fosingle stops include the duration of the HP and how it is
influenced by place of articulation. It emerged that place of articulation has a
significant influence on the HP duration of Sl single stdjpss duration decreases
as the place of articulation mes further back. The mostgnificantfinding with
regard to SF single stops is the significantly longer HP duration they display in
comparison to their SI counterparts.

In Sl two-stop clusters, the HP duration of C1 tends to be longer than that of
C2. Themost striking result for Sl clusters is that C1 is not always released due to
the tight coordination of the two gestures involved. C2 closure is formed pefore
at, the release of the C1 closure. When C1 is released, the durationeattescent
vowel is shorter There are some significant differences in the HP duration of C1
and C2, C1 release and in the duratafnexcrescent vowelfor different cluster
types.

More releases and longexcrescent voweburatiors were found in two

lingual stop clustes. There may be many reasons for these differences. Since the
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tongue is the only articulator involved in the production of these clusters, unlike
those cases when tongue and lips are articulators, it may be difficult to make the TT
and TB gestures overlap

Results of SF twetop clusters show that the HP duration of C1 and C2 is not
as significantly different as for Sllusters There are two important results in SF
clusters. The first is that C1 is released most of the time in comparison with SlI. The
seondis the significantly longer epenthetic vowelsration of SF compared to Sl
clusters. Unlike Sl twstop clusters where the two gestures involved show a
considerable amount of gestural overlap, the two gestures in SF clusters are less
cohesive allowingthe presence of a longapenthetic vowelsThese findings
support the results from previous literature that syllable position has an influence on
the way gestures are coordinafgdakow 1999)

Results of the influence of articulation sequence on thedowion of
gestures in Sl and SF show th&tto-P clusters display more gestural overlap in
comparison toP-to-A clusters. In SF clusters, on the other hand, the articulation
sequence did not show the sameuefice on gestural coordination.

As for the nfluence ofthe morphological structuren gestural coordination,
the statistical results show some differences in SI HP duration but thet duration
of excrescent vowelbetween tautomorphemic and heteromorphemic clushers
SF, where only two cluste were compared, results show more overlap in the
heteromorphemic cluster.

Gendey a factor that is investigated only in the acoustic dates, found to be
an important factor in the duration of HP, releaof C1 and the duratiorof
excrescent voweldn Sl and SF positions, makpeakersvere found to produce
longer HP duration, more C1 release and longer duraticgxcrescent vowelm
comparison with the femalspeakers This implies that malespeakersapply
different gestural coordination patterio those of femalespeakersIn addition,
gender appears to have less influence on the articulation sequence.

Results also show some variability within the two groupspafakerand for
individual speakers Male speakersare more variable in Sl single p& but the
female group shows more variability in SF stops. In S| and SFtemclusters, the
male group are more variable in the HP duration of C1 and C2 and in the duration of

the epenthetic vowah comparison with the female group.
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Finally, speakingate was found to influence the HP duration and the gestural
coordination of twestop clusters in both SI and SF clustédshough an increase in
the articulation rate does not always involve more overlap between the two gestures
and a decrease will ledd looser coordination, the general pattern suggbst &
speaking rate increases, duration of the HP decreases, and the opposite is true. The
amount of decrease at fast speaking rate is less than the amount of increase in the HP
duration at slow speaig rate. Some clusters are more resistant to changes in
speaking rate. The number of C1 releaskesreasedas the speaking rate is
increased. When C1 is released, the duration ofettezescent vowebecomes
shorter. This is the result of the two gestubexoming more cohesive at fast

speaking rate compared to the looser coordination pattern at slow speaking rate.
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Chapter Six: Timing of Voicing Results

6.1 Introduction

The last chapterChapter ke, presented and discussed the results of the
acoustic aalysis of single and twsetop clusters in Sl and SF position. The purpose
of this chapter is to present the findings about the timing of voicing. The results
show how the laryngeal activities are@alinated with supralaryngeal activities i.e.
at what pant in the HP voicing is initiateih phonologically voiced stopsThe
results also show the influence of the voicing specification, place of articulation,
syllable position, and speaking rate on the timing of voicing and VOT duration. The
results are dividd into four sections: the results from Sl single stops, SF single
stops Sl twostop clusters, and SF twatop clusters. In the first three sections, the
results include the duration of the HP, the duration of voicing (periodicity) during
the HP, voicingatios (i.e. proportion of voicing in the HP), the number of periods,
the voicing category and finally the duration of VOT for Sl single stops.nexé
two sections present the results of the timing of voicing in SI and SFstbpo
clusters. These includbe duration of the HP of C1 and C2, the duration of ICI, the
duration of voicing in C1 and C2, the ratio of voicing in the HP of C1 and C2, the
number of periods in C1, ICI and C2, the voicing category of C1, the ICI and C2,
and fnally the duration of DT in Sl twastop clusters.

The aim is to reveal the awdination of onset/offset of voicing with the
onset/offset of the HP and the ratio of voicing in the HP of C1 and C2. The results of
voicing in single stops are then compared to the results of goiainwo-stop
clusters to test Wedated undey\isingthal the7dégree h'y p o
of voicing adaptation in stop clustassdetermined by the voicing characteristics of

single stops.

191



6.2 The timing of voicing in syllable-initial single stops

The results of timing of voicing in Sl single stops are presented in Table 6.1.

Sl single | Dur. of | Dur. of % of No. of Voicing
L . : VOT
stops HP voicing voicing periods | category
/| bag 122 -38 31% 3 PV 0
VD /dam/ 105 -47 45% 4 PV 0
[/ dl a] 95 -55 58% 4 PD 0
/ bas 78 -60 77% 5 VD 7
Mean 100 -50 50% 4 PD 7
/'t aq 76 0 0% 0 VLS 21
VLS /t1l g 92 0 0% 0 VLS 31
/kar/ 81 0 0% 0 VLS 39
Mean 83 0 0% 0 VLS 30

Table 6.1 Mean duration, duration of voicing, entage of voicing, number of
periods, voicing category and VOT values of syllabiéal single stops.

The meanduration of voiced stops is 10%3. and themean duration of
voicing is 50ns (50% of the total duration). The average number of periodsgduri
the HP of voiced stops & Sl single voiced stopare different in two main aspects
the duration of voicing, which includes the number of periods, and the timing of
voicing. While the duration of the HP decreases as the place of articulation moves
from front to back, the duration of voicing and the number of periods increase. 77%
of the HP of [ 0/ 3i%sof thedHP ofébd Single voisedastopsd t o
al so differ with regard to the timing
laryngealtiming has a consistent pattern where voicing is initiated after the onset of
closure, and continues throughout the HP. As a result, the onset of closure is
devoiced. ln / 0/, on t h-erdinatedhwihrthe loreset df, v 0 |
the HP,and s frequently terminated before i1
partially voiced, the average VOT is 7ms.

In voiceless stops, /t/t /land /k/, tle mean duration of the HP is 83nitsis
shorter than the HP in voiced stops by 27ms. This is notreeagent with previous
literature (Henton et al. 1992: 6768) who reported longer HP durations for
voiceless stopsvoicing ceases at the offset of the preceding vowel, and does not
start until after the release of the stop. As a result, glottal pulsialgves/s absent
during the HP of Sl voiceless single stops. The VOT value is 21, 31 and 39

respectively. It is worth noting that VOT value increases as the place of articulation
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moves from front to backlhis result confirmghe hypothesisstated under voing

that the place of articulation of the stop influences the duration of VHglre 6.1

showsthe difference between these two patterns@€ing initiation in Sl single

stops.

‘mu.l_l_._l_l_

luu Mk LaR
N Wy w \V 4 i W’\""MN""“'

O R R

e Ly

Bkl vy
YU

f;

*\4?‘ N ‘w /\ \

/

onset of HP

onset of voicing

X
offset of HP

7
/

onset of HP

T

onset of voicing

\
offset of HP

W

|
I

onset of voicing

L U NPT (PR ———— fey T
L ———— 0 4.4 4 08 I v«.wm
f— NV A U0
A f N
onset Of HP, offset of HP
onset of HP offset of HP

onset of voicing

end of voicing

Figure 6.1 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) showing voicing initiation of /b/ in the word @&4A), /d/ in the word

/dam/ (B), /dlI/ in the word /dlam/ and
aod / dl/ t hevioatiecnes dtl ghetdtafter the ons:¢
timed to start at the onset of the HP. Vertical lines are inserted to mark the onset and
offset of the HP.

6.3 The timing of voicing in syllable-final single stops

Theresults of voicing in B stops are presented in Tabl2.6

SF single Dur. of Dur. of % of No. of Voicing
stops HP voicing voicing periods category
/| kab 195 119 61% 11 PD
/| wad 179 134 75% 14 PD
/ nadl 185 158 85% 16 VD
/| kaov 182 167 92% 17 VD
Mean 185 145 78% 15 VD
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/nat/ 182 0 0% 0 VLS
/ bat | 175 0 0% 0 VLS
[ wak 186 0 0% 0 VLS
Mean 182 0 0% 0 VLS

Table 6.2 Mean duration, duration of voicing, percentage of voicing, number of
periods, and voicingategory of SF single stops

The mean duration of the HBf SF voiced stopss 185ms. Themean
duration of voicing is 14fs of this duration (78%). The ratio of HP of Sl voiced
single stops to SF is 1:1.8. The further back the place of articulatioreigrtger
the voicing duration and the more periods there will be during the HP. As for the
timing of voicing in SF single stops, unlike in SI where voicing initiation is co
ordinated to start at two different times, in SF single stops, voicing alwayswesti
from the preceding vowel and is terminated before the release of the stop. Despite
the fact that the HP in SF voiced stops is longer, approximately double in duration,
the vocal folds continue to vibrate for longer in SF voiced stops (78% in compariso
to 54% ). Finally, the mean duration of voiceless stops in SF position is 182ms. The
ratio of HP of Sl voiceless stops to SF is 1:2.1. There is no voicing diwengR of
SF /t/, [t1/] and [/ k/.

6.4 The timing of voicing in syllable-initial clusters

This section reports the results of timing of voicing inti-stop clusters.
Based on thephonologica) voicing specification of the two members of the cluster,
voicedor voiceless, the section is divided onto four main sections: results of voiced
+ voiced and voiceless + voiceless, presented in TaBJeafd results of voiced +

voiceless, and voiceless + voiced presented in and Table 6.
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S| two-stop Dur. Dur. of No. of | Voicing C1l Dur. | No. of | Voicing | Dur. | Dur. of No. of | Voicing
of - % : ; L % ; VOT
clusters voicing periods| category| release of ICI | periods| category| of C2 | voicing periods| category
C1l
1. /bde: / 123 -95 77% 6 VD risd 17 2 VD 81 -68 84% 6 VD 27
2. / bdl g 115 -80 70% 8 VD risd 13 1 VD 71 -48 68% 7 PD 16
3. / bbal| 100 | -100 | 100% 8 VD risd 9 0 VLS 63 -45 71% 6 PD 32
4. / Oba| 115 | -110 | 96% 8 VD risd 8 0 VLS 90 90 100% 9 VD 10
5. / 0dal| 85 -85 | 100% 8 VD risd 20 0 VD 84 -70 83% 7 VD 17
6.| /dba{ 104| -40 | 38%| 5 PV rrl‘gé - . - o1 | 56 | 62% | 4 PD | 4
/diba 95 | 20 | 21%| 1 DV rrl‘gé - . - 125 | -124 | 99% | 9 VD 0
8. | / dba:| 113 -91 81% 7 VD risd 18 1 VD 59 -59 | 100% 6 VD 3
9. / 0dl ¢ 88 -87 99% 8 VD risd 18 2 VD 99 -95 96% 10 VD 0
10.| / bdaf| 96 -36 38% 2 PV risd 6 0 VD 67 -58 87% 5 VD 0
11. / bdial 83 | -64 | 77%| 7 VD rrl‘s; - i - 83 | 57 | 69%| 5 PD | 10
12.| / bball| 91 -43 47% 3 PV risd 3 0 VD 70 -64 91% 6 VD 18
Mean 101 -66 65% 6 PD -- 12 1 VD 82 -62 76% 7 VD 11
13. /ktabt/ 77 0 0% 0 VLS risd 26 0 VLS 73 0 0% 0 VLS 18
14.| /tka:bir/ 78 0 0% 0 VLS risd 20 0 VLS 65 0 0% 0 VLS 33
Mean 78 0 0% 0 VLS -- 23 0 VLS 69 0 0% 0 VLS 26

Table 6.3. Mean duration of C1, ICI, and C2, duration and ratio of voicm@1i and C2, number of periods, voicing category and VOT in
voiced + voiced clusters {12) and voiceless + voiceless clusters143
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S| two-stop Dcl)Jfr' Du_r._ of % No_. of | Voicing C1 D;cr. Nq of | Voicing D;r. Dgr._ of % No_. of | Voicing | VOT

clusters Cc1 Vvoicing perlods Category Release ICI perlods category c2 voiCing perlods Category
1.| /bt 4q 93 0 0% 0 DV rlsd 14 0 VLS 80 0 0 0 VLS 19
2. Ibke: / 98 0 0% 0 DV rlsd 11 0 VLS 75 0 0 0 VLS 50
3. Idkar/ 99 0 0% 0 DV rlsd 16 0 VLS 77 0 0 0 VLS 38
4. /| Ot a| 85 38 | 45% 3 PV rlsd 17 0 VLS 89 0 0 0 VLS 16
5. / 0t 1{ 80 -80 | 100%| 7 VD risd 20 1 VD 88 0 0 0 VLS 23
6.| / btar| 86 0 0% 0 DV risd 10 0 VLS 49 0 0 0 VLS 25
7.1 /bt a 87 0 0% 0 DV risd 8 0 VLS 65 1 2 0 VLS 19
8. | /bkalma/ | 87 0 0% 0 DV risd 4 0 VLS 53 0 0 0 VLS 37

Mean 89 15 | 17% 1 DV - 13 0 VLS 72 0 0 0 VLS 28
o.| /tib{se | 0 | 0%| o VLS chti . . : 105| 67 | 64| o0 PD | 10
10.| / t1 0{ 102 0 0% 0 VLS risd 15 0 VLS 82 74 | 90 7 VD 3
11.| /kbas/ | 71| 0o | o0% | o0 VLS rrl';; : ; : 91 | 17 | 19| o DV 6
12.|  /kdab/ 82 0 0% 0 VLS risd 29 2 VD 80 -78 | 98 8 VD 0
13.| /tba:l 73 0 ov 0 VLS risd 11 0 VLS 80 0 0 0 DV 6
14.| /tba: 71 71 | 100%| 10 VD risd 24 3 VD 69 69 |100| 11 VD 0

Mean 81 0 0% 0 VLS - 19 0 VLS 85 51 | 60 3 VD 7

Table6.4. Mean duration of C1, ICI, and C2, duration and percentage of vorciddy and C2 , number of periods, voicing category and VOT in
voiced + voiceless clusters-8) and voiceless + voiced clustersl®).
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6.4.1 The timing of voicing in gyllable-initial voiced + voiced

In voiced + voiced clusters, the mean duration of C1HELms. Voicing is
maintained for 66ms of this duration. The mean durabb@2 HP is 82ms, with
voicing continuingfor an average of 62ms. While 65% of the C1 HP is voiced, the
ratio of voicing in the C2 HP duration is 75%. C1 is released 70% of the tot
repetitions. When it is released, the mean duration of ICl is 12ms. The average
number of periods is six for C1, one for the ICI and seven for C2. While C1 falls
into the category of partially devoiced, ICl and C2 are voiced.

There are three patterirsthis voicing combingon. In the first, C1, ICI and
C2 are all completely voiced. This means over 75% of the duration of the cluster is
voiced. This group i aficVoicnd & soeordinated to staft 0 d /

with the onset of C1 HP and continues through C2Wcing sometimes fades out

before the release of C2, and resumes again after the release as seen in Figure 6.2.
The 1 Cl is vodfice dbuitm/. VMadrd i$ stnatidies/tetminated
before the rel ease ofthe@&rageslurationf VObi® ar / .
32ms.

o)
A [ PR e
MM AN
RARRNANA A & i n NN p
\'J yy\Jr ."v"l ‘~'F\J \J\J \‘\Jf\\j‘ J .\;\,"\\_J— ; Llr‘\./l \/[\\’[\"I ~
< >
continuous voicing

onset of voicing

Figure 6.2 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) showing an instance of the proc
shows fully uninterrupted voicing throughout C1, ICI and C2. There is also some
reduction in the amplide towards the offset of C2 HP.
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The second pattern is characterized by a delay in the initiation of voicing. As
a result, the onset of C1 HP is devoiced. When voicing starts, it continues
uninterrupted to the releasebddf/ @xn.d 7THi
difference between all these clusters is in the duration of prevoicing, i.e. how early
voicing is initiated before C1 releaskhe voicingleadinC1is38 3 ms i n [/ dl bz
4462ms in /[-®dd aiffm/ / d&8: j i 0/nues bhimterptedg t h -
through C2 HP. When C1 is released, the ICI is always voiced. Figure 6.3 shows an

instance of this pattern of voicing in /

[ ICth d I

Wi kbR b

AT AN
y;s&b.

