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Abstract

The present research provides statistical analyses of the phonetic and phonological
features for Bangla typical and atypical speech. It identifies and categorizes the
distinctive sound features and then devises necessary articulatory and acoustic tools
to analyze the data for Bangla typical and typical speech. The study identifies
presences and absences of sounds, along with alterations, and also newly
identifiable features following the distinctive feature matrix theory. It also looks
into the articulatory and acoustic properties, theories, mechanisms, characteristics
and transcription of typical and atypical speech, a synopsis of the standard variety,
dialectical variations and individual differences, cross-linguistic perspective on
Bangla phonetics and integrating features, existing IPA, extIPA chart along with
historical contexts of Bangla typical and atypical speech. Later on, it suggests
revisions of principles which were used in transcribing atypical speech of Bangla
language. In order to collect data, two Task-based Phonological Tests has been
devised: (a) picture naming and (b) word naming. All atypical participants are
diagnosed aphasic patients, primarily from Bangladesh Medical University
(formerly BSMMU) and Metropolitan Medical Centre Ltd. The patients have
suffered from Broca’s Aphasia after cerebrovascular accident (CVA) with
impressions of intracerebral haematoma in the cerebral hemisphere and are at the
early stage of treatment and speech therapy, i.e., within 6 months to a year. The
research was concluded by listing the most common features of atypical speech,
along with affected organs. It identifies pre-palatalization /i<:/, nasal release /=:%/, lip
compression /:/, fricative release /<*/ (and /::¥/, /::f/ as systematic release markers),
strong articulation /::/, weak articulation /::/, inconsistent /O/, unaspirated /::7/

(often unmarked), unintelligible speech /::/. pre-aspirated /"::/, partial devoicing

newly identifiable symbols for atypical speech representation for Aphasic patients
who speak Bangla as L1. Unintelligible speech /::/ can also be suggested as new.

Low tone (), Extra-Low Tone (l), Weak Articulation (), Retracted Tongue-Root
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Position (3:) are prominent in most utterances. In a few cases, Post-Alveolar Clicks
(:2!) and Palatal Clicks (%) were observed. Various places of articulation include:
[::/ — linguolabial, /2%/ — labialized, /::/ — dental, bidental /::7/, /::v/ — velarized, pre-
palatalized /i<+/, and manners of articulation include: /=/ — sibilant, /<:/ — nasalized,
nasal release /v/, /2¢/ — trill/tap. As for organs, soft palate/Velum , back and the
root of the tongue are mostly affected. Also, it finds that the highest form of
atypical speech occurs due to velarization and nasal release/nasalization which can
be considered under distortion. Other significant errors happen due to retracted
tongue-root position, creaky-voice, rising-falling tone, nasal release/nasalization
and no audible release. Creaky-voice and rising-falling tone can be considered as
suprasegmental features, and retracted tongue-root position can cause phonological
or acoustic errors which all leads to distortion. No audible release, on the other
hand, can lead to omission. In addition, the research shows that in dialect variation,
F1-F2 relationships shift in predictable and consistent ways. The research presents
all the data in percentages. To summarize, the research aims to revisit and
catalogue the articulatory and acoustic features of Bangla typical speech, devise
necessary articulatory and acoustic tools to collect Bangla typical and atypical
speech, and propose amendments to the existing extIPA for disordered speech in
the context of Bangla atypical speech. Thus it provides a systemic analysis on
speech production of atypical speech and bridges the gaps between the theoretical
and practical applications. Hence, it provides culturally and linguistically
appropriate research-based resources (e.g., pictographic tools, communication-
ready materials) for speech-language pathologists (SLPs) dedicated towards
Aphasic patients who speaks Bangla as their L1. In future, this shall add to the
direct service to the patients and their families for assessment, therapy, support and
build collaboration and capacity building among the professionals (speech-
language therapists, health workers) through training, etc. Following this model,
other disorders can also be explored.


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Chapters

Chapter One

Chapter Two

Table of Contents

Dhaka University Institutional Repository
Vi

Pointers  Contents Page Numbers
Introduction 1-5
1.1. Research Objectives
1.2. Research Questions
1.3. Formulation of the
Research
1.4. Rationale
1.5. The Research Layout
1.6. The Limitations
1.7. Summary
Reviewing Literatures on 6- 65
Phonetic and Phonological
Features of Typical and
Atypical Speech
2.1. Speech Production:
Typical versus Atypical
2.1.1. The Articulatory Properties
2.1.2. The Acoustic Properties
2.2. The Systematic
Representation of Speech
Sounds
2.2.1. The International Phonetic
Alphabet and its Context
2.2.2. Revisions of extIPA Chart
and its Necessity
2.2.3. Phonetic Transcription and
Diacritics
2.2.4. Characteristics and

Transcription of Typical


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

vii

and Atypical Speech

2.3. Phonetics and Bangla
Phonology
2.3.1. Bangla as an Indo-

European Language

2.3.2. A Synopsis of the Standard
Variety
2.3.3. Cross-Linguistic

Perspective on Bangla

Phonetics and Integrating

Features
2.34. Revisited Bangla
Consonant and  Vowel
Sounds
2.5. Other Parameters
Chapter Three Methodology for the 66- 79
Research
3.1. Research Objectives
3.2. Research Questions
3.3. Participants
3.4. Selected Tools and
Instruments
3.5. Statistical Analysis
Procedure
Chapter Four Analyses and Discussion 80-309
4.1. Data Representation
4.2. Sample Patient Reports
4.3. Ratio Analysis of Atypical

Speech Features
44. Feature Matrix Analyses


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

viii

4.5. Formant Analyses
4.6. Voice Onset Timing
(VOT) Analyses
4.7. Additional Analyses
4.8. Proposed Addition to
extIPA
Chapter Five Conclusion 310-311

Reference List

Appendixes


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Figures

Figure 01
Figure 02
Figure 03

Figure 04

Figure 05

Figure 06

Figure 07

Figure 08
Figure 09

Figure 10

Figure 11

Figure 12
Figure 13

(a), (b)
Figure 14

Figure 15

Figure 16

Dhaka University Institutional Repository

List of Figures

Contents

The Vowel Chart (IPA, 2020)
The Vowel Chart (IPA, 2020)

The International Phonetic Alphabet
(revised to 2020)

extIPA Symbols for Disordered
Speech (Revised to 2015)

Places of Articulation (Prof Rafiqul
Islam, 2000)

Phonetic Alphabet (Prof Atindra
Majumder, 2020)

Phonetic Alphabet (Journal of the IPA,
2010)

Vowel Chart Diagrams

Consonant Sounds (Original Work)

Places and Manners Parameters
(Original Work)

Modes, Patterns and Articulation
Parameters (Original Work)

The Pilot Study Layout
Oscillogram of ==t /pep/, i*t /pep/

Task-based Phonological Test: Picture
Naming Flashcards

Task-based Phonological Test: Word
Naming Flashcards

Task-based Phonological Test: Picture

and Word Naming Transcriptions

Page Numbers

12
27
31

35

53

54

55

56
62
63-64

64-65

69
70

71-72

72-73

73-78

iX


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

X

Figure 17 Feature Detection Checklist (Sample) 78-79

Figure 18 General Information of Patient 03 80-81

Figure 19 Oscillogram of == /piiifek/, 2= 81
(@), (b) Jpufed/

Figure 20 Oscillogram of et /pipre/, e 82

@), (b) Ipi:pre/

Figure 21 Oscillogram of =it=t /pep/, =1, /pe-ip/ 83
(), (b)

Figure 22 Oscillogram of <1 /phul/, F=t /ptuAl/ 83
(a), (b)

Figure 23 Oscillogram of &=t /lepheno/, sT=ICT 84

@), (b) /leptennod/

Figure 24 Oscillogram of 3= /borop"/, == 85
@), (b) Iborroph/

Figure 25 Oscillogram of st /bacem/, s 86
@ .0 jbzreAm

Figure 26 Oscillogram of ig& /fobuy/, e 86
@), (b) [folbuy/

Figure 27 Oscillogram of =g /lebul/, =5 /lebPi/ 87
(), (b)

Figure 28 Oscillogram of s /bielo/, ©f= /b ellod/ 88
(@), (b)

Figure 29 Oscillogram of sre /obfeb/, wreR 89

(@), (b) [ovbfiveb/

Figure 30 Oscillogram of Rt /bikktobf/, Rtwre 89
(@), (b) [b1kkvob?/

Figure 31 Oscillogram of ©3s /tobuo/, ©3s 90
(@), (b) Itobuool/

Figure 32 Oscillogram of 3w /ditro/, 7St 91
(@), (b) IdmiAngd/

Figure 33 Oscillogram of z1< /fiet/, zre /fet!/ 92


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


(a), (b)
Figure 34
(a), (b)
Figure 35
(a), (b)
Figure 36

(a), (b)
Figure 37

(a), (b)
Figure 38

@), (b)
Figure 39

(a), (b)
Figure 40

(a), (b)
Figure 41
(a), (b)
Figure 42
(a), (b)
Figure 43
(a), (b)
Figure 44
(a), (b)
Figure 45

(@), (b)
Figure 46

(a), (b)
Figure 47
(a), (b)
Figure 48
(a), (b)

Dhaka University Institutional Repository

Xi

Oscillogram of =ifsica /tremue/, 2ifica 92
/tremmPreid/

Oscillogram of ¢1=ie /kotheo/, ciats 93
Ikotiveo!

Oscillogram of =12 /pat/, =2 [potl 94
Oscillogram of ¢rz=1 /daeene/, craeit 95
Ideene/

Oscillogram of s fidur/, 273 /iddyuir/ 95
Oscillogram of vt /c&d/, s, /GBid"y 96
Oscillogram of st /dide/, c4r, 97
IdogAA/

Oscillogram of =ics< /ocdfiek/, s, 98
[o¥Acdeky/

Oscillogram of @« Joufod"/, &=« 98
Jourfvhds/

Oscillogram of Beas! /tometo/, BTN 99
/‘n[”io”imﬁ@‘n[g/

Oscillogram of si5% /efok/, @6 100
/12’1[_0’113{/

Oscillogram of <15 /ket/, <16 /ktve(7/ 101
Oscillogram of =1 /thikene/, BT 101
IthikeAnded/

Oscillogram of =10 /kethel/, Ftorw 102
Iketrerl4/

Oscillogram of =15 /ket®/, ¥15 /kveAt/ 103


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository
Xii
Figure 49 Oscillogram of wifer /delim/, ©ifers 104

(@), (b) IderAlim/
Figure 50 Oscillogram of =mest /edde/, Sieet 104

@), (b) lerdde/

Figure 51  Oscillogram of s /cod/, 7% /rvoid/ 105
(@), (b)
Figure 52 Oscillogram of ¢vw /df&rof/, (bws 106

(a), (b) Ideehvvof i/

Figure 53 Oscillogram of o+ /bedfiop/, (721 107
(a), (b) IbgdAop/

Figure 54  Oscillogram of ¢5ts /dfordfor/, Tots 107
(@), (b) IdorAdor/

Figure 55  Oscillogram of voi3 /corer/, 5612 108
(a), (b) /coY"itY(;J/

Figure 56 Oscillogram of =ib1q /ecer/, S 109
@), (b) JesAceds/

Figure 57 Oscillogram of 51 /cemoc/, 556 110
@), (b) [ceAmadAS/

Figure 58 Oscillogram of =it /chegol/, =i 110
(a), (b) IchveAgvorLy/

Figure 59 Oscillogram of a2 /boctor/, T2 111
(@), (b) [boyAhchgivey/

Figure 60 Oscillogram of =z /mec?/, sz /mfeA"ch/ 112
(), (b)

Figure 61 Oscillogram of c3s [je0/, ¢ /preo/ 113
(a), (b)

Figure 62 Oscillogram of &< /geyor/, e 113

(a)’ (b) /gY‘ngYojt/

Figure 63 Oscillogram of w2 /yehey/, Tzre 114
(a), (b) /;ngwhngd}y/

Figure 64  Oscillogram of =&« /yfeubon/, T 115


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


(a), (b)
Figure 65
(a), (b)
Figure 66

(a), (b)
Figure 67

(a) (b)
Figure 68
(a), (b)
Figure 69
(a), (b)
Figure 70

(@), (b)
Figure 71

(a), (b)
Figure 72

@), (b)
Figure 73

(a), (b)
Figure 74

@), (b)
Figure 75
@), (b)
Figure 76
(@), (b)
Figure 77
(a), (b)
Figure 78
(@), (b)
Figure 79
(a), (b)

Dhaka University Institutional Repository

/thYlgAquoJQ/
Oscillogram of =i /ogfior/, g

I355rY/
Oscillogram of = /yfeyf/, < [fhgvy/

Oscillogram of Famit /kuefe/, T

IkieA B/

Oscillogram of criwi= /doken/, (=
/Qc;)lt(Ye"in/

Oscillogram of ¢t /nouke/, ¢t

InquAkygvd/
Oscillogram of i /nek/, 7 InAgvk/

Oscillogram of c2t /kee/, cxt /k~Egv/

Oscillogram of <%« /kokhon/, ¥
/lc{Ykg’ikhénJ/
Oscillogram of =i« /ek"/, = /eAk™/

Oscillogram of sz /gome/, o=

[korne/
Oscillogram of =it fegemi/, st

legvemt/

Oscillogram of cisaf /morog/, Ci=af
/mBoYOg/

Oscillogram of ¢a8caS /gieugheu/,
(TTCIE /ghieurgeu™y/

Oscillogram of =iars /egfiet/, siare

[gsAdreA1d/
Oscillogram of 4 /beg?/, 7/ /bfgvigh/

116

116

117

118

119

119

120

121

122

122

123

124

125

125

126

Xiil


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Figure 80
(a), (b)
Figure 81
(a), (b)
Figure 82
(a), (b)
Figure 83
(a), (b)

Figure 84
(@), (b)
Figure 85

(@), (b)
Figure 86

(a), (b)
Figure 87

(@), (b)
Figure 88

(), (b)
Figure 89

(a), (b)
Figure 90

(a), (b)
Figure 91

(a), (b)
Figure 92
(a), (b)
Figure 93

(a), (b)
Figure 94

(a), (b)
Figure 95

Dhaka University Institutional Repository

Oscillogram of 5% /suphi/, =
[suvpivA/
Oscillogram of =1 festhe/, =i

[e¥AstTevA/

Oscillogram of == /ephsos/, SRFCART

lemApTsois/
Oscillogram of Gifice3 /fediker/,

o2 [rediigelt/
Oscillogram of @34 /ofud"/, @34

lo¥Afurd™/
Oscillogram of = [fef/, ™1 /chghf/

Oscillogram of 2 /fio0/, 28 /v150V/

Oscillogram of <2© /bohut/, 3g©
IbvgAhiAL
Oscillogram of a1z /befi/, a1z /b*g~4h/

Oscillogram of 518 /mzeo/, 5its
i@/

Oscillogram of &% /miu/, i /mTru¥/

Oscillogram of 2ifi /themre/, <ifimr
/tremmPreid/

Oscillogram of == /kolom/, =15

NiovgiAlom/
Oscillogram of 7w /nue/, 3 /fue/

Oscillogram of sit=< /onek/, Si=<

/QﬁﬁggY/
Oscillogram of w1 feene/, Sz

127

128

128

129

130

131

131

132

133

134

134

135

136

137

137

138

Xiv


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


(a), (b)
Figure 96

(a), (b)
Figure 97

(), (b)
Figure 98

(a), (b)
Figure 99

(a), (b)
Figure 100

(@), (b)
Figure 101

(a), (b)
Figure 102

@), (b)
Figure 103

(a), (b)
Figure 104
(a), (b)
Figure 105
(a), (b)
Figure 106
(a), (b)
Figure 107
Figure 108
(a), (b)
Figure 109
(a), (b)
Figure 110

(@), (b)
Figure 111

Dhaka University Institutional Repository

Jeevnndeir/

Oscillogram of i /pen/, *fi= /pgyn/
Oscillogram of =i<l5 /enti/, =G /gytid/

Oscillogram of =f2 /ptoriy/, #fEe
Ip"ovpm/
Oscillogram of =7t /loe/, =7t /1voeA/

Oscillogram of ®ifers /delim/, ©ifers

Idgilim/
Oscillogram of ==t /kol/, =1 /kva¥l/

Oscillogram of =ca /roe/, 7ca [roe/

Oscillogram of =l /morog/, =t
/PSYOg/

Oscillogram of 3 /benor/, 141
/benoit/

Oscillogram of =f&e /phorin/, #®2
Ip"ovpn/

Oscillogram of =f=fs /pgpot/, *f=rs,
Ipeipot/

General Information of Patient 01
Oscillogram of =% /piifek/, <z
Ipuifek/

Oscillogram of fister /pipre/, st

Ippre/
Oscillogram of =it=f /pep/, =it lepep/

Oscillogram of <1 /ptul/, =1 /ptuld/

139

140

140

141

142

143

143

144

145

146

146

147
148

148

149

150

XV


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


(a), (b)
Figure 112
(a), (b)
Figure 113
(a), (b)
Figure 114
(a), (b)
Figure 115
(a), (b)
Figure 116

(a), (b)
Figure 117

(@), (b)
Figure 118

(a), (b)
Figure 119
(a), (b)
Figure 120
(a), (b)
Figure 121
(a), (b)
Figure 122
(a), (b)
Figure 123
(a), (b)
Figure 124
(a), (b)
Figure 125
(a), (b)
Figure 126
(a), (b)

Oscillogram of &=eicat /lepteno/, s=eicat

/Tepeno/

Oscillogram of <= /borop"/, =
Iby¥rop/

Oscillogram of <@ /baem/, W@
Ib&eAm/

Oscillogram of & /fobuy/, R&
[foNbuyy/

Oscillogram of =i /lebu/, =i /lebdu/

Oscillogram of =i=7 /bhelo/, ©% /b7elvod/

Oscillogram of @R /bielo/, w©R

/20¥ b e¥bP/
Oscillogram of Rcwste /bikkhobl/, fcsre

Iorkkhob~/
Oscillogram of wge /tobuo/, wge

ItioIbduod/
Oscillogram of S /ditio/, 7S /ditrio/

Oscillogram of 2w /fet/, 21 /fieAt/

Oscillogram of fica /themie/, 2fcy
/thgrmfé”i/

Oscillogram of ci=te /kotheo/, (Fizie

Ikg¥treod/

Oscillogram of %2 /pot?/, =12 [p¥orithl/

Oscillogram of 7zt /deeene/, cwawi

IdaeetInlel/

Dhaka University Institutional Repository

151

152

152

153

154

155

155

156

157

158

158

159

160

161

161

XVi


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Figure 127

(@), (b)
Figure 128

(), (b)
Figure 129

(@), (b)
Figure 130

(a), (b)
Figure 131
(a), (b)
Figure 132
(a), (b)
Figure 133
(a), (b)
Figure 134

(@), (b)
Figure 135

(a), (b)
Figure 136
(a), (b)
Figure 137

(), (b)
Figure 138

(a), (b)
Figure 139
(a), (b)
Figure 140

(@), (b)
Figure 141

(a), (b)
Figure 142

Oscillogram of 24z /idur/, 2= /1vdduir/

Oscillogram of 51 /c&d/, o, /cevd®y/

Oscillogram of st /dfGey/, cdtat, /doe/

Oscillogram of =g /ocdiek/, s,
larvevdeky/

Oscillogram of &« /ouf>d"/, &=,
lowil foit]

Oscillogram of Beaws! /tometo/, BTGt
Itehvmleviol/

Oscillogram of =iG< /etok/, wi5®
letok/

Oscillogram of 415 /Keg/, 415 /Kigrghyts/

Oscillogram of <1 /thikene/, BT
I'thivgeindgy/
Oscillogram of i1 /kethel/, F131T

[kevtreld/
Oscillogram of =1 /ket"/, 15 /ke'th/

Oscillogram of ®ifer /delim/, wifers
/delim/

Oscillogram of itest /edde/, Simest
levdde/

Oscillogram of 7@ /rod/, @ /ero¥Aq!/

Oscillogram of 6w /df&rof/, G

IdeeAronyf/
Oscillogram of o+ /bedfiop/, (TB°f

Dhaka University Institutional Repository

162

163

164

164

165

166

167

167

168

169

170

170

171

172

172

173

XVii


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


(a), (b)
Figure 143
(a), (b)
Figure 144
(a), (b)
Figure 145
(a), (b)
Figure 146
(a), (b)
Figure 147
(a), (b)
Figure 148
(a), (b)
Figure 149

(a), (b)
Figure 150

(a), (b)
Figure 151

(a), (b)
Figure 152
(a), (b)
Figure 153
(a), (b)
Figure 154
(a), (b)
Figure 155

(a), (b)
Figure 156

(a), (b)
Figure 157
(a), (b)

Dhaka University Institutional Repository

Ibed™Aop/

Oscillogram of 5% /dPoidPor/, Tots
IqfordPor/

Oscillogram of 5e12 /corer/, 5613

[copvery/

Oscillogram of =ib1e /ecer/, S5

fehchseArd/
Oscillogram of 55 /cemoc/, 135

[chseymygces/

Oscillogram of =% /chegol/, =i
[ehevigdoi]vl/

Oscillogram of a2 /boctor/, T=1
/"bochoig/

Oscillogram of =iz /mec?/, 3z /mPveyehs/
Oscillogram of cxs /je0/, cae [jcoy/

Oscillogram of aiters /geyor/, e
lgvelyoiry/

Oscillogram): wizier [yehey/, @izrer
[yehgds/

Oscillogram of ar%< /yfeubon/, AT
lyeub¥orvnd/

Oscillogram of s /ogfior/, s
/o¥ghior!/

Oscillogram of it /§figyh/, i [y fekid/

Oscillogram of Fmit /kuefe/, T
/kﬁj\ethgY/
Oscillogram of cri=i= /doken/, (=

Idioken/

174

175

176

176

177

178

179

179

180

181

182

182

183

184

185

XVili


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Figure 158
(), (b)
Figure 159

(a), (b)
Figure 160

(a), (b)
Figure 161

(a), (b)
Figure 162

(@), (b)
Figure 163

(a), (b)
Figure 164
(a), (b)
Figure 165
(a), (b)
Figure 166
(a), (b)

Figure 167
(), (b)
Figure 168

@), (b)
Figure 169

(a), (b)
Figure 170
(a), (b)
Figure 171
(a), (b)
Figure 172
(a), (b)

Dhaka University Institutional Repository

Oscillogram of ¢i<t /nouke/, cT=et
/hiougey/

Oscillogram of i /nek/, i< /figyk/
Oscillogram of ¢t /khee/, c2at [kheeh/

Oscillogram of <2< /kokhon/, 2
Tkovkhn/
Oscillogram of =2 /ek?/, @4 fevkh]/

Oscillogram of st /gome/, stz
Igorn et/

Oscillogram of =it fegemi/, st
legvemiil/

Oscillogram of cxir=el /morog/, Ci=st

/mlogvio?/
Oscillogram of caStaS /gfeugtieul,

(95C9E /g-eudgieud/
Oscillogram of =< /egfet/, wr<re

leAgfeltsl/
Oscillogram of 3 /beqf/, 319 /bPevgt/

Oscillogram of > /suphi/, s
[suphoi/
Oscillogram of =% festhe/, =i

lestMed/
Oscillogram of == /ephsos/, SIRFCART

levphlsliosl/
Oscillogram of Gifte3 /fediker/,

cifice [fediger/

185

186

187

188

188

189

190

191

191

192

193

194

194

195

196

XiX


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Figure 173
(a), (b)
Figure 174
(a), (b)
Figure 175
(a), (b)
Figure 176
(a), (b)
Figure 177
(a), (b)
Figure 178
(a), (b)
Figure 179
(a), (b)
Figure 180
(a), (b)
Figure 181
(a), (b)
Figure 182
(a), (b)
Figure 183
(a), (b)
Figure 184
(a), (b)
Figure 185
(a), (b)
Figure 186
(a), (b)
Figure 187
(a), (b)
Figure 188
(a), (b)

Dhaka University Institutional Repository

Oscillogram of @3 /ofud"/, @3¢
low! it/
Oscillogram of = /fef/, 2™ [feyf/

Oscillogram of 28 /fio0/, 28 /figod/
Oscillogram): 2@ /bofiut/, 7 /bofiurg/
Oscillogram of <1z /befi/, a1z /bef/
Oscillogram of s5ts /mao/, s /macoy/
Oscillogram of &% /muw/, &% /miu/

Oscillogram of 2ifsr /themre/, <ifir

/thembie/

[al

Oscillogram of s« /kolom/, F&f¥

Ikolom/

Oscillogram of 7ar /nue/, 7ca /nlae/

Oscillogram of =it /onek/, St~

I3dek/
Oscillogram of =iz feene/, Sz

leevn lgvi/

Oscillogram of = /pen/, = /gvgsni/
Oscillogram of =i /enti/, =il fendt!i/
Oscillogram of =f&e /phorin/, TE2

Iphovpin/
Oscillogram of ==t /low/, 731 /L lgey/

197

197

198

199

200

200

201

202

203

203

204

205

206

207

207

208

XX


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Figure 189
(a), (b)
Figure 190

(a), (b)
Figure 191

(a), (b)
Figure 192

(a), (b)
Figure 193
(a), (b)
Figure 194
(a), (b)
Figure 195
(a), (b)
Figure 196

Figure 197

Figure 198
Figure 199
Figure 200
Figure 201
Figure 202
Figure 203
Figure 204
Figure 205
Figure 206
Figure 207
Figure 208
Figure 209

Dhaka University Institutional Repository

Oscillogram of ©ifers /delim/, Tifersy
Idelim/

Oscillogram of <=1 /kol/, =<1 /kal/
Oscillogram of 7cx /coe/, 7 /rroe/

Oscillogram of c=af /morog/, C3=et

/miogvio?/

Oscillogram of 3= /benor/, 144

/bPesnvove/

Oscillogram of =f&2 /phori/, B2
Iphovpin/

Oscillogram of fi=ie /pgpoy/, *f=re

Ipeypot/

Speech-Language Screening Report of

Patient 03

Speech-Language Screening Report of

Patient 01

Nasal Release/Nasalization Ratio
Labialization Ratio

Lip Compression Ratio
Velarization Ratio
Laminal Ratio
Pre-Palatalization Ratio
Post-Alveolar Click Ratio
Dental Expression Ratio
Fricative Release Ratio
Rhotic Relesae Ratio
Voiced Ratio

Voiceless Ratio

209

209

210

211

212

212

213

214-216

217-219

220
220
221
221
221
221
222
222
222
222
223
223

XXi


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Figure 210
Figure 211
Figure 212
Figure 213
Figure 214
Figure 215
Figure 216
Figure 217
Figure 218
Figure 219
Figure 220
Figure 221
Figure 222
Figure 223
Figure 224
Figure 225
Figure 226
Figure 227

Figure 228

Figure 229
Figure 230
Figure 231
Figure 232

Figure 233
Figure 234

Dhaka University Institutional Repository

Partial Devoiced Ratio
Strong/Weak Articulation Ratio
Inconsistent /f/ Ratio
Aspiration Ratio

Unaspirated Ratio
Pre-Unaspirated Ratio
Low-Tone Ratio

Extra Low-Tone Ratio
Rising-Falling Tone Ratio
Rising Tone Ratio
Breathy-Voice Ratio

Creaky Voice Ratio

Sliding Articulation Ratio
Retracted Tongue-Root Position Ratio
More Roundedness Ratio

No Audible Release Ratio
Sound Substitution Ratio

Substitution with Unintelligible
Speech Ratio

Substitution with Double Articulation
Ratio

Sound Addition Ratio

Glottal Stop Addition Ratio
Post-Alveolar Click Addition Ratio
Atypical Speech Errors

Atypical Speech Error Types
extIPA Symbols in Terms of Diacritics

Display

223
223
224
224
224
224
225
225
225
225
226
226
226
226
227
227
227
227

228

228
228
228
229
230

307-309

XXii


Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Chapter One

Introduction

The research aims to identify and compare the phonetic and phonological features
for Bangla typical and atypical speech. It looks into the articulatory and acoustic
properties as well as Bangla language specific phonological features for typical and
atypical productions. The study identifies presences and absences of sounds, along
with alterations, and also newly identifiable features. The research, hence, identifies
the distinctive sound features of Bangla language for typical and atypical speech. In
general, typical speech is the standard predictable patterns of speech sound
production whereas atypical speech deviates from these norms due to various
reasons such as neurological conditions or motor sensory development etc. For
example, in the word <51, (IPA: [Kkettel]), [t*] which appears in the middle of the

word displays typical sounds such as consonants [K], [t"], [I], and vowels: [], [e].
Here, [t"] is a pulmonic egressive, alveolar, voiceless sound which is of 0.09
seconds, 69 dB, 218 Hz. On the other hand, an atypical sound might display %o,

(IPA: [kef"erld]) with a voiced [{"] along with other features such as rising-falling
[e4] weak articulation with low tone of [14] for the entire word. Hence, it displays
distortion. It could be display 0.15 seconds, 73 dB, 197 Hz. These, and many other
prosodic features may appear during the analysis of atypical speech. Later on, the
research looks into the existing features and suggests revisions of principles which
could be used in transcribing atypical speech of Bangla language. This research
contributes in characterizing and analyzing the atypical speech disorders.

1.1. Research Objectives
The main objectives of this research are to;
(a) revisit and catalogue the articulatory and acoustic features of Bangla typical
speech,
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(b) devise necessary articulatory and acoustic tools to collect Bangla typical
and atypical speech,

(c) propose amendments to the existing extIPA for disordered speech in the
context of Bangla atypical speech.

1.2. Research Questions
The initial comparisons of this research have been based on the features of Bangla
typical and atypical speech. The queries below add to its practicality.

(&) Which articulatory and acoustic features are most significant in the
production of Bangla atypical speech? Which phonological errors are more
prominent?

(b) How are these features different from Bangla typical speech?

(c) What type of modifications are required to develop transcription models for

Bangla atypical speech?

1.3.  Formulation of the Research

The research follows a gquantitative method with added written explanations where
necessary. It takes in fieldwork with electronic sources and provides linguistic
analysis in relation to the literature review and received data to draw a conclusion.
The study considers two separate studies; for typical and atypical and later on
works on the analysis. In order to collect data, two Task-based Phonological Tests
has been devised: (a) picture naming and (b) word naming. Also, a checklist has
been devised to identify the articulatory and acoustic features of typical and
atypical speech, along with the types of phonological errors made by the patients.
For this research, distortions, omissions, substitutions, and insertions have been

listed. The tests have been administered in person.

A pilot study has been administered to pre-test the tests and the checklist on a
small number of people before it is used in earnest. PRAAT has been used for
analyzing both typical and atypical speech for controlled groups. It processed the
recorded audio, generated waveforms and spectrograms which assisted to visualize
vocal data in a more printable and quantifiable format. The software further
computed precise and aggregated values of all the prosodic features such as

intensity, pitch patterns, formants, pulses, frequency, syllable break, labeled words,

2
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and individual phonemes. There were controlled (selective) and spontaneous

(affable) speech analysis.

As for participants for typical speech, the study takes adult speakers, i.e., above the
age eighteen, between age 18-60, who speak standard Bangla as L1 and also as
mother tongue. There has not been any dialect variations within the participants; all
were at least Secondary School Certified. To further reduce possible discrepancies,
the participants with typical speech were selected based on the ages of the atypical
participants. The research comprises of a total of 110 participants with a ratio of 10
typical per atypical participant (10:1). Type versus Token ratio is, 2 : 840, i.e. types
of patients versus number of occurrences. As for sample, it is 2 : 168. All atypical
participants are diagnosed aphasic patients, primarily from Bangladesh Medical
University (formerly BSMMU) and Metropolitan Medical Centre Ltd. The patients
have suffered from Broca’s Aphasia after cerebrovascular accident (CVA) with
impressions of intracerebral haematoma in the cerebral hemisphere and are at the
early stage of treatment and speech therapy, i.e., within 6 months to a year. The

patients are also divided into two stages: spasmodic and recurrent.

As the research includes spontaneous and natural responses from the participants,
therefore, a number of feature detection observation checklists and a semi-
structured survey and/or interview have been selected to reveal the facts.
Considering the number and type of the participants, the timeline of the study, and
the type of the investigation, the research design has been classified as cross-
sectional/experimental study with stratified random sampling and it is semi-

longitudinal.

1.4. Rationale

An explicit awareness of the sound structure is required to be able to transcribe any
speech. Although the IPA provides a standardized set of symbols for representing
speech sounds across languages, and the extIPA extends the systems to capture
atypical speech, both remain insufficient in their current form to fully and
accurately represent the range of typical and atypical speech sounds in Bangla.
Moreover, since IPA and extIPA provide data on speech sounds in general for

different languages, it is not specific to Bangla language. The literature on Bangla

3
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IPA and extIPA also varies due to theoretical debates. Moreover, there hasn’t been
an extensive and/or continuous research to find how Bangla language has changed
over the period of time. In fact, a systemic analysis of atypical speech has not been
conducted over the years. There has been research under the light of Clinical
Linguistics and other related fields, however, not as much considering the
Theoretical/Pure Linguistics. Thus, there remains a research limitation between the
theoretical and practical applications. Hence, it is important to conduct this
research in a large scale.

1.5. The Research Layout
Considering all these factors of the research, the layout has been formulated as
below. The literature review chapter consists of the following categories.

(@ The Study of Articulatory and Acoustic Phonetics: The Articulatory
Properties, as in, Speech Anatomy: respiration, phonation and articulation
mechanisms, Articulatory Organs, Voicing and Sound Types, Places and
Manners of Articulation, Articulation Procedures, Structure, Clusters, and
Syllables; The Acoustic Properties, as in, Theories, Mechanisms,
Measurements, Phonation Modes, Linguistic Rhythms, States of the Glottis,
Voice Onset Time, Formats, and Harmonics, Speech Synthesis Systems,
Spectrograms etc.

(b) The Study of Systematic Representation of Speech Sounds: The
International Phonetic Alphabet and its Historical Context, Phonetic
Transcription and Diacritics, Revisions of extlPA Chart and its Necessity,
Characteristics and Transcription of Typical and Atypical Speech

(c) Bangla Phonetics and Phonology: Bangla as an Indo-European Language, A
Synopsis of the Standard Varity, Dialectical Variations and Individual
Differences, Cross-Linguistic Perspective on Bangla Phonetics and Integrating

Features, Probable Bangla Consonant and VVowel Sounds

Given this criterion for finding a framework, this research provides critical
overview of Bangla language. However, the research shows a few limitations

which has been discussed in the next section.
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1.6.  The Limitations

The research has a few limitations. First of all, it focuses on Bangla community in
order to retrieve data and hence has a local view rather than a worldview. It’s
because the official language of Bangladesh is Modern Standard Bangla (Literary
Bengali/Bangla). However, the scale of speakers is much larger. It is because,
within India, Bangla is the official language of the states of West Bengal, Tripura
and the Barak Valley in the state of Assam, and is the most widely spoken
language in the Andaman and Nicobar Islands in the Bay of Bengal, and is spoken
by significant populations in other states including in Arunachal Pradesh, Delhi,
Chhattisgarh, Jharkhand, Meghalaya, Mizoram, Nagaland and Uttarakhand. Bangla
exhibits diglossia, according to some scholars it exhibits triglossia or even n-
glossia or heteroglossia. In addition to that it has even wider phonemic varieties
depending on all its dialects. Therefore, the research does not cover all the dialects
of Bangla language either. It also has a smaller number of cases for typical and
atypical speech sounds. It is because each Task-based Phonological Test (Picture
and Word Naming) audio had to be cleared out through noise cancellation which
generated Oscillograms (Sound Waves) having a beginning, middle, and ending,
and later on those were analyzed with detailed acoustic data. As a result, the data
was enormous and hence the number of participants had to be kept to a minimum.

However, it is still a limitation to the study.

1.7. Summary

To summarize, the research aims to revisit and catalogue the articulatory and
acoustic features of Bangla typical speech, devise necessary articulatory and
acoustic tools to collect Bangla typical and atypical speech, and propose
amendments to the existing extIPA for disordered speech in the context of Bangla
atypical speech. Thus it provides a systemic analysis on speech production of
atypical speech and bridges the gaps between the theoretical and practical

applications.



Chapter Two
Reviewing Literatures on Phonetic and Phonological Features

of Typical and Atypical Speech

The present chapter consists of the theoretical background of speech production
and representation of typical and atypical speech.

2.1. Speech Production: Typical versus Atypical

The speech production can be studied in two folds: the articulatory and acoustic
phonetics. The field of articulatory phonetics is a subfield of phonetics that
investigates how human speech sounds are produced. The acoustic phonetics is the
study of the physical properties of human speech sounds. These aspects are

discussed in details below.

2.1.1. The Articulatory Properties: The segments of speech sounds involve the
basic understanding of speech anatomy which includes the studies of respiration,
phonation and articulation mechanisms. According to Ladefoged (2000), the
respiratory system includes the lungs and the windpipe (Trachea) which performs
in inhalation and exhalation. The lung air, as in, Pulmonic air goes up through the
windpipe into the Larynx or voice box. It then passes between the vocal folds, then
Pharynx, then into the oral cavity. The vibrating sounds are termed as voiced, as
opposed to those in which the vocal folds are apart and do not necessarily vibrate
are termed as voiceless. For example, [v] is voiced and [f] is voiceless. These
respiratory sounds vary in terms of speech quality which is often created due to
obstructions of two or more articulatory organs. The point of maximum obstruction
is called the place of articulation, and the way the obstruction forms are called the
manner of articulation which, of course, varies in different languages. The different
Human Speech Organs include: Upper Lip and Upper Teeth (frontal incisors),
Alveolar Ridge, Hard Palate, Soft palate or Velum (can cause Velic closure),
Uvula, Lower lip, Lower Teeth, Tongue (tip, blade or front, center, back, root).
There is also Larynx for Phonation, and the three cavities: Oral, Nasal, and

6



Pharyngeal. In articulatory phonetics, if a speech sound that is articulated with

complete or partial closure of the vocal tract, is called a consonant sound.

Speech gestures using the lips are named as Labial articulations; if the tip or the
blade of the tongue is used then they are called Coronal articulations; for the back
of the tongue, the sounds are called Dorsal articulations. The fourth one is
Laryngeal consonants, which are consonants with their primary articulation
occurring in the larynx. Given below are the list of places of articulation followed
by the Official IPA Chart, i.e., the consonant phonemes (the phonemes are abstract
units used to write a language systematically and unambiguously) are represented

next.

Labial: Labial consonants are those consonants in which one or both lips are used

as active articulator(s).

i. Bilabial: using closing movement of both lips, e.g., [p] (e.g., pat in English),
[b] (e.g., bat in English), [m] (e.g., mat in English), [w] (e.g., water in English)

ii. Labio-Dental: using lower lip and the upper teeth, e.g., [f] (e.g., fish in English)
and [v] (e.g., vote in English)

iii. Linguolabial (or Apicolabial): consonants articulated by placing the tongue tip
or blade against the upper lip, later it goes downwards to meet the tongue, e.g.,

[n] (e.g., misi in Araki, IPA [nisi], meaning ‘still”)

Coronal: Coronals are consonants articulated with the flexible front part of the

tongue.

i Dental: the tip of the tongue is used between the teeth or close to the upper
teeth, e.g., [0] (e.g., thanks in English) and [d] (e.g., that in English)

ii. Alveolar: the blade of the tongue is used here close to the Alveolar Ridge,
e.g., [t] (e.g., time in English) and [d] (e.g., date in English), [s] (e.g., sea in
English), [z] (e.g., zoo in English), [n] (e.g., never in English), [I] (e.g.,
letter in English)

iii. Palato-Alveolar or Post-Alveolar: the blade (or tip) of the tongue touches
behind the Alveolar Ridge, e.g., [f] (e.g., chair in English) and [d3] (e.g.,
jog in English), [f] (e.g., ship in English) and [3] (e.g., zip in English), [r]

(e.g., river in English)



iv. Retroflex: the tongue has a flat, concave, or even curled shape, and is

articulated between the Alveolar Ridge and the hard palate, e.g., [n] (e.g.,
IUT in Hindi, IPA ['guna] meaning ‘virtue’)

Dorsal: Dorsal consonants are those consonants articulated with the back of the
tongue (the dorsum).
i. Palatal: the front of the tongue is raised close to the palate, e.g., [j] (e.g.,
yes in English)
ii. Velar: the back of the tongue is used against the soft palate, e.g., [k] (e.g.,
kite in English), [g] (e.g., gate in English) and [n] (e.g., sing in English)
iii. Uvular: the back of the tongue against or near the uvula, that is, further
back in the mouth than velar consonants, e.g., [rR] (e.g., Paris in French,

IPA [pa:'ri:], meaning ‘Paris’)

Laryngeal: Laryngeal consonants (a term often used interchangeably with guttural
consonants) are those consonants which have their primary articulation in the
larynx.
i. Pharyngeal/Epiglottal: the back of the tongue against the Pharynx, e.g., [€]
(e.g., & in Arabic, IPA [€ilm], meaning ‘knowledge”)
ii. Glottal: the gap between the vocal cords is used here which helps to make

audible friction, e.g., [h] (e.g., hat in English)

Given next are the Manners of Articulations.

i. Stop or Plosive: pulmonic consonant in which the vocal tract is blocked so that
all airflow ceases, e.g., [p] (e.g., pat in English) and [b] (e.g., bat in English)
(bilabial closure), [t] (e.g., time in English) and [d] (e.g., date in English)
(alveolar closure), [K] (e.g., kite in English) and [g] (e.g., gate in English)

(velar closure)

ii. Nasal (also called Nasal Occlusive or Nasal Stops): an occlusive consonant
produced with a lowered velum, allowing air to escape freely through the nose,
e.g., [m] (e.g., month in English) (bilabial closure), [n] (e.g., night in English)

(alveolar closure), [n] (e.g., sang in English) (velar closure)



Vi.

Fricative: a consonant produced by forcing the lung air through a narrow
channel which is made by placing two articulators close together, [f] (e.g., fish
in English), [v] (e.g., vote in English) (labio-dental closure), [0] (e.g., think in
English), [d] (e.g., that in English) (dental closure), [s] (e.g., sing in English),
[z] (e.g., zoo in English) (alveolar closure), [[] (e.g., shut in English), [3] (e.g.,
pleasure in English) (palate-alveolar closure); higher pitched sounds or hissing
sound are sometimes called sibilants; thus, Fricatives could be sibilants and

non-sibilants

Approximant: here, one articulator is close to another, but the vocal tract isn’t
narrowed and a turbulent airstream is produced; there are two types of
Approximants: Central — [w] (e.g., wish in English), [y] (e.g., yes in English),
[r] (e.g., red in English) and Lateral —[I] (e.g., light in English)

Affricate: an affricate is a consonant that begins as a stop and releases as a
fricative, e.g., [f] (e.g., chair in English) and [d3] (e.g., jog in English)

Additional Consonantal Articulations: Tap (often called Flap) is a type of
consonantal sound, which is produced with a single contraction of the muscles
so that one articulator (such as the tongue) is thrown against another, (e.g.,
latter in North American English, IPA [lera]); and Trill (often called Roll)
which is a type of consonantal sound produced by vibrations between the
active articulator and passive articulator; (e.g., perro in Spanish, IPA [ pero],

meaning ‘dog’)

As for the vowels, these are speech sounds which are articulated with the air-

stream passing freely through the oral cavity without any obstruction, closure or

narrowing. Jones (1993) says ‘A vowel (in normal speech) is defined as a voiced

sound in forming of which the air issues in a continuous stream through the

pharynx and mouth, there being no obstruction and no narrowing such as would

cause audible friction’ (p.23).



Similarly, Verma and Krishnaswamy (1997) say ‘a vowel is a sound produced by
the unobstructed passage of the air stream without the oral cavity being constricted
enough to cause audible friction’ (p.34). The term ‘vowel’ is approached and
defined variously by different linguists and phoneticians. The most common view
is that ‘vowels are sounds in which there is no obstruction to the flow of air as it
passes from the larynx to the lips’ (Roach, 1997; p.10). The vowel can best be
understood from the description of its basic features of articulation. A vowel can
be described on the basis of (i) air-stream mechanism, (ii) state of the glottis, (iii)
state of the velum, (iv) stricture involved, (v) height of the tongue, (vi) position of
the tongue, (vii) quality of vowels, (viii) position of the lips, and (ix) distribution in

aword. These are briefly discussed next.

(i) Air-Stream Mechanism: Speech sound is the modification of air stream which is
produced by airstream mechanism. There are three main air-stream mechanisms
such as pulmonic, glottalic, and velaric air-stream mechanism. The pulmonic air-
stream mechanism consists of the lungs and the respiratory muscles. The walls of
the lungs act as the initiator which is moved by the respiratory muscles so that air
is drawn into the lungs or pushed out of those. When the air-stream mechanism is
used to push air out, it is called egressive and when it is used to draw air in, it is
called ingressive. The second main type of air-stream mechanism is glottalic air-
stream mechanism where closed glottis acts as the initiator and the air in the
pharynx is used. The last main type of air-stream mechanism is velaric air-stream
mechanism in which the back of the tongue is the initiator and the air in the mouth

is set in motion.

(i1) State of the Glottis: The opening between the vocal cords is called Glottis.
During the production of speech sounds, the vocal cords are either drawn wide
apart or loosely held together. Sounds produced when the vocal cords are drawn
wide apart are voiceless whereas sounds produced when the vocal cords are

loosely held together are voiced.

(iii) State of the Velum: The sounds become oral or nasal or nasalized due to the
function of the soft palate. If the soft palate is lowered, the lung air passes through

the nasal cavity and nasal sounds are produced. If the soft palate is raised, the lung
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air passes through the oral cavity and thus the oral sounds are produced.
Sometimes, the soft palate assumes such a position that allows lung air to pass

through both the oral and nasal cavities and produces the nasalized sounds.

(iv) Stricture Involved: The term ‘stricture’ refers to the ways lung air is modified
by different organs of speech. During the production of vowels, the active
articulator and passive articulator assume such a position that there is an opening
between the two articulators through which the lung air passes freely without

causing any audible friction.

(v) Height of the Tongue: As per the height of the tongue, vowels can be described
and classified as high/close vowels, half/near-close vowels, close-mid, open-mid,
half/near-open vowels and low/open vowels. Close vowels are those vowels in the
production of which the tongue rises as close to the roof of the mouth as possible.
Open vowels, on the other hand, are those vowels in the production of which the
tongue is lowered as far away from the roof of the mouth as possible. Half-close
vowels are those vowels in the articulation of which the tongue occupies a position
about one-third of the distance from close to open whereas during the articulation
of the half open vowels, the tongue occupies a position about two-thirds of the
distance from close to open.

(vi) Position of the Tongue: During the articulation of vowels, the different parts of
the tongue take part in action. Thus, based on the position of the tongue, vowels
are described and classified as front vowels, central vowels and back vowels. Front
vowels are those vowels in the production of which the front part of the tongue is
raised towards the hard palate whereas in the production of back vowels, the back
part of the tongue is raised towards the soft palate. Central vowels are those vowels
in the articulation of which the central part of the tongue (i.e., between the front
and the back of the tongue) is raised in the direction of the central part of the roof

of the mouth (i.e., between the hard palate and the soft palate).

(vii) Quality of Vowels: In the production of vowels, the quality may change or

remain unchanged due to the different positions assumed by the tongue. If the
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quality remains unchanged, pure vowels or monophthongs are produced but if the

quality changes, vowel glides or diphthongs are produced.

(viii) Position of the Lips: During the articulation of vowels, the lips may be
neutral or spread and rounded. If the lips are neutral or spread, the vowels are

unrounded whereas if the lips are rounded, the vowels are rounded.

(ix) Distribution in a Word: A vowel may occur in different positions in a word.
However, there are some positions where a particular vowel may not occur due to

the effect of neighboring sounds.

These mean that, in the production of vowel sounds, the articulators do not come
very close together, and the passage of the airstream is relatively unobstructed.
They are usually voiced and can be described in terms of three factors; 1. The
height of the body of the tongue: high/close, mid (also have half/near-close, close-
mid, open-mid, half/near-open), low/open, 2. The front-back position of the
tongue: front, central, back, 3. The degree of lip rounding: rounded, unrounded.
Based on the wusage of units, there are three types of vowels:
Monothong/Monophthong: a single vowel, Diphthong: a double vowel,
Triphthong: a union of three vowels.

VOWELS

from (.‘cnlral Back
Close  1ey el Wel
1Y .\ (0]
Close-mid (SL X)) 3\9 YeO
9
Open-mid € 0@—3\6—1\ o)
® e
Open a (EA—CI D

Where symbols appear in pairs, the one
to the right represents a rounded vowel.

Figure 01: The Vowel Chart (IPA, 2020)

Given next are the list of high/close vowel sounds.
i. [i] = close front unrounded vowel, or high front unrounded vowel; often

associated with length, e.g., free in English, IPA [fri:]
12



Vi.

. [y] = close front rounded vowel, or high front rounded vowel, often associated

with length, e.g., tu in French, IPA [ty], meaning ‘you’

[i] = close central unrounded vowel, or high central unrounded vowel, e.g., shi
in Chinese, IPA [Ji], meaning ‘ten’

[¢] = close central rounded vowel, or high central rounded vowel, e.g., nu in
Standard Northern Dutch, IPA [nua], meaning ‘now’

[w] = close back unrounded vowel, or high back unrounded vowel, e.g., ZZ5
‘kuki’ in Japanese, IPA [kurki], meaning ‘air’

[u] = close back rounded vowel, or high back rounded vowel, often associated
with length, e.g., ‘boot” in English, IPA [bu:t]

Given below are the list of half/near-close vowel sounds.

[1] = near-close front unrounded vowel, or near-high front unrounded vowel;
e.g., ‘him’ in English, IPA [him]

. [¥] = near-close front rounded vowel, or near-high front rounded vowel, e.g.,

‘lune’ in French, IPA [lyn], meaning ‘moon’
[o] = near-close near-back rounded vowel, or near-high near-back rounded

vowel, e.g., “gf’" in Bangla, IPA ['tomi:], meaning ‘you’

Given next are the list of close-mid vowel sounds.

Vi.

[e] = close-mid front unrounded vowel, or high-mid front unrounded vowel,
e.g., ‘red’ in English, IPA [red]

. [#] = close-mid front rounded vowel, or high-mid front rounded vowel; e.g.,

‘peu’ in French, IPA /pg/, meaning ‘few’

[s] = close-mid central unrounded vowel, or high-mid central unrounded
vowel; e.g., ‘mysz’ in Polish, IPA [mgs], meaning ‘mouse’

[e] = close-mid central rounded vowel, or high-mid central rounded vowel;
e.g., ‘je’ in French, IPA [3e], meaning ‘I’

[¥] = close-mid back unrounded vowel, or high-mid back unrounded vowel,
e.g., ‘thoe’ in Thai, IPA [ty:], meaning ‘you’

[0] = close-mid back rounded vowel, or high-mid back rounded vowel; e.g,.

‘réseau’ in French, IPA [kezo], meaning ‘network’
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Given next are the list of mid vowel sounds.

[e] = mid front unrounded vowel; e.g.,* <=/bét’ in Arabic, IPA [be:t], meaning

‘home’

. [9] = mid front rounded vowel; e.g., bleu in Romanian, IPA [blg], meaning

‘light blue’

iii. [a] = mid central vowel; e.g., sofa in English, IPA ['soufa]

[¥x] = mid back unrounded vowel; e.g., to in Vietnamese, IPA [ty], meaning
‘sheets’

[o] = mid back rounded vowel; e.g., &/ko in Chinese, IPA [kd1], meaning ‘tall’

Given below are the list of open-mid vowel sounds.

Vi.

[e] = open-mid front unrounded vowel, or low-mid front unrounded vowel;

e.g., X /tian in Chinese, IPA [thien1], meaning ‘sky’

. [ce] = open-mid front rounded vowel, or low-mid front rounded vowel; e.g.,

f/cheung in Chinese, IPA [ts"ce:nl], meaning ‘long’

[3] = open-mid central unrounded vowel, or low-mid central unrounded vowel;
e.g., bird in English, IPA [bs:d]

[e] = open-mid central rounded vowel, or low-mid central rounded vowel; e.g.,
port in French, IPA [pe:¥] meaning ‘port’

[A] = open-mid back unrounded vowel or low-mid back unrounded vowel; e.g.,
hut in English, IPA [hat]

[5] = open-mid back rounded vowel, or low-mid back rounded vowel; e.g.,
thought in English, IPA [02:t]

Given next are the list of half/near-open vowel sounds.

[&] = near-open front unrounded vowel, or near-low front unrounded vowel,
e.g., bat in English, IPA [bezt]

[e] = near-open central vowel, or near-low central vowel; e.g., “/pa in Bangla,

IPA [pe] meaning ‘leg’

Given next are the list of open vowel sounds.

[a] = open front unrounded vowel, or low front unrounded vowel; e.g.,

‘Gi/anaa’ in Arabic, IPA [ana:] meaning ‘I - 1st person singular pronoun’
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ii. [&]= (near) open front rounded vowel, or (near) low front rounded vowel; e.g.,
‘ora’ in Swedish, IPA ['&:ra] meaning ‘ear’

iii. [4] = open central unrounded vowel, or low central unrounded vowel; e.g.,
‘#%.7ta’ in Chinese, IPA [thd1] meaning ‘collapse’

iv. [a] = open back unrounded vowel, or low back unrounded vowel; e.g.,
“#%/bang’ in Chinese, IPA [pan\] meaning ‘stick’

V. [p] = open back rounded vowel, or low back rounded vowel; e.g., ‘fog’ in
English, IPA [fog]

Based on the languages, there could be various structure of sounds, such as CVC =
Consonant-Vowel-Consonant, e.g., cat, IPA /kat/ has a CVC structure, CVCC =
Consonant-Vowel-Consonant-Consonant, e.g., hunt, IPA /hant/ has a CVCC
structure etc. Often Consonant Clusters might be observed which is two or more
consonant sounds within the same syllable. Vowels and consonants can be thought
of as the segments of which speech is composed. Together they form the syllables,
which go to make up utterances. Superimposed on the syllables are other features
known as suprasegmental features. These include variations in pitch (frequency,
Hz), loudness (intensity, dB), and length (duration, Sec). These phonetic details
could be presented more specific symbols or by allophonic differences. The use of
diacritics, small marks that can be added to a symbol to modify its value, is a
means of increasing precision. In practice, it is difficult to represent all the details
of the sounds involved. When writing down an unknown language or when
transcribing a child or a patient not seen previously, one does not know what rules
will apply. In these circumstances, the symbols indicate only the phonetic value of
the sounds. This kind of transcription is called an impressionistic transcription. The

way in which human beings hear a sound depends on its acoustic structure.

2.1.2. The Acoustic Properties: Linguists and speech pathologists need to explain
why certain sounds are confused with one another. They can also give better
descriptions of some sounds (such as vowels) by describing their acoustic structure
rather than by describing the articulatory movements involved. A knowledge of
acoustic phonetics is also beneficial for understanding how computers synthesize

speech and how speech recognition works. To analyze speech, one has to work
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from a recording. More information could be retrieved than is available from

merely listening to a recording by making acoustic analyses of the sounds.

Sound consists of small variations in air pressure that occurs very rapidly one after
another. These variations are caused by actions of the speaker’s vocal organs that
are (for the most part) superimposed on the outgoing flow of pulmonic air or lung
air. In the case of voiced sounds, the vibrating vocal folds chop up the stream of
lung air so that pluses of relatively high pressure alternate with moments of lower
pressure. In fricative sounds, the airstream is forced through a narrow passage so
that it becomes turbulent, with irregularity occurring peaks of pressure. The same
principles apply in the production of other types of sounds. Variations in air
pressure in the form of sound waves move through the air somewhat like ripples on
a pond. When they reach the ear of a listener, they cause the eardrum to vibrate. A
graph of the sound wave is very similar to a graph of the movements of the
eardrum. The waveforms of speech sounds can be readily observed on a

technological device.

The pitch of a sound depends on the rate of vibration of the vocal folds. In a sound
with a high pitch, there is a higher frequency of vibration than in a sound with a
low pitch. Because each opening and closing of the vocal folds causes a peak of air
pressure in the sound wave, it can be estimated by looking into the rate of the
peaks in the wave-form. In this way, frequency can be measured. Frequency is
basically the number of complete repetitions (cycles) of variations in air pressure
occurring in a second. The unit of frequency measurement is called Hertz,
abbreviated as Hz. The frequency of the sound is 220Hzm if the vocal folds make
220 complete opening and closing movements in a second. The pitch of the sound
is that auditory property that enables a listener to place it on a scale going from low
to high, without considering its acoustic properties. In practice, when a speech
sound goes up in frequency, it also goes up in pitch. It is possible to determine the
frequency of a sound by counting the peaks of air pressure in a record of its
waveform. By using a technological device, the graphical displays can be shown
which correspond to the pitch. Voiceless sounds have no vocal fold pulses and

therefore no pitch. The prominent frequencies in voiceless sounds are usually
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above 2,000 Hz. In general, the loudness of a sound depends on the size of the

variations in air pressure that occur.

The intensity is proportional to the average size, or amplitude, of the variations in
air pressure. It is usually measured in decibels (abbreviated as dB) relative to the
amplitude of some other sounds. Technically, to get to the dB difference one has to
compare the power ratio, where the power is defined as the square of the mean
amplitude (the mean variation in air pressure). The human ear can hear tolerate a
range of about 120 dB. When one sound has an intensity 5 dB greater than another,
then it is approximately twice as loud. The relation between pitch and frequency
has been derived experimentally and used to form the Bark scale. Equal distances
along the Bark scale correspond to equal changes in pitch. The mathematical
relation between Hz and Bark is fairly complex. When dealing simply with the
pitch of the voice, a straightforward linear plot of frequency is sufficient. Also,
voice onset timing (VOT) is considered to measure the scales, which is a feature of
the production of stop consonants, the length of time that passes between the
release of a stop consonant and the onset of voicing, the vibration of the vocal
folds. The relation between acoustic intensity and loudness is also nonlinear, but
fortunately only slightly so. For all practical purposes one can consider differences
in loudness to be simply related to differences in intensity, reported in dB. Each

increase of 5 dB corresponds to a doubling of the perceived loudness.

Acoustic records are useful for studying various kinds of phonetic problems.
Records of the waveform and the intensity provide a good way of studying
variations in length. Hence, there must be a difference in quality. A set of vowel
sounds provides a suitable starting point, since vowels can all be said on the same
pitch and with the same loudness. The quality of a sound such as a vowel depends
on its overtone structure. Putting this way, one can say that a vowel sound contains
a number of different pitches simultaneously. There is a pitch at which it is actually

spoken and there are the various overtone pitches that give it its distinctive quality.

There could be various phonation modes, based on the state of Glottis, namely: no
voice, whisper, breathy voice, neutral (or modal), flow (or resonant), creaky-voice,

pressed, falsetto, voiced, voiceless, etc. The vowels could have different pitches
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based on the vowel types: 1. The height of the body of the tongue: high/close, mid
(also have half/near-close, close-mid, open-mid, half/near-open), low/open, 2. The
front-back position of the tongue: front, central, back, 3. The degree of lip
rounding: rounded, unrounded. The characteristic overtones are called the formants
of the vowels, the lower is called the first formants, and the higher the second
formant. There is another characteristic overtone, the third formant, which is also

present, but there is no simple way of demonstrating its pitch.

The formants that characterize different vowels are the result of the different
shapes of the vocal tract. Any body of air, such as that in the vocal tract or that in a
bottle, will vibrate in a way that depends on its size and shape. Smaller bodies of
air, like smaller piano strings or smaller organ pipes, produce higher pitches. In the
case of vowel sounds, the vocal tract has a complex shape so that the different
bodies of air produce a number of overtones. A vowel has its own characteristic
auditory quality, which is the result of the specific variations in air pressure due to
its vocal tract shape being superimposed on the fundamental frequency produced

by the vocal folds.

The general theory of formants was stated by the great German scientist Hermann
Helmholtz (1863) almost 150 years ago. Even earlier, the English physicist Robert
Willis (1829) had said, ‘A given vowel is merely the rapid repetition of its peculiar
note.” Willis was one of the first people to make an instrumental analysis of the
acoustic structure of speech. But the notion of a single format (actually the second
formant) had been observed several centuries earlier. Isaac Newton (1665/1730)
wrote in his notebook: ‘The filling of a very deepe flagon with a costant streme of
beere or water sounds ye vowels in this order w, u, ®, 0, a, €, i, y.” Spectrogram is
used to analyze sounds and show their separate components. G. Oscar Rusell
(1928), one of the pioneers in x-ray studies of vowels said, ‘Phoneticians are
thinking in terms of acoustic fact, and using physiological fantasy to express the
idea.” In many cases, a consonant can be said to be a particular way of beginning
or ending a vowel, and during the constant articulation itself there is no

distinguishing feature.
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The apparent point of origin of the formant for each place of articulation is called
the locus of that place of articulation Evidence of voicing near the baseline during
a consonant closure is called a voice bar. Wide-band spectrogram has been used in
this case. When the vocal folds vibrate, they produce what are called harmonics of
their fundamental frequency of vibration. Harmonics are vibrations at whole-
number multiples if the fundamental frequency. Thus, when the vocal folds are
vibrating at 100Hz, they produce harmonics at 200, 300, 400 Hz, and so on.
Narrow-band spectrums are useful for determining the intonation, or tone, of an
utterance. The most reliable measurements will be those of the length of the
segments, for which purpose spectrograms are often even better than waveforms.
Differences among vowels, nasals, and laterals can be seen on spectrograms,

whereas it may be impossible to see these differences in the wave-forms.

Spectrograms are usually fairly reliable indicators of relative vowel quality. The
frequency of the first formant certainly shows the relative vowel height quite
accurately. The second formant reflects the degree of backness quite well, but there
may be confusions due to variations in the degree of lip rounding. It is also
possible to tell many things about the manner of articulation from spectrograms.
For example, one can usually see whether a stop has been weakened to a fricative,
or even to an approximant. Affrication of a stop can be seen on most occasions.
Trills can be separated from flaps and voiced from voiceless sounds. One can also
observe the relative rates of movement of different articulations. Spectrograms
cannot be used to measure degrees of nasalization, nor are they much help in
differentiating between adjacent places of articulations. For studying these aspects

of speech, other techniques are more useful.