TN VNRTVR VT FESH O e ———

JUUHUU /fl —— «}mw\m\}\ UV

onset of Cl Hp ~ ©opset of voicing

Figure 6.3 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) for /bdl/ in the word /bdlanal
voicing during the onset of /b/ HP; as a result C1 is partially devoiced.

In the last pattern of voide+ voiced clusrs, voicing is initiated 460ms
before the release of C1l. As a result, Cjust partially devoiced. Voicing then
starts and continues throughout the rest of C1 HP, ICI and the onsetH#® @Rere
it is terminated 399ms before the rehse of C2. This pattern is observed in /bd/,
[ db/ a Mdan dukatibh of VOT is just his. Figure 6.4 shows the time of

voicing for the cluster /bd/ in /bde:/.

i b ICI od  |vot e:
i T
B
Cle v v e e i e e n
A~ A R
— 2NN ANNSNNPNNIITIIT A~y n NIV

onset of C1 HP  onset of voicing end of voicing

Figure 6.4 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) for the cluster/bd/ in the word /bde:/. The figure shows a delay in voicing
initiation in /b/, and an interruption of voicing before the release of /d/.

198



6.4.2 The timing of voicing in syllable-initial voiceless + voiceless

In clusters consisting of two voiceless stops, /tk/ and /kt/, there is no voicing
during the HP of C1 and C2. When C1 is releasieglICI is always voiceless. It is
worth noting that /k/ has a longer VOT, 33ms, coredato that for /t/, 18ms. The

pattern of voicing in voiceless + voiceless stop clusters is shown in Figure 6.5.

= A
\" ! . '. B

[ g TP T PP PREVIWS -

i e o ———— .ig v

FNASNNSJ WWNNNNNN\NNGURA

r( ......................................... /. / .......................................................... L\ K_........._._........._........_.‘
onset of C1 HP \ onset of voicing

C2 release

Figure 6.5 Spectrogram (top), acoustic waveform (middle) ahottal waveform
(bottom) for the cluster/kt/ in the word /ktab/ showing complete voicelessness
during the HP of C1 and C2 and the ICI.

It is worth mentioning that when /t/ is singleton in Sl position, it has a longer
HP duration to when it occurs as @Ra cluster. Single /k/, on the other hand, does
not show such a tendency.

6.4.3 The timing of voicing in gyllable-initial voiced + voiceless

When a voiced stop is followed by a voiceless one, there is a variety of
voicing patterns. In the first pattern, GiP is completely devoiced as a result of a
regressive, or anticipatory, assimilation. These clustbere C1 is /binclude /bt/,

I bt 1/, I bk/ and [/ dk/ .for Chis 28me dns wdrihr at i o
mentioning that /k/ has longer VOT durations emparison to /t/. Figure 6.6 below

shows an instance of regressive voice assimilation to voicelessness of the clusters
/dk/ in the word /&ab/.
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wk vot a r

C2 release \ onset of voicing

onset of C1 HP

Figure 6.6 Spectrogram (top),caustic waveform (middle) and glottal waveform
(bottom) for the cluster/dk/ in the word /dkar/. This figure shows that /d/ is
completely devoiced as a result of regressive assimilation.

In the second pattern, shown in Figure 6.7, voicing starts at get ohC1
HP. It is frequently terminated before the release aof tich is usually 0/. The
average number of periods is three. When C1 is released, the ICI is voiceless. C2 HP

is always voiceless.

i vot| @ a

Lgp LU PP T LT T [ R —
VAVWIMMAN bt i s A MM A A~ w% :
A Ll e — :
SONNAN N NN _ 7 NNAN A~ s ws | W\ Y AVAVAVAVAVAVAV)Y:
onset of C1 HP /‘ \
onset of voicing C2release  onset of voicing

end of voicing

Figure 6.7 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) showing the cluster /[ U0t/ i n th
r el e a sieanticipatidn ofAioiceless /t/.

In the third pakern, presented in Figure 6.8, voicing is initiated at the onset
of C1 HP, and sustained to the onset of C2 HP where it is terminated. The average
number of periods is seven. This pattern results in a voiced ICI. Apart from a brief
voicing tail of 10-13ms, there is no voicing during C2 HP. It can be clearly seen

from the | ast two figures that voicing
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when it is [t/ The | ast two patterns
voicing adaptation in stop clustemay be determined by the voicing characteristics

of single stops.

i ¥} W |vot| | Cé

NN | i i
aa 'Amnm-m”:mm . “'W"""“:':
— AW, ——— I’\\\ ==

C2 release

7
onset of C1 HP /
onset of voicing end of voicing

Figure 6.8 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) for the clusteut lnthe wordt 1 af / showing continuo
theHPofd/ and I Cl. Voicing is ceases short|l

6.4.4 The timing of voicing in gyllable-initial voiceless + voiced

The first pattern of voicing in voiceless + voiced clusisrshown in Figure
6.9. In the cluster /tO0O/, Cl1 is voiced
and C2 are all fully voiced. The average number of periods in C1, ICl and C2 is

nine, three and ten respectively.

"

> ‘ “‘ ‘ | y 8
L L LT T arR— R ..n...mn.n.unuwl

PP A A oA AV MMM AMMMAMMMM
O NI }Y AW NUTISAAA ANV
onset of C1 HP < continuous voicing >

onset of voicing

Figure 6.9 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) for the cluster [ tuvo/ in the wo
as a result of a regressive assimilation.
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The second pattern is apparen i n t he tl 06t amsl / kidb/ , EK
occasion whent/ / i n / t-42ing voiding ead,aC1 BRBis always voiceless.
This causes the 1 Cl to be voicelesds as v
during the ICI as can be seen in Figure 6.10 below. This is another example
supportingWe st bur y 6 s ( 1lt8altbe)deghey of wdicing adaptation in

stop clusters may be determined by the voicingracteristics of single stops.

[ ®
' | U : g “.‘ | ‘. | ’ \

UL rE N § SRR : L -
VOV DY ‘ N, -

A B i W W a
L) s T W e oG ok £ 6> i :”'
ANV —— / TN VVVANPAAANNNVMAAARAN A

/
onset of C1 HP onset of voicing

Figure 6.10 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) for /kd/ in the word /kdab/ showing that the onset of voicing is timed to
start during the ICI making elastop conserve its voicing specification.

In the final voicing pattern, C2 is completely devoiced as a result of a
progressivevoicing assimilation. Apart from /b/, in /kbdyhich has a voicing lead of
48ms in one occasion, C2 is always devoicEde mean duration of VOT is @is.
Figure6.11 shows an example of progressive voicing assimilation in the cluster /tb/
i n |/ tThealCl @ voicéless too.

i ICI b W a:

Mlsm,.nl.n:lf 10 M) \ 3
AN WIS iy 2 Itk et
SANNNN— —/ e s WJ\J\J\J\J\J\J\J\J\.“/- ——

onset of C1 HP

onset of voicing

Figure6.11 Spectrogramt@p), acoustic waveform (middle) and glottal waveform
(bottom) of the cl| udhedgureshowsacompletelyhe wor o
voiced /b/ as of result of a progressive assimilation.
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6.5 The timing of voicing in syllable-final clusters

Results of théiming of voicing in SF clsters are presented in Table.6.5

SF twostop | Dur. Du_r.' of % No: of | Voicing C1 Dur. No: of | Voicing | Dur. Dgr.. of % No_. of | Voicing
clusters | of C1 | voicing periods Release of ICI | periods of C2 | voicing periods
1. / nab 90 -73 81% 6 VD 1 37 4 VD 82 -48 59% 4 PD
2. /] babgq 58 -58 100% 6 VD 1 26 3 VD 69 -67 97% 5 VD
3. /[t 1T al 70 -70 100% 7 VD 1 31 4 VD 65 -64 98% 6 VD
4., / nao 77 -76 99% 9 VD 1 37 5 VD 96 -94 98% 6 VD
5. / hao 71 -70 99% 8 VD 1 32 4 VD 71 -54 76% 5 PD
Mean 73 -69 95% 7 VD 1 33 4 VD 77 -65 84% 5 VD
/hatk/ 89 8 9v 0 VLS 1 33 0 VLS 65 0 0% 0 VLS
/ d1 kg 80 16 20% 0 VLS 1 25 0 VLS 82 0 0% 0 4
Mean 85 12 1l4v 0 VLS 1 29 0 VLS 74 0 0% 0 4
8. /' rab 78 -54 69% 6 PD 1 34 4 VD 90 0 0% 1 VLS
9. /| kabl 68 -68 | 100% 7 PD 1 27 3 VD 90 -35 | 39% 0 VLS
10. /| waO1l 64 -64 100% 8 VD 1 35 4 VD 70 0 0% 2 VLS
11. / maot 72 -70 97% 8 VD 1 42 4 VD 86 0 0% 1 VLS
12. /ktabt/ 77 -56 73% 5 PD 1 35 0 VLS 100 0 0% 0 VLS
Mean 72 -62 86% 7 VD 1 35 3 VD 87 -7 8% 1 VLS
13. /| dat/| 80 0 0% 1 VLS 1 24 2 VD 109 -56 51% 6 PD

Table6.5 Mean duration of C1, ICI, and C2, duration and percentage of voicing in C1 and C2, number of periods, voicing catedgony in SF
stop clusters.
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6.5.1 The timing of voicing in syllable-final voiced + wiced

There is a variety of voicing patterns in SF clusters. As in Sl, the timing of
voicing is determined by thghonologicaloicing specifications ofhie two elements
in the cluster, i.e. the clusters are ded into four groups: voiced + voiced,
voiceless + voiceless, voiced + voiceless and voiceless + voibede T only one
pattern in voiced + voiced SF twgtop clusters. In this pattern, C1, the ICI and C2
fall under the voiced category. However, there some differences in the ratio of
voicing in the HP ofC2. Voicing is terminated 239ms beforete release of C2 in
/bd/,3849ms i n2%5mbé/ i nBRMST /iand WEBMS in / b0/ .
average number of periods is seven in C1, four inG@hand five in C2. It is worth
mentioning that the duration of voicing is shorter when C2 is /b/ or /d/ then w
is /dl/ andl 2/ Os/h.owsi gtuhree v6oi ci ng pattern
clearly seen that the duration of the ICI is longeSF in comparison to that of SI.

More periods are apparent as well.

b bk »
Hid it d. VBN /)
E— R A A ANV TT AN S y I

7
onset of C1 HP ) o
continuous voicing

end of voicing C2 release

Figure 6.12 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) the cluster /bdhi t he word / nRnabd/ . The figur
voicing before the release of fb/anticipation of /h/.

6.5.2 The timing of voicing in syllable-final voiceless + voiceless

In voiceless + voiceless clusters, voicing toames from the vowel for 12
18ms throughout the HP of C1. Due to the fact that C1 and C2 are both voiceless,
the ICl is voiceless as well. Figuéel3 shows an instance of complete voicelessness

during the production of /[/kt/ i nistahe wo
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subject pronoun, voiceless, ampitecededy /k/, a rootfinal stop which is voiceless

as well.

K [ef] t h
! L
s Iy A’ -
- ‘ TR s ¢ e ol o - ..‘n“MWMF
— DS J\I\J\I\M \j\,_‘, e — — e S AN
4 \
onset of C1 HP ? \e“d of voicing C2 release
voicing tail
Figure 6.13 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) f or the cluster [/ kt/ in the word /

the onset of C1 HP. There is no voicing during the rest of C1 HP, ICI is voiceless,
and C2 HP is voice voiced.

6.5.3 The timing of voicing in syllable-final voiced + voiceless

In clusters composed of a voiced + a voiceless shepetare two patterns of
voicing. In the first one, C1 and the ICI are fully voiced. Voicing is maintained aft
the onsetof C2HPfor1@0ms i n15ms TV n R9s/ iand 018/ .
the averge number of periods in C1 is seven, in C2 it is only one. In this pattern,
voicing is terminated shortly after the onset of C2 HRe ICI is 35ms and it is

voicedThe ti ming of wvoicing in the cluster

“: YR T I (A s habd .nns.‘mn-n.lu..
\\}\/\) jv\./\/\./mmw\ivr'\/\—\j\' e e *‘“N‘hw"“"“"_ 4
SAAANANA NN A NNANNNANNANANANNNNNTL L. .

7 —>
onset of C1 HP ICI T \

end of voicing C2 release

Figure 6.14 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bottom) of the cluster /O0tl/ in the wor
from the vowel thraghout the HP ©C1 and ICI. Voicing ceases & after the

onset of C2 HP.
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In the second pattern, voicing is terminated3Z8ns before theetease of C1
in /bk/, and 13223ms in /bt/. There is a short interval of voicelessness before the
vocal folds resumegibrating during the ICI only. There is no voicingrchg the HP
of C2. ICl is 926ms in /ktabt/. Figure 6.15 shows the timing of voicing of the
cluster /bk/ in the word /kabk/ .

K b ICl a K h

Iy
¥

P VT R M ---h.llu—-- - | b Lol

aliaaas e -

T A — —-3\— R

\
onset of C1 HP L T
end of voicing end of voicing C2 release

Figure 6.15 Spectrogram (top), acoustic waveform (middle) and glottal waveform
(bott om) of the cluster [ bkl in the wol
terminated during C1 HP and resumed during the ICI.

6.5.4 The timing of voicing in syllable-final voiceless + voiced

In this pattern, apart from a voicing tail, C1 HP is voiceless. Voicing starts
during te ICI and continues for 381ms throughout the HP of C2 but it ceases
before the releasa anticipation of /n/The average number of periadghe C2 HP
is six compared to only one in C1 and two in the ICI. Figuté shows the timing

of voicing of /tlb/ in the word / watlb/.

)

‘—_M‘N& HIW“-‘* L MN“M

T PP AP A e - M MM/\/\/WW\/MW“% -~
ANNNN PN AN N AN N ANRN
7 T -l- AN
onset of C1 HP . 2 release
onset of voicin, s
end of voicing € end of voicing

Figure 6.16 Spectrogram (top), acoustieaveform (middle) and glottal waveform
(bottom) of the cluster [t hted20ns afterthdhe wo
onset of C1 HP. Voicing is resumed during the ICI, but terminated before the release

of C2.

206



6.6 The influence of syllable position a

timing of voicing

This section compares the results of timing for voicing in Sl Voiced + voiced

clusters (/ bd/, Db

voiceless (/btl1l/,

di/, / b0/, [/0bl/

/ iteleds #+ vaied (tkd/ and Ib/Yto the a n d

and

same clusters in SF positiofihe patterns of voiag are shown in Figure 6.lahd

the durationalesults are summarised in Table.@=6r ease of comparison, clusters

with the same @icing specification are placed next to eather, regardless of their

syllable-position.

Syllableinitial
i
VD + VD
-
—— —
—_— h—
VLS + VLS
-
—— —
—_— N—
VD + VLS (Cl s /bl)
by
_S>ANW <
N—
S| VD + VI
-
VLS + VD

Syllablefinal

> AWWWWWIWWW—<_

VD + VD
oy
}W N—
VLS + VLS

W A<

VD + VLS (C1lis /bl)

S AWM <—

VD + VLS (
l
—>\W—AWWWWW—<_
VLS + VD

Figure6.17. Timing of voicing of mixed voicing specifications in S| and SF clusters.
Onset of C1 closure occurs when the two licesiverge, and the offset of C2

closure occurs when these diverge. The zigzag lines indicate voicing during the HP.

The duration of the ICI is marked in red.
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Voicing Syllable Dur. of Dur. of % of No. of Voicing

specification| position cluster voicing voicing periods category
I 1 -1 79% 11 VD
VOO e e | e | 5 | VB

0

WSS T T w | mw [ s [ i
Sl 179 24 13% 2 DV
VDHVLS m—5f 190 08 5% 11 PD
I 2 102 % PD
VLS VD :F 282 600 2802 3 PV

Table6.6. Mean duration of clusters, duration of voicing, ratio of voicing, number of
periods and voicing category of clusters with a range of voicing specifications in Sl
and SF positions.

For voiced + voiced clusters, results shthat Sl clusterare longer by an
average of Ims. However, voicing is maintained for longer in SF clusters. The ratio
of voicing in the total duration of the SF cluster is higher by 12%. The total number
of periods from the onset of C1 closure to tHease of C2 in SF position is higher.

In voiceless + voiceless combination, SF clusters are longer byesagavof
7ms. Apart from a voicing tail at the onset of C1 HP in SF position, and the longer
duration of the ICI, there is no difference in the tighiof voicing between Sl and
SF. In voiced + voiceless combinatidSF clusters are longer byraig. While in $
the duration of voicing is 2ds (13% of the cluster), in $SEhe duration of voicing is
98ms (52% of the cluster). The overall voicing categdr$lois devoiced, but in SF
it is partially devoiced. Finally, voiceless + voiced combinations have different
voicing patterns that are determined by syllable position. The duration of Sl
voiceless + voiceds longer than that in SF byrts. The duration ofoicing is also
longer in SI, sme 102ms (50%compared to 60s (30%) in SF). The average
number of periods in Sl is nine, but only seven in SF. This marks voiceless + voiced
Sl clusters as partially devoiced and SF clusis This is the only combinatn
where Sl clusters have more voicing in comparison to SF.

Despite, these differences, it seems that Sl clusters are more prone to
assimilation, both progressive and regressive, when compared to SF clusters which

may only undergo some devoicing dodhe following /h/.
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6.7 The influence of speaking rate

This section presents the results of the influence of fast and normal speaking
rates on the timing and ratio of voicing in the HP of single and geminate stops, and
during C1 and C2 in Sl and SF clustdrse hypothesis, stated under voicingpich
assumes longer voicing durations as speaking rate increases and shorter voicing

durations as it decreases, is tested here.

6.7.1 The influence of speaking rate orvoicing of Sl single stops

Results of the influerecof speaking rate on voicing in Sl single stops are
presented in Table 6.7.

Sl voiced single stops Sl voiceless single stops
Ccv Normal Fast Slow Normal Fast Slow
Dur. of HP 100 68 159 83 71 143
Dur. of voicing -50 -39 -31 0 0 0
% of voicing 50% 57% 19% 0% 0% 0%
No. of periods 4 6 3 0 0 0
Voicing category| PD PD DV VLS VLS VLS
VOT 7 14 14 30 19 33

Table6.7 Mean HP duration, duration and percentage of voicing, number of periods,
voicing category and &T. While voiceless stops are completely voiceless, voiced
stops are partially devoiced at normal and fast speaking rate, and devoiced at slow
rate.

At fast speaking rate, the duration of the HP decreased by 32%. However,
the duration of voicing increasdcbm 50% at normal speaking rate to 57%. This
increase was accompanied by an increase in the number of periods. Despite the fact
that there was apparently more voicing during the HP at fast speaking rate, the
voicing category remains partially voiced. Wiheoiced single stops were devoiced,
particularly /b/ which is always completely devoiced, the mean duration of VOT
increasedo 14ms. At slow speaking rate, on the other hand, the duration of the HP

increased by 37%. The duration of voicing during the d#ereased to 19%.
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Moreover, as the number of periods decreased, voiced stops at slow speaking rate
were produced as devoicéthe mean duration of VOT is fi.

For Sl voiceless stops, the duration of HP decreased by 14% at fast speaking
rate, and incresed by 42% at slow speaking rate. A consistent pattern of laryngeal
timing was observed in all speaking rates i.e. there were no voicing activities during
the HP. The VOT duratiodecreased from an average ofr30at normal speaking
rate to 19ns atfast rae, and increased to B3 at slow rate. This influence was more
evident in /k/ wherghe duration of VOT decreasém 39ms to 2ihs at fast, and
increased to 57ms at slow rafehose results suppothe speech ratbypothesis
about the influence of speakj rate on VOT duration and in agreement with finding
in previous(e.g. Miller and Baer 1983Miller et al. 1986; Pind 1995Morris et al.

2008

6.7.2 The influence of speaking rate orvoicing of SF single stops

Results of the influence of speaking rate orsBiglestops are presented in
Table 6.8

SF voiced single stops SF voiceless single stops
VC Normal Fast Slow Normal Fast Slow
Dur. of HP 185 120 297 182 133 287
Dur. of voicing 145 96 194 0 0 0
% of voicing 78% 80% 65% 0% 0% 0%
No. of periods 15 11 14 0 0 0
Voicing categ. VD VD PD VLS VLS VLS

Table6.8 Mean HP duration, duration and percentafjgoicing, number of periods

and voicing category. While voiceless stops are completely voiceless, vipsd s

are voiced at normal and fast speaking rate, and become patrtially devoiced at slow
rate.

The HP of SF voiced single stops decreased by 35% at fast speaking rate (a
greater decrease compared to Sl). Theation of voicing during the HPhas

increasedy 2%. Although the number of periods decreased from 15 to 11, the fast
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rate did not influence the voicing category of SF voiced stops, i.e. they remained
voiced. SF voiceless clusters produced at fast speaking rate did not show any
voicing during the HP.

As for the influence of slow rate on the timing of voicing in SF single voiced
stops, there was an increase of 38% in the duration of HP. However, the percentage
of voicing decreased to 65%, and the number of periods was 14. In SF voiceless
single stops, the duration of the HP decreased by 27% at fast speaking rate, and
increased by 37% at slow speaking rate. The HP for both rates is completely

voiceless.

6.7.3 The influence ofspeaking rate onvoicing of Sl clusters

6.7.3.1 The influence of speaking rate on SVoiced + voicedclusters

Table 6.9shows the results of timing of voicing in Sl clusters. The table is
divided into four main sections depending on the voicing specifications of C1 and
C2. For ease of comparison, every section is divided into resultsrimiah fast and
slow speaking rateAt fast speaking rate, there was a decrease in C1 duration by
40%. However, the percentage of voicing during the HP increased by 2% only (65%
at normal rate to 67% at fast). The number of periods decreased ftord The
voicing category remained stabées partially devoiced. The duration of the ICI
decreased, and its voicing quality changed from voiced to voiceless. As for C2, the
HP duration decreased by 34%. The percentage of voicing increased to 81%, and the
numberof periods remained the same. When C2 is devoiced, the dur&t\b@To
deceased from Irhs to 6ns

At slow speaking rate, there was an increase of 19% in the duration of the
HP. The ratio of voicing decreased to 49% of the HP, and the number of periods
remained the same as at normal rate. As a result of the decrease in voicing, the
voicing category of C1 changed frovD to PV. The voicing category of the ICI is
voiced, as at normal speaking rate. C2 HP duration increased by 34%, but the ratio
of voicing inthe HP duration increasdédm 76%to 81%. At slow speaking rate, C2

HP increased by 44%, but the ratio of voicing decreased to only 61% of the HP
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duration. This led to a change in the voicing category of C2 from voic&Dto

Finally, the number of perts decreased from 11 to nine.
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Voiced + voiced Voiceless + voiceless Voiced + voiceless Voiceless + voiced
ciczv Slow Normal Fast Slow Normal Fast Slow Normal Fast Slow Normal Fast
Dur. of C1 HP 125 101 61 99 78 58 109 89 58 104 81 59
Dur. of voking
i C1 HP 61 -66 40 0 0 34 19 -15 18 0 0 14
5 el
% Ofgfk'ﬁ'jng N 490% 65% 67% 0% 0% 50% | 17% 17% 31% 0% 0% 23%
No. of periods in
C1 HP 5 5 4 0 0 4 1 1 2 0] 0 1
VO'C”;? galtegory PV PD PD VLS VLS VLS DV DV PD VLS VLS VLS
C1 release risd risd not Asd risd - rlsd risd risd risd risd risd risd
Dur. of ICI 13 12 9 26 23 10 17 13 12 23 19 15
No. ofIE):eIrlods in 1 1 1 1 0 1 0 0 0 0 0 0
Voicing of ICI VD VD VLS 0 VLS VLS VLS VLS VLS VLS VLS VLS
Dur. of C2 HP 110 82 54 81 69 54 97 72 55 99 85 58
Dur. of voicing
in C2 HP 67 -62 44 0 0 38 0 0 8 59 -39 18
5 =L
% O‘Z:"Zo:g:fg N1 61% 76% 81% 0% 0% 70% 0% 0 14% | 59% 46 32%
No. of periods in
C1 HP 5 6 6 0 0 4 0 0 1 3 3 2
VO'C";? g;tegory PD VD VD VLS VLS VLS VLS VLS VLS PD PV PV
VOT 9 11 6 44 26 7 40 28 20 9 7 9
Table 6.9 The Influence of speaking rate on duration and category of voicing in Sl clusters with different voicing combinations.



6.7.3.2 The influence of speaking rate orvoicing of Sl voiceless + wiceless
clusters

In voiceless + voiceless clusters produced at fast rate, there was a decrease of
26% in C1 HP. There are no voicing activities during C1 HP. The duration of the
ICI decreased in duration, but remained voiceless. C2 HP decreased by #2%, an
remained voiceless. The VOT duratiorcasased from 26ms tanis at fast speaking
rate. At slow rate, C1 HP duration incsed by 21%, ICI increased torB6 and C2
HP duration increased by 15%. The HP of C1 and C2, and the ICI durations are all
voiceless.The VOT value increased from an awggaof 26ms at normal to dis at
slow speaking rate. This is more evident when C2 is /k/. Here, VOT duration
increased from an average of 33ms to 57Mmds result confirmns the hypothesis

under speech rate advanced ma@terThree

6.7.3.3 The influence of speaking rate orvoicing of Sl voiced + voiceless
clusters

At fast speaking rate, C1 HP decreased by 35%, but the percentage of
voicing increased from 17% to 31%. The number of periods increased as well
While at normalarticulationrate the voicing category of C1 wdsvoiced at fast
rate, it becamegartially devoicedC1 was not released 33%/hen it was released,
the duration of ICI remained roughly the same in duration, and retained its voicing
specification.C2 HP decreased by 24%. The percentage of voicing during HP
increased to 14%. TheOT duration decreased from 28ms torz0

At slow speaking rate, the HP of C1 increased by 18%, but voicing remained
the same, 17% of the total duration of the HP. The ihCtaased in duration, but
remained voiceless. The HP of C2 increased by 26%. There was no voicing activity
during the HP of C2. The dation of VOT increased from 28ms at normal rate to
40ms at sl ow ,whichwasvoited &t normal rate) bete/devoiced at
slow rate (progressive assimilation is more effective at slow speaking rate). There is
a tendency to devoicing at slow speaking rate. The mean VOT value increased from
28ms at normal to 40s at slow speaking rate. Again, the increaseoreevident
when C2 is /Kk/.
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6.7.3.4 The influence of speaking rate orvoicing of S| voiceless + voiced
clusters

C1 HP decreased at fast speaking rate by 27%. The percentage of voicing
increased to 23% of the HP. However, C1 remained voiceless. The duration of the
ICl decreased and remained voiceless as well. C2 HP decreased by 28%. The
percentage of voicing decreased to 32% of the total duratietPoVOT duration
increased to@s.

At slow speaking rate, the duration of C1 HP increased by. Zh% HP is
completely vaceless. The duration of ICI increased in duration and remained
voiceless. C2 HP increased in duration by 14%, and the percentage of voicing
increasedby 59%. This was the first instance where the duration of voicing
increased at slow speaking rate. Thewg category of /b/ changed from partially

voiced topartially devoiced

6.7.4 The influence of speaking rate orvoicing of SF clusters

Results of the influence of articulation rate on the timing and duration of

voicing in SF clusters are presented in Tabl®6
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Voiced + voiced Voiceless + voiceless Voiced + voiceless Voiceless + voiced
VC1C2 Slow Normal Fast Slow Normal Fast Slow Normal Fast Slow Normal Fast
Dur. of C1 HP 92 73 54 115 85 53 93 72 49 110 80 59
Dur. of voicing in
o1 Hp 67 -69 54 0 12 12 78 .62 43 0 0 9
- AL
% Ofgfgéng n 73% 95% 100% 0% 14% 23% 84% 86% 86% 0 0% 15%
No. of periods in
o Hp 5 7 8 1 0 2 6 7 6 0 1 1
VO'C'ggf galtegory PD VD VD VLS VLS VLS VD VD VD VLS VLS VLS
C1 risd risd risd risd risd risd risd risd risd risd risd risd
release
Dur. of ICI 46 33 23 31 29 18 51 29 18 25 24 19
No. of periods in 4 4 3 2 0 0 5 3 1 3 > 1
ICI
VO'C'B? I‘é’}tegory VD VD VD VLS VLS VLS VD VD VD VD VD VLS
Dur. of C2 HP 88 77 51 118 74 47 101 87 58 132 109 62
Dur. of voicing in
oo bp 77 -65 45 0 0 0 0 7 0 71 56 54
- AL
% of Voﬁl'gng InC21 g794 84% 89% 0% 0% 0% 0% 8% 0% 54% 51% 87%
No. of periods in
o Hp 6 5 5 0 0 0 1 1 0 5 6 6
VO'C"(‘)? g;tegory VD VD VD VLS VLS VLS VLS VLS VLS PD PD VD

Table6.10 Influence of speaking rate on duration and category of voicing in SF clusters with different voicing combinations
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6.7.4.1 The influence of speaking rate orvoicing SF Voiced + voiced

In SF voiced + voiced clusters, the duration of C1lddBreaed by 26%, and
the percentage of voicinmcreasedirom 95% to 100%. The number of periods
increased from seven to eight. Thd l&creased in duration from 33ms ton#3
and the number of periods also decreased from four to Despite the decrease in
duration, the ICI remained voice@he duration of C2 Hmasdecreased by 34%.
Voicing increased from 84% to 89%. The number of periods remained the same.
Apart from /bd/ and /0Ob/, where /bl was
completely voicd.

At slow speaking rate, C1 HP increased by 21%. While 96% of C1 HP was
voiced, only 73% of C1 duration at slow speaking rate was voiced. If the increase in
duration is ignored, it appears that voicing lasts for the same time at both speaking

rates. Voicng category changed froxwD to PV.

6.7.4.2 The influence of speaking rate orvoicing of SF wiceless + voiceless

The duration of C1 HP decreased by 38%, and the duration of voicing
increased to 23%There is a voicing tail of 1@s, and two periods, at the onsét o
C1 HP. The ICI decreased in duration, but remained voiceless. C2 HP decreased by
30%, but there was no voicing activity during the HP. At slow speaking rate, C1 HP
decreased by 26%. There was no voicing during the HP of C1, and the ICI, which
increased n duration. C2 HPincreasedin duration by 37%, but it remained
completely voiceless/oicing tail observed at normal speaking rate did not exist at

slow speaking rate.

6.7.4.3 The influence of speaking rate on SFaiced + voiceless

At fast speaking rate, C1 HPecteased by 42% and the percentage of
voicing remained the same as at normal speaking rate i.e. 86%. The number of
periods decreased to six. The ICI decreased in duration, but remained voiced. C2 HP
decreased by 33%, but there was no voicing activity irHE2 At slow speaking

rate, C2 HP decreased by 23% and the percentage of voicing in proportion to the

217



overall HP decreased by 2%. The ICI increasedluration by51%, and it was
voiced.ThedurationC2 HPhasincreased by 14%. Apart from a voicing tai €P

was completely voiceless.

6.7.4.4 The influence of speaking rate on SFaiceless + voiced

At fast speaking rate, C1 HP decreased by 26%, but voicing incrégsed
15%. However, C1 is still voiceless. The ICI decreased in duration, and in the
number of periodsis well It was voiceless. The HP of C2 decreased by 43%, and
the percentage of voicing increased to 87%. As a result, C2 became voiced. At slow
speaking rate, C1 HP decreased by 27% and there was no voicing activity. The
duration of ICI increased to 8% and increased in the number of periods from two
to three. The HP of C2 increased by 17%. The percentage of voicing in addition

increased to 54% of C2 HP which remained partially devoiced.

6.8 Discussion

The duration of the HP and the duration of voicingiryithis HP forSI and
SF singlestopsand C1 and C2 in Sl and SF clusters have been analysed. Results
from Sl single stops revealed that voiced stops are very considerably differant
SF single stop#n terms of their HP duration, ratio of voicing atiche at which
voicing is initiated. This can be explained by the mechanism involved in the
production of stop consonants at different places of articulation. The initiation and
termination of voice is highly determined by thkatical amount of transglotta
pressure (Van Alphest al. 2004). The more posterior the stop is, the earlier the
right pressure is reached. In the case of /b/, for example, it takes longer for pressure
to build up in compar ihehighertheintrdotal/pmseOn t h
during the HP, the more likely it will prevent the initiation of voicing (Brutel
Vuilmet and Fuchs 2008)hese results suppottie hypothesis that the place of
articulation influences the timing and duration of voicing.

Results of Sl voiceless stog®nfirm the results obtained from previous
research(e.g. Liskeret al. 1969) who observed that there is no glottabration
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during the HP of voiceless stops, except for occasional voicing tails. Results of the
influence of place of articulation on VOT weeconsistent with previous research
which demonstrated that the further back the place of articulation, the longer the
VOT duration is (e.g. Lisker and Abramson 1964). This can be explained by the
velocity of the articulators during the release of theswte. It takes longer for the

back of the tongue to release the closure compared to the lips which are faster. Slow
velocity will result in a delay in reaching the right amount of pressure for the
initiation of voicing (see Cho and Ladefoged 1999)

In voiced + voicedstop clustersthere is shorter preoicing during the HP of
C1 compared to C2. The reason could be attributed to the difference in the time
needed to initiate voicing in both. While in the former, the pressure needs time to
build to the right enount to excite the vocal folds, in the latter, the pressure is
already high (Westbury and Keating 1986, Slifka 2000).

The questionof wy / 0/ i n |/ detge ledressive assimilatiaont u n
and instead, itetairs its voicing quality particularly athe onset of its HRcould be
explained by the fact thalifferent stops have different degrees of voicing co
articulation resistance or aggressiveness (Recasens and Mira 2012). In this respect,
bl is less resistant tham.dheck okanels/t bis
page 259

When C2 is voiced, voicing is sometimes terminated before the release of the
stop, because of the drop in the transglottal pressure. In this case, the volume and the
velocity of the air coming from the lungs is not stiint to make the vocal folds
vibrate.