A speaker’s speech habits are a significant factor in studying speech sounds.
Spectrograms of a person’s voice are sometimes called ‘voice-prints’ and they are
said to be as individual as fingerprints. However, this is not the case. Nobody
knows how many individuals share similar characteristics. Individual variation is
also important from a general phonetic point of view. Spectrograms can show
relative vowel quality. It is clearly true that one can use spectrograms to tell that
the speaker has a higher vowel in ‘three’ than in the beginning of the vowel in

‘here’. One can also use formant plots. But it is not easy to say if the vowel in a
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given word as pronounced by one speaker is higher or lower than that of another

speaker.

In general, when two different speakers pronounce sets of vowels with the same
phonetic quality, the relative positions of these vowels on a formant chart will be
similar, but the absolute values of the formant frequencies will differ from speaker
to speaker. The simplest way to deal with this problem is probably to regard the
average frequency of the fourth formant as an indicator of the individual’s head
size, and then express the values of the other formants as percentages of the mean
fourth formant frequency. An alternative method is to assume that each set of
vowels is representative of the complete range of a speaker’s vowel qualities. Then
one can express in that speaker’s voice. Much of the work of the applied
phonetician today is concerned with speech technology and are directed toward

improving speech synthesis systems.

The greatest challenges in the field of speech synthesis are concerned with
improvements in intonations and rhythm. Synthetic speech often sounds unnatural
because the intonation is too stereotyped. In order to get the correct pitch changes,
one must know the speaker’s attitude to the world in general and to the topic under
discussion, In addition, the syntax of the utterance must be taken into account, as
well as various higher level pragmatic considerations, such as whether the word or
a synonym of it has been used in previous sentence. In order to describe the
various languages of the world, one needs to consider the total range of the
phonetic capabilities of humans.

Rhythmic properties of speech and language have been a matter of long-standing
debates, with both traditional production and perception studies delivering
controversial findings. For decades, this seemingly simple but profoundly
important question that connects language with other aspects of human cognition
has been controversially debated (Cummins, 2012; Roach, 1982). Early accounts
of linguistic rhythm suggest that it relies on some acoustic isochrony in spoken
language—either at the level of syllables or inter-stress intervals (Abercrombie,
1967). However, this idea did not stand up to acoustic measurement as no temporal

analyses of speech have ever provided any evidence for an isochrony-based rhythm
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(Dauer, 1983; Fowler & Tassinary, 1981; Pointon, 1980; Roach, 1982; Uldall,
1971; van Santen & Shih, 2000). The failure to find isochrony in speech has led to
the development of alternative approaches.

One of the most prominent proposals has suggested that linguistic rhythm may be
ascribed to the durational variability present in consonantal and vocalic intervals,
with languages being more or less variable and thus sounding rhythmically
different. Initially appealing and fueling much research into the cross-linguistic
study of rhythm, this approach has been recently critiqued as empirically
inadequate and misrepresenting the issue at heart (Arvaniti, 2009, 2012; Arvaniti &
Rodriquez, 2013; Barry, Andreeva, & Koreman, 2009; Kohler, 2009; Rathcke &
Smith, 2015a, 2015b; Wiget et al., 2010). The latest attempts at capturing rhythmic
properties of spoken language involve analyses of the prosodic hierarchy and its
temporal signatures, i.e., durational implementation of the hierarchical structure of
linguistic utterances (Rathcke & Smith, 2015a; White, Payne, & Mattys, 2009),
though this proposal has also seen some counterevidence (Mairano, Santiago, &
Romano, 2015).

Other recent approaches are less theoretically than acoustically driven, and rely on
signal analyses such as properties of the amplitude envelope to capture some
rhythmic properties in language (Goswami et al., 2002; Port, Cummins, & Gasser,
1995; Sturm & Volin, 2016; Tilsen & Arvaniti, 2013). Following on from these
diverse and controversial accounts of rhythm, ideas have been put forward that
language has a scale of rhythmicity (Kohler, 2009), is only occasionally rhythmic
(White, Mattys, & Wiget, 2012), or even anti-rhythmic (Nolan & Jeon, 2014).

Durational intervals in the linguistic input is to be measured in this case.

The Source-Filter Theory, also known as one of the major acoustic theories of
speech production, explains how speech sounds are produced. It posits that speech
production involves two main stages: a source of sound (vocal fold vibrations) and
a filter (vocal tract) that shapes that sound. It was Fant (1942) who built off the
work of Tsutomu Chiba and Masato Kajiyama (1941), to show the relationship
between a vowel's acoustic properties and the shape of the vocal tract. For voiced

sounds, it's the vibration of the vocal folds, creating a complex glottal tone. For
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voiceless sounds, it can be turbulent airflow created by constrictions in the vocal
tract. The vocal tract (mouth, throat, and nose) acts as a filter, modifying the
sound's spectrum. The shape and size of the vocal tract determine which
frequencies are amplified and attenuated, shaping the sound into different speech
sounds. This theory focuses on the physical modeling of speech sounds
distinguishes between different phonemes (vowels, consonants). Fricatives, such as
[s] and [f], have at least one source due to turbulent noise produced in the oral
cavity or pharynx and for [z] and [v], there are two sources, one at the glottis and

one at the supra-glottal constriction. It also measures pitch, duration, intensity.

Distinctive Feature Theory (1968) distinguishes one sound from another within a
language. For example, the feature [+voice] distinguishes the two bilabial plosives:
[p] and [b] (i.e., it makes the two plosives distinct from one another as one is
voiceless and the other is voiced). Since the inception of the phonological analysis
of distinctive features in the 1950s, features traditionally have been specified by
binary values to signify whether a segment is described by the feature; a positive
value, [+], denotes the presence of a feature, while a negative value, [—], indicates
its absence. Thus, [b] is [+V], and [p] is [-V]. After the first distinctive feature
theory was created by Russian linguist Roman Jakobson in 1941, it was assumed
that the distinctive features are binary and this theory about distinctive features
being binary was formally adopted in ‘Sound Pattern of English® by Noam
Chomsky and Morris Halle in 1968. Jakobson (1941) saw the binary approach as
the best way to make the phoneme inventory shorter and the phonological
oppositions are naturally binary.

In recent developments, phonologists have proposed the existence of single-valued
features. Major Class Features include: [+/— syllabic]: functions as a nucleus of a
syllable: [+syllabic] designates all vowels, while [—syllabic] designates all
consonants, [+/— consonantal]: produces significant blockage of airflow for
consonants but not vowels, [+/— sonorant]: produces continuous turbulent airflow:
for vowels and voiced consonants. Laryngeal Features are [+/-voice]: vocal colds
vibration for voiced consonants, [+/-spread glottis]: vocal folds are spread for
aspiration: consonants, specifically voiceless plosives like [p], [t], and [K], that are

released with a noticeable puff of air, [+/-constricted glottis]: glottis is constricted
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as in glottal stops which could be most sounds. Manner Features are [+/-
continuant]: air flows continuously through oral cavity such as +:[v], [s] or -:[b], or
[d], [+/-nasal]: air flows through nasal cavity, [+/-lateral]: air flows through the
sides of the tongue, [+/-delayed release]: stops followed by a fricative release, [+/-
strident]: high intense sounds such as fricatives and affricates. Place Features are
[+/-1abial]: involves lips, [+/-rounded]: lips are rounded, [+/-coronal]: tongue
blades raised such as +: [t], [d] and -: [p], [m], [+/-anterior]: blockage at the front
of the oral cavity such as +: [t], -: [K], [+/-distributed]: blockage spread over a
larger area such as +: [[], [3] and -: [t], [d], [+/-high]: tongue’s body raised such as
+: [K], -: [m], [+/-low]: tongue’s body lowered such as +: [a:], -: [K], [+/-back]:
tongue’s body retracted such as +[K], -:[e], [t+/-tense]: greater articulatory effort
such as +[i:], -: [1]. This theory is useful for segmental analysis and phonological
features for places, manners, voicing, cavity etc., for preparing feature matrix. It
provides efficient description of phonological rules, assists to prepare cross-

linguistic comparisons, and can be used as a foundation for speech technology.

The major class features can be identified with their descriptions. Such as if there
is a peak in intensity showing clear formant structure, it is showing vowels. In that
case, it will be [+syllabic]. Thus, Syllabic feature is identified. Reduced or absent
formant structure, increased constriction, often with noise or silence identifies
Consonants. Clear formant structure without aperiodic noise identifies Sonorants.
For Voicing: regular glottal pulses, Spread Glottis: aspiration and high-frequency
aperiodic energy, Constricted Glottis: irregular or creaky voicing, Continuant:
continuous airflow with no closure, Nasal: voicing with low-frequency energy and
nasal murmur around, Lateral: voiced segments with a drop in F2 and dark zones
due to side-channel airflow, Delayed Release: a burst followed by fricative noise,
visible in the spectrogram, Strident: shows intense high-frequency noise, Labial:
displays weak formant transitions, especially flat F2, and show a lower burst,
Rounded: lowering of F2, a cue for lip rounding, Anterior: have concentrated
energy in the higher frequency region, indicating front articulations, Coronal:
higher F2 transitions, bursts may appear more concentrated in the mid-frequency
range, Distributed: shows broader spectral energy, High: shows low F1, indicating
a high tongue position, Low: shows high F1, reflecting a low tongue position,

shows low F2, signaling tongue retraction, Back/Retracted: shows low F2,
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indicating back tongue placement, Tense: typically have higher F2 and longer

duration.

Following the feature detection theory, phonological features can also be
identified. For example, Labialized /=*/ shows lowered F2, rounding/backing
effect, Nasalized /Z/shows (~250-300 Hz), higher formants, Dental /:/ energy
shifted lower, Bidental /::%/ irregular friction, low-frequency energy with broad,
indistinct pattern, Palatalized /::i/shows raised F2, due to fronted tongue position,
Velarized /2% shows lowered F2, reflects tongue body retracted toward velum,
Pharyngealized /:/shows lowered F2, raised F1 due to tongue root retraction,
Apical /::/ shows peaks, higher-frequency, Laminal /::/shows broader spectral
shape due to flat tongue, Devoicing /::/ shows low voicing, Unaspirated /::~/ shows
that voicing begins quickly after stop release, Reiteration /p/p/p/shows repeated
closure-release bursts, Double Articulation /=:/ shows overlapping energy
patterns, Unintelligible Speech /ao/ shows that spectral noise, interruptions, or
distortions, and also formants not clearly visible, Low Tone ({) shows lower FO
contour in pitch, Breathy Voice () may shows high frequency noises, weaker
harmonics, Weak Articulation () may show lower intensity, blurred formants, and

many.

Gestural Phonology (Browman and Goldstein,1992) views speech sounds as
sequences of articulatory movements, or ‘gestures,” rather than abstract units like
phonemes, provides a motor-based perspective on phonology and explains speech
sound changes. Phonetic Underspecification Theory (Halle, 1970) suggests that
only the most necessary (or distinctive) features can be stored, and the rest are
filled in based on context or default rules during speech production, reduces the
amount of information needed to store in the lexicon and facilitates phonological
processing by simplifying phonological rules. Experimental Phonetics has three
core branches which are, Articulatory Phonetics: focuses on the physical
movements of the vocal organs (lips, tongue, etc.) during speech , Acoustic
Phonetics: studies the physical properties of speech sounds, including frequency,
amplitude, and duration, and Auditory Phonetics: investigates how listeners

perceive and interpret speech sounds.
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2.2.  The Systematic Representation of Speech Sounds
According to Prof Handke (2020), a central question in phonology concerns the
basic elements of sound structure, i.e., the phonemes. A systematic representation

of the phonemes is necessary to document a language accurately.

2.2.1. The International Phonetic Alphabet and its Context: The alphabetic
system of phonetic notation is called the International Phonetic Alphabet (IPA)
which displays all the possible characteristics of the identified human speech
sounds. Notes from International Phonetic Association includes the IPA symbols,
Consonants, Vowels, Clusters, Stress, Conventions, Prosody, Orthographic
representation along with the broad and narrow transcriptions, Romanization,
Tone, Geminating, Assimilations. It also includes the principles of the International
Phonetic Association, Computer Coding of the IPA System, phonetic Diacritic and
Suprasegmental symbols, symbols for Tones, Accents, Delimitations, Extended
IPA Chart. Following the IPA chart, given next are the places and manners of
articulation.

i. Bilabial: using closing movement of both lips, e.g., [p] (e.g., pat in
English), [b] (e.g., bat in English), [m] (e.g., mat in English), [w] (e.g.
water in English)

ii. Labio-Dental: using lower lip and the upper teeth, e.g., [f] (e.g., fish in
English) and [v] (e.g., vote in English)

iii. Dental: the tongue tip is used either between the teeth or close to the upper
teeth, e.g., [0] (e.g., thanks in English) and /d/ (e.g., that in English)

iv. Alveolar: the blade of the tongue is used close to the Alveolar Ridge, e.g.,
[t] (e.g., time in English) and [d] (e.g., date in English), [s] (e.g., sea in
English), [z] (e.g., zoo in English), [n] (e.g., never in English), [I] (e.g.,
letter in English)

v. Palato-Alveolar or Post-Alveolar: the blade (or tip) of the tongue is used
just behind the Alveolar Ridge, e.g., [§] (e.g., chair in English) and [d3]
(e.g., jog in English), [/] (e.g., ship in English) and [3] (e.g., zip in English),
[r] (e.g., river in English)
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Vi.

Retroflex: the tongue has a flat, concave, or even curled shape, and is

articulated between the Alveolar Ridge and the hard palate., e.g., [n] (e.g.,
IUT in Hindi, IPA [guna], meaning ‘virtue’)

vii. Palatal: the front of the tongue is raised close to the palate, e.g., [j] (e.g.,

yes in English)

viil. Velar: the back of the tongue is used against the soft palate, e.g., [K]

Xi.

(e.g., kite in English), [g] (e.g., gate in English) and [n] (e.g., sing in
English)

Uvular: the back of the tongue against or near the uvula, that is, further
back in the mouth than velar consonants, e.g. /r/ (e.g. Paris in French, IPA
[pa: 'ri:], meaning ‘Paris”)

Pharyngeal/Epiglottal: the back of your tongue against the Pharynx, e.g.,
[€] (e.q., A in Arabic, IPA [Silm], meaning ‘knowledge’)

Glottal: the gap between the vocal cords is used to make audible friction,
e.g., [h] (e.g., hat in English)

Given next are the Manners of Articulations.

Stop or Plosive: pulmonic consonant in which the vocal tract is blocked so
that all airflow ceases, e.g., [p] (e.g., pat in English) and [b] (e.g., bat in
English) (bilabial closure), [t] (e.g., time in English) and [d] (e.g., date in
English) (alveolar closure), [K] (e.g., kite in English) and [g] (e.g., gate in
English) (velar closure)

. Nasal (also called Nasal Occlusive or Nasal Stops): an occlusive consonant

produced with a lowered velum, allowing air to escape freely through the
nose, e.g., [m] (e.g., month in English) (bilabial closure), [n] (e.g., night in
English) (alveolar closure), [n] (e.g., sang in English) (velar closure)

Fricative: a consonant produced by forcing air through a narrow channel
made by placing two articulators close together, [f] (e.g., fish in English),
[v] (e.g., vote in English) (labio-dental closure), [6] (e.g., think in English),
[0] (e.g., that in English) (dental closure), [s] (e.g., sing in English), [z]
(e.g., zoo in English) (alveolar closure), [f] (e.g., shut in English), [3] (e.g.,

pleasure in English) (palate-alveolar closure); higher pitched sounds with a
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more obvious hissing sound are sometimes called sibilants, thus, Fricatives
could be sibilants and non-sibilants

iv. Approximant: an articulation in which one articulator is close to another,
but without the vocal tract being narrowed to such an extent that a turbulent
airstream is produced; there are two types of Approximants: Central — [w]
(e.g., wish in English), [y] (e.g., yes in English), [r] (e.g., red in English)
and Lateral — [I] (e.g., light in English)

v. Affricate: an affricate is a consonant that begins as a stop and releases as a
fricative, e.g., [f] (e.g., chair in English) and [d3] (e.g., jog in English)

vi. Additional Consonantal Articulations: Tap (often called Flap) is a type of
consonantal sound, which is produced with a single contraction of the
muscles so that one articulator (such as the tongue) is thrown against
another, (e.g., latter in North American English, IPA [l&ra]); and Trill
(often called Roll) which is a type of consonantal sound produced by
vibrations between the active articulator and passive articulator; (e.g.,

‘perro’ in Spanish, IPA ['pero], meaning ‘dog’)

In the production of vowel sounds, the articulators do not come very close
together, and the passage of the airstream is relatively unobstructed. They are
usually voiced and can be described in terms of three factors; 1. The height of the
body of the tongue: high/close, mid (also have half/near-close, close-mid, open-
mid, half/near-open), low/open, 2. The front-back position of the tongue: front,
central, back, 3. The degree of lip rounding: rounded, unrounded. Based on the
usage of units, there are three types of vowels: Monothong/Monophthong: a single

vowel, Diphthong: a double vowel, Triphthong: a union of three vowels.

VOWELS

Front Central Back

Close 1 y } Q\H Welu
1Y \\ §)
Close-mid e 3* (S) YeO
\
)
\
Open-mid €e0C—34G——A¢D
\

a?\ 5
Open aAe(E \%Cl D

Where symbols appear in pairs, the one
to the right represents a rounded vowel.

Figure 02: The Vowel Chart (IPA, 2020)
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Given below are the list of high/close vowel sounds.

i. [i] = close front unrounded vowel, or high front unrounded vowel; often
associated with length, e.g., free in English, IPA [fri:]

ii. [y] = close front rounded vowel, or high front rounded vowel, often
associated with length, e.g., tu in French, IPA [ty], meaning ‘you’

iii. [] = close central unrounded vowel, or high central unrounded vowel, e.g.,
shi in Chinese, IPA [fi], meaning ‘ten’

iv. [#] = close central rounded vowel, or high central rounded vowel, e.g., nu
in Standard Northern Dutch, IPA [n&], meaning ‘now’

V. [w] = close back unrounded vowel, or high back unrounded vowel, e.g.,
‘22 /kiki’ in Japanese, IPA [ku:ki], meaning ‘air’

vi. [u] = close back rounded vowel, or high back rounded vowel, often

associated with length, e.g., boot in English, IPA [bu:t]

Given next are the list of half/near-close vowel sounds.
I. [1] = near-close front unrounded vowel, or near-high front unrounded
vowel; e.g., him in English, IPA [him]
ii. [Y] = near-close front rounded vowel, or near-high front rounded vowel,
e.g., lune in French, IPA [lyn], meaning ‘moon’
iii. [u] = near-close near-back rounded vowel, or near-high near-back rounded

vowel, e.g., ‘gf’" in Bangla, IPA ['tomi:], meaning ‘you’

Given next are the list of close-mid vowel sounds.

i. [e] = close-mid front unrounded vowel, or high-mid front unrounded
vowel; e.g., ‘red’ in English, IPA [red]

ii. [@] = close-mid front rounded vowel, or high-mid front rounded vowel;
e.g., ‘peu’ in French, IPA [pg], meaning ‘few’

iii. [s] = close-mid central unrounded vowel, or high-mid central unrounded
vowel; e.g., mysz in Polish, IPA [mgs], meaning ‘mouse’

iv. [e] = close-mid central rounded vowel, or high-mid central rounded vowel;
e.g., ‘je’ in French, IPA [3e], meaning ‘I’

V. [¥] = close-mid back unrounded vowel, or high-mid back unrounded vowel;

e.g., thoe in Thai, IPA [t:], meaning ‘you’
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vi. [0] = close-mid back rounded vowel, or high-mid back rounded vowel;

e.g., réseau in French, IPA [gez0], meaning ‘network’

Given below are the list of mid vowel sounds.

i. [2] = mid central vowel; e.g., sofa in English, IPA ['soufa]

Given below are the list of open-mid vowel sounds.

I. [e] = open-mid front unrounded vowel, or low-mid front unrounded vowel;
e.g., ‘R/tian’ in Chinese, IPA [thien1], meaning ‘sky’

ii. [ce] = open-mid front rounded vowel, or low-mid front rounded vowel; e.g.,
‘f/cheung’ in Chinese, IPA [tshce:nl], meaning ‘long’

iii. [3] = open-mid central unrounded vowel, or low-mid central unrounded
vowel; e.g., ‘bird’ in English, IPA [b3:d]

iv. [e] = open-mid central rounded vowel, or low-mid central rounded vowel,
e.g., ‘port” in French, IPA [pe:¥] meaning ‘port’

V. [a] = open-mid back unrounded vowel or low-mid back unrounded vowel;
e.g., ‘hut’ in English, IPA [hat]

vi. [0] = open-mid back rounded vowel, or low-mid back rounded vowel; e.g.,
thought in English, IPA [02:t]

Given below are the list of half/near-open vowel sounds.
i. [@] = near-open front unrounded vowel, or near-low front unrounded
vowel; e.g., bat in English, IPA [bzt]

ii. [e] = near-open central vowel, or near-low central vowel; e.g., “#f/pa’ in

Bangla, IPA [pe] meaning ‘leg’

Given below are the list of open vowel sounds.
i. [a] = open front unrounded vowel, or low front unrounded vowel; e.g.,
Ul/anaa in Arabic, IPA [ana:] meaning ‘I - 1st person singular pronoun’
ii. [&] = (near) open front rounded vowel, or (near) low front rounded vowel,
e.g., ‘0ra’ in Swedish, IPA ['G&:ra] meaning ‘ear’
iii. [a] = open back unrounded vowel, or low back unrounded vowel; e.g.,

‘#&/bang’ in Chinese, IPA [pan\] meaning ‘stick’
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iv.[p] = open back rounded vowel, or low back rounded vowel; e.g., fog in
English, IPA [fog]

The Non-Pulmonic Consonants, on the other hand, can be categorized into three
distinct features. These are; (a) Clicks, which are obstruents articulated with two
closures (points of contact) in the mouth, one forward and one at the back, (b)
Implosives — which are a group of stop consonants (and possibly also some
affricates) with a mixed glottalic ingressive and pulmonic egressive airstream
mechanism, and (c) Ejectives — which are usually voiceless consonants that are
pronounced with a glottalic egressive airstream. The clicks could be Velar (Tenuis,
Voiced, Nasal) or Uvular (Tenuis Lateral, Voiced Lateral, Nasal Lateral). Clicks
could be Labial (O) or (q) or (pc), Dental (I) or (3) or (c) , Alveolar (!) or (I) or (¢)
or (q), Slapped (!}), Retroflex (!) or (y), Domed (¥ ), Palatal (+) or (3 a) or (v ¢ tc
gc b) or (D), Lateral (I) or (3) or (x), Labiolingual (1), Velar ().

There are also complex clicks, such as, epiglottal release (¥kx’) or (#/), velar
release (4O, d1, d1, d% dl) and uvular release (cO, df, ¢, ¢, o). Implosives are
indicated by modifying the top of a letter (voiced stop) with a rightward-facing
hook: (6, p, d; d; d; £, £ [, ¢, d, K, dB, kP, ¢, d) or occasionally (p’|, t'|, t'}, ¢’ |, k’])
or often with a superscript left pointer, (p<, t<, t<, c<, k<). Ejective consonants are
marked with (p’, p¥’, p*’, t’, £, ', tV7, E)’, c,?2k’, gT(’/g’, kﬁp’, k’, kv, q’, ¢, qV°,
q®’, g™, &1’/(;’: Stops), (¢°, 7,07, s”, L, [V, 8", ¢”, ¢°, X*, ", XV, ¥ = Fricatives),
(pf, 19", 15", dis’/dz’, o, 0T (05, 1, & 65, O, U, B, &', @, og’, of, KL,
kiv’, kx’, gkx’/gy’, qx’, cqy’/ck’ = Affricates), (I’, 1, ’, c&’, ki’ = Lateral), and (1’

= Approximant).

There is also a possibility of Trill (1) and Nasal sounds (m’, n’, n’) theoretically.
An apostrophe indicates weak ejection and an exclamation mark strong ejection,
such as k , k! or k”’. Often double letters are used such as in case of (t’, k’, q’, t1’,
ts”), (tt, kk, qq, ttl, tts) to be used sequentially. Co-articulated consonants are also
observed, such as Labial-Alveolar Nasal (nm), Labial-Velar Nasal (ym), Labial—
Alveolar Plosive (tp, db), Labial—-velar Plosive (kp, gb), Uvular—Epiglottal Plosive
(q?), Labial-Palatal Fricative/Approximant (q, ), Labial-Velar

Fricative/Approximant (s, w), Sj-sound Fricative/Approximant (f), Velarized-

30



Alveolar Lateral Approximant (1). The IPA Chart also lists symbols for the
Suprasegmental features such as possible tones and accents by using Diacritics,

and other listed/selected symbols.

Given next, is the IPA Chart (Revised Version: 2020).

THE INTERNATIONAL PHONETIC ALPHABET (revised to 2020)

CONSONANTS (PULMONIC) @@ 2020 IPA
Bilabial |Labiodental| Dental |A]\'CU].‘II‘|P{’ISI&[\"ED[Z!I‘ Retroflex  Palatal Velar Uwular Phar;.-ngcal Gilottal

Posse | p b td tdcj kglge | [?]

Nasal m 1 n n nl 0y N

Trill B T R

Tap or Flap % r T '

e |§ B f v 03[sz [ 35 52 ¢j xyxws h§ hi

e ik

Approximant v 1 17w

pomant 1 Il £ @

Symbols o the right in a cell are voiced, to the left are voiceless. Shaded arcas denote articulations judged impossible.

CONSONANTS (NON-PULMONIC) VOWELS
Clicks Voiced implosives Ejectives me (:entral Back
Close ]_l\y et le1l
O Bilabial 6 Bilabial Examples:
, 1Y U
| Dental (f Dentalfalveolar p Bilabial
Close-mid [ . .
! (Postjalveolar f Palutal t} Dental/alveolar € !@ 9 e ¥+0
+ Palatoalveolar g' Welar k, Welar 8
i “ il
|| Alveolar lateral d Unvular S’ Alveolar fricative Open-mid € Oe 3’8 AeD
®\ e
OTHER SYMBOLS : A
Open as(E———AsesD
M Vaiceless labial-velar fricative € & Alveolo-palatal fricatives Where symbols appear in pairs, the one
1o the right represents a rounded vowel,
W Vaiced labial-velar approximant .I Wolced alveolar lateral flap
q Voiced labial-palatal ap ﬁ imultz 1 J and X SUPRASEGMENTALS
1 oo
H voiceless epiglotial fricative Primary stress L
re Affricates and double articulations — ‘IOUHU Lljd
(; Voiced epiglottal fricative can be represented by two symbaols t_g kp | Secondary stress
2 joined by a tie bar if necessary. " v
Epiglottal plosive 1 Long er
" Half-long er
DIACRITICS Extra-short €
Voiceles Breathy voiced Dental
fleeless 1;1 (c:vl | . veathy voic b a’ Lo E (.:-.1 | Minor (foot) group
- Voiced 5 t [~ Creaky voiced b a_, . Apical E E‘i || Major (intonation) group
Aspirated th dh B Linguolabial ‘E (j o Laminal E (::Il . S)'Ilablc break 1.kt
s More rounded :)) W Labialized tw dw 7 Nasalized é __ Linking (absence of a break)
. Less rounded Cc) i Palatalized t-i dj M Nasal release d” TONES AND WORD ACCENTS
Advaneed u ¥ Velarized % dY| ! Lot retease d! LEVEL CONTOUR
+ +
o E = .
_ Retragted e s Pharyngealized t,T dﬁ‘ ! No audible release d_l (S -l l-|i,;;lf|ll (SR /1 Rising
. -
' Centralized é ~ Velarized or pharyngealized i‘ € —I High € w Falling
— ~ High
Mid Fraanl
* Mid-centralized é Raised € (I = voiced alveolar fricative) ? -I e mm}’
n I 1 e _I Low é Low
rising
| Syllabic ]:1 . Lowered @ (LS = voiced bilabial approximant) \(\: Exira - A{ Rising-
Tow c falling
R Non-syllabic g | Advanced Tongue Root (:"{ i Downstep /‘(ilnhal .
- Rhoticity A Retracted Tongue Root € T Upstep ™\ Gilobal fall

Some diacritics may be placed above a symbol with a descender, c.g. '[j

Figure 03: The International Phonetic Alphabet (revised to 2020)
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2.2.2. Revisions of extIPA Chart and its Necessity

The extIPA symbol set was introduced some twenty-five years ago. Since that
time, some minor changes have been introduced to the extIPA chart but no major
rearrangement has been attempted. The 2010 Oslo meeting of ICPLA
(International Clinical Phonetics and Linguistics Association) started a revision of

the extIPA chart, and this process was recently completed.

A revised extIPA chart was approved at the 2016 ICPLA meeting. At the 1989
Kiel Convention of the IFA:" a sub-group was established to draw up
recommendations for the transcription of disordered speech. The report produced
at the Convention appeared in print in Duckworth, Allen, Hardcastle, and Ball
(1990), being mainly a list of symbols, termed 'Extensions to the IPA', or 'ExtIPA'

for short.

Examples of the use of the extIPA symbols are given in Ball (1991), Howard
(1993) and Ball, Code, Rahilly and Hazlett (1994) among others, and Ball (1993)
includes those at textbook level. Various changes and additions to the original set
of symbols are reported in Bernhardt and Ball (1993). The changes meant,
however, that there was a need for a listing of the current set of symbols,
preferably in as concise a form as possible.

There was also a need for the symbol set to receive overt recognition from a
relevant society, therefore the 1994 publication in JIPA marked the official
adoption of the ExtIPA symbols by the International Clinical Phonetics and
Linguistics Association (ICPLA). This article also includes a revised version
(1997) of the ExtIPA for Disordered Speech. The revision involved the addition,
the modification and removal of categories and symbols.

The places of articulation in extIPA are (other than those on the IPA chart);

i. Bilabial: using closing movement of both lips, e.g., [p] (e.g., pat in
English), [b] (e.g., bat in English), [m] (e.g., mat in English), [w] (e.g.,
water in English)

ii. Labio-Dental: using lower lip and the upper teeth, e.g., [f] (e.g., fish in
English) and [v] (e.g., vote in English)
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iii. Labio-Alveolar: using the lips and the Alveolar Ridge, e.g., [p]

iv. Dento-Labial: involving the teeth and lips, e.g., [p]

v. Bidental: articulated with both the lower and upper teeth, e.g., [h]

vi. Linguolabial (or Apicolabial): consonants articulated by placing the tongue
tip or blade against the upper lip, which is drawn downward to meet the
tongue, e.g., [n] (e.g., misi in Araki, IPA [nisi], meaning ‘still’)

vii. Inter-Dental: are produced by placing the tip of the tongue between the
upper and lower front teeth, e.g.,

viii.  Alveolar (Lower Alveolar): the blade of the tongue is used close to the
Alveolar Ridge, e.qg., [A]

ix. Retroflex: the tongue has a flat, concave, or even curled shape, and is
articulated between the Alveolar Ridge and the hard palate., e.g., [n]
(e.g., ‘38T in Hindi, IPA [{"anda:], meaning ‘cold’)

x. Palatal: the front of the tongue is raised close to the palate, e.g., [j] (e.g.,
yes in English)

xi. Velar (Velo-Dorsal): the back of the tongue is used against the soft palate,
e.g., [0]

xii. Velo-Pharyngeal: the back of the tongue is used along with the Pharynx,

e.g., [fo]
xiii.  Upper-Pharyngeal: typically pronounced at the upper pharynx, e.g., [c]

Given next are the manners of articulation in the extIPA;

i. Stop or Plosive: pulmonic consonant in which the vocal tract is blocked so that
all airflow ceases, e.g., [p] (e.g., pat in English) and [b] (e.g., bat in English)
(bilabial closure), [t] (e.g., time in English) and [d] (e.g., date in English)
(alveolar closure), [K] (e.g., kite in English) and [g] (e.g., gate in English)

(velar closure)
ii. Denasal: a quality of the voice caused by blocked nasal passages, €.9., [i]
iii. Nasal (also called Nasal Occlusive or Nasal Stops): an occlusive consonant

produced with a lowered velum, allowing air to escape freely through the nose,
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Vi.

Vii.

viil.

iX.

e.g., [m] (e.g., month in English) (bilabial closure), [n] (e.g., night in English)

(alveolar closure), [n] (e.g., sang in English) (velar closure)

Fricative-Nasal: a consonant produced by forcing air through a narrow channel
made by placing two articulators close together and using the nasal passage,
e.g., [n]. Nasal fricatives vary in articulatory, aerodynamic, and acoustic-

perceptual characteristics with two generally distinct types recognized

Median Fricative: a consonant produced by forcing air through a narrow
channel in the middle of the oral cavity made by placing two articulators close

together, e.g., [f]

Lateral Fricative: sounds in which the channel through which the air flows is
narrowed to the point that the flow of air becomes turbulent and noisy and here

the tip of the tongue touches the back of the upper teeth, e.g., [i]

Median+Lateral Fricative: a consonant produced by forcing air through a
narrow channel made by placing two articulators close together and using the
nasal passage with a noisy turbulent airflow, the tip of the tongue touches the
back of the upper teeth, e.g., [k]

Lateral Approximant: an articulation in which one articulator is close to
another, but without the vocal tract being narrowed to such an extent that a
turbulent airstream is produced; the tip of the tongue touches the back of the

upper teeth, e.g., [I] (e.g., light in English)

Percussive: resonant, hyper-resonant, stony dull or dull, e.g., [¥]

Given next is the extIPA for disordered speech (2015).

34



extIPA SYMBOLS FOR DISORDERED SPEECH
(Revised to 2015)

CONSONANTS (other than those on the IPA Chart)

| Lébio- | labie | Dento | T Tnter- Vel
slbial | (2 | 00 | DS | midentad | BN | T | alveolar |Retofle| il | velar [ f PP
P pb|pb|pb td|fd Qo
e thm | b o |fid
Tsill r f ﬁj ﬁj
i fy|fo hh|08/98(08 ffy
bl 16| | 4h|€f]|es
Fricative,
= sk
Fricative, | & & & & & & & @ 2 # £ &
mal | 1] 1010 nninn(anigy
ot Ll
Percussive| La
DIACRITICS
o labial spreading § |01 denasal, partialdemasak i | o maingesture offset rightt g
o strongarticulation:  f i fricative nasal escape: v g ain gesture offset left: s
o weakarticulation: v & velopharyngeal friction: ~ §3 o whistled articulation: s
\ reiteration: pp\p | | ingressive airflow: pb | oo sliding articulation: 05
CONNECTED SPEECH, UNCERTAINTY ETC. VOICING
() () () short, medium, long pause 0 pre-voicing: z
i loud(er) speech: [{;laod 1] o,  post-voicing: {
r,0p quiet{er) speech: [{, kwarat }] 8 partial devoicing: Z 2
allegro fast speech: [{4.,, fust a,.}] 0 initial partial devoicing: Z g
lento slow speech: [{;., 5100 1t] g final partial devoicing: z 9
erescendo, ralentando ete. may also be used ¢ partial voicing 5
O, (@r @ indeterminate sound, consonant, vowel 0 initial partial voicing; §
(F), (p) etc.  indeterminate fricative, probably [p] etc. ¢ final partial voicing: $
(] silent articulation, e.g, ([), (m) o°  unaspirated: P
() extraneous noise, e.g, (2 sylls) by pre-aspiration: by
OTHER SOUNDS
1 apicalr 1 linguolabial affricate etc.
1 bunched-r (molar-r) dpg velodorsal oral and nasal stops
sz laminal fricatives (incl. lowered tongue tip) | sublaminal lower alveolar percussive
Kkt ete, [Kk] with lateral fricated release etc. f;  alveolar click with sublaminal percussive release
tide  [t, d] with lateral and median release (ﬁf buccal interdental trill (raspberry)
thete, [t]withinterdental aspiration etc. *  sound with no available symbol

Figure 04: extIPA Symbols for Disordered Speech (Revised to 2015)
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2.2.3.

2.24.

Phonetic Transcription and Diacritics: Phonetic transcription (also
known as phonetic script or phonetic notation) is the visual representation
of the human speech sounds (or phones) by means of symbols or phonetic
alphabet, such as the International Phonetic Alphabet. In all systems of
transcription there is a distinction between broad/simplified transcription
and narrow/detailed transcription. Broad transcription indicates only the
most noticeable phonetic features of an utterance, whereas narrow
transcription encodes more information about the phonetic characteristics
of the allophones in the utterance. The difference between broad/simplified
and narrow/detailed is a continuum, but the difference between phonemic
and phonetic transcription is usually treated as a binary distinction. The
broad/simplified transcription is mostly used.

Characteristics and Transcription of Typical and Atypical Speech: A
transcription system for disordered speech needs to provide sufficient
diversity of symbols and diacritics to account for the majority of observed
phonetic variants. This section includes the existing studies in phonetic
features, that including typical and atypical speech in adults, since the
research focuses on adult speakers. This includes the basic principles of
articulatory and acoustic features such as Linguistics and Suprasegmental
features; i.e., consonant sounds, vowel sounds, clusters, places and manners
of articulation, voicing, stress, intonation, duration or length of speech
sounds, syllables, pitch patterns and related concepts to explain typical
speech. It also includes the cross-linguistic studies on atypical speech,
including the assessment procedures for adult speakers along with existing

challenges.

This definitely shall benefit in Specific Language Impairments (SLI) and
Speech Sound Disorders (SSD). Though, the participants of this research
are adult speakers, it is imperative to look into the phonological
development in children as the patients from SLI and SSD might suffer due
to lacking the basic phonological features. Childhood speech and language
difficulties often persist into adolescence (Conti-Ramsden & Durkin, 2007,
Conti-Ramsden, Durkin, Simkin, & Knox, 2009) and adulthood, when they
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are associated with social adaptation difficulties and increased risk of
psychiatric disorder (Clegg, Hollis, Mawhood, & Rutter, 2005). High levels
of speech, language and communication difficulties have been found
among the young population (Bryan, 2004). There are clear benefits,
therefore, in developing increasingly effective methods of diagnosis and
treatment of such difficulties. To foster the idea, it is imperative to learn
more about the processes that underlie typical and atypical speech and
language development, and to develop parameters to identify

communication disorders.

Atypical development is when development doesn't follow the standard
features. It could include or arise due to learning and social disabilities and
disorders. Atypical phonological processes are not seen in typically
developing language learners. This may be a sign that a child or an adult
has a phonological processing disorder. Some examples include initial
consonant deletion, medial consonant deletion, glottal replacement, backing
and stopping of glides. There’s a difference between speech and language
disorders in general. It is based on the notion of speech versus language in
the first place. Speech, is basically the sound of spoken language which
includes the formation of a sound, the nature of the sound quality and the
rhythm and flow of the sound whereas language is the words people use in

a particular community to share ideas.

Communication, on the other had includes both verbal and nonverbal
communication. A communication disorder disrupts an individual’s ability
to exchange meaning with another when sending and/or receiving
information. It can be congenital, meaning an individual is born with a
disorder that impacts communication (e.g., cerebral palsy, deafness), or it
can be acquired, meaning something happened after birth that affected
communication (e.g., traumatic brain injury, meningitis) (Gillam &
Marquardt, 2016). The World Health Organization (2011) uses the word
‘impairment’ to refer to those who have experienced a loss of function or
an abnormality in structure. Hence, Specific Language Impairment (SLI) is

also used as a popular term for communication disorders. This research,
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particularly focuses on speech, hence relevant literature from speech,
language, and verbal communication disorders have been taken under

consideration for the study.

According to Lousie Cummings (2008), listed speech disorders are;

(@) Disorders of the Pre- and Perinatal Period, such as: Cleft Lip and Palate,
Cerebral Palsy

(b) Disorders of Cognitive Development, such as: Learning Disability, Autistic
Spectrum Disorder

(c) Disorders of Speech and Language Development, such as: Developmental
Verbal Dyspraxia, Developmental Phonological Disorder, Specific
Language Impairment

(d) Acquired Communication Disorders, such as, Acquired Dysarthria, Apraxia
of Speech, Acquired Aphasia, Acquired Dysphagia

(e) Disorders of Fluency and Voice, such as: Stuttering, Cluttering, Voice

Disorders

In a more recent edition (2014), he listed speech disorders as following;

(@) Developmental Communication Disorders; such as: Cleft Lip and Palate and
other Craniofacial Anomalies, Developmental Dysarthria, Developmental
Verbal Dyspraxia, Developmental Phonological Disorder, Specific
Language Impairment, Intellectual Disability and Communication,
Emotional Disturbance and Communication, Autism Spectrum Disorders
and Communication

(b) Acquired Communication Disorders; such as: Speech Disorders Related to
Head and Neck Cancer: Laryngectomy, Glossectomy, Acquired Dysarthria,
Apraxia of Speech, Aphasia, Hemisphere Damage/Traumatic Brain Injury
and Communication, Dementia and Communication, Psychiatric Disorders
and Communication

(c) Voice, Fluency and Hearing Disorders; such as: Functional and Organic

Voice Disorders, Stuttering and Cluttering
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Along with Jack S. Damico, and Nicole Mdller, Martin J. Ball listed the disorders
(2010) are;

(@) Language Disorders, such as: Autism Spectrum Disorders, Delayed
Language Development, Specific Language Impairment, Pragmatic
Impairment, Learning Disabilities, Aphasia

(b) Speech Disorders, such as: Speech Sound Disorders, Dysarthria, Apraxia of
Speech, Fluency and Fluency Disorders, Voice Disorders, Orofacial
Anomalies, Speech Disorders Related to Head and Neck Cancer:
Laryngectomy, Glossectomy, and Velopharyngeal and Maxillofacial
Deficits

(c) Cognitive and Intellectual Disorders, such as: ADHD and Communication

Disorders, Traumatic Brain Damage/Injury, Dementia and Communication

Later on, Martin J. Ball (2016) listed the disorders based on,

(a) Genetic Etiologies, such as: Cleft Lip and Palate, Genetic Syndromes such as
Williams Syndrome (WS), Down Syndrome (DS), Fragile-X Syndrome
(FXS), Noonan Syndrome, Cri-du-Chat Syndrome (CCS) and such

(b) Disorders with a Surgical Origin, such as: Laryngectomy, Glossectomy

(c) Neurogenic Speech Disorders, such as: Aphasia, Apraxia of Speech such as
Acquired Apraxia of Speech, Progressive Apraxia of Speech, Dysarthria such
as Flaccid, Spastic, Hypokinetic, Hyperkinetic, Ataxic

(d) Developmental Speech Sound Disorders, such as: Phonological Delay,
Phonological Deviancy such as Inconsistency, Articulation Disorder, Motor
Speech Disorders, Voice Disorders, Disorders of Fluency

Josheph R.Duffy (2013) listed various types of Dysarthia such as: Flaccid
Dysarthrias, Spastic Dysarthria, Ataxic Dysarthria, Hypokinetic Dysarthria,
Hyperkinetic Dysarthrias, Unilateral Upper Motor Neuron Dysarthria, Mixed
Dysarthrias, along with Apraxia of Speech, Neurogenic Mutism, Acquired
Psychogenic and Related Nonorganic Speech Disorders, Aphasia. In fact, each one

these types could be extended to sub-types as patients display various symptoms.

The Bilinguistics Team, USA, has described; Communication Disorder as: any

condition that affects an individual’s ability to communicate ranging from
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difficulty producing a single sound for speech, to an inability to express wants and
needs using either verbal or non-verbal communication, Speech Disorder as:
difficulties with the actual production of sounds, and Language Disorder as: a
difficulty understanding or putting words together to communicate ideas; and have
listed a number of speech disorders along with features next.

o Atrticulation Disorders: difficulties producing sounds in syllables or saying
words incorrectly to the point that listeners cannot understand what is being
said can listed under this

o Fluency Disorders: problems such as stuttering, in which the flow of speech
is interrupted by abnormal stoppages, repetitions (st-st-stuttering), or
prolonging sounds and syllables (ssssstuttering)

o Resonance or Voice Disorders: problems with the pitch, volume, or quality
of the voice that distract listeners from what’s being said. These types of
disorders may also cause pain or discomfort for a child when speaking

o Dysphagia: these include difficulties with drooling, eating, and swallowing

o Language disorders can be either receptive or expressive

- Receptive Disorders: difficulties understanding or processing language

- Expressive Disorders: difficulty putting words together, limited vocabulary,

or inability to use language in a socially appropriate way

In their work, they have listed a number of speech, language, and communication
disorders which are: Agenesis of the Corpus Callosum, Aphasia, Apraxia of
Speech, Articulation and Phonological Disorders, Asperger Syndrome, Attention
Deficit (and Hyperactivity) Disorder, Auditory Processing Disorder, Autism,
Cerebral Palsy, Cleft Lip (and Palate), Cluttering, DiGeorge Syndrome, Down
Syndrome, Epilepsy, Expressive Language Disorder, Intellectual Disability,
Prematurity, Receptive Language Disorder, Selective Mutism, Specific Language
Impairment, Stuttering/Disfluency.

To review, the listed disorders for speech, language, and communication could be
as follows,

1. Speech Sound Disorders, such as, Cluttering, Stuttering, Dysphagia,

Dysarthria, Spasmodic Dysphonia or Aphonia, Lisping, Speech Delay or
Alalia
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2. Disorders Related to Auditory Processing, such as, Central Auditory
Processing Disorder (CAPD)

3. Specific Language Disorder (SLI), such as, Expressive Language Disorders,
Receptive Language Disorders

4. Speech Disorders Related to Surgical Origin/Defect, such as, Laryngectomy,
Glossectomy, and Velopharyngeal and Maxillofacial Deficits, Ankyloglossia,
Cleft Palate

5. Disorders Related to Genetics; such as, Down Syndrome, DiGeorge
Syndrome

6. Disorders Related to Neurological Conditions such as; Aphasia, Dementia,
Asperger Syndrome (AS), Epilepsy, Attention Deficit/Hyperactivity Disorder
(ADHD), Agenesis of the Corpus Callosum (ACC), Childhood Apraxia of
Speech (CAS), Cerebral Palsy, Agnosia, Autism Spectrum Disorder

7. Disorders Related to Psychiatric Conditions, such as, Selective Mutism (SM)

The details are descried below with specific speech, language, and communication

related features/characteristics.

1. Speech Sound Disorders refers to difficulty correctly pronouncing phonemes.
The characteristics are: errors in speech sounds by omissions, distortions,
substitutions, additions, or incorrect sequencing of speech sounds. Accent or

dialect are not considered to be disorders. Such disorders are,

(@) Cluttering is a communication disorder resulting in decreased fluency and
intelligibility that often coexists with stuttering. The characteristics are:
monotone voice, indistinct, ‘mumbling’ speech involving sound distortions and
omissions, errors in connected speech that are not present or less pronounced in
single-word production or connected speech that is produced slowly,
transpositions of sounds in words, phrases, or sentences, poor self-monitoring

skills, fast speaking rate.

(b) Stuttering is disfluencies on units of sounds. The characteristics are:
disfluencies on units smaller than the word level, such as sound prolongations

and sound/syllable repetitions, effort/physiologic tension associated with
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disfluent moments, a sense of loss of control, difficulty making fluent

transitions from one sound or syllable to the next.

(c) Dysphagia is the medical term for swallowing difficulties. The characteristics

are: frequent repetition or prolongation of any sound, or syllables, words; or by

the rise of pauses that interrupt speech’s rhythmic flow.

(d) Dysarthria is a speech disorder caused by muscle weakness. The characteristics

are: often causes slurred or slow speech that can be difficult to understand, not
be able to move tongue, lips, and jaw very well, changes in voice, may sound
hoarse or breathy, uneven rhythm, higher- or lower-pitched than usual, often

nasal.

(e) Spasmodic Dysphonia or Aphonia, or vocal fold paralysis. It causes

(f)

involuntary spasms in the muscles of the voice box or larynx. This causes the
voice to break and have a tight, strained or strangled sound. Voice quality can
also be affected when psychological stressors lead to habitual, maladaptive
Aphonia or Dysphonia. The resulting voice disorders are referred to
as Psychogenic Voice Disorders or Psychogenic Conversion
Aphonia/Dysphonia (Stemple et al., 2010). Perceptual signs and symptoms of
Dysphonia include: rough vocal quality (raspy, audible aperiodicity in sound);
breathy vocal quality (audible air escape in the sound signal or bursts of
breathiness); strained vocal quality (increased effort; tense or harsh); strangled
vocal quality (as if talking with breath held); abnormal pitch (too high, too low,
pitch breaks, decreased pitch range); abnormal loudness/volume (too high, too
low, decreased range, unsteady volume); abnormal resonance (hypernasal,
hyponasal, cul-de-sac resonance); Aphonia (loss of voice); phonation breaks;
Asthenia (weak voice); pulsed voice (fry register, audible creaks or pulses in
sound); shrill voice (high, piercing sound, as if stifling a scream); and

tremorous voice (shaky voice; rhythmic pitch and loudness undulations).

Lisping is a speech disorder characterized by the inability to correctly
pronounce the sounds of [s] or [z], known as the sibilant consonants. Usually

[6], [0] sounds are substituted for the sibilants. The word ‘lisp,” for example,
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would be pronounced ‘lithp’ by someone with this speech disorder. Most
people tend to believe that a lisp is a speech condition where a person’s [s] and
[z] tend to be substituted in their speech, resulting in distorted conversation.
The types include: Frontal Lisp, Palatal Lisp, Dental Lisp and Lateral Lisp.

(g) Speech Delay or Alalia refers to a condition where the child has difficulty
using the lungs, vocal cords, mouth, tongue or teeth to produce sounds or
speech. This condition causes the child to be slow in picking up words and also
lack the ability to shape the mouth and tongue to produce normal speech. At
the age of 12 months, there is cause for concern if the child is not able: using
gestures such as waving good-bye and pointing at objects, practicing the use of
several different consonant sounds, vocalizing or communicating needs.
Between the ages of 15 and 18 months, children are at a higher risk for speech
delay if they are displaying characteristics such as: not saying ‘momma’ and
‘dada’, not reciprocating when said ‘no’, ‘hello’, and ‘bye’, does not have a
one-to-three-word vocabulary at 12 months and up to 15 words by 18 months,
displaying difficulties imitating sounds and actions, shows preference to
gestures over verbalization. Additional signs of speech delay after the age of 2
years and up to the age of 4 include: inability to spontaneously produce words
and phrases, inability to follow simple directions and commands, cannot make
two-word connections, lacks consonant sounds at the beginning or end of
words, is difficult to understand by close family members, is unable to form

simple 2-to-3-word sentences.

2. Disorders Related to Auditory Processing, such as, Central Auditory
Processing Disorder (CAPD), refers to the way the central nervous system
uses information. The characteristics are: developmental or acquired,
difficulties understanding speech in noisy environments, trouble following
directions, difficulty discriminating between similar-sounding speech sounds,

struggle with spelling, reading, and comprehending verbal information.

3. Specific Language Impairment (SLI) is term that is often used for an
impairment of either receptive (language comprehension) language

impairment and/or expressive (language expression), not caused by any other
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underlying condition. The characteristics are: incorrect or limited use of
vocabulary, morphology (word structure) or syntax (sentence structure, short
utterance/sentence length, grammatical errors aligned with age, reading
disabilities, language abilities are lower than cognitive abilities. These can be

presented as;

(a) Expressive Language Disorders are specific language disorder associated
with difficulty speaking, writing, and/or using other symbol systems (i.e.,
sign language), may be developmental, appearing as the child is learning to
talk, or acquired due to damage to the brain, able to understand language
easier than they are able to express. The characteristics are: limited
vocabulary or use of non-specific vocabulary, word finding difficulties, poor

grammar, short or incomplete sentences, unable to clearly convey a concept.

(b) Receptive Language Disorders are impairments in the comprehension of a
spoken, written, gestural and/or other symbol system. The characteristics are:
understanding meaning of gestures, questions, the order of words in a
sentence, plurals and verb tenses, following directions, identifying objects
and pictures, limitations of age-appropriate vocabulary, difficulties taking

turns.

4. Speech Disorders Related to Surgical Origin/Defect, such as,

(a) Laryngectomy, Glossectomy, and Velopharyngeal and Maxillofacial Deficits,
even Ankyloglossia etc. might give rise to atypical speech. A Laryngectomy is
a surgery to remove part or all of Larynx (voice box). Glossectomy is a term
used to describe a variety of procedures resulting in the surgical extirpation of
part, or all, of the tongue. The Velopharyngeal valve includes the soft palate
as well as the pharynx and the side and back walls of the throat. Maxillofacial
surgery involves an operation to correct a disease, injury or defect of face, jaw
or mouth. Tongue-tie (Ankyloglossia) is a condition in which an unusually
short, thick or tight band of tissue (Lingual Frenulum) tethers the bottom of
the tongue's tip to the floor of the mouth. Ankyloglossia, also known as

tongue-tie, is a short lingual frenum that interferes with normal tongue
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movement. It is an uncommon congenital oral anomaly that can cause

difficulty with speech articulation.

(b) Cleft Palate happens due to hole or space in the upper palate or roof of the
mouth, occur on one side (unilateral) or both sided (bilateral). The
characteristics are: difficulty with the resonance (sound) of vocal quality

and/or velopharyngeal insufficiency or dysfunction (VPI or VVPD).

5. Disorders Related to Genetics; such as,

(a) Down Syndrome is a congenital disorder, caused by the presence of an extra
21st chromosome, in which the affected person has mild to moderate
intellectual disability, short stature, and a flattened facial profile. The
characteristics are: have strengths in non-verbal communication skills such as

gesture and sign, verbal or spoken language skills are usually delayed.

(b) DiGeorge Syndrome is a birth defect that is caused by an abnormality in
chromosome 22 which affects the immune system. It is also known as:
22011.2 deletion syndrome, Velocardiofacial Syndrome, and Strong
Syndrome. The characteristics are: speech delayed, hypernasal speech,
articulation and voice disorders, laryngeal anomalies, language impairment
(e.g., slow vocabulary growth, difficulties formulating complex sentences),
pragmatic and social skills difficulties, mostly nonverbal prior to age 2,
receptive language abilities such as comprehension are generally stronger

than expressive language abilities, articulation errors.

6. Disorders Related to Neurological Conditions such as;

(@) Aphasia is a language disorder caused by damage in a specific area of the
brain that controls language expression and comprehension. As in, it is an
acquired communication disorder that impairs a person’s ability to use or
understand language. The types include, (i) People with Broca’s
Aphasia have damage to the front portion of the language-dominant side of
the brain. People with Broca’s Aphasia, sometimes called an Expressive
Aphasia, for example, may eliminate the words ‘and’ and ‘the’ from their

language, and speak in short, but meaningful, sentences. They usually can

45



understand some speech of others. Because the damage is in the front part of
the brain, is also important for motor movements, people with Broca's
aphasia often have right-sided weakness or paralysis of the arm and leg. (ii)
Those with Wernicke’s Aphasia have damage to the side portion of the
language-dominant part of the brain. Those with Wernicke’s Aphasia,
sometimes called a receptive aphasia, may speak in long confusing sentences,
add unnecessary words, or create new words. They usually have difficulty
understanding the speech of others. Global Aphasia is the result of damage to
a large portion of the language-dominant side of the brain. People
with Global Aphasia have difficulties with speaking or comprehending
language. Other types include, Transcortical Aphasia, Conduction Aphasia,
Mixed Aphasia, and Anomic. The characteristics, in general, may be: fluent
and/or non-fluent speech, production and/or comprehension difficulties,
cannot produce the sounds and/or physically hear words and see print but
can’t make sense of the words, slow and effortful speech, speak in short or
incomplete sentences and omit small words (i.e. ‘is’, ‘and’, ‘the’), difficulty
naming common objects, difficulty in spelling and repeating or recite,
interpreting figurative language literally, difficulty answering questions or
following directions, speaks in short or incomplete sentences, speaks in
sentences that don't make sense, substitutes one word for another or one
sound for another, speaks unrecognizable words, has difficulty finding words
and such. Aphasia may be labeled with one of these names: Logopenic
Aphasia, Semantic Aphasia, Agrammatism (Benson, D.F., & Ardila, A.,
1996, Hegde, M. N., 2022).

(b) Dementia is not a specific disease but is rather a general term for the
impaired ability to remember, think, or make decisions that interferes with
doing everyday activities. Alzheimer's Disease can cause the most common
type of Dementia. The speech characteristics include: difficulty speaking,
understanding and expressing thoughts, or reading and writing, repeating
questions, using unusual words to refer to familiar objects, unable to recall

the names of places, objects, recent events and such.
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(c) Asperger Syndrome (AS) is a neurological condition that falls under the
larger category of Autism Spectrum Disorders (ASD). ASD can co-exist with
ADHD, tic disorders (such as Tourette syndrome), depression, anxiety
disorders and OCD. The characteristics are: history of developmental delays,
high level of vocabulary and formal speech patterns, lack of rhythm, odd
inflection or monotone pitch, impaired ability to use or understand non-

verbal behavior.

(d) Epilepsy is chronic neurological disorders characterized by seizures. The
characteristics are: may co-occur with speech and language disorders, may be
the cause of differences in language development, presence of epilepsy
during childhood may impact brain development, affecting areas such as
executive function, attention, and language displaying difficulties with

language learning, as well as with reading and writing.

(e) Attention Deficit/Hyperactivity Disorder (ADHD) is a neurodevelopmental
disorder. The characteristics are: difficulty completing tasks and demonstrate
disorganization, difficulty organizing pieces of information, difficulty

organizing and sequencing story components.

(f) Agenesis of the Corpus Callosum (ACC) is a birth defect in which the corpus
callosum is partially or completely absent. The characteristics are:
developmental delays, cognitive and social processing problems, atypical
motor and sensory processing, difficulties on multidimensional or
multimodality tasks (including auditory integration tasks), impaired hand-eye

coordination, lack of monitoring or self-evaluating (Brennan, 2006).

(9) Childhood Apraxia of Speech (CAS) is a speech sound disorder in which the
precision and consistency of movements underlying speech are impaired in
the absence of neuromuscular deficits (e.g., abnormal reflexes, abnormal
tone), sometimes called Verbal Apraxia, Developmental Apraxia of Speech,
Developmental Articulatory Dyspraxia, or Verbal Dyspraxia. The
characteristics are: difficulty programming and planning speech movements,

may use unusual intonation, pausing and stress patterns, use few words, use
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more gestures or sound effects, affect vowels as well as consonants, difficulty

imitating speech sounds.

(h) Cerebral Palsy is chronic movement or posture disorder affecting the brain’s
ability to control the muscle movement. The characteristics are: difficulty co-
coordinating muscle movements needed for speech, difficulty creating

cohesive sentences, difficulty communicating.

(i) Agnosia is the inability to process sensory information. Often there is a loss
of ability to recognize objects, persons, sounds, shapes, or smells while the
specific sense is not defective nor is there any significant memory loss. It is
usually associated with brain injury or neurological illness. Speech Agnosia,
or Auditory Verbal Agnosia, refers to ‘an inability to comprehend spoken
words despite intact hearing, speech production and reading ability’. The

characteristics are: speech is fundamentally unrecognizable or untranslatable.

(j) Autism Spectrum Disorder is a developmental disability that is caused by
neurological differences. The characteristics are: not speaking or very limited
speech, loss of words the child was previously able to say, Poor vocabulary
development, problems following directions or finding objects that are
named, repeating what is said (echolalia), ‘robotic’ speech or speech that is
high-pitched, problems answering questions, poor eye contact. A person with
Autism may have challenges such as in understanding and using gestures
(pointing or waving), understanding and using words, following directions,
learning to read or write. Some children with autism read early but do not
understand what they read (Hyperlexia); and they also have difficulties in

having conversations.

7. Disorders Related to Psychiatric Conditions, such as,

(a) Selective Mutism (SM) is a psychiatric condition often caused by extreme
anxiety of speaking in certain situations. The chrematistics are: anxiety related
to an expressive language disorder or a language background, limited eye

contact, limited non-verbal expressions.
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In case of bilingual or multilingual patients, they could display various
phonological features based on their L1, and often L2 or more. ‘Bilingualism is the
result of the use of more than one code by an individual or a society’ (Bell, 1976,
p. 135), which means a bilingual speaker, is able to use more than one code in the
society. However, it depends on the social situations, the speaker’s psychological
state, ability, choice and many more. All speakers adopt various styles to suit
varying purposes (Bell, 1976, p. 118) and many studies have taken place in order
to find if the bilingual possesses one or two different systems. According to
Hockett (1958), a bilingual is the one who has perfect control over more than one
language (p. 129). That means a bilingual will have control over the choice of
lexical items. Bell (1976) suggests that a bilingual constitutes a range of linguistic
and/or social skills. In order to communicate effectively the speaker needs to

control not only linguistic choices but also social situations (p. 130).

All in all, the general features of atypical speech are: Lateralization/Lateral
Avrticulation, Double Articulation, Backing to Velar , Pharyngeal Articulation,
Glottal Articulation, Active Nasal Fricatives, Weak/Nasalized Consonants, Nasal
Realizations of Fricatives, Nasal Realizations of Plosives, Absent Pressure
Consonants,  Palatalization/Palatal, ~Backing to Uwular, Gliding of
Fricatives/Affricates, Substitution of Sounds, Consonant Harmony/ Assimilation,
Missing Vowel Sounds, Consistent Omission of Initial Consonants, Persistent
Substitution of Back Sounds, Deletion of Final Consonants, Unintelligible Speech,
Deaffrication, Biphonemic Realization, Allophonic Variations, Fronting, Weak
Syllable Deletion, Clusters Reduction, Liquid Deviation, Devoicing, Velarization/

Velopharyngeal Incompetence, Inconsistent /f/.

2.3. Phonetics and Bangla Phonology

In order to understand the properties of a language, one needs to study the
evolution of the language. This section includes Bangla as an Indo-European
language, and a synopsis of the standard variety, which, has been described by
many renowned Linguists. There is often a debate regarding the origin of the
language and the number of pure vowels it demonstrates, i.e., a few sounds are

considered either as the standard variety or a dialectical variations or individual
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differences. This section also includes the cross-linguistic perspective on Bangla

Phonetics and its integrating features.