In voiced + voiceless, thexcrescent vowels voiceless. This could be
attributed to the fact that in anticipation of the voicekdsg vocal fold vibration is
terminated before the release, or the release hetpeddelerate the drop in the
transglottal pressure. In some exaesplthe excrescent vowslvoiceless because it
is short i.e. there is not enough time for the vocal folds to start vibrating. However,
whenC2 /piéceédcded My Ithebvical falds continue to vibrate for
|l onger in comparison to [/Otal/. Il n this
constricted vocal t r a dttcould lberthiatrihgondtrictien p r o d
facilitated longer voicing, because it helpekéepthe transtpttal pressure high for

longer.
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The influence of speaking rate on the duration and timing of voicing can be
explained in the light of the pressure and velocity of the air coming from the lungs.
Higher intraoral pressure has been foundast tpeaking rates compared to slow
speaking rate (Arkebauest al 1967). Another factor related to the amount of
transglottal pressure is the duration of the HP. The longer the HP is, the more likely

it is to become devoiced.

6.9 Conclusion

The analysis oHP duration and the ratio of voicing in the IHported in this
chapter shows that the timing and duration of voicing is dependent on the
phonological voicing specification of the stop(s), place of articulation, syllable
position and speaking rate

Resuls of the influence oplace of articulatiorreveal that this factor plays an
important role in the ratio of voicing duririge HP of SI and SF singénd twoestop
clusters. The role place of articulation plays is the result of the mechanism involved
in the production of the stop(s)fhe results have also shown thaiceless stops
exhibited a tendency to resist voicimgsimilationduring their production. The
reason behind this pattern is that the onset of glottal abduotieoiceless sops
co-ordinatel with the onset of HP. In voiced stops, on the other hand, there is
considerable variation in the duration and timing ofywiing due to the influence
of place of articulation.

Voicing assimilation in clusters with mixed voicing specification was feegu
TLA applies more regressive assimilation to voicelessness, particulaey ®1 is
/bl and /d/. However, Ut shows a regressive assimilation of voic€lusters with t T /
and Hl/ showed longer timing of voicing in comparison to those clusters Widmd
/d.We st bur yds hhg yowihgbharaciersstics df single stops determines
thedegree of voicing adaptation in stop clusteems to hold in the case of clusters
in a certain place, syllable position and with a particular voicing spatdn.

Another factor that is crucial to the timing and duration of voicing is syllable
position. Apart from where Sl voiceless + voiced clusters have a longer duration of
voicing, it seems that SF clusters are more resistant to devoicing compared to SI.

The last factor that is found to influence the duration and timing of voicing is
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speaking rateThe duration of voicing during the HP of single and clusters of two
stops varied as a function of change in the speakindaatidferent degreesAs the
duraton of the HP decreased, the voicing component increases in proportion to the
overall duration of the HP. At slow speaking rate, as the duration of the HP
increases, voicing decreasg&hese results confirm the hypothgshat an increase in
speech rate sellts in longer voice durations. These results are consistent with the
results obtained by Malécot (196%lowever, there may be other factors that
influence the duration of voicing such as controlling the time of voicing by lowering
the glottis the increase of cavity volume above the glottis can increase the duration

of voicing), stressand the number of syllables.

221



Chapter Seven:General Discussion andConclusion

7.1 Findings of the study

This thesis aimed to investigate the timing relatiohsiogle andiwo-stop
clusters in TLA, a variety of Libyan Ar
The investigation focused on how speakers of TLAwlinate twestop gestures in
coronal + dorsal, dorsal + corondty + coronal,/b/ + dorsal, coonal +/b/ and
dorsal +/b/ clusters The investigation also focused on the influenceplate of
articulation syllable position (syllablénitial SI vs. syllablefinal SF) seqence of
articulation, morphological structurgender, andrticulationrateon the duration of
the HP, the pattern of gestural -cadination, and the duration of the inter
consonantal interval. Finally, the thesis aimed to shed some light on the voicing in
clusters consisting of voiced + voiced, voiceless + voiceless, voiceitelass and
finally voiceless + voiced combinations by focusingtbe timing, theduration and
the quality of voicing during the HP of the stops, and the quality of the
excrescent/epenthetic voweln clusters consisting of different voicing

characterists.

I n order to address this st dathywére r e s ¢
gathered using multiple phonetic instruments: Electropalatography (EPG),
spectrography and laryngography (Lx). Due to its ability to record contact between
the tongue and thealate, EPG was used to investigate theorchnation of
articulatory gestures of clusters of two lingual stoffsere was onspeakelin the
EPGexperiment. The second technique, spectrographyg, used to investigate the
durational properties of twestgp clusters A total of 14 native speakers of TLA
(seven males and seven females) were recruited for this experiment, given that
another aim of the study was to investigate gender difference and variability among
speakers and within individual performancegmally, laryngography was used to
investigate the timing of voicing and its duration during tiodd phase HP) of
single and twestop clusters in SI and SF positidtlere, onespeakemwasalsoused
to investigate the timing of voicing. In addition teesie instruments, the Statistical

Package for the Social Sciences (SPSS) was used to investigate any significant
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di fferences in the data. Al | of these t
guestions and the hypotheses stated in Chafiteze under three main topics:
coordination, morphology, articulation rate and voicing

The data included seven single stops in Sl, seven single stops in SF position,
twenty-seventwo-stop clusters in Sl position arsgventeenwo-stop clusters in SF
position The d& covered all stop consonants in TLA aalthostall possible
combinations of twestop clusters in Sl and SF position.

Results from the EPG analysis show that the intergesturaldioation of
two-stop consonant clusters in TLA exhibits a variety of pastelepending othe
place of articulation of the stops and thsyllable position. The resultgielded
strong evidence thalace of articulation andyllable position plays a major role in
the coeordination of twestop consonantal gestures. These figdirsupportthe
hypotheses about coordination which sttt SI twestop consonant clusters will
exhibit moreintergestual cohesion than SF and agree wpievious results (e.g.
Browman and Goldstein 198Bpuplier and Marin 2008Varin and Pouplier 2010
Kochetov2006)that SI and SF consonant stars are organised differently.

There werewo patterns of intergestural ewdination in Sl and one in SF.
The first patterrincludes clusters consisting aflabial (LB) gesture followed by a
tongueback (TB gesture or a tongt# (TT) gesture, or vice versa. This was
characterised by a considerable antoof overlap between the twsiop closures.
Due to one of the limitatiaof EPG, it was not possible to measure the duration of
this overlap. Thdirst Sl pattern is also seen in clusters whard B gestureis
followed by a TT gesture. This pattern exhibited an overlap lasting2Qids
between the two closures in some clusters. The time of the release of C1 coincided
with the time of forming the closure fd€2. This pattern was stable, and less
sensitive to changdan speaking rate. In theecondSI pattern, the formation of the
closure of C2 does not take place until after theassdeof C1. As a result, a short
excrescenvowel can be seen between the twostres (1880ms).This distinction
between excrescent, or intrusive, and epenthetic vowels has been observed and
described in the literature of timing in speech production (e.g. Hall 2003). Here, the
excrescent vowedxists in the vicinity of gutturals asresult of gestural mistiming.

In regards to the absence of this vowel before Sl clusteese tare two

possible explanationsThe first is that all participants wesslvised not to pause
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between th words in the carrier senten@es a result, on somecoasions, a cluster

of three consonants can be seen on spectrogiidmssecond explanatiarould be

the long vowel occurring just before the clusters. This vowel helped to block the
epenthetic vowel that should have been inserted beforR&2rdings othe target
words in isolation yielded to the same patterns in SI and SF position.

In all SI clusters,less overlap was observed when either C1 or C2 was
emphatic.The gesturalphasing ofclusters containing an emphatic stgpmore
constrained thanhose containing only plain stopsGiven thatemphaticshave a
secondary articulatiorthis might have influenced the coordination of clusters where
they occur as either C1 or CR&notherexplanation is relatethe velocity of therB
gesture.

In SF twastop clugers, there was only one pattern ofardination. This
pattern was characterised by a less cohesiverdioation between the two
consonantal gestures giving rise to a lepgnthetic vowelterval lasting 3é65ms
This pattern was stable, i.e. it didtrseem to be affected by the place of articulation
of the two stops or by the sequence of articulafidre existence of this epenthetic
vowel is partially triggered by the following /h/ in the carrier sentence. Due to the
fact that TLA does not permit a&guence of three consonants and that it is a VC
dialect (Kiparsky 2003; Watson 2007), when a sequence of three consonants occur
across word boundargn epenthetic vowel is inserted before TBe same results
were seen when the target words were recomdddolation. There was also less
gestural magnitude of SF twatop clusters in comparison with Sl. Similar results
were obtained by June (1999he reason why the same reduction is not observed in
S could be attributed twoi nmmatniyalf ascttroe nsg
(Keatinget al.2004)which the production of SI segments is more cohesive

In general, esults of the acoustic analysise insupportof the coordination
hypothesighat the place of articulation has a significant influenceherduration of
the HP of single stops in Sl position. The HP duration decreased as the place of
articulation moved back. However, the hypothesis does not hold for single stops in
SF position, i.e. the place of articulation did not influence the duratitredfiP. All
SF single stops were characterised by their significantly longer HP durations in
comparison with Sl single stopK.is worth mentioning that SF single stops are

considered single on the basis that their production involves a single gesture.
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In SItwo-stop clusters, the most striking result was the occasional absence of
C1 release. Due to the cohesiveardination of the two gestures, closure formation
of C2 took place before C1 release. When C1 was released, the pattern only allowed
for shot excrescent vowdhsting2-18ms. There were some significant differences
between the HP duration of C1 and C2 with the HP duration of the former tending to
be longer. There were also significant differences in C1 release with clusters
containing two lingal stopsshowing more C1 releases in comparison with those
clusters containing /brhese results did not confirm the hypothegnsch states that
clusterscontaining two lingual stopwill exhibit more gestural overlap than clusters
containing /b/.The rature of the articulator(s) involvad the main reason behind
this variation. While in twdingual stop clusters the tongue is the only articulator, in
clusters with /b/, there are two independent articulators which can easily form two
simultaneous closes.

The duratiorof excrescent vowelgaried as a function of cluster type. Longer
excrescent vowellurations were more apparentdlusterscontaining two lingual
stops This is not inagreementvith our hypothesis about coordinatiasmereshorter
excresent voweldurations were expected in two lingual stop clustéhe place of
articulation and the velocity of articulators are two reasons which help to explain
this variation. Other possible explanations of factors governing the way articulatory
gesturesvere organised include stress, number of syllables and word frequency.

Results of the duration of the HP of C1 and C2 in SF position showed that
they were not as significantlyftrent as was the case in Sl. In additidre telease
of C1 andin the duraibn of the epenthetic vowelaried as a function of syllable
position. The cebrdination pattern of SF twstop clusters appeared to favour the
release of C1 over the overlap between the two closures. Like Sl cliistezsC1
releases were found in cless containing /b/In SF twostop clusters, longer
durations of epenthetic vowelurations were also observed. Unlike Sl {stop
clusters where a considerable amount of gestural overlap was observed, SF clusters
were less coheés, allowing the presenasdf an epenthetic vowdR7-41ms). These
findings were in agreement with the EPG resoltdhe target words recorded in
isolation andconfirmed results from previous literature that syllable position has a

strong influence on howarticulatorygestures areo-ordinated
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Results of the timing and ratio of voicing during the HP of SI and SF single
stops, and the HP of C1 and C2 in S| and SFdtep clusters in TLAare also
interesting. While voiceless single stops exhibited a tendency to resist voicing
during their HP, voiced single stops showed considerable variation in the duration
and timing of prevoicing. This could ladtributed to theolace of articulation of the
stops and how this affects tBpeed at which pressure drojd¢hile pressure drops
faster inbilabial stops, leading to earlier initiation of voicing, it drops at a slower
rate in velar stops, leading to a delay in reaching the right pressure to initiate
voicing. This variationis in agreement with Dochertf992 who reported different
patternsof voicing in English.

Finally, the duration of VOT was found to vary as a function of place of
articulation. The duration of VOT increased as the place of articulation moved from
anterior to posteriofThe place of articulation of the stop is the mairsogabehind
this variation.This result confirms previous resu(tsg.Lisker and Abramson 1964
Docherty 1992; AbdelBeruh2009 L6fqvist and Gracc@002)

In clusters with mixed voicing specification, voicing assimilation was frequent.
It was estabshed thafTLA applies more regressive assimilation to voicelessness,
particularly when C1 is /b/ and /d/. However, regressive assimilation of voice was
also applied in clusters such as wtzewmoiceless C1 /ik followed by a voiced C2
OJ/INS1  /thit / anWe ¢ kidur y o6 sregarging the irelatisn between
voicing in single consonants and voicing adaptation in clusters seemed to hold. The
place of articulation of the stop(s) plays an important role in the ratio of voicing
during the HP. Thissi the result of the mechanism involved in the production of
stop(s) and the volume of trapped air behind the place of constri€rophatic
stops/ t 1 /dI/ showed ldnger timing of voicing in comparison to clusters with /t/
and /d/.It may be the casthat the secondary constriction involved in the production
of emphatic stops slows the raewhich the pressure drops. As a result, the vocal
folds continue to vibrate for longer.

Lx results showed thatyllable position is a crucial factéo the timingand
duration of voicing during the HP. Apart from Sl voiceless + voiced voicing
combinations, where stops showed longer duration of voicing, results showed that
SF twastop clusters were more resistant to devoicing compartteteame cluster

in Sl. The voicing quality of the excrescent/epenthetic vowskems to be
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determined by syllable pd&n. While in Sl position, thexcrescent vowdk often
voiceless,in SFthe epenthetic vowak always voiced except for some occasions
when it occursbetweentwo voiceless stops. his could have been influenced by
differences in duration between tB&crescent andpenthetiovowels. As a result of
being short, there is a very short time for the vocal sfatal initiate voicing,
particularly when both stops are vdiss.In the case of epenthetic vowetheir
duration makes them voiced even between voiceless stops.

In addition, the sequence of articulation @nel morphological structure of the
clusterwere found to havéessconsistent influence on the-ocodinatian pattern of
two-stop clustersEPG results showed that Sl twogual stop clusterswith A-to-P
sequence of articulation exhibited more overlap tRan-A articulation. On the
other handA-to-P clusters where a LB gesture was followed by either a Ta T8
gesture seemed to be less influenced by the sequence of articulation. In SF position,
however, the sequence of articulation did not seem to play any role in the
intergestural cerdination. In confirmation of these results, the acoustic data
showed that A-to-P clusters in Sl display more ggiral overlap in comparison &
to-A clusters. In SF clusters, as in the EPG results, the articulation sequence did not
show any significant influence on gesturatardination and on the duration of the
epenthetiocvowels These results did not support the coordination hypathekere
more overlap was expected Pto-A than A-to-P sequences of articulation.
Additionally, shorterexcrescent vowadurations were expected to-A sequences
of articulation, notin A-to-P. This result does not suppotthose obtained by
Kochetov and Goldstein (200@ho reported less overlap in-#-P.

Another factor that had a variable influence on the intergasto-ordination
is the morphological structure of the clustePG reslis showedmore overlap was
seen in heteromorphemic clusters than in tautomorphemic clustensever, the
morphological structurénas only a limited effect on the way the gestures are
organisedln fact, it could be other factors are responsible for thasations. For
example,since most heteromorphemic clusters are in disyllabic wortd&llows
then thatthe number of syllables may have influenced the degree of overlap, i.e.
disyllabic words are expected to show tightesocdination(Tilsen 2013:5.

The acoust results showed that the morphological structure of the cluster

seems to haveomeinfluence on the intergestural-cor di nati on pattern
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and /bk/ with more gestural overlap in tautomorphemic clusters than in
heteromorphemiclThelonger duration of thexcrescent vowels in heteromorphemic
clusters compared to tautomorphemipport the hypothesis on the influence of the
morphological structure on gestural coordinatidtowever, the morphological
structuredid not seem to have theame influence on the pattern of gestural co
ordination in SI / bdl / a 15 gartiallp suppprthea n d
hypothesis about the influence of morphologywhich more gestural overlayvas
predictedin tautomorphemic than in heterombgmic clusters. Factors as word
frequency and place of articulatiomay have played a role in the pattern of
coordination

Sexbased differencesvhichwereonly investigated in the acoustic datsere
found to be an influential factor in determining theation of HP, release of C1 and
the duration othe excrescent and epenthetic vowBkesxbasedlifferences arsvell
documented in the literature. Thene physiological differencdsetweemmales and
females(e.g. Laver and Trudgill 1991 Simpson 2001 Kuehn and Moll1976)
differences in vwel space Henton 1995) and differences in segment duration
(Whitesidel996)anddifferences irarticulation rate (Byrd 1993).