2.3.1. Bangla as an Indo-European Language: Bangla, IPA /'ba:gla:/, is an Indo-
Aryan language that is native to the Bengal region of South Asia. It is the official,
national, and most widely spoken language of Bangladesh and the second most
widely spoken of the 22 scheduled languages of India. With approximately 300
million native speakers and another 37 million as second language speakers,
Bangla is the fifth most-spoken native language and the seventh most spoken
language by total number of speakers in the world. It is also the fifth most spoken
Indo-European language. The Indo-European languages are a language family
native to the overwhelming majority of Europe, the Iranian plateau, and the
northern Indian subcontinent. It is divided into several branches or sub-families, of
which there are eight groups with languages still existing today: Albanian,
Armenian, Balto-Slavic, Celtic, Germanic, Hellenic, Indo-Iranian, and Italic; and
another nine subdivisions that are now extinct. There are about 445 living Indo-
European languages, according to an estimate by Ethnologue, with over two-thirds
of those belonging to the Indo-Iranian branch. All Indo-European languages are
descended from a single prehistoric language, linguistically reconstructed as Proto-
Indo-European, spoken sometime in the Neolithic to Early Bronze Age. Indo-
European language family include ten major branches. These are;

i. Albanian, attested from the 13th century AD; Proto-Albanian evolved from
an ancient Paleo-Balkan language, traditionally thought to be Illyrian, or
otherwise a totally unattested Balkan Indo-European language that was
closely related to Illyrian and Messapic

ii. Anatolian, extinct by Late Antiquity, spoken in Anatolia, attested in
isolated terms in Luwian/Hittite mentioned in Semitic Old Assyrian texts
from the 20th and 19th centuries BC, Hittite texts from about 1650 BC

iii. Armenian, attested from the early 5th century AD

iv. Balto-Slavic, believed by most Indo-Europeanists to form a phylogenetic
unit, while a minority ascribes similarities to prolonged language-contact
- Slavic (from Proto-Slavic), attested from the 9th century AD (possibly

earlier), earliest texts in Old Church Slavonic; Slavic languages include

Bulgarian, Russian, Polish, Czech, Slovak, Silesian, Kashubian,
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Vi.

Vii.

Macedonian, Serbo-Croatian (Bosnian, Croatian, Montenegrin,
Serbian), Sorbian, Slovenian, Ukrainian, Belarusian, and Rusyn
- Baltic, attested from the 14th century AD; although attested relatively
recently, they retain many archaic features attributed to Proto-Indo-
European (PIE); living examples are Lithuanian and Latvian
Celtic (from Proto-Celtic), attested since the 6th century BC; Lepontic
inscriptions date as early as the 6th century BC; Celtiberian from the 2nd
century BC; Primitive Irish Ogham inscriptions from the 4th or 5th century
AD, earliest inscriptions in Old Welsh from the 7th century AD. Modern
Celtic languages include Welsh, Cornish, Breton, Scottish Gaelic, Irish and
Manx
Germanic (from Proto-Germanic), earliest attestations in runic inscriptions
from around the 2nd century AD, earliest coherent texts in Gothic, 4th
century AD; Old English manuscript tradition from about the 8th century
AD, includes English, Frisian, German, Dutch, Scots, Danish, Swedish,
Norwegian, Afrikaans, Yiddish, Low German, Icelandic, Elfdalian, and
Faroese
Hellenic (from Proto-Greek, see also History of Greek); fragmentary
records in Mycenaean Greek from between 1450 and 1350 BC have been
found; Homeric texts date to the 8th century BC

viii. Indo-lranian, attested circa 1400 BC, descended from Proto-Indo-

Iranian (dated to the late 3rd millennium BC)

- Indo-Aryan, attested from around 1400 BC in Hittite texts from
Anatolia, showing traces of Indo-Aryan words. Epigraphically from the
3rd century BC in the form of Prakrit (Edicts of Ashoka). The Rigveda
is assumed to preserve intact records via oral tradition dating from
about the mid-second millennium BC in the form of Vedic Sanskrit.
Includes a wide range of modern languages from Northern India,
Eastern Pakistan and Bangladesh, including Hindustani (Hindi, Urdu),
Bengali, Odia, Assamese, Punjabi, Kashmiri, Gujarati, Marathi, Sindhi
and Nepali, as well as Sinhala of Sri Lanka and Dhivehi of the
Maldives and Minicoy

- lranian or lIranic, attested from roughly 1000 BC in the form of

Avestan. Epigraphically from 520 BC in the form of Old Persian
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iX.

In addi
known
existed.

Vi.

Vil.
viii.
iX.
X.

Xi.

(Behistun inscription). Includes Persian, Pashto, Kurdish Balochi, Luri,
and Ossetian
- Nuristani  (includes Kamkata-vari, Vasi-vari, Askunu, Waigali,
Tregami, and Zemiaki)
Italic (from Proto-Italic), attested from the 7th century BC, includes the
ancient Osco-Umbrian languages, Faliscan, as well as Latin and its
descendants, the Romance languages, such as lItalian, Venetian, Galician,
Sardinian, Neapolitan, Sicilian, Spanish, Asturleonese, French, Romansh,
Occitan, Portuguese, Romanian, and Catalan
Tocharian, with proposed links to the Afanasevo culture of Southern
Siberia; extant in two dialects (Turfanian and Kuchean, or Tocharian A and
B), attested from roughly the 6th to the 9th century AD; marginalized by
the Old Turkic Uyghur Khaganate and probably extinct by the 10th century

tion to the classical ten branches listed above, several extinct and little-
languages and language-groups have existed or are proposed to have

Ancient Belgian: hypothetical language associated with the proposed
Nordwestblock cultural area; speculated to be connected to Italic or
Venetic, and to have certain phonological features in common with

Lusitanian

. Cimmerian: possibly Iranic, Thracian, or Celtic

iii. Dacian: possibly very close to Thracian

Elymian: poorly-attested language spoken by the Elymians, one of the three
indigenous (i.e., pre-Greek and pre-Punic) tribes of Sicily; Indo-European
affiliation widely accepted, possibly related to Italic or Anatolian
[lyrian: possibly related to Albanian, Messapian, or both
Liburnian: evidence too scant and uncertain to determine anything with
certainty
Ligurian: possibly close to or part of Celtic

Lusitanian: possibly related to (or part of) Celtic, Ligurian, or Italic
Ancient Macedonian: proposed relationship to Greek
Messapian: not conclusively deciphered

Paionian: extinct language once spoken north of Macedon
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xii. Phrygian: language of the ancient Phrygians; very likely, but not certainly,
a sister group to Hellenic

Xiil. Sicel: an ancient language spoken by the Sicels (Greek Sikeloi,
Latin Siculi), one of the three indigenous (i.e., pre-Greek and pre-Punic)
tribes of Sicily; proposed relationship to Latin or proto-lllyrian (Pre-Indo-
European) at an earlier stage

Xiv. Sorothaptic: proposed, pre-Celtic, Iberian language

xv. Thracian: possibly including Dacian

XVI. Venetic: shares several similarities with Latin and the Italic
languages, but also has some affinities with other Indo-European

languages, especially Germanic and Celtic

2.3.2. A Synopsis of the Standard Variety: The study of Phonology has two
explicit areas; Phonetics and Phonemics. The study of Phonetics discusses about
the point of articulation, manner of articulation, vowel sounds, consonant sounds,
semi-vowel sounds, semi-consonant sounds, pitch, tone, stress and so on.
Phonetics have three branches; these are (a) motor-phonetics, articulatory
phonetics, (b) acoustic phonetics, and (c) instrumental or auditory phonetics.
Phonetics  discusses how  the actual sounds are  pronounced,
while phonemics represent how people interpret such sounds. Hence, Phonology
includes the study of Phonetics as in the speech sounds and Phonemics as in the

usage of the speech sounds. Given next is Bangla consonant chart.

PLACES OF ARTICULATION FOR BENGALI CONSONANTS

|1 I gaCeta Tobieel 2 1|
y(em | Ao | yaom o] i g
Ewrre e R oty Sefore | Framene K @ @
Manner of Articulation Glottal ferzm) ferarng i e | R | eb(sw@) | eva
Velar Alveopalatal fom Alveolar | Dental - | Dentilabial | Labial
Retroflex
E ¢ g S 3 5 % . 4
e 58‘5 e L} k-] © q 3
\ 4 3. o
‘% 2leg ] 4 g 3 4 ki
« i
~|F ? faicd ¥ A ] q ©
A1 (3) ] @ L] q ]
Fmare (Trilled) ( ®AR7) k|
¥ (Lateral) ( C¥19) ]
E o "& Al g
b¥ 2 weld 5
g : S o sl fe
5z i i
2 B () <N [¥] £
W (W) I=y & =z (N (67)=w

Figure 05: Places of Articulation (Prof Rafiqul Islam, 2000)
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From the above chart various places and manners of articulation for Bangla
Consonant Sounds can be seen. There are Labial, Dentilabial, Dental, Alveolar,
Retroflex, Alveopalatal, Velar and Glottal, in terms of places of articulation. As for
manners of articulation, there are Stops (includes as pirated and nonaspirated),
Nasal, Trilled, Lateral (Approximant), Flapped, Sibilants (Fricatives),
Approximants. According to Prof Atindra Majumder (2020), the places of
articulation are Bilabial, Labiodental, Dental, Alveolar, Retroflex, Palato-Alveolar,
Alveolo-Palatal, Palatal, Velar, Uvular, Pharyngeal, Glottal. The manners of
articulation are Plosive, Nasal, Lateral (Approximant), Lateral Fricative, Rolled,
Flapped, Rolled Fricative, Fricative, Frictionless Continuants and Semi-Vowel.
Given next are the Consonant and VVowel charts by Prof. Atindra Majumder (2020)

where a variety of nasal sounds can be observed.

PHONETIC ALPHABET | S5#ifes wfafi INTERNATIONAL PHONETIC ASSOCIATION
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Figure 06: Phonetic Alphabet (Prof Atindra Majumder, 2020)
According to the International Phonetic Association, there are about 28 Bangla

Consonant sounds where the places of articulation include, Bilabial, Labio-Dental,
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Dental, Alveolar, Post-Alveolar, Velar, and Glottal. The manners of articulation

include Plosive, Affricate, Nasal, Fricative, Approximant, and Lateral
Approximant.
Bilabial | Labio- | Dental | Alveolar | Post- Velar | Glottal
dental alveolar

. p b t d t d k g
Plosive b i g i g kb gf

; te dz
Affricate RO
Nasal m n 1
Fricative f s [ [ h
Approximant 1
Lateral |
approximant
p pati e ‘grass mat’ te teal S ‘rice’
b bati  aB  bowl " te"al @AW ‘peel’
b® biati  ®f kiln’ dz dzal @@ ‘net’
t tak @ ‘shelf dz® dz"al Im  “spicy’
" tak 9% Cletitbe’ f faf #M ‘noose’
d dag Wl Cstain’ s saf  A®  ‘clean’
d" d%ka @ ‘shove’ [ faf 4 ‘breath’
t tak  B®  ‘baldspot’ h  haf ¥ ‘duck’
" takw @ Clord’ 1 aaf  F C‘reduction’
d dak ®®E el I laf @™ ‘corpse’
d* dk @ ‘cover! m maf W ‘month’
k  kaf s  ‘wild sugarcane’ n nafl F  ‘destruction’
k* K" %™ ‘youeat’ m ama WA ‘my’
g gaf M ‘yousing’ n anax 9WE ‘for bringing’
¢" gl W Cgrasy’ n danar ®e@  ‘of dry land’

Journal of the International Phonetic Association (2010) 40/2

doi:10.1017/50025100310000071

© International Phonetic Association

Figure 07: Phonetic Alphabet (Journal of the IPA, 2010)
As for Bangla vowels, it is found that all Bangla vowels are produced with

pulmonic-egressive air stream mechanism. As far as the state of glottis is

concerned, all Bangla vowels are produced as voiced. According to the function of

the velum Bangla vowels can be articulated as oral and/or nasalized. When the

lung air passes through the oral or the oral and nasal cavities, there is no audible

friction since there is sufficient passage between the active and passive articulators.

Thus, all Bangla vowels are produced with open approximation. Besides these
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commonalities among the vowels, each of them has certain unique properties. The

unique properties of Bangla vowels are discussed next.

There is a controversy regarding the number of Bangla vowels. Chatterji (2002),
Shaw (1996) and Islam (2002) say that there are seven pure vowels in Bangla
which are [3], [«], [@7], [¥1], [¥1], [2] and [S] (Diagram 01), represented as [2] ([1]),

L] ([eD), [r] ([ze]), =] ([eD), [=] ([2]), [¢] ([o]) and [E] ([v]). Hai (1985) and Hug
(2002) mention that there are eight pure vowels in Bangla which are [2], [«], [@r],

[=, [=1], [¢], [¢’], and [®] (Diagram 02). These could be expressed as [2] ([1]), [«]
(eD), Ler] ([e]), [ ([eD), [=1 ([oD), [<] ([o]), [¢] ([0’]) and [E] ([v]).

Front Central Back Front Central Back Close

Close
ex \ / 2Je s-\ \ / o}
Half -Close
Half -Close
add avd add apd
adle
Half-open Halt-open
& &7t a e o ELE It R ¥t Fqd
e H
Open

Open

Diagram 01 Diagram 02
(Chatterji, 2002, Shaw, 1996 and Islam, 2002)  (Hai, 1985 and Hug, 2002)
Figure 08: Vowel Chart Diagrams

As far as Diphthongs are concerned, with regard to their number Chatterji (ibid)
and Shaw (pp. 330-31) say that there are twenty-five Diphthongs in Bangla which
include [2=], [2¢], [Z®], [¥], [«=], [@e], [«®], [ae], [are], [=nF], [=e], [eme], [ome],

[=d], [e=], [=e], [3], [ed], [e=], [¢T], [B3], [3¢], [E=], [&¢] and [34]. These
could be expressed as [2=1] ([re]), [2e] ([r0]), [ZE] ([10]), [«2] ([e]), [«=r] ([ee]),
[ae] ([eo]), [«E] ([ev]), [ee] ([eeel]), [«e] ([zo]), [=12] ([ei]), [=ne] ([ee]), [=re]
([eo]), [=1€] ([ev]), [=1] ([oe]), [=r=] ([oe]), [=e] ([o0]), [<2] ([on]), [e<4] ([oe]),

[=] ([oe]), [2¥] ([ov]), [B3] ([v1]), [B4] ([vel), [T=] ([vel), [Ee] ([vo]) and [24]
([xe]). Hai (pp. 27-29), however, says that the number of Diphthongs is thirty-one
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of which nineteen are regular which are [33], [2%], [«3], [@¢], [«C], [wid], [ams],
[=rg], [eme], [wre], [sne], [=we], [=id], [ee], [¢®], [93], [e<], [¥%] and [EF], and
twelve are irregular which include [2e], [24], [29], [«=1], [@s], [airer], [, [ee],

[2€], [«€], [E=r], and [&2]. The regular ones could be represented as [22] ([1]), [2T]
([ro]), [«2] ([ex]), [@e] ([eo]), [«¥] ([ev]), [ne] ([=e]), [are] ([eeo]), [==2] ([ex]),

[=re] ([eo]), [=r€] ([ev]), [=<] ([ee]), [=e] ([o0]), [=1] ([o€]), [@¢] ([oo]), [¢€]
([oo]), [2%] ([o1]), [2€] ([0e]), [23] ([v1]) and [&E] ([uw]). The twelve are irregular

vowels could be included as [Z=1] ([1e]), [2¢] ([re]), [2¢] ([10]), [«=] ([ee]), [@e]

([eo]), [arri] ([eee]), [=re1] ([oe]), [=1] ([oe]), [e<4] ([oe]), [<] ([vel), [E=], ([ve]),
and [S¢], ([uo]).

It seems Prof. Hai (1967) has considered the long sounds as Dipthongs [i] and [u].
Including the two long sounds it becomes eight Pure Vowels. In literature, a pure
vowel is a vowel which does not change in sound quality; as in there is no shift or
glide from one sound to another. It can include the long vowels and short vowels.
In that respect, there could be eight pure vowels. A vowel may be pronounced
short or long in a word but the two modes of pronunciation will mean the same
thing in Bangla. There will be no change of meaning for vowel length. (Hai 1967;
p.16). As for Diphthongs, Prof. Hai (1967) has added [33] ([1]), [®¢] ([00]), [E¢€]

([vv]), and [@rr=r] ([eee]). In addition to that, [¢«] ([oe]), and [@¢] ([eo]) has been

considered to have both irregular and regular variety. Like most Magadhan
languages (Magadhi: derived from the ancient Magadhi Prakrit), vowel length is
not contrastive in Bangla; all else equal, there is no meaningful distinction between
a ‘short vowel’ and a ‘long vowel’, unlike the situation in most Indo-Aryan
languages. However, when morpheme boundaries come into play, vowel length
can sometimes distinguish otherwise homophonous words. This is because open
monosyllables (i.e., words that are made up of only one syllable, with that syllable
ending in the main vowel and not a consonant) can have somewhat longer vowels
than other syllable types. For example, the vowel in ‘ca’ (‘tea’) can be somewhat
longer than the first vowel in ‘cata’ (‘licking’), as ‘ca’ is a word with only one
syllable, and no final consonant. The suffix ‘ta” (snacks to be eaten with tea) can be
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added to ‘ca’ to form ‘cata’ (tea and snacks to be eaten with tea), and the long

vowel is preserved, creating a minimal pair ([ 'tfete] vs. [ tfe'te:]).

In summary, all Bangla vowels are articulated with pulmonic egressive air-stream
mechanism, voiced, articulated with the stricture of open approximation, described
and classified as Front, Central and Back vowels, according to the position of the
tongue. Active articulators for Bangla Front, Central and Back vowels are the front
of the tongue, central part of the tongue and back of the tongue respectively.
Passive articulators for Bangla Front, Central and Back vowels are the hard palate,
central part of the palate and the soft palate respectively. Bangla vowels are
described and classified as Close, Half/Near-Close, Half/Near-Open and Open
vowels, according to the height of the tongue, and also as Rounded and Unrounded
vowels according to the position of the lips. They are also described and classified
as Pure vowels and Diphthongs according to the quality due to positions of the
tongue. There is controversy regarding the number of vowels. There are
seven/eight Pure vowels, and twenty-five/thirty-one Diphthongs. All pure vowels
are oral, short and nasalized. Length of vowels does not necessarily contribute to
the meaning of the words. In Bangla, there is also the use of consonant

abbreviation, called ==, IPA /p'ole/; i.e. sometimes consonant letters in Bangla

shortens by changing the shape if it is connected with another consonant or a
vowel. There are six of these abbreviations which are written below with
examples.

i, -3 (3)= 1, 304y if there is &-sm@ ([o]- like or [p]-like ) or =iz ([]-

like) in the previous letter, it becomes =i-+1@ ([&]- like)
ii. % () = o9, oy, g, [b]-like feature
iii. -t (W)= e, 3w, 7w, [m]-like feature
iv.  7-3e1 (7) = effs, ap, v, [o]-like feature
v. - (&) = g, e, o, [1]-like feature

vi. -zl (F) =3, 30, &em, [n]-like feature
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2.3.3. Cross-Linguistic Perspective on Bangla Phonetics and Integrating
Features: Such features could be Schwa Deletion in Indian Languages,

Nasalization, Vowel Doubling, Bangla Triphthongs, etc.

(i) Schwa Deletion in Indian Languages: Schwa deletion, or schwa syncope, is a
phenomenon where schwas are obligatorily deleted in pronunciation even if the
script suggests otherwise. The process is, the schwa [o] sound at the end of the
word is deleted. Bangla equivalent for Schwa is open-mid back rounded vowel or
[5]. Bangla deletes this vowel at the end when not ending in a consonant cluster but
sometimes retains this vowel at the medial position. The consonant clusters at the

end of a word usually follows a close-mid back rounded vowel or [o]. For

example, the Sanskrit word U¥ ([pet"e], way) corresponds to the Bangla word ‘%12’

[pot']. But the Sanskrit word “3{~d’ ([ente], end) retains the end vowel and

becomes ‘=@’ [onto] in Bangla, as it ends with a consonant cluster. However,

Tatsama borrowings from Sanskrit generally retain the [o] except in word-final
positions and except in very informal speech. That vowel in medial position is not

always retained. For instance, '#=iere’ is pronounced as [kolkete], and not

[kolokete].

(if) Nasalization: Another feature could be about Nasalization. In Bangla any
vowel may be nasalized. Therefore, all the pure vowels in Bangla have their
nasalized counterparts. There is, however, debate among the Bangla phoneticians
on the status of nasal vowels in the language. Some argue that nasalization is a
distinctive feature in Bangla, so nasals are separate vowels just like other pure
vowels. (Bhattacharja, 2006, p. 131; Sen 2002, p. 183) Others argue that
nasalization is not a distinctive feature in Bangla, so nasals should be counted as
allophonic variation of the pure vowels (Khan, 2010; p. 222; Majumdar, 1997, p.
118). It seems, nasalization could, perhaps be considered as a suprasegmental
feature which does not have an effect in the meaning.

(iii) Vowel Doubling: Vowel doubling is another point of discussion. In Bangla,
vowel length carries less importance, as it is not a meaning-distinguishing factor in
the language. However, Bangla seems to employ a combination of two vowels in
some linguistic situations. In the first person present indefinite conjugation, verbs

such as ‘dewa’/ ‘newa’ (give/take) assume the shape of ‘diyi’/’niyi’. They will
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rather be pronounced as [dii] and [nii]. Same is the case with the verbs ‘dhowa’,
IPA [dpe] (meaning wash) and ‘showa’, IPA [foe] (meaning sleep); in the second
person intimate imperative form, they will become ‘dhoo’ [d"e] and ‘shoo’ [fv]
respectively. Here the same vowel in sequence is found. It can be called ‘Vowel
Doubling’, which is a unique feature of Bangla. (Chatterji, 1988, p. 35).

(iv) Bangla Triphthongs: According to Dr Bijoy Barman (2009), there are about 17
Bangla Triphthongs which are: [®1z=1] ([eie]), [@2=1] ([ere]), [=2=1] ([oie]), [E2%]

([oie]), [se=t] ([ere]), [Siesi] ([ore]), [®124] ([ewe]), [swe] ([ome]), [sr] ([oro]),
[si2e] ([e10]), [er&=r] ([eve]), [«S=t] ([eve]), [re=i] ([oue]), [Sre=r] ([ooe]), [aeei]
([eoe]), [@rewr] ([eeoe]), [=re=] ([eoe]). Triphthongs might be used more likely for

informal speech. The phonological alternations of Bangla vary due to the dialectal
differences between the speech of Bangla language speaking people living on the

western (#%%, Poschim) side and eastern (54, Purbo) side of Padma River. In the

dialects prevalent in much of eastern and south-eastern Bangladesh (Barisal,
Chittagong, Dhaka and Sylhet Divisions of Bangladesh), many of the stops and
affricates heard in the West Bengal dialects are pronounced as fricatives. Western

Palato-alveolar and alveolo-palatal affricates 5 [teo~t[5], 2 [ePo~t["o], & [dzo~d30]
correspond to eastern 5 [tso], 2 [tsho~So], & [dzo~zo]. The aspirated velar stop %
[k"], the unvoiced aspirated labial stop = [p"] and the voiced aspirated labial stop ©
[bf] of Poshcim/western Bengali dialects correspond to % [x~u], ¥ [f~$] and =

[B~v] in many dialects of Purbo/eastern Bengali. These pronunciations are more
prevalent in the Sylheti of northeastern Bangladesh and south Assam, the language
spoken by most of the Bengali community in the United Kingdom. Many
Purbo/eastern Bengali dialects share phonological features with Assamese dialects,

including the debuccalization of = [[~¢] to z [f] or ¥ [X]. The influence of Tibeto-

Burman languages on the phonology is mostly on the Bengali dialects spoken east
of the Padma River and relatively less in West and South Bengal, as is seen by the
lack of nasalized vowels in eastern Bengal, but nasalization is present in Indian

Bengali dialects and an alveolar articulation for the otherwise postalveolar stops &
[t], & [1*], © [d], and © [d"], resembling the equivalent phonemes in languages such

as Thai and Lao. In the phonology of West and Southern Bengal, the distinction
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between = [c] and /v [(] is clear and distinct like neighbouring Indian languages.

However, on the far eastern Bengali, Tibeto-Burman influence makes the
distinction less clear, and it sometimes becomes similar to the phonology of the

Assamese 7 rd [1]. Unlike most languages of the region, Purbo/eastern Bengali
dialects tend not to distinguish aspirated voiced stops € [g"], = [dz"], v [d"], ¥ [d"],
and = [bf] from their unaspirated equivalents, with some dialects treating them as

allophones of each other and other dialects replacing the former with the latter
completely. Some variants on the Bengali branch, particularly the Chittagonian,
and Sylheti, have contrastive tone and so differences in pitch can distinguish
words. There is also a distinction between 2 and % in many northern Bangladeshi

dialects. 2 represents the uncommon /1/, but % the standard /i/ used for both letters

in most other dialects.

(v) Atypical Aphasic Speech Across Languages: Cross-linguistic studies have
shown that atypical aphasic speech often involves simplification of word forms,
although the specific patterns vary according to the phonological and
morphological characteristics of each language. For example, an English-speaking
individual with aphasia may produce ‘nana’ ['nans] instead of ‘banana’ [ba'na&nas],
demonstrating initial syllable deletion. Similarly, a Bangla speaker may produce
‘¢%’ [kom] instead of ‘s« [kolom] (in English it is pen), omitting the medial
consonant. In Mandarin Chinese, the target word ‘ZFEH’ (pingguo, ‘apple’)
[p"in.kwd] may be reduced to ‘8’ (guo) [kwsd], preserving only the second
syllable. A Japanese speaker may simplify <Y A, Z (ringo, in English it is apple)
[ringo] to <Y = (rigo) [rigo] through deletion of the nasal consonant. Likewise, a
Turkish speaker may produce ‘tap’ [teep] instead of “kitap’ [ki'tep] (in English it is
book), while an Arabic speaker may produce ‘Y% (tab) [ta:b] instead of ‘US’
(kitab) [ki'ta:b], omitting the initial syllable. Comparable simplifications are also
observed in Spanish, where ‘escuela’ [es kwela] (in English it is school) may be
reduced to cuela’ ['kwela], and in Finnish, where ‘koulu’ ['koulu] (in English it is
school) may become ‘kou’ [kou]. These examples illustrate that although aphasic
speech commonly involves omissions and phonological simplifications across
languages, the specific manifestations are shaped by the phonetic and structural

properties of each language.
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2.3.4. Revisited Bangla Consonant and Vowel Sounds: The ‘Consonant Sounds’
chart next can be suggested, if the dialectic varieties and individual differences are
omitted, i.e., the standard variety might include the following places of
articulation: Bilabial, Dental, Alveolar, Palato-Alveolar/Post-Alveolar, Velar,
Glottal, and the manners of articulation: Plosives, Fricatives, Nasals, and

Approximants.

Places of Articulation
Bilabial Dental Alveolar | Palato- Velar Glottal
Alveolar
Or,
Post-
Alveolar
Manners Plosives ], [p"], | [d, [, | [ [°] | [el [e], | [KD [K'],
of [b], ] | [d], [d71 | [dD. [d°] | B1. B | [9]. [9°]
Articulation
Fricatives [s] n [A]
Nasals [m] [n] [v]
Approximants n [c], [x]

Figure 09: Consonant Sounds (Original Work)
As for vowel sounds, the following can be suggested.
(i) Pure Vowels/Monothongs/Monophthongs: [2] ([1]), [«€] ([e]). [«7] ([¢]), [¥]

([eD), [=1 ([2D), [<] ([0]), [€] ([u]). These two Pure vowels are of debate: © ([u]) and
% (i)

(i) Diphthongs: [ ([re]), [2e] ([0]), [2¥] ([ro]), [«2] ([er]), [«=] ([ee]), [«9]
([eo), [«®] ([ev]), [ete] ([eee]), [«rme] ([eeo]), [=2] ([erl), [Sme] ([ee]), [=re] ([eo]),
[=1®] ([evl), [l ([oel), [sr= ([oe]), [=re] ([o0]), [93] ([on]), [e4] ([oe]), [eei]
([oe]), [<¥] ([ov]), [E2] ([v1]), [®4] ([vel), [E=] ([vel), [¥¢] ([vo]) and [24] ([re])
(iii) Triphthongs: [=zen] ([eie]), [@2=M] ([ere]), [&12®] ([oie]), [C2=N] ([vie]), [SHas]
([ere]), [ee=] ([ore]), [==Re] ([ere]), [swa] ([ore]), [swe] ([ord]), [®1Re] ([er0]),
[sre=] ([ewe]), [«=r] ([eve]), [s&=] ([oue]), [Sreer] ([ooe]), [@sei] ([eoe]), [ares]

([eeow]), and [=re=n] ([eoe])
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As Bangla is a syllable-timed language 7 Pure Vowels can be suggested as % ([i]),
and © ([u]) is only based on the length of the vowel sounds. As for Diphthongs, the
number could be 25 following the above list. The sounds [22] ([u]), [¢¢] ([00]),
and [&¢] ([uu]) are based on the length of the vowels, hence, are not considered in

the above list. [«sren] ([eee]) can perhaps be considered.

2.5.  Other Parameters

The articulatory and acoustic features are the first parameters to identify the
Bangla typical and atypical speech sounds. The IPA Chart (Revised on 2020), in
this regard can be beneficial to study the typical speech whereas the extIPA can be
used to identify the features of atypical speech patterns. The first pointer of
measuring is to identify if the speech is pulmonic or non-pulmonic. For pulmonic
consonant sounds, the places and manners of articulation could be identified next
whereas for nonpulmonic consonant sounds, clicks, implosives and ejectives could
be categorized. Going through the diacritic features along with other symbols,
suprasegmental features, tones and accents are to be observed for identifying the
linguistic and suprasegmental features. In case of vowel sounds, the types of
vowels should be looked into. Since, Bangla language has various cross-linguistic
interpretations, it is imperative to look into all the suggested features of consonants

and vowels. Given next are the probable parameters.

Places of Articulation Manners of Articulation
Primarily: Pulmonic or Non-Pulmonic Primarily: Stops/Plosives,
If Non-Pulmonic, Clicks or Implosives or Nasals, Fricatives,
Ejectives Approximants, Affricates,
If Pulmonic, Labial or Coronal or Dorsal or Percussive, Frictionless
Laryngeal Continuants and Semi-

If Labial, Bilabial or Labio-Dental or Linguo- | Vowels, Additionals, Roll

Labial or Labio-Alveolar or Labial-Velar or If Fricatives, Sibilants or
Labial-Palatal Median or Lateral or
If Coronal, Dental or Alveolar or Palato- Fricatives+Laterals+Media

Alveolar/Post-Alveolar or Alveolo- Palatal or | ns or Fricatives+Nasals
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Retroflex

If Dental, Bidental or Dento-Labial or

Interdental

If Dorsal, Palatal or VVelar or Uvular

If Laryngeal, Pharyngeal/Epiglottal or Glottal
> If Pharyngeal, Velo-Pharyngeal or Upper-

Pharyngeal

If Approximants, Central
or Lateral

If Additionals, Trill/Roll
or Tap/Flap

If Roll, Rolled or Rolled
Fricative

Figure 10: Places and Manners Parameters (Original Work)

Speech) are next.

Additional Parameters (followed by the IPA Chart and extIPA for Disordered

Features of

()

Phonation Modes

(b) Features of
Pitch Patterns

Additional Features of

(@)

Articulation

Pre-Voicing
Post-Voicing
Partial Devoicing
Initial Partial
Devoicing
Final Partial
Devoicing
Partial VVoicing
Initial Partial
Voicing
Final Partial
Voicing
Unaspirated

. Aspirated

. Pre-Aspiration

. Voiceless

. Voiced

. Breathy Voice

. Creaky Voice

. No Audible Release

Primary Stress
Secondary Stress
Long

Half-Long
Extra-Short

Minor (Intonation)
Group

Major (Intonation)
Group

Syllable Break
Linking (Absence
of a Break)

Extra High

High

Mid

Low

Extra-Low
Down-step
Up-step
Rising/Global Rise

Advanced Tongue Root
Retracted Tongue Root
Dental

Apical

Laminal

Nasalized

Nasal Release

Lateral Release

Double Articulations
Simultaneous
Non-Syllabic

Rhoticity

Labialized

Palatalized

Velarized

Pharyngealized

Velarized or Pharyngealized
Raised

Main Gesture Offset Left
Main Gesture Offset Right
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. Falsetto Falling/Global Fall | Centralized

. Whisper High-Rising Mid-Centralized
. Whistled Low-Rising Syllabic
Articulation Rising-Falling Labial Spreading
. Sliding Articulation Strong Articulation
. Ingressive Airflow Weak Articulation
Reiteration

Denasal, Partial Denasal
Lowered

More Rounded

Less Rounded

Figure 11: Modes, Patterns and Articulation Parameters (Original Work)

Durational intervals in the linguistic input are also to be measured; i.e., if the
sounds are the continuation of the same sound or not, as in, if there are any
significant changes in the extension of the sounds or if phonetic characteristics of
the sounds around it affect the sound, for instance whether the vowel is followed
by a voiced or a voiceless consonant etc. In case of syllable-timed languages, i.e.,
in the languages whose syllables take approximately equal amounts of time to
pronounce, stress and focus does not affect (vowel) duration (Irene Vogel &
Angeliki Athanasopoulou). Also, if the sound change has any Linguistic
categorical change. If the vowel length is distinguished phonemically, then there
might be short and long vowels.
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Chapter Three
Methodology for the Research

This chapter assesses the validity and reliability of the research by adopting
systematic and specific methodology or techniques. It takes in fieldwork and
electronic sources and provides linguistic analysis in relation to the literature
review and received data to draw a conclusion. At first, it selects the logic of
inquiry as a quantitative method with details provided anywhere needed. Then
selects specific settings and participants, procedures for data collection and
analysis considering the ethical matters as the participants were of atypical speech
disorders. As the purpose of the research is to analyze the phonetic and
phonological features of typical and atypical speech of Bangla language, the
methodology section follows the research objectives and questions below as stated

earlier.

3.1. Research Objectives

The main objectives of this research were to;

(@) revisit and catalogue the articulatory and acoustic features of Bangla typical
speech,

(b) devise necessary articulatory and acoustic tools to collect Bangla typical and
atypical speech,

(c) propose amendments to the existing extIPA for disordered speech in the

context of Bangla atypical speech.

3.2. Research Questions

The initial comparisons of this research have been based on the features of Bangla

typical and atypical speech. The queries below add to its practicality.

(a) Which articulatory and acoustic features are most significant in the production
of Bangla atypical speech? Which phonological errors are more prominent?

(b) How are these features different from Bangla typical speech?
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(c) What type of modifications are required to develop transcription models for

Bangla atypical speech?

The study makes a comparative analysis of typical and atypical speech. Given next
is the description of the participants, selected tools and instruments, statistical

analysis procedures for this research.

3.3. Participants: This research utilizes adult typical and atypical participants who
have standard Bangla as L1 as well as their mother tongue. There have not been
any dialect variations within the participants. To further reduce possible
discrepancies, the participants with typical speech were selected based on the ages
of the atypical participants. The research comprises of a total of 110 participants
with a ratio of 10 typical per atypical participant (10:1). Type versus Token ratio
is, 2 : 840, i.e. types of patients versus number of occurrences. As for sample, it is
2 . 168. All atypical participants are diagnosed aphasic patients, primarily from
Bangladesh Medical University (formerly BSMMU) and Metropolitan Medical
Centre Ltd. The patients have suffered from Broca’s Aphasia after cerebrovascular
accident (CVA) with impressions of intracerebral haematoma in the cerebral
hemisphere and are at the early stage of treatment and speech therapy, i.e., within 6
months to a year. All the data for this research are confidential to protect the
patients’ privacy, with the consent of the patients and/or their caregivers, and only
aligns with the research. For each participant, a consent form has been used; a

sample consent form has been added in the Appendix section.

3.4. Selected Tools and Instruments: In order to collect data, two Task-based
Phonological Tests has been devised: (a) picture naming and (b) word naming. In
each case, the patients were shown target stimuli and asked to say each target item
within a 1-minute interval per flashcard. If the patient fails to give the correct
response initially, a phonemic cue is provided which is the initial sound of the
target word. All the words for the word naming test have been collected from
Bangla Academy Concise Bangla Dictionary (Il @Icest e e wieyi),

therefore the words are standard text words. Also, a checklist has been devised to

identify the articulatory and acoustic features of typical and atypical speech, along
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with the types of phonological errors made by the patients. For this research,
distortions, omissions, substitutions, and insertions has been listed. The tests have
been administered in person. A pilot study has been administered to pre-test the
tests and the checklist on a small number of people before it is used in earnest. For
this research, word stimuli have been taken under consideration rather than non-
word stimuli, this is because word stimuli are used to identify lexical phonologic
output impairments (Hillis et al., 2001). Word naming, or word repetition tasks
which require verbal production of familiar words, help to identify impairments of
lexical phonologic output (Caramazza & Hillis, 1990). For analyzing the data
gathered from typical and atypical speech, PRAAT has been used. It processed the
recorded audio, generated waveforms and spectrograms which assisted to visualize
vocal data in a more printable and quantifiable format. The software further
computed precise and aggregated values of all the prosodic features such as
intensity, pitch patterns, formants, pulses, frequency, syllable break, labeled words,
and individual phonemes. All these instruments have been used for articulatory and
acoustic feature analysis. Considering the number and type of the participants, the
reference period of the study, and the nature of the investigation, the research
design has been classified as cross-sectional/experimental study with stratified

random sampling and it is semi-longitudinal.

For analysis, Glasgow Coma Scale (GCS) has also been used as a neurological
assessment tool to determine the patients level of consciousness by scoring their
verbal responses. It was also recommended at BMU. The V Scale (0-5) from
Glasgow Coma Scale (1974) are V5 (Oriented: fluent speech, comprehension and
production are intact), V4 (Confused Conversation: speech is connected but
disoriented), V3 (Inappropriate Words: random or irrelevant words, affected
comprehension), V2 (Incomprehensible Sounds: moans, no real words, severe

speech/language breakdown), V1 (None/Coma: no verbal output).

Suggestive Typical versus Atypical Ratio Assessment Color-Flag Chart (original

work) Green @ is Normal Range (0-25 %), Yellow Q) is Elevated Atypical (26-
50%), Orange @ (51-75%) is Markedly Atypical, Red @ is Highly Atypical (76-

100%). For error types similar measures were taken identify the levels.
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3.5. Statistical Analysis Procedure: For this research, PRAAT has been used to
annotate and map the data. The data has been measured following categorical
variables as the values can be easily separated into discrete categories. In each case
the recorded data has been filtered with noise cancelation software. The sound
waves were then run using PRAAT. The spectrograms provided a quantifiable
status of the prosodic features along with the linguistic features. Given next is a
pilot study flowchart and sample table. For both the tasks: Picture and Word
Naming, the flowchart next gives a direction for data collection and analysis. The
data collection has been divided into two parts: pre-activity and while-activity

whereas the data analysis has the post- activity.

Pre-Activity
3. Read Instructions:

i
I

1

i -
1 y N
[ > p >

1

| 1. Ask for Consent 2. Start Recording Tell me what you see in the picture

1 using one word. You can take a break
[ y A 4

H X

H <

1

anytime

"""""""""""""""""""" i/'\}h'i'fe"-'/i'ét'i'([iR}'""'"'"""""l""""""' '

6. Complete Two Tasks M 5. Ask for Continuation }4—{ 4. Show Flashcards: ‘

10b is shown, for example.

Post-Activity

7. Denoise and Enhance N . N 9. Annotate and Add
Audio Clarity . Transcriptions in PRAAT

Types using Checklist

. 11. Identify Phonological 10. Match with the
12. Identify the Error F— Errors and Prosodic S Standard Typical

Features Transcriptions

Figure 12: The Pilot Study Layout

Given next is an Oscillogram of Word Naming Task, Item 1c: =i, /pep/ for typical

and atypical speech using PRAAT.
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Typical Speech Atypical Speech

Bl 19
[pep] [ped pl
[ b (o] || [ [p] |
[¢] [e]
Figure 13 (a): Oscillogram of <, Figure 13 (b): Oscillogram of ==,
[pep] [peip]

It shows a PRAAT illustration of the | Here, [p] appears at the end of the
word “t%f which is displayed in the | word. It’s 0.04 seconds, 63 dB, 230

Interval Tier 01: Bangla Text Word | HZ- It has weak articulation. The

‘sfs", and its transcription is in atypical IPA is [pe-ip]. Other features
include: rising-falling onset addition

with [e].
Note: e[p] = atypical, distortion

Interval Tier 02: IPA: [pep], Point
Tier 01: Consonants [p], [p] and
Point Tier 02: Vowel: [e] 1c focuses
on the sound, [p] which appears at (weak articulation)
the end of the word. It is a pulmonic
egressive, bilabial, voiceless sound
which is of 0.07 seconds, 80 dB, 258

Hz.

As for linguistic interpretation, in the word =, [pe-lp], [p] represents rising-falling

onset addition, for segmental features it shows [+consonantal], [+labial],
[+anterior]. Here, there is no secondary articulation, however it displays weak
articulation. It’s an end sound and the articulatory organs include upper and lower
lips. The place of articulation is bilabial, manner is plosive, and it is a voiceless
sound. It is labial as it displays weak formant transitions, especially flat F2, and
shows a lower burst. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. There is weak Articulation () as it

shows lower intensity and blurred formants.
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A. Task-based Phonological Test: Picture Naming Flashcards

Appendix 01 (For Patients)

L
Kot 'QH
1b, 29b 2a 2c 3c
L7
7c 8c, 22b
B¢, 26a

10b

13a

14a

1l4c

15b

15c
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22¢

24d

25d

26h, 29a

27¢c

28¢c

Figure 14: Task-based Phonological Test: Picture Naming Flashcards

B. Task-based Phonological Test: Word Naming Flashcards

Bcgin sAfst et R & S
la 1c 2b 3a 3b 4a
EST Rewte 38 frdry ey FRIS
4bh 4c 5a 5b 6a 6b
e et it Ces Sl [PRani)
6c 7a 8a 8b 9 10a
gt < Qo5 474 I I
11b 11c 12b 12c 12d 13b
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ELE] 8 Enernt Rl i I
14b 15a 16a 16b 16¢ 17a
i ot I E it TS
17b 18a 18b 18c 19b 20a
IS il o ST s e
20b 21a 21b 21c 22a 22¢c
2 TS RIS e fire st
23a 23b 23c 24a 24b 24c

25a 25b 27a 28a 29b

Figure 15: Task-based Phonological Test: Word Naming Flashcards

Appendix 02 (For Data Analyses)

A. Task-based Phonological Test: Picture and Word Naming Transcriptions

(B= beginning, M=middle, E=ending, P=pure vowels, D=diphthongs)

Sl | Consonant Text Transcriptions
No. | Sounds (Standard IPA List of Sounds
Bangla) | (Interval Consonant Vowels
(Interval | Tier 02) Sounds (Point
Tier 01) (Point Tier 01) | Tier 02)
B M E P D
01 a R [pacfek] | [p] | [0 | K] | [el | []
bl FrrEl [pipte] | [l | [p1 | [d | [
[e]
cf ™ [pep] | [p] [p] | [e]
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02 /ph/ El [prul]l | [p"] (] | [u]

Sl ) [lepteno] | (1T | [p"] | [n] | [el,

[o]

= [bocop'] | [b] | [ | [P [ol,

[o]
03 /bl T [baem] | [b] [m] [ze
]

s [obwl | [1 | [b] | [1 | [o],

[u]

=13 [lebu] | [ [b] | [el

[u]

04 Ibb/ S [bielo] | [b] [ | [el,

[o]

SR [obteb] [bf] | [b] | [o],

[e]

fewre | [bikkrobf] | [b] | [K], | [b%] | [,

[k"] [o]
05 It/ RS [tobuo] | [t] [b] | [0] | [uo]
s [digo] | [d] | [ [i] | [0]

2o [fet] | [A] [l | [e]
06 It/ ey [temie] | [£1] [m] | [e] | [e]
e [kotreo] | [K] | [t] [o] | [eo]

™ [pot!] | [r] [t] | [0]
07 1d/ Crel [deeene] | [d] ] | [e] | [ze
]

BUEl [iduc] [dl | [ | [

[u]

b [ced] [c] [d] | [e]
08 | /dv el [d°Ge] | [d] [oe]

SO [ordiek] | [] | [d] | [K] | [o],

[e]
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e [oufod] [0 | [ | [o] | [ou]

09 iy BT [tometo] | [ | [m] | [d | [o].

[e],
[0]
S5 [etok] [0 | [kl | [el,
[0]
A5 [kKhef] | [k'] [ | [el

10 It Bt [thikene] | [¢'] | [k] | [n] | [i].

[e]
IO [ketel] | [T | [¢'] | [ | [&]
l5 [ket'] | [K] [t'] | [e]

11 ld/ o [delim] | [d] | [ | [m] | [el,

[i]
il [edde] [dl | [d] | [e]
© [rod] [1] [d] | [o]

12 147 e [d*@rof] | [d] | [d | LT | [=].

[0]
W [oedop] | [b] | [d71 | [p] | [el.

[o]
o | [dodior] | [d7] [d] [o1]
b [dPu] | [d7] [u]

13 | /clorlte/ bG1R [corer] [c] [l | [o] | [etl
L [ecer] [c] | [c] | [e]
by [cemoc] | [c] | [m] | [c] | [el,

[0]

14 | /ct/ or /te"/ Rl [ctegol] | [c"] | [g] | [N | [el.

[o]
= [boctor] | [b] | [c'] | [ | [ol,
[o]
TR [mect] | [m] [c] | [e]
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15 | I3/ or /dz/ 78 [re0] [ [e0]
T [gegoc] | [o] | [ | [ | [el,
[o]
wRTe [refiey] | D1 | [6] | [ | [el

16 | /4% or /dz/ @ew | [yfeubon] | [F] | [0] | [n] | [0] | [eul]
S [o5"or] 1 | [ | [,
[o]
Aa el ) B ] | [E]

17 Ikl g [kuefe] k] U1 1 Te] | [ue]
TR [doken] | [d] | [K] | [n] | [o],
[e]

cet [nouke] | [n] [k] | [e] | [ou]
e [nek] [n] [kl | [e]

18 /kh/ c [khee] | [k'] [ee]
T [kok"on] | [K] | [k"] | [n] | [o],
[o]
o1 [ekh] [k'] | [e]

19 /9/ o [gome] | [g] [n] | [e] | [o1]
St [egemi] [g] | [m] | [el.
[i]
G [morog] | [m] | [c] | [g] | [o]

20 Ighl (TS | [gheugieu] | [gf] [9°] [eu]
ST [eg™et] [o°] | [t | [e]
T [beg®] | [b] [g°] | [e]
21 /s i [supti] | [s] [p"] | [ul,
[i]
Sl [este] [s] | [ | [el
SR [ephsos] | [p'] | [s] | [s] | [el,
[o]
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22 Al cifce2 | [fediker] | [ | [d] | [K] | [e], | [e1]
[1]
AN [ofud’] U1 | [dlV | [o],
[u]
kld [fef] U] U1 | [el
23 6/ 28 [Ao0] [A] [00]
”e [bofug | [b] | [A] | [d | [ol,
[u]
R [befi] | [b] [6] | [e]
24 Im/ Tie [mzo] | [m] [0
]
e [mw] | [m] [u]
<ifsret [temre] | [t'] | [m] [e] | [re]
Fo [kolom] | [k] | [ | [m] | [o],
[o]
25 In/ P&l [nue] [n] [ue]
s [onek] [l | [kl | o],
[e]
ST [eene] [n] | [e] | [ee]
M [pen] | [p] [n] | [e]
26 /y/ N/A N/A N/A | N/A | N/A | N/A | N/A
w6 | [enti] o] | [0 | [,
[i]
e [ptotm] | [Pl [d | [0 | [o],
[1]
27 I =T [1oe] [ [oe]
ol [detm] | [d] | [0 | [m] ]} [e],
[1]
et [kol] [k] [1 | [l
28 It/ Els] [roe] [c] [oe]
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bl el [morog] | [m] | [c] | [g] | [o]
c BInE] [benor] [b] | [n] | [c] | [e]
[o]
29 It/ N/A N/A N/A | N/A | N/A | N/A | N/A
al ™ [protw] | [p"] | [ | [n] | [o],
[1]
by e [pepor] | [p] | [p] | [ | [
[o]
Notes:

Figure 16: Task-based Phonological Test: Picture and Word Naming

Transcriptions

B. Feature Detection Checklist (Sample)

Sl | Consonant Text Articulatory and Acoustic Features
No. | Sounds (Standard Typical Atypical
Bangla), Features Features Error
IPA (Sample) (Sample) Types
01 [p] 2«1, | O Bilabial [ Dental [ Distortion
[pfﬁﬁek] [0 Labio-Dental | O Labialized I Substitution
O Linguolabial | OO0 Palatalized | OO Omission
O Dental O Velarized/ | O Insertion/
1 Alveolar Pharyngealized | Addition
[ Palato- O Apical
Alveolar O Laminal
O Retroflex 00 Nasalized
[ Palatal [ Gliding
O Velar O Rhoticity
O Uvular O Rounded
O Pharyngeal | (More/Less)
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O Glottal

O Plosive

O Nasal

O Fricative

0 Approximant
O Affricate

O Trill

[0 Egressive

O Front/Mid
/Back

O Rounded/
Unrounded
O Clustered
O Voiced/

Voiceless
Hz: .........
dB: .........

Sec: ...

0 Weak
Syllable

Deletion

O Clusters
Reduction

O Linking

O Reiteration/
Double

Articulation/
Pause

O Inconsistent
/6/

0 Whistled
Articulation
O Ingressive
Hz: .........
dB:.........

Sec: ...

Notes:
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The present research is a quantitative one since the research focuses on the ratio or

frequency of Bangla typical and atypical speech. It looks into the ratio analysis,

Chapter Four

Analyses and Discussion

sample patient reports, and linguistic interpretation of the received data sets.

4.1. Data Representation

As for ratio analyses, it starts with the Feature Detection Checklist for Task-based
Phonological Tests (Picture and Word Naming). It measures the consonant sounds
in Oscillogram (Sound Waves), as in Spectrogram presents the articulatory and
acoustic features of both Bangla typical and atypical speech, along with error

types.

Patient SI No. 03 (Recurrent)

General
Information

and Diagnosis

Name: Jannatul Age: 24 Sex: Female

Ferdous

History:
2012-2023

In 2012, experienced headache, vomiting, double vision,
diagnosed as a post fossa SOL and operated by posterior
midline approach to remove the SOL and VP shunt
followed by removal of the tumor in the right sub-
occipital  approach and was diagnosed as
hemangioblastoma in the year of 2014. In 2023, she again
got admitted with headaches, vomiting, and dimness of
vision and diagnosed as recurrence of post fossa SOL and
operated through right sub-occipital approach and
removal of tumor took place. Histopathology came out to

be Hemangioblastoma, WHO grade 1.

Present Day:

Now, in 2025, for the last 6 months, her symptoms are,
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2025 headaches aggravated during coughing and sneezing,
Recurring gradual decrease of vision and tendency to fall towards
left.

On Nervous System Examination (received info)
Higher Psychic Function Intact, GCS 15, Right handed
Speech-Scanning, Gait-Ataxic, Lobe Sign: Absent

No signs of meningeal irritation

Figure 18: General Information of Patient 03

Data Display 1 (a)

Typical Speech Atypical Speech

[puek] ipuﬂ?ﬂ
[0 ‘ (0 W] o I
i [ ] i |
Figure 19 (a): Oscillogram of =i, Figure 19 (b): Oscillogram of %z,
[piifek] [puifed]

It shows a PRAAT illustration of the | Here, [p] appears at the beginning of
word F3=i& which is displayed in the | the word. It’s 0.16 seconds, 67 dB,

Interval Tier 01: Bangla Text Word | 222 Hz. Itis atypical [p] sound. The
‘sfz, and its transcription is in | @typical IPA is [purfed]. The other

) — . features include: retracted tongue
Interval Tier 02: IPA: [puifek], Point g

Tier 01: Consonants [p], [J], [k] and
Point Tier 02: Vowel: [e] 1a focuses on

root position with a low tone for
[ed], as in, distortion. Also, omission
of [K] sound.

Note: b [p] = typical

the sound, [p] which appears at the
beginning of the word. It is a pulmonic
egressive, bilabial, voiceless sound of
0.07 seconds, 79 dB, 293 Hz.
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Data Display 1 (b)

Typical Speech

Atypical Speech

! " Ul
'y » i RPN
I
- ) U L
J

fforar

o]
[ |
i T

(o]

w}mgmn

fore

[pipe]

) | [0

[i] i |

Figure 20 (a): Oscillogram of e,

[pipre]
It shows a PRAAT illustration of

the word #=rst which is displayed in

the Interval Tier 01: Bangla Text
Word “Brer’, and its transcription is

in Interval Tier 02: IPA: [pipre],
Point Tier 01: Consonants [p], [p],
[t] and Point Tier 02: Vowel: [i], [e]
1b focuses on the sound, [p] which
appears in the middle of the word. It
is a pulmonic egressive, bilabial,
voiceless sound which is of 0.2
seconds, 90 dB, 150 Hz.

Figure 20 (b): Oscillogram of fisfwt,
[pi:pe]
Here, [p] appears in the middle of the
word. It’s 0.04 seconds, 63 dB, 230
Hz. It is a typical [p] sound. The
atypical IPA is [pi:prg]. The other
features include: nasalization for [2].

Note: m [p] = typical

Data Display 1 (c)

Typical Speech

Atypical Speech

A

£ derived spectrogram _++ .'127“'\'2‘!(. | formants— derived
P

[p] |

[¢]
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Figure 21 (a): Oscillogram of i1,
[pep]
It shows a PRAAT illustration of
the word it which is displayed in

the Interval Tier 01: Bangla Text

Word “#ef’, and its transcription is

in Interval Tier 02: IPA: [pep],
Point Tier 01: Consonants [p], [p]
and Point Tier 02: Vowel: [e] 1c
focuses on the sound, [p] which
appears at the end of the word. It is
bilabial,
voiceless sound which is of 0.07
seconds, 80 dB, 258 Hz.

a pulmonic egressive,

Figure 21 (b): Oscillogram of ==,

[peip]
Here, [p] appears at the end of the
word. It’s 0.04 seconds, 63 dB, 230 Hz.
It has weak articulation. The atypical
IPA is [pedp]. Other features include:
rising-falling of the [e] sound.

Note: e [p] = atypical, distortion (weak

articulation)

Data Display 2 (a)

Typical Speech

Atypical Speech

—d——

rived spectrogram e« derive
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[p"] (1]
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Figure 22 (a): Oscillogram of %=,

[p"ul]
It shows a PRAAT illustration of
the word = which is displayed in

the Interval Tier 01: Bangla Text
Word ‘=", and its transcription is

in Interval Tier 02: IPA: [phul],
Point Tier 01: Consonants [p®], [I]

Figure 22 (b): Oscillogram of F=1,

[p"uAl]
Here, [p"] appears at the beginning of
the word. It’s 0.19 seconds, 57 dB,
226 Hz. It shows typical [p"] sound.
The atypical IPA is [p"uAl]. Other
features include: rising-falling of the
[ur] sound.

83




and Point Tier 02: Vowel: [u] 2a
focuses on the sound, [p"] which
appears at the beginning of the
word. It is a pulmonic egressive,
bilabial, voiceless sound which is
of 0.09 seconds, 76 dB, 293 Hz.

Note: b [p*] = typical

Data Display 2 (b)

Typical Speech

Atypical Speech
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Figure 23 (a): Oscillogram of &fr=icT,
[lepteno]
It shows a PRAAT illustration of the
word =it which is displayed in
the Interval Tier 01: Bangla Text
Word ‘siFeicar, and its transcription
02: IPA:
[lep"eno], Point Tier 01: Consonants
(11, [p*], [n] and Point Tier 02:

Vowel: [e], [0] 2b focuses on the

is in Interval Tier

sound, [p"] which appears in the
middle of the word. It is a pulmonic
egressive, bilabial, voiceless sound
which is of 0.16 seconds, 58 dB,
299 Hz.

Figure 23 (b): Oscillogram of =ir=eic,
[lep"ennod]

Here, [p"] appears in the middle of
the word. It’s 0.2 seconds, 50 dB,
209 Hz. It is a typical [ph] sound.
The atypical IPA is [lep"ennod].
Other features include: laminal for
[1], double articulation of [nn], low
tone for [od].

Note: m [p"] = typical
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Data Display 2 (c)

Typical Speech

Atypical Speech
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Figure 24 (a): Oscillogram of ==,

[borop"]
It shows a PRAAT illustration of
the word == which is displayed

in the Interval Tier 01: Bangla

Text Word ‘g%’, and its

transcription is in Interval Tier 02:
IPA: [borop"], Point Tier 01:
Consonants [b], [], [p"] and Point
Tier 02: Vowel: [0], [0] 2c
focuses on the sound, [p*] which
appears at the end of the word. It
is a pulmonic egressive, bilabial,
voiceless sound which is of 0.16
seconds, 67 dB, 182 Hz.

Figure 24 (b): Oscillogram of <=,
[borrop*]

Here, [p"] appears at the end of the
word. It’s 0.32 seconds, 50 dB, 160
Hz. It is a typical [p"] sound. The
atypical IPA is [borrop]. Other
features include: double articulation
of [er].

Note: e [p"] = typical

Data Display 3 (a)

Typical Speech

Atypical Speech
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Figure 25 (a): Oscillogram of Figure 25 (b): Oscillogram of 131,
i, [beeem] [bareAm]
It shows a PRAAT illustration of | Here, [b] appears at the beginning of
the word i@ which is displayed | the word. It’s 0.23 seconds, 50 dB,
in the Interval Tier 01: Bangla 169 Hz. It is a typical [b] sound. The

Text Word <omm’, and its | atypical IPA is [bzredm]. Other
features include: rising-falling of the

[eereA].
Note: b [b] = typical

transcription is in Interval Tier
02: IPA: [baem], Point Tier 01:
Consonants [b], [m] and Point
Tier 02: Vowel: [«e] 3a focuses
on the sound, [b] which appears at
the beginning of the word. It is a
pulmonic  egressive, bilabial,
voiced sound which is of 0.12
seconds, 62 dB, 197 Hz.

Data Display 3 (b)

Typical Speech Atypical Speech
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Figure 26 (a): Oscillogram of sg&, | Figure 26 (b): Oscillogram of *Jw,

[Jobuj] [Joibuyd]
It shows a PRAAT illustration of | Here, [b] appears in the middle of
the word & which is displayed | the word. It’s 0.11 seconds, 67 dB,

in the Interval Tier 01: Bangla 194 Hz. It is a typical [b] sound. The

Text Word “w®w’, and its|atypical IPA is [fobug]. Other

L .| features include: retracted tongue
transcription is in Interval Tier

root position and low tone of [y],
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02: IPA: [fobuj], Point Tier 01: | palatalization of [of].
Consonants [f], [b], [3] and Point | Note: m [b] = typical
Tier 02: Vowel: [o0], [u] 3b
focuses on the sound, [b] which
appears in the middle of the word.
It is a pulmonic egressive,
bilabial, voiced sound which is of
0.05 seconds, 74 dB, 217 Hz.

Data Display 3 (c)

Typical Speech Atypical Speech
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Figure 27 (a): Oscillogram of =g, | Figure 27 (b): Oscillogram of (=%,

[lebu] [lebfa]
It shows a PRAAT illustration of | Here, [b] appears at the end of the
the word ¢ which is displayed in | word. It’s 0.08 seconds, 50 dB, 183

the Interval Tier 01: Bangla Text | HZ. It shows lip compression. The

Word ‘=i, and its transcription is | atypical IPA is  [lebfd]. ~Other

i : features include: laminal 1],
in Interval Tier 02: IPA: [lebu], ! Inciu ' [l

Point Tier 01: Consonants [l], [b]
and Point Tier 02: Vowel: [e], [u]

3c focuses on the sound, [b] which

nasalized [t].
Note: e [b] = atypical, distortion (lip

compression)

appears at the end of the word. It
is a pulmonic egressive, bilabial,
voiced sound which is of 0.11
seconds, 70 dB, 198 Hz.
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Data Display 4 (a)

Typical Speech

Atypical Speech
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Figure 28 (a): Oscillogram of s,
[bfielo]

It shows a PRAAT illustration of

the word =1 which is displayed in

the Interval Tier 01: Bangla Text

Word “ei<’, and its transcription is

in Interval Tier 02: IPA: [bfelo].
Point Tier 01: Consonants [bf], [I]
and Point Tier 02: Vowel: [¢], [0]
4a focuses on the sound, [bf]
which appears at the beginning of
the word. It is a pulmonic
egressive, bilabial, voiced sound
which is of 0.21 seconds, 70 dB,

239 Hz.

Figure 28 (b): Oscillogram of =1,

[b7ellod]

Here, [b%] appears at the beginning
of the word. It’s 0.21 seconds, 50
dB, 189 Hz. It is an unaspirated
sound. The atypical IPA is [bellod].
Other features include: insertion and
double articulation of [iI], low tone
of [od].

Note: b [bf] =

(unaspirated), also could be noted as

atypical, distortion

omission

Data Display 4 (b)

Typical Speech

Atypical Speech
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Figure 29 (a): Oscillogram of srew,

[obfieb]
It shows a PRAAT illustration of
the word =rei< which is displayed in

the Interval Tier 01: Bangla Text
Word ‘srer’, and its transcription is

in Interval Tier 02: IPA: [obfeb].
Point Tier 01: Consonants [bf], [b]
and Point Tier 02: Vowel: [o], [e]
4b focuses on the sound, [bf] which
appears in the middle of the word.
It is a pulmonic egressive, bilabial,
voiced sound which is of 0.12

seconds, 67 dB, 206 Hz.

Figure 29 (b): Oscillogram of
rei], [ovbiveb]

Here, [bf] appears in the middle
of the word. It’s 0.3 seconds, 52
dB, 176 Hz. It is labialized. The
atypical IPA is [o¥biveb]. Other
features include: velarized [oY],
voiceless [b].

Note: m [bf] = atypical, distortion
(labialized)

Data Display 4 (c)

Typical Speech

Atypical Speech
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Figure 30 (a): Oscillogram of
fiewre, [bikk"obf]

It shows a PRAAT illustration of
the word Rt which is displayed

in the Interval Tier 01: Bangla

Text Word ‘Re#te’, and its

transcription is in Interval Tier 02:
IPA: [bikkPobf]. Point Tier 01:

Figure 30 (b): Oscillogram of Rtwrs,
[bik‘kvobf]
Here, [bf] appears at the end of the
word. It’s 0.23 seconds, 50 dB, 164
Hz. It has breathy-voiced aspirated.
The atypical IPA is [bik‘kvob"].
Other creaky-
voiced [b],

features include

pharyngealized [k,
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Consonants [b], [K], [k"], [bf] and
Point Tier 02: Vowel: [1], [0] 4c
focuses on the sound, [b"] which
appears at the end of the word. It
is a pulmonic egressive, bilabial,
voiced sound which is of 0.34
seconds, 67 dB, 194 Hz.

velarized [kY].
Note: e [bf]
(breathy-voiced

atypical, distortion

aspirated), also

could be noted as addition

Data Display 5 (a)

Typical Speech

Atypical Speech
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Figure 31 (a): Oscillogram of ©gs,
[tobuo]
It shows a PRAAT illustration of
the word s which is displayed in

the Interval Tier 01: Bangla Text
Word ‘©98’, and its transcription is

in Interval Tier 02: IPA: [tobuo]
Point Tier 01: Consonants [t], [b]
and Point Tier 02: Vowel: [0], [uo],
5a focuses on the sound, [t] which
appears at the beginning of the
word. It is a pulmonic egressive,
alveolar, voiceless sound which is
of 0.08 seconds, 80 dB, 278 Hz.

Figure 31 (b): Oscillogram of ©gs,

[tobuvood]
Here, [t] appears at the beginning
of the word. It’s 0.09 seconds, 60
dB, 384 Hz. It is a typical [t]
IPA
[tobvood]. Other features include:
with [v],

sound. The atypical IS

substitution short
addition of low-toned [24].

Note: b [t] = typical
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Data Display 5 (b)

Typical Speech Atypical Speech
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Figure 32 (a): Oscillogram of 7731, Figure 32 (b): Oscillogram of
[difo] s, [d™idgo]

It shows a PRAAT illustration of | Here, [t] appears in the middle of

the word fgSta which is displayed in | the word. It’s 0.22 seconds, 50

dB, 185 Hz. It has pre-aspiration.

The atypical IPA is [dfirbrd].

Other features include: breathy-

the Interval Tier 01: Bangla Text
Word ‘f7SiT’, and its transcription is

in Interval Tier 02: IPA: [ditio]
Point Tier 01: Consonants [d], [t]
and Point Tier 02: Vowel: [i], [10],

5b focuses on the sound, [t] which

voice aspirated and velarized
[d™], rising-falling [i4], nasalized
[0].

. . Note: = ical, di i
appears in the middle of the word. ote: m [{] = atypical, distortion

. . . (pre-aspiration), also could be
It is a pulmonic egressive, alveolar,

voiceless sound which is of 0.39 noted as addition

seconds, 79 dB, 274 Hz.

Data Display 5 (c)

Typical Speech Atypical Speech
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Figure 33 (a): Oscillogram of zrs,
[fief]
It shows a PRAAT illustration of
the word zrs which is displayed in

the Interval Tier 01: Bangla Text

Word ‘2@’ and its transcription is

in Interval Tier 02: IPA: [fiet] Point
Tier 01: Consonants [f], [t] and
Point Tier 02: Vowel: [e], 5c
focuses on the sound, [t] which
appears at the end of the word. It is
a pulmonic egressive, alveolar,
voiceless sound which is of 0.39

seconds, 79 dB, 274 Hz.

Figure 33 (b): Oscillogram of zrs,

[fet!]
Here, [t] appears at the end of the
word. It’s 0.22 seconds, 50 dB,
285 Hz. It has post-alveolar click
and low tone. The atypical IPA is
[Aet!].
voiced-glottal fricative [f].
Note: e [t] =
(post-alveolar click and low tone),

Other features include:

atypical, distortion

also could be noted as addition

Data Display 6 (a)

Typical Speech

Atypical Speech
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Figure 34 (a): Oscillogram of
Iy, [,‘ghemfé]
It shows a PRAAT illustration of
the word =ifsicx which is displayed

in the Interval Tier 01: Bangla

Text Word ‘afc’, and its

transcription is in Interval Tier 02:

Figure 34 (b): Oscillogram of
i, [tremmPreid]
Here, [t"] appears at the beginning
of the word. It’s 0.13 seconds, 55
dB, 185 Hz. It is a typical [t"]

sound. The atypical IPA is
[temmfreid].  Other  features

include: addition, lip compression
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IPA: Tier 01:

Consonants [t"], [m] and Point Tier

[temie] Point

02: Vowel: [e], [1e], 6a focuses on
the sound, [t"] which appears at the
beginning of the word. It is a
pulmonic  egressive, alveolar,
voiceless sound which is of 0.08

seconds, 71 dB, 246 Hz.

and double articulation of [mm#],
palatalized low-toned [el].
Note: b [t'] = typical

Data Display 6 (b)

Typical Speech
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Figure 35 (a): Oscillogram of
s, [Kogheo]
It shows a PRAAT illustration of
the word ¢zt which is displayed

in the Interval Tier 01: Bangla Text
Word ‘c=ite’, and its transcription

is in Interval Tier 02: IPA: [kogeo]
Point Tier 01: Consonants [K], [t"]
and Point Tier 02: Vowel: [o], [e0],
6b focuses on the sound, [t'] which
appears in the middle of the word.
It is a pulmonic egressive, alveolar,
voiceless sound which is of 0.09
seconds, 67 dB, 232 Hz.

Figure 35 (b): Oscillogram of

cerits, [kuthieo]

Here, [t"] appears in the middle of

the word. It’s 0.23 seconds, 60 dB,

184 Hz. It shows velarization. The

atypical IPA is [kottveo]. Other

features include: substitution with

short [v], less rounded [o].

Note: m [t"] = atypical, distortion

(velarization)
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Data Display 6 (c)

Typical Speech

Atypical Speech
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Figure 36 (a): Oscillogram of =2,
[pot']
It shows a PRAAT illustration of
the word == which is displayed in

the Interval Tier 01: Bangla Text

Word ‘#2°, and its transcription is

in Interval Tier 02: IPA: [pot']
Point Tier 01: Consonants [p], [t"]
and Point Tier 02: Vowel: [2], 6¢
focuses on the sound, [t"] which
appears at the end of the word. It is
a pulmonic egressive, alveolar,
voiceless sound which is of 0.08

seconds, 60 dB, 173 Hz.

Figure 36 (b): Oscillogram of #2,
[13047[]

Here, [t"] appears at the end of the

word. It’s 0.48 seconds, 69 dB,

257 Hz.

release with [t]. The atypical IPA

is [130’1?]. Other features include:

It shows no audible

voiced [p], rising-falling of [oA].
Note: e [t] = atypical, omission
(no audible release)

Data Display 7 (a)

Typical Speech

Atypical Speech
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Figure 37 (a): Oscillogram of caz,
[deeene]

It shows a PRAAT illustration of

the word 3=t which is displayed in

the Interval Tier 01: Bangla Text
Word ‘cqz=r’, and its transcription is

in Interval Tier 02: IPA: [daene]
Point Tier 01: Consonants [d], [n]
and Point Tier 02: Vowel: [e], [e],
7a focuses on the sound, [d] which
appears at the beginning of the
word. It is a pulmonic egressive,
alveolar, voiced sound which is of
0.13 seconds, 67 dB, 194 Hz.

Figure 37 (b): Oscillogram of
s, [deeens)
Here, [d] appears at the beginning
of the word. It’s 0.13 seconds, 70
dB, 184 Hz. It shows a typical [d]
The IPA s
[deeen®]. Other features include:

sound. atypical

no audible release of [¢], nasalized
[e].
Note: b [d] = typical

Data Display 7 (b)
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Figure 38 (a): Oscillogram of 33,

[idur]
It shows a PRAAT illustration of
the word 273 which is displayed in

the Interval Tier 01: Bangla Text
Word ‘292°, and its transcription is

in Interval Tier 02: IPA: [idur]
Point Tier 01: Consonants [d], [r]

Figure 38 (b): Oscillogram of 273,
[iAiduic]

Here, [d] appears in the middle of
the word. It’s 0.06 seconds, 59 dB,
182 Hz. It shows partial devoiced,
nasalized [((:1)]. The atypical IPA is
[iNduic]. Other features include:
rising-falling [i1], palatalized [ui].
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and Point Tier 02: Vowel: [i], [u],
7b focuses on the sound, [d] which
appears in the middle of the word.
It is a pulmonic egressive, alveolar,
voiced sound which is of 0.33

seconds, 79 dB, 258 Hz.

Note: m [d] = atypical, distortion

(partial devoiced, nasalized [d)])

Data Display 7 (c)

Typical Speech

Atypical Speech

Figure 39 (a): Oscillogram of v,
[ced]
It shows a PRAAT illustration of
the word o™ which is displayed in

the Interval Tier 01: Bangla Text
Word ‘o™, and its transcription is

in Interval Tier 02: IPA: [c&d],
Point Tier 01: Consonants [c], [d]
and Point Tier 02: Vowel: [2], 7c
focuses on the sound, [d] which
appears at the end of the word. It is
a pulmonic egressive, alveolar,
voiced sound which is of 0.07

seconds, 50 dB, 167 Hz.

Figure 39 (b): Oscillogram of v,
[Ceid™]

Here, [d] appears at the end of the

word. It’s 0.3 seconds, 64 dB, 152

Hz.

nasalized [d)] with breathy-voice

IPA is

[@ﬁi(c:iﬁ)]. Other features include:

It shows partial devoiced,
aspirated. The atypical

voiced [¢], palatalized [&1].

Note: e [d] = atypical, distortion
(partial devoiced, nasalized [d)]
with breathy-voice aspirated), also
could be noted as addition due to

aspiration
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Data Display 8 (a)
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Figure 40 (a): Oscillogram of ¢,
[4'5e]

It shows a PRAAT illustration of

the word csf=r which is displayed in

the Interval Tier 01: Bangla Text
Word ‘cdfar, and its transcription is

in Interval Tier 02: IPA: [dfe],
Point Tier 01: Consonants [d"] and
Point Tier 02: Vowel: [5e], 8a
focuses on the sound, [df] which
appears at the beginning of the
word. It is a pulmonic egressive,
alveolar, voiced sound which is of
0.11 seconds, 67 dB, 223 Hz.

Figure 40 (b): Oscillogram of ¢,
[do@i]

Here, [df] appears at the beginning
of the word. It’s 0.23 seconds, 57
dB, 189 Hz. It shows substitution
with a [d]. The atypical IPA is
[dogAA]. Other features include:
double rising-falling, nasalization
with [o&~].

Note: b [df] = atypical, substitution
(substitution with a [d])

Data Display 8 (b)

Typical Speech

Atypical Speech
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Figure 41 (a): Oscillogram of s,
[ordfiek]
It shows a PRAAT illustration of

the word =icd® which is displayed in

the Interval Tier 01: Bangla Text
Word “®itds”, and its transcription is

in Interval Tier 02: IPA: [ordfek],
Point Tier 01: Consonants [c], [df],
[k] and Point Tier 02: Vowel: [o],
[e], 8b focuses on the sound, [df]
which appears in the middle of the
word. It is a pulmonic egressive,
alveolar, voiced sound which is of
0.07 seconds, 66 dB, 232 Hz.

Figure 41 (b): Oscillogram of
wEs, [ovArdeky]

Here, [d®] appears in the middle of
the word. It’s 0.13 seconds, 65 dB,
161 Hz. It shows substitution with
devoiced [d]. The atypical IPA is
[o¥Ardeky]. Other features include:
velarized [ov4] with rising-falling
tone, velarized voiced [kY].
@] =
(substitution

Note: m atypical,

substitution with

devoiced [d])

Data Display 8 (c)
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Figure 42 (a): Oscillogram of 3=,
[oufod"]

It shows a PRAAT illustration of

the word @3« which is displayed in

the Interval Tier 01: Bangla Text

Word ‘8%, and its transcription is
in Interval Tier 02: IPA: [oufod"],

Point Tier 01: Consonants [f], [df]
and Point Tier 02: Vowel: [o], [ou],

Figure 42 (b): Oscillogram of @3,
[oufodf]

Here, [df] appears at the end of the

word. It’s 0.11 seconds, 53 dB,

174 Hz. It has a typical [df] sound.

The atypical IPA is [ourdfuvdf].

Other

falling tone of [oud], insertion,

features include: rising-

labialization, of aspirated [v""].
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8c focuses on the sound, [df] which
appears at the end of the word. It is
a pulmonic egressive, alveolar,
voiced sound which is of 0.64

seconds, 52 dB, 174 Hz.

Note: e [d"] = typical

Data Display 9 (a)
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Atypical Speech
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Figure 43 (a): Oscillogram of 5cchy,
[tometo]

It shows a PRAAT illustration of

the word Becst which is displayed

in the Interval Tier 01: Bangla Text
Word ‘Gtaeb, and its transcription

Tier 02: IPA:
[tometo], Point Tier 01: Consonants
[t], [m], [t] and Point Tier 02:
Vowel: [o], [e], [0], 9a focuses on

is in Interval

the sound, [t] which appears at the
beginning of the word. It is a

pulmonic  egressive,  alveolar,
voiceless sound which is of 0.12

seconds, 71 dB, 266 Hz.

Figure 43 (b): Oscillogram of
BCCH, [{oImPeto]

Here, [{] appears at the beginning
of the word. It’s 0.11 seconds, 66
dB, 200 Hz. It shows laminal [L'i]
with The
atypical IPA is [{omPefo]. Other

rising-falling  tone.

features include: rising-falling
[04], [mf] with compressed lips,
retracted tongue-root position of

[e]. [,

articulation of [o].

laminal and weak

Note: b [g = atypical, distortion
(laminal [t4] with rising-falling

tone)
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Data Display 9 (b)

Typical Speech

Atypical Speech
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Figure 44 (a): Oscillogram of =it<, | Figure 44 (b): Oscillogram of 5,
[etok] [edfoik]

It shows a PRAAT illustration of
the word iG< which is displayed in

the Interval Tier 01: Bangla Text
Word ‘=153, and its transcription is

in Interval Tier 02: IPA: [etok].
Point Tier 01: Consonants [t], [k]
and Point Tier 02: Vowel: [e], [0],
9b focuses on the sound, [t] which
appears in the middle of the word.
It is a pulmonic egressive, alveolar,
voiceless sound which is of 0.38
seconds, 67 dB, 258 Hz.

Here, [{] appears in the middle of
the word. It’s 0.5 seconds, 60 dB,
178 Hz. It has laminal [g. The
atypical IPA is [erfork]. Other
features include: rising-falling
[ed], and [oA], voiced [k] with
weak articulation.

Note: m [t] = atypical, distortion

(laminal)

Data Display 9 (c)
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Figure 45 (a): Oscillogram of 45,
[k*ef]

It shows a PRAAT illustration of

the word %15 which is displayed in

the Interval Tier 01: Bangla Text
Word “15”, and its transcription is

in Interval Tier 02: IPA: [Khet].
Point Tier 01: Consonants [k"], [{]
and Point Tier 02: Vowel: [e], 9c
focuses on the sound, [t] which
appears at the end of the word. It
is a pulmonic egressive, alveolar,
voiceless sound which is of 0.38
seconds, 67 dB, 258 Hz.

Figure 45 (b): Oscillogram of =15,
[khverdy]

Here, [t] appears at the end of the
word. It’s 0.5 seconds, 60 dB, 178
Hz. It has a voiced rhotic release [{].
The atypical IPA is [k™eAd{]. Other
features include: velarized [k"Y],
rising-falling tone of [eA].

Note: e [t]

(voiced rhotic release)

atypical, distortion

Data Display 10 (a)

Typical Speech

Atypical Speech
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Figure 46 (a): Oscillogram of
o1, [thikene]

It shows a PRAAT illustration of
the word B« which is displayed

in the Interval Tier 01: Bangla

Text Word ‘B=, and its
transcription is in Interval Tier
02: IPA: [thikene], Point Tier 01:

Consonants [t'], [k], [n] and Point

Figure 46 (b): Oscillogram of 3=,

[tikeinded]

Here, [{"] appears at the beginning of
the word. It’s 0.17 seconds, 60 dB,
209 Hz. It has voiced [tl]. The
atypical IPA is [trikendel]. Other
features include: voiced [k], rising-
falling [eA], low toned [nd] and [ed].
Note: b ["]
(voiced)

atypical, distortion
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Tier 02: Vowel: [i], [e], 10a
focuses on the sound, [{"] which
appears at the beginning of the
word. It is a pulmonic egressive,
alveolar, voiceless sound which is
of 0.05 seconds, 71 dB, 356 Hz.

Data Display 10 (b)

Typical Speech Atypical Speech
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Figure 47 (a): Oscillogram of Figure 47 (b): Oscillogram of =t
1o, [keel] [kegeA]4]

It shows a PRAAT illustration of | Here, [t"] appea;s in the middle of

the word =fi=1 which displays the | the word. It’s 0.15 seconds, 73 dB,

Interval Tier 01: Bangla Text|197 Hz. It has voiced [f']. The

Word ‘@5, Interval Tier 02: | atypical IPA is [ke"edl]. Other

o | features include: rising-falling T
Transcription, IPA: [Ketel], Point | o oo INCIUAE: TISING-aTling [e]

Tier 01: Consonants [Kk], [t"], [l],
Point Tier 02: Vowels: [2], [e]

10b focuses on the sound, [t"]

weak articulation with low tone of
(4]
Note: m [t"] = atypical, distortion

which appears in the middle of (voiced)

the word. It is a pulmonic
egressive, alveolar, voiceless
sound which is of 0.09 seconds,
69 dB, 218 Hz.
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Data Display 10 (c)

Typical Speech

Atypical Speech
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Figure 48 (a): Oscillogram of =1,
[ket']

It shows a PRAAT illustration of

the word =15 which is displayed in

the Interval Tier 01: Bangla Text

Word ‘=19’, and its transcription is

in Interval Tier 02: IPA: [ket'].
Point Tier 01: Consonants [K], [t"]
and Point Tier 02: Vowel: [e],
10c focuses on the sound, [t"]
which appears at the end of the
word. It is a pulmonic egressive,
alveolar, voiceless sound which is
of 0.7 seconds, 67 dB, 190 Hz.

Figure 48 (b): Oscillogram of s,
[kver(]

Here, [t"] appears at the end of the
word. It’s 0.17 seconds, 63 dB, 183
Hz. It has no audible release of [f].
The atypical IPA is [kvedf]. Other
features include: rising-falling [eA]
and velarized, nasalized [k] with
retracted tongue root position.

Note: e [{'] = atypical, omission (no

audible release)

Data Display 11 (a)

Typical Speech

Atypical Speech
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Figure 49 (a): Oscillogram of Figure 49 (b): Oscillogram of wifer,
Sifer, [delim] [qelim]
It shows a PRAAT illustration of | Here, [d] appears at the beginning of
the word ©ifersr which is displayed | the word. It’s 0.12 seconds, 66 dB,
in the Interval Tier 01: Bangla 228 Hz. It shows voicelessness. The

Text Word ‘sfn’, and its atypical IPA is [de™lim]. Other

T .| features include: velarized [¢] with
transcription is in Interval Tier

02: IPA: [delim] Point Tier 0O1:
Consonants [d], [I], [m] and Point
Tier 02: Vowel: [e], [i], 1lla

focuses on the sound, [d] which

rising-falling tone.
Note: b [d] = atypical, distortion

(voiceless)

appears at the beginning of the
word. It is a pulmonic egressive,
alveolar, voiced sound which is
of 0.12 seconds, 67 dB, 191 Hz.

Data Display 11 (b)

Typical Speech Atypical Speech
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Figure 50 (a): Oscillogram of Figure 50 (b): Oscillogram of wireet,
s, [edde] [e4dde]
It shows a PRAAT illustration of | Here, [d] appears in the middle of
the word st which is displayed | the word. It’s 0.65 seconds, 70 dB,

in the Interval Tier 01: Bangla | 181 Hz. It has voiceless [d] sound.

Text Word ‘sies’. and its | 1he atypical IPA is [eddded]. Other
features include: rising-falling of the

[eA] sound.

transcription is in Interval Tier 02:
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IPA: [edde], Point Tier 01: | Note: m [d] = atypical, distortion
Consonants [d], [d], and Point | (voiceless)

Tier 02: Vowel: [e], 11b focuses
on the sound, [d] which appears in
the middle of the word. It is a
pulmonic  egressive, alveolar,
voiced sound which is of 0.45
seconds, 73 dB, 207 Hz.

Data Display 11 (c)

Typical Speech Atypical Speech
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Figure 51 (a): Oscillogram of =, Figure 51 (b): Oscillogram of o,

[rod] [¥97d]
It shows a PRAAT illustration of | Here, [d] appears at the end of the
the word s© which is displayed in | word. It’s 0.65 seconds, 70 dB, 181

Word 7w, and its transcription is | atypical IPA is  [r94d].  Other

} ) features include: velarized retracted
in Interval Tier 02: IPA: [rod],

Point Tier 01: Consonants [¢], [d],
and Point Tier 02: Vowel: [o],

11c focuses on the sound, [d]

tongue root position of [v], and
retracted tongue root position of [p4]
with rising-falling tone.

. Note: e = atypical, omission (no
which appears at the end of the L] yp (
. . . audible release)
word. It is a pulmonic egressive,
alveolar, voiced sound which is

of 0.45 seconds, 73 dB, 207 Hz.
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Data Display 12 (a)

Typical Speech Atypical Speech
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Figure 52 (a): Oscillogram of Figure 52 (b): Oscillogram of c5w,
e, [dirof] [colath'itwofJ]

It shows a PRAAT illustration of | Here, [d"] appears at the beginning

the word <5 which is displayed | of the word. It’s 0.23 seconds, 76

in the Interval Tier 01: Bangla | 9B, 160 Hz. It has substitution with

Text Word ‘cbwr, and its | voiceless [d]. The atypical IPA is
[dehirofd]. Other features

include: retracted tongue root

transcription is in Interval Tier 02:
IPA: [di@rof]. Point Tier O1:
Consonants [df], [¢], [J] and Point
Tier 02: Vowel: [&], [0], 12a

focuses on the sound, [df] which

position of [&], retracted tongue
root position of velarized [h¥4] with
rising-falling tone, labialized [V],

appears at the beginning of the and low tone of [[4].

) . . Note: b [df] = atypical, substitution
word. It is a pulmonic egressive, [d] yp

. I substitution with voiceless
alveolar, voiced sound which is of ( [2,1])

0.11 seconds, 60 dB, 202 Hz.

Data Display 12 (b)

Typical Speech Atypical Speech

[bediap] [bed™o p]
[ [¢] R [d+A] ol |
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Figure 53 (a): Oscillogram of ¢zv,

[bedfop]
It shows a PRAAT illustration of
the word ¢+t which is displayed in

the Interval Tier 01: Bangla Text
Word ‘@9, and its transcription
Tier

Point

is in 02: IPA:
[bedfap], Tier  01:
Consonants [b], [d"], [p] and Point
Tier 02: Vowel: [e], [0], 12b

focuses on the sound, [df] which

Interval

appears in the middle of the word.

It is a pulmonic egressive,
alveolar, voiced sound which is of

0.09 seconds, 68 dB, 212 Hz.

Figure 53 (b): Oscillogram of ¢<o#,

[bed™op]
Here, [d"] appears in the middle of
the word. It’s 0.3 seconds, 64 dB,
166 Hz. It has velarized [d™A] with
rising-falling tone. The atypical IPA
is  [bed™op].  Other

retracted

features

include: tongue root
position of [¢] and voiced [p].

Note: m [d"] = atypical, distortion
(velarized [dMA] with rising-falling

tone)

Data Display 12 (c)

Typical Speech
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Figure 54 (a): Oscillogram of o,

[dfordfor]
It shows a PRAAT illustration of
the word ¢52e which is displayed in

the Interval Tier 01: Bangla Text
Word ‘¢ots’, and its transcription is
in Interval Tier 02: IPA: [dfordtor],
Point Tier 01: Consonants [df], [df]

Figure 54 (b): Oscillogram of ¢vp,
[doridor]

Here, [d"] appears near the end of
the word. It’s 0.3 seconds, 60 dB,
183 Hz. It has substitution with [d].
The atypical IPA is [doridor].
Other
falling of the [o14] sound.

features include: rising-
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and Point Tier 02: Vowel: [o1], 12¢
focuses on the sound, [d"] which
appears at the end of the word. It is
a pulmonic egressive, alveolar,
voiced sound which is of 0.08

seconds, 66 dB, 199 Hz.

Note: e [d"] = atypical, substitution
(substitution with [d])

Data Display 13 (a)

Typical Speech
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Figure 55 (a): Oscillogram of 53,
[coter]

It shows a PRAAT illustration of

the word 5©12 which is displayed in

the Interval Tier 01: Bangla Text
Word ‘5w12’, and its transcription is

in Interval Tier 02: IPA: [corei],
Point Tier 01: Consonants [c], [{]
and Point Tier 02: Vowel: [5], [e1],
13a focuses on the sound, [c] or
[te] which appears at the beginning
of the word. It is a pulmonic
egressive, post-alveolar or palato-
alveolar, voiceless sound which is

of 0.05 seconds, 73 dB, 271 Hz.

Figure 55 (b): Oscillogram of 5u13,

[covipvord]

Here, [c] or [te] appears at the
beginning of the word. It’s 0.3
seconds, 63 dB, 211 Hz. It has a
typical [c] or [te] sound. The
atypical IPA is [covipord]. Other
features include: velarized [o¥]
with rising-falling, velarized [¥],
substitution with [ord] with low
tone.

Note: b [c] = typical
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Data Display 13 (b)
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Figure 56 (a): Oscillogram of siet, | Figure 56 (b): Oscillogram of v,

[ecer] [evcAedr]
It shows a PRAAT illustration of | Here, [c] or [te] appears in the
the word =51 which is displayed | middle of the word. It’s 0.21
in the Interval Tier 01: Bangla | Séconds, 66 dB, 188 Hz. It rising-

Text Word ‘wisi’, and its falling tone of [cAd]. The atypical

TR . IPA is [e¥icredc]. Other features
transcription is in Interval Tier 02: [eicteds]

IPA:  [ecer], Point Tier 01:
Consonants [c], [c] and Point Tier
02: Vowel: [e], 13b focuses on the

include: velarized [e¥A] with rising-
falling tone, no audible release with
[£], and low tone with [e].

sound, [c] or [te], appears in the Note: m [c] = atypical, distortion
middle of the word. It is a (rising-falling tone of [c71])
pulmonic egressive, post-alveolar
or palato-alveolar, voiceless sound

of 0.07 seconds, 60 dB, 270 Hz.
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Figure 57 (a): Oscillogram of 513,

[cemoc]
It shows a PRAAT illustration of
the word 55 which is displayed in

the Interval Tier 01: Bangla Text
Word ‘s195°, and its transcription is

in Interval Tier 02: IPA: [cemoc],
Point Tier 01: Consonants [c], [m],
[c] and Point Tier 02: Vowel: [e],
[0], 13c focuses on, [c] or [te]
which appears at the end. It is
pulmonic egressive, post-alveolar
or palato-alveolar, voiceless, 0.04
seconds, 71 dB, 248 Hz.

Figure 57 (b): Oscillogram of 13,

[ceiimdric]
Here, [c] or [te] appears at the end
of the word. It’s 0.12 seconds, 60
dB, 224 Hz.
release of [¢]. The atypical IPA is

It has no audible

[ceiimdAc]. Other features include:
palatalized [ei4] with rising-falling
tone, nasalized [04] with rising-
falling tone.

Note: e [c] = atypical, omission (no

audible release)

Data Display 14 (a)
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Figure 58 (a): Oscillogram of zi,
[ctegol]

It shows a PRAAT illustration of

the word == which is displayed in

the Interval Tier 01: Bangla Text

Word ‘=i, and its transcription is

in Interval Tier 02: IPA: [c"egol],

Point Tier 01: Consonants [c"], [g],
[1] and Point Tier 02: Vowel: [e],

Figure 58 (b): Oscillogram of =z,
[chverdgrorld]

Here, [c"] or [te'] appears at the
beginning of the word. It’s 0.3
seconds, 67 dB, 188 Hz. It has
retracted tongue root position of
velarized [¢™]. The atypical IPA is
[cmertgrorild]. Other
include: retracted

features
tongue root

position of [eA] with rising-falling
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[0] 14a focuses on the sound, [ch]
or [te"] which appears at the
beginning of the word. It is a
pulmonic egressive, post-alveolar
or palato-alveolar, voiceless sound
which is of 0.11 seconds, 70 dB,
237 Hz.

tone, velarized retraced tongue root
position of [gY], rising-falling of the
[04] sound, and low tone of [14].

Note: b [c"]

(retracted tongue root position of

= atypical, distortion

velarized [¢™])

Data Display 14 (b)
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Figure 59 (a): Oscillogram of =7,
[bochor]

It shows a PRAAT illustration of

the word <2< which is displayed in

the Interval Tier 01: Bangla Text
Word ‘I=2’, and its transcription is

in Interval Tier 02: IPA: [bochor],
Point Tier 01: Consonants [b], [c"],
[c] and Point Tier 02: Vowel: [5],
[0], 14b focuses on the sound, [ct]
or [te"] which appears in the
middle of the word. It is a
pulmonic egressive, post-alveolar
or palato-alveolar, voiceless sound
which is of 0.09 seconds, 68 dB,

267 Hz.

Figure 59 (b): Oscillogram of <=7,
[bovArchoivg]

Here, [c"] or [te"] appears in the
middle of the word. It’s 0.21
seconds, 60 dB, 190 Hz. It is a pre-
aspiration with ["c"]. The atypical
IPA is [bovAhchoivey]. Other features
include: velarized [o¥A] with rising-
falling tone, retracted tongue root
position of palatalized and velarized
[o] and velarized [¢¥] with retracted
tongue root position.

Note: m [ch] = atypical, distortion
(pre-aspiration), also could be noted

as addition
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Data Display 14 (c)
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Figure 60 (a): Oscillogram of g, Figure 60 (b): Oscillogram of 3z,

[mech] [mPfeAhch]
It shows a PRAAT illustration of | Here, [ct] or [te"] appears at the end
the word =1z which is displayed in | of the word. It’s 0.53 seconds, 69

the Interval Tier 01: Bangla Text | 4B, 199 Hz. It has a typical [c*] or

Word “iz’, and its transcription is [te"] sound. The atypical IPA is

' i nBgAhch]. Other features include:
in Interval Tier 02: IPA: [mech]. [mfetie’] ures nclu

Point Tier 01: Consonants [m], [c"]
and Point Tier 02: Vowel: [¢], 14c
focuses on the sound, [c"] or [te"]

rising [mf] with compressed lips,
rising-falling of nasalized and
aspirated [24"].

. h - 1
which appears at the end of the Note: & [¢"] = typical

word. It is a pulmonic egressive,
post-alveolar or palato-alveolar,
voiceless sound which is of 0.19
seconds, 71 dB, 183 Hz.
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Figure 61 (a): Oscillogram of ¢zs,
[ye0]
It shows a PRAAT illustration of

the word ¢ze which is displayed in

the Interval Tier 01: Bangla Text

Word ‘c@e’, and its transcription is

in Interval Tier 02: IPA: [jeo].
Point Tier 01: Consonants [5] and
Point Tier 02: Vowel: [e0], 15a
focuses on, [;] or [dz] which
appears at the beginning of the
word. It is a pulmonic egressive,
post-alveolar or palato-alveolar,
voiced sound which is of 0.15

seconds, 61 dB, 208 Hz.

Figure 61 (b): Oscillogram of cze,
[yeor]

Here, [3] or [;jz,] appears at the
beginning of the word. It’s 0.21
seconds, 61 dB, 191 Hz. It has
velarized [p] with retracted tongue
root positié)n. The atypical IPA is
[iv&ri]. Other features include:
rising-falling of the [eoA] sound.

Note: b [j] = atypical, distortion
(velarized [§¥] with retracted tongue

root position)

Data Display 15 (b)
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Figure 62 (a): Oscillogram of sier,

[geyor]
It shows a PRAAT illustration of
the word irerg which is displayed in

the Interval Tier 01: Bangla Text

Word ‘ster=’, and its transcription is

in Interval Tier 02: IPA: [gejor].
Point Tier 01: Consonants [g], [3],

Figure 62 (b): Oscillogram of 4,
[gveipoil]
Here, [3] or [dz] appears in the
middle of the word. It’s 0.14
seconds, 56 dB, 184 Hz. It has
velarized [p¥] with retracted tongue
root positig)n. The atypical IPA is
[gveiproi]. Other features include:

velarized [g¥], palatalized [e]] and
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[c] and Point Tier 02: Vowel: [¢],
[0], 15b focuses on the sound, [3] or
[dz] which appears in the middle of
the word. It is a pulmonic
egressive, post-alveolar or palato-
alveolar, voiced sound which is of

0.06 seconds, 56 dB, 208 Hz.

[0f], substitution with [¢].
Note: m [j] = atypical, distortion
(velarized [3] with retracted tongue

root position)

Data Display 15 (c)
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Figure 63 (a): Oscillogram of &z,

[yehe;]
It shows a PRAAT illustration of

the word wzier which is displayed in

the Interval Tier 01: Bangla Text
Word ‘wizie’, and its transcription

is in Interval Tier 02: IPA: [jehey].
Point Tier 01: Consonants [3], [h],
[3] and Point Tier 02: Vowel: [e],
15c focuses on the sound, [3] or
[dz] which appears at the end of the
word. It is a pulmonic egressive,
post-alveolar

or palato-alveolar,

voiced sound which is of 0.09

seconds, 62 dB, 200 Hz.

Figure 63 (b): Oscillogram of
aizre, [pevihvedp]

Here, [3] or [dz] appears at the end.
It’s 0.13 seconds, 60 dB, 192 Hz,
has retracted tongue root with
voiceless velarization  [p¥]. The
atypical IPA is [pgiihygp]. Other
features: velarized retracte;d tongue
root with [y¥], retracted tongue root
of palatalized and velarized [g¥A]
with rising-falling tone, velarized
[hv], retracted tongue root of [ed]
with rising-falling tone.

Note: e [3] =
(retracted

atypical, distortion

tongue root  with

voiceless velarization [3¥])
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Data Display 16 (a)
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Figure 64 (a): Oscillogram of a%<, |  Figure 64 (b): Oscillogram of
[1*eubon] AT, [ivewbodn]

It shows a PRAAT illustration of | Here, [3%] or [dzf] appears at the
the word «rSs which is displayed | beginning of the word. It’s 0.34

in the Interval Tier 01: Bangla Text | Séconds, 58 dB, 187 Hz. It has

Word “ares, and its transcription | Créaky voice and retracted tongue
root position. It is also velarized.

The atypical IPA is [fveubodn].

is in Interval Tier 02: IPA:
[i*eubon].  Point  Tier  O1:
Consonants [5f], [b], [n] and Point
Tier 02: Vowel: [0], [eu], 16a

focuses on, [3f] or [dz%] which

Other features include: velarized,
creaky voiced, retracted tongue
root position of [ew], voiceless

appears at the beginning. It is a [b], low toned [o4], voiceless [n].
. . Note: b [;7] = atypical, distortion
pulmonic egressive, post-alveolar

. retracted tongue root position,
or palato-alveolar, voiced sound, of ( g P

0.11 seconds, 62 dB, 224 Hz. creaky voiced, velarized)

Data Display 16 (b)
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SIS NICE]
[oytor] [prior]
b [ (5] ]




Figure 65 (a): Oscillogram of s,

[o5°or]
It shows a PRAAT illustration of
the word e which is displayed

in the Interval Tier 01: Bangla Text
Word ‘®icaiz’, and its transcription

is in Interval Tier 02: IPA: [orfor].
Point Tier 01: Consonants [3f], [r]
and Point Tier 02: Vowel: [o], [o],
16b focuses on the sound, [3%] or
[dzf] which appears in the middle
of the word. It is a pulmonic
egressive, post-alveolar or palato-
alveolar, voiced sound which is of

0.11 seconds, 64 dB, 224 Hz.

Figure 65 (b): Oscillogram of
A, [p5°0rY]

Here, [3%] or [dzf] appears in the
middle of the word. It’s 0.1
seconds, 53 dB, 167 Hz. It is a
typical sound. The atypical IPA is
[p3°6p]. Other features include:
retracted tongue root position of
[5], nasalized [5], substitution and
velarized retracted tongue root
position of [].

Note: m [3%] = typical
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Figure 66 (a): Oscillogram of 3,

["eyf]
It shows a PRAAT illustration of
the word & which is displayed in

the Interval Tier 01: Bangla Text

Word ‘3@, and its transcription is

in Interval Tier 02: IPA: [;g;%].

Point Tier 01: Consonants [3f] and

Figure 66 (b): Oscillogram 3,
[evy]
Here, [3f] or [dzf] appears at the
end of the word. It’s 0.11 seconds,
53 dB, 167 Hz. It is voiceless. The
atypical IPA is [fig-yy]. Other
features include: nasalized [j7],

retracted tongue root position for
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Point Tier 02: Vowel: [8], 16c
focuses on the sound, [3%] or [dzf]
which appears at the end of the
word. It is a pulmonic egressive,
palato-alveolar,
is of 0.11

post-alveolar or
voiced sound which

seconds, 64 dB, 224 Hz.

velarized and nasalized [g¥A] with
rising-falling tone.
Note: e [;3%] = atypical, distortion

(voiceless)
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Figure 67 (a): Oscillogram of =,
[kuefe]

It shows a PRAAT illustration of

the word @t which is displayed in

the Interval Tier 01: Bangla Text
Word ‘gz, and its transcription is

in Interval Tier 02: IPA: [Kuefe].
Point Tier 01: Consonants [K], [[]
and Point Tier 02: Vowel: [e], [ue],
17a focuses on the sound, [k] which
appears at the beginning of the
word. It is a pulmonic egressive,
velar, voiceless sound which is of
0.08 seconds, 70 dB, 273 Hz.

Figure 67 (b): Oscillogram of
Far, [kie /]
Here, [K] appears at the beginning
of the word. It’s 0.09 seconds, 58
dB, 217 Hz. It is a typical [K]
sound. The IPA
[k{ﬁa'iﬁraY]. Other features include:

creaky voice and nasalized [{e-]

atypical IS

with rising-falling tone. It also

includes creaky voice,

nasalization, velarization and

retracted tongue root position for
[21].

Note: b [K] = typical
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Data Display 17 (b)
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Figure 68 (a): Oscillogram of ¢ti<i=,

[doken]
It shows a PRAAT illustration of
the word ¢t which is displayed

in the Interval Tier 01: Bangla Text
Word ‘crei’, and its transcription

is in Interval Tier 02: IPA: [doken].
Point Tier 01: Consonants [d], [k],
[n] and Point Tier 02: Vowel: [o],
[e], 17b focuses on the sound, [k]
which appears in the middle of the
word. It is a pulmonic egressive,
velar, voiceless sound which is of
0.4 seconds, 77 dB, 255 Hz.

Figure 68 (b): Oscillogram of
I, [qglfde”in]
Here, [K] appears in the middle of
the word. It’s 0.11 seconds, 62 dB,
196 Hz. It has a typical [K] sound.
The atypical IPA is [ddkvedn].
Other
voiced and nasalized [6] with

features include: creaky
retracted tongue root position. It

also includes velarized and
nasalized [k¥] with retracted tongue
root position, and rising-falling of
[eA].

Note: m [K] = typical

Data Display 17 (c)
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Figure 69 (a): Oscillogram of ¢,
[nouke]

It shows a PRAAT illustration of

the word ¢ which is displayed in

the Interval Tier 01: Bangla Text
Word ‘1, and its transcription is

in Interval Tier 02: IPA: [nouke].
Point Tier 01: Consonants [n], [K]
and Point Tier 02: Vowel: [e], [oul],
17c¢ focuses on the sound, [K] which
appears at the end of the word. It is
a pulmonic egressive, velar,
voiceless sound which is of 0.4

seconds, 77 dB, 255 Hz.

Figure 69 (b): Oscillogram of ¢i=1,
[noutkA]

Here, [k] appears at the end of the

word. It’s 0.11 seconds, 62 dB, 196

Hz. It has retracted tongue root

position The

atypical IPA is [nourkygv]. Other

and velarization.

features include: advanced tongue
root position of [ou~] with rising-
falling tone, velarized nasal
retracted tongue root position of
[#¥A] with rising-falling tone.

Note: e [k] =

(retracted tongue root position and

typical, distortion

velarization)
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Figure 70 (a): Oscillogram of =<,

[nek]
It shows a PRAAT illustration of
the word 1= which is displayed in

the Interval Tier 01: Bangla Text
Word ‘===, and its transcription is

in Interval Tier 02: IPA: [nek].
Point Tier 01: Consonants [n], [K]

Figure 70 (b): Oscillogram of i<,
[ntpk]

Here, [K] appears at the end of the

word. It’s 0.11 seconds. It has no

audible release. The atypical IPA is

[n43vk]. Other features include:

rising-falling of [n4], velarized

nasal retracted tongue root position
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and Point Tier 02: Vowel: [e], 17d
focuses on the sound, [k] which
appears at the end of the word. It is
a pulmonic  egressive, velar,
voiceless sound which is of 0.4

seconds, 77 dB, 255 Hz.

of [&].
Note: e [k] = atypical, omission (no
audible release)
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Figure 71 (a): Oscillogram of c<,
[khee]
It shows a PRAAT illustration of
the word ¢ which is displayed in

the Interval Tier 01: Bangla Text
Word ‘c<a’, and its transcription is

in Interval Tier 02: IPA: [k'ee].
Point Tier 01: Consonants [k"] and
Point Tier 02: Vowel: [ce], 18a
focuses on the sound [k"], which
appears at the beginning of the
word. It is a pulmonic egressive,
velar, voiceless sound which is of
0.08 seconds, 67 dB, 261 Hz.

Figure 71 (b): Oscillogram of ¢,
[ ]

Here, [k"] appears at the beginning
of the word. It’s 0.18 seconds, 63
dB, 199 Hz. It has unaspirated
retracted tongue root position. The
atypical IPA is [k*égid]. Other
features:  nasalized  velarized
retracted tongue root position for
[€ev4] with rising-falling tone.

Note: b [k"] = atypical, distortion
(unaspirated retracted tongue root

position)
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Data Display 18 (b)
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Atypical Speech
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Figure 72 (a): Oscillogram of %2,
[kokhon]
It shows a PRAAT illustration of
the word <2< which is displayed in

the Interval Tier 01: Bangla Text
Word ‘2=, and its transcription is

in Interval Tier 02: IPA: [kokhon].
Point Tier 01: Consonants [K], [k"],
[n] and Point Tier 02: Vowel: [o],
[0], 18b focuses on the sound [k!],
which appears in the middle of the
word. It is a pulmonic egressive,
velar, voiceless sound which is of
0.1 seconds, 59 dB, 251 Hz.

Figure 72 (b): Oscillogram of s,
[k¥ork"ond]
Here, [k"] appears in the middle of
the word. It’s 0.3 seconds, 60 dB,
194 Hz. It has a typical [k"] sound.
The atypical IPA is [k¥4k"dnd].
Other features include: velarized
[k,
tongue root position of [o] with

creaky-voiced retracted
rising-falling tone, nasalized [6],
low toned [nd].

Note: m [k"] = typical
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Figure 73 (a): Oscillogram of =¥,
[ek"]
It shows a PRAAT illustration of
the word =2 which is displayed in

the Interval Tier 01: Bangla Text
Word ‘=i¥’, and its transcription is

in Interval Tier 02: IPA: [ek"]. Point
Tier 01: Consonants [k"] and Point
Tier 02: Vowel: [e], 18c focuses on
the sound [k"], which appears at the
end of the word. It is a pulmonic
egressive, velar, voiceless sound
which is of 0.12 seconds, 56 dB,
178 Hz.

Figure 73 (b): Oscillogram of =¥,

[tk
Here, [k] appears at the end of the
word. It’s 0.3 seconds, 57 dB, 181
Hz.
tongue root position of [k™]. The
atypical IPA is [edk™]. Other
features include: rising-falling of
the [eA] sound.
Note: e [k"] = atypical, distortion

It has velarized retracted

(velarized retracted tongue root

position)
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Figure 74 (a): Oscillogram of sz,

[gome]
It shows a PRAAT illustration of
the word i@ which is displayed in

the Interval Tier 01. Bangla Text

Word ‘a4, and its transcription is

in Interval Tier 02: IPA: [gome].

Figure 74 (b): Oscillogram of iz,
[koppe-]
Here, [g] appears at the beginning
of the word. It’s 0.05 seconds, 67
dB, 199 Hz. It has substitution
with nasalization.
IPA is [kopned]. Other features
root

The atypical

include: retracted tongue
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Point Tier 01: Consonants [g], [n]
and Point Tier 02: Vowel: [e], [o1],
19a focuses on the sound [g], which
appears at the beginning of the
word. It is a pulmonic egressive,
velar, voiced sound which is of 0.09
seconds, 67 dB, 202 Hz.

position with velarization [or],
retracted tongue root position of
[n] and rising-falling tone of the
sound [ed].

Note: b [g] = atypical, substitution

(substitution with nasalization)

Data Display 19 (b)

Typical Speech
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Figure 75 (a): Oscillogram of s,
[egemi]

It shows a PRAAT illustration of

the word i3t which is displayed in

the Interval Tier 01: Bangla Text
Word ‘=i, and its transcription

is in Interval Tier 02: IPA: [egemi].
Point Tier 01: Consonants [g], [m]
and Point Tier 02: Vowel: [e], [i],
19b focuses on the sound [g], which
appears in the middle of the word.
It is a pulmonic egressive, velar,
voiced sound which is of 0.3

seconds, 72 dB, 239 Hz.

Figure 75 (b): Oscillogram of
el [pgvemi]
Here, [g] appears in the middle of
the word. It’s 0.07 seconds, 63 dB,
200 Hz.
atypical IPA is [edgvemi]. Other

It has velarization. The

features include: retracted tongue
root position of the sound [gA] with
rising-falling, voiceless [m] and no
audible release of [1].

Note: m [g] = atypical, distortion

(velarization)
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Data Display 19 (c)
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Figure 76 (a): Oscillogram of c=,

[morog]
It shows a PRAAT illustration of
the word ci=ef which is displayed in

the Interval Tier 01: Bangla Text
Word ‘caige’, and its transcription is

in Interval Tier 02: IPA: [morog].
Point Tier 01: Consonants [m], [c],
[g] and Point Tier 02: Vowel: [0],
19c¢ focuses on the sound [g], which
appears at the end of the word. It is
a pulmonic egressive, velar, voiced
sound which is of 0.6 seconds, 52
dB, 150 Hz.

Figure 76 (b): Oscillogram of ¢!,
[P5v(5d]

Here, [g] appears at the end of the
word. It’s 0.3 seconds. It has no
audible release. The atypical IPA is
[mPo¥dg]. Other features include:
nasalized and compressed lips for
[mP], nasalized and velarized [6Y],
substitution with [], nasalized [3].

Note: e [g] = atypical, omission (no

audible release)
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Figure 77 (a): Oscillogram of
(qTCas, [gheugheu]
It shows a PRAAT illustration of
the word ca&tae which is displayed
in the Interval Tier 01: Bangla Text
Word ‘ce8ca®’, and its transcription
Tier

Point

02:

Tier

IPA:
01:

Consonants [g"], [¢"] and Point Tier

is in Interval

[gfeugteu].

02: Vowel: [eu], 20a focuses on the
sound [g%], which appears at the
beginning of the word. It is a
pulmonic egressive, velar, voiced
sound which is of 0.23 seconds, 67
dB, 212 Hz.

Figure 77 (b): Oscillogram of
caBCas, [gheuigeu™]
Here, [gf] appears at the beginning
of the word. It’s 0.2 seconds, 56 dB,
189 Hz.
velarized [g"]. The atypical IPA is
Other

include: creaky voiced velarized

It has creaky voiced

[gieurg™euy]. features
[euy], creaky voiced unaspirated

[g™],
velarized [eu™].

velarized and labialized
Note: b [gf] = atypical, distortion

(creaky voiced velarized)
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Figure 78 (a): Oscillogram of =ars,

[eg™et]
It shows a PRAAT illustration of
the word =iwrs which is displayed in

the Interval Tier 01. Bangla Text
Word ‘wmars’, and its transcription

Is in Interval Tier 02: IPA: [egPet].

Figure 78 (b): Oscillogram of
wrErs, [gvddredld]

Here, [gf] appears in the middle of
the word. It’s 0.2 seconds, 61 dB,
187 Hz.
aspiration. The atypical IPA is
[#¥vAdreAld]. Other features include:

It has substitution and
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Point Tier 01: Consonants [gf], [t]
and Point Tier 02: Vowel: [e], 20b
focuses on the sound [gf], which
appears in the middle of the word.
It is a pulmonic egressive, velar,
voiced sound which is of 0.34

seconds, 63 dB, 223 Hz.

retracted tongue root position,

velarization, rising-falling tone,
and it is centralized with [§¥1],
then there is rising-falling for [eA]
and a low tone of [14].

[¢°] =

(substitution

Note: m atypical,

substitution and

aspiration)
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Figure 79 (a): Oscillogram of <1,
[beg’]
It shows a PRAAT illustration of
the word <9 which is displayed in

the Interval Tier 01: Bangla Text

Word ‘91<’, and its transcription is in

Interval Tier 02: IPA: [begf]. Point
Tier 01: Consonants [b], [¢"] and
Point Tier 02: Vowel: [e], 20c
focuses on the sound [g"], which
appears at the end of the word. It is
a pulmonic egressive, velar, voiced
sound which is of 0.09 seconds, 57
dB, 150 Hz.

Figure 79 (b): Oscillogram of 71,
[bFexig"]

Here, [g%] appears at the end of
the word. It’s 0.3 seconds, 53 dB,
168 Hz. It has voicelessness. The
atypical IPA is [bfevigf]. Other
features include: retracted tongue
root position and compressed lips
for [bf], nasalization, velarization
and rising-falling for [2v4].

Note: e [gf] = atypical, distortion

(voicelessness)
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Data Display 21 (a)
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Figure 80 (a): Oscillogram of >, | Figure 80 (b): Oscillogram of 7=,
[sup"i] [SuvpivA]

It shows a PRAAT illustration of | Here, [s] appears at the beginning

the word > which is displayed in | of the word. It’s 0.3 seconds. It has

the Interval Tier 01: Bangla Text | N0 audible release. The atypical

Word &, and its transcription is | IPA is [Su"pivA]. Other features

) . .| include: labialized retracted tongue
in Interval Tier 02: IPA: [suphi]. g

Point Tier 01: Consonants [s], [p"]
and Point Tier 02: Vowel: [u], [i],

21a focuses on the sound [s], which

root position of [u*], and labialized
rings-falling for [i*4].
Note: b [s] = atypical, omission

appears at the beginning of the (no audible release)

word. It is a pulmonic egressive,
alveolar, voiceless sound which is
of 0.22 seconds, 70 dB, 303 Hz.
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Figure 81 (a): Oscillogram of =i,
[este]
It shows a PRAAT illustration of
the word =i&r which is displayed in

the Interval Tier 01: Bangla Text

Word ‘®i51°, and its transcription is

in Interval Tier 02: IPA: [est'e].
Point Tier 01: Consonants [s], [t']
and Point Tier 02: Vowel: [e], 21b
focuses on the sound [s], which
appears in the middle of the word.
It is a pulmonic egressive, alveolar,
voiceless sound which is of 0.16
seconds, 76 dB, 220 Hz.

Figure 81 (b): Oscillogram of =iz,
[e¥istTe]

Here, [s] appears in the middle of
the word. It’s 0.4 seconds, 60 dB,
183 Hz. It a typical [s] sound. The
atypical IPA is [g¥istevd]. Other
features include: velarized
retracted tongue root position with
rising-falling for [g¥4], unaspirated
[£7], velarized
[e¥4].

Note: m [s] = typical

rising-falling for

Data Display 21 (c)

Typical Speech

Atypical Speech

T

p9os,

o1 prsof]

il W 5|

| [o]

| 0

Figure 82 (a): Oscillogram of
ST, [ephsos]

It shows a PRAAT illustration of the
word s which is displayed in

the Interval Tier 01: Bangla Text
Word ‘s, and its transcription

is in Interval Tier 02: IPA: [ep"sos].
Point Tier 01: Consonants [p*], [s],

Figure 82 (b): Oscillogram of
SIFCTR, [ghApTsois]
Here, [s] appears at the end of the
word. It’s 0.2 seconds, 50 dB, 201
Hz. It has a typical [s] sound. The
atypical IPA is [g"p~sois]. Other
features include: retracted tongue
Vvoice,

position, creaky
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[s] and Point Tier 02: Vowel: [e],
[0], 21c focuses on the sound [s],
which appears at the end of the
word. It is a pulmonic egressive,
alveolar, voiceless sound which is of
0.16 seconds, 67 dB, 224 Hz.

velarization, aspiration, rising-
falling for [g™], unaspirated [p7],
palatalized [of].

Note: e [s] = typical
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Figure 83 (a): Oscillogram of
e, [fediker]
It shows a PRAAT illustration of
the word citcz2 which is displayed

in the Interval Tier 01: Bangla Text
Word ‘cwcs3’, and its transcription
is Tier 02: IPA:
[fediker]. Point Tier 01: Consonants
1, [d], [K] and Point Tier 02:

Vowel: [e], [1], [e1], 22a focuses on

in Interval

the sound [f], which appears at the
beginning of the word. It is a
pulmonic egressive, post-alveolar
or palato-alveolar, voiceless sound
which is of 0.13 seconds, 76 dB,
281 Hz.

Figure 83 (b): Oscillogram of
s, [Mediigel]
Here, [[] appears at the beginning
of the word. It’s 0.3 seconds, 58
dB, 208 Hz. It has distortion with
aspiration. The atypical IPA
[[hecTtheJi]. Other features include:

is

retracted tongue root position for
[g], low tone for [1d], substitution
with [g], palatalization for [ef], and
no audible release for [1].

Note: b [[] =
(aspiration), also could be noted as

atypical, distortion

addition
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Figure 84 (a): Oscillogram of @3y,

[ofudf]
It shows a PRAAT illustration of
the word @3¢ which is displayed in

the Interval Tier 01: Bangla Text

Word “83¥’, and its transcription is

in Interval Tier 02: IPA: [ofud"].
Point Tier 01: Consonants [f], [d"]
and Point Tier 02: Vowel: [0], [u]
22b focuses on the sound [J], which
appears in the middle of the word. It
is a pulmonic egressive, post-

alveolar or palato-alveolar,
voiceless sound which is of 0.12

seconds, 72 dB, 283 Hz.

Figure 84 (b): Oscillogram of @3y,

[oxAtfudT]

Here, [J] appears in the middle of
the word. It’s 0.3 seconds, 60 dB,
183 Hz. It has a typical [[] sound.
The atypical IPA is [gYﬂhfgﬂg=].
Other features include: velarized
retracted tongue root position with
aspiration of [o¥vi"] with rising-
falling tone, rising-falling retracted
tongue root position of [uA],
unaspirated voiceless [d7].

Note: m [[] = typical

Data Display 22 (c)
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Figure 85 (a): Oscillogram of %1,
[e/]
It shows a PRAAT illustration of the
word % which is displayed in the

Interval Tier 01: Bangla Text Word
“gr’, and its transcription is in

Interval Tier 02: IPA: [fef]. Point
Tier 01: Consonants [f], [J] and
Point Tier 02: Vowel: [e] 22c
focuses on [f], which appears at the
end of the word. It is a pulmonic
egressive, post-alveolar or palato-
alveolar, voiceless sound which is of
0.12 seconds, 72 dB, 283 Hz

Figure 85 (b): Oscillogram of =,
[c"&"]
Here, [J] appears at the end of the
word. It’s 0.3 seconds, 60 dB, 183
Hz. It pre-aspiration. The atypical
IPA is [¢cheif]. Other

include: nasalized

features
aspirated
retracted tongue root position with
[¢], nasalized retracted tongue root
position with palatalization of [&1].

Note: e [f] = atypical, distortion
(pre-aspiration), also could be noted

as addition
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Figure 86 (a): Oscillogram of s,

[Ao0]
It shows a PRAAT illustration of
the word 28 which is displayed in

the Interval Tier 01: Bangla Text
Word ‘28’ and its transcription is in

Interval Tier 02: IPA: [fio0]. Point
Tier 01: Consonants [fA] and Point

Figure 86 (b): Oscillogram of ze,

[9v1501]
Here, [A] appears at the beginning
of the word. It’s 0.2 seconds, 56
dB, 255 Hz. It shows substitution
with velarized breathy and creaky
voiced [g¥1] with a rising tone. The
atypical IPA is [gv150]. Other

features include: nasalized [50]
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Tier 02: Vowel: [00], 23a focuses | with rising-falling tone.

on the sound [f], which appears at | Note: b [A] = atypical, substitution
the beginning of the word. It is a | (velarized breathy and creaky
pulmonic egressive, glottal, | voiced [g¥1] with a rising tone)
voiceless sound which is of 0.17
seconds, 78 dB, 224 Hz.

Data Display 23 (b)
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Figure 87 (a): Oscillogram of %o, Figure 87 (b): Oscillogram of
[bofiut] w2, [b*ghivt]

It shows a PRAAT illustration of the | Here, [f] appears in the middle of

word 2% which is displayed in the | the word. It’s 0.09 seconds, 65

Interval Tier 01: Bangla Text Word | 9B, 183 Hz. It is seemingly

wge’, and its transcription is in | VOiced. The atypical IPA is
[b*3~hivAf].  Other  features

include: labialized [b*], nasalized

Interval Tier 02: IPA: [bofiut]. Point
Tier 01: Consonants [b], [f], [t] and
Point Tier 02: Vowel: [0], [u], 23b

focuses on the sound [A], which

retracted tongue root position
with rising-falling tone for [04],

. . velarized  nasalized  retracted
appears in the middle of the word. It

. . . tongue root position with rising-
is a pulmonic egressive, glottal,

voiceless sound which is of 0.13 falling tone for [§i], no audible

seconds, 64 dB, 265 Hz. release for [{].

Note: m [A] = atypical, distortion

(voiced)
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Data Display 23 (c)
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Figure 88 (a): Oscillogram of 21, Figure 88 (b): Oscillogram of 21,
[bef] [bv34h]

It shows a PRAAT illustration of the | Here, [A] appears at the end of the

word 3z which is displayed in the | word. It’s 0.2 seconds. It has no

Interval Tier 01: Bangla Text Word | audible release. The atypical IPA
<, and its transcription is in | 19 [bv84h]. Other features include:
labialized [b¥], nasalized [&1]

with creaky voice and rising-

Interval Tier 02: IPA: [bef]. Point
Tier 01: Consonants [b], [f] and
Point Tier 02: Vowel: [e], 23c

focuses on the sound [A], which

falling tone.
Note: e [A] = atypical, omission

appears at the end of the word. It is a (no audible release)

pulmonic egressive, glottal,
voiceless sound which is of 0.13
seconds, 64 dB, 265 Hz.

Data Display 24 (a)

Typical Speech Atypical Speech

i

= modifial

78 biic)
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| ] | e




Figure 89 (a): Oscillogram of wirs, Figure 89 (b): Oscillogram of sire,
[Mmaco] [ 1&0ivA]

It shows a PRAAT illustration of the | Here, [m] appears at the beginning

word syte which is displayed in the | of the word. It’s 0.3 seconds, 56

Interval Tier 01: Bangla Text Word dB, 201 Hz. It shows nasalization

. ~ _|is [m1&ov4]. Other features
Interval Tier 02: IPA: [mao]. Point o]

. . |include:  nasalized  velarized
Tier 01: Consonants [m] and Point

. ~ alatalized retracted tongue root
Tier 02: Vowel: [&0], 24a focuses on P _ g
. . ition [&on4] with rising-falli

[m], which appears at the beginning. position [oX4] with rising-falling
: . : - tone.
It is a pulmonic egressive, bilabial, _ _ _
voiced sound which is of 0.13 Note: b [m] = atypical, distortion

seconds, 73 dB, 236 Hz. (nasalization and rising tone)

Data Display 24 (b)
Typical Speech Atypical Speech
et AR W“

i i “FHH“H“‘ ‘

Sl

[mru] [m1r uA]

[m] [[m1]
] | [ruy] |

Figure 90 (a): Oscillogram of &, Figure 90 (b): Oscillogram of frg,

[mi] [mTiys]
It shows a PRAAT illustration of the | Here, [m] appears at the
word fi& which is displayed in the | beginning of the word. It’s 0.12

Interval Tier 01: Bangla Text Word | Séconds, 68 dB, 205 Hz. It has

3

i - . TwvA]. Other features include:
Interval Tier 02: IPA: [mu]. Point [ Trd]

Tier 01: Consonants [m] and Point

Tier 02: Vowel: [1u], 24b focuses on

retracted tongue root position

with velarization and rising-
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the sound [m], which appears at the
beginning of the word. It is a
pulmonic egressive, bilabial, voiced

sound which is of 0.12 seconds, 70

dB, 237 Hz.

falling tone for [ruy4].
Note: b [m] = atypical, distortion
(rising tone)

Data Display 24 (c)

Typical Speech

Atypical Speech

[tﬁ‘*emﬂa]

[#] [m]
[0 2] |

[temifred]

] ]
[ ] |

Figure 91 (a): Oscillogram of 2ifs,
[tremre]
It shows a PRAAT illustration of the
word i@ which is displayed in the

Interval Tier 01: Bangla Text Word

‘i@, and its transcription is in

Interval Tier 02: IPA: [temre]. Point
Tier 01: Consonants [t"], [m] and
Point Tier 02: Vowel: [e], [re], 24c
focuses on the sound [m], which
appears in the middle of the word. It
is a pulmonic egressive, bilabial,
voiced sound which is of 0.1
seconds, 72 dB, 239 Hz.