In Sl positions, malespeakersvere found to produce longer HP duration,
more C1 releaseand longedurations of excrescent vowefscomparison with the
female speakers Despite the observation that gendsr the speakermhad less
influence on the articulation sequence, the results are in agreementheith
hypothesisunder articulation ratevhich assumed that male and femafmeakes
apply different gestural eordination patternsin SF, however, gendeof the
speakemwas found to have less influence on the HP duration and the duratioe of
epenthetic vowelsPart of these results is imupport of the articulationrate
hypotheses

Acoustic results also showed some variability within each grogpekes
and for individualspeakes. Male speakes exhibited more variability in Sl single
stops, but the female group showed more variabiitf single stops. In Sl and SF
two-stop clusters, the male group were more variable in the HP duration of C1 and
C2 and in the duration dhe excrescent and epenthetic vowerlgomparison with
the female grop An unexpected finding in this study is thaale speakers were

generally more variable than female speakers.
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The influence of speaking rate was apparent in the EPG, acoustic and Lx data.
In the EPG results, theurationof overlap between the twatop gestures in Sl and
SF increased at fast speadirate and decreased at slow speaking rate. However,
di fferent clusters varied in the amount
/tk/, 10t1/, [ kb/, bd/, [/db/, [/ b0/, [ kd/
I bt/ a n d orel résistant tov thisTlee inorease in speaking rate has also
resulted in a reduction in the percentajeontact, particularly in the velar region.
These results support the previous finding that by the increase in the articulation
rate, it becomes diffult for the articulators to achieve their targets and maintain a
contact. As a resulgestural reduction, or in some cases target undershoogres
likely to take place in faster articulation rate.

In the acoustic data, the increase in speaking ratdteel in a decrease in the
HP duration of SI and SF single stops. This reduction varied fsoestop to
another. The place of articulation and the articulator(s) involved are the main
reasons of this variation. Moreover, fast speaking rate was fountiuerice the HP
duration of C1 and C2, and the gesturabedination of twestop clusters in both Sl
and SF clusters. As speaking rate increased, duration of the HP of C1 and C2
decreased. The percentage of C1 release also decreased at fast speakifigerate.
C1 was released, the duration thie excrescent and epenthetic vowkécame
shorter.When less time is dedicated to the production of clusters, the duration of
segments is expected to decrease. More gestural overlap has also been reported in
the literature. The more C1 and C2 are overlapped, the more likely C2 will mask the
release of C1. When this is not the case, C2 closure is formed just after the release of
C1. This leads to shorter excrescent vowels.

At slow speaking rate, the duration of the I8P SI and SF single stops
increasedsharplyas a result of the longer time spent in articulation. In-tep
clusters in Sl and SF position, a decrease in speaking rate resulted in an increase in
the HP duration of C1 and C2, andinarease in the duran of the excrescent and
epenthetic vowelsThis is the result of the looser-oodination pattern employed at
slow speaking rate. The observation that the amount of decrease at fast speaking rate
is less than the amount of increase in the HP duratistoat speaking rate was an

unexpected finding in the study. However, these results support previous research
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findings that speakers b@ue lessvariable at fast speaking rate. This could be due
to the fact that in shorter durations, there is less timewve Wariations.

In general, results of the influence of speaking rate on the HP duration, the
releag of C1 and the duration of the excrescent and epenthetic veuwmiertthe
hypotheses advanced undaticulation rateand support previous results on the
influence of fast articulation rate segment duraf@ig. Lindblom 1963; Ga$981,
Arvaniti; 1999 Pickettet al. 1999 and on muscle activityGayet al. 1974).

Despite the fact some clusters did not seem to be influenced by the increase in
speaking ratethe two consonantal gestures became more cohesive, leading to less
C1 releases and shorter duratiofgxcrescent vowel#t slow speaking rate where
the percentage of C1 release was expected to incie@se, hypotheseabout the
influence of speech @do not seem to hold. This could be interpreted as meaning
that a decrease in articulation rate does not necessarily entail a looser gestural co
ordination. This particular result adds evidence to those obtaineday et al.
(1974),Kent and Netsel(1971) andKent and Moll(1975) that fast speaking rate
does not influence segment duration.

Regarding the influence of speaking rate on voicing, it was established that the
timing and duration of voicing in Sl and SF single stops and in Sl and SBEtowo
clustersvaried as a function of change in the speaking rtéast speaking rat@as
the duration of the HP decreased, the voicing component increased relative to the
overall duration of the HP. At slow speaking rate, as the duration of the HP
increasedthe duration of voicing decreasethese results confirthe hypothesis
advanced under speech rét@at an increase in speech rate results in longer voice
durations. These results are consistent with previous results. However, there could
be other physiagical or prosodic factors which might affect the timing and
duration of voicingFinally, the duration of VOT decreased in fast speaking rate and
increased in slow speaking rat€his is in supportto the inverse relationship
between VOTand speaking ratéMiller and Baer 1983Miller et al. 1986; Pind
1995, but not in agreement witkessinger and Bluntein (1997)

The influence of voicing quality on gestural coordination may suggest that
sharing the same voicing quality might facilitate more overlap émtwthe two
consonantal gestures than with two gestures with a different voicing quality. If the

glottal state has to change between two stops not sharing the same voicing quality, it

230



may be easier for the glottal to do so if the glottal gesture is symshrbwith the
articulatory gesture. However, more clusters with different voicing specification in
mono/disyllable words need to be investigated, in order to prove these assumptions.
Results from this study show the importance of timing in speech grodu
They also show the validity of the gestural approach depicted in articulatory
phonology as a crucial framework in studying timing in speech production. Results
also prove the validity and reliability of using different phonetic instruments to
captue the coordination pattern and the acoustic restlésgan and Heselwood
2011)

7.2 Limitations of the study

Within the current studyseveral limitations need to be acknowledg€hdese
limitations are related to the study itself and to the instruments Asbdugh the
thesis examined the influence of a variety of factors on the timing relations of single
and twastop clusters, the study did not investigate other factors such as vowel
context and stress, which may have had an influence as well. In additetg the
large quantity of data and to time constraints, the thesis did not investigate the
influence of gender on the timing and theationsof voicing.

Finally, regarding the use of EPG, théseonly one limitation The EPG is not
designed to rewrd bilabial closures in clusters containing /b/. As a result, it was not
possible to record the duration of overlap between a TT/TB and a LB closure.

Despite the above limitations, the study managed to focus on one of the
unexplored areas in Libyan Arabdialects. It shed some light on the nature of
timing in single and twstop clusters in TLA, one of the understudied dialects in
Libya. To the knowledge of the researchéisthesisis the first to focus on timing
relations, inclding the influence of wrphological structure on the gestural
coordination of twestop clustersn TLA, using a variety of instruments. It is the
first to use EPG and Lx to investigate TLA. Finally, it is the first to investigate the
influence of gender on timing relations obg(s) in TLA. It is hoped that it will
provide some insights and assist in future research on other dialects in Libya. It may
also help researchers to understand the differences amongst other regional Arabic

dialects.
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7.3 Suggestions for future research

The current investigation of timing in twstop consonant clusters is by no
means comprehensivEurther investigation and experimentation into articulatory
timing and the timing of voicingn TLA are strongly recommendeddditional
studies using more advanmtceinstruments such as real time MRIland
electromagnetic articulographgre needed in order to reveal more timing relations
in stops and other consonants in TLA, and to take into consideration other factors
that may or may not influence these timing lielas. Future research could therefore

focus on the following areas:

1 Since the production of emphatic consonants is different frorrengrhatic
ones, it would be very interesting to investigate possible influence of
pharyngealisation otiming of emphatistops.

1 Further researchn the area of gestural awdination could usefully
investigate the possible influence of voicing on the degree of gestural
overlap.

71 In addition to using EPG, future research could use other techniques such as
ultrasound to obtaia clearer idea of the nature of gesturabedination.

1 This thesis focused only on TLA. In order to gain a clearer understanding of
timing patterns irLA, a comparative study involving other dialects such as
BA and FA could be undertaken as well.

1 Future sudies could focus on the quality the excrescent vowels in SI and

the epenthetiones inSF position.

9 A perceptual experiment could be conducted to explore whether the deletion
of the excrescent voweis S| andthe epenthetic vowels BF affects the

perception of words.

1 Since the investigation of the influence of morphology was restricted to only
some clusters, future researduldfocus on the influence of the

morphological structure using clusters other than stops.
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Appendix A: The influence of spe&ing rate on gestural
coordination (EPG)

1) The influence of fast speaking rate

A) Two stop clustersn Sl

Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage

sec. C1HP Overlap ICI C2 HP cluster | of decrase
1.| /dkar/ 4.9 90 10 - 80 170 24%
2.1/ d0a 5.8 40 10 - 50 100 58%
3. /t10 5.3 70 - 10 65 145 27%
4. | ltka:bir/ 6.0 50 - 0 70 120 41%
5|/t 0a 6.1 40 - 10 90 140 27%
Average 5.6 58 10 10 71 135 35%

The influence of fast speaking rate on Sl coronal + dorsal clusters.

Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage

sec. ClHP Overlap ICI C2 HP cluster | of decrase
1.| /ktab/ 6.0 65 20 - 72 129 28%
2.| /kdab/ 6.0 67 20 - 75 122 29%
3./ /0tdg 6.0 95 25 - 75 145 22%
4. /1 6t 1 51 80 0 70 150 38%
5./ / 0da 6.0 89 15 - 65 139 22%
Average 5.8 79 71 137 28

The influence of fast speaking rate on Sl dorsal + coronal clusters.

Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage

sec. ClHP Overlap ICI C2 HP cluster | of decrese
1.| /bde:/ 5.3 117 - 10 40 157 17%
2.1 I bt 5.4 85+ * -- 40 125 44%
3./ / bdl 6.0 89+ * -- 50 139 37%
4.1/ bt a 6.1 42+ * - 60 102 36%
5.// bda 6.0 64+ * - 45 109 43%
6./ bt 6.2 63+ * - 60 123 39%
7.1/ bdl | 6.2 82+ * -- 40 122 36%
Average 6.1 70 0 10 48 118 39%

The influence of fast speaking rate onl$H+ coronal clusters.
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Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2 HP cluster | of decrase
1.| /bke:/ 5.3 23+ * 110 133 42%
2.| /' bdba 51 98+ * 60 158 31%
3. | /bkalma/ 6.1 65+ * 70 153 10%
4./ bbhal 6.2 20+ * 100 120 29%
Average 5.8 61 0 77 144 23%
The influence of fast speaking rate on't8+ dorsal clusters.
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2 HP cluster | of decrase
1.| / t ba 5.3 50+ * -- 67+ 117 35%
2.| / dba 5.3 60+ * -- 73+ 133 49%
3.] /t1h 5.0 80+ * -- 93+ 173 21%
4.1/ d1l b 6.1 70+ * -- 83+ 153 41%
Average 5.5 70 0 -- 83 153 0.37
The influence of fastpeaking rate on Sl coronall/ clusters.
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. C1HP Overlap ICI C2 HP cluster | of decrase
1.| /kbag 5.3 40+ * - 51+ 91 60%
2./ / O0b 50 130+ * - 53+ 183 9%
Average 5.3 80 0 - 62 142 35%
The influence of fast speaking rate on S| dorsé €lusters
B) Two-stop clusterén SF (Fast)
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2HP cluster | of decrese
1.| /hatk/ 7.0 49 - 10 55 114 40%
2. [ f at 5.3 50 - 30 65 145 33%
Average 6.2 50 -- 20 60 130 37%

The influence of fast speaking rate on SF coronal + dorsal clusters
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Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. C1HP Overlap ICI C2 HP cluster | of decrase
1.| /nakt/ 7.2 68 - 15 49 132 33%
2. | [/nakd/ 7.2 63 - 15 56 134 32%
3. / wab 6.6 55 - 8 60 123 34%
4.1 1 npa 7.2 60 - 8 60 128 38%
5| / mad| 53 44 - 30 53 127 34%
6./ sdl 6.7 52 - 16 51 119 33%
7.1 / dT k 6.9 51 - 8 35 106 50%
Average 6.6 54 -- 17 54 126 36%
The influence of fast speaking rate on SF dorsal + coronal clusters
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. C1HP Overlap ICI C2 HP cluster | of decrase
1.| /ktabt/ 5.8 53 - 10 40 103 39%
2. I'rahb 5.6 64 - 30 54 148 35%
3. I'nab 5.8 67 - 30 52 149 28%
4.1 1 Oa 54 50 - 30 60 140 33%
Average 5.7 59 - 25 52 135 33%
The influence of fast speaking rate on/6F coronal clusters
Word Syl. per | Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. C1HP Overlap ICI C2 HP cluster | of decrease
1.| /habk/ 5.1 67 - 16 70 153 24%
2.1 / t1 4 5.3 83 - 20 44 147 21%
Average 54 65 -- 23 56 144 27%
The influence of fast speaking rate on/BF dorsal clusters
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2 HP cluster | of decreasg
1.| / wat 5.6 55 - 10 64 129 35%
The influence of fast speaking rate on SF
Word Syl. per | Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2HP cluster | of decreaseg
1.| / nab 5.4 45 - 40 50 135 34%
The influence of fast speaking rate on SF
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2) The influence of slow speaking rate

A) The influence of slow speaking rate on Sl clusters

Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. C1HP Overlap ICI C2 HP cluster | of decrase
1.| /dkar/ 2.7 230 - 20 144 394 43%
2./ dba 2.1 183 -- 10 240 433 45%
3. /t1TQ 28 140 -- 20 153 313 36%
4. | ltka:bir/ 2.2 116 20 -- 140 236 14%
5./ /tbal 22 110 -- 10 148 268 28%
Average 2.4 156 165 329 33%
The influence of slow speaking rate on Sl coronal + dorsal clusters
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2 HP cluster | of decrase
1.| /ktab/ 2.6 150 30 - 100 220 21%
2.| /kdab/ 2.3 282 - 30 118 430 59%
3. /10t @ 2.1 327 - 40 105 472 60%
4.1 | Ot 2.3 239 - 40 116 395 39%
5. / 0daq 2.5 253 - 10 122 385 54%
Average 2.3 250 -- 112 380 46%
The influence of slow spkang rate on Sl dorsal + coronal clusters
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. C1HP Overlap ICI C2 HP cluster | of decrase
1.| /bde:/ 2.3 238 - 35 120 393 52%
2.1 /I bt1 1.8 183 - 35 235 453 51%
3./ / bdl 1.9 235 - 45 122 402 45%
4.1/ bt a 2.2 146 - 30 102 278 42%
5/ bda 1.9 258 - 30 123 411 54%
6.| / bt 2.2 133 - 27 179 339 41%
7.1/ bdl 2.0 217 - 29 131 377 50%
Average 2.0 201 - 33 145 379 48%
The influence of slow speaking rate or/I81+ coronal
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2 HP cluster | of decrese
1.| /bke:/ 2.3 137 - 27 162 326 29%
2./ /' bdba 20 192 -- 30 198 420 45%
3. | /bkalma/ 2.0 172 - 18 224 414 59%
4./ boal 22 116 -- 31 158 305 44%
Average 2.0 160 - 26 193 380 49%
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The influence of slow speaking rate on/I81+ dorsal clusters

Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
Word
sec. C1HP Overlap ICI C2 HP cluster | of decrase
1.| / t ba 2.7 141 - 30 154 325 45%
2.| / dba 25 290 - 34 129 453 43%
3.] /tlh 2.7 174 - 38 108 320 31%
4.1/ dl b 2.2 269 - 22 159 450 42%
Average 2.5 244 -- 31 132 408 38%
The influence of slow speaking rate on Sl coronal + bilabial
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. C1HP Overlap ICI C2 HP cluster | of decrase
1.| /kbas 2.3 197 - 46 110 353 35%
2./ 1 Ob 24 224 -- 22 119 365 45%
Average 24 222 -- 33 120 375 39%
The influence of slow speaking rate on Sl dbrsbilabial clusters
B) The influence of slow speaking rate on SF clusters
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
Ssec. ClHP Overlap ICI C2HP cluster | of decrese
1.| /hatk/ 2.5 134 - 55 98 287 34%
2. | f at 2.4 100 - 60 144 304 28%
Average 2.5 117 -- 58 121 296 31%
The influence of slow speaking rate on SF coronal + dorsal clusters
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2HP cluster | of decrese
1.| /nakt/ 2.8 175 - 59 99 333 40%
2. | /nakd/ 2.8 135 - 70 117 322 38%
3.| / wabd 2.2 216 - 63 121 400 56%
4. I na 2.3 173 - 62 127 362 50%
5| / mad 2.6 142 - 83 105 330 42%
6.|/ sdl 2.4 139 - 86 90 315 43%
7.1 1 dT k 2.5 138 - 77 83 298 29%
Average 2.5 147 - 67 111 325 39%
The influence of slow speaking rate on SF dorsal + coronal clusters
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2 HP cluster | of decrase
1.| /ktabt/ 2.2 166 - 62 120 352 52%
2. I'rahb 2.1 118 - 86 160 367 38%
3. I nah 2.0 144 - 67 150 365 44%
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4.1 Oba|l 24 150 - 80 102 336 38%
Average 2.2 145 -- 74 133 355 43%
The influence of slow speaking rate on SF bilabial + coronal clusters
Word Syl. per Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlg ICI C2 HP cluster | of decrase
1.| /habk/ 25 142 - 86 169 401 50%
2.1 1t 1 4 2.6 158 - 95 123 380 51%
Average 2.6 149 -- 84 132 368 45%
The influence of slow speaking rate on SF bilabial + dorsal clusters
Word Syl. per | Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2HP cluster | of decrase
1.| / wat 2.7 150 87 164 405 51%
The influence of sl ow speaking rate on SF
Word Syl. per | Dur. of Dur. of Dur. Of Dur. of Dur.of | percentage
sec. ClHP Overlap ICI C2HP cluster | of decrese
1.| / nab 2.8 149 -- 70 142 365 44%
The influence of sl ow speaking rate on SF