Figure 91 (b): Oscillogram of
ifsr, [.‘ghemAmﬁE:H]

Here, [m] appears in the middle
of the word. It’s 0.08 seconds, 62
dB, 198 Hz. It has double
articulation and lips compression.
The atypical IPA is [t*emmPreid].
Other features include:
palatalized [1ei{] with low tone.
Note: m [m] = atypical, distortion
(lips  compression),  addition

(double articulation)
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Data Display 24 (d)

Typical Speech Atypical Speech

wmmwmwmﬁww\wmm

E 7
[kolom] [ lo mi]
[k 0 ] [i 0 m ]
[0] [o] o] o]

Figure 92 (a): Oscillogram of <, | Figure 92 (b): Oscillogram of
[kolom] <o, [kyoiloAm]

It shows a PRAAT illustration of the | Here, [m] appears at the end of

word % which is displayed in the | the word. It’s 0.3 seconds, 64 dB,

Interval Tier 01: Bangla Text Word | 186 Hz. It has low tone. The
‘go’, and its transcription is in atypical IPA is  [kp¥loAmd].

. ) Other features include: retracted
Interval Tier 02: IPA: [kolom]. Point

Tier 01: Consonants [k], [I], [m] and
Point Tier 02: Vowel: [o], [o0], 24d
focuses on the sound [m], which

tongue root  position  with
velarization [kY], retracted tongue
root position with velarization and

. alatalization with rising-fallin
appears at the end of the word. It is a P g g

- - b : tone for [p¥], rising-falling tone
pulmonic egressive, bilabial, voiced 2] 9 9

sound which is of 0.2 seconds, 66 for [o], and low tone for [m-].

Note: e [m] = atypical, distortion

dB, 187 Hz.
(low tone)
Data Display 25 (a)
Typical Speech Atypical Speech

[ [nueA)

(0] | [ueA] |
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Figure 93 (a): Oscillogram of 5tz, | Figure 93 (b): Oscillogram of ¥,
[ue] [fiue]

It shows a PRAAT illustration of the | Here, [n] appears at the beginning

word ¢z which is displayed in the | of the word. It’s 0.2 seconds, 60

Interval Tier 01: Bangla Text Word | 4B, 198 Hz. It shows more
The atypical IPA is [fiue~]. Other

features include: rising-falling

Interval Tier 02: IPA: [nue]. Point

Tier 01: Consonants /n/ and Point

. ~ tone for [ueA].
Tier 02: Vowel: [ue], 25a focuses on [ue]

. N — H I, - .
the sound [n], which appears at the | O b [n] = atypical, distortion

beginning of the word. It is a (more roundedness and

. . . nasalization)
pulmonic egressive, alveolar, voiced
sound which is of 0.14 seconds, 76

dB, 238 Hz.

Data Display 25 (b)
Typical Speech Atypical Speech

T ——

[onek]

| , ) ol |
b ¢ . g

Figure 94 (a): Oscillogram of =itw=, Figure 94 (b): Oscillogram of

[onek] RIS [Qﬁh@g‘f]
It shows a PRAAT illustration of the | Here, [n] appears in the middle of

word sits which is displayed in the | the word. It’s 0.1 seconds, 64 dB,

Interval Tier 01: Bangla Text Word | 203 Hz. It shows double

i . neg¥]. Other features include:
Interval Tier 02: IPA: [onek]. Point [onneg']

Tier 01: Consonants [n], [kK] and more  roundedness for [o],
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Point Tier 02: Vowel: [o], [e], 25b
focuses on [n], which appears in the
middle of the word. It is a pulmonic
egressive, alveolar, voiced sound
which is of 0.06 seconds, 75 dB, 235
Hz.

retracted tongue-root position for
[¢], retracted tongue-root position
and velarization and substitution
for [g¥].

Note: m [n] = atypical, addition
(double articulation)

Data Display 25 (c)

Typical Speech

Atypical Speech

Wl —

Z derived spectrogram _+« derived formants

[eene]

[eerniier]

[n]

(o]

I [ee] I

| [eeT] I

Figure 95 (a): Oscillogram of iz,

[eene]
It shows a PRAAT illustration of the
word izt which is displayed in the

Interval Tier 01: Bangla Text Word
‘s, and its transcription is in

Interval Tier 02: IPA: [eene]. Point
Tier 01: Consonants [n], and Point
Tier 02: Vowel: [e], [ee], 25c
focuses on the sound [n], which
appears at the end of the word. It is a
pulmonic egressive, alveolar, voiced
sound which is of 0.06 seconds, 75
dB, 235 Hz.

Figure 95 (b): Oscillogram of
i, [eevnndeid]

Here, [n] appears at the end of the
word. It’s 0.1 seconds, 64 dB, 203
Hz. It double articulation and low
tone. The atypical IPA is
[eenndeid].  Other  features
include: retracted tongue root
position and velarization for [eeY],
palatalization and rising-falling
tone for [ei].

Note: e [n] = atypical, distortion
(low tone), addition (double

articulation)
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Data Display 25 (d)
Typical Speech Atypical Speech

= derived speciro, ‘:zm * s derived formants -
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Figure 96 (a): Oscillogram of =i, Figure 96 (b): Oscillogram of =i,

[pen] [pen]
It shows a PRAAT illustration of the | Here, [n] appears at the end of the

word = which is displayed in the | word. It’s 0.1 seconds, 64 dB, 203

Interval Tier 01: Bangla Text Word | HZ- It has a typical [n] sound. The
‘o, and its transcription is in | atypical IPA is [pewn]. Other

- .| features include: voiced ,
Interval Tier 02: IPA: [pen]. Point ! Inciu Vol [P]

Tier 01: Consonants [p], [n], and
Point Tier 02: Vowel: [e], 25d
focuses on the sound [n], which

velarization and retracted tongue-
root position for [gY].

Note: e [n] = typical

appears at the end of the word. It is a
pulmonic egressive, alveolar, voiced
sound which is of 0.06 seconds, 75
dB, 235 Hz.

Data Display 26 (a)
Typical Speech Atypical Speech

[P

W | @
| @l ]
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Figure 97 (a): Oscillogram of =i,
[enti]
It shows a PRAAT illustration of the
word =iz which is displayed in the

Interval Tier 01: Bangla Text Word
‘oef’, and its transcription is in

Interval Tier 02: IPA: [enti]. Point
Tier 01: Consonants [n], [t] and
Point Tier 02: Vowel: [e], [i] 26a
focuses on the sound [p], which
appears in the middle of the word. It
is a pulmonic egressive, velar,
voiced sound which is of 0.23

seconds, 68 dB, 283 Hz.

Figure 97 (b): Oscillogram of
s, [@ntin]

Here, [n] appears in the middle of
the word. It’s 0.4 seconds, 61 dB,
209 Hz. It has retracted tongue
root position. The atypical IPA is
[eptid]. Other features include:
velarization  nasalization  and
retracted tongue root position for
[8¥], rising-falling for [iA].

Note: m [n] = atypical, distortion

(retracted tongue root position)

Data Display 26 (b)

Typical Speech

Atypical Speech

E:Edeiwerf;pem‘agmm » derived formants  — der
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Figure 98 (a): Oscillogram of =fge,

[p"orim]
It shows a PRAAT illustration of the
word =fGe which is displayed in the

Interval Tier 01: Bangla Text Word
‘@, and its transcription is in

Interval Tier 02: IPA: [prorig]. Point
Tier 01: Consonants [p"], [t], [n] and

Figure 98 (b): Oscillogram of
Ff%2, [provpin]

Here, [n] appears at the end of the

word. It’s 0.3 seconds, 50 dB, 171

Hz. It has retracted tongue-root

IPA

[p"ovpig]. Other features include:

position. The atypical IS

nasalization, velarization and
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Point Tier 02: Vowel: [o], [1] 26b
focuses on the sound [pn], which
appears at the end of the word. It is a
pulmonic egressive, velar, voiced
sound which is of 0.25 seconds, 62
dB, 179 Hz.

retracted tongue root position for
[0¥], velarization and retracted
tongue root position for [¥].

Note: e [n] = atypical, distortion

(retracted tongue root position)

Data Display 27 (a)

Typical Speech

Atypical Speech

= derived spectrogram _++

[oer] |

Figure 99 (a): Oscillogram of =71,
[1o€]
It shows a PRAAT illustration of the
word == which is displayed in the

Interval Tier 01: Bangla Text Word

‘eTa’, and its transcription is in

Interval Tier 02: IPA: [loe]. Point
Tier 01: Consonants [I] and Point
Tier 02: Vowel: [oe], 27a focuses on
the sound [I], which appears at the
beginning of the word. It is a
pulmonic egressive, alveolar, voiced
sound which is of 0.13 seconds, 76

dB, 232 Hz.

Figure 99 (b): Oscillogram of =7,
[1xoer]

Here, [I] appears at the beginning

of the word. It’s 0.2 seconds, 72

dB, 206 Hz. It has velarization

root

IPA is

[Ivoed]. Other features include:

and retracted tongue

position. The atypical

rising-falling for [oeA].
Note: b [I] = atypical, distortion
(velarization and retracted tongue

root position)
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Data Display 27 (b)
Typical Speech Atypical Speech

TR
(it lm]

| [ o |
] i

Figure 100 (a): Oscillogram of wifer, |  Figure 100 (b): Oscillogram of
[delm] sifer, [derlim]

It shows a PRAAT illustration of the | Here, [I] appears in the middle of

word wifers which is displayed in the | the word. It’s 0.12 seconds, 63

[q 0 [m]
[¢] [

Interval Tier 01: Bangla Text Word | 9B, 187 Hz. 1t shows
‘s, and its transcription is in | VOicelessness. The atypical IPA is

. : 4lim]. Other feat include:
Interval Tier 02: IPA: [delim]. Point [qelim] oF Teatlires nciide

Tier 01: Consonants [d], [I], [m] and
Point Tier 02: Vowel: [e], [1], 27b

focuses on the sound [l], which

velarization and retracted tongue
root position for [g] with rising-
falling tone.

appears in the middle of the word. It Note: m [I] = atypical, distortion

is a pulmonic egressive, alveolar, (voicelessness)
voiced sound which is of 0.08
seconds, 77 dB, 222 Hz.
Data Display 27 (c)
Typical Speech Atypical Speech

I
IRl

= derived spectrogram  «» derived formants  —
o . 4
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Figure 101 (a): Oscillogram of ==, Figure 101 (b): Oscillogram of
[kol] &, [kvov]]
It shows a PRAAT illustration of the | Here, [I] appears at the end of the
word <= which is displayed in the | word. It’s 0.12 seconds, 63 dB,
Interval Tier 01: Bangla Text Word | 187 Hz. It has creaky voice,
‘w7, and its transcription is in | Fétracted tongue root position and

: .| velarization. The atypical IPA is
Interval Tier 02: IPA: [kol]. Point yp

Tier 01: Consonants [k], [I] and
Point Tier 02: Vowel: [0], 27c
focuses on [l], which appears at the

[k¥ov]]. Other features include:
retracted tongue root position,
creaky voice, and velarization for
end of the word. It is a pulmonic [2], and retracted tongue root
egressive, alveolar, voiced sound position for [
which is of 0.08 seconds, 77 dB, 222

Hz.

Note: e [I] = atypical, distortion
(creaky voice, retracted tongue

root position and velarization)

Data Display 28 (a)

Typical Speech Atypical Speech

B

e |
[ fie
[0 | [o&A] |

Figure 102 (a): Oscillogram of =y, Figure 102 (b): Oscillogram of

[co€] 7T, [roen]

It shows a PRAAT illustration of the | Here, [r] appears at the beginning

word st¥ which is displayed in the | of the word. It’s 0.3 seconds, 65

Interval Tier 01: Bangla Text Word | 9B, 191 Hz. It has retracted

; - .| IPA A]. Other feature
Interval Tier 02: IPA: [roe]. Point Is [roen] ures
: .. | include: rising-falling f 1].
Tier 01: Consonants [r] and Point include: rising-falling for [oer]
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Tier 02: Vowel: [oe], 28a focuses on
the sound [r], which appears at the
beginning of the word. It is a
pulmonic egressive, post-alveolar or
palato-alveolar, voiced sound which
is of 0.12 seconds, 77 dB, 225 Hz.

Note: b [r] = atypical, distortion

(retracted tongue root position)

Data Display 28 (b)

Atypical Speech

Typical Speech

— |

[morog]
[m] 1] [a]
(0] [0]

R

]
o] [d ]
[o] [o

Figure 103 (a): Oscillogram of ¢,

[morog]
It shows a PRAAT illustration of the
word ciiel which is displayed in the

Interval Tier 01: Bangla Text Word

‘e, and its transcription is in

Interval Tier 02: IPA: [morog], Point
Tier 01: Consonants [m], [r], [g] and
Point Tier 02: Vowel: [0], 28b
focuses on [c], which appears in the
middle of the word. It is a pulmonic
egressive, post-alveolar or palato-
alveolar, voiced sound which is of
0.04 seconds, 78 dB, 245 Hz.

Figure 103 (b): Oscillogram of
CTRel, [MBoVog]

Here, [r] appears in the middle of
the word. It’s 0.3 seconds. It has
substitution with [¢]. The atypical
IPA is [mPoydg]. Other features
include: nasalized and
compressed lips  for  [mf],
nasalized and velarized [0Y],
nasalized [6], no audible release
of [g].

Note: m [f] = atypical,
substitution  (substitution  with

[d)
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Data Display 28 (c)

Typical Speech Atypical Speech
wfﬁfﬂW*‘W%HWWM
ELCE]
[benor]
] ] i [ 1 il

[t [o] ' [ o]
Figure 104 (a): Oscillogram of <1, Figure 104 (b): Oscillogram of
[benor] a5, [bEnoir]

It shows a PRAAT illustration of the | Here, [c] appears at the end of the

word =9 which is displayed in the | word. It’s 0.2 seconds. It has no

Interval Tier 01: Bangla Text Word | @udible release. The atypical IPA
<, and its transcription is in is [benoir]. Other features include:

: .. | nasalized [2], voiceless ,
Interval Tier 02: IPA: [benor], Point [¢] [0]

Tier 01: Consonants [b], [n], [c] and
Point Tier 02: Vowel: [e], [0], 28C
focuses on [r], which appears at the

palatalized retracted tongue root
position for [o].
Note: e [r] = atypical, omission

. . . (no audible release)
end. It is pulmonic egressive, post-

alveolar or palato-alveolar, voiced,
0.18 seconds, 60 dB, 167 Hz.

Data Display 29 (a)
Typical Speech Atypical Speech
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Figure 105 (a): Oscillogram of =f&z,
[prorm]

It shows a PRAAT illustration of

the word =f®2 which is displayed in

the Interval Tier 01: Bangla Text
Word ‘=fEe’, and its transcription is

in Interval Tier 02: IPA: [prorm].
Point Tier 01: Consonants [p"], [t],
[n] and Point Tier 02: Vowel: [0], [1]
29a focuses on [r], appears in the
middle, pulmonic egressive, velar,
voiced, 0.03 seconds, 77 dB, 244
Hz.

Figure 105 (b): Oscillogram of
Ffe2, [provpim]
Here, [(] appears in the middle of
the word. It’s 0.3 seconds, 50 dB,
171 Hz.

retracted tongue root position for

It has velarization and

[]- The atypical IPA is [p"6vrvp].
Other

nasalization,

features include:

velarization  and
retracted tongue root position for
[0Y], retracted tongue root position
for [g].

Note: m [(] = atypical, distortion
(velarization and retracted tongue

root position for [1¥])

Data Display 29 (b)

Typical Speech

Atypical Speech

[p@§0|J
[ bl n |
| 0 o]
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Figure 106 (a): Oscillogram of =f=iw,

[pepor]
It shows a PRAAT illustration of the
word “i=e which is displayed in the

Interval Tier 01: Bangla Text Word

‘“Aste’, and its transcription is in

Interval Tier 02: IPA: [pgpor]. Point

Figure 106 (b): Oscillogram of
#4%, [pE1por]
Here, [(] appears at the end of the
word. It’s 0.08 seconds. It has no
audible release. The atypical IPA
is [pedpor].  Other
include: nasalized [p], nasalized

features

retracted tongue root position
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Tier 01: Consonants [p], [p], [] and | with  rising-falling  for  [21],
Point Tier 02: Vowel: [g], [0] 29b | nasalized retracted tongue root
focuses on [], appears at the end, | position for [Q].

pulmonic egressive, velar, voiced, | Note: e [¢] = atypical, omission
0.03 seconds, 77 dB, 244 Hz. (no audible release)

Patient SI No. 01 (Spasmodic)

General Name: Kamal Age: 55 Sex: Male
Information | Uddin

and

Diagnosis

Present Day | Patient experienced gradual progression of headache on
2025 the right side aggravated during coughing, vomiting, eye
Non- pain, vertigo and has been diagnosed with glioblastoma
recurring at right temporo-parieto-occipital lobe ICSOL,

perilesional edema, mass effect with midline

displacement.

On Nervous System Examination (received info)

GCS (E4V5M6)

The V (verbal response) score: patient is oriented, able to
speak on command and coherently, content is intact
Cranial Nerves V, VII, IX, X, XII are crucial for speech,
voice, swallowing: no swallowing difficulties, voice and
speech are on command (speech data to be analyzed)
Motor System (UL, LL, Reflexes, Plantar, Clonus):
reflects motor pathways, UMN lesions can also involve
corticobulbar tracts leading to slurred speech or even
Aphasia if lesion is cortical and left-sided (speech data to

be analyzed)

Figure 107: General Information of Patient 01
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Data Display 1 (a)

Typical Speech Atypical Speech
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Figure 108 (a): Oscillogram of Figure 108 (b): Oscillogram of
“f2i, [plinfek] “J2, [urfek]

It shows a PRAAT illustration of the | Here, [p] appears at the beginning
word #z=i which is displayed in the | of the word. It’s 0.16 seconds, 67

Interval Tier 01: Bangla Text Word | 9B, 222 Hz. It is a typical [p]

“sfgs%, and its transcription is in | Sound. The atypical IPA is
[putfek]. The other features

include: retracted tongue root

Interval Tier 02: IPA: [plifek], Point
Tier 01: Consonants [p], [J], [k] and

) ) osition for [z], as in, distortion.
Point Tier 02: Vowel: [e] la focuses P [¢]

on the sound, [p] which appears at Note: b [p] = typical

the beginning of the word. It is a
pulmonic egressive, bilabial,
voiceless sound which is of 0.07
seconds, 79 dB, 293 Hz.

Data Display 1 (b)

Typical Speech Atypical Speech
A —
i : s
[pipre] ‘ /pipry/
[ o) | | bl bl o
i B [l W
Figure 109 (a): Oscillogram of Figure 109 (b): Oscillogram of
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i1, [pipre]

It shows a PRAAT illustration of
the word fister which is displayed

in the Interval Tier 01: Bangla

Text Word ‘@eer’, and its

transcription is in Interval Tier 02:
IPA: [pipre], Tier 01:
Consonants [p], [p], [r] and Point
Tier 02: Vowel: [i], [e] 1b focuses
on the sound, [p] which appears in

Point

It is a
bilabial,
voiceless sound which is of 0.2
seconds, 90 dB, 150 Hz.

the middle of the word.

pulmonic  egressive,

ietet, [Prpre]
Here, [p] appears in the middle of
the word. It’s 0.04 seconds, 63 dB,
230 Hz. It is a typical [p] sound.
The atypical IPA is [pipre]. The
other features include: retracted
tongue root position for [e].

Note: m [p] = typical

Data Display 1 (c)

Typical Speech

Atypical Speech

| [

[¢]

[o] |

Figure 110 (a): Oscillogram of <1,

[pep]
It shows a PRAAT illustration of
the word <t which is displayed in

the Interval Tier 01: Bangla Text
Word “##"’, and its transcription is

in Interval Tier 02: IPA: [pep],
Point Tier 01: Consonants [p], [p]

Figure 110 (b): Oscillogram of =i,

[epep]
Here, [p] appears at the end of the
word. It’s 0.04 seconds, 63 dB, 230
Hz. It has no audible release. The
IPA [epep]. Other
features include: retracted tongue

atypical IS

root position for [e], also addition

of another [e] at the beginning.
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and Point Tier 02: Vowel: [e] 1c
focuses on the sound, [p] which
appears at the end of the word. It is
bilabial,
voiceless sound which is of 0.07
seconds, 80 dB, 258 Hz.

a pulmonic egressive,

Note: e [p] = atypical, omission (no

audible release)

Data Display 2 (a)

Typical Speech

Atypical Speech
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Figure 111 (a): Oscillogram of =,
[p"ul]

It shows a PRAAT illustration of

the word =1 which is displayed in

the Interval Tier 01: Bangla Text

Word ‘¥«, and its transcription is

in Interval Tier 02: IPA: [phul],
Point Tier 01: Consonants [p"], [I]
and Point Tier 02: Vowel: [u] 2a
focuses on the sound, [p"] which
appears at the beginning of the
word. It is a pulmonic egressive,
bilabial, voiceless sound which is
of 0.09 seconds, 76 dB, 293 Hz.

Figure 111 (b): Oscillogram of %=,

[p"uALd]
Here, [p"] appears at the beginning
of the word. It’s 0.19 seconds, 57
dB, 226 Hz. It shows typical [p"]
sound. The atypical IPA is [p"url].
Other
falling of the [u4] and low tone for
[1].
Note: b [p*] = typical

features include: rising-
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Data Display 2 (b)

Typical Speech Atypical Speech

[lepteno] ' [lpfanc]
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0 0 ] ) o 9 |
Figure 112 (a): Oscillogram of Figure 112 (b): Oscillogram of
reieA, [lepheno] sfieicetl, [lepeno]

It shows a PRAAT illustration of the | Here, [p"] appears in the middle of
word =it which is displayed in | the word. It’s 0.2 seconds, 50 dB,

the Interval Tier 01: Bangla Text | 209 Hz. It shows weak

Word ‘e, and its transcription articulation. The atypical IPA is

T : lepteno]. No other features
is in Inteval Tier 02: IpA: | LeR"®O]

[lephgnoL Point Tier 01: Consonants present.
(11, [p*], [n] and Point Tier 02:

Vowel: [e], [0] 2b focuses on the

Note: b [p"] = atypical, distortion

(weak articulation)

sound, [p"] which appears in the
middle of the word. It is a pulmonic
egressive, bilabial, voiceless sound
which is of 0.16 seconds, 58 dB,
299 Hz.

Data Display 2 (c)

Typical Speech Atypical Speech
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Figure 113 (a): Oscillogram of ===,
[boroph]
It shows a PRAAT illustration of

the word <= which is displayed in

the Interval Tier 01: Bangla Text

Word ‘%=, and its transcription is

in Interval Tier 02: IPA: [borop"],
Point Tier 01: Consonants [b], [r],
[p"] and Point Tier 02: Vowel: [o],
[0] 2c focuses on the sound, [p"]
which appears at the end of the
word. It is a pulmonic egressive,
bilabial, voiceless sound which is
of 0.16 seconds, 67 dB, 182 Hz.

Figure 113 (b): Oscillogram of
@, [bovrop']
Here, [p"] appears at the end of the
word. It’s 0.32 seconds, 50 dB,
160 Hz. 1t
articulation. The atypical IPA is

shows  weak
[bovrop]. Other features include: ,
double articulation of retracted
tongue position and velarization of
[>1].

Note: e [p"] = atypical, distortion

(weak articulation)

Data Display 3 (a)

Typical Speech

Atypical Speech
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Figure 114 (a): Oscillogram of
s, [baeem]
It shows a PRAAT illustration of
the word <1 which is displayed in

the Interval Tier 01. Bangla Text
Word ‘1@, and its transcription is

in Interval Tier 02: IPA: [baem],
Point Tier 01: Consonants [b], [m]

Figure 114 (b): Oscillogram of
<, [b&em]
Here, [b] appears at the beginning
of the word. It’s 0.23 seconds, 50
dB, 169 Hz. It is a typical [b]
The IPA s
[b&eAm]. Other features include:

sound. atypical

nasalization and rising-falling for

[£e4] and no audible release of
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and Point Tier 02: Vowel: [ze] 3a
focuses on the sound, [b] which
appears at the beginning of the
word. It is a pulmonic egressive,
bilabial, voiced sound which is of
0.12 seconds, 62 dB, 197 Hz.

[m].

Note: b [b] = typical

Data Display 3 (b)

Typical Speech

Atypical Speech

= derived spectrogram _++ deri
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Figure 115 (a): Oscillogram of e,

[fobuy]
It shows a PRAAT illustration of

the word & which is displayed in

the Interval Tier 01: Bangla Text
Word “7ger’, and its transcription is

in Interval Tier 02: IPA: [fobuy],
Point Tier 01: Consonants [f], [b],
[3] and Point Tier 02: Vowel: [o],
[u] 3b focuses on the sound, [b]
which appears in the middle of the
word. It is a pulmonic egressive,
bilabial, voiced sound which is of
0.05 seconds, 74 dB, 217 Hz.

Figure 115 (b): Oscillogram of
7g@, [fobuy]
Here, [b] appears in the middle of
the word. It’s 0.11 seconds, 67 dB,
194 Hz. It is a typical [b] sound.
IPA is [forbugs].

include:

The atypical
Other
falling of the [od] and fricative

features rising-

release with [3°].

Note: m [b] = typical
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Data Display 3 (c)

Typical Speech Atypical Speech
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Figure 116 (a): Oscillogram of =), | Figure 116 (b): Oscillogram of ¢,

[lebu] [lebdu]
It shows a PRAAT illustration of | Here, [b] appears at the end of the
the word ¢ which is displayed in | word. It’s 0.08 seconds, 50 dB,

the Interval Tier 01: Bangla Text 183 Hz. It shows nasalization and

Word ‘e, and its transcription is | Iow tone. The atypical IPA is

- : lebJu]. No other feat t.
in Interval Tier 02: IPA: [lebul], [lebdu]. No other features presen

Point Tier 01: Consonants [I], [b]
and Point Tier 02: Vowel: [e], [u]

3c focuses on the sound, [b] which

Note: e [b] = atypical, distortion
(nasalization and low tone)

appears at the end of the word. It is
a pulmonic egressive, bilabial,
voiced sound which is of 0.11
seconds, 70 dB, 198 Hz.

Data Display 4 (a)

Typical Speech Atypical Speech
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Figure 117 (a): Oscillogram of =i,
[bfelo]

It shows a PRAAT illustration of

the word =it which is displayed in

the Interval Tier 01: Bangla Text

Word ‘s, and its transcription is

in Interval Tier 02: IPA: [bfelo].
Point Tier 01: Consonants [bf], [I]
and Point Tier 02: Vowel: [e], [0]
4a focuses on the sound, [bf] which
appears at the beginning of the
word. It is a pulmonic egressive,
bilabial, voiced sound which is of
0.21 seconds, 70 dB, 239 Hz.

Figure 117 (b): Oscillogram of i,
[b7elvod]

Here, [bf] appears at the beginning

of the word. It’s 0.21 seconds, 50

dB, 189 Hz. It is an unaspirated

The IPA is

[b7elvod]. Other features include:

sound. atypical
retracted tongue root position of
[e], velarization with [1¥], and low
tone with [od].

Note: b [bf] = atypical, distortion
(unaspirated), also could be noted

as omission

Data Display 4 (b)

Typical Speech

Atypical Speech
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Figure 118 (a): Oscillogram of
Irer, [obfieb]
It shows a PRAAT illustration of
the word sre which is displayed in

the Interval Tier 01: Bangla Text
Word ‘srer’, and its transcription is

in Interval Tier 02: IPA: [obfeb].
Point Tier 01: Consonants [bf], [b]

Figure 118 (b): Oscillogram of
o, [00v1b evbF]

Here, [bf] appears in the middle of
the word. It’s 0.3 seconds, 52 dB,
176 Hz.
voicing. The atypical
[06¥4bevbP]. Other

include: nasalization, velarization,
[6¥],

It shows unaspirated
IPA is

features

and rising-falling  with
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and Point Tier 02: Vowel: [o], [e]
4b focuses on the sound, [bf] which
appears in the middle of the word.
It is a pulmonic egressive, bilabial,
voiced sound which is of 0.12
seconds, 67 dB, 206 Hz.

velarization  with  [e¥], lip
compression with [bF].

Note: m [bf] = atypical, distortion
(unaspirated voicing), also could
be noted as omission due to

unaspiration

Data Display 4 (c)

Atypical Speech

Typical Speech
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Figure 119 (a): Oscillogram of
facwre, [bikkPobi]
It shows a PRAAT illustration of
the word =t which is displayed

in the Interval Tier 01: Bangla Text
Word ‘Rewre’, and its transcription
is in 02: IPA:
[bikkhobf]. Tier  01:
Consonants [b], [k], [k"], [bf] and
Point Tier 02: Vowel: [1], [o] 4c
focuses on the sound, [bf] which

Interval Tier

Point

appears at the end of the word. It is
egressive, bilabial,
is of 0.34

a pulmonic
voiced sound which
seconds, 67 dB, 194 Hz.

Figure 119 (b): Oscillogram of
fqeswre, [bikkobT

Here, [bf] appears at the end of the
word. It’s 0.23 seconds, 50 dB, 164
Hz. It has unaspirated voicing. The
atypical IPA is [bikktoAb™]. Other
features include rising-falling with
[oA].

Note: e [bf] = atypical, distortion
(unaspirated voicing), also could be
omission due to

noted as

unaspiration
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Data Display 5 (a)

Typical Speech

Atypical Speech
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Figure 120 (a): Oscillogram of
=3¢, [tobuo]

It shows a PRAAT illustration of
the word wg¢ which is displayed in

the Interval Tier 01: Bangla Text

Word ‘©3¢’, and its transcription is

in Interval Tier 02: IPA: [tobuo]
Point Tier 01: Consonants [t], [b]
and Point Tier 02: Vowel: [o],
[uo], 5a focuses on the sound, [t]
which appears at the beginning of
the word. It is a pulmonic

egressive, alveolar, voiceless
sound which is of 0.08 seconds, 80

dB, 278 Hz.

Figure 120 (b): Oscillogram of ©3s,

[tlolbluod]

Here, [t] appears at the beginning of
the word. It’s 0.09 seconds, 60 dB,
384 Hz. It is low tone. The atypical
IPA is [tlolbluod]. Other features
include: extra-low tone with [ol],
low toned [b4] and [uod].

Note: b [t] =

(low tone)

atypical, distortion

Data Display 5 (b)

Typical Speech

Atypical Speech
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Figure 121 (a): Oscillogram of
S, [ditio]
It shows a PRAAT illustration of
the word S which is displayed

in the Interval Tier 01: Bangla

Text Word ‘&S, and its
transcription is in Interval Tier 02:
IPA: [digo] Point Tier 01:

Consonants [d], [t] and Point Tier
02: Vowel: [i], [10], 5b focuses on
the sound, [t] which appears in the
middle of the word. It is a

pulmonic  egressive, alveolar,
voiceless sound which is of 0.39

seconds, 79 dB, 274 Hz.

Figure 121 (b): Oscillogram of
1, [diggo]
Here, [t] appears in the middle of
the word. It’s 0.22 seconds, 50 dB,
185 Hz. It is a typical sound. The
IPA Other

features include: palatalized [¢].

atypical Is [ditro].

Note: m [t] = typical

Data Display 5 (c)

Typical Speech

Atypical Speech
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Figure 122 (a): Oscillogram of zrs,

[fief]
It shows a PRAAT illustration of
the word zrs which is displayed in

the Interval Tier 01: Bangla Text
Word ‘zre’, and its transcription is

in Interval Tier 02: IPA: [fet]

Figure 122 (b): Oscillogram of zrs,
[figt7]

Here, [t] appears at the end of the

word. It’s 0.22 seconds, 50 dB, 285

Hz. It The

atypical IPA is [ﬁgﬂ;ﬁ]. Other

features include: no audible release

has breathy-voice.
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Point Tier 01: Consonants [f], [t]
and Point Tier 02: Vowel: [e], 5¢
focuses on the sound, [t] which
appears at the end of the word. It is
a pulmonic egressive, alveolar,
voiceless sound which is of 0.39
seconds, 79 dB, 274 Hz.

of [A], rising-falling with [g].
Note: e [t] =
(breathy-voice)

atypical, distortion

Data Display 6 (a)

Typical Speech

Atypical Speech
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Figure 123 (a): Oscillogram of
s, [themre]

It shows a PRAAT illustration of
the word 2fscx which is displayed

in the Interval Tier 01: Bangla

Text Word ‘affice, and its

transcription is in Interval Tier 02:
IPA: [teme] Point Tier O1:
Consonants [t"], [m] and Point Tier
02: Vowel: [e], [1e], 6a focuses on
the sound, [t'] which appears at the
beginning of the word. It is a
pulmonic  egressive, alveolar,
voiceless sound which is of 0.08

seconds, 71 dB, 246 Hz.

Figure 123 (b): Oscillogram of
Aifiey, [thgrmien]
Here, [t'] appears at the beginning
of the word. It’s 0.13 seconds, 55
dB, 185 Hz. It is a typical [t"]
The IPA s

[t'g'mie]. Other features include:

sound. atypical

creaky-voice, rhotic sound and
retracted tongue root position with
[e], nasalization and rising-falling
with [feA].

Note: b [t'] = typical
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Data Display 6 (b)

Typical Speech

Atypical Speech
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Figure 124 (a): Oscillogram of
i, [Kogeo]

It shows a PRAAT illustration of
the word ¢=1=2te which is displayed

in the Interval Tier 01: Bangla

Text Word ‘=’ and its

transcription is in Interval Tier 02:
IPA: [kot*eo] Point Tier 01:
Consonants [K], [t'] and Point Tier
02: Vowel: [o], [¢0], 6b focuses on
the sound, [t"] which appears in
the middle of the word. It is a

pulmonic  egressive, alveolar,
voiceless sound which is of 0.09

seconds, 67 dB, 232 Hz.

Figure 124 (b): Oscillogram of
s, [koit'god]
Here, [t'] appears in the middle of
the word. It’s 0.23 seconds, 60 dB,
184 Hz. It shows a typical sound.
The atypical IPA is [kovt'god].
Other

voice, velarization and

features include: creaky-
retracted
tongue root position with [oY],
creaky-voice and low tone for
[eod].

Note: m [t'] = typical

Data Display 6 (c)

Typical Speech

Atypical Speech
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Figure 125 (a): Oscillogram of =2,
[pot']

It shows a PRAAT illustration of

the word =2 which is displayed in

the Interval Tier 01: Bangla Text

Word “#2’, and its transcription is

in Interval Tier 02: IPA: [pot"]
Point Tier 01: Consonants [p], [t"]
and Point Tier 02: Vowel: [o], 6¢
focuses on the sound, [t"] which
appears at the end of the word. It is
a pulmonic egressive, alveolar,
voiceless sound which is of 0.08

seconds, 60 dB, 173 Hz.

Figure 125 (b): Oscillogram of =2,
[pvoth]

Here, [t"] appears at the end of the

word. It’s 0.48 seconds, 69 dB, 257

Hz. It

breathy-voice

shows extra-low tone,
and with weak
articulation with [ti]]. The atypical
IPA is [p¥odti]]. Other features
labialized [p¥],
falling and low tone with [o14].

include: rising-
Note: e [t"] = atypical, distortion
(extra-low tone, breathy-voice and

with weak articulation)

Data Display 7 (a)

Typical Speech

Atypical Speech
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Figure 126 (a): Oscillogram of
o, [deeene]
It shows a PRAAT illustration of
the word cr@=t which is displayed

in the Interval Tier 01: Bangla

Text Word ‘@z, and its

transcription is in Interval Tier 02:
IPA: [dexene] Point Tier O1:

Figure 126 (b): Oscillogram of
o, [deee™ Inltel]

Here, [d] appears at the beginning
of the word. It’s 0.13 seconds, 70
dB, 184 Hz. It shows a typical [d]
sound. The atypical IPA is
[dee™Inlel].  Other

include: velarization, aspiration and

features

extra-low tone with [@e™]], extra-
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Consonants [d], [n] and Point Tier
02: Vowel: [e], [e], 7a focuses on
the sound, [d] which appears at the
beginning of the word. It is a
pulmonic  egressive, alveolar,
voiced sound which is of 0.13

seconds, 67 dB, 194 Hz.

low tone with [nl], and creaky-
voice and extra-low tone with [el].
Note: b [d] = typical

Data Display 7 (b)

Typical Speech

Atypical Speech
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Figure 127 (a): Oscillogram of 27,
[idur]

It shows a PRAAT illustration of

the word 213 which is displayed in

the Interval Tier 01: Bangla Text
Word ‘29°, and its transcription is

in Interval Tier 02: IPA: [idur]
Point Tier 01: Consonants [d], [r]
and Point Tier 02: Vowel: [i], [u],
7b focuses on the sound, [d] which
appears in the middle of the word.
It is a pulmonic egressive,
alveolar, voiced sound which is of

0.33 seconds, 79 dB, 258 Hz.

Figure 127 (b): Oscillogram of 243,
[1v4duir]

Here, [d] appears in the middle of

the word. It’s 0.06 seconds, 59 dB,

182 Hz. It shows typical sound. The

IPA is [rvdduif]. Other

features include: velarization and

atypical

low tone with [1¥d], palatalization
with [u] and no audible release of

[£].
Note: m [d] = typical
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Data Display 7 (c)

Typical Speech

Atypical Speech
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Figure 128 (a): Oscillogram of viw,

[ced]
It shows a PRAAT illustration of
the word v which is displayed in

the Interval Tier 01: Bangla Text

Word ‘s’, and its transcription is

in Interval Tier 02: IPA: [cgd],
Point Tier 01: Consonants [c], [d]
and Point Tier 02: Vowel: [2], 7c
focuses on the sound, [d] which
appears at the end of the word. It is
a pulmonic egressive, alveolar,
voiced sound which is of 0.07

seconds, 50 dB, 167 Hz.

Figure 128 (b): Oscillogram of 51,

[cevdh]
Here, [d] appears ;t the end of the
word. It’s 0.3 seconds, 64 dB, 152
Hz.
aspiration and creaky-voice. The
atypical IPA is [cevd"]. Other

It shows partial devoicing,

features include: retracted tongue
root position and velarization with
[e].

Note: e [d] = atypical, distortion
(partial devoicing, aspiration and
creaky-voice), also could be noted

for addition for aspiration

Data Display 8 (a)

Typical Speech
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Figure 129 (a): Oscillogram of
e, [d°Ge]
It shows a PRAAT illustration of
the word 3t which is displayed in

the Interval Tier 01: Bangla Text
Word ‘cdfar, and its transcription is

in Interval Tier 02: IPA: [dfde],
Point Tier 01: Consonants [d%] and
Point Tier 02: Vowel: [5e], 8a
focuses on the sound, [d"] which
appears at the beginning of the
word. It is a pulmonic egressive,
alveolar, voiced sound which is of
0.11 seconds, 67 dB, 223 Hz.

Figure 129 (b): Oscillogram of ¢,
[doe]

Here, [df] appears at the beginning
of the word. It’s 0.23 seconds, 57
dB, 189 Hz. It shows substitution
with a [d]. The atypical IPA is
[doed]. Other features include:
rising-falling with [oeA].

Note: b [df] = atypical, substitution
(substitution with a [d])

Data Display 8 (b)

Typical Speech
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Figure 130 (a): Oscillogram of
w4, [ordiek]

It shows a PRAAT illustration of

the word ®g® which is displayed

in the Interval Tier 01: Bangla

Text Word ‘®d®’, and its

transcription is in Interval Tier 02:

IPA: [ordfek], Point Tier O01:

Figure 130 (b): Oscillogram of

s, [orvevdetkd]

Here, [df] appears in the middle of
the word. It’s 0.13 seconds, 65 dB,
161 Hz. It shows substitution with
devoiced [d]. The atypical IPA is
[omvrvdetkt]. Other features include:
rhotic

creaky-voiced, velarized,

[o™], velarized [r¥], rising-falling
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Consonants [r], [d], [K] and Point
02: Vowel: [0], [e], 8b
focuses on the sound, [d%] which

Tier

appears in the middle of the word.

It is a pulmonic egressive,
alveolar, voiced sound which is of

0.07 seconds, 66 dB, 232 Hz.

with [eA], no audible release but a
palatal click with [i].

Note: m [d"] = atypical, substitution
(substitution with devoiced [d])

Data Display 8 (c)

Typical Speech
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Figure 131 (a): Oscillogram of
&%, [oufod’]
It shows a PRAAT illustration of

the word @3« which is displayed in

the Interval Tier 01: Bangla Text
Word ‘8%, and its transcription is

in Interval Tier 02: IPA: [oufodf],
Point Tier 01: Consonants [[], [d®]
and Point Tier 02: Vowel: [o],
[ou], 8c focuses on the sound, [dF]
which appears at the end of the
word. It is a pulmonic egressive,
alveolar, voiced sound which is of
0.64 seconds, 52 dB, 174 Hz.

Figure 131 (b): Oscillogram of 3,
[ou! i)
Here, [d"] appears at the end of the
word. It’s 0.11 seconds, 53 dB, 174
Hz. It shows substitution with [t].
The atypical IPA is [oui!f5it]. Other
features include: palatalization and
post-alveolar click with [oui!],
palatalization and retracted tongue
root position with [5i].
Note: e [d"] = atypical, substitution
(substitution with with [t]).

165




Data Display 9 (a)

Typical Speech Atypical Speech
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Figure 132 (a): Oscillogram of Figure 132 (b): Oscillogram of Gewesy,
ST, [tometo] [tovmlevtol]

It shows a PRAAT illustration of | Here, [{] appears atrthe beginning of

the word BecBt which is displayed | the word. It’s 0.11 seconds, 66 dB,

in the Interval Tier 01: Bangla Text | 200 Hz. It is a typical sound. The
Word ‘5owsr’, and its transcription | @typical IPA is [tovmlesto]. Other

L . features: rising-creaky-voice,
is in Interval Tier 02: IPA: g y

[tometo], Point  Tier  01:
Consonants [t], [m], [{] and Point
Tier 02: Vowel: [o], [e], [0], 9a

focuses on the sound, [t] which

palatalization, and velarization with
[0¥], extra-low tone with [ml],
retracted tongue root position, creaky
voice, and velarization with [eY],
palatalization with [of].

Note: b [{] = typical

appears at the beginning of the
word. It is a pulmonic egressive,
alveolar, voiceless sound which is
of 0.12 seconds, 71 dB, 266 Hz.

Data Display 9 (b)
Typical Speech Atypical Speech




Figure 133 (a): Oscillogram of
@65, [etok]

It shows a PRAAT illustration of
the word =5z which is displayed

in the Interval Tier 01: Bangla

Text Word ‘5%, and its

transcription is in Interval Tier 02:
IPA:  [etok]. Tier 01:
Consonants [t], [K] and Point Tier

Point

02: Vowel: [¢], [0], 9b focuses on
the sound, [{] which appears in the
middle of the word. It is a

pulmonic  egressive, alveolar,
voiceless sound which is of 0.38

seconds, 67 dB, 258 Hz.

Figure 133 (b): Oscillogram of
w57, [eiok]

Here, [{] appears in the middle of
the word. It’s 0.5 seconds, 60 dB,
178 Hz. It has a typical sound . The
atypical IPA is [edfpk]. Other
features include: creaky-voice and
rising-falling with [ed], creaky-
voice with [g], and no audible
release with [k].

Note: m [{] = typical

Data Display 9 (c)

Typical Speech
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Figure 134 (a): Oscillogram of
15, [khef]
It shows a PRAAT illustration of
the word 5 which is displayed

in the Interval Tier 01: Bangla

Text Word ‘45>, and its

transcription is in Interval Tier

Figure 134 (b): Oscillogram of
5, [k

Here, [t] appears at the end of the
word. It’s 0.5 seconds, 60 dB, 178
Hz. It has no audible release. The
atypical IPA is [Kigv(y]. Other
include: audible

features no
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02: IPA: [kMt]. Point Tier 01:
Consonants [k'], [t] and Point
Tier 02: Vowel: [e], 9c focuses
on the sound, [{] which appears
at the end of the word. It is a
pulmonic egressive, alveolar,
voiceless sound which is of 0.38

seconds, 67 dB, 258 Hz.

release with [kf], wvelarization,

[ev],

voiceless fricative release with

[

Note: e [tf] = atypical, omission

creaky-voiced rhotic

(no audible release)

Data Display 10 (a)

Typical Speech

Atypical Speech
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Figure 135 (a): Oscillogram of
o, [thikene]

It shows a PRAAT illustration of
the word f<=r  which s

displayed in the Interval Tier 01:
Bangla Text Word ‘B==r", and

its transcription is in Interval
Tier 02: IPA: [thikene], Point
Tier 01: Consonants [t"], [K], [n]
and Point Tier 02: Vowel: [i],
[¢], 10a focuses on the sound,
("] the

beginning of the word. It is a

which appears at

pulmonic egressive, alveolar,
voiceless sound which is of 0.05
seconds, 71 dB, 356 Hz.

Figure 135 (b): Oscillogram of
o, [!(hivgiendgy]
Here, [{"] appears at the beginning
of the word. It’s 0.17 seconds, 60
dB, 209 Hz. It has post-alveolar
The IPA s

['thivgieindev]. features:

click. atypical
Other
velarized retracted tongue root
position with [iv], substitution
with palatalized [gi], palatalized
retracted tongue position with [ef],
low voiced [nd], velarized, creaky
voiced, rhotic [g¥].
Note: b [t"] = atypical, distortion
(post-alveolar click), also noted

for addition
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Data Display 10 (b)

Typical Speech

Atypical Speech
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Figure 136 (a): Oscillogram of
1o, [kethel]

It shows a PRAAT illustration

of the word =1  which

displays the Interval Tier 01:
Bangla Text Word ‘I1er,
Interval Tier 02: Transcription,
IPA: [kettel], Point Tier O1:
Consonants [k], [t"], [I], Point
Tier 02: Vowels: [2], [e] 10b
[t"]

which appears in the middle of

focuses on the sound,

the word. It is a pulmonic
egressive, alveolar, voiceless
sound which is of 0.09

seconds, 69 dB, 218 Hz.

Figure 136 (b): Oscillogram of
<o, [keveld]

Here, [t"] appears in the middle of
the word. It’s 0.15 seconds, 73 dB,
197 Hz. It shows a typical sound.
The atypical IPA is [ﬁgvtheu]. Other
features include: no audible release
of [l:‘<], velarized creaky-voice of
[¢¥], and low toned [14].

Note: m ['] = typical

Data Display 10 (c)

Typical Speech

Atypical Speech

4 ]

[m [F] \

[¢]
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Figure 137 (a): Oscillogram of | Figure 137 (b): Oscillogram of =,
315, [ket"] [Eerth]

It shows a PRAAT illustration | Here, [{"] appears at the end of the

of the word = which is|word. It’s 0.17 seconds, 63 dB,

displayed in the Interval Tier 183 Hz. It shows typical sound.

01: Bangla Text Word ‘¥, and The atypical IPA is [Eerth]. Other

. o L features include: no audible
its transcription is in Interval

Tier 02: IPA: [ket"]. Point Tier
01: Consonants [k], [{"] and
Point Tier 02: Vowel: [e], 10c

focuses on the sound, [t"] which

release with [E], rhotic [er].

Note: e [t"] = typical

appears at the end of the word.
It is a pulmonic egressive,
alveolar, voiceless sound which
is of 0.7 seconds, 67 dB, 190
Hz.

Data Display 11 (a)

Typical Speech Atypical Speech
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Figure 138 (a): Oscillogram of ©ifer, Figure 138 (b): Oscillogram of
[delim] offer, [delim]

It shows a PRAAT illustration of | Here, [d] appears at the beginning

the word wifert which is displayed in | of the word. It’s 0.12 seconds, 66

the Interval Tier 01: Bangla Text | dB: 228 Hz. It has a typical sound.

Word “sifEre, and its transcription is | The atypical IPA is [delim]. Other
features include: laminal [I], and

in Interval Tier 02: IPA: [delim]
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Point Tier 01: Consonants [d], [l],
[m] and Point Tier 02: Vowel: [e],
[1], 11a focuses on the sound, [d]
which appears at the beginning of
the word. It is a pulmonic egressive,
alveolar, voiced sound which is of
0.12 seconds, 67 dB, 191 Hz.

voiceless [m].
Note: b [d] = typical

Data Display 11 (b)

Typical Speech

Atypical Speech
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Figure 139 (a): Oscillogram of
wirest, [edde]
It shows a PRAAT illustration of
the word wirest which is displayed

in the Interval Tier 01: Bangla
Text Word ‘sres’, and its

transcription is in Interval Tier 02:
IPA: [edde], Point Tier O01:
Consonants [d], [d], and Point
Tier 02: Vowel: [e], 11b focuses
on the sound, [d] which appears in
the middle of the word. It is a
pulmonic  egressive, alveolar,
voiced sound which is of 0.45
seconds, 73 dB, 207 Hz.

Figure 139 (b): Oscillogram of
wies, [edidp]

Here, [d] appears in the middle of
the word. It’s 0.65 seconds, 70 dB,
181 Hz. It has laminal [g] sound.
The atypical IPA is [QYE[Yg_g’i]. Other
features include: velarized creaky-
voiced [Y], velarized voiceless [d],
laminal rising-falling with [gA].
Note: m [d] = atypical, distortion
(laminal)
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Data Display 11 (c)

Typical Speech

Atypical Speech

) derived spectrogram
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Figure 140 (a): Oscillogram of
G, [rod]
It shows a PRAAT illustration of

the word s which is displayed in

the Interval Tier 01: Bangla Text

Word ‘sw’, and its transcription is

in Interval Tier 02: IPA: [rod],
Point Tier 01: Consonants [r], [d],
and Point Tier 02: Vowel: [o],
11c focuses on the sound, [d]
which appears at the end of the
word. It is a pulmonic egressive,
alveolar, voiced sound which is
of 0.45 seconds, 73 dB, 207 Hz.

Figure 140 (b): Oscillogram of e,

[ro¥id!]
Here, [d] appears at the end of the
word. It’s 0.65 seconds, 70 dB, 181
Hz. It has a post-alveolar click. The

atypical IPA is [rp¥vAd!]. Other
features include:  rhotic  [r7],
velarized rising-falling retracted

tongue root position with [ov4].
Note: e [d] = atypical, distortion
(post-alveolar click), also could be

noted as addition

Data Display 12 (a)

Typical Speech

Atypical Speech
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Figure 141 (a): Oscillogram of

Figure 141 (b): Oscillogram of
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e, [dhi&rof] o, [(;[ae"iEY(:)rYj]
It shows a PRAAT illustration of | Here, [d"] appears at the beginning
the word ¢bwst which is displayed | of the word. It’s 0.23 seconds, 76
in the Interval Tier 01: Bangla dB, 160 Hz. It has substitution with

Text Word ‘cbw. and its | Voiceless [d]. The atypical IPA is

iotion is i : Arvoryf]. Other features: rising-
transcription is in Interval Tier [deepgny] g

02: IPA: [df&rof]. Point Tier O1:
voiced [rv], \velarized, rhotic,

Consonants [d"], [¢], [J] and Point ~
. N retracted tongue root position with
Tier 02: Vowel: [#], [o], 12a 9 P

focuses on the sound, [df] which

falling with [21], velarized creaky-

creaky voice for [on].

_— Note: b [df] = atypical, substitution
appears at the beginning of the L] yp
. . . (substitution with voiceless)
word. It is a pulmonic egressive,
alveolar, voiced sound which is

of 0.11 seconds, 60 dB, 202 Hz.

Data Display 12 (b)
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Figure 142 (a): Oscillogram of | Figure 142 (a): Oscillogram of 5,
w9, [bedfop] [bgqﬁyqop]

It shows a PRAAT illustration of | Here, [d"] appears in the middle of

the word = which is displayed | the word. It’s 0.3 seconds, 64 dB,

in the Interval Tier 01: Bangla 166 Hz. It has velarized [d™¥A] with

Text Word ‘cws’. and its | fising-falling tone. The atypical
IPA is [bed™op]. Other features

include: retracted tongue root

transcription is in Interval Tier 02:
IPA: [bedfop], Point Tier 01:

position of [¢] and voiced [p].
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Consonants [b], [d"], [p] and Point | Note: m [df] = atypical, distortion
Tier 02: Vowel: [e], [0], 12b | (velarized [d™A] with rising-falling
focuses on the sound, [d"] which | tone)

appears in the middle of the word.
It is a pulmonic egressive,
alveolar, voiced sound which is of
0.09 seconds, 68 dB, 212 Hz.

Data Display 12 (c)

Typical Speech Atypical Speech
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Figure 143 (a): Oscillogram of Figure 143 (b): Oscillogram of ¢5o,
w5, [dPordtor] [dPordionm]

It shows a PRAAT illustration of | Here, [df] appears at the end of the

the word tsts which is displayed in | word. It’s 0.3 seconds, 60 dB, 183

the Interval Tier 01: Bangla Text | HZ. It has a typical sound. The

Word “c5%, and its transcription | atypical IPA s [dPordfor]. Other
features include: rising-falling of

the [or].
Note: e [d"] = typical

is in Interval Tier 02: IPA:
[dfordfor],  Point  Tier  01:
Consonants [df], [df] and Point
Tier 02: Vowel: [o1], 12c focuses
on the sound, [d"] which appears
at the end of the word. It is a
pulmonic  egressive, alveolar,
voiced sound which is of 0.08
seconds, 66 dB, 199 Hz.
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Data Display 13 (a)

Typical Speech Atypical Speech
o W
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Figure 144 (a): Oscillogram of Figure 144 (b): Oscillogram of vwiz,
7R, [eorel] [copen]

It shows a PRAAT illustration of | Here, [c] or [te] appears at the

the word 512 which is displayed in | beginning of the word. It’s 0.3

the Interval Tier O1: Bangla Text | Seconds, 63 dB, 211 Hz. It has a

Word ‘seiz’, and its transcription | typical [c] or [te] sound. The

o : —, | atypical IPA is [coprer]. Other
is in Interval Tier 02: IPA: [coret], P [eoper]

Point Tier 01: Consonants [c], [{]
and Point Tier 02: Vowel: [5], [e1],

13a focuses on the sound, [c] or

features include: velarized, creaky-
voiced [1¥] and [erv].
Note: b [c] = typical

[te] which appears at the beginning
of the word. It is a pulmonic
egressive, post-alveolar or palato-
alveolar, voiceless sound which is
of 0.05 seconds, 73 dB, 271 Hz.

Data Display 13 (b)

Typical Speech Atypical Speech
| | I i | | | |
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Figure 145 (a): Oscillogram of
w51, [ecer]

It shows a PRAAT illustration of
the word =151 which is displayed

in the Interval Tier 01: Bangla
Text Word ‘siee’, and its

transcription is in Interval Tier 02:
IPA: [ecer], Point Tier 01:
Consonants [c], [c] and Point Tier
02: Vowel: [e], 13b focuses on the
sound, [c] or [te] which appears in
the middle of the word. It is a
pulmonic egressive, post-alveolar
or palato-alveolar, voiceless sound
which is of 0.07 seconds, 60 dB,
270 Hz.

Figure 145 (b): Oscillogram of
w5, [ehchserd]

Here, [c] or [te] appears in the
middle of the word. It’s 0.21
seconds, 66 dB, 188 Hz. It shows
substitution and a fricative release
with [ct]. The atypical IPA is
[ehchsedrd]. Other features include:
rising-falling with [ed] and low
tone with [cd].

Note: m [c] = atypical, substitution,
also could be noted for distortion
(due to fricative release) and/or

addition

Data Display 13 (c)
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Figure 146 (a): Oscillogram of
515, [cemoc]

the word s which is displayed in

in Interval Tier 02: IPA: [cemoc],

the Interval Tier 01: Bangla Text
Word “sr5”, and its transcription is | "elease.  The atypical IPA s

Figure 146 (b): Oscillogram of o135,

[chgmyoc]

It shows a PRAAT illustration of | Here, [c] or [te] appears at the end

of the word. It’s 0.12 seconds, 60
dB, 224 Hz. It has a fricative

[chsevmyocs]. Other features include:
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Point Tier 01: Consonants [c], [m],
[c] and Point Tier 02: Vowel: [e],
[0], 13c focuses on, [c] or [te]
which appears at the end. It is
pulmonic egressive, post-alveolar
or palato-alveolar, voiceless, 0.04
seconds, 71 dB, 248 Hz.

fricative release and substitution
with [ch], velarized creaky voiced
[e¥], velarized retracted tongue root
position with [mY], nasalized
creaky-voiced [0].

Note: e [c]
(due to fricative release) and/or

addition

= atypical, distortion
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Figure 147 (a): Oscillogram of
e, [chegol]
It shows a PRAAT illustration of
the word =ist which is displayed in

the Interval Tier 01: Bangla Text
Word ‘=&, and its transcription
Tier

Point

02:

Tier

IPA:
01:
Consonants [c"], [g], [I] and Point
Tier 02: Vowel: [e], [0] l4a

focuses on the sound, [c"] or [te"]

is in Interval

[ctegol],

which appears at the beginning of
the word. It is a pulmonic
egressive, post-alveolar or palato-
alveolar, voiceless sound which is

of 0.11 seconds, 70 dB, 237 Hz.

Figure 147 (b): Oscillogram of
e, [chevdgdoilv]]
Here, [c"] or [te"] appears at the
beginning of the word. It’s 0.3
seconds, 67 dB, 188 Hz. It has a
typical sound. The atypical IPA is
Other

include: velarized , retracted tongue

[Ch‘gY-Ig-IQj-I%YJ]. features
root position, creaky voice and low
tone for [gv], low-toned, voiceless
[g4], palatalization, low tone and
creaky voice for [oi], velarized,
extra-low toned, creaky-voiced,
voiceless [I¥]].

Note: b [c"] = typical
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Data Display 14 (b)
Typical Speech Atypical Speech
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Figure 148 (a): Oscillogram of <=3, | Figure 148 (b): Oscillogram of <=,
[boctor] ["bochoir]

It shows a PRAAT illustration of | Here, [c"] or [te"] appears in the

the word <2< which is displayed in | middle of the word. It’s 0.21

seconds, 60 dB, 190 Hz. It is a

typical sound. The atypical IPA is

the Interval Tier 01: Bangla Text

Word ‘<=, and its transcription is

[ i "hochoic]. Other features include:
in Interval Tier 02: IPA: [bochor], ["bochoif]

Point Tier 01: Consonants [b], [c"],
[c] and Point Tier 02: Vowel: [o],
[0], 14b focuses on [c'] or [te"]

which appears in the middle of the

pre-aspiration with ["b],
palatalization ~ with  [o], and
voicelessness with [r].
Note: m [c"] = typical

word. It is a pulmonic egressive,
post-alveolar or palato-alveolar,
voiceless sound, of 0.09 seconds,
68 dB, 267 Hz.

Data Display 14 (c)
Typical Speech Atypical Speech
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Figure 149 (a): Oscillogram of =z,
[mech]

It shows a PRAAT illustration of

the word =z which is displayed in

the Interval Tier 01: Bangla Text
Word ‘w2’ and its transcription is

in Interval Tier 02: IPA: [mech].
Point Tier 01: Consonants [m], [c"]
and Point Tier 02: Vowel: [e], 14c
focuses on the sound, [c"] or [te"]
which appears at the end of the
word. It is a pulmonic egressive,
post-alveolar or palato-alveolar,
voiceless sound which is of 0.19

seconds, 71 dB, 183 Hz.

Figure 149 (b): Oscillogram of w1z,

[mPvevet]
Here, [c"] or [te'] appears at the
end of the word. It’s 0.53 seconds,
69 dB, 199 Hz. It has a fricative
The IPA is

[mPygychs]. Other features include:

release. atypical
creaky-voiced, velarization and lip
with [m?],

creaky-voiced with

compression
velarization,
[e].

Note: e [ch] = atypical, distortion
(due to fricative release) and/or

addition
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Figure 150 (a): Oscillogram of czs,

[eo]
It shows a PRAAT illustration of
the word ¢ae which is displayed in

the Interval Tier 01: Bangla Text

Word ‘c@s’, and its transcription is

in Interval Tier 02: IPA: [jeo].

Figure 150 (b): Oscillogram of
e, [jeo']
Here, [3] or [dz] appears at the
beginning of the word. It’s 0.21
seconds, 61 dB, 191 Hz. It shows
nasalization. The atypical IPA is
[160\1]. Other features include:
with

creaky-voice, velarization

179




Point Tier 01. Consonants [5] and
Point Tier 02: Vowel: [co], 15a
[3] or [dz] which
appears at the beginning of the

focuses on,

word. It is a pulmonic egressive,
post-alveolar or palato-alveolar,
voiced sound which is of 0.15

seconds, 61 dB, 208 Hz.

[eo¥].
Note: b [j] = atypical, distortion
(due to nasalization)

Data Display 15 (b)

Typical Speech

Atypical Speech
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Figure 151 (a): Oscillogram of
arerd, [geyor]

It shows a PRAAT illustration of
the word sirers which is displayed in

the Interval Tier 01: Bangla Text
Word “aifers’, and its transcription is

in Interval Tier 02: IPA: [gejor].
Point Tier 01: Consonants [g], [3],
[c] and Point Tier 02: Vowel: [e],
[0], 15b focuses on the sound, [j]
or [dz] which appears in the middle
of the word. It is a pulmonic
egressive, post-alveolar or palato-
alveolar, voiced sound which is of

0.06 seconds, 56 dB, 208 Hz.

Figure 151 (b): Oscillogram of
e, [greijoin]
Here, [3] or [dz] appears in the
middle of the word. It’s 0.14
seconds, 56 dB, 184 Hz. It has
weak articulation. The atypical IPA
Other

velarization,

is  [grefyoin]. features

include: retracted
tongue-root  position with  [g],
rising-falling, creaky-voice with
[eA], with  [ol],

velarization and retracted tongue

palatalization

root position with [¢¥].
Note: m [j] = atypical, distortion
(due to weak articulation)
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Data Display 15 (c)
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Atypical Speech
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Figure 152 (a): Oscillogram of
&Rie, [yehey]

It shows a PRAAT illustration of
the word wrzre which is displayed

in the Interval Tier 01: Bangla Text
Word ‘wizie’, and its transcription

is in Interval Tier 02: IPA: [yehe;].
Point Tier 01: Consonants [5], [h],
[3] and Point Tier 02: Vowel: [e],
15c focuses on the sound, [3] or
[dz] which appears at the end of the
word. It is a pulmonic egressive,
post-alveolar or palato-alveolar,
voiced sound which is of 0.09

seconds, 62 dB, 200 Hz.

Figure 152 (b): Oscillogram of
Gizrer, [pehgds]

Here, [3] or [dz] appears at the end
of the word. It’s 0.13 seconds, 60
dB, 192 Hz. It has substitution
IPA is
[peheds]. Other features include:

with [s]. The atypical

fricative release with [], laminal
low tone with [ed].

Note: e [5] = atypical, substitution
(with [s])

Data Display 16 (a)
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Figure 153 (a): Oscillogram of am&<w, | Figure 153 (b): Oscillogram of
[1"eubon] e, [yeubvornd]

It shows a PRAAT illustration of the | Here, [3°] or [dzf%] appears at the

word &3 which is displayed in the | beginning of the word. It’s 0.34

Interval Tier 01: Bangla Text Word | Séconds, 58 dB, 187 Hz. It is
‘e, and its transcription is in | Unaspirated. The atypical IPA is

i - “ieubvownl].  Other features
Interval Tier 02: IPA: [sfeubon]. [y 7eub™o*in ] u

Point Tier 01: Consonants [3f], [b],
[n] and Point Tier 02: Vowel: [o],
[eu], 16a focuses on the sound, [}f]

include: pre-palatalization with
[leu], labialization with [b],
labialization and velarization with

or [dzf] which appears at the [0%], low voice with [nd].
. £ = . . )
beginning of the word. It is a Note: b [;] = atypical, distortion

. . unaspirated), also could be noted
pulmonic egressive, post-alveolar or ( P )

palato-alveolar, voiced sound which as omission
is of 0.11 seconds, 62 dB, 224 Hz.
Data Display 16 (b)
Typical Speech Atypical Speech
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Figure 154 (a): Oscillogram of Figure 154 (b): Oscillogram of
I, [03%0r] i, [ovyhior]

It shows a PRAAT illustration of | Here, [;7] or [dz"] appears in the
the word s which is displayed | middle of the word. It’s 0.1

in the Interval Tier 01: Bangla Text | Séconds, 53 dB, 167 Hz. It is a
Word ‘s, and its transcription | tyPical sound. The atypical IPA is

is i i vifior]. Other features include:
is in Interval Tier 02: IPA: [o3%0r]. [oy*or]

) ] velarization  with v], re-
Point Tier 01: Consonants [5], [r] .
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and Point Tier 02: Vowel: [o], [0],
16b focuses on the sound, [3f] or
[dzf] which appears in the middle
of the word. It is a pulmonic
egressive, post-alveolar or palato-
alveolar, voiced sound which is of

0.11 seconds, 64 dB, 224 Hz.

palatalization with [io], and lateral
release with [¢1].
Note: m [3%] = typical

Data Display 16 (c)
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Figure 155 (a): Oscillogram of i,
[r"eyf]

It shows a PRAAT illustration of

the word i@ which is displayed in

the Interval Tier 01: Bangla Text

Word ‘<@, and its transcription is

in Interval Tier 02: IPA: [5%8f].
Point Tier 01: Consonants [3f] and
Point Tier 02: Vowel: [g], 16¢
focuses on the sound, [3] or [dz"]
which appears at the end of the
word. It is a pulmonic egressive,
or palato-alveolar,

is of 0.11

post-alveolar
voiced sound which
seconds, 64 dB, 224 Hz.

Figure 155 (b): Oscillogram of s,
[eAkid]

Here, [35] or [dzf] appears at the

end of the word. It’s 0.11 seconds,

53 dB, 167 Hz. It

substitution, breathy voice, and

shows

low tone with [kf{] . The atypical
IPA is [jFedkfl]. Other features
include: unaspirated sound with
[57], pre-palatalization and rising-
falling with [eA].

'l =

substitution, also could be noted

Note: e atypical,

for distortion (breathy voice, and

low tone)
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Data Display 17 (a)

Atypical Speech

Typical Speech
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Figure 156 (a): Oscillogram of Figure 156 (b): Oscillogram of
g, [Kuefe] Far, [kufe"f1eY]

It shows a PRAAT illustration of
the word @t which is displayed in

the Interval Tier 01: Bangla Text
Word ‘g, and its transcription is

in Interval Tier 02: IPA: [kuefe].
Point Tier 01: Consonants [K], [[]
and Point Tier 02: Vowel: [e], [ue],
17a focuses on the sound, [k] which
appears at the beginning of the
word. It is a pulmonic egressive,
velar, voiceless sound which is of
0.08 seconds, 70 dB, 273 Hz.

Here, [K] appears at the beginning
of the word. It’s 0.09 seconds, 58
dB, 217 Hz. 1t is a typical [K]
The atypical IPA is
[kie 2], Other  features:

palatalization and aspiration with

sound.

[uet], extra-low tone of [fI],
retracted tongue root position,
creaky voice and velarization of

[e'].
Note: b [K] = typical

Data Display 17 (b)

Typical Speech

Atypical Speech
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Figure 157 (a): Oscillogram of
11+, [doken]

It shows a PRAAT illustration of
the word === which is displayed

in the Interval Tier 01: Bangla Text
Word ‘a==’, and its transcription

is in Interval Tier 02: IPA: [doken].
Point Tier 01: Consonants [d], [K],
[n] and Point Tier 02: Vowel: [0],
[e], 17b focuses on the sound, [K]
which appears in the middle of the
word. It is a pulmonic egressive,
velar, voiceless sound which is of
0.4 seconds, 77 dB, 255 Hz.

Figure 157 (b): Oscillogram of
e, [diokevn]
Here, [K] appears in the middle of
the word. It’s 0.11 seconds, 62 dB,
196 Hz. It has a voiced [k] sound.
The atypical IPA is [diodkevn].
Other

palatalization and

features include: pre-
rising-falling
with [lo4], velarization and creaky
voice with [eY], voiceless [n].

Note: m [k] = atypical, distortion

(voiced)
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Typical Speech

Atypical Speech

= derived spectrogram _«» derived formants —

I

o
20
o
}
M

[CiEal

[noTike]

(o] [¢] |

= derived spectrogram ++

['nofige]

[ o
| [of] G

Figure 158 (a): Oscillogram of 7=,

[nouke]
It shows a PRAAT illustration of
the word ¢t which is displayed in

the Interval Tier 01: Bangla Text
Word ‘ci#7, and its transcription is

in Interval Tier 02: IPA: [nouke].
Point Tier 01: Consonants [n], [K]

Figure 158 (b): Oscillogram of
¢, ["fiougey]
Here, [k] appears at the end of the
word. It’s 0.11 seconds, 62 dB,
196 Hz. It shows substitution. The
atypical IPA is [Mfiougey]. Other
include:

features pre-aspiration,

nasalization of [Mi], velarization

185




and Point Tier 02: Vowel: [e], [ou],
17c¢ focuses on the sound, [K] which
appears at the end of the word. It is
a pulmonic egressive, velar,
voiceless sound which is of 0.4

seconds, 77 dB, 255 Hz.

and creaky-voice with [eY].

Note: e [K] = atypical, substitution

Data Display 17 (d)

Typical Speech

Atypical Speech

= derived spectrogram  «+ derived f

M“MW

[ne'k]

[e]

Figure 159 (a): Oscillogram of =<,

[nek]
It shows a PRAAT illustration of
the word 1= which is displayed in

the Interval Tier 01: Bangla Text

Word ‘<=, and its transcription is

in Interval Tier 02: IPA: [nek].
Point Tier 01: Consonants [n], [K]
and Point Tier 02: Vowel: [e], 17d
focuses on the sound, [k] which
appears at the end of the word. It is
a pulmonic egressive, velar,
voiceless sound which is of 0.4

seconds, 77 dB, 255 Hz.

Figure 159 (b): Oscillogram of i<,
[itek]

Here, [K] appears at the end of the
word. It’s 0.11 seconds. It has no
audible release. The atypical IPA
is [ﬁgvl_'{]. Other features include:
nasalization of [f], velarization
and creaky voice with [eY].

Note: e [k] =

(no audible release)

atypical, omission
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Data Display 18 (a)
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Figure 160 (a): Oscillogram of ¢,
[khce]

It shows a PRAAT illustration of

the word ¢=ar which is displayed in

the Interval Tier 01: Bangla Text
Word ‘c<ar’, and its transcription is

in Interval Tier 02: IPA: [kbee].
Point Tier 01: Consonants [k"] and
Point Tier 02: Vowel: [ce], 18a
focuses on the sound [k"], which
appears at the beginning of the
word. It is a pulmonic egressive,
velar, voiceless sound which is of
0.08 seconds, 67 dB, 261 Hz.

Figure 160 (b): Oscillogram of
e, [kheet]

Here, [k"] appears at the beginning
of the word. It’s 0.18 seconds, 63
dB, 199 Hz. It shows a typical
sound. The atypical IPA is [kbeef].
Other features include: breathy
voice aspiration of [eef].

Note: b [kh] = typical

Data Display 18 (b)

Typical Speech

Atypical Speech
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Figure 161 (a): Oscillogram of s+,
[kokhon]

It shows a PRAAT illustration of

the word <= which is displayed in

the Interval Tier 01: Bangla Text

Word ‘¥%=°, and its transcription is

in Interval Tier 02: IPA: [kokhon].
Point Tier 01: Consonants [k], [k"],
[n] and Point Tier 02: Vowel: [],
[0], 18b focuses on the sound [k"],
which appears in the middle of the
word. It is a pulmonic egressive,
velar, voiceless sound which is of
0.1 seconds, 59 dB, 251 Hz.

Figure 161 (b): Oscillogram of
w2, [kovkhon]
Here, [k] appears in the middle of
the word. It’s 0.3 seconds, 60 dB,
194 Hz. It shows nasalization. The
atypical IPA is [ko'k'on]. Other
features include: velarization and
retracted tongue root position with
[>],

voicelessness of [n].

nasalization of [6], and

Note: m [k"] = atypical, distortion

(nasalization)
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Figure 162 (a): Oscillogram of =i,

[ek"]
It shows a PRAAT illustration of
the word =2 which is displayed in

the Interval Tier 01: Bangla Text

Word ‘=m’, and its transcription is

in Interval Tier 02: IPA: [ek"]. Point

Figure 162 (b): Oscillogram of =¥,
[evkh]]

Here, [k"] appears at the end of the

word. It’s 0.3 seconds, 57 dB, 181

Hz. It has extra low tone. The

IPA is [evkh]]. Other

include:  velarization,

atypical
features

rhotic feature and creaky voice
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Tier 01: Consonants [k"] and Point
Tier 02: Vowel: [e], 18c focuses on
the sound [k"], which appears at the
end of the word. It is a pulmonic
egressive, velar, voiceless sound
which is of 0.12 seconds, 56 dB,
178 Hz.

with [ev].
Note: e [k"] = atypical, distortion

(extra low tone)

Data Display 19 (a)
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Figure 163 (a): Oscillogram of iz,

[gome]
It shows a PRAAT illustration of
the word ===t which is displayed in

the Interval Tier 01: Bangla Text

Word ‘o=, and its transcription is

in Interval Tier 02: IPA: [gome].
Point Tier 01: Consonants [g], [n]
and Point Tier 02: Vowel: [e], [o1],
19a focuses on the sound [g], which
appears at the beginning of the
word. It is a pulmonic egressive,
velar, voiced sound which is of
0.09 seconds, 67 dB, 202 Hz.

Figure 163 (b): Oscillogram of
%, [garnee’]
Here, [g] appears at the beginning
of the word. It’s 0.05 seconds, 67
dB, 199 Hz. It shows a typical

sound. The atypical IPA is
[gorn™e"]. Other features include:
creaky voiced [o1], pre-nasal

release ["n], pre-nasal release and
aspiration with ["e"].

Note: b [g] = typical
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Data Display 19 (b)
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Figure 164 (a): Oscillogram of
S, [egemi]

It shows a PRAAT illustration of
the word =it which is displayed

in the Interval Tier 01: Bangla Text
Word ‘s#if’, and its transcription

is in Interval Tier 02: IPA: [egemi].
Point Tier 01: Consonants [g], [m]
and Point Tier 02: Vowel: [e], [i],
19b focuses on the sound [g], which
appears in the middle of the word.

It is a pulmonic egressive, velar,

Figure 164 (b): Oscillogram of
S, [Bgveymiil]

Here, [g] appears in the middle of
the word. It’s 0.07 seconds, 63 dB,
200 Hz. It has velarization. The
atypical IPA is [egveymdil]. Other
features include: rising tone for
[8], velarized laminal [e¥], low
toned [mi], and extra low toned
[i1].
Note: m [g] = atypical, distortion

(velarization)

voiced sound which is of 0.3
seconds, 72 dB, 239 Hz.
Data Display 19 (c)
Typical Speech Atypical Speech
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Figure 165 (a): Oscillogram of ¢,

[morog]
It shows a PRAAT illustration of
the word ¢iiset which is displayed in

the Interval Tier 01: Bangla Text
Word ‘ciwa’, and its transcription is

in Interval Tier 02: IPA: [morog].
Point Tier 01: Consonants [m], [c],
[g] and Point Tier 02: Vowel: [o],
19c focuses on the sound [g], which
appears at the end of the word. It is
a pulmonic egressive, velar, voiced
sound which is of 0.6 seconds, 52
dB, 150 Hz.

Figure 165 (b): Oscillogram of
Ci=el, [m4ogvio?]

Here, [g] appears at the end of the
word. It’s 0.3 seconds. It shows a
substitution with a glottal stop.
The atypical IPA is [mdorvio?].
Other features include: low tone
with  [md],

retracted tongue root position with

velarization and
[¥], pre-palatalization with [io].
Note: e [g] = atypical, substitution
(with a glottal stop)

Data Display 20 (a)
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Figure 166 (a): Oscillogram of
(980, [gieugieu]
It shows a PRAAT illustration of the
word ¢a8ces which is displayed in

the Interval Tier 01: Bangla Text
Word ‘ca®ta®’, and its transcription

02:
Tier

IPA:
01:

is in Interval Tier

[gheugPeu]. Point

Figure 166 (b): Oscillogram of
(98CaE, [geudgieud]
Here, [gf] appears at the beginning
of the word. It’s 0.2 seconds, 56
dB, 189 Hz. It shows substitution
with unaspirated [g=]. The atypical
IPA is [g-eudgfieud]. Other features

include: low tone for [eud].
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Consonants [gf], [gf] and Point Tier
02: Vowel: [eu], 20a focuses on the
sound [gf], which appears at the
beginning of the word. It is a
pulmonic egressive, velar, voiced
sound which is of 0.23 seconds, 67

dB, 212 Hz.

Note: b [gf] = atypical, substitution
(with unaspiration), it can also be
noted as omission (of aspiration)
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Figure 167 (a): Oscillogram of =rrs,
[eg™et]

It shows a PRAAT illustration of the

word =rars which is displayed in the

Interval Tier 01: Bangla Text Word

‘grere’, and its transcription is in

Interval Tier 02: IPA: [eg®et]. Point
Tier 01: Consonants [gf], [t] and
Point Tier 02: Vowel: [e], 20b
focuses on the sound [gf], which
appears in the middle of the word. It
is a pulmonic egressive, velar,
voiced sound which is of 0.34

seconds, 63 dB, 223 Hz.

Figure 167 (b): Oscillogram of
e, [edgielts]]
Here, [g"] appears in the middle of
the word. It’s 0.2 seconds, 61 dB,
187 Hz. It has a typical sound.
The atypical IPA is [edgielt:]].
Other features include: rising-
falling with [eA], extra low tone
with [el], extra low tone and
fricative release with [tl].

Note: m [gf] = typical
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Data Display 20 (c)
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Figure 168 (a): Oscillogram of =g, Figure 168 (b): Oscillogram of
[begf] a9, [bPeyg]
It shows a PRAAT illustration of the | Here, [g%] appears at the end of
word @ which is displayed in the | the word. It’s 0.3 seconds. It has

Interval Tier 01: Bangla Text Word | N0 audible release. The atypical
i, and its transcription is in | IPA is [bferg"]. Other features

. .| include: i i ith
Interval Tier 02: IPA: [beg®]. Point nelude: - Tip-compression - wi

Tier 01: Consonants [b], [¢"] and
Point Tier 02: Vowel: [e], 20c

focuses on the sound [gf], which

[bP], velarization and creaky voice
with [ev].
Note: e [g#] = atypical, omission

appears at the end of the word. It is a (no audible release)

pulmonic egressive, velar, voiced
sound which is of 0.09 seconds, 57
dB, 150 Hz.
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Figure 169 (a): Oscillogram of >,
[sup"i]

It shows a PRAAT illustration of

the word & which is displayed in

the Interval Tier 01: Bangla Text
Word @, and its transcription is

in Interval Tier 02: IPA: [suphi].
Point Tier 01: Consonants [s], [p"]
and Point Tier 02: Vowel: [u], [i],
21a focuses on the sound [s], which
appears at the beginning of the
word. It is a pulmonic egressive,
alveolar, voiceless sound which is
of 0.22 seconds, 70 dB, 303 Hz.

Figure 169 (b): Oscillogram of
R, [sup"oid]
Here, [s] appears at the beginning
of the word. It’s 0.3 seconds, 131
Hz, 58 dB. It shows typical [s]
IPA is
[sup"oir]. Other features include:
addition [0], added with [i4] with

a rising-falling tone.

sound. The atypical

Note: b [s] = typical
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Figure 170 (a): Oscillogram of =i,

[esthe]
It shows a PRAAT illustration of the
word g which is displayed in the

Interval Tier 01: Bangla Text Word

‘wirg’, and its transcription is in

Interval Tier 02: IPA: [este]. Point
Tier 01: Consonants [s], [t"] and

Figure 170 (b): Oscillogram of
o, [estded]
Here, [s] appears in the middle of
the word. It’s 0.4 seconds, 60 dB,
183 Hz. It is a typical [s] sound.
IPA is [estMed].
Other features include: creaky

The atypical

voiced with [e] and creaky voiced
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Point Tier 02: Vowel: [e], 21b
focuses on the sound [s], which
appears in the middle of the word. It
is a pulmonic egressive, alveolar,
voiceless sound which is of 0.16
seconds, 76 dB, 220 Hz.

low tone with [ed].

Note: m [s] = typical
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Figure 171 (a): Oscillogram of
T, [ephsos]

It shows a PRAAT illustration of

in the Interval Tier 01: Bangla Text
Word ‘sieeaint’, and its transcription

is in Interval Tier 02: IPA: [ep"sos].
Point Tier 01: Consonants [p"], [s],
[s] and Point Tier 02: Vowel: [e],
[0], 21c focuses on the sound [s],
which appears at the end of the
word. It is a pulmonic egressive,
alveolar, voiceless sound which is
of 0.16 seconds, 67 dB, 224 Hz.

Figure 171 (b): Oscillogram of
FCT, [evphlstiosl]

Here, [s] appears at the end of the

the word st which is displayed | word. It’s 0.2 seconds, 50 dB, 201

Hz. It has a typical [s] sound. The
atypical IPA is [e¥p"lslios]]. Other
features include: velarization with
[eY], extra low tone with [p"]], and
[s]], pre-palatalization [io].

Note: e [s] = typical
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Data Display 22 (a)
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Figure 172 (a): Oscillogram of
G, [fediker]
It shows a PRAAT illustration of
the word ifwcg which is displayed

in the Interval Tier 01: Bangla Text
Word ‘ciwcs3’, and its transcription

is in Tier 02: IPA:
[feghke?]. Point Tier 01: Consonants
], [d], [K] and Point Tier 02:
Vowel: [e], [1], [e1], 22a focuses on

Interval

the sound [f], which appears at the
beginning of the word. It is a
pulmonic egressive, post-alveolar
or palato-alveolar, voiceless sound
which is of 0.13 seconds, 76 dB,
281 Hz.

Figure 172 (b): Oscillogram of
cifve=e, [[ediger]

Here, [f] appears at the beginning
of the word. It’s 0.3 seconds, 58
dB, 208 Hz. It has retracted tongue
root position. The atypical IPA is
[fediger]. Other features include:
laminal [e], substitution with [g],
and no audible release of [1].

Note: b [J] = atypical, distortion

(retracted tongue root position)
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Figure 173 (a): Oscillogram of 3y,
[ofud"]
It shows a PRAAT illustration of

the word @3¥ which is displayed in

the Interval Tier 01: Bangla Text
Word “83%’, and its transcription is

in Interval Tier 02: IPA: [ofud"].
Point Tier 01: Consonants [f], [d"]
and Point Tier 02: Vowel: [o], [u]
22b focuses on the sound [f], which
appears in the middle of the word. It
is a pulmonic egressive, post-
alveolar or palato-alveolar,
voiceless sound which is of 0.12

seconds, 72 dB, 283 Hz.

Figure 173 (b): Oscillogram of
8w, [ou! Hi]
Here, [f] appears in the middle of
the word. It’s 0.11 seconds, 53 dB,
174 Hz. It shows a typical sound.
The atypical IPA is [ouilfoit].
Other

palatalization and post-alveolar

features include:
click with [oui!], palatalization and
retracted tongue root position with
[51], substitution with [t].

Note: m [[] = typical

Data Display 22 (c)
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Figure 174 (a): Oscillogram of %,

[Vef]
It shows a PRAAT illustration of the
word %= which is displayed in the

Interval Tier 01: Bangla Text Word

g, and its transcription is in

Interval Tier 02: IPA: [[ef]. Point
Tier 01: Consonants [f], [J] and

Figure 174 (b): Oscillogram of %,
eyl

Here, [J] appears at the end of the

word. It’s 0.3 seconds, 60 dB, 183

Hz. It is a typical sound. The

IPA is [Jeyf]. Other

features include: velarization and

atypical

creaky voice for [gY].
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Point Tier 02: Vowel: [e] 22c | Note: e [[] = typical
focuses on [f], which appears at the
end of the word. It is a pulmonic
egressive, post-alveolar or palato-
alveolar, voiceless sound which is of
0.12 seconds, 72 dB, 283 Hz.

Data Display 23 (a)
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Figure 175 (a): Oscillogram of 2¢, | Figure 175 (b): Oscillogram of z¢,

[fio0] [fioo4]
It shows a PRAAT illustration of | Here, [f] appears at the beginning
the word ze which is displayed in | of the word. It’s 0.2 seconds, 56

the Interval Tier 01: Bangla Text | 4B, 255 Hz. It shows creaky
Word ‘2, and its transcription is in | VOice. The atypical IPA is [figod].

. ~ .| Other features include: creak
Interval Tier 02: IPA: [fAo0]. Point . et y

Tier 01: Consonants [f] and Point
Tier 02: Vowel: [00], 23a focuses

voice and low tone with [god].
Note: b [A] = atypical, distortion

on the sound [f], which appears at (creaky voice)

the beginning of the word. It is a
pulmonic egressive, glottal,
voiceless sound which is of 0.17
seconds, 78 dB, 224 Hz.

198



Data Display 23 (b)
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Figure 176 (a): Oscillogram of szs,

[bofiut]
It shows a PRAAT illustration of
the word <z which is displayed in

the Interval Tier 01: Bangla Text

Word ‘IZ9’, and its transcription is

in Interval Tier 02: IPA: [bohut].
Point Tier 01: Consonants [b], [f],
[t] and Point Tier 02: Vowel: [o],
[u], 23b focuses on the sound [f],
which appears in the middle of the
word. It is a pulmonic egressive,
glottal, voiceless sound which is of
0.13 seconds, 64 dB, 265 Hz.

Figure 176 (b): Oscillogram of
72, [bofiurt]

Here, [f] appears in the middle of
the word. It’s 0.09 seconds, 65 dB,
183 Hz. It is a typical sound. The
atypical IPA is [bofiurt]. Other
features include: nasal release of
/uv/ and no audible release of [t].

Note: m [A] = typical

Data Display 23 (c)
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Figure 177 (a): Oscillogram of =z,

[bef]
It shows a PRAAT illustration of
the word <z which is displayed in

the Interval Tier 01: Bangla Text

Word ‘312°, and its transcription is in

Interval Tier 02: IPA: [bef]. Point
Tier 01: Consonants [b], [A] and
Point Tier 02: Vowel: [e], 23c
focuses on the sound [f], which
appears at the end of the word. It is
a pulmonic egressive, glottal,
voiceless sound which is of 0.13

seconds, 64 dB, 265 Hz.

Figure 177 (b): Oscillogram of 1z,
[beh]

Here, [A] appears at the end of the

word. It’s 0.2 seconds. It shows a

typical sound. The atypical IPA is

[b2h]. Other

nasalization of [&].

features include:

Note: e [f] = typical
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Figure 178 (a): Oscillogram of e,

[mzo0]
It shows a PRAAT illustration of
the word w518 which is displayed in

the Interval Tier 01: Bangla Text

Word ‘w518’, and its transcription is

in Interval Tier 02: IPA: [mzo].

Point Tier 01: Consonants [m] and

Figure 178 (b): Oscillogram of wits,

[maoY]
Here, [m] appears at the beginning
of the word. It’s 0.3 seconds, 56
dB, 201 Hz. It shows a typical
sound. The atypical IPA is [maov].
Other features include: velarized

creaky voiced [z0Y].
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Point Tier 02: Vowel: [«0], 24a
focuses on [m], which appears at
the beginning. It is a pulmonic
egressive, bilabial, voiced sound
which is of 0.13 seconds, 73 dB,
236 Hz.

Note: b [m] = typical

Data Display 24 (b)

Typical Speech

Atypical Speech

IR W“

s

[mﬁ]

[mﬁl]

[m]

] |

I [m]

[fu]

Figure 179 (a): Oscillogram of 3,
[mi]

It shows a PRAAT illustration of

the word & which is displayed in

the Interval Tier 01: Bangla Text
Word ‘&, and its transcription is

in Interval Tier 02: IPA: [muul].
Point Tier 01: Consonants [m] and
Point Tier 02: Vowel: [w], 24b
focuses on the sound [m], which
appears at the beginning of the
word. It is a pulmonic egressive,
bilabial, voiced sound which is of
0.12 seconds, 70 dB, 237 Hz.

Figure 179 (b): Oscillogram of &g,
[miu]

Here, [m] appears at the beginning

of the word. It’s 0.12 seconds, 68

dB, 205 Hz. It shows a typical

sound. The atypical IPA is [miu].

Other

nasalization of [iu].

features include:

Note: b [m] = typical
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Data Display 24 (c)

Typical Speech

Atypical Speech
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Figure 180 (a): Oscillogram of
ifsr, [jg‘hemﬁa]
It shows a PRAAT illustration of
the word 21 which is displayed

in the Interval Tier 01: Bangla Text
Word ‘xS, and its transcription
Tier 02: [IPA:
[tremre]. Point Tier 01: Consonants

[t"], [m] and Point Tier 02: Vowel:
[e], [1e], 24c focuses on the sound

is in Interval

[m], which appears in the middle of
the word. It is a pulmonic
egressive, bilabial, voiced sound of

0.1 seconds, 72 dB, 239 Hz.

Figure 180 (b): Oscillogram of
qifsr, [thembie]

Here, [m] appears in the middle of
the word. It’s 0.08 seconds, 62 dB,
198 Hz. It has was associated with
a [b], as in, an addition happened.
The atypical IPA is [t"embie].
Other features include: nasalization
with [fe].

Note: m [m] = atypical, addition

(associated with a [b])

Data Display 24 (d)

Typical Speech

Atypical Speech
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Figure 181 (a): Oscillogram of s,

[kolom]
It shows a PRAAT illustration of the

word <= which is displayed in the

Interval Tier 01: Bangla Text Word

‘ger’, and its transcription is in

Interval Tier 02: IPA: [kolom]. Point
Tier 01: Consonants [K], [I], [m] and
Point Tier 02: Vowel: [2], [0], 24d
focuses on the sound [m], which
appears at the end of the word. It is a
pulmonic egressive, bilabial, voiced
sound which is of 0.2 seconds, 66
dB, 187 Hz.

Figure 181 (b): Oscillogram of
wm, [Kolom]

Here, [m] appears at the end of the
word. It’s 0.3 seconds, 64 dB, 186
Hz. It has no audible release. The
atypical IPA is [kolom]. Other
features include: no audible
release of [E], creaky voice of []],
and [o].

Note: e [m] = atypical, omission

(no audible release)

Data Display 25 (a)

Typical Speech

Atypical Speech
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Figure 182 (a): Oscillogram of 73,
[nue]

It shows a PRAAT illustration of

the word stz which is displayed in

the Interval Tier 01: Bangla Text

Word ‘7, and its transcription is

in Interval Tier 02: IPA: [nue].

Point Tier 01: Consonants /n/ and

Figure 182 (b): Oscillogram of 37,

[nlde]
Here, [n] appears at the beginning
of the word. It’s 0.2 seconds, 60
dB, 198 Hz. It shows extra low
tone. The atypical IPA is [fuen].
Other features include: nasalization

of [e].
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Point Tier 02: Vowel: [ue], 25a
focuses on the sound [n], which
appears at the beginning of the
word. It is a pulmonic egressive,
alveolar, voiced sound which is of
0.14 seconds, 76 dB, 238 Hz.

Note: b [n] = atypical, distortion

(extra low tone)

Data Display 25 (b)

Typical Speech

Atypical Speech
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Figure 183 (a): Oscillogram of =i,

[onek]
It shows a PRAAT illustration of the
word sitw which is displayed in the

Interval Tier 01: Bangla Text Word

‘Tita’, and its transcription is in

Interval Tier 02: IPA: [onek]. Point
Tier 01: Consonants [n], [k] and
Point Tier 02: Vowel: [0], [e], 25b
focuses on [n], which appears in the
middle of the word. It is a pulmonic
egressive, alveolar, voiced sound
which is of 0.06 seconds, 75 dB, 235
Hz.

Figure 183 (b): Oscillogram of
s, [3dek]
Here, [n] appears in the middle of
the word. It’s 0.1 seconds, 64 dB,
203 Hz. It shows substitution with
voicelessness. The atypical IPA is
[Sggﬂ]. Other features include:
nasalization of [3], creaky voice
with [¢], no audible release of [E].
Note: [n] =

substitution (with voicelessness)

m atypical,
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Data Display 25 (c)
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Figure 184 (a): Oscillogram of =iz, Figure 184 (b): Oscillogram of

[eene] s, [eevn Jye]

It shows a PRAAT illustration of the | Here, [n] appears at the end of the
word =izt which is displayed in the | word. It’s 0.1 seconds, 64 dB, 203

Interval Tier 01: Bangla Text Word | HZ. It shows low tone. The
‘o, and its transcription is in | @typical IPA is [ee'nlg¥]. Other

) — i features include: velarization with
Interval Tier 02: IPA: [eene]. Point

. .| [eet], velarized, k
Tier 01: Consonants [n], and Point [ect],  velarized, —creaky  and
Tier 02: Vowel: [e], [ee], 25c

focuses on the sound [n], which

breathy voiced, aspirated [gvf].
Note: e [n] = atypical, distortion

: low t
appears at the end of the word. Itis a (low tone)

pulmonic egressive, alveolar, voiced
sound which is of 0.06 seconds, 75
dB, 235 Hz.

Data Display 25 (d)

Typical Speech Atypical Speech
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Figure 185 (a): Oscillogram of <, Figure 185 (b): Oscillogram of
fpen] 7, [
It shows a PRAAT illustration of the | Here, [n] appears at the end of the
word “i9 which is displayed in the | word. It’s 0.1 seconds, 64 dB, 203

Interval Tier 01: Bangla Text Word Hz. It has no audible release. The
‘s, and its transcription is in | atypical IPA is [pvgxi]. Other

. .. | features include: velarization [pY],
Interval Tier 02: IPA: [pen]. Point [P]

Tier 01: Consonants [p], [n], and
Point Tier 02: Vowel: [e], 25d

focuses on the sound [n], which

retracted tongue root position,
creaky voice and velarization with
[e].

: Note: e [n] = atypical, omission
appears at the end of the word. It is a [n] yp
: . i (no audible release)
pulmonic egressive, alveolar, voiced
sound which is of 0.06 seconds, 75

dB, 235 Hz.

Data Display 26 (a)

Typical Speech Atypical Speech

e

[ i I ® | i |

Figure 186 (a): Oscillogram of @i, Figure 186 (b): Oscillogram of
[enti] B, [endti]
It shows a PRAAT illustration of | Here, [g] appears in the middle of

the word =i which is displayed in | the word. It’s 0.4 seconds, 61 dB,

the Interval Tier 01: Bangla Text [ 209 Hz. It has low tone. The

Word “sie?, and its transcription is | atypical IPA s [endt!i]. Other
features include: post-alveolar click

[t'].

in Interval Tier 02: IPA: [enti].
Point Tier 01: Consonants [n], [t]
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and Point Tier 02: Vowel: [e], [i]
26a focuses on the sound [n], which
appears in the middle of the word.
It is a pulmonic egressive, velar,
voiced sound which is of 0.23
seconds, 68 dB, 283 Hz.

Note: m [n] = atypical, distortion
(low tone)

Data Display 26 (b)
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Atypical Speech

ectrogram _«+ derived formants  — de
. ) i
[0 & Gt K

0

[p%tm]
[p!] [l 0]
[o] [1]

Pori]
(1] ]
[o7] [

[ 1P

Figure 187 (a): Oscillogram of =fge,

[prorn]
It shows a PRAAT illustration of the
word =fEe which is displayed in the
Interval Tier 01: Bangla Text Word

13 09
N\

and its transcription is in

Interval Tier 02: IPA: [p"orig]. Point
Tier 01: Consonants [p"], [t], [n] and
Point Tier 02: Vowel: [o], [1] 26b
focuses on the sound [n], which
appears at the end of the word. Itis a
pulmonic egressive, velar, voiced
sound which is of 0.25 seconds, 62
dB, 179 Hz.

Figure 187 (b): Oscillogram of
=fSe, [phovpii]
Here, [n] appears at the end of the
word. It’s 0.3 seconds, 50 dB, 171
Hz. It has no audible release. The
atypical IPA is [pto\pig]. Other
features include: retracted tongue
root position and velarization for
[0¥] and [1*], and nasalization with

[i].

Note: e [n] = atypical, omission

(no audible release)
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Data Display 27 (a)
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Figure 188 (a): Oscillogram of =7,
[1o€]

It shows a PRAAT illustration of

the word == which is displayed in

the Interval Tier 01: Bangla Text

Word ‘@, and its transcription is

in Interval Tier 02: IPA: [loe]. Point
Tier 01: Consonants [I] and Point
Tier 02: Vowel: [oe], 27a focuses
on the sound [l], which appears at
the beginning of the word. It is a

alveolar,
is of 0.13

pulmonic  egressive,
voiced sound which

seconds, 76 dB, 232 Hz.

Figure 188 (b): Oscillogram of =,
[1ie']
Here, [I] appears at the beginning
of the word. It’s 0.2 seconds, 72
dB, 206 Hz. It has creaky voice
and retracted tongue root position,
also extra low tone. The atypical
IPA is [llger]. Other features
include: velarization and creaky
voice for [geY].
Note: b [I] =

(creaky voice and retracted tongue

atypical, distortion

root position, also extra low tone)

Data Display 27 (b)
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Figure 189 (a): Oscillogram of Gifers,

[delim]
It shows a PRAAT illustration of

the word wifery which is displayed in

the Interval Tier 01: Bangla Text
Word ‘wifer’, and its transcription is

in Interval Tier 02: IPA: [delim].
Point Tier 01: Consonants [d], [l],
[m] and Point Tier 02: Vowel: [e],
[1], 27b focuses on the sound [l],
which appears in the middle of the
word. It is a pulmonic egressive,
alveolar, voiced sound which is of
0.08 seconds, 77 dB, 222 Hz.

Figure 189 (b): Oscillogram of
o, [delim]
Here, [I] appears in the middle of
the word. 1t’s 0.12 seconds, 66 dB,
228 Hz. It shows laminal []]. The
IPA is [delim]. Other

and voiceless

atypical

features include:

[m].
Note: m [I] = atypical, distortion

(laminal)

Data Display 27 (c)
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Figure 190 (a): Oscillogram of ==,

[kol]
It shows a PRAAT illustration of
the word <= which is displayed in

the Interval Tier 01: Bangla Text
Word ‘%<7, and its transcription is

in Interval Tier 02: IPA: [kol]. Point
Tier 01: Consonants [k], [I] and

Figure 190 (b): Oscillogram of %=,
[koll
Here, [l] appears at the end of the
word. It’s 0.12 seconds, 63 dB,
187 Hz. It has retracted tongue
root position. The atypical IPA is
[kgl]. Other
creaky voiced, laminal [3].
Note: e [I] =

features include:

atypical, distortion
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Point Tier 02: Vowel: [0], 27c
focuses on [l], which appears at the
end of the word. It is a pulmonic
egressive, alveolar, voiced sound
which is of 0.08 seconds, 77 dB,
222 Hz.

(retracted tongue root position)

Data Display 28 (a)

Typical Speech

Atypical Speech
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Figure 191 (a): Oscillogram of =y,
[roe]
It shows a PRAAT illustration of

the word =@ which is displayed in

the Interval Tier 01: Bangla Text

Word ‘5¢@’, and its transcription is in

Interval Tier 02: IPA: [roe]. Point
Tier 01: Consonants [r] and Point
Tier 02: Vowel: [oe], 28a focuses on
the sound [c], which appears at the
beginning of the word. It is a
pulmonic egressive, post-alveolar or
palato-alveolar, voiced sound which

is of 0.12 seconds, 77 dB, 225 Hz.

Figure 191 (b): Oscillogram of =¥,
[rroer]

Here, [c] appears at the beginning
of the word. It’s 0.3 seconds, 65
dB, 191 Hz. It has rhotic release.
The atypical IPA is [roer]. Other
features include: rising-falling for
[oeA].

Note: b [r] = atypical, distortion,
also could be noted for addition
(rhotic release)
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Data Display 28 (b)
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Figure 192 (a): Oscillogram of ¢,

[morog]
It shows a PRAAT illustration of
the word ciizet which is displayed in

the Interval Tier 01: Bangla Text
Word ‘cia’, and its transcription is

in Interval Tier 02: IPA: [morog],
Point Tier 01: Consonants [m], [r],
[g] and Point Tier 02: Vowel: [0],
28b focuses on [r], which appears in
the middle of the word. It is a
pulmonic egressive, post-alveolar or
palato-alveolar, voiced sound which

is of 0.04 seconds, 78 dB, 245 Hz.

Figure 192 (b): Oscillogram of
=l [mdogvio?]

Here, [r] appears in the middle of
the word. It’s 0.3 seconds. It shows
velarization and retracted tongue
root position with [¢¥]. The atypical
IPA is [mdorvio?]. Other features
include: low tone with [mi], pre-
palatalization with [io], and a
substitution with a glottal stop.

Note: m [r] = atypical, distortion
(velarization and retracted tongue

root position)
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Figure 193 (a): Oscillogram of <1,

[benor]
It shows a PRAAT illustration of
the word <= which is displayed in

the Interval Tier 01: Bangla Text
Word ‘3=, and its transcription is

in Interval Tier 02: IPA: [benor],
Point Tier 01: Consonants [b], [n],
[c] and Point Tier 02: Vowel: [e],
[0], 28c focuses on [c], which
appears at the end. It is pulmonic
egressive, post-alveolar or palato-
alveolar, voiced, 0.18 seconds, 60
dB, 167 Hz.

Figure 193 (b): Oscillogram of
3w, [bPevnvoyr]
Here, [c] appears at the end of the
word. It’s 0.2 seconds. It has no
audible release. The atypical IPA
is  [bPevn¥o¥r].  Other

include: lip compression of [bf],

features

velarization, retracted togue root
position, and creaky voice for [gY],
velarization for [n¥] and [oY].

Note: e [¢] = atypical, omission (no

audible release)
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Figure 194 (a): Oscillogram of =fgz,

[prorm]
It shows a PRAAT illustration of
the word =f&2 which is displayed in

the Interval Tier 01: Bangla Text
Word ‘=fS2’, and its transcription is

in Interval Tier 02: IPA: [prori].
Point Tier 01: Consonants [p"], [tl,

Figure 194 (b): Oscillogram of
wf%e, [phoypin]
Here, [r] appears in the middle of
the word. It’s 0.3 seconds, 50 dB,
171 Hz. It has retracted tongue root
position and velarization. The
atypical IPA is [phovpig]. Other

features include: retracted tongue
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[n] and Point Tier 02: Vowel: [0], [1]
29a focuses on [], appears in the
middle, pulmonic egressive, velar,
voiced, 0.03 seconds, 77 dB, 244
Hz.

root position and velarization for
[0¥] and [p¥], and nasalization with
[1], and no audible release for [n].

Note: m [r] = atypical, distortion
(retracted tongue root position and

velarization)

Data Display 29 (b)

Typical Speech

Atypical Speech

it
[ b o 0|
| U m

[peipo]

Jal [o]

Figure 195 (a): Oscillogram of =fisfw,
[PEpor]

It shows a PRAAT illustration of

the word =f=fe which is displayed in

the Interval Tier 01: Bangla Text
Word ‘~fi=fe’, and its transcription is

in Interval Tier 02: IPA: [pgpor].
Point Tier 01: Consonants [p], [p],
[t] and Point Tier 02: Vowel: [2],
[0] 29b focuses on [¢], appears at
the end, pulmonic egressive, velar,
voiced, 0.03 seconds, 77 dB, 244
Hz.

Figure 195 (b): Oscillogram of

14, [pevporl

Here, [r] appears at the end of the

word. It’s 0.08 seconds. It has no

audible release. The atypical IPA

is [pevpor]. Other features include:

nasalization of [p], creaky voice,

velarization of [g¥], nasalization

and creaky voice for [g].

Note: e [f] =

(no audible release)

atypical, omission

4.2. Sample Patient Reports
The following summarizes the patient's medical diagnoses relevant to the speech

analysis only. The V Scale (0-5) from Glasgow Coma Scale (1974) are V5
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(Oriented: fluent speech, comprehension and production are intact), V4 (Confused
Conversation: speech is connected but disoriented), V3 (Inappropriate Words:
random or irrelevant words, affected comprehension), V2 (Incomprehensible
Sounds: moans, no real words, severe speech/language breakdown), V1

(None/Coma: no verbal output).

Suggestive Typical versus Atypical Ratio Assessment Color-Flag Chart (original
work) Green @ is Normal Range (0-25 %), Yellow () is Elevated Atypical (26-
50%), Orange @ (51-75%) is Markedly Atypical, Red @ is Highly Atypical (76-
100%). For error types similar measures were taken identify the levels. Detailed

information has been omitted to maintain medical confidentiality.

SL No. 03

General Name: Jannatul Age: 24 Sex: Female
Information | Ferdous
and

Diagnosis

History: In 2012, experienced headache, vomiting, double
2012-2023 vision, diagnosed as a post fossa SOL and operated by
posterior midline approach to remove the SOL and VP
shunt followed by removal of the tumor in the right
sub-occipital approach and was diagnosed as
hemangioblastoma in the year of 2014. In 2023, she
again got admitted with headaches, vomiting, and
dimness of vision and diagnosed as recurrence of post
fossa SOL and operated through right sub-occipital
approach and removal of tumor took place.
Histopathology came out to be Hemangioblastoma,
WHO grade 1.

Present Day: | Now, in 2025, for the last 6 months, her symptoms are,

2025 headaches aggravated during coughing and sneezing,
Recurring gradual decrease of vision and tendency to fall towards
left.
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On Nervous System Examination (received info)
Higher Psychic Function Intact, GCS 15, Right handed
Speech-Scanning, Gait-Ataxic, Lobe Sign: Absent

No signs of meningeal irritation

Speech-
Language
Screening

Report

Error Types: T1 (Distortion)= @ 69.41%, T2
(Omission) = @ 22.35%, T3 (Substitution)= @
8.24%, T4 (Addition/Insertion)= @ 20%

Organs Involved

b (beginning) O

= 34.31%; upper lip, lower lip, upper teeth, lower
teeth, Alveolar Ridge, tip and blade/front of the tongue

m (middle) O
= 26.47% ; hard palate, center of the tongue

e (ending) O
= 39.22% ; soft palate/VVelum, back and the root of the

tongue, Uvula

Types, Features, Placements (Details)
A. Distortion
1. weak articulation e [p]

2. lowtonee[t], e [m], e[n]

3. lip compression e [b], m [m]

4. labialized m [bf]

5. laminal b [t], m [{]

6. Dbreathy-voiced e [bf], e [d], b [A]

7. creaky-voiced b [5], b [¢f], b [f], e [I]

8. rising-falling tone b [(], m [d%], m [c], b [A]

9. rising tone b [m]

10. velarization m [t"], e [t], e [t"], m [df], b [¢"], b
[51, m [5], e 5, b [°], e [K], e [k"], m [g], b [¢"],
b [A], b [I], e [1], m [1]
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11. nasalization m [d], e [d], b [g], b [m], b [n]

12. retracted tongue-root position e [t], b [¢"], b
[51, m 51, e 5, b 51, e [K], b [k*], e [k"], b [n],
e[nl, bl e[l b, m[l

13. more roundedness b [n]

A.  Omission

1. noaudible release e [t"], e [d], e [c], e [K], e
[9]. b [s]. e [6]. e [c], e [t]

2. unaspirated b [bf]

partial devoicing m [d], e [d]

4. voiceless b [df], e [3], e [3°], e [gf], m [I], m
[d], m [d"]

B. Substitution

1. sound substitution b [df], m [df], b [d"], e [d"],

b Ig], m [9"], m [1]

Addition/Insertion

w

double articulation m [m], m [n], e [n]
aspirated e [bf], e [d], b [k"], m [g®], b [J]
pre-aspirated m [t], m [cf], e [[]

A w0 2O

post-alveolar click e [t]

5. voiced e [t], b [t"], m [t"], b [d], m [A]
Typical versus Atypical Ratio: 24.71% : 77.65%
= @ Highly Atypical
Typical (21 out of 85) = 24.71%

Atypical (66 out of 85) = 77.65%
Suggestive:
GCS (V5): patient is oriented, as in, fluent speech,

comprehension and production are intact

Error Type: T1 (Distortion) = @ 69.41%

Atypical: @ Highly Atypical (77.65%)

Affected Organs: tongue, lower lip, soft palate/Velum

are moderately affected

Figure 196: Speech-Language Screening Report of Patient 03
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SL No. 01

General
Information
and

Diagnosis

Name: Kamal Age: 55 Sex: Male
Uddin

2025

Spasmodic

Present Day:

Patient experienced gradual progression of headache
on the right side aggravated during coughing,
vomiting, eye pain, vertigo and has been diagnosed
with glioblastoma at right temporo-parieto-occipital
lobe ICSOL, perilesional edema, mass effect with

midline displacement.

On Nervous System Examination (received info)

GCS (E4V5M6)

The V (verbal response) score: patient is oriented, able
to speak on command and coherently, content is intact
Cranial Nerves V, VII, IX, X, XII are crucial for
speech, voice, swallowing: no swallowing difficulties,
voice and speech are on command (speech data to be
analyzed). Motor System (UL, LL, Reflexes, Plantar,
Clonus): reflects motor pathways, UMN lesions can
also involve corticobulbar tracts leading to slurred
speech or even Aphasia if lesion is cortical and left-
sided (speech data to be analyzed)

Speech-
Language
Screening

Report

Error Types: T1 (Distortion)= O 44.71%, T2
(Omission) = @ 18.82%, T3 (Substitution)= @
12.94%, T4 (Addition/Insertion)= @ 9.41%

Organs Involved

b (beginning) @
= 16.09% ; upper lip, lower lip, upper teeth, lower
teeth, Alveolar Ridge, tip and blade/front of the tongue

217




m (middle) O
= 26.44% ; hard palate, center of the tongue

e (ending) @
= 57.47% ; soft palate/Velum, back and the root of the

tongue, Uvula

Types, Features, Placements (Details)
A. Distortion
laminal m [d], m [I]
velarization m [d"], m [g], m [c], m [¢]
fricative release m [c], e [c], e [c"]
rhotic release b [r]
weak articulation m [p"], e [p"], e [t"], m [3]
nasalization e [b], b [5], m [k"]
low tone e [b], b [t], e [3f], e [n], m [n]
extra low tone e [t"], e [k"], b [n], b [I]
rising-falling m [d"]
10. breathy voice e [t], e [t'], e [3%]
11. creaky voice e [d], b [A], b [I]
12. retracted tongue root position b [[], b [l], e [1],
m [c], m[1]

© © N o Ok~ 0w DN E

B. Omission

1. noaudible release e [p], e [t], e [¢f], e [n], e
[n], el et

2. unaspirated b [bf], m [bf], e [b%], b [3%], b [gf]

3. partial devoicing e [d]

4. devoicing m [d"], b [df], m [n]

C. Substitution
5. substitution b [d%], m [d"], e [d®], b [d"], m [c],
e[yl e b1 e [k], e [9], b [¢°], m [n]
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Addition/Insertion

addition m [m]

glottal stop e [g]
post-alveolar click b [tf], e [d]
aspiration e [d]

voiced e [bf], m [bf], m [k]

o &~ w2 0O

Typical versus Atypical Ratio: 16.47% : 85.88%
= @ Highly Atypical

Typical (14 out of 85) = 16.47%

Atypical (73 out of 85) = 85.88%

Suggestive:

GCS (V5): patient is oriented, as in, fluent speech,
comprehension and production are intact

Error Type: T1 (Distortion) = () 44.71%,

Atypical: @ Highly Atypical (85.88%)

Affected Organs: soft palate/\VVelum, back and root of
the tongue are mostly affected, center of the tongue is

moderately affected

Figure 197: Speech-Language Screening Report of Patient 01

4.3. Ratio Analysis of Atypical Speech Features

In this section, the data ratio have been represented. The occurrences of the

phonological errors of 10 patients have been represented in percentage.

Distortion comprises of nasal release/nasalized 5.13%, labialized 4.19%, lip
compression 3.51%, laminal 4.06%, velarized 6.3%, dental expression 1.37%,
fricative release 2.39%, rhotic release 1.45%, strong/weak articulation 2.39%,
inconsistent /h/ 2.35%, low tone 3.81%, extra-low tone 3.93%, rising-falling tone
5.64%, rising tone 1.5%, breathy-voiced 2.86%, creaky-voiced 5.7%, sliding

articulation 1.45%, retracted tongue-root position 5.6%, more roundedness 0.98%.
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Hence, Distortion is 64.61%. Addition/Insertion includes pre-palatalization 1.45%,
post-alveolar click 1.54%, aspirated 2.39%, pre-aspirated 2.39%, double
articulation 2.65%, sound addition 1.45%, glottal stop addition 1.41%, post-
alveolar click addition 1.37%, voiced 2.48%.

Addition/Insertion is 17.13%. Omission is 13.47%, which are unaspirated 2.31%,
no audible release 5.6%, voiceless 4.19%, partial devoicing 1.37%. Substitution is
sound substitution 4.79%, and substitution with unintelligible speech 0.98%, which
is 4.79%.

Given next are the individual ratio analyses of these features.
The ratio of nasal release or

® nasal release/nasalization
nasalization as opposed to other atypical features

other atypical features is
5.13: 94.87 which is shown
on the right hand side.

R
—]

Figure 198: Nasal Release/Nasalization Ratio

The ratio of labialization as

A = [abialized
opposed to other atypical
features is 4.19: 95.81 which

is shown on the right hand

|

side.

Figure 199: Labialization Ratio
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The ratio of lip compression
as opposed to other atypical
features is 3.51: 96.49 which
is shown on the right hand

side.

The ratio of velarized sounds
as opposed to other atypical
features is 6.3: 93.7 which is

shown on the right hand side.

The ratio of laminal sounds
as opposed to other atypical
features is 4.06: 95.94 which
is shown on the right hand
side.

The ratio of pre-palatalized
sounds as opposed to other
atypical features is 1.45:
98.55 which is shown on the

right hand side.

® |ip compression

other atypical features

Ty

Figure 200: Lip Compression Ratio

B velarized

other atypical features

I

Figure 201: Velarization Ratio

B [aminal

other atypical features

o

Figure 202: Laminal Ratio

s pre-palatalization

other atypical features

Figure 203: Pre-Palatalization Ratio
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The ratio of post-alveolar ,
a post-alveolar click

click sounds as opposed to other atypical features
other atypical features is
1.54: 98.46 which is shown

on the right hand side.

|

Figure 204: Post-Alveolar Click Ratio
The ratio of sounds with _
B dental expression
dental expression as opposed other atypical features
to other atypical features is
1.37: 98.63 which is shown

on the right hand side.

Figure 205: Dental Expression Ratio
The ratio of sounds with

= fricative release
fricative release as opposed other atypical features
to other atypical features is
1.37: 98.63 which is shown

on the right hand side.

Figure 206: Fricative Release Ratio
The ratio of sounds with .
® rhotic release
rhotic release as opposed to other atypical features
other atypical features is
1.37: 98.63 which is shown

on the right hand side.

Figure 207: Rhotic Relesae Ratio
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The ratio of voiced sounds as
opposed to other atypical
features is 2.48: 97.52 which
is shown on the right hand

side.

The ratio of voiceless sounds
as opposed to other atypical
features is 4.19: 95.81 which
is shown on the right hand

side.

The ratio of partial devoiced
sounds as opposed to other
atypical features is 1.37:
98.63 which is shown on the

right hand side.

The ratio of strong/weak
articulation sounds as
opposed to other atypical
features is 2.39: 97.61 which
is shown on the right hand

side.

® yoiced

other atypical features

¥
)

Figure 208: Voiced Ratio

® voiceless

other atypical features

]
“
[

Figure 209: Voiceless Ratio

m partial devoicing

other atypical features

Figure 210: Partial Devoiced Ratio

B strong/weak articulation

other atypical features

Figure 211: Strong/Weak Articulation Ratio
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The ratio of sounds with
inconsistent [f] as opposed to
other atypical features is
2.35: 97.65 which is shown
on the right hand side.

The ratio of sounds with
aspiration as opposed to
other atypical features is
2.39: 97.61 which is shown
on the right hand side.

The ratio of unaspirated
sounds as opposed to other
atypical features is
2.31:97.69 which is shown
on the right hand side.

The ratio of pre-unaspirated
sounds as opposed to other
atypical features is 2.39:
97.61 which is shown on the

right hand side.

B inconsistent [h]

other atypical features

0
f

Figure 212: Inconsistent [A] Ratio

B aspirated

other atypical features

B
i
¥

Figure 213: Aspiration Ratio

B unaspirated

other atypical features

-
]
[ ]

Figure 214: Unaspirated Ratio

® pre-aspirated

other atypical features

¥

Figure 215: Pre-Unaspirated Ratio
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The ratio of sounds with low-
tone as opposed to other
atypical features is 3.81:
96.19 which is shown on the

right hand side.

The ratio of sounds with
extra low-tone as opposed to
other atypical features is
3.93: 96.07 which is shown
on the right hand side.

The ratio of sounds with
rising-falling tone as opposed
to other atypical features is
5.64: 94.36 which is shown
on the right hand side.

The ratio of sounds with
rising tone as opposed to
other atypical features is 1.5:
98.5 which is shown on the

right hand side.

8 [ow-tone

other atypical features

Ty

Figure 216: Low-Tone Ratio

® gxtra-low tone

other atypical features

e

Figure 217: Extra Low-Tone Ratio

= rising-falling tone

other atypical features

rd

R

Figure 218: Rising-Falling Tone Ratio

® rising-tone

other atypical features

Figure 219: Rising Tone Ratio
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The ratio of sounds with
breathy-voice as opposed to
other atypical features is
2.86: 97.14 which is shown

on the right hand side.

The ratio of sounds with
creaky voice as opposed to
other atypical features is 5.7:
94.3 which is shown on the
right hand side.

The ratio of sounds with
sliding articulation as
opposed to other atypical
features is 1.45: 98.55 which
is shown on the right hand

side.

The ratio of sounds with
retracted tongue-root position
as opposed to other atypical
features is 5.6: 94.4 which is

shown on the right hand side.

® breathy-voiced

other atypical features

M |

Figure 220: Breathy-Voice Ratio

8 creaky-voiced

other atypical features

W

~—rey

Figure 221: Creaky Voice Ratio

& sliding articulation

other atypical features

]

Figure 222: Sliding Articulation Ratio

® retracted tongue-root position

other atypical features

ol

Figure 223: Retracted Tongue-Root Position Ratio
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The ratio of sounds with
more roundedness as
opposed to other atypical
features is 0.98: 99.02 which
is shown on the right hand

side.

The ratio of sounds with no
audible release as opposed to
other atypical features is 5.6:
94.4 which is shown on the

right hand side.

The ratio of  sound
substitution as opposed to
other atypical features is
3.81: 96.19 which is shown
on the right hand side.

The ratio of substitution with
unintelligible  speech  as
opposed to other atypical
features is 0.98:99.02 which
is shown on the right hand

side.

# more roundedness

other atypical features

Figure 224: More Roundedness Ratio

® no audible release

other atypical features

7
s
7
7

-
“
1 J

Figure 225: No Audible Release Ratio

| sound substitution

other atypical features

o

Figure 226: Sound Substitution Ratio

® substitution with unintelligible
speech

other atypical features

Figure 227: Substitution with Unintelligible

Speech Ratio
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The ratio of substitution with
double
opposed to other atypical
features is 2.65: 97.35 which

is shown on the right hand

articulation as

side.

The ratio of sound addition
as opposed to other atypical
features is 1.45: 98.55 which
is shown on the right hand

side.

The
addition as opposed to other
is 1.41:

98.59 which is shown on the

ratio of glottal stop

atypical features

right hand side.

The ratio of post-alveolar
click addition as opposed to
other atypical features is
1.37:98.63 which is shown

on the right hand side.

® double articulation

other atypical features

[
| |
¥
¥
¥

Figure 228: Substitution with Double Articulation

ratio

# sound addition

other atypical features

Figure 229: Sound Addition Ratio

u glottal stop addition

other atypical features

Figure 230: Glottal Stop Addition Ratio

= post-alveolar click addition

other atypical features

Figure 231: Post-Alveolar Click Addition Ratio

Given next is the bar diagram representing all the percentages which shows that the

highest form of atypical

speech occurs due to velarization and nasal

release/nasalization which is a phonological matter and it can be considered under
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distortion. Other significant errors happen due to retracted tongue-root position,
creaky-voice, rising-falling tone, nasal release/nasalization and no audible release.
Creaky-voice and rising-falling tone can be considered as suprasegmental features,
and retracted tongue-root position can cause phonological or acoustic errors which

all leads to distortion. No audible release, on the other hand, can lead to omission.

Atypical Speech Errors
1
i
L |
] I=:E‘EE: g HEE: E:““‘E=
I I HOHE
IS R R R RS T A e R ]
Eaafaﬁﬁigé"ﬁggﬁﬁaaﬁggggg;gggﬁigggg
A L R AT LT R L
-g o - ; & ﬂ?d =i - _&E__#-hs_ B
'\#r‘:b} E ~ N'E::srugm m.ﬁ
4 5 g 5 i
_ E 5
N
g

Figure 232: Atypical Speech Errors

The bar diagram below represents the summary of 10 patient’s Phonological Error
Types; T1: Distortion 64.61%, T2: Omission 13.47%, T3: Substitution 4.79%, T4:
Insertion/Addition 17.13%. Given next is the ratio of the four major types of

atypical speech features.
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% iy

13%

T1: Distortion
65% T2: Omission
T3: Substitution

- T4: Insertion/Addition

Figure 233: Atypical Speech Error Types

4.4. Feature Matrix Analyses
Given next is the phonological and articulatory matrix analysis of the atypical

speech of patient 03. For patient 03, in the word =, [pe~ip], [p] represents rising-

falling onset addition, for segmental features it shows [+consonantal], [+labial],
[+anterior]. Here, there is no secondary articulation, however it displays weak
articulation. It’s an end sound and the articulatory organs include upper and lower
lips. The place of articulation is bilabial, manner is plosive, and it is a voiceless
sound. It is labial as it displays weak formant transitions, especially flat F2, and
shows a lower burst. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. There is weak Articulation () as it

shows lower intensity and blurred formants.

In the word ¢, [lebPfii], [bP] doesn’t show any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+labial], [+anterior].
Here, there is no secondary articulation, however it displays lips compression. It’s
a near-end sound and the articulatory organs include upper and lower lips. The
place of articulation is bilabial, manner is plosive, and it is a voiced sound. It is
labial as it displays weak formant transitions, especially flat F2, and shows a lower
burst. It is anterior as have concentrated energy in the higher frequency region,
indicating front articulations. Clear formant structure without aperiodic noise
identifies sonorants. Here, [bF] is a consonant because it is produced with a bilabial

closure. Since there is a stop-closure, it doesn’t display any vowel-like formants.
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However, the flat F2 confirms that [bf] behaves as a consonant rather than a vowel

in this sequence.