238

/

/



Appendix B: The influence of speaking rate and gender on
Duration (Acoustics)

1) The influenceof fast speaking rate

A) On the duration o$inglestop

All Males Females
Sl single stops D‘g'POf Std. Dev. D‘:I'Dc’f Std. Dev. D‘gbc’f Std. Dev.
1. /bl 58 15 67 15 48 6
2. It/ 43 12 43 14 42 11
3. /d/ 52 15 55 17 48 12
4. [t 1/ 51 16 59 16 43 11
5. [ d1l/ 54 13 57 15 51 11
6. K/ 53 13 55 13 51 13
7. /[ 0/ 48 13 51 15 46 9
Average 51 14 55 15 a7 10

The influence of fast speaking rate on HP duration of Sl single.stops

All Males Females

SF single stops DtgbOf Std. Dev. D‘g'POf Std Dev. D‘;{'F,Of Std. Dev.
1. /bl 110 21 113 25 106 15
2. 1t/ 114 26 108 34 119 13
3. /d/ 101 27 99 35 104 16
4. [t 116 28 113 36 118 19
5. / dT 1/ 103 23 99 27 108 18
6. Ik/ 106 24 101 25 112 21
7. / 0/ 99 21 o8 27 99 12
Average 107 24 104 30 109 16

The influence of fast speaking rate on HP duration of SF single stops
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B) The influence of fast speaking rate on C1 and C2 HP duration and duration of ICI in Sl clusters:

coronal + All Male Females
dorsal Dur Dur Dur Total Std Dur Dur Dur Total Std | Durof | Dur Dur Total Std
of Cl| Of IV | Of C2 Dev. of C1| Of IV | Of C2 Dev. Cl | OfIlV | OfC2 Dev.
1.| /dkar/ 48 9 47 105 26 56 11 51 117 19 41 8 44 92 26
2.1/ d0a 50 14 49 113 29 54 13 46 113 34 46 15 51 112 25
3./ /t1{ 54 13 60 127 27 62 13 54 129 28 46 14 66 126 28
4. | [tka:bir/ 41 7 41 90 23 47 7 45 100 21 35 7 38 80 21
5|/t 0al 43 11 48 102 19 47 9 51 107 20 39 13 46 98 16
Average 47 11 49 107 25 53 11 49 113 24 41 11 49 102 23
The influence of fast speaking rate on the duration C1 and C2 dHuaation of IClin Sl coronal + dorsal clusters.
All Male Females
dorsal + Dur Dur Dur Std Dur Dur Dur Std | Durof| Dur Dur Std
coronal | o1 | ofiv | orc2| T | pev. | ofca| ofiv | ofc2| T | pev. | c1 | ofiv | ofce| TR | pey.
1. | /ktabt/ 68 34 55 157 27 53 26 66 145 29 66 34 68 168 25
2. | /kdab/ 47 14 62 123 31 47 15 53 115 28 47 13 71 131 31
3./ /0t 48 11 54 113 22 50 12 51 113 26 47 9 57 113 18
4.1/ 0O 47 11 56 114 20 49 11 58 118 22 45 10 55 110 18
51/ 0d 48 12 55 115 20 50 14 54 119 19 46 10 55 111 21
Average 52 16 56 124 23 50 16 56 122 24 50 15 61 127 22
The influence of fast speaking rate on C1 and C2 HP duration and duration of ICI in Sl dorsal + coronal clusters
_— All Male Females
bilabial + Dur Dur Dur Std | Durof | Dur Dur Std Dur Dur Dur Std
coronal | v o1 | ofiv | ofcz| T | pev. | c1 | oftv | ofcz| T2 | pev. | ofci| oflv | ofcz| 10 | pey.
1.| /bde:/ 60 3 48 111 28 64 3 53 121 30 57 3 43 102 22
2./ / bt 1| 54 2 46 102 23 63 3 47 114 23 45 1 44 90 15
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3.// bdTl| 53 1 46 100 17 59 1 47 107 17 47 1 44 92 14
4. |/ bt a| 45 1 41 86 18 51 1 44 96 16 38 0 38 77 15
5|/ bda| 49 1 47 98 20 52 1 48 102 23 47 0 46 94 17
6.|/ bt 1| 55 3 50 108 19 60 2 49 112 16 49 4 52 105 20
7.1/ bdl 55 1 51 107 24 55 1 49 105 29 56 2 52 110 20
Average 53 2 47 102 21 58 2 48 108 22 48 2 46 96 18
The influence of fast speaking rate on C1 and C2 HP duration and duration of ICI in Sl bilabial + coronal clusters
- All Male Females
bilabial +
dorsal Dur Dur Dur Total Std | Durof| Dur Dur Total Std Dur Dur Dur Total Std
of C1| Of IV | Of C2 Dev. Cl | OfIv | Of C2 Dev. | of C1| Of IV | Of C2 Dev.
1.| /bke:/ 56 3 50 109 21 66 4 50 120 21 46 3 50 98 15
2. /' buva 50 2 46 97 28 61 2 51 114 27 40 2 40 81 16
3.| /bkalma/| 52 4 46 102 27 64 4 47 115 22 40 4 44 89 25
4./ bval 53 3 61 116 35 59 3 79 141 31 47 3 42 91 17
Average 53 3 51 106 28 63 3 57 123 25 43 3 44 90 18
The influence of fast speaking rate on C1 and C2 HP duration and duration of ICI in Sl bilabial + dorsal clusters
All Male Females
co.rongl " Dur Dur Dur Std | Durof| Dur Dur Std Dur Dur Dur Std
bilabial 11 | ofiv | orcz| T | pev. | c1 | ofiv |ofc2| T | pev. | ofci| ofiv | ofcz2| T | pey.
1.|/ t ba 45 6 62 114 25 50 4 55 109 19 41 8 70 119 29
2. / dbgq 51 4 53 108 20 56 6 56 118 21 46 3 50 98 13
3./ /t1lh 53 5 59 117 22 62 6 60 128 20 43 5 57 105 19
4./ d1 b 53 2 54 108 24 58 3 57 118 28 47 1 50 98 13
Average 51 4 57 112 23 57 5 57 118 22 44 4 57 105 19

The influence of fast speaking rate on C1 and C2 HP duration and duration of ICI in S| corntelaibddbusters
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dorsal + =5 5 |§ ” Std | Durof| D I\gale Std | Dur | D F%males Std
oy ur ur ur uro ur ur ur ur ur
bilabial | i1 | ofiv | ofc2| T | pev. | c1 | ofiv | ofca| T | pev. | ofci| ofiv | ofc2| T | pev.
1.| /kbas/| 53 5 58 115 26 57 6 63 126 27 50 3 52 105 22
2./ wb| 51 5 60 116 21 55 5 66 126 21 48 4 54 106 17
Average 52 5 59 116 24 56 6 65 126 24 49 4 53 106 20
The influence of fast speaking rate on C1 and C2 HRidarand duration of ICI in Sdorsal + bilabial clusters
C) The influence of fast speaking rate C1 and C2 HP duration and duration of ICI in SF clusters:
coronal + All Male Females
dorsal Dur of | Dur Dur Total Std | Durof | Dur Dur Total Std | Durof | Dur Dur Total Std
C1l Of IV | Of C2 Dev. C1l Of IV | Of C2 Dev. Cl | OfIV | OfC2 Dev.
1.|/ f a] 65 36 53 154 8 72 41 56 170 8 57 30 51 138 7
2. | /hatk/ 51 26 66 143 5 57 27 67 151 5 45 24 65 135 9
Average 58 31 60 149 7 65 34 62 161 7 51 27 58 137 8
The influence of fast speaking rate on C1 and C2 HP duration and duration of ICI in SF coronal + dorsal clusters
dorsal + 5 o D S ” Std | Durof| D '\éale Std | Durof | D Fe[;n e Std
r r r r ur ur ur o ur ur
coronal | "5 | ot L orez| T | pey. | c1 | ofiv | orcz| T | pey. | c1 | ofiv | orca| TR | pey,
1.| /nakt/ 61 29 61 151 8 67 33 70 170 1 56 25 52 133 4
2. | /nakd/ 59 42 51 152 3 67 43 47 157 5 51 41 55 148 2
3.| / wauU 49 30 52 131 16 47 31 50 128 19 51 30 53 134 12
4.1 I nal 54 31 52 136 16 51 33 51 136 16 57 28 52 137 16
5| / ma0| 50 27 54 131 21 50 29 53 132 21 50 25 54 130 20
6./ sdl 52 23 53 128 18 49 25 48 122 19 56 21 58 135 15
7.0 /1 dT k 52 22 52 126 16 48 24 49 121 17 55 20 56 131 14
Average 54 29 54 136 14 54 31 53 138 14 54 27 54 135 12
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The influence of fast speaking rate on C1 and C2 HP duration and duration of ICI in SF dorsal + coronal clusters

bilabial + All Male Females
coronal Dur of | Dur Dur Total Std | Dur of | Dur Dur Total Std | Dur of | Dur Dur Total Std
C1 OflvV | Of C2 Dev. C1l Of IV | Of C2 Dev. C1l Oflv | OfC2 Dev.
1. | /ktabt/ 55 18 55 129 19 54 18 49 121 18 56 18 62 137 17
2./ ral 52 24 52 127 21 50 27 49 126 20 53 20 55 128 22
3./ / nalt 54 22 51 127 16 54 21 53 128 18 54 22 49 125 17
4.1/ 04d 56 23 52 132 17 58 23 53 134 19 55 24 51 130 15
Average 54 22 53 129 18 54 22 51 127 19 55 21 54 130 18
The influence of fast speaking rate on C1 and C2lttation and duration of ICI in SF bilabial + coronal clusters
— All Male Females
bilabial +
dorsal Dur of | Dur Dur Total Std | Dur of | Dur Dur Total Std | Dur of | Dur Dur Total Std
C1 Of IV | Of C2 Dev. C1l Of IV | Of C2 Dev. C1l Oflv | OfC2 Dev.
1. | /habk/ 55 30 60 145 24 55 29 48 132 17 55 31 71 157 24
2./ t1§{ 55 30 46 132 17 57 32 38 127 10 54 28 55 137 20
Average 55 30 53 139 21 56 31 43 130 14 55 30 63 147 22
The influence of fast speaking rate on C1 and C2 HP duration and duration of ICI in SF bithdysdlHclusters
All Male Females
co.ronal * Dur of | Dur Dur Std | Dur of | Dur Dur Std | Dur of | Dur Dur Std
bilabial | "1™ | of iy | orc2| T | pev. | c1 | ofiv |ofce| T | pev. | c1 | ofiv |ofca| T | pey
1. \ /| wa| 60 22 53 135 26 61 23 50 134 24 59 21 56 136 29
Theinfluence of fast articulatonat e on C1 and C2 HP duration and duration of | CI
All Male Females
dorsal +
bilabial Dur of | Dur Dur Total Std | Durof | Dur Dur Total Std | Dur of | Dur Dur Total Std
C1 oflv | OfC2 Dev. Ci Ooflv | Of C2 Dev. Ci Oof IV | Of C2 Dev.
1. \ / nal 52 36 52 140 23 49 34 49 133 21 55 38 54 148 22
The influence of fasarticulatonr at e on C1 and C2 HP duration and duration of I CI
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2) The influence of slow speaking rate on the duration of stop

A) The irfluence of fasarticulationrate onsingle stops:

All Males Females

Sl single stops D‘I{['F,Of Std. Dev. Dll‘jl':c’f Std. Dev. D‘g'POf Std. Dev.
1. Ib/ 171 68 121 36 220 55
2. 1t/ 184 84 241 74 126 47
3. /d/ 170 97 84 15 255 62
4. [t 164 69 220 44 108 32
5. [ dl 188 88 115 27 261 64
6. Ik/ 162 67 217 47 107 23
7. / 0/ 154 66 97 23 211 41
Average 170 77 156 38 184 46

The influence of fast articulation rate on HP duration of Sl single stops.

All Males Females
Sl single stops DL|1_|rI.Dof Std Dev. Dl|J_|r|':,0f Std. Dev. le_'rl':Of Std. Dev.
1. /bl 179 65 131 38 228 47
2. It/ 185 88 250 74 119 35
3. /d/ 170 69 118 44 222 47
4. /It 1 167 70 223 44 110 37
5. /[ d1l /] 162 72 110 37 215 59
6. K/ 167 70 218 50 115 45
7. /[ 0/ 163 69 123 45 204 65
Average 170 72 168 47 173 48

The influence of fast articulation rate on HP duration of SF single stops.
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B) The influence of slow speaking rate on C1 and C2 HP duration and duration of ICI inSbpwausters:

All Male Females

coronal +
dorsal Dur Dur Dur Total Std Dur Dur Dur Total Std | Durof | Dur Dur Total Std
of Cl| Of IV | Of C2 Dev. of C1| OfIV | Of C2 Dev. Cl | OfIlv | OfC2 Dev.
1.| /dkar/ 101 24 90 215 40 111 27 92 230 42 91 22 88 200 32
2.1/ d0a 88 26 76 191 50 103 36 80 219 46 73 16 73 162 35
3.| il 0al 109 22 89 220 57 127 28 93 248 47 91 15 85 192 52
4. | [tka:bir/ 84 27 79 189 32 88 23 79 190 36 79 31 79 189 28
5.0/t 0a 90 23 83 196 46 101 22 87 211 46 79 23 80 182 42
Average 94 24 83 202 45 106 27 86 220 43 83 21 81 185 38

The influence otlow speaking rate on C1 and C2 HP duration and duration of ICl in Sl coronal + dorsal.clusters

dorsal + D D g” Std | D D I\gale Std |Durof| D F%males Std
coronal | 8 | of v | of ez | Totl Detv. oic1| ofv | ofcz| Totl Detv. et | ofv | ofcz| Tot Dév.
1] /kab/ | 109 | 66 | 85 | 260 | 33 | 135 | 52 | 131 | 318 | 27 | 112 | 62 | 109 | 283 | 36
2| /kdab/ | o1 20 | 93 | 204 | 45 | 108 | 25 | 99 | 232 | 33 | 73 | 16 | 87 | 176 | 37
3] Jot| 92 24 | 94 | 211 | 36 | 102 | 26 | 94 | 222 | 34 | 83 | 23 | 93 | 199 | 35
417 ot o1 26 | 101 | 218 | 47 | 101 | 34 | 103 | 238 | 45 | 81 | 17 | 99 | 198 | 42
5| /0di 95 20 | 86 | 201 | 37 | 99 | 24 | 87 | 210 | 38 | 90 | 16 | 85 | 191 | 33
Average | 96 31 | 92 | 219 | 40 | 109 | 32 | 103 | 244 | 35 | 88 | 27 | 95 | 209 | 37

The influence of slow speaking rate on C1 and C2 HP duration and duration of ICI in Sl dorsal + coronal clusters

bilabial + All Male Females
cororal Dur Dur Dur Total Std | Dur of | Dur Dur Total Std Dur Dur Dur Total Std
of C1| Of IV | Of C2 Dev. Cl | OfIV | OfC2 Dev. | of C1| OfIV | Of C2 Dev.
1.| /bde:’ | 112 14 90 215 46 121 14 94 229 44 102 14 85 201 44
2.1 I bt 1| 115 11 104 230 84 137 15 121 273 98 92 8 87 188 34
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3./ / bdl| 108 10 111 229 79 115 16 135 266 88 101 3 87 191 47
4|/ bt a] 85 11 80 176 51 90 18 87 195 40 80 4 74 158 55
5|/ bda| 97 13 90 200 53 113 18 104 235 35 82 7 76 165 43
6./ bt 1| 103 18 102 222 52 115 23 108 245 40 90 13 96 199 54
70/ bdl| 102 10 89 202 53 110 16 96 222 41 95 5 82 181 57
Average 103 12 95 211 60 114 17 106 238 55 92 8 84 183 48
The influence of slow speaking rate on C1 and C2 HP duration and duration of ICI in Sl bilabial + costeed.clu
I All Male Females
bilabial +
dorsal Dur Dur Dur Total Std | Durof| Dur Dur Total Std Dur Dur Dur Total Std
of C1| OfIV | Of C2 Dev. Cl | OfIlVv | OfC2 Dev. | of C1| Of IV | Of C2 Dev.
1.| /bke:/ 96 11 90 197 49 113 13 86 212 46 80 9 94 183 49
2. /' bva 97 9 122 228 60 113 15 95 224 44 81 3 149 233 73
3. | /Ibkalma/| 85 16 82 183 42 94 23 85 203 40 77 8 78 163 34
4.// bbal 81 14 86 181 43 87 21 93 201 40 75 7 79 160 38
Average 90 13 95 197 49 102 18 90 210 43 78 7 100 185 49
The influence of slow speakingteaon C1 and C2 HP duration and duration of ICl in SI bilabial + dorsal clusters.
All Male Females
co_rongl * Dur of | Dur Dur Std | Durof | Dur Dur Std Dur Dur Dur Std
bilabial | 1" | ot v | orcz2| T | pev. | c1 | ofiv | ofc2| T | pev. | ofci| ofiv | ofc2| TR | pey
1.|/ t bg 92 22 96 211 41 101 23 97 221 30 83 22 95 200 49
2.\ / dbq 97 21 93 210 36 109 28 89 226 30 84 13 97 195 35
3./t T 109 16 116 241 61 126 16 112 254 47 92 16 120 228 72
4.1/ d1 bl 100 19 97 216 52 112 29 98 240 47 88 9 96 193 47
Average 100 20 101 220 48 112 24 99 235 39 87 15 102 204 51