In the word =w, [b7ellod], [b7] doesn’t show any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+labial], [+anterior].
Here, there is no secondary articulation, however it displays unaspiration. It’s a
beginning sound and the articulatory organs include upper and lower lips. The
place of articulation is bilabial, manner is plosive, and it is a voiced sound. It is
labial as it displays weak formant transitions, especially flat F2, and shows a lower
burst. It is anterior as have concentrated energy in the higher frequency region,
indicating front articulations. It shows unaspiration /::~/ as shows that voicing
begins quickly after stop release. Clear formant structure without aperiodic noise
identifies sonorants. However, the flat F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word =re, [o¥biveb], [b*] doesn’t show any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+labial], [+labialization],
[+anterior], [+rounded]. Here, there is a secondary articulation, which is
labialization. It’s a beginning sound and the articulatory organs include upper and
lower lips. The place of articulation is bilabial, manner is plosive, and it is a voiced
sound. It is labial as it displays weak formant transitions, especially flat F2, and
shows a lower burst. It is rounded as there is a lowering of F2, a cue for lip
rounding. It is anterior as have concentrated energy in the higher frequency region,
indicating front articulations. Clear formant structure without aperiodic noise
identifies sonorants. However, the flat F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word fcte, [bik*k¥obt], [bf] doesn’t show any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+labial], [+anterior].
Here, there is no secondary articulation, however it displays breathy-voice. It’s an
end sound and the articulatory organs include upper and lower lips. The place of
articulation is bilabial, manner is plosive, and it is a voiced sound. It is labial as it

displays weak formant transitions, especially flat F2, and shows a lower burst. It is
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anterior as have concentrated energy in the higher frequency region, indicating
front articulations. It shows labialization /::%/ as it shows lowered F2. Clear
formant structure without aperiodic noise identifies sonorants. However, the flat F2

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word 78w, [d™iA"t3], [*t] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+coronal], [+anterior], [+high]. Here,
there is no secondary articulation, however it displays pre-aspiration. It’s a near-
end sound and the articulatory organs include blade of the tongue and upper teeth.
The place of articulation is dental, manner is plosive, and it is a voiceless sound. It
is anterior as have concentrated energy in the higher frequency region, indicating
front articulations. It also shows coronal as there is a higher F2 transitions, bursts
may appear more concentrated in the mid-frequency range. It is high as it shows
low F1, indicating a high tongue position. It shows dental /::/ energy shifted lower.
However, the F2 transition confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word zrs, [fiet!d], [t!4] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+anterior], [+high]. Here, there is no
secondary articulation, however it displays a click sound and a low tone. It’s an
end sound and the articulatory organs include blade of the tongue, alveolar ridge
and upper teeth. The place of articulation is alveo-dental due to the click, manner is
plosive, and it is a voiceless sound. It is anterior as have concentrated energy in the
higher frequency region, indicating front articulations. It also shows coronal as
there is a higher F2 transitions, bursts may appear more concentrated in the mid-
frequency range. It is high as it shows low F1, indicating a high tongue position. It
shows dental /:/ energy shifted lower. It shows low Tone (4) showing close
to/lower FO contour in pitch. However, the F2 transition confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word ¢1ais, [kot™veo], [tm] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+anterior], [+velarization], [+high],

[+back]. Here, there is a secondary articulation, which is velarization. It’s a near-
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end sound and the articulatory organs include blade of the tongue, back of the
tongue and upper teeth. The place of articulation is dento-velar due to velarization,
manner is plosive, and it is a voiceless sound. It also shows coronal as there is a
higher F2 transitions, bursts may appear more concentrated in the mid-frequency
range. It is high as it shows low F1, indicating a high tongue position. It shows
velarization /::v/ as it shows lowered F2, reflects tongue body retracted toward
velum. However, the flat F2 confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word #i2, [[3:)"&], [t] represents rising-falling as onset addition, and it’s an end

sound. The segmental features, secondary articulation, articulatory organs, place,

manner and voicing are not relevant as there is no audible release.

In the word 2%, [idgdui], [d)] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+/-sonorant], [+/-voice], [+coronal],
[+nasal], [+nasalization], [+anterior], [+high]. Here, there is a secondary
articulation, which is nasalization. It’s a starting-mid sound and the articulatory
organs include blade of the tongue, upper teeth and nasal cavity. The place of
articulation is dental assisted with nasalization, manner is plosive, and it is a
partially devoiced sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It also shows coronal as there is a
higher F2 transitions, bursts may appear more concentrated in the mid-frequency
range. It is high as it shows low F1, indicating a high tongue position. It shows
nasalization /Z/as it shows (~250-300 Hz), higher formants. It shows dental /:/
energy shifted lower. Clear formant structure without aperiodic noise identifies
sonorants. It shows nasal as there is voicing with low-frequency energy and nasal
murmur around. However, the F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word oW, [¢&id"], [dh] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+/-sonorant], [+/-voice], [+coronal], [+nasal],
[+nasalization], [+anterior], [+high]. Here, there is no secondary articulation,

however it displays breathy-voice. It’s an end sound and the articulatory organs
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include blade of the tongue, upper teeth and nasal cavity. The place of articulation
is dental assisted with nasalization, manner is plosive, and it is a partially devoiced
sound. It is anterior as have concentrated energy in the higher frequency region,
indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It shows nasalization
/Z/as it shows (~250-300 Hz), higher formants. It shows dental /::/ energy shifted
lower. Clear formant structure without aperiodic noise identifies sonorants,
however, it is not very clear here. It shows nasal as there is voicing with low-
frequency energy and nasal murmur around. However, the F2 transition confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word ¢, [doe~A], [d] is a substitution, it doesn’t display any onset

addition, for segmental features it shows [+consonantal], [+sonorant], [+voice],
[+coronal], [+anterior], [+high]. Here, there is no secondary articulation, however
it displays substitution. It’s a beginning sound and the articulatory organs include
blade of the tongue and upper teeth. The place of articulation is dental, manner is
plosive, and it is a voiced sound. It is anterior as have concentrated energy in the
higher frequency region, indicating front articulations. It also shows coronal as
there is a higher F2 transitions, bursts may appear more concentrated in the mid-
frequency range. It is high as it shows low F1, indicating a high tongue position. It
shows dental /::/ energy shifted lower. Clear formant structure without aperiodic
noise identifies sonorants. However, the F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word =1tss, [ovedeky], [d] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+anterior], [+high]. Here, there is no
secondary articulation, however it displays voicelessness. It’s a mid-sound and the
articulatory organs include blade of the tongue and upper teeth. The place of
articulation is dental, manner is plosive, and it is a voiceless sound. It is anterior as
have concentrated energy in the higher frequency region, indicating front
articulations. It also shows coronal as there is a higher F2 transitions, bursts may

appear more concentrated in the mid-frequency range. It is high as it shows low
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F1, indicating a high tongue position. It shows dental /:/ energy shifted lower.
However, the F2 transition confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word Swest, [to¥mPeto], [(] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+coronal], [+anterior], [+laminal],
[+high]. Here, there is no secondary articulation, however it displays laminal
feature and rising-falling. It’s a beginning sound and the articulatory organs
include blade of the tongue and alveolar ridge. The place of articulation is alveolar,
manner is plosive, and it is a voiceless sound. It is anterior as have concentrated
energy in the higher frequency region, indicating front articulations. It also shows
coronal as there is a higher F2 transitions, bursts may appear more concentrated in
the mid-frequency range. It is high as it shows low F1, indicating a high tongue
position. It shows laminal as /:;/ it shows broader spectral shape due to flat tongue.
However, the F2 transition confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word iG=, [edtok], [{] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+anterior], [+laminal], [+high].
Here, there is no secondary articulation, however it displays laminal feature and
rising-falling. It’s a first-mid sound and the articulatory organs include blade of the
tongue and alveolar ridge. The place of articulation is alveolar, manner is plosive,
and it is a voiceless sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It also shows coronal as there is a
higher F2 transitions, bursts may appear more concentrated in the mid-frequency
range. It is high as it shows low F1, indicating a high tongue position. It shows
laminal as /:/ it shows broader spectral shape due to flat tongue. However, the F2
transition confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word <, [kved(], [¢] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+coronal],

[+anterior], [+high]. Here, there is a secondary articulation, which is a rhotic
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release. It’s an end sound and the articulatory organs include blade of the tongue,
alveolar ridge and hard palate. The place of articulation is alveolar which is
assisted with post-alveolar, manner is plosive assisted with approximant, and it is a
voiceless sound, however, appears as voiced, that means there is a vibration in the
vocal cord. It is anterior as have concentrated energy in the higher frequency
region, indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. Clear formant structure
without aperiodic noise identifies sonorants. However, the F2 transition confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word 3=, [t"ikednded], [("] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+coronal],
[+anterior], [+high]. Here, there is no secondary articulation, however it displays
voiced feature. It’s a beginning sound and the articulatory organs include blade of
the tongue, and alveolar ridge. The place of articulation is alveolar, manner is
plosive, and it appears as voiced, that means there is a vibration in the vocal cord.
It is anterior as have concentrated energy in the higher frequency region, indicating
front articulations. It also shows coronal as there is a higher F2 transitions, bursts
may appear more concentrated in the mid-frequency range. It is high as it shows
low F1, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. However, the F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word =131, [keg"eAl], [("] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+coronal], [+anterior],
[+high]. Here, there is no secondary articulation, however it displays voiced
feature. It’s a mid-sound and the articulatory organs include blade of the tongue,
and alveolar ridge. The place of articulation is alveolar, manner is plosive, and it
appears as voiced, that means there is a vibration in the vocal cord. It is anterior as
have concentrated energy in the higher frequency region, indicating front
articulations. It also shows coronal as there is a higher F2 transitions, bursts may

appear more concentrated in the mid-frequency range. It is high as it shows low
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F1, indicating a high tongue position. Clear formant structure without aperiodic
noise identifies sonorants. However, the F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word =1, [kvedt], [{] represents rising-falling as onset addition, and it’s an

end sound. The segmental features, secondary articulation, articulatory organs,

place, manner and voicing are not relevant as there is no audible release.

In the word ©ifers, [deilim], [d] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+anterior], [+high]. Here, there is no
secondary articulation, however it displays voicelessness. It’s a beginning sound
and the articulatory organs include blade of the tongue, and alveolar ridge. The
place of articulation is alveolar, manner is plosive, and it appears as voiceless, that
means there is no vibration in the vocal cord. It is anterior as have concentrated
energy in the higher frequency region, indicating front articulations. It also shows
coronal as there is a higher F2 transitions, bursts may appear more concentrated in
the mid-frequency range. It is high as it shows low F1, indicating a high tongue
position. However, the F2 transition confirms that it behaves as a consonant rather

than a vowel in this sequence.

In the word =res, [eddden], [d] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+coronal], [+anterior],
[+high]. Here, there is no secondary articulation, however it displays voicelessness.
It’s a second-mid sound and the articulatory organs include blade of the tongue,
and alveolar ridge. The place of articulation is alveolar, manner is plosive, and it
appears as voiceless, that means there is no vibration in the vocal cord. It is
anterior as have concentrated energy in the higher frequency region, indicating
front articulations. It also shows coronal as there is a higher F2 transitions, bursts
may appear more concentrated in the mid-frequency range. It is high as it shows
low F1, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. However, the F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.
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In the word s, [ng”ia], [a] represents rising-falling as onset addition, and it is an

end sound. The segmental features, secondary articulation, articulatory organs,

place, manner and voicing are not relevant as there is no audible release.

In the word e, [dehvrvof], [d] is a substitution. It doesn’t display any onset

addition, for segmental features it shows [+consonantal], [+sonorant], [+voice],
[+coronal], [+anterior], [+high]. Here, there is no secondary articulation, however
it displays voicelessness. It’s a beginning sound and the articulatory organs include
blade of the tongue, and alveolar ridge. The place of articulation is alveolar,
manner is plosive, and it appears as voiceless, that means there is no vibration in
the vocal cord. It is anterior as have concentrated energy in the higher frequency
region, indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. Clear formant structure
without aperiodic noise identifies sonorants. However, the F2 transition confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word &, [bed™op], [d™] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+velarization], [+voice],
[+coronal], [+anterior], [+high]. Here, there is a secondary articulation, which is
velarization. It’s a mid-sound and the articulatory organs include blade of the
tongue, and alveolar ridge. The place of articulation is alveolar, manner is plosive,
and it is a voiced sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It also shows coronal as there is a
higher F2 transitions, bursts may appear more concentrated in the mid-frequency
range. It is high as it shows low F1, indicating a high tongue position. It shows
velarization /::v/ as it shows lowered F2, reflects tongue body retracted toward
velum. Clear formant structure without aperiodic noise identifies sonorants.
However, the lowered F2 confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word 2otw, [dorddor], [d] is a substitution and it represents rising-falling as

onset addition, for segmental features it shows [+consonantal], [+sonorant],
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[+voice], [+coronal], [+anterior], [+high]. Here, there is no secondary articulation.
It’s a second-mid sound and the articulatory organs include blade of the tongue,
and alveolar ridge. The place of articulation is alveolar, manner is plosive, and it is
a voiced sound. It is anterior as have concentrated energy in the higher frequency
region, indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. Clear formant structure
without aperiodic noise identifies sonorants. However, the F2 transition confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word =ists, [evdcAedr], [cA] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+coronal], [+anterior], [+delayed
release], [+strident], [+high]. Here, there is no secondary articulation. It’s a first-
mid sound and the articulatory organs include center of the tongue, and hard palate.
The place of articulation is post-alveolar, manner is affricate, and it is a voiceless
sound. It is anterior as have concentrated energy in the higher frequency region,
indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It is strident as it shows
intense high-frequency noise. However, the F2 transition confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word =er, [¢hedgvodld], [¢™] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+coronal], [+anterior],
[+velarization], [+delayed release], [+strident], [+high]. Here, there is a secondary
articulation, which is velarization, assisted with creaky voice and retracted tongue-
root position. It’s a beginning sound and the articulatory organs include center of
the tongue, and hard palate. The place of articulation is post-alveolar, manner is
affricate, and it is a voiceless sound. It is anterior as have concentrated energy in
the higher frequency region, indicating front articulations. It also shows coronal as
there is a higher F2 transitions, bursts may appear more concentrated in the mid-
frequency range. It is high as it shows low F1, indicating a high tongue position. It

shows low F2, indicating back tongue placement. It shows velarization /::v/ as it
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shows lowered F2, reflects tongue body retracted toward velum. It is strident as it
shows intense high-frequency noise. However, lowered F2 confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word <=3, [bovAhchoivey], [hch] represents pre-aspiration as onset addition, for

segmental features it shows [+consonantal], [+coronal], [+anterior], [+delayed
release], [+strident], [+high]. Here, there is no secondary articulation. It’s an end
sound and the articulatory organs include center of the tongue, and hard palate. The
place of articulation is post-alveolar, manner is affricate, and it is a voiceless
sound. It is anterior as have concentrated energy in the higher frequency region,
indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It is strident as it shows
intense high-frequency noise. However, the F2 transition confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word (ze, [y&ﬂ], [1] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+coronal],
[+velarization], [+anterior], [+delayed release], [+strident], [+high]. Here, there is
a secondary articulation, which is velarization, assisted with creaky voice and
retracted tongue-root position. It’s a beginning sound and the articulatory organs
include center of the tongue, and hard palate. The place of articulation is post-
alveolar, manner is affricate, and it is a voiced sound. It is anterior as have
concentrated energy in the higher frequency region, indicating front articulations.
It also shows coronal as there is a higher F2 transitions, bursts may appear more
concentrated in the mid-frequency range. It is high as it shows low F1, indicating a
high tongue position. It shows low F2, indicating back tongue placement. It shows
velarization /::¥/ as it shows lowered F2, reflects tongue body retracted toward
velum. Clear formant structure without aperiodic noise identifies sonorants. It is
strident as it shows intense high-frequency noise. However, the F2 transition

confirms that it behaves as a consonant rather than a vowel in this sequence.
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In the word eife, [gveiproir], [§¥] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+velarization],
[+coronal], [+anterior], [t+delayed release], [+strident], [+high]. Here, there is a
secondary articulation, which is velarization, assisted with creaky voice and
retracted tongue-root position. It’s a mid-sound and the articulatory organs include
center of the tongue, and hard palate. The place of articulation is post-alveolar,
manner is affricate, and it is a voiced sound. It is anterior as have concentrated
energy in the higher frequency region, indicating front articulations. It also shows
coronal as there is a higher F2 transitions, bursts may appear more concentrated in
the mid-frequency range. It is high as it shows low F1, indicating a high tongue
position. It shows low F2, indicating back tongue placement. It shows velarization
/=¥ as it shows lowered F2, reflects tongue body retracted toward velum. Clear
formant structure without aperiodic noise identifies sonorants. It is strident as it
shows intense high-frequency noise. However, lowered F2 confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word wrzrer, [pevihvedp], [Y] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+coronal], [+velarization],
[+anterior], [+delayed release], [+strident], [+high]. Here, there is a secondary
articulation, which is velarization, assisted with voicelessness and retracted tongue-
root position. It’s an end sound and the articulatory organs include center of the
tongue, and hard palate. The place of articulation is post-alveolar, manner is
affricate, and it is a voiceless sound as there is no significant vibration in the vocal
cord. It is anterior as have concentrated energy in the higher frequency region,
indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It shows low F2,
indicating back tongue placement. It shows velarization /::¥/ as it shows lowered
F2, reflects tongue body retracted toward velum. It is strident as it shows intense
high-frequency noise. However, lowered F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.
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In the word 33, [iﬁYlgAl_leO-IIol], [3] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+velarization], [+voice],
[+coronal], [+anterior], [+delayed release], [+strident], [+high]. Here, there is a
secondary articulation, which is velarization, assisted with creaky voice and
retracted tongue-root position. It’s a beginning sound and the articulatory organs
include center of the tongue, and hard palate. The place of articulation is post-
alveolar, manner is affricate, and it is a voiced sound. It is anterior as have
concentrated energy in the higher frequency region, indicating front articulations.
It also shows coronal as there is a higher F2 transitions, bursts may appear more
concentrated in the mid-frequency range. It is high as it shows low F1, indicating a
high tongue position. It shows low F2, indicating back tongue placement. It shows
velarization /=¥ as it shows lowered F2, reflects tongue body retracted toward
velum. Clear formant structure without aperiodic noise identifies sonorants. It is
strident as it shows intense high-frequency noise. However, lowered F2 confirms
that it behaves as a consonant rather than a vowel in this sequence.

In the word 3f, BT‘*@Y”Q], [3] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+coronal], [+anterior], [+delayed
release], [+strident], [+high]. Here, there is no secondary articulation. It’s an end
sound and the articulatory organs include center of the tongue, and hard palate. The
place of articulation is post-alveolar, manner is affricate, and it is a voiceless sound
as there is no significant vibration in the vocal cord. It is anterior as have
concentrated energy in the higher frequency region, indicating front articulations.
It also shows coronal as there is a higher F2 transitions, bursts may appear more
concentrated in the mid-frequency range. It is high as it shows low F1, indicating a
high tongue position. It is strident as it shows intense high-frequency noise.
However, the F2 transition confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word =, [n48k], [k] doesn’t display any onset addition, and it is an end

sound. The segmental features, secondary articulation, articulatory organs, place,

manner and voicing are not relevant as there is no audible release.
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In the word ¢33, [1{673%1], [k”] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+constricted glottis], [+high], [+back]. Here,
there is no secondary articulation, however there is unaspiration, creaky voice and
retracted tongue-root position. It’s a beginning sound and the articulatory organs
include back of the tongue, soft palate, and uvula. The place of articulation is velar,
manner is plosive, and it is a voiceless sound. It is high as it shows low F1,
indicating a high tongue position. It shows low F2, indicating back tongue
placement. It shows unaspiration /::~/ as shows that voicing begins quickly after
stop release. Irregular or creaky voicing indicates constricted glottis. However, the
lowered F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word =, [edk™], [k™] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+constricted glottis], [+velarization],
[+high], [+back]. Here, there is a secondary articulation, which is velarization,
assisted with creaky voice and retracted tongue-root position. It’s an end sound and
the articulatory organs include back of the tongue, soft palate, and uvula. The place
of articulation is velar, manner is plosive, and it is a voiceless sound. It is high as it
shows low F1, indicating a high tongue position. It shows low F2, indicating back
tongue placement. It shows velarization /:¥/ as it shows lowered F2, reflects
tongue body retracted toward velum. Irregular or creaky voicing indicates
constricted glottis. However, the lowered F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word s, [kopned], [k] is a substitution, it doesn’t display any onset

addition, for segmental features it shows [+consonantal], [+constricted glottis],
[+nasalization], [+high], [+back]. Here, there is a secondary articulation, which is
nasalization. It’s a beginning sound and the articulatory organs include back of the
tongue, soft palate, and uvula. The place of articulation is velar, manner is plosive,
and it is a voiceless sound. It is high as it shows low F1 and F2, indicating a high
tongue position. It shows nasalization /Z/as it shows (~250-300 Hz), higher

formants. Irregular or creaky voicing indicates constricted glottis. However, the
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low F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word =S, [edgvemi], [g¥] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+velarization], [+voice],
[+constricted glottis], [+high], [+back]. Here, there is a secondary articulation,
which is velarization. It’s a first-mid sound and the articulatory organs include
back of the tongue, soft palate, and uvula. The place of articulation is velar,
manner is plosive, and it is a voiced sound. It is high as it shows low F1, indicating
a high tongue position. It shows velarization /:+¥/ as it shows lowered F2, reflects
tongue body retracted toward velum. Clear formant structure without aperiodic
noise identifies sonorants. However, the lowered F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word e, [MmPo¥dg], [g] doesn’t display any onset addition, and it is an end

sound. The segmental features, secondary articulation, articulatory organs, place,
manner and voicing are not relevant as there is no audible release. Irregular or

creaky voicing indicates constricted glottis.

In the word (%38, [giveurg™eu™], [g] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+velarization], [+voice],
[+constricted glottis], [+high], [+back]. Here, there is a secondary articulation,
which is velarization, assisted with creaky voice. It’s a beginning sound and the
articulatory organs include back of the tongue, soft palate, and uvula. The place of
articulation is velar, manner is plosive, and it is a voiced sound. It is high as it
shows low F1, indicating a high tongue position. It shows velarization /::¥/ as it
shows lowered F2, reflects tongue body retracted toward velum. Clear formant
structure without aperiodic noise identifies sonorants. Irregular or creaky voicing
indicates constricted glottis. However, the lowered F2 confirms that it behaves as

a consonant rather than a vowel in this sequence.

In the word =iwre, [gvAdheAld], [d"] is a substitution, it represents rising-falling as

onset addition, for segmental features it shows [+consonantal], [+sonorant],
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[+voice], [+coronal], [+anterior], [+high]. Here, there is no secondary articulation.
It’s a first-mid sound and the articulatory organs include blade of the tongue, and
alveolar ridge. The place of articulation is alveolar, manner is plosive, and it is a
voiced sound. It is anterior as have concentrated energy in the higher frequency
region, indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. Clear formant structure
without aperiodic noise identifies sonorants. However, the F2 transition confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word =9, [bPevigf], [g7] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+constricted glottis], [+high],
[+back]. Here, there is no secondary articulation, however it displays
voicelessness. It’s an end sound and the articulatory organs include back of the
tongue, soft palate, and uvula. The place of articulation is velar, manner is plosive,
and it is a voiceless sound as there is no significant vibration in the vocal cord. It is
high as it shows low F1 and F2, indicating a high tongue position. Irregular or
creaky voicing indicates constricted glottis. However, the low F2 confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word 5, [suvpivA], [s] doesn’t display any onset addition, and it is a

beginning sound. The segmental features, secondary articulation, articulatory

organs, place, manner and voicing are not relevant as there is no audible release.

In the word ccs3, [/hedidgeir], [/*] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+spread glottis], [+distributed]. Here,
there is no secondary articulation, however there is aspiration. It’s a beginning
sound and the articulatory organs include center of the tongue, and hard palate. The
place of articulation is post-alveolar, manner is fricative, and it is a voiceless
sound. It is distributed as it shows broader spectral energy. However, low F2

confirms that it behaves as a consonant rather than a vowel in this sequence.
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In the word =™, [¢rgi[], [*f] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+spread glottis], [+distributed]. Here, there is no
secondary articulation, however there is pre-aspiration. It’s an end sound and the
articulatory organs include center of the tongue, and hard palate. The place of
articulation is post-alveolar, manner is fricative, and it is a voiceless sound. It is
distributed as it shows broader spectral energy. However, the low F2 confirms that

it behaves as a consonant rather than a vowel in this sequence.

In the word zs, [QY’IBAO"i], [ov1] is a substitution, it doesn’t display any onset

addition, for segmental features it shows [+syllabic], [+velarization], [+rounded],
[+low]. Here, there is a secondary articulation, which is velarization, assisted with
rising marker, creaky voice, and breathy voice. It’s a beginning sound and the
articulatory organs include upper lip, lower lip, and velum. The place of
articulation, manner, and voicing are not relevant, however, due to velarization,
velum is involved. It shows low position as it shows high F1, reflecting a low
tongue position, shows low F2, signaling tongue retraction. It shows velarization
/=¥ as it shows lowered F2, reflects tongue body retracted toward velum.
However, the low F2 confirms that it behaves as a consonant rather than a vowel

in this sequence.

In the word T3, [bw(f)’ibﬁY’iﬂ, [h] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+continuant].
Here, there is no secondary articulation, however it displays voiced feature. It’s a
mid-sound. Here the articulatory organs are not relevant, the place of articulation is
glottal, and manner is fricative. Clear formant structure without aperiodic noise
identifies sonorants. However, the low F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word 313, [bwgﬂﬂ], [ﬂ] represents rising-falling as onset addition, and it is an

end sound. The segmental features, secondary articulation, articulatory organs,

place, manner and voicing are not relevant as there is no audible release.
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In the word site, [Mm1&ohA], [f1] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+nasal], [+nasalization],
[+labial], [+anterior]. Here, there is a secondary articulation, which is nasalization,
assisted with rising marker. It’s a beginning sound and the articulatory organs
include upper lip, lower lip, and nasal cavity. The place of articulation is bilabial,
manner is nasal, and it is a voiced sound. It is labial as it displays weak formant
transitions, especially flat F2, and shows a lower burst. It is anterior as have
concentrated energy in the higher frequency region, indicating front articulations.
It shows nasalization /Z/as it shows (~250-300 Hz), higher formants. Clear
formant structure without aperiodic noise identifies sonorants. It shows nasal as
there is voicing with low-frequency energy and nasal murmur around. However,
the flat F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word S, [mTw¥A], [m1] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+nasal], [+labial],
[+anterior]. Here, there is no secondary articulation, however there is rising
marker. It’s a beginning sound and the articulatory organs include upper lip, lower
lip, and nasal cavity. The place of articulation is bilabial, manner is nasal, and it is
a voiced sound. It is labial as it displays weak formant transitions, especially flat
F2, and shows a lower burst. It is anterior as have concentrated energy in the
higher frequency region, indicating front articulations. Clear formant structure
without aperiodic noise identifies sonorants. It shows nasal as there is voicing with
low-frequency energy and nasal murmur around. However, the flat F2 confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word i, [tremmPreid], [mmPf] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+nasal],
[+labial], [+anterior]. Here, there is a secondary articulation, which is double
articulation, assisted with lip compression. It’s a mid-sound and the articulatory
organs include upper lip, lower lip, and nasal cavity. The place of articulation is
bilabial, manner is nasal, and it is a voiced sound. It is anterior as have

concentrated energy in the higher frequency region, indicating front articulations.
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It shows double articulation /:::/ as it shows overlapping energy patterns. Clear
formant structure without aperiodic noise identifies sonorants. It shows nasal as
there is voicing with low-frequency energy and nasal murmur around. However,
the low F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word ==, [k¥oivdiloAmd], [md] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+nasal],
[+labial], [+anterior]. Here, there is no secondary articulation, however it is
assisted with low tone. It’s an end sound and the articulatory organs include upper
lip, lower lip, and nasal cavity. The place of articulation is bilabial, manner is
nasal, and it is a voiced sound. It is labial as it displays weak formant transitions,
especially flat F2, and shows a lower burst. It is anterior as have concentrated
energy in the higher frequency region, indicating front articulations. It shows low
Tone (4) showing close to/lower FO contour in pitch. Clear formant structure
without aperiodic noise identifies sonorants. It shows nasal as there is voicing with
low-frequency energy and nasal murmur around. However, the flat F2 confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word ¥, [fued], [i] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+nasal], [+nasalized],
[+rounded], [+high], [+anterior]. Here, there is a secondary articulation, which is
nasalization, assisted with roundedness. It’s a beginning sound and the articulatory
organs include alveolar ridge, blade of the tongue, and nasal cavity. The place of
articulation is alveolar, manner is nasal, and it is a voiced sound. It is anterior as
have concentrated energy in the higher frequency region, indicating front
articulations. It is high as it shows low F1 and F2, indicating a high tongue
position. It shows nasalization //as it shows (~250-300 Hz), higher formants.
Clear formant structure without aperiodic noise identifies sonorants. It shows nasal
as there is voicing with low-frequency energy and nasal murmur around. However,
the low F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.
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In the word i<, [Qrﬁ@gY], [nn] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+nasal], [+high],
[+anterior]. Here, there is a secondary articulation, which is double articulation.
It’s a first-mid sound and the articulatory organs include alveolar ridge, blade of
the tongue, and nasal cavity. The place of articulation is alveolar, manner is nasal,
and it is a voiced sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It is high as it shows low F1 and
F2, indicating a high tongue position. It shows double articulation /<2 as it shows
overlapping energy patterns. Clear formant structure without aperiodic noise
identifies sonorants. It shows nasal as there is voicing with low-frequency energy
and nasal murmur around. However, the low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word =i, [eevnndeid], [nnd] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+nasal],
[+high], [+anterior]. Here, there is a secondary articulation, which is double
articulation, assisted with low tone. It’s a second-mid sound and the articulatory
organs include alveolar ridge, blade of the tongue, and nasal cavity. The place of
articulation is alveolar, manner is nasal, and it is a voiced sound. It is anterior as
have concentrated energy in the higher frequency region, indicating front
articulations. It is high as it shows low F1 and F2, indicating a high tongue
It shows low Tone ({) showing close to/lower FO contour in pitch. Clear formant
structure without aperiodic noise identifies sonorants. It shows nasal as there is
voicing with low-frequency energy and nasal murmur around. However, the low

F2 confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word =tif> [entid], [p] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+constricted glottis],
[+nasal], [+high], [+back]. Here, there is no secondary articulation, however there
is retracted tongue-root position. It’s a first-mid sound and the articulatory organs
include back of the tongue, velum, uvula, and nasal cavity. The place of

articulation is velar, manner is nasal, and it is a voiced sound. It is high as it shows
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low F1, indicating a high tongue position. It shows low F2, indicating back tongue
placement. Clear formant structure without aperiodic noise identifies sonorants.
Irregular or creaky voicing indicates constricted glottis. It shows nasal as there is
voicing with low-frequency energy and nasal murmur around. However, the low

F2 confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word =%z, [p"op], [p] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+constricted glottis],
[+nasal], [+high], [+back]. Here, there is no secondary articulation, however there
IS retracted tongue-root position. It’s an end sound and the articulatory organs
include back of the tongue, velum, uvula, and nasal cavity. The place of
articulation is velar, manner is nasal, and it is a voiced sound. It is high as it shows
low F1, indicating a high tongue position. It shows low F2, indicating back tongue
placement. Clear formant structure without aperiodic noise identifies sonorants.
Irregular or creaky voicing indicates constricted glottis. It shows nasal as there is
voicing with low-frequency energy and nasal murmur around. However, the low

F2 confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word =, [Ivoed], [I¥] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+lateral], [+velarization],
[+high], [+anterior]. Here, there is a secondary articulation, which is velarization,
assisted with retracted tongue-root position. It’s a beginning sound and the
articulatory organs include alveolar ridge, and blade of the tongue. The place of
articulation is alveolar, manner is approximant, and it is a voiced sound. There is
voiced segments with a drop in F2 and dark zones due to side-channel airflow
marking a lateral sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It is high as it shows low F1,
indicating a high tongue position. It shows low F2, indicating back tongue
placement. It shows velarization /::¥/ as it shows lowered F2, reflects tongue body
retracted toward velum. Clear formant structure without aperiodic noise identifies
sonorants. It is lateral as there is voiced segments with a drop in F2 and dark zones
due to side-channel airflow. However, the low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.
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In the word T, [de/lim], [1] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+lateral], [+high],
[+anterior]. Here, there is no secondary articulation, however there is
voicelessness. It’s a mid-sound and the articulatory organs include alveolar ridge,
and blade of the tongue. The place of articulation is alveolar, manner is
approximant, and it is a voiceless sound. There is a drop in F2 and dark zones due
to side-channel airflow marking a lateral sound. It is anterior as have concentrated
energy in the higher frequency region, indicating front articulations. It is high as it
shows low F1, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. It is lateral as there is voiced segments with a
drop in F2 and dark zones due to side-channel airflow. However, the drop in F2

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word ==, [kvo¥]], [l] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+lateral], [+high],
[+anterior]. Here, there is no secondary articulation, however it is assisted with
retracted tongue-root position. It’s an end sound and the articulatory organs include
alveolar ridge, and blade of the tongue. The place of articulation is alveolar,
manner is approximant, and it is a voiced sound. There is voiced segments with a
drop in F2 and dark zones due to side-channel airflow marking a lateral sound. It is
anterior as have concentrated energy in the higher frequency region, indicating
front articulations. It is high as it shows low F1, indicating a high tongue position.
It shows low F2, indicating back tongue placement. Clear formant structure
without aperiodic noise identifies sonorants. It is lateral as there is voiced segments
with a drop in F2 and dark zones due to side-channel airflow. However, the low F2

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word =¥, [roen], [] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+high]. Here, there is no
secondary articulation, however it is assisted with retracted tongue-root position.
It’s a beginning sound and the articulatory organs include hard palate, and center
of the tongue. The place of articulation is post-alveolar, manner is approximant,

and it is a voiced sound. It is high as it shows low F1, indicating a high tongue
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position. It shows low F2, indicating back tongue placement. Clear formant
structure without aperiodic noise identifies sonorants. However, the low F2

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word ci=al, [mPovdg], [¢] is a substitution, it doesn’t display any onset

addition, for segmental features it shows [+consonantal], [+sonorant], [+voice],
[+high]. Here, there is no secondary articulation. It’s a mid-sound and the
articulatory organs include hard palate, and center and back of the tongue. The
place of articulation is post-alveolar, manner is approximant, and it is a voiced
sound. It is high as it shows low F1 and F2, indicating a high tongue position.
Clear formant structure without aperiodic noise identifies sonorants. However, the
low F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word <=, [benoi], [r] doesn’t display any onset addition, and it is an end

sound. The segmental features, secondary articulation, articulatory organs, place,

manner and voicing are not relevant as there is no audible release.

In the word =fgg, [p"ovpm], [¥] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+high]. Here, there is a
secondary articulation, which is velarization, assisted with retracted tongue-root
position. It’s a mid-sound and the articulatory organs include hard palate, and
center and back of the tongue. The place of articulation is post-alveolar, manner is
approximant, and it is a voiced sound. It is high as it shows low F1, indicating a
high tongue position. It shows low F2, indicating back tongue placement. It shows
velarization /::v/ as it shows lowered F2, reflects tongue body retracted toward
velum. Clear formant structure without aperiodic noise identifies sonorants.
However, the lowered F2 confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word #fers, [pEApoT], [(] doesn’t display any onset addition, and it is an end

sound. The segmental features, secondary articulation, articulatory organs, place,

manner and voicing are not relevant as there is no audible release.
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For Patient 01, in the word ==, [epep], [p] doesn’t display any onset addition, and

it’s an end sound. The segmental features, secondary articulation, articulatory

organs, place, manner and voicing are not relevant as there is no audible release.

In the word ==eical, [lep®eno], [p"] doesn’t show any onset addition, for segmental

features it shows [+consonantal], [+labial], [+anterior]. Here, there is no secondary
articulation, however it displays weak articulation. It’s first-mid sound and the
articulatory organs include upper and lower lips. The place of articulation is
bilabial, manner is plosive, and it is a voiceless sound. It is anterior as have
concentrated energy in the higher frequency region, indicating front articulations.
There is weak Articulation () as it shows lower intensity and blurred formants.
However, the low F2 confirms that it behaves as a consonant rather than a vowel

in this sequence.

In the word ===, [bovrop®], [p"] doesn’t show any onset addition, for segmental

features it shows [+consonantal], [+labial], [+anterior]. Here, there is no secondary
articulation, however it displays weak articulation. It’s an end sound and the
articulatory organs include upper and lower lips. The place of articulation is
bilabial, manner is plosive, and it is a voiceless sound. It is anterior as have
concentrated energy in the higher frequency region, indicating front articulations.
There is weak Articulation () as it shows lower intensity and blurred formants.
However, the low F2 confirms that it behaves as a consonant rather than a vowel

in this sequence.

In the word ¢=iq, [lebdu], [b4] doesn’t show any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+labial], [+anterior].
Here, there is a secondary articulation, which is nasalization, assisted with low
tone. It’s a near-end sound and the articulatory organs include upper and lower
lips. The place of articulation is bilabial, manner is plosive, and it is a voiced
sound. It is labial as it displays weak formant transitions, especially flat F2, and
shows a lower burst. It is anterior as have concentrated energy in the higher

frequency region, indicating front articulations. It shows nasalization /:/as it shows
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(~250-300 Hz), higher formants. It shows low Tone () showing close to/lower FO
contour in pitch. Clear formant structure without aperiodic noise identifies
sonorants. However, the flat F2 confirms that it behaves as a consonant rather than

a vowel in this sequence.

In the word =i, [b7elvod], [b7] doesn’t show any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+labial], [+anterior].
Here, there is no secondary articulation, however it displays unaspiration. It’s a
beginning sound and the articulatory organs include upper and lower lips. The
place of articulation is bilabial, manner is plosive, and it is a voiced sound. It is
labial as it displays weak formant transitions, especially flat F2, and shows a lower
burst. It is anterior as have concentrated energy in the higher frequency region,
indicating front articulations. It shows unaspiration /:*/ as shows that voicing
begins quickly after stop release. Clear formant structure without aperiodic noise
identifies sonorants. However, the flat F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word =rer, [06¥4b™e¥bP], [b7] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+labial],
[+anterior]. Here, there is no secondary articulation, however there is voicing and
unaspiration. It’s a mid-sound and the articulatory organs include upper and lower
lips. The place of articulation is bilabial, manner is plosive, and it is a voiced
sound. It is labial as it displays weak formant transitions, especially flat F2, and
shows a lower burst. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It shows unaspiration /::~/ as shows
that voicing begins quickly after stop release. Clear formant structure without
aperiodic noise identifies sonorants. However, the flat F2 confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word ficasre, [bikktoAb™], [b7] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+labial],
[+anterior]. Here, there is no secondary articulation, however there is voicing and

unaspiration. It’s an end sound and the articulatory organs include upper and lower
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lips. The place of articulation is bilabial, manner is plosive, and it is a voiced
sound. It is labial as it displays weak formant transitions, especially flat F2, and
shows a lower burst. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It shows unaspiration /::%/ as shows
that voicing begins quickly after stop release. Clear formant structure without
aperiodic noise identifies sonorants. However, the flat F2 confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word ©3s, [tlolbluod], [tJ] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+anterior], [+high]. Here, there is no
secondary articulation, however it displays low tone. It’s a beginning sound and
the articulatory organs include blade of the tongue and upper teeth. The place of
articulation is dental, manner is plosive, and it is a voiceless sound. It is anterior as
have concentrated energy in the higher frequency region, indicating front
articulations. It also shows coronal as there is a higher F2 transitions, bursts may
appear more concentrated in the mid-frequency range. It is high as it shows low
F1, indicating a high tongue position. It shows dental /::/ energy shifted lower. It
shows low Tone (d) showing close to/lower FO contour in pitch. However, the F2
transition confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word zrs, [Eg’i‘gﬁ], [t5] is a substitution, it represents rising-falling as onset

addition, for segmental features it shows [+consonantal], [+coronal], [+anterior],
[+high]. Here, there is no secondary articulation. It’s an end sound and the
articulatory organs include blade of the tongue, and upper teeth. The place of
articulation is dental, manner is plosive, and it is a voiceless sound. It is anterior as
have concentrated energy in the higher frequency region, indicating front
articulations. It also shows coronal as there is a higher F2 transitions, bursts may
appear more concentrated in the mid-frequency range. It is high as it shows low
F1, indicating a high tongue position. It shows dental /::/ energy shifted lower.
However, the F2 transition confirms that it behaves as a consonant rather than a

vowel in this sequence.
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In the word =2, [p¥orthil], [t"]] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+coronal], [+anterior], [+high]. Here,
there is no secondary articulation, however there is extra-low tone and weak
articulation. It’s an end sound and the articulatory organs include blade of the
tongue, and upper teeth. The place of articulation is dental, manner is plosive, and
it is a voiceless sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It also shows coronal as there is a
higher F2 transitions, bursts may appear more concentrated in the mid-frequency
range. It is high as it shows low F1, indicating a high tongue position. It shows
dental /::/ energy shifted lower. It shows low Tone ({) showing close to/lower FO
contour in pitch. There is weak Articulation () as it shows lower intensity and
blurred formants. However, the F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word v, [cevd®], [dh] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+/-sonorant], [+/-voice], [+coronal], [+anterior],
[+high]. Here, there is no secondary articulation, however there is creaky-voice.
It’s an end sound and the articulatory organs include blade of the tongue, and upper
teeth. The place of articulation is dental, manner is plosive, and it is a partially
devoiced sound. It is anterior as have concentrated energy in the higher frequency
region, indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It shows dental /::/
energy shifted lower. Clear formant structure without aperiodic noise identifies
sonorants. However, the F2 transition confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word ¢, [goﬁe’i], [d] is a substitution, it doesn’t display any onset addition,

for segmental features it shows [+consonantal], [+sonorant], [+voice], [+coronal],
[+anterior], [+high]. Here, there is no secondary articulation, however it displays
substitution. It’s a beginning sound and the articulatory organs include blade of the
tongue and upper teeth. The place of articulation is dental, manner is plosive, and it

is a voiced sound. It is anterior as have concentrated energy in the higher frequency
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region, indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It shows dental /::/
energy shifted lower. Clear formant structure without aperiodic noise identifies
sonorants. However, the F2 transition confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word s, [grvrvge412+], [d] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+anterior], [+high]. Here, there is no
secondary articulation, however it displays voicelessness. It’s a mid-sound and the
articulatory organs include blade of the tongue and upper teeth. The place of
articulation is dental, manner is plosive, and it is a voiceless sound. It is anterior as
have concentrated energy in the higher frequency region, indicating front
articulations. It also shows coronal as there is a higher F2 transitions, bursts may
appear more concentrated in the mid-frequency range. It is high as it shows low
F1, indicating a high tongue position. It shows dental /::/ energy shifted lower.
However, the F2 transition confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word 33, [oul! [it], [t] is a substitution, it doesn’t display any onset addition,

for segmental features it shows [+consonantal], [+coronal], [+anterior], [+high].
Here, there is no secondary articulation. It’s an end sound and the articulatory
organs include blade of the tongue and upper teeth. The place of articulation is
dental, manner is plosive, and it is a voiceless sound. It is anterior as have
concentrated energy in the higher frequency region, indicating front articulations.
It also shows coronal as there is a higher F2 transitions, bursts may appear more
concentrated in the mid-frequency range. It is high as it shows low F1, indicating a
high tongue position. It shows dental /2:/ energy shifted lower. However, the F2
transition confirms that it behaves as a consonant rather than a vowel in this

sequence.

NI [kll_"g\(rfh%hs], [ﬂghs] has no audible release, however it shows addition. It doesn’t

display any onset addition, and it’s an end sound. The segmental features,
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secondary articulation, articulatory organs, place, manner and voicing are not

relevant as there is no audible release.

In the word &<, [!thivgieindev], [!t"] doesn’t display any onset addition, however

there is a click sound, for segmental features it shows [+consonantal], [+coronal],
[+anterior], [+high]. Here, there is no secondary articulation, however it displays
click sound. It’s a beginning sound and the articulatory organs include blade of the
tongue, and alveolar ridge. The place of articulation is alveolar, manner is plosive,
and it is a voiceless sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It also shows coronal as there is a
higher F2 transitions, bursts may appear more concentrated in the mid-frequency
range. It is high as it shows low F1, indicating a high tongue position. However,
the F2 transition confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word =irest, [e¥d¥dg], [d] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+velarization], [+anterior], [+high].
Here, there is a secondary articulation, which is velarization. It’s a first-mid sound
and the articulatory organs include blade of the tongue, and alveolar ridge. The
place of articulation is alveolar, manner is plosive, and it appears as voiceless, that
means there is no vibration in the vocal cord. It is anterior as have concentrated
energy in the higher frequency region, indicating front articulations. It also shows
coronal as there is a higher F2 transitions, bursts may appear more concentrated in
the mid-frequency range. It is high as it shows low F1, indicating a high tongue
position. It shows velarization /=¥ as it shows lowered F2, reflects tongue body
retracted toward velum. However, the lowered F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word =z, [ro¥Ad!], [d!] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+coronal],
[+anterior], [+high]. Here, there is no secondary articulation, however it displays a
click sound. It’s an end sound and the articulatory organs include blade of the

tongue, and alveolar ridge. The place of articulation is alveolar, manner is plosive,
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and it is a voiced sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It also shows coronal as there is a
higher F2 transitions, bursts may appear more concentrated in the mid-frequency
range. It is high as it shows low F1, indicating a high tongue position. Clear
formant structure without aperiodic noise identifies sonorants. However, the F2
transition confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word (b, [deerey], [d] is a substitution and it doesn’t display any onset

addition, for segmental features it shows [+consonantal], [+sonorant], [+voice],
[+coronal], [+anterior], [+high]. Here, there is no secondary articulation, however
it displays voicelessness. It’s a beginning sound and the articulatory organs include
blade of the tongue, and alveolar ridge. The place of articulation is alveolar,
manner is plosive, and it appears as voiceless, that means there is no vibration in
the vocal cord. It is anterior as have concentrated energy in the higher frequency
region, indicating front articulations. It also shows coronal as there is a higher F2
transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. Clear formant structure
without aperiodic noise identifies sonorants. However, the F2 transition confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word &, [bed™Aop], [d™] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+velarization], [+voice],
[+coronal], [+anterior], [+high]. Here, there is a secondary articulation, which is
velarization. It’s a mid-sound and the articulatory organs include blade of the
tongue, and alveolar ridge. The place of articulation is alveolar, manner is plosive,
and it is a voiced sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It also shows coronal as there is a
higher F2 transitions, bursts may appear more concentrated in the mid-frequency
range. It is high as it shows low F1, indicating a high tongue position. It shows
velarization /::v/ as it shows lowered F2, reflects tongue body retracted toward

velum. Clear formant structure without aperiodic noise identifies sonorants.

259



However, the lowered F2 confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word =519, [ehchserrd], [cP] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+anterior], [+fricative release],
[+delayed release], [+strident], [+high]. Here, there is a secondary articulation,
which is a fricative release. It’s a first-mid sound and the articulatory organs
include center of the tongue, and hard palate. The place of articulation is post-
alveolar, manner is affricate, and it is a voiceless sound. It is anterior as have
concentrated energy in the higher frequency region, indicating front articulations.
It also shows coronal as there is a higher F2 transitions, bursts may appear more
concentrated in the mid-frequency range. It is high as it shows low F1, indicating a
high tongue position. It is strident as it shows intense high-frequency noise.
However, the F2 transition confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word 51, [chseymyoct], [cs] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+anterior], [+fricative release],
[+delayed release], [+strident], [+high]. Here, there is a secondary articulation,
which is a fricative release. It’s an end sound and the articulatory organs include
center of the tongue, and hard palate. The place of articulation is post-alveolar,
manner is affricate, and it is a voiceless sound. It is anterior as have concentrated
energy in the higher frequency region, indicating front articulations. It also shows
coronal as there is a higher F2 transitions, bursts may appear more concentrated in
the mid-frequency range. It is high as it shows low F1, indicating a high tongue
position. It is strident as it shows intense high-frequency noise. However, the F2
transition confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word =z, [mfveveh], [ch] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+coronal], [+anterior], [+fricative release],
[+delayed release], [+strident], [+high]. Here, there is a secondary articulation,

which is a fricative release. It’s an end sound and the articulatory organs include
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center of the tongue, and hard palate. The place of articulation is post-alveolar,
manner is affricate, and it is a voiceless sound. It is anterior as have concentrated
energy in the higher frequency region, indicating front articulations. It also shows
coronal as there is a higher F2 transitions, bursts may appear more concentrated in
the mid-frequency range. It is high as it shows low F1, indicating a high tongue
position. It is strident as it shows intense high-frequency noise. However, the F2
transition confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word c@e, [jeo¥], [j] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+coronal],
[+nasalization], [+anterior], [+delayed release], [+strident], [+high]. Here, there is
a secondary articulation, which is nasalization. It’s a beginning sound and the
articulatory organs include center of the tongue, and hard palate. The place of
articulation is post-alveolar, manner is affricate, and it is a voiced sound. It is
anterior as have concentrated energy in the higher frequency region, indicating
front articulations. It also shows coronal as there is a higher F2 transitions, bursts
may appear more concentrated in the mid-frequency range. It is high as it shows
low F1, indicating a high tongue position. It shows nasalization /Z/as it shows
(~250-300 Hz), higher formants. Clear formant structure without aperiodic noise
identifies sonorants. It is strident as it shows intense high-frequency noise.
However, the F2 transition confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word «rew, [gvejoirt], [5] represents rising-falling as onset addition, however

there is weak articulation, for segmental features it shows [+consonantal],
[+sonorant], [+voice], [+coronal], [+anterior], [+delayed release], [+strident],
[+high]. Here, there is no secondary articulation, however it displays weak
articulation. It’s a mid-sound and the articulatory organs include center of the
tongue, and hard palate. The place of articulation is post-alveolar, manner is
affricate, and it is a voiced sound. It is anterior as have concentrated energy in the
higher frequency region, indicating front articulations. It also shows coronal as

there is a higher F2 transitions, bursts may appear more concentrated in the mid-
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frequency range. It is high as it shows low F1, indicating a high tongue position.
There is weak Articulation () as it shows lower intensity and blurred formants.
Clear formant structure without aperiodic noise identifies sonorants. It is strident as
it shows intense high-frequency noise. However, the F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word wizier, [peheds], [s] is a substitution and it represents low tone as onset

addition, for segmental features it shows [+consonantal], [+spread glottis],
[+distributed]. Here, there is no secondary articulation, however it is a substitution.
It’s an end sound and the articulatory organs include alveolar ridge. The place of
articulation is alveolar, manner is fricative, and it is a voiceless sound. It is
distributed as it shows broader spectral energy. It shows low Tone (4) showing
close to/lower FO contour in pitch. However, the low F2 confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word s, [jeub*o™nd], [;7] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+coronal],
[+anterior], [+delayed release], [+strident], [+high]. Here, there is no secondary
articulation, however it is unaspirated. It’s a beginning sound and the articulatory
organs include center of the tongue, and hard palate. The place of articulation is
post-alveolar, manner is affricate, and it is a voiced sound. It is anterior as have
concentrated energy in the higher frequency region, indicating front articulations.
It also shows coronal as there is a higher F2 transitions, bursts may appear more
concentrated in the mid-frequency range. It is high as it shows low F1, indicating a
high tongue position. It shows unaspirated sound /=:7/ as it shows that voicing
begins quickly after stop release. Clear formant structure without aperiodic noise
identifies sonorants. It is strident as it shows intense high-frequency noise.
However, the F2 transition confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word s, [y7eAkid], [kAd] is a substitution and it represents rising-falling as

onset addition, for segmental features it shows [+consonantal], [+constricted

glottis], [+high], [+back]. Here, there is no secondary articulation, however there is
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a low tone. It’s an end sound and the articulatory organs include back of the
tongue, soft palate, and uvula. The place of articulation is velar, manner is plosive,
and it is a voiceless sound. It is high as it shows low F1 and F2, indicating a high
tongue position. It shows low Tone (4) showing close to/lower FO contour in pitch.
Irregular or creaky voicing indicates constricted glottis. However, the low F2

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word i, [dioNkevn], [k] represents rising-falling as onset addition, for

segmental features it shows [+consonantal], [+constricted glottis], [+high],
[+back]. Here, there is no secondary articulation, however it is voiced. It’s a mid-
sound and the articulatory organs include back of the tongue, soft palate, and
uvula. The place of articulation is velar, manner is plosive, and it is a voiced sound
due to vibration in the vocal cord. It is high as it shows low F1 and F2, indicating a
high tongue position. Irregular or creaky voicing indicates constricted glottis.
However, the low F2 confirms that it behaves as a consonant rather than a vowel

in this sequence.

In the word ¢, [*fiougey], [g] is a substitution and doesn’t display any onset

addition, for segmental features it shows [+consonantal], [+sonorant], [+voice],
[+constricted glottis], [+high], [+back]. Here, there is no secondary articulation.
It’s a second-mid sound and the articulatory organs include back of the tongue, soft
palate, and uvula. The place of articulation is velar, manner is plosive, and it is a
voiced sound. It is high as it shows low F1 and F2, indicating a high tongue
position. Clear formant structure without aperiodic noise identifies sonorants.
Irregular or creaky voicing indicates constricted glottis. However, the low F2

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word =, [ﬁgYE], [E] doesn’t display any onset addition, and it is an end

sound. The segmental features, secondary articulation, articulatory organs, place,

manner and voicing are not relevant as there is no audible release.

In the word =i, [evkt]], [k"]] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+constricted glottis], [+high], [+back]. Here,
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there is no secondary articulation, however it shows low tone. It’s an end sound
and the articulatory organs include back of the tongue, soft palate, and uvula. The
place of articulation is velar, manner is plosive, and it is a voiceless sound. It is
high as it shows low F1 and F2, indicating a high tongue position. It shows low
Tone (4) showing close to/lower FO contour in pitch. Irregular or creaky voicing
indicates constricted glottis. However, the low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word =mis, [egveymdil], [g¥] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+velarization], [+voice],
[+constricted glottis], [+high], [+back]. Here, there is a secondary articulation,
which is velarization. It’s a first-mid sound and the articulatory organs include
back of the tongue, soft palate, and uvula. The place of articulation is velar,
manner is plosive, and it is a voiced sound. It is high as it shows low F1, indicating
a high tongue position. It shows velarization /:+¥/ as it shows lowered F2, reflects
tongue body retracted toward velum. Irregular or creaky voicing indicates
constricted glottis. However, the lowered F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word c=sl, [mdogvio?], [?] is a substitution and doesn’t display any onset

addition, for segmental features it shows [+consonantal], [+sonorant], [+voice],
[+constricted glottis], [+back]. Here, there is no secondary articulation. It’s an end
sound and the articulatory organs include back of the tongue, soft palate, and
uvula. The place of articulation is velar, manner is plosive, and it is a voiced sound.
Clear formant structure without aperiodic noise identifies sonorants. Irregular or
creaky voicing indicates constricted glottis. However, the low F2 confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word ¢a%ces, [g-eulgicud], [g7] doesn’t display any onset addition, for

segmental features it shows [+consonantal], [+sonorant], [+voice], [+constricted
glottis], [+high], [+back]. Here, there is no secondary articulation, however there is
unaspiration. It’s a beginning sound and the articulatory organs include back of the

tongue, soft palate, and uvula. The place of articulation is velar, manner is plosive,
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and it is a voiced sound. It is high as it shows low F1 and F2, indicating a high
tongue position. It shows unaspiration /::/ as shows that voicing begins quickly
after stop release. Clear formant structure without aperiodic noise identifies
sonorants. Irregular or creaky voicing indicates constricted glottis. However, the
low F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word 3, [bPevgt], [gf] doesn’t display any onset addition, and it is an end

sound. The segmental features, secondary articulation, articulatory organs, place,

manner and voicing are not relevant as there is no audible release.

In the word 3, [fediger], [f] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+spread glottis], [+distributed]. Here, there is no
secondary articulation, however there is retracted tongue-root position. It’s a
beginning sound and the articulatory organs include center of the tongue, and hard
palate. The place of articulation is post-alveolar, manner is fricative, and it is a
voiceless sound. It is distributed as it shows broader spectral energy. It shows low
F2, indicating back tongue placement. However, the low F2 confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word z¢, [figod], [A] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+continuant]. Here, there is no secondary
articulation, however it displays creaky-voice. It’s a beginning sound. Here the
articulatory organs are not relevant, the place of articulation is glottal, and manner
is fricative. However, the low F2 confirms that it behaves as a consonant rather

than a vowel in this sequence.

In the word =if, [ghemb?e], [b] is an addition to [m], [b] doesn’t display any onset

addition, for segmental features it shows [+consonantal], [+sonorant], [+voice],
[+labial], [+anterior]. Here, there is no secondary articulation, however it displays
addition with [b]. It’s a mid-sound and the articulatory organs include upper and
lower lips. The place of articulation is bilabial, manner is plosive, and it is a voiced

sound. It is labial as it displays weak formant transitions, especially flat F2, and
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shows a lower burst. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. Clear formant structure without
aperiodic noise identifies sonorants. However, the flat F2 confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word <=7, [fmlgrﬁ], [m] doesn’t display any onset addition, and it is an end

sound. The segmental features, secondary articulation, articulatory organs, place,

manner and voicing are not relevant as there is no audible release.

In the word 5, [nlde], [nl] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+nasal], [+high],
[+anterior]. Here, there is no secondary articulation, however it displays extra-low
tone. It’s a beginning sound and the articulatory organs include alveolar ridge,
blade of the tongue, and nasal cavity. The place of articulation is alveolar, manner
is nasal, and it is a voiced sound. It is anterior as have concentrated energy in the
higher frequency region, indicating front articulations. It is high as it shows low F1
and F2, indicating a high tongue position. It shows low Tone ({) showing close
to/lower FO contour in pitch. Clear formant structure without aperiodic noise
identifies sonorants. It shows nasal as there is voicing with low-frequency energy
and nasal murmur around. However, the low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word i<, [Sggﬁ], [d] is a substitution, it doesn’t display any onset addition,

for segmental features it shows [+consonantal], [+coronal], [+anterior], [+high].
Here, there is no secondary articulation, however it displays voicelessness. It’s a
first-mid sound and the articulatory organs include blade of the tongue, and
alveolar ridge. The place of articulation is alveolar, manner is plosive, and it
appears as voiceless, that means there is no vibration in the vocal cord. It is
anterior as have concentrated energy in the higher frequency region, indicating
front articulations. It also shows coronal as there is a higher F2 transitions, bursts
may appear more concentrated in the mid-frequency range. It is high as it shows
low F1, indicating a high tongue position. However, the F2 transition confirms that

it behaves as a consonant rather than a vowel in this sequence.
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In the word i, [eevnle¥], [nl] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+nasal], [+high],
[+anterior]. Here, there is no secondary articulation, however it displays extra-low
tone. It’s an end sound and the articulatory organs include alveolar ridge, blade of
the tongue, and nasal cavity. The place of articulation is alveolar, manner is nasal,
and it is a voiced sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It is high as it shows low F1 and
F2, indicating a high tongue position. It shows low Tone () showing close
to/lower FO contour in pitch. Clear formant structure without aperiodic noise
identifies sonorants. It shows nasal as there is voicing with low-frequency energy
and nasal murmur around. However, the low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word =, [pve'i], [n] doesn’t display any onset addition, and it’s an end

sound. The segmental features, secondary articulation, articulatory organs, place,

manner and voicing are not relevant as there is no audible release.

In the word =i, [endf!i], [gd] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+constricted glottis],
[+nasal], [+high], [+back]. Here, there is no secondary articulation, however there
is low tone. It’s a first-mid sound and the articulatory organs include back of the
tongue, velum, uvula, and nasal cavity. The place of articulation is velar, manner is
nasal, and it is a voiced sound. It is high as it shows low F1 and F2, indicating a
high tongue position. It shows low Tone ({) showing close to/lower FO contour in
pitch. Clear formant structure without aperiodic noise identifies sonorants.
Irregular or creaky voicing indicates constricted glottis. It shows nasal as there is
voicing with low-frequency energy and nasal murmur around. However, the low

F2 confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word =f%¢, [phop¥in], [§] doesn’t display any onset addition, and it’s an end

sound. The segmental features, secondary articulation, articulatory organs, place,

manner and voicing are not relevant as there is no audible release.
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In the word &7, [;JQAP,Y], [l] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+lateral], [+high],
[+anterior]. Here, there is no secondary articulation, however it is assisted with
creaky-voice, and retracted tongue-root position. It’s a beginning sound and the
articulatory organs include alveolar ridge, and blade of the tongue. The place of
articulation is alveolar, manner is approximant, and it is a voiced sound. There is
voiced segments with a drop in F2 and dark zones due to side-channel airflow
marking a lateral sound. It is anterior as have concentrated energy in the higher
frequency region, indicating front articulations. It is high as it shows low F1,
indicating a high tongue position. It shows low F2, indicating back tongue
placement. Clear formant structure without aperiodic noise identifies sonorants. It
is lateral as there is voiced segments with a drop in F2 and dark zones due to side-
channel airflow. However, the low F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word ©ifers, [delim], [1] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+lateral], [+laminal],
[+high], [+anterior]. Here, there is a secondary articulation, which is a laminal
feature. It’s a mid-sound and the articulatory organs include alveolar ridge, and
blade of the tongue. The place of articulation is alveolar, manner is approximant,
and it is a voiced sound. There is voiced segments with a drop in F2 and dark
zones due to side-channel airflow marking a lateral sound. It is anterior as have
concentrated energy in the higher frequency region, indicating front articulations.
It also shows coronal as there is a higher F2 transitions, bursts may appear more
concentrated in the mid-frequency range. It is high as it shows low F1, indicating a
high tongue position. It shows laminal as /:;/ it shows broader spectral shape due to
flat tongue. Clear formant structure without aperiodic noise identifies sonorants. It
is lateral as there is voiced segments with a drop in F2 and dark zones due to side-
channel airflow. However, the F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word ==, [kol], [I] doesn’t display any onset addition, for segmental features

it shows [+consonantal], [+sonorant], [+voice], [+lateral], [+high], [+anterior].
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Here, there is no secondary articulation, however it is assisted with retracted
tongue-root position. It’s an end sound and the articulatory organs include alveolar
ridge, and blade of the tongue. The place of articulation is alveolar, manner is
approximant, and it is a voiced sound. There is voiced segments with a drop in F2
and dark zones due to side-channel airflow marking a lateral sound. It is anterior as
have concentrated energy in the higher frequency region, indicating front
articulations. It is high as it shows low F1, indicating a high tongue position. It
shows low F2, indicating back tongue placement. Clear formant structure without
aperiodic noise identifies sonorants. It is lateral as there is voiced segments with a
drop in F2 and dark zones due to side-channel airflow. However, the low F2

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word =¥, [rroed], [] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+rhotic release], [+high].
Here, there is a secondary articulation, which is rhotic release. It’s a beginning
sound and the articulatory organs include hard palate, and center of the tongue. The
place of articulation is post-alveolar, manner is approximant, and it is a voiced
sound. It is high as it shows low F1 and F2, indicating a high tongue position.
Clear formant structure without aperiodic noise identifies sonorants. However, the
low F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word c=ef, [m4ogvio?], [(¥] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+velarization], [+high].
Here, there is a secondary articulation, which is velarization. It’s a mid-sound and
the articulatory organs include hard palate, and center of the tongue. The place of
articulation is post-alveolar, manner is approximant, and it is a voiced sound. It is
high as it shows low F1, indicating a high tongue position. It shows velarization
/=¥ as it shows lowered F2, reflects tongue body retracted toward velum. Clear
formant structure without aperiodic noise identifies sonorants. However, the
lowered F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.
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In the word 17, [bPeynvo¥r], [f] doesn’t display any onset addition, and it is an end

sound. The segmental features, secondary articulation, articulatory organs, place,

manner and voicing are not relevant as there is no audible release.