The influence of slow speaking rate on C1 and C2 HP duration and duration of ICI in Sl coronal + bilabial clusters.
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dorsal + All Male Females
bilabial Dur of | Dur Dur Total Std  Dur of Dur Dur Total Std | Durof | Dur Dur Total Std
Cl | OfIV | OfC2 Dev. Cl | OfIV | Of C2 Dev. Cl | OfIV | Of C2 Dev.
1. | /kbas/| 92 19 96 207 50 107 23 99 229 39 77 16 94 186 52
2.1/ vb| 103 20 97 220 43 113 24 98 235 42 93 15 96 204 38
Average 98 20 97 214 47 110 24 99 232 41 85 16 95 195 45
The influence of slow speaking rate on C1 and C2 HP duration and dw&l®inn S| dorsal + bilabiatlusters.
C) The influence of slow speaking rate on C1 and C2 HP duration and duration of ICI in-Stepnadusters:
coronal + All Male Females
dorsal Dur of | Dur Dur Total Std  Dur of Dur Dur Total Std | Durof | Dur Dur Total Std
Cl | OfIV | OfC2 Dev. Cl | OfIlv | OfC2 Dev. Cl | OflV | OfC2 Dev.
1.1 / fat] 123 70 90 283 22| 125 77 115 317 27 121 62 65 248 16
2. /hatk 107 69 77 252 19| 116 67 86 269 9 97 71 67 235 29
Average 115 70 84 268 21 121 72 101 293 18 109 67 66 242 23
The influence of slow speaking rate on C1 and C2 HP duration and duration of ICI in SF coronal + dorsal clusters.
dorsal + -5 of D [/; ; Std ppurof | D I\[/>Iale Std | Durof| D Fe[)males Std
r r r r ur ur ur o ur ur
coronal | UL Grw | orez| T | pey. | c1 | ofwv | orca| T | pev. | c1 | ofiv | orcz| TO | pey.
1.| /nakt/ 100 62 100 262 14 121 55 119 295 25 78 69 81 228 3
2. /nakd/ 95 79 83 257 17 113 74 101 287 6 78 84 64 226 27
3.| / wabl 78 63 108 249 42 83 61 108 252 48 73 64 108 245 36
4.1 I nal 91 57 106 254 55 96 56 108 259 64 87 58 105 250 44
5| / mal| 76 57 114 246 41 74 55 112 241 47 78 58 116 251 35
6.| / dT k| 85 49 106 240 52 88 55 107 251 58 81 43 105 229 44
7.1/ sdl 98 42 111 251 57 114 43 111 268 59 82 41 111 233 50
Average 89 58 104 251 40 98 57 109 265 44 80 60 99 237 34
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The influence of slow speaking rate on C1 and C2 HP duration and duration of ICI in SF aansadat clusters

bilabi All Male Females |
ilabial +
coronal Dur Dur Dur Total Std | Durof| Dur Dur Total Std Dur Dur Dur Total Std
of Cl| Of IV | Of C2 Dev. Cl | OfIV | OfC2 Dev. | of C1| OfIV | Of C2 Dev.
1.| /ktabt/ 95 39 116 251 56 101 44 123 267 57 90 34 110 234 52
2. /' rab 85 52 126 263 46 94 50 128 272 57 76 53 124 254 29
3.] /' nab 86 55 110 251 45 90 57 116 263 51 82 52 104 239 35
4./ 0Oa 86 55 113 254 36 88 55 119 263 30 83 56 107 246 41
Average 88 50 116 255 46 93 52 122 266 49 83 49 111 243 39

The influence of slow speaking rate on C1 and C2 HP duratiodwation of ICI in SF bilabial + coronal clusters.

bilabial + All Male Females
dorsal Dur Dur Dur Total Std | Durof | Dur Dur Total Std Dur Dur Dur Total Std
of C1l| Of IV | Of C2 Dev. Cl | OfIV | OfC2 Dev. | of C1| Of IV | Of C2 Dev.
1. | /habk/ 89 51 107 247 47 97 52 113 262 57 82 50 100 232 28
2.0 t1 87 55 99 241 51 94 55 103 251 59 80 55 95 230 40
Average 88 53 103 244 49 96 54 108 257 58 81 53 98 231 34
The influence of slow speaking rate on C1 and C2 HP duration and duration of ICI in SF bilabial ¢ldstesa.
Al | Male | Females |
co.ronal * Dur Dur Dur Std | Dur of | Dur Dur Std Dur Dur Dur Std
bilabial | c1 | ofiv | ofcz| 1@ | pev. | c1 |ofiv | ofcz| T | pev. | ofc1| ofiv | ofcz| T | pev.
1. \ /| wa 113 50 122 285 69 128 47 126 300 68 98 52 118 269 68

Theinf uence of sl ow speaking rate on Cl1 and C2 HP dwuration and dur at

All Male Females
dorsal + Dur
o Dur Dur Std | Dur of | Dur Dur Std Dur Dur Dur Std
bilabial gfl oftv |ofc2| T@ | pev. | c1 |ofiv | ofcz| T | pev. | ofci| ofiv | ofc2| TO@ | pey.
1 \ / na 86 57 116 259 53 81 54 124 259 45 90 60 109 258 61
The influence of sl ow speaking rate on Cl1 and C2 HP duration and
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Appendix C: The influence ofspeaking rate on voicing(Lx)

1) The influence of fat speaking rate on voicing

A) The influence of fast articulation rate on single stops

Sl single stops DlIJ_IrI'DOf Du_r._ of % , NO.‘ of | Voicing VOT
voicing | of voicing | periods| category
1 / bags 84 0 0% 0 DV 7
2. /dam/ 68 61 90% 9 VD 3
3. / dI a 70 69 99% 8 VD 0
4. /| bUas| 48 25 52% 2 PD 25
Average 68 39 57% 6 PD 14
5. /'t ad 60 0 0% 0 VLS 17
6. / t1a 79 0 0% 0 VLS 12
7. /kar/ 75 0 0% 0 VLS 27
Average 71 0 0% 0 VLS 19
The influence of fast speaking rate on voicing on Sl single stops
SF single stops Dur. Dgr.' % _ No: Voicing
of HP of voicing | of voicing | of periods | category
1. / kab 133 93 70% 10 PD
2. / wad 117 100 85% 8 VD
3. / nad 130 102 78% 13 VD
4, / kav| 101 87 86% 11 VD
Average 120 96 80% 11 VD
5. /nat/ 131 0 0% 0 VLS
6. / bat 137 0 0% 0 VLS
7 /| wak 130 0 0% 0 VLS
Average 133 0 0% 0 VLS

The influence of fast speaking rate on voicing of SF single stops.
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B) The influence of fast speaking rate on voicing of Sl-stap clusters

R AR e el Al A b
1. | /bde:/ | 57 | 38 | 67% | 1 PD 2 - - - 54 | 30 | 56%| 6 PD 12
2. |/ bdi| 58 | 45 | 78% | O VD 2 - - - 58 | 45 | 78% | 10 | VD 9
3| /I'bba 72| 28 |39%| 3 PV 1 6 | 0 | VLS | 47| 45 | 9% | 5 VD 5
4. | 1 0lba 60 | 60 |100%| 7 VD 2 - - - 63 | 63 |100%| 7 VD 0
5. | /0da 47 | 47 |100%| 6 VD 1 13 | 2 VD | 53| 47 |89% | 6 VD 7
6. | /dba 78 | 17 | 22% | 2 DV 1 7| 0| VLS | 61| 30 | 49% | 3 PV 3
7.0/ dib| 64| 46 |72%| 7 PD 2 - - - 68 | 67 | 99% | 8 VD 0
8. |/dbal| 59 | 59 |[100%| 7 VD 1 14 | 2 VD | 38| 26 |68%| 2 PD 24
9. |/ bdal| 50 | 31 |62%| 4 PD 2 0| - - 50| 35 | 70%| 5 PD 0
10. |/ bdT{ 53| 22 |42%| 3 PV 2 0| - - 53 | 42 | 79% | 6 VD 0
11. |/ bbal 73| 47 |64%| 6 PD 1 6 | 1 | VLS | 42| 42 |100%| 4 VD 8
Average 61 | 40 | 67% | 4 PD 2 9 | 1 | VLS | 54| 44 |81%| 6 VD 6
The influence of fast speakimgte on voicing of SI VD + VD twtop clusters
sivis rws [ S [Cur o] o [Pee] voring s (o Pres Yoema] S ot oo | 70w VT
1. | k@bt | 47 0 0% | 0 | VLS 1 15| 0 | vLs | 48 0 0% | 0 | VLS | 15
2. | ltkabirl | 54 0 0% | 0 | VLS 1 13| 0 | VLS | 50 0 0% | 0 | VLS | 25
Average 58 | 34 |59%| 0 | VLS 1 10| 1 | VLS | 54| 38 |70%| 0 | VLS 7

The influence of fast speaking rate on voicing of SI VLS + VLS $tap clusters

250




sivo s [ S3 [DUor] oo [P e TReeesd o | "] v 52 | o] % | 7" s | VT
1. [/ bt 1| 62 0 0% 0 DV 2 - - - 62 0 0% 0 VLS 18
2. /bke: / 77 0 0% 0 DV 1 11 0 VLS 63 0 0% 0 VLS 32
3. /dkar/ 52 47 90% | 4 VD 1 12 0 VLS 55 0 0% 0 VLS 19
4. / Ot g 70 22 31% | 2 PV 1 13 0 VLS 50 0 0% 0 VLS 33
5. /| 0t 1] 44 23 52% 3 PD 1 12 0 VLS 71 0 0% 1 VLS 22
6. |/ bt a| 49 0 0% 0 DV 2 - - - 44 0 0% 0 VLS 20
7. / bt 1] 61 0 0% 0 DV 2 - - - 61 0 0% 0 VLS 13
8. | /bkalma/| 59 50 85% 2 VD 1 12 0 VLS 46 9 20% 0 VLS 28
Average 58 18 31% 2 PD 1 12 0 VLS 55 8 14% 1 VLS 20
The influence of fast speaking rate on voicing of SI VD + VLS-$map clusters
sivis +vo | S [ er] oy | P e TR o | 7] S2 | | | P v [ VT
1. [t 1 b 70 0 0% 0 VLS 2 - - - 70 35 50% | 4 PD -33
2. | /1 t1 Q9 58 0 0% | 0 VLS 2 - - - 64 11 | 17% | 1 DV -4
3. /kbas/ 80 0 0% 0 VLS 1 17 0 VLS 71 68 9%6% | 8 VD 0
4. /kdab/ 55 0 0% 0 VLS 1 20 1 VLS 70 58 83% 8 VD 0
5. / t ba| 52 0 0% 0 VLS 2 - - - 56 0 0% 0 DV 10
6. / t Oa| 52 50 96% | 4 VD 1 18 1 VD 40 32 80% 3 VD 0
Average 59 14 23% 1 VLS 1 15 0 VLS 58 18 32% 2 PV 9

The influence of fast speaking rate on voicing of SI VLS + VD-$tap clusters
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C) The influenceof fast speaking rate on voicing on SF t8top clusters:

SE VD + VD Dur DL_Jr_of % No_. of | Voicing C1 Dur No_. of | Voicing | Dur DL_Jr_of % No_. of | Voicing
of C1 | voicing periods| category| Release of ICI | periods| category| of C2 | voicing periods| category
1. / nalh 54 53 98% 8 VD 1 10 1 VD 47 39 83% 4 VD
2. |/ bab 50 50 100% 7 VD 1 15 2 VD 51 46 90% 5 VD
3. /' t13g 70 70 100%| 10 VD 1 27 4 VD 42 42 100% 5 VD
4. / nad 50 50 100% 7 VD 1 31 5 VD 69 50 72% 6 PD
5. /I nad 46 46 100% 7 VD 1 30 4 VD 48 48 100% 5 VD
Average 54 54 100% 8 VD 1 23 3 VD 51 45 89% 5 VD
The influence of fast speaking rate on voicing of SF VD + VD-$tap clusters
SFVLS + VLS o[f)l({,rl \Ez)lijcrir?; % |n;\|ezorfo%fs é/aotle(::glgg?y Re(I:elase o?:JCgI ;;\Ie:?fo%fs ;/aotg:glgg?y olfjgz vl?)lijéiﬁ; ” rl)\le?i-o%fs ;/acilecglgggr]y
1. /hatk/ 57 10 18% 1 VLS 1 20 0 VLS 44 0 0% 0 VLS
2. /nakt/ 48 3 7 0 VLS 1 38 1 PD 51 0 0 0 VLS
3.| / dT k| 48 13 27% 2 VLS 1 15 0 VLS 50 0 0% 0 VLS
Average 53 12 23% 2 VLS 1 18 0 VLS 47 0 0% 0 VLS
The influence of fast speaking rate on voicing of SF VLS + VLSstep clusters
SFVD +VLS o[f)lcjlrl \Ez)lijéir?; % pl)\le?ilocgs (\:/aotg:gljr:)?y Re(I::ase o?lu(gl pl)\le?ilo(zifs c\:/a(ig:gljggrly o[f)lcjirz v%?éir?; % [I)\(Ia?i-oodfs c\:/aci:ecgljr;?y
1. | /' ral 54 54 100% 6 VD 1 10 0 VLS 69 0 0% 0 VLS
2.| / kab 66 66 100% 8 VD 1 11 0 VLS 69 0 0% 0 VLS
3. / wal 45 45 100% 7 VD 1 24 3 VD 58 0 0% 0 VLS
4. | / ma 0| 50 50 100% 7 VD 1 21 2 VD 56 0 0% 0 VLS
5. | /ktabt/ 45 8 18% 1 DV 1 16 0 VLS 50 0 0% 0 VLS
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6. | / s1 d 36 36 100% 5 VD 1 24 VD 45 0 0% 0 VLS
Average 49 43 86% 6 VD 1 18 VD 58 0 0% 0 VLS
The influence of fast speaking rate on voicing of SF VD + VLSgvep clusters
SF VD + Dur DL_Jr_of % No: of | Voicing C1 Dur of No_. of | Voicing | Dur DL_Jr_of % No_. of | Voicing
VLS of C1 | voicing periods| category| Release| ICI periods| category| of C2 | voicing periods| category
1.| / watf 59 9 15% 1 VLS 1 19 1 VLS 62 54 87% 6 VD
2.| I faj] 51 6 11% 0 VLS 1 48 4 VD 55 43 78% 4 VD
/nakd/ | 55 0 0% 0 VLS 1 43 2 PD 55 36 67% 3 PD
Average 55 5 9% 0 VLS 1 37 2 PD 57 44 7% 4 VD

The influence of fast speaking rate on voicing of SF VLS + VDdvep clusters
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2) The influence of slow Speaking rate:

A) The influence oBlow speaking rate on voicing of single stops:

Dur. of

Dur. of

%

No. of

Voicing

Sl single stops HP voicing | of voicing| periods | category Vot
1 / bag 145 11 8% 1 DV 0
2. /dam/ 175 40 23% 3 DV 7
3. / dl a| 184 72 39% 7 PV 0
4. / bas| 133 0 0% 0 DV 48
Average 159 31 19% 3 DV 14
5. /'t aq 130 0 0% 0 VLS 25
6. / t 1 a 155 0 0% 0 VLS 16
7. /kar/ 143 0 0% 0 VLS 57
Average 143 0 0% 0 VLS 33
The influence of slow speaking rate on voicing of Sl single stops
SF single stops Dur. Du_r._ % _ No: Voicing
of HP of voicing | of voicing | of periods | category
1. / kab 312 128 41% 9 PV
2. /| wad 295 208 71% 12 PD
3. / nad 279 195 70% 15 PD
4. / kav| 303 245 81% 19 VD
Average 297 194 65% 14 PD
5. /nat/ 293 0 0% 0 VLS
6. / bat 293 0 0% 0 VLS
7. /| wak 274 0 0% 0 VLS
Average 287 0 0% 0 VLS

The influence of slow sp&ang rate on voicing of SF single stops
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B) The influence of slow speaking rate on voicing bfv#-stop clusters:

SIVD+VD | Cy | voicing | % | " | catogoy| Releasel Dur | | categony of C2| voicing | | | categon|
1. /bde: / 157 110 70% 6 PD 1 14 1 VD 104 86 83% 6 VD 5
2. / bdl | 141 25 18% 2 DV 1 7 0 VLS 142 49 35% 4 PV 5
3. / b0al 117 69 59% 5 PD 2 - - - 110 63 57% 5 PD 19
4. / Oba 133 120 90% 9 VD 1 14 1 VLS 113 49 43% 3 PV 0
5. / 0dal 89 89 100%| 7 VD 1 21 2 VD 90 68 76% 5 VD 17
6. / dbal 125 68 54% 4 PD 1 6 0 VLS 109 34 31% 3 PV 0
7. / d1 b| 126 71 56% 5 PD 2 - - - 124 58 47% 4 PV 5
8. |/ dba 133 43 32% 3 PV 1 14 1 VD 96 69 2% 3 PD 11
9. / bdai] 123 0 0% 7 DV 1 15 1 VD 96 68 71% 5 PD 16
10. | / bd1 ¢ 127 0 0% 0 DV 1 9 1 VLS 126 114 90% 8 VD 4
11. |/ b0 all 122 44 36% 3 PV 1 9 1 VLS 83 39 47% 3 PD 25
Average 125 61 49% 5 PV 1 13 1 VD 110 67 61% 5 PD 9
The influence of slow speaking rate on voicing of SI VD + VD-stap clusters
sivis +vis [ FET| D] o [ o | Yoty [ Relase] 100 | P8 | Vo | e, | v | % | 7| weioma | VO
1. /ktabt/ 93 0 0% 0 VLS 1 28 0 0 95 0 0% 0 VLS 31
2. | ltka:bir/ | 105 0 0% 0 VLS 1 24 2 0 67 0 0% 0 VLS 57
Average 99 0 0% 0 VLS 1 26 1 0 81 0 0% 0 VLS 44

The influence of slow speaking rate on voicing of SI VLS + VLS-$tap clusters
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Sivo s [ e, [ Durer] o | PR | voing | Release 1o | PR | Yo ] e | iy % | | ween ] VOT
1. [/ bt 1| 143 0 0% 0 DV 1 20 0 VLS 113 0 0% 0 VLS 26
2. /bke: / 124 0 0% 0 DV 1 13 0 VLS 84 0 0% 0 VLS 61
3. /dkar/ 96 71 4% 5 PD 1 19 0 VLS 106 0 0% 1 VLS 26
4. / 0Ot g 123 18 15% 1 DV 1 21 0 VLS 83 0 0% 0 VLS 65
5. / 0t 1| 82 59 2% 4 PD 1 28 0 VLS 98 0 0% 0 VLS 24
6. |/ bt al 87 0 0% 0 DV 1 6 0 VLS 77 0 0% 0 VLS 36
7. /[ bt 1| 114 0 0% 0 DV 1 15 0 VLS 117 0 0% 0 VLS 32
8. | /bkalma/ | 105 0 0% 0 DV 1 15 0 VLS 96 0 0% 0 VLS 47
Average 109 19 17% 1 DV 1 17 0 VLS 97 0 0% 0 VLS 40
The influence of slow speaking rate on voicing of SI VD + VLS-sta@p clusters
st vis v | 2 [ Pt v | P [ TR o0 | ™ || s caa | % | | [ VT
1. [ t1 bl 112 0 0% 0 VLS 1 14 0 VLS 94 90 96% 3 VD 0
2. /[ t 10 92 0 0% 0 VLS 1 28 0 VLS 106 8 8% 0 DV 0
3. /kbas/ 108 0 0% 0 VLS 1 20 0 VLS 104 92 88% 5 VD 27
4. /kdab/ 120 0 0% 0 VLS 1 26 1 VD 100 100 100% 8 VD 0
5. /'t ba| 102 0 0% 0 VLS 1 22 0 VLS 99 20 20% 1 DV 3
6. | / t0al 89 0 0% 0 VLS 1 27 0 VLS 89 42 | 47% | 2 PV 24
Average 104 0 0% 0 VLS 1 23 0 VLS 99 59 59% 3 PD 9

The influence of slow speaking rate on voicing of SI VLS + VD-siap clusters
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C) The influence of slow speaking eabn voicing of SF twatop clusters:

SEVD + VD HP Dl_Jr_of % No: of | Voicing C1 Dur No_. of | Voicing | HP Dl..ll‘.Of % No_. of | Voicing
of C1| voicing periods | category| Release| of ICI | periods | category| of C2 | voicing periods | category
1. / nab 96 0 0% 0 DV 1 53 VD 4 83 60 72% 4 PD
2. / 0Oabl 91 91 100% 7 VD 1 42 VD 4 97 97 100% 6 VD
3. /It 1 a 99 71 72% 5 PV 1 33 VD 3 80 80 100% 7 VD
4. / nal 86 86 100% 7 VD 1 48 VD 5 93 93 100% 8 VD
5. /I nal 88 88 100% 7 VD 1 55 VD 5 86 53 62% 3 PD
Average 92 67 73% 5 PD 1 46 VD 4 88 77 87% 6 VD
The influence of slow speaking rate on voicing of SF VD + VD-siap clusters
SFVLS + VLS ofH(Fj’l \E())lijc:ir?; % rl;(lac;io?jfs (\:/aotg:glzjr;?y Re(l:elase o?luél p[)\le?ilo(zifs c\:/aq[g:gljr;?y o|f_ICF3)2 vDoliJcZir?; % [;\Iecr)i-o%fs (\:/a?[g:gljrg)?y
1. /hatk/ 89 0 0% 0 VLS 1 22 VLS 0 119 0 0% 0 VLS
2. /nakt/ 105 0 0 0 VLS 1 80 4 PD 100 0 0 0 VLS
3. /dT k| 140 0 0% 1 VLS 1 39 VLS 4 117 0 0% 0 VLS
Average 115 0 0% 1 VLS 1 31 VLS 118 0 0% 0 VLS
The influence of slow spegtdg rate on voicing of SF VLS + VLS twstop clusters
SIVD+VLS o:‘_'(lzl \E())lijéig; % ;I)\I(e?iocéifs ;/a?tg:g:)?y Re(I:elase o?lucril ;I)\Ie:?fo%fs ;/aotle(::g;gry o|f_|52 v[())lijéir?; % pNe?ilo%Ifs é/a?t:acglgr(])?y
1. | /' ralQ 96 41 43% 2 PV 1 51 VD 5 126 0 0% 1 VLS
2.| / kab 67 67 100% 6 VD 1 53 VD 4 74 0 0% 0 VLS
3. / waUl 96 96 100% 8 VD 1 42 VD 4 88 0 0% 0 VLS
4. | / mad| 93 93 100% 8 VD 1 57 VD 5 96 0 0% 1 VLS
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5. | /ktabt/ 99 66 67% 4 PD 1 48 VD 4 114 0 0% 0 VLS

6. | / s1 d|l 104 104 100% 9 VD 1 53 VD 5 109 0 0% 1 VLS
Average 93 78 84 6 VD 1 51 VD 5 101 0 0% 1 VLS
The influence of slow speaking rate on voicing of SF VD + VLS-$tap clusters

SIVLS + VD HP of DL_Jr_of % No_. of | Voicing C1 Dur No_. of | Voicing | HP of Dgr_of % No_. of | Voicing

Cl | voicing periods| category| Release| of ICI | periods| category| C2 | voicing periods| category,

1. | / wat 105 0 0 0 VLS 1 80 4 PD 100 55 55% 4 PV

2. / fat 87 0 0 0 VLS 1 77 6 VD 92 83 92 6 VD

3. | /nakd/ | 97 6 5 0 VLS 1 71 4 PD 85 56 65 4 PD
Average 96 2 2 0 VLS 1 76 5 PD 92 65 53 5 PV

The influence of slow speaking rate on voicing of SF VLS + VD-$tap clusters
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Appendix D: Information sheet and consent forms
a) Information sheet (English)

Information sheet

Title of the research projedin InstrumentaPhonetic Investigation of Timing

Relations of Twestop Consonant Clusters in Tripolitanian Libyan Arabic

Researcher: Abdurraouf E shitaw
Phone no. 07845525576

Email addressml07ahs@Ieeds.ac.uk
Date: 03/05/2011

You are being invited to participate in a research project. Before deciding
whether to participate or not, | would likeu to read the summary of this research,
and answers to the questionshy have you been chogse to take partin this
research®hat will you be asked to doRow long will your participation takeand
what will happen if you decided to withdraw from the research after taking Ipart
there is anything that needs explanation or if you have any questions, pléasefee
to contact me. You can also discuss any of the issues concerning this research with

anyone you like.

The purpose of the research:

This research aims to provide a thorough descriptidhedemporalpatterrs
of two-stop clusterdan syllableinitial and syllablefinal clusters in Tripolitanian
Libyan Arabic.To investigate these patterns, some words said by native speakers of
Libyan Arabic with be recorded using a professional recorder. In this case, you are
eligible to take part because you are diveaspeaker of Libyan Arabic. The
recording will then be analysed using computer software. The results of the analysis
will reveal the patterns of gestural coordination adopted by speakers of Tripolitanian
Libyan Arabic.

The research will shed more ligbh the Libyan dialect, and will hopefully
contribute to future research. It may also help learners who seek to speak Libyan
Arabic.
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About your participation:

You have been chosen because you are a native speaker of Libyan Arabic,
which is the main fags of this research. You will be askedread some sentences
in normal, fast and slow speakingte. Your speech will be recorded then analysed
on a computer. The recording session will take betwee4b3@in max. It is a one
time session. There is no kign participating in this research, and you can decide
not to participate, or withdraw from the research within two months of your
participation. Your participation will be kept confidential. No names will be used in

the research, and you will not be itiéad by anyone.

If you have any questions, please do not hesitate to contact me any time

Thank you very much for having the time to read this

Best wishes
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b) Information sheet (Arabic)
2j 9 eK 9Y9F BH!
2] 3IOF A FHS
MF3yl crl fFntlOF PmMYOD
07 8455 2CHE/p6IOF 6
ml07ahs@leeds.ac.okk M O3 bIFObF CT O

18/01/2012e T p F 9 OF

wyj alOF Cn3 , , ey

2j A3F ¢cT wbpfFlrtOF FmMpO4Yb a4Y 33Um ,

FMw W3 UHATNTKOF fFB, WpFysg>3FaoébnbBMpiY

i Y9pOLl WxF HK 3hjyh FMFBM , Wwbp¥Fl

HTpPpY dfFjyYHb pY UtgscF HIOM, CTOh J/bbl
UM p&Bg hbhbvF

2] 3KOF wiy >

cT CcFM chuht NIy c¢cT wWTpfFtYXbF dYFHE
ey?d 4 UbiJTOF umMk WFHXF FB : wybdpF wWAgT
NMUne 2%X¢T1T CyRFM o4l bf/BIOF  vQwkF vp AXTW B C
Fny AdK wr AbIKOF ¢

2j 3IOF FMKk G6KFlFyD .UHDBFjOF CFnant ndaK F
wy dyy AOF wt nAOF 6 4971b bmpj 1T eB WCKfFIB

Wes bprli B8 JHTRD

WHFc ¢cT, W3 4Aryh . 2) 3lOF FMK pHj B ¢C
Ayt F3tlOF ®0MNagfyhH . MHPFj IOF nd9K 24j bm

HBT elOM wWtTOH FnADb 9Y9f B H AJ rukOHE BPLCIHTF. HUty A |

. Fl'b UUmM pY ¢cT Wosbpfrle 4B L3

ey3rtOF cxXMO9bllObF FE®BBYOF oY, 6 [ ¥ EDMF 6 b

nAKUF 3
T bRl WHEHI
Fry3r giOF D3
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c) Consent form (English)

Title of Research Proge: An Instrumental Phonetic Investigation of Timing

Relations in Twestop Consonant Clusters in Tripolitanian Libyan Arabic

Name of Researcher: Abdurraouf Elhashmi Shitaw

Initial the box if you agree with the statement to the left

1 1 confirm thatl have carefully read the description of the above

project dated and | have had the opportunity to ask

guestions about the project.

2 lunderstand that my participation is voluntary and that | am free

to withdraw at any time without ging any reason and without

there being any negative consequences. In addition, | reserve

the right not to answer any questions, without the need to explain why.

3 lunderstand that all my personal information will be completely

confidential and that may be quoted, will be described and analys

All data will be presented with complete anonymity usmitjals ornumbers,

not names.

4 | agree that my recordings can be used in future research

5 | agree to take part in the above researcfept@nd will inform

the principal investigator should my contact details change.

Name of participant Date Signature

(or legal representative)

Lead researcher Date Signature
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d) Consent form (Arabic)
crAdK 2j 2 ¢T wbpfrlrda wydTFHB

Wpmprptar OF wrtpfrtYxbF CYQuryHbcHs pueTy 3: &)y 3 IOk
EA2FOA ¢T wy?3yy AKF wy 3C

MF3yl c¢crl FnlOF PmMYD
MW20rtOF ¢T Wr BF es ntOmMuF POcuyuF WNYw

wt ncAMOFY B FH A cYYA Oy fAj b" OBFBHANDCHIV!

2] JIOF FMK eK bF¢TF A0 wHD BVIOF, rédmy My SHOFY |

aovMp eBm UUM pY c¢cT 2)j 310F eB Uf2xbF

wWwIFtw eK WUF39BbBF ¢ XF by [ MUKOM KOWeW P LY
MTOWF UF3yhy ObMIO wtrj OF f1

,9Thanpes cdpf B NVHT IR T2 cPAD0 H MKYM.Oh3Bdhe dpf B AYGTY-3

afFlUpY 2cfF3OF acCbhsl 6 nANDBMF AA)y FOH MWE m
CIbpFliB nOw WpFlL

Wy A34UslFrlOF 2Hj 3IOF ¢4 4wyt

MY c¢c3blhb gFH3K QJOyylhnb wWKFc ¢T &c¥F 3 IOF

CYbFK 6LUp

FIr'b . 2j 3OF ¢cT WpfrlrOF /bbl OF nlOw 138
AITYG 1T ulpd Tk ¢ TRBRDSFGLYIp YeKm2] 3 bE eK upH)LbA rienl
eyBY afFblB cTim 8)WPT K-

MF 3yl crl FntOF Pwm
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Appendix E: Word list

A) Syllableinitial and syllablefinal single stops

Sl single stops SF single stops
Word Gloss Word Gloss
€2 lbac/ | Aihe sp 4 ¢ E fihe & o
Sh faw/ | Ahe | g x Inat/ A he vy
ap /dam/ Abl oo Cl /| dla Ahe ca
7 A /t ab/ Ahe ki B2 loa /1 idock
6Y /d dm/ ihe pa N K [ A fihe b
Jb /kar/ Ahe to L /| Wa Asuspi
Jbl, /ba s 1 ihe ¢ Xc | Wia firigh
B) Syllable-initial and syllablefinal two-stop clusters
Sl two-stop clusters SF twastop clusters
Arabic Word Gloss Arabic Word Gloss
2bph /dkar/ 6mal e
XTfrlH / dO a: O6mi nut
OYA /'t1 0] O6he t a
073F b (/tka:bir/) 6you b L3 K /hatk/ 6vanbi on
3bFY (/ tOd O6you f XaT| [/ fat 6herni
. U bhx /nakt/ 6unpack
Ursy  Jkiab/ ohe wr Ublj Y| (di kak 6you | a
UCbH /kdab/ Ohe | i Cblx | /nakd/ 6borin
~ 60t i meq
= . : dLm / wa v . ©
99 U / Ot a 6he ki . 4 01/ you
) UUCH (sl dau truthd
JYA /0t 1 6he pi| BUYUB| / mal| 6a kind
pcL /] 0dal] 6 he wa CUK| / pnabv 6knotti
pC? /bde:/ 6he st| . .
WTFd / bda 6with a CHyK /I nab 6sl ave
6r>| / bt 6he but ) R
Wupr (/ btT| 6with ¢ PP frab 0fyngo
wkKrlUl (/ bdl 6goodsg . ]
w30l (/ bdl| 6with a "IL| fvabp oarrest
eTpFf| (/btarix/)| 6on t he U391 (/ktabt/) 61/ you
c bl? /bke:/ 6he cr - , .
wr b (bkaima)] 6with a WI¢| fkabjoangir
24U’ /| buva bcows i . ) .
F33K (/ thiaB| 6wi t h o X3 A It a 6dri ||
Ol FY (/tbgdébyou col
S2p [/ dba 6cl ot h
nyA I t1 b 6he ty| &rl | wat 6del et
wIF 3y / dl bq 6fogod
Ex)b /kb~as/ 6he pr ¢ _
ayy /| bbal 6he acgd LY / navo Opunua i n
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C) Intervocalic geminate stops

Intervocalic geminate stops
Arabic Word Gloss
D /dabbal| 6he sl agd
iy /wattd Ohe pre
& /haddd O6he sl ow
VEL, /0 atafl/ 6he cu
&K fajl dl a 6he bl e
i3 /bakkal 6he mad ¢
4 & /n avib/ 6he pung
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