In the word =fgg, [pth_tYTﬁ], [] doesn’t display any onset addition, for segmental

features it shows [+consonantal], [+sonorant], [+voice], [+high]. Here, there is a
secondary articulation, which is velarization, assisted with retracted tongue-root
position. It’s a mid-sound and the articulatory organs include hard palate, and
center and back of the tongue. The place of articulation is post-alveolar, manner is
approximant, and it is a voiced sound. It is high as it shows low F1, indicating a
high tongue position. It shows low F2, indicating back tongue placement. It shows
velarization /<¥/ as it shows lowered F2, reflects tongue body retracted toward

velum. Clear formant structure without aperiodic noise identifies sonorants.

In the word s, [pevpat], [{] doesn’t display any onset addition, and it is an end

sound. The segmental features, secondary articulation, articulatory organs, place,
manner and voicing are not relevant as there is no audible release. However, the
low F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

4.5. Formant Analyses
In phonetics, formants analyses includes description of the resonant frequencies of
the vocal tracts (F1, F2, F3, etc.) and how they appear in spectrogram. Given next
is the phonological and articulatory format analysis of the atypical speech of

patient 03. For patient 03, in the word ==, [pe-p], [p] is labial as it displays weak

formant transitions, especially flat F2, and shows a lower burst. There is weak

Avrticulation () as it shows lower intensity and blurred formants.

In the word ¢, [lebPl], [bF] is labial as it displays weak formant transitions,

especially flat F2, and shows a lower burst. Clear formant structure without
aperiodic noise identifies sonorants. Here, /b%/ is a consonant because it is

produced with a bilabial closure. Since there is a stop-closure, it doesn’t display
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any vowel-like formants. However, the flat F2 confirms that /bf/ behaves as a

consonant rather than a vowel in this sequence.

In the word ©w, [b7ellod], [b7] labial as it displays weak formant transitions,

especially flat F2, and shows a lower burst. Clear formant structure without
aperiodic noise identifies sonorants. However, the flat F2 confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word srer, [ovbfiveb], [b™] is labial as it displays weak formant transitions,

especially flat F2, and shows a lower burst. It is rounded as there is a lowering of
F2, a cue for lip rounding. Clear formant structure without aperiodic noise
identifies sonorants. However, the flat F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word Rere, [bikkvobf], [bf] is labial as it displays weak formant transitions,

especially flat F2, and shows a lower burst. It shows labialization /::%/ as it shows
lowered F2. Clear formant structure without aperiodic noise identifies sonorants.
However, the flat F2 confirms that it behaves as a consonant rather than a vowel in

this sequence.

In the word 31w, [di¥iA"13], ['t] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word zrs, [fet!d], [t!{] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position It shows low Tone () showing
close to/lower FO contour in pitch. However, the F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.
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In the word ciats, [kothveo], [t"] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. It shows velarization /::¥/ as it
shows lowered F2, reflects tongue body retracted toward velum. However, the flat

F2 confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word ==, [pait], for [t] formats are not relevant as there is no audible release.

In the word 34z, [iVdui], [d)] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. It shows nasalization /Z/as it
shows (~250-300 Hz), higher formants. Clear formant structure without aperiodic
noise identifies sonorants. The F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word v, [¢&id"], [d?] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. It shows nasalization /Z/as it
shows (~250-300 Hz), higher formants. Clear formant structure without aperiodic
noise identifies sonorants, however, it is not very clear here. The F2 transition

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word ¢, [dogA4], [d] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. The F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word 1tsss, [ovArdeky], [d] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.
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In the word Beaco, [{1oimPeto], [{] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word =5, [edtok], [{] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word <G, [k™veAt], [] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. The F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word =i, [tikended], ["] shows coronal as there is a higher F2

transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. Clear formant structure
without aperiodic noise identifies sonorants. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word =51, [keg"eAl], [{"] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. However, the F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word =15, [kvedt], [{] does not show formants as there is no audible release.
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In the word ©ifer, [deilim], [d] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word sireel, [eddde], [d] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. However, the F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word <o, [ngAia], [a] does not represent any formants as there is no audible

release.

In the word oo, [deeh¥irofd], [d] shows coronal as there is a higher F2

transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. Clear formant structure
without aperiodic noise identifies sonorants. However, the F2 transition confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word v, [b@th'ioE], [d"A] shows coronal as there is a higher F2

transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It shows velarization
/=¥ as it shows lowered F2, reflects tongue body retracted toward velum. Clear
formant structure without aperiodic noise identifies sonorants. However, the
lowered F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word 5, [doridor], [d] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it

shows low F1, indicating a high tongue position. Clear formant structure without
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aperiodic noise identifies sonorants. However, the F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word @5t [evAcAedr], [cA] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word =em, [chvedgvorld], [¢™] shows coronal as there is a higher F2

transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It shows low F2,
indicating back tongue placement. It shows velarization /::v/ as it shows lowered
F2, reflects tongue body retracted toward velum. However, lowered F2 confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word <=1, [bovAhchoigy], [hch] shows coronal as there is a higher F2

transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. The F2 transition

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word czs, [y&ﬂ], [3¥] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. It shows low F2, indicating back
tongue placement. It shows velarization /=¥ as it shows lowered F2, reflects
tongue body retracted toward velum. Clear formant structure without aperiodic
noise identifies sonorants. The F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word e, [gveiproir], [5¥] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. It shows low F2, indicating back
tongue placement. It shows velarization /:¥/ as it shows lowered F2, reflects

tongue body retracted toward velum. Clear formant structure without aperiodic
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noise identifies sonorants. The lowered F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word wfzrer, [peivihvedy], [p] shows coronal as there is a higher F2

transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It shows low F2,
indicating back tongue placement. It shows velarization /::¥/ as it shows lowered
F2, reflects tongue body retracted toward velum. The lowered F2 confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word 33w, [iﬁYéileOJQ], ] shows coronal as there is a higher F2

transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It shows low F2,
indicating back tongue placement. It shows velarization /::¥/ as it shows lowered
F2, reflects tongue body retracted toward velum. Clear formant structure without
aperiodic noise identifies sonorants. The lowered F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word =i, [fﬁﬁewuo], [3] shows coronal as there is a higher F2 transitions, bursts

may appear more concentrated in the mid-frequency range. It is high as it shows
low F1, indicating a high tongue position. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word 1=, [n”i{eYl_'(], [1_'<] doesn’t display any formants; it is not relevant as there

is no audible release.

In the word ¢, [l§é?3M], [k™] shows low F2, indicating back tongue placement. It

shows unaspiration /=:~/ as shows that voicing begins quickly after stop release.
The lowered F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.
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In the word =%, [e~k™], [k™] is high as it shows low F1, indicating a high tongue

position. It shows low F2, indicating back tongue placement. It shows velarization
/=¥ as it shows lowered F2, reflects tongue body retracted toward velum. The
lowered F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word st [kopneA], [K] is high as it shows low F1 and F2, indicating a high

tongue position. It shows nasalization /Z/as it shows (~250-300 Hz), higher
formants. The low F2 confirms that it behaves as a consonant rather than a vowel

in this sequence.

In the word =i, [edgvemi], [g¥] is high as it shows low F1, indicating a high

tongue position. It shows velarization /=¥/ as it shows lowered F2, reflects tongue
body retracted toward velum. The lowered F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word ¢, [mPo¥dg], [g] doesn’t display any formants as there is no audible

release.

In the word (=88, [giveurg™eu], [g™] is high as it shows low F1, indicating a

high tongue position. It shows velarization /::v/ as it shows lowered F2, reflects
tongue body retracted toward velum. The lowered F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word wirars, [gvAdredd], [d'] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. However, the F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.
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In the word =, [bPevig®], [g7] is high as it shows low F1 and F2, indicating a high

tongue position. The low F2 confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word =, [su¥pi*], [s] doesn’t display any formants as there is no audible

release.

In the word cTfrceg, [fedidgel], in [[], low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word %=, [¢hgit[], in [*[] the low F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word z¢, /9Y15T)4/, I9¥1/ shows low position as it shows high F1, reflecting a

low tongue position, shows low F2, signaling tongue retraction. It shows
velarization /<¥/ as it shows lowered F2, reflects tongue body retracted toward
velum. However, the low F2 confirms that it behaves as a consonant rather than a

vowel in this sequence.

In the word ==s, [b¥o~hivt], in [h], clear formant structure without aperiodic

noise identifies sonorants. However, the low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word <12, [bwﬁz’iﬂ], [ﬁ] does not show any formants as there is no audible

release.

In the word wite, [m1&oiA], [M1] is labial as it displays weak formant transitions,

especially flat F2, and shows a lower burst. It shows nasalization /</as it shows
(~250-300 Hz), higher formants. Clear formant structure without aperiodic noise
identifies sonorants. However, the flat F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.
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In the word 8, [mT4], [m1] is labial as it displays weak formant transitions,

especially flat F2, and shows a lower burst. Clear formant structure without
aperiodic noise identifies sonorants. The flat F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word i, [tremmPieid], in [mm?], clear formant structure without aperiodic

noise identifies sonorants. The low F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word <=, [k¥ovdloAmd], [md] is labial as it displays weak formant

transitions, especially flat F2, and shows a lower burst. It shows low Tone (4)
showing close to/lower FO contour in pitch. Clear formant structure without
aperiodic noise identifies sonorants. The flat F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word 5, [fued], [d] is high as it shows low F1 and F2, indicating a high

tongue position. It shows nasalization /Z/as it shows (~250-300 Hz), higher
formants. Clear formant structure without aperiodic noise identifies sonorants. The
low F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word s, [pnneg], [nn] is high as it shows low F1 and F2, indicating a

high tongue position. Clear formant structure without aperiodic noise identifies
sonorants. The low F2 confirms that it behaves as a consonant rather than a vowel

in this sequence.

In the word wiz, [eevnndei], [nnd] is high as it shows low F1 and F2, indicating a

high tongue position. It shows low Tone (d) showing close to/lower FO contour in
pitch. Clear formant structure without aperiodic noise identifies sonorants. The low

F2 confirms that it behaves as a consonant rather than a vowel in this sequence.
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In the word =i [BntiA], [v] is high as it shows low F1, indicating a high tongue

position. It shows low F2, indicating back tongue placement. Clear formant
structure without aperiodic noise identifies sonorants. The low F2 confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word =fSe, [p"o¥pm], [n] is high as it shows low F1, indicating a high tongue

position. It shows low F2, indicating back tongue placement. Clear formant
structure without aperiodic noise identifies sonorants. The low F2 confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word =7, [[voe], in [1¥], there is voiced segments with a drop in F2 and dark

zones due to side-channel airflow marking a lateral sound. It is high as it shows
low F1, indicating a high tongue position. It shows low F2, indicating back tongue
placement. It shows velarization /::¥/ as it shows lowered F2, reflects tongue body
retracted toward velum. Clear formant structure without aperiodic noise identifies
sonorants. It is lateral as there is voiced segments with a drop in F2 and dark zones
due to side-channel airflow. However, the low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word wifers, [ghgﬂlim], in [1], there is a drop in F2 and dark zones due to side-

channel airflow marking a lateral sound. It is high as it shows low F1, indicating a
high tongue position. Clear formant structure without aperiodic noise identifies
sonorants. It is lateral as there is voiced segments with a drop in F2 and dark zones
due to side-channel airflow. However, the drop in F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word ==, [kvv]], [I] there is voiced segments with a drop in F2 and dark

zones due to side-channel airflow marking a lateral sound. It is high as it shows
low F1, indicating a high tongue position. It shows low F2, indicating back tongue
placement. Clear formant structure without aperiodic noise identifies sonorants. It
is lateral as there is voiced segments with a drop in F2 and dark zones due to side-
channel airflow. However, the low F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.
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In the word ez, [roed], [(] is high as it shows low F1, indicating a high tongue

position. It shows low F2, indicating back tongue placement. Clear formant
structure without aperiodic noise identifies sonorants. However, the low F2

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word ci=el, [mPd¥dg], [1] is high as it shows low F1 and F2, indicating a high

tongue position. Clear formant structure without aperiodic noise identifies
sonorants. However, the low F2 confirms that it behaves as a consonant rather

than a vowel in this sequence.

In the word =%, [benoic], [] doesn’t display any formants as there is no audible

release.

In the word =%z, [p"ovpim], ['] is high as it shows low F1, indicating a high tongue

position. It shows low F2, indicating back tongue placement. It shows velarization
/=¥ as it shows lowered F2, reflects tongue body retracted toward velum. Clear
formant structure without aperiodic noise identifies sonorants. However, the
lowered F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word e, [pepor], [] doesn’t display any formants as there is no audible

release.

For Patient 01, in the word =, [epep], [p] doesn’t display any formants as there is

no audible release.

In the word =ir=ict, [lepteno], in [p"], there is weak Articulation () as it shows

lower intensity and blurred formants. However, the low F2 confirms that it

behaves as a consonant rather than a vowel in this sequence.
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In the word ==, [ba¥rop®], in [p*], there is weak Articulation () as it shows lower

intensity and blurred formants. However, the low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word ¢, [lebdu], [b{] is labial as it displays weak formant transitions,

especially flat F2, and shows a lower burst. It shows nasalization /</as it shows
(~250-300 Hz), higher formants. It shows low Tone (4) showing close to/lower FO
contour in pitch. Clear formant structure without aperiodic noise identifies
sonorants. However, the flat F2 confirms that it behaves as a consonant rather than

a vowel in this sequence.

In the word ==, [b7elvod], [b7] is labial as it displays weak formant transitions,

especially flat F2, and shows a lower burst. Clear formant structure without
aperiodic noise identifies sonorants. However, the flat F2 confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word srer, [00¥Ab™evbf], [b7] is labial as it displays weak formant transitions,

especially flat F2, and shows a lower burst. Clear formant structure without
aperiodic noise identifies sonorants. However, the flat F2 confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word Rcwre, [bikktoAb™], [b7] is labial as it displays weak formant

transitions, especially flat F2, and shows a lower burst. Clear formant structure
without aperiodic noise identifies sonorants. However, the flat F2 confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word <38, [;JonJ@J], [td] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. It shows low Tone (d) showing
close to/lower FO contour in pitch. However, the F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.
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In the word zIs, [ﬁg"i;ﬁ], [t] is a substitution, it shows coronal as there is a higher

F2 transitions, bursts may appear more concentrated in the mid-frequency range. It
is high as it shows low F1, indicating a high tongue position. The F2 transition

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word =2, [p*oAtil], [t%]] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. It shows low Tone () showing
close to/lower FO contour in pitch. There is weak Articulation () as it shows lower
intensity and blurred formants. However, the F2 transition confirms that it behaves

as a consonant rather than a vowel in this sequence.

In the word o™, [cevdh], [d"] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. However, the F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word ¢, [doed], [d] is a substitution, it shows coronal as there is a higher

F2 transitions, bursts may appear more concentrated in the mid-frequency range. It
is high as it shows low F1, indicating a high tongue position. Clear formant
structure without aperiodic noise identifies sonorants. However, the F2 transition

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word s, [gfvrvge'ﬂzﬂ, [d] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word &=, [oul![5it], [t] is a substitution, it shows coronal as there is a higher

F2 transitions, bursts may appear more concentrated in the mid-frequency range. It
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is high as it shows low F1, indicating a high tongue position. The F2 transition

confirms that it behaves as a consonant rather than a vowel in this sequence.

415, [kfgvhy], [{y] has no audible release, hence no formants.

In the word =1, [!thivgieindev], [!t"] shows coronal as there is a higher F2

transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. However, the F2
transition confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word =rest, [e¥d¥dg], [d] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. It shows velarization /::¥/ as it
shows lowered F2, reflects tongue body retracted toward velum. However, the
lowered F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word s, [ro¥Aqd!], [d!] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. The F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word o, [deervon], [d] is a substitution and it shows coronal as there is a

higher F2 transitions, bursts may appear more concentrated in the mid-frequency
range. It is high as it shows low F1, indicating a high tongue position. Clear
formant structure without aperiodic noise identifies sonorants. However, the F2
transition confirms that it behaves as a consonant rather than a vowel in this

sequence.
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In the word @, [bed™op], [d™¥A] shows coronal as there is a higher F2

transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. It shows velarization
¥/ as it shows lowered F2, reflects tongue body retracted toward velum. Clear
formant structure without aperiodic noise identifies sonorants. However, the
lowered F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word @7, [etchseArd], [chs] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. However, the F2 transition

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word v, [chsgvmyocs], [c*] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. However, the F2 transition

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word sz, [mPvevchs], [ch] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
shows low F1, indicating a high tongue position. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word cze, [jeo¥], [§] shows coronal as there is a higher F2 transitions, bursts

may appear more concentrated in the mid-frequency range. It is high as it shows
low F1, indicating a high tongue position. It shows nasalization /Z/as it shows
(~250-300 Hz), higher formants. Clear formant structure without aperiodic noise
identifies sonorants. The F2 transition confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word e, [gvedyoir], [3] shows coronal as there is a higher F2 transitions,

bursts may appear more concentrated in the mid-frequency range. It is high as it
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shows low F1, indicating a high tongue position. There is weak Articulation () as
it shows lower intensity and blurred formants. Clear formant structure without
aperiodic noise identifies sonorants. The F2 transition confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word wiz®, [35eheds], [s] is a substitution and it shows low Tone (4) showing

close to/lower FO contour in pitch. The low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word <%, [jeub*o™nd], [;7] shows coronal as there is a higher F2

transitions, bursts may appear more concentrated in the mid-frequency range. It is
high as it shows low F1, indicating a high tongue position. Clear formant structure
without aperiodic noise identifies sonorants. The F2 transition confirms that it

behaves as a consonant rather than a vowel in this sequence.

In the word 3, [j7eAkid], [k&] is a substitution and it is high as it shows low F1

and F2, indicating a high tongue position. It shows low Tone ({) showing close
to/lower FO contour in pitch. Irregular or creaky voicing indicates constricted
glottis. The low F2 confirms that it behaves as a consonant rather than a vowel in

this sequence.

In the word cniw, [diodkevn], [k] is high as it shows low F1 and F2, indicating a

high tongue position. The low F2 confirms that it behaves as a consonant rather

than a vowel in this sequence.

In the word ¢, ["fiougey], [g] is a substitution and it is high as it shows low F1

and F2, indicating a high tongue position. Clear formant structure without
aperiodic noise identifies sonorants. The low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word i<, [ﬁgvﬁ], [E] doesn’t display any formants as there is no audible

release.
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In the word =%, [evkh]], [kt]] is high as it shows low F1 and F2, indicating a high

tongue position. It shows low Tone (4) showing close to/lower FO contour in pitch.
The low F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word =, [egveymdil], [¢¥] is high as it shows low F1, indicating a high

tongue position. It shows velarization /=¥/ as it shows lowered F2, reflects tongue
body retracted toward velum. The lowered F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word ci=el, [m4orvio?], [?] is a substitution. Clear formant structure without

aperiodic noise identifies sonorants. The low F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word caStes, [g-eudgieud], [g7] is high as it shows low F1 and F2, indicating

a high tongue position. Clear formant structure without aperiodic noise identifies
sonorants. The low F2 confirms that it behaves as a consonant rather than a vowel

in this sequence.

In the word 3w, [bPevgt], [gf] doesn’t display any formants as there is no audible

release.

In the word Gifies2, [fediger], [f] is shows low F2, indicating back tongue

placement. The low F2 confirms that it behaves as a consonant rather than a vowel

in this sequence.

In the word zs, [figod], for [f], the low F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word =i1f, [ghemb?e], [b] is an addition to [m], [b] is labial as it displays

weak formant transitions, especially flat F2, and shows a lower burst. Clear
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formant structure without aperiodic noise identifies sonorants. The flat F2 confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word =, [kolom], [m] doesn’t display any formants as there is no audible

release.

In the word 5z, [nlde], [nl] is high as it shows low F1 and F2, indicating a high

tongue position. It shows low Tone (4) showing close to/lower FO contour in pitch.
Clear formant structure without aperiodic noise identifies sonorants. The low F2

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word =i, [SQQI_'(], [d] is a substitution, it shows coronal as there is a higher

F2 transitions, bursts may appear more concentrated in the mid-frequency range. It
is high as it shows low F1, indicating a high tongue position. The F2 transition

confirms that it behaves as a consonant rather than a vowel in this sequence.

In the word =iz, [eevnle¥], [nl] is high as it shows low F1 and F2, indicating a

high tongue position. It shows low Tone (4) showing close to/lower FO contour in
pitch. Clear formant structure without aperiodic noise identifies sonorants. It shows
nasal as there is voicing with low-frequency energy and nasal murmur around. The
low F2 confirms that it behaves as a consonant rather than a vowel in this

sequence.

In the word “i, [ngYﬁ], [n] doesn’t display any formants as there is no audible

release.

In the word =i, [end{!i], [y] is high as it shows low F1 and F2, indicating a high

tongue position. It shows low Tone (4) showing close to/lower FO contour in pitch.
Clear formant structure without aperiodic noise identifies sonorants. It shows nasal
as there is voicing with low-frequency energy and nasal murmur around. The low

F2 confirms that it behaves as a consonant rather than a vowel in this sequence.
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In the word =f®z, [phovpig], [5] doesn’t display any formants as there is no audible

release.

In the word =7, [;JQAP,Y], in [1], there is voiced segments with a drop in F2 and dark

zones due to side-channel airflow marking a lateral sound. It is high as it shows
low F1, indicating a high tongue position. It shows low F2, indicating back tongue
placement. Clear formant structure without aperiodic noise identifies sonorants. It
is lateral as there is voiced segments with a drop in F2 and dark zones due to side-
channel airflow. However, the low F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word ©ife¥, [delim], in [1], there is voiced segments with a drop in F2 and

dark zones due to side-channel airflow marking a lateral sound. It is anterior as
have concentrated energy in the higher frequency region, indicating front
articulations. It also shows coronal as there is a higher F2 transitions, bursts may
appear more concentrated in the mid-frequency range. It is high as it shows low
F1, indicating a high tongue position. Clear formant structure without aperiodic
noise identifies sonorants. It is lateral as there is voiced segments with a drop in F2
and dark zones due to side-channel airflow. However, the F2 transition confirms

that it behaves as a consonant rather than a vowel in this sequence.

In the word ==, [kal], in [I], there is voiced segments with a drop in F2 and dark

zones due to side-channel airflow marking a lateral sound. It is high as it shows
low F1, indicating a high tongue position. It shows low F2, indicating back tongue
placement. Clear formant structure without aperiodic noise identifies sonorants. It
is lateral as there is voiced segments with a drop in F2 and dark zones due to side-
channel airflow. However, the low F2 confirms that it behaves as a consonant

rather than a vowel in this sequence.

In the word e, [roeA], [7] is high as it shows low F1 and F2, indicating a high

tongue position. Clear formant structure without aperiodic noise identifies
sonorants. However, the low F2 confirms that it behaves as a consonant rather

than a vowel in this sequence.
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In the word ¢i=e, [mdocvio?], [¥] is high as it shows low F1, indicating a high

tongue position. It shows velarization /::¥/ as it shows lowered F2, reflects tongue
body retracted toward velum. Clear formant structure without aperiodic noise
identifies sonorants. However, the lowered F2 confirms that it behaves as a

consonant rather than a vowel in this sequence.

In the word 3, [bPevnvoyr], [f] doesn’t display any formants as there is no audible

release.

In the word =%z, [thYpffﬁ], [*] is high as it shows low F1, indicating a high tongue

position. It shows low F2, indicating back tongue placement. It shows velarization
/=¥ as it shows lowered F2, reflects tongue body retracted toward velum. Clear

formant structure without aperiodic noise identifies sonorants.

In the word “f=1w, [pe¥padr], [{] doesn’t display any formants as there is no audible

release. However, the low F2 confirms that it behaves as a consonant rather than a

vowel in this sequence.

The vowel sounds have more duration and tonal features for atypical speech. The
rising-falling tone often happens due to various dialects which is not an atypical
feature. Other dialect features include: Controlled Nasalization where the nasal
formant around ~250 Hz (e.g. #2#1) as opposed to Hypernasality which indicates

presence of higher F2/F3, the Absence of /% which is missing aspiration (e.g. in

q19) as opposed to attempted aspiration but not keeping up showing drops in F2.

Formant positions also distinguished the atypical speech from the dialects. The
vowel formants merges, or shifts, often shows fronting or backing in a predictable
manner showing consistency. Consonant cues displays F2 or F3 transition patterns
or positions ratio, such a 1:2, 2:1, 3:2, 4:3 and such. For atypical speech, by
contrast, there were irregular, unstable, physiologically constrained formants. This
appeared as excessive variability between tokens of typical and atypical speech,

and also formant transitions that do not match the regular patterns.
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In dialect variation, F1-F2 relationships shift in predictable and consistent ways.
For example, a dialect may show lower or flat F1 or an F2 transition while
maintaining F1 and F2 spacing. The ratio remains structed and well-paced. The
overall geometry is coherent and rule-governed. As opposed to atypical speech,
often disrupts this geometry. It shows inconsistent F2 transitions and the spacing is
larger or shorter. In dialect, F1-F2 ratios shift in a systematic pace, for example,
F1:F2 shows 1:2, or 1:3, as opposed to for atypical it shows 1:5 or 1:4. It disrupts

the normal formant geometry.

4.6. Voice Onset Timing Analyses
Voice Onset Timing (VOT) analysis is the time between the release of a stop
consonant and the onset of voicing. It distinguishes between voiced and voiceless
stop consonants. VOT is used to denote dialect-specific voicing/aspiration timing
(e.g., shorter VOT in [p7]) as opposed to inconsistent or abnormal VOT or
excessive delay and Jitter Report normal range < 1.0% denotes that is is dialect
feature unlike > 2.0% which might denote atypical stage. VOT is shown in the
boundary level in PRAAT, if it is a negative value then the voicing starts before
the burst. 0-20 milliseconds can be considered as minimal delay, 20-80
milliseconds are moderate and 80-120 milliseconds are significant delay, beyond

120 milliseconds are excessive delay.

In the word ¢, [lebfi], [bP] shows a VOT of 0.068. It means that after the release

[bF] sound the vocal cords start vibrating 68 milliseconds later. It is not typical and

it suggests delayed voicing.

In the word =, [b7ellod], [b™] shows a VOT of 0.0106. It means that after the

release [b™] sound the vocal cords start vibrating 10.6 milliseconds later. It is not

typical and it suggests very little delay between release and voicing.

In the word wrer, [ovbfiveb], [b™] shows VOT of 0.156. It means that after the

release [bfiv] sound the vocal cords start vibrating 156 milliseconds later. It is not

typical and it suggests significant delay between release and voicing.
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In the word Rc=rs, [bikSkvobf], [bf] shows 0.081. It means that after the release [bf]

sound the vocal cords start vibrating 81 milliseconds later. It is not typical and it
suggests moderate delay between release and voicing.

In the word f7St, [diAri5], [*t] shows 0.156. It means that after the release of the

sound the vocal cords start vibrating 156 milliseconds later. It is not typical and it
suggests significant delay between release and voicing.

In the word 29, [fiet!d], [t!d] shows 0.168. It means that after the release of the

sound the vocal cords start vibrating 168 milliseconds later. It is not typical and it

suggests very long delay between release and voicing.

In the word ¢s12re, [koﬁ}r&g], [tv] shows 0.207. It means that after the release of the

sound the vocal cords start vibrating 207 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word #2, [po-it], for [] formats are not relevant as there is no audible release.

In the word 377, [ifduwic], [d)] shows 0.103. It means that after the release of the

sound the vocal cords start vibrating 103 milliseconds later. It is not typical and it
suggests significant delay between release and voicing.

In the word i, [¢&idh], [d"] shows 0.144. It means that after the release of the

sound the vocal cords start vibrating 144 milliseconds later. It is not typical and it

suggests very long delay between release and voicing.

In the word cxf, [Q&?’H], [d] shows 0.068. It means that after the release of the

sound the vocal cords start vibrating 68 milliseconds later. It is not typical and it

suggests moderate delay between release and voicing.
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In the word ®icsss, [ovArdeky], [d] shows 0.111. It means that after the release of the

sound the vocal cords start vibrating 111 milliseconds later. It is not typical and it
suggests long delay between release and voicing.

In the word GTsCot, [{1otmPeto], [{] shows 0.086. It means that after the release of

the sound the vocal cords start vibrating 86 milliseconds later. It is not typical and
it suggests significant delay between release and voicing.

In the word @G, [edtok], [{] shows 0.132. It means that after the release of the

sound the vocal cords start vibrating 132 milliseconds later. It is not typical and it

suggests very long delay between release and voicing.

In the word =5, [ktved], [¢] shows 0.177. It means that after the release of the

sound the vocal cords start vibrating 177 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word B, [tikeinded], [t"] shows 0.03. It means that after the release of the

sound the vocal cords start vibrating 30 milliseconds later. It is not typical and it

suggests moderate delay between release and voicing.

In the word 3131, [keg"eAl], [("] shows 0.173. It means that after the release of the

sound the vocal cords start vibrating 173 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word =15, [kvedt], [{] does not show formants as there is no audible release.
In the word wifers, [deilim], [d] shows 0.04. It means that after the release of the

sound the vocal cords start vibrating 40 milliseconds later. It is not typical and it

suggests moderate delay between release and voicing.
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In the word =irest, [eddded], [d] shows 0.1. It means that after the release of the

sound the vocal cords start vibrating 100 milliseconds later. It is not typical and it
suggests long delay between release and voicing.

In the word <o, [_ng”ia], [a] does not represent any formants as there is no audible

release.

In the word 5o, [dehvirrofd], [d] shows 0.06. It means that after the release of

the sound the vocal cords start vibrating 60 milliseconds later. It is not typical and
it suggests moderate delay between release and voicing.

In the word &I, [bed™op], [d™] shows 0.19. It means that after the release of

the sound the vocal cords start vibrating 190 milliseconds later. It is not typical and

it suggests extremely long delay between release and voicing.

In the word 525, [doridor], [d] shows 0.06. It means that after the release of the

sound the vocal cords start vibrating 60 milliseconds later. It is not typical and it
suggests moderate delay between release and voicing.

In the word =i, [evAcAedr], [cA] shows 0.149. It means that after the release of the

sound the vocal cords start vibrating 149 milliseconds later. It is not typical and it

suggests very long delay between release and voicing.

In the word ===, [chvedgyold], [¢™] shows 0.06. It means that after the release of

the sound the vocal cords start vibrating 60 milliseconds later. It is not typical and

it suggests moderate delay between release and voicing.

In the word <=3, [bovAhchoivey], ["c] shows 0.182. It means that after the release of

the sound the vocal cords start vibrating 182 milliseconds later. It is not typical and

it suggests extremely long delay between release and voicing.

294



In the word ¢z, [iYer”i], [3¥] shows 0.171. It means that after the release of the

sound the vocal cords start vibrating 171 milliseconds later. It is not typical and it
suggests extremely long delay between release and voicing.

In the word fter, [gveiproit], [;¥] shows 0.141. It means that after the release of the

sound the vocal cords start vibrating 141 milliseconds later. It is not typical and it

suggests very long delay between release and voicing.

In the word er=rer, [preivhvedp], [5¥] shows 0.222. It means that after the release of

the sound the vocal cords start vibrating 222 milliseconds later. It is not typical and

it suggests extremely long delay between release and voicing.

In the word &<, [iﬁYéf}YlgoJrol], [3™] shows 0.135. It means that after the release of

the sound the vocal cords start vibrating 135 milliseconds later. It is not typical and

it suggests very long delay between release and voicing.

In the word =ifr, [ﬁ@who], [1] shows 0.08. It means that after the release of the sound

the vocal cords start vibrating 80 milliseconds later. It is not typical and it suggests

significant delay between release and voicing.

In the word ==, [n¥8k], [k] doesn’t display any formants; it is not relevant as there

is no audible release.

In the word =, [1§=éTgY'1], [k7] shows 0.03. It means that after the release of the

sound the vocal cords start vibrating 30 milliseconds later. It is not typical and it

suggests moderate delay between release and voicing.

In the word =i, [edk™], [k™] shows 0.23. It means that after the release of the

sound the vocal cords start vibrating 230 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.
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In the word s, [kormeA], [k] shows 0.06. It means that after the release of the

sound the vocal cords start vibrating 60 milliseconds later. It is not typical and it
suggests moderate delay between release and voicing.

In the word =S, [edgvemi], [g¥] shows 0.143. It means that after the release of the

sound the vocal cords start vibrating 143 milliseconds later. It is not typical and it

suggests very long delay between release and voicing.

In the word ci=et, [mPo¥dg], [g] doesn’t display any formants as there is no audible

release.

In the word ca%z8, [ghveuig™eu™], [¢g"] shows 0.113. It means that after the

release of the sound the vocal cords start vibrating 113 milliseconds later. It is not
typical and it suggests long delay between release and voicing.

In the word sir=re, [#vAdheAld], [d"] shows 0.142. It means that after the release of

the sound the vocal cords start vibrating 142 milliseconds later. It is not typical and

it suggests very long delay between release and voicing.

In the word =9, [bfevig®], [g°] shows 0.128. It means that after the release of the

sound the vocal cords start vibrating 128 milliseconds later. It is not typical and it

suggests very long delay between release and voicing.

In the word 5, [su¥pi*], [s] doesn’t display any formants as there is no audible

release.

In the word &ine3, [[hedidgei], in [JM], shows 0.193. It means that after the release

of the sound the vocal cords start vibrating 193 milliseconds later. It is not typical

and it suggests extremely long delay between release and voicing.
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In the word s, [&h&m(], in [*f] shows 0.171. It means that after the release of the

sound the vocal cords start vibrating 171 milliseconds later. It is not typical and it
suggests extremely long delay between release and voicing.

In the word zs, [9Y15Ao”i], [o¥1] shows 0.3. It means that after the release of the

sound the vocal cords start vibrating 300 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word 32, [chfyﬂgﬁY”iﬂ, in [h], shows 0.114. It means that after the release of

the sound the vocal cords start vibrating 114 milliseconds later. It is not typical and

it suggests long delay between release and voicing.

In the word <12, [bwg'iﬁ], [ﬁ] does not show any formants as there is no audible

release.

In the word e, [m1&oi], [m1] shows 0.06. It means that after the release of the

sound the vocal cords start vibrating 60 milliseconds later. It is not typical and it
suggests moderate delay between release and voicing.

In the word 8, [mTu¥A], [m1] shows 0.07. It means that after the release of the

sound the vocal cords start vibrating 70 milliseconds later. It is not typical and it

suggests moderate delay between release and voicing.

In the word =S, [t*emmPreid], in [mm®], shows 0.19. It means that after the release

of the sound the vocal cords start vibrating 190 milliseconds later. It is not typical

and it suggests extremely long delay between release and voicing.

In the word <=1, [k¥p¥4loAmd], [md] shows 0.26. It means that after the release of

the sound the vocal cords start vibrating 260 milliseconds later. It is not typical and

it suggests extremely long delay between release and voicing.
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In the word =¥, [fiued], [ii] shows 0.22. It means that after the release of the sound

the vocal cords start vibrating 220 milliseconds later. It is not typical and it
suggests extremely long delay between release and voicing.

In the word =i, [grﬁggY], [nn] shows 0.128. It means that after the release of the

sound the vocal cords start vibrating 128 milliseconds later. It is not typical and it
suggests very long delay between release and voicing.

In the word s, [eevnndei], [nnd] shows 0.126. It means that after the release of

the sound the vocal cords start vibrating 126 milliseconds later. It is not typical and

it suggests very long delay between release and voicing.

In the word =i [gvtid], [] shows 0.163. It means that after the release of the

sound the vocal cords start vibrating 163 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word =g, [p"¢¥rin], [n] shows 0.09. It means that after the release of the

sound the vocal cords start vibrating 90 milliseconds later. It is not typical and it

suggests significant delay between release and voicing.

In the word =7, [Ivoe~], in [I¥], shows 0.08. It means that after the release of the

sound the vocal cords start vibrating 80 milliseconds later. It is not typical and it

suggests significant delay between release and voicing.

In the word wifer, [de/lim], in [[], shows 0.03. It means that after the release of the

sound the vocal cords start vibrating 30 milliseconds later. It is not typical and it

suggests moderate delay between release and voicing.

In the word <=1, [k¥a¥]], [I] shows 0.08. It means that after the release of the sound

the vocal cords start vibrating 80 milliseconds later. It is not typical and it suggests

significant delay between release and voicing.
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In the word =cx, [roer], [¢] shows 0.03. It means that after the release of the sound

the vocal cords start vibrating 30 milliseconds later. It is not typical and it suggests

moderate delay between release and voicing.

~o o~

In the word cisr, [mPoY(dg], [] shows 0.09. It means that after the release of the

sound the vocal cords start vibrating 90 milliseconds later. It is not typical and it

suggests significant delay between release and voicing.

In the word =%, [beno’], [] doesn’t display any formants as there is no audible

release.

In the word =%z, [p*ovpmn], [1¥] shows 0.09. It means that after the release of the

sound the vocal cords start vibrating 90 milliseconds later. It is not typical and it

suggests significant delay between release and voicing.

In the word s, [pepor], [(] doesn’t display any formants as there is no audible

release.

For Patient 01, in the word =i, [epep], [p] doesn’t display any formants as there is

no audible release.

In the word =frercet, [lepreno], in [p®], is 0.03. It means that after the release of the

sound the vocal cords start vibrating 30 milliseconds later. It is not typical and it

suggests moderate delay between release and voicing.

In the word ==, [boveop"], in [p"], is 0.121. It means that after the release of the

sound the vocal cords start vibrating 121 milliseconds later. It is not typical and it

suggests very long delay between release and voicing.

In the word ¢=, [leb4u], [b4] is 0.10. It means that after the release of the sound

the vocal cords start vibrating 100 milliseconds later. It is not typical and it

suggests long delay between release and voicing.
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In the word =, [b7el¥od], [b7] is 0.05. It means that after the release of the sound

the vocal cords start vibrating 50 milliseconds later. It is not typical and it suggests
moderate delay between release and voicing.

In the word srer, [06¥Ab™ebf], [b7] is 0.05. It means that after the release of the

sound the vocal cords start vibrating 50 milliseconds later. It is not typical and it
suggests moderate delay between release and voicing.

In the word ficste, [bikktoAb™], [b7] is 0.03. It means that after the release of the

sound the vocal cords start vibrating 30 milliseconds later. It is not typical and it

suggests moderate delay between release and voicing.

In the word ©9s, [tlolbduod], [ti] is 0.05. It means that after the release of the

sound the vocal cords start vibrating 50 milliseconds later. It is not typical and it

suggests moderate delay between release and voicing.

In the word 2rs, [F‘ng’i‘gﬁ], [t8] is a substitution, it is 0.07. It means that after the

release of the sound the vocal cords start vibrating 70 milliseconds later. It is not

typical and it suggests moderate delay between release and voicing.

In the word <2, [p¥otil], [ti1] is 0.107. It means that after the release of the sound

the vocal cords start vibrating 107 milliseconds later. It is not typical and it

suggests long delay between release and voicing.

In the word v, [cevd™], [d™] is 0.199. It means that after the release of the sound

the vocal cords start vibrating 199 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word ¢, [doer], [d] is a substitution, it is 0.127. It means that after the

release of the sound the vocal cords start vibrating 127 milliseconds later. It is not

typical and it suggests very long delay between release and voicing.
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In the word =<, [gwwgeﬂiﬁﬂ, [d] 0.122. It means that after the release of the sound

the vocal cords start vibrating 122 milliseconds later. It is not typical and it

suggests very long delay between release and voicing.

In the word &=, [ouilfoit], [t] is a substitution, it is 0.171. It means that after the

release of the sound the vocal cords start vibrating 171 milliseconds later. It is not
typical and it suggests extremely long delay between release and voicing.

415, [KFgvritye], [{y] has no audible release, hence no formants.

In the word B<1, [!thivgieindev], [!t*] is 0.1. It means that after the release of the

sound the vocal cords start vibrating 100 milliseconds later. It is not typical and it

suggests long delay between release and voicing.

In the word sies], [g¥d¥dg], [d] is 0.09. It means that after the release of the sound

the vocal cords start vibrating 90 milliseconds later. It is not typical and it suggests

significant delay between release and voicing.

In the word =, [ro¥Ad!], [d!] is 0.171. It means that after the release of the sound

the vocal cords start vibrating 171 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word b, [dzerve™/], [d] is a substitution and it is 0.182. It means that after

the release of the sound the vocal cords start vibrating 182 milliseconds later. It is

not typical and it suggests extremely long delay between release and voicing.

In the word =54, [bed™op], [d™A] is 0.97. It means that after the release of the

sound the vocal cords start vibrating 970 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.
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In the word wibT, [ehchsedcd], [ch] is 0.117. It means that after the release of the

sound the vocal cords start vibrating 117 milliseconds later. It is not typical and it
suggests long delay between release and voicing.

In the word o5, [chsevmyoct], [cs] is 0.09. It means that after the release of the

sound the vocal cords start vibrating 117 milliseconds later. It is not typical and it
suggests significant delay between release and voicing.

In the word =z, [mPfvgyehs], [ch] is 0.176. It means that after the release of the sound

the vocal cords start vibrating 176 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word ¢, [jeo¥], [§] is 0.192. It means that after the release of the sound the

vocal cords start vibrating 192 milliseconds later. It is not typical and it suggests

extremely long delay between release and voicing.

In the word «ters, [greyoirt], [3] is 0.05. It means that after the release of the sound

the vocal cords start vibrating 50 milliseconds later. It is not typical and it suggests

moderate delay between release and voicing.

In the word @iz, [peheds], [s] is 0.231. It means that after the release of the sound

the vocal cords start vibrating 231 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word @<, [jeub¥ovnd], [;] is 0.08. It means that after the release of the

sound the vocal cords start vibrating 80 milliseconds later. It is not typical and it

suggests significant delay between release and voicing.

In the word 3, [yedkil], [kf1] is 0.08. It means that after the release of the sound

the vocal cords start vibrating 80 milliseconds later. It is not typical and it suggests

significant delay between release and voicing.
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In the word crei=, [diorkevn], [k] is 0.1. It means that after the release of the sound

the vocal cords start vibrating 100 milliseconds later. It is not typical and it
suggests long delay between release and voicing.

In the word ¢, [rfiouge], [g] is 0.86. It means that after the release of the sound

the vocal cords start vibrating 860 milliseconds later. It is not typical and it
suggests extremely long delay between release and voicing.

In the word i<, [ﬁgYE], [1_'<] doesn’t display any formants as there is no audible

release.

In the word =%, [evkh]], [kh]] is 0.14. It means that after the release of the sound

the vocal cords start vibrating 140 milliseconds later. It is not typical and it
suggests very long delay between release and voicing.

In the word =S, [egvevmdil], [g¥] is 0.08. It means that after the release of the

sound the vocal cords start vibrating 80 milliseconds later. It is not typical and it
suggests significant delay between release and voicing.

In the word ¢i=el, [mdogvio?], [?] is 0.09. It means that after the release of the sound

the vocal cords start vibrating 90 milliseconds later. It is not typical and it suggests

significant delay between release and voicing.

In the word c=5t=S, [g-eudgfieud], [g7] is 0.07. It means that after the release of the

sound the vocal cords start vibrating 70 milliseconds later. It is not typical and it

suggests moderate delay between release and voicing.

In the word 3, [bPevgh], [gf] doesn’t display any formants as there is no audible

release.
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In the word <3, [fediger], [] is 0.04. It means that after the release of the sound

the vocal cords start vibrating 40 milliseconds later. It is not typical and it suggests
moderate delay between release and voicing.

In the word =s, [figod], [] is 0.06. It means that after the release of the sound the

vocal cords start vibrating 60 milliseconds later. It is not typical and it suggests
moderate delay between release and voicing.

In the word =S, [thembie], [mb] is 0.169. It means that after the release of the

sound the vocal cords start vibrating 169 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word <=1, [Eolgr'r'l], [m] doesn’t display any formants as there is no audible

release.

In the word 7, [nlde], [nl] is 0.149. It means that after the release of the sound the

vocal cords start vibrating 149 milliseconds later. It is not typical and it suggests

very long delay between release and voicing.

In the word 1=, [SQQE], [d] is a substitution, it is 0.08. It means that after the

release of the sound the vocal cords start vibrating 80 milliseconds later. It is not

typical and it suggests significant delay between release and voicing.

In the word i, [eeynlev], [nl] is 0.227. It means that after the release of the

sound the vocal cords start vibrating 227 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word “i=, [prgYﬁ], [n] doesn’t display any formants as there is no audible

release.
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In the word =2, [endf!i], [n4] is 0.119. It means that after the release of the sound

the vocal cords start vibrating 119 milliseconds later. It is not typical and it
suggests long delay between release and voicing.

In the word =f®z, [phovpig], [5] doesn’t display any formants as there is no audible

release.

In the word =7, [;JQAP,Y], [1] is 0.15. It means that after the release of the sound the

vocal cords start vibrating 150 milliseconds later. It is not typical and it suggests

very long delay between release and voicing.

In the word ©ifers, [delim], [1] is 0.14. It means that after the release of the sound the

vocal cords start vibrating 140 milliseconds later. It is not typical and it suggests

very long delay between release and voicing.

In the word <=, [k%’l]’ [1] is 0.147. It means that after the release of the sound the

vocal cords start vibrating 147 milliseconds later. It is not typical and it suggests

very long delay between release and voicing.

In the word =3, [rroen], [] is 0.182. It means that after the release of the sound the

vocal cords start vibrating 182 milliseconds later. It is not typical and it suggests

extremely long delay between release and voicing.

In the word ci=el, [mdorvio?], [¥] is 0.182. It means that after the release of the

sound the vocal cords start vibrating 182 milliseconds later. It is not typical and it

suggests extremely long delay between release and voicing.

In the word 3, [bPernvo¥r], [f] doesn’t display any formants as there is no audible

release.
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In the word =fgg, [phgv_tﬁﬁ], [] is 0.15. It means that after the release of the sound

the vocal cords start vibrating 150 milliseconds later. It is not typical and it

suggests very long delay between release and voicing.

In the word =f*tw, [pe¥pdr], [{] doesn’t display any formants as there is no audible

release.

4.7. Additional Analyses
Unaspirated Nasalization /%7 and Unaspirated Dental Expression /Z/, Pre-
Palatalization /i<:/, Pre-Aspiration /:/, perhaps can be newly added for Bangla
atypical speech sounds. Low tone (4), Extra-Low Tone (l), Weak Articulation (::),
Retracted Tongue-Root Position (::) are also prominent in most utterances. In a
few cases, Post-Alveolar Clicks (::!) and Palatal Clicks (:#) were observed. For
data management, ‘letter b’ has been used to identify the beginning of the sound,

‘letter m” marks the middle and ‘letter ¢’ presents the end sound.

Following the data, it shows that the beginning sounds have 25.5% phonological
errors, middle sounds have 35.3%, and the end sounds have 39.2% errors. The
upper lip, lower lip, upper teeth, lower teeth, Alveolar Ridge, tip and blade/front of
the tongue is involved in producing the beginning sounds, the hard palate, center of
the tongue assists in articulating the middle sounds, and soft palate/Velum , back
and the root of the tongue, Uvula produce the ending sounds. The Larynx and

vocal folds movements needed to produce all the sounds.

Consonants showed abnormal formant trajectories, incomplete or delayed
transitions, or patterns indicating misarticulations such as backing, fronting etc.
that do not form any systematic, rule-governed sound patterns. In brief, dialects
showed patterned, rule-based formant shifts, while atypical speech shows non-
systematic, inconsistent, or biomechanically constrained deviations that make the

acoustic system internally incoherent.
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Mispronunciation occurs due to misunderstanding of the word or habitual use etc.

(e.g. =) as opposed to Tensed/Reiteration with greater effort or repeated bursts

and closure,

4.8. Proposed Addition to extIPA
As per Ratio Analyses, the Aphasic patient’s speech outputs show various results.
Such as, if looked from the number of diacritics, given next is the list. Many of
these are included in the standard IPA chart except for, in case of the use of one
diacritic, pre-palatalization /iz+/, nasal release /=%/, lip compression /:/, fricative
release /:*/ (and /¥, /=] as systematic release markers), strong articulation /::/,
weak articulation /::/, inconsistent /O/, unaspirated /=7/ (often unmarked),
unintelligible speech /::/. pre-aspirated /»::/ are used and should be in the extIPA
for Aphasic patients who speak Bangla as L1. In case of two, partial devoicing
I/, sliding articulation /<:c/, double articulation o, aspirated fricative /=h/ are

used. The rest for two and three or more include addition or stacking qualities and

are not necessarily new symbols.

1 diacritic 2 diacritics 3/3+ diacritics
1. [=)/—lowtone | 1. /21 — nasal + rising | 1. [ovAf -
2. [zl — lower tone aspirated +
pitch 2. /24l — dental + low velarized +
3. [ — rising tone contour tone
tone 3. [ — tie-bar + low | 2. [omAl -
4. |24l — contour tone breathy  voiced
tone 4. I8/ — voiceless + aspirated +
5. /o8 — breathy breathy velarized +
6. /3l —voiceless | 5. partial devoicing /;/ contour tone
7. [zl —creaky 6. el — creaky +|3. v -
8.  [u/—voiced advanced tongue root creaky + breathy
9. /2 —advanced | 7. /26/ — unreleased + + velarized +
tongue root breathy rising tone
10. /=¥ —sibilant | 8. lel —  creaky  + | 4. fh/ -
11, /gl - breathy creaky +
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

linguolabial

[/ —

labialized
[:/ — dental
[z — laminal
/%] — nasalized
[ -
release
e/ -
velarized
Joh/ -

aspirated

nasal

[/ —

unaspirated
[ —tie-bar
e/ — trill/tap

12 -

unreleased
pre-
palatalization /i:/
pre-aspiration
i/
lip
compression /:/
strong
articulation /::/
weak
articulation /:/
inconsistent
10/
unaspirated
[/

unmarked)

(often

9.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

el — creaky +
advanced tongue root

[ohw/—  breathy
aspiraed voiced +
labialized

[zh]  — aspirated +
dental

[+ — voiced + trill

Iz —  voiced +
aspirated

[oB] — tie bar +
labialized

/%l — nasal + mor
rounded
/._Y/ —

tongue root + velarized

advanced

/51l — nasal + low

tone

[%/  — voiced +
unaspirated

[z —  dental +
breathy voiced aspirated

/zhs/ - aspirated
fricative

[/ — unreleased +
aspirated

Iz — linguolabial +
aspirated

Unaspirated

Nasalization /&~/

Nasalized Dental
Expression /Z/
sliding  articulation

10.

11.

12.

advanced tongue
root + aspirated +
velarized

I/ -
creaky +
advanced tongue
root + velarized

/-:::é::-Y/ —
advanced tongue
root + voiceless +
velarized

/.;;:;.ﬁy/ _
creaky +
advanced tongue
root + breathy +
velarized

Ity -
dental ¥ creaky +
partial devoiced +
breathy

I/ -
creaky +
advanced tongue
root + unaspirated

Il -
dental + aspirated
+  breathy +
velarized

1y -
partial devoiced +
nasal + dental

1GH -

dental + nasal +
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30. unintelligible [/ partial devoiced +

speech /:/ 26. double articulation breathy  voiced

ey aspirated

Figure 234: extIPA Symbols in Terms of Diacritics Display

Pre-Palatalization /izz/ is new for the existing extIPA chart for disordered speech.
Also, /zs/ — sibilant, which is presented as one diacritic. /=%, is used in some
extended or informal transcription practices to indicate a sibilant or strident-type
secondary articulation, meaning the sound has added ‘hissing’ or sibilant-like noise
quality layered onto the base segment. However, it is not an official IPA-defined
modifier with a single fixed phonetic value. /::"/, is also new, this is a composite
notation combining aspiration (/"/) with a sibilant or strident quality (/). It
generally suggests a consonant that is both aspirated and has added
sibilant/fricative-like release noise. In strict IPA terms, this is an analytical or
descriptive stack rather than a formally standardized single diacritic combination.

Unintelligible speech /::/ can also be suggested as new. Low tone (4), Extra-Low
Tone (l), Weak Articulation (::), Retracted Tongue-Root Position (3:) are
prominent in most utterances. In a few cases, Post-Alveolar Clicks (::!) and Palatal
Clicks (=) were observed. Various places of articulation include: /o/ —
linguolabial, /=:v/ — labialized, /2:/ — dental, bidental /=7/, [::¥/ — velarized, pre-
palatalized /iz:/, and manners of articulation include: /=% — sibilant, /Z/ — nasalized,

nasal release /2v/, /2 — trill/tap.
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Chapter Five

Conclusion

The research can be concluded by listing the most common features of atypical
speech which are release/nasalized 5.13%, labialized 4.19%, lip compression
3.51%, laminal 4.06%, velarized 6.3%, pre-palatalization 1.45%, post-alveolar
click 1.54%, dental expression 1.37%, fricative release 2.39%, rhotic release
1.45%, voiced 2.48%, voiceless 2.78%, partial devoicing 1.37%, devoicing 1.41%,
strong/weak articulation 2.39%, inconsistent /f/ 2.35%, aspirated 2.39%,
unaspirated 2.31%, pre-aspirated 2.39%, low tone 3.81%, extra-low tone 3.93%,
rising-falling tone 5.64%, rising tone 1.5%, breathy-voiced 2.86, creaky-voiced
5.7%, sliding articulation 1.45%, retracted tongue-root position 5.6%, more
roundedness 0.98%, no audible release 5.6%, sound substitution 3.81%,
substitution with unintelligible speech 0.98%, double articulation 2.65%, sound
addition 1.45%, glottal stop addition 1.41%, post-alveolar click addition 1.37%.

The highest form of atypical speech occurs due to velarization and nasal
release/nasalization which is a phonological matter and it can be considered under
distortion. Other significant errors happen due to retracted tongue-root position,
creaky-voice, rising-falling tone, nasal release/nasalization and no audible release.
Creaky-voice and rising-falling tone can be considered as suprasegmental features,
and retracted tongue-root position can cause phonological or acoustic errors which
all leads to distortion. No audible release, on the other hand, can lead to omission.
As per ratio analyses, pre-palatalization /iz:/, nasal release /::%/, lip compression /%/,
fricative release /2 (and /2#/, /=f/ as systematic release markers), strong
articulation /::/, weak articulation /::/, inconsistent /O/, unaspirated /::%/ (often
unmarked), unintelligible speech /::/. pre-aspirated /":/ should be in the extIPA for
Aphasic patients who speak Bangla as L1. In case of two, partial devoicing /(/,
The rest for two and three or more include addition or stacking qualities and are

not necessarily new symbols. Unintelligible speech /::/ can also be suggested as
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new. Low tone (4), Extra-Low Tone (1), Weak Articulation (::), Retracted Tongue-
Root Position (3:) are prominent in most utterances. In a few cases, Post-Alveolar
Clicks (::!) and Palatal Clicks (:#) were observed. Various places of articulation
include: /::/ — linguolabial, /::v/ — labialized, /::/ — dental, bidental /::7/, /vl —
velarized, pre-palatalized /i<:/, and manners of articulation include: /=% — sibilant,
/% — nasalized, nasal release /<:v/, /<x7/ — trill/tap. As for organs, soft palate/Velum ,

back and the root of the tongue are mostly affected.

In addition, the research shows that in dialect variation, F1-F2 relationships shift in
predictable and consistent ways. For example, a dialect shows lower or flat F1 or
an F2 transition while maintaining F1 and F2 spacing. The ratio remains coherent
and rule-governed. As opposed to atypical speech, often disrupts this geometry. It
shows inconsistent F2 transitions and the spacing is larger or shorter. Also,
mispronunciation which is complete replacement of sounds because of

mispronunciation due to misunderstand of the word or habitual use etc. (e.g. c3=9)

as opposed to Tensed/Reiteration with greater effort or repeated bursts and closure,
Voice Onset Time (VOT) to denote dialect-specific voicing/aspiration timing (e.g.,
shorter VOT in /p™/) as opposed to inconsistent or abnormal VOT or excessive
delay and Jitter Report normal range < 1.0% denotes that is is dialect feature unlike
> 2.0% which might denote atypical stage. Other than that, the sounds do not have

phonological errors.

For direction for updating the extIPA, precise diacritics for partial or inconsistent
realizations can be suggested. In addition to that the prosodic features in terms of
irregular timed patterns, unstable pitch markers etc. can be expanded. The formants
analysis can also make significant contributions in terms of extIPA modifications.
These can benefit the researchers and clinical practitioners for atypical speech

analysis.
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Patient’s Medical History and Diagnosis

The following summarizes the patient's medical diagnoses relevant to the speech
analysis only. The V Scale (0-5) are V5 (Oriented: fluent speech, comprehension and
production are intact), V4 (Confused Conversation: speech is connected but
disoriented), V3 (Inappropriate Words: random or irrelevant words, affected
comprehension), V2 (Incomprehensible Sounds: moans, no real words, severe
speech/language breakdown), V1 (None/Coma: no verbal output). Detailed

information has been omitted to maintain medical confidentiality.

SI No. P1
General Name: Kamal | Age: 55 Sex: Male
Information Uddin
and Diagnosis
2025 Patient experienced gradual progression of headache
Spasmodic on the right side aggravated during coughing,

vomiting, eye pain, vertigo and has been diagnosed
with glioblastoma at right temporo-parieto-occipital
lobe ICSOL, perilesional edema, mass effect with

midline displacement.

Examination Relevant to Speech-Language Analysis
1. GCS (E4V5M6)
The V (verbal response) score: patient is
oriented, able to speak on command and
coherently, content is intact
2. Cranial Nerves V, VII, IX, X, XII are crucial
for speech, voice, swallowing: no swallowing
difficulties, voice and speech are on command
(speech data to be analyzed)
3. Motor System (UL, LL, Reflexes, Plantar,
Clonus): reflects motor pathways, UMN
lesions can also involve corticobulbar tracts

leading to slurred speech or even Aphasia if
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lesion is cortical and left-sided (speech data to

be analyzed)
SI No. P2
General Name: Kolpona | Age: 50 Sex: Female
Information Begum
and Diagnosis
2025 Patient experienced headache: suggestive of
Spasmodic convexity meningioma over left parietal lobe,
perilesional edema, mass effect with midline
displacement.
Examination Relevant to Speech-Language Analysis
1. GCS (E4V5M6)
The V (verbal response) score: patient is
oriented, able to speak on command and
coherently, content is intact
2. Cranial Nerves V, VII, IX, X, XII are crucial
for speech, voice, swallowing: no swallowing
difficulties, voice and speech on command (to
be analyzed)
3. Motor System (UL, LL, Reflexes, Plantar,
Clonus): reflects motor pathways, UMN
lesions can also involve corticobulbar tracts
leading to slurred speech or even Aphasia if
lesion is cortical and left-sided (to be
analyzed)
SI No. P3
General Name: Jannatul Age: 24 Sex: Female

Information Ferdous

and Diagnosis



Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

History: In 2012, experienced headache, vomiting, double
2012-2023 vision, diagnosed as a post fossa SOL and operated by
posterior midline approach to remove the SOL and VP
shunt followed by removal of the tumor in the right
sub-occipital approach and was diagnosed as

hemangioblastoma in the year of 2014.

In 2023, she again got admitted with headaches,
vomiting, and dimness of vision and diagnosed as
recurrence of post fossa SOL and operated through
right sub-occipital approach and removal of tumor
took place. Histopathology came out to be
Hemangioblastoma, WHO grade 1.

Present Day: | Now, in 2025, for the last 6 months, her symptoms are,
2025 headaches aggravated during coughing and sneezing,
Recurring gradual decrease of vision and tendency to fall

towards left.

On Nervous System Examination

Higher Psychic Function Intact, GCS 15, Right
handed

Speech-Scanning, Gait-Ataxic, Lobe Sign: Absent

No signs of meningeal irritation

Sl No. P4

General Name: Bilkis Age: 45 Sex.: Female

Information

and Diagnosis

Present Day: | Patient experienced headache, total blindness of the

2025 right eye, diagnosed with  meningioma

Recurring bone/recurrence-remnant of lesion at the right
sphenoidal wings with meningeal thickening and mild
right proptosis.
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GCS (E4V5M6)
The V (verbal response) score: patient is oriented, able

to speak on command and coherently, content is intact

SI No. P5
General Name: Hosne Ara | Age: 60 Sex: Female
Information
and Diagnosis
Present Day: | Patient experienced headache, diagnosed with left
2025 jagular foramen SOL (space-occupying lesion, e.g.
Recurring tumor).

GCS (E4V5M06)

The V (verbal response) score: patient is oriented, able
to speak on command and coherently, content is intact
Cranial Nerves: possibly affected

IX (Glossopharyngeal), X (Vagus), XI (Accessory):
affected

IX: difficulty swallowing, reduced pharyngeal control
X: breathy voice, vocal cord paralysis, impaired pitch,
hypernasality, laryngeal closure

X: weakness in head-turning
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Appendix 03 (For Patients)
A. Task-based Phonological Test: Picture Naming Flashcards
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g
B
1b, 29b 2a 2¢ 3c
~ o | &
5c, 26a 7b Tc 8c, 22b
9¢ 10b 10c
11a,27b 12a 13a 13c¢
14a l4c 15b 15¢
17¢ 17d 19a 19¢, 28b
20¢ 22¢ 24d 25¢
O
25d 26b, 29a 27¢ 28¢c
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Appendix 04 (For Patients)
B. Task-based Phonological Test: Word Naming Flashcards
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e M1t AreRAr | TS e or
la lc 2b 3a 3b 4a
ST faowie g3 o ifsie @rAre
4b 4c S5a 5b 6a 6b
o ot e e 6T [Pran
6¢ 7a 8a 8b 9b 10a
w[est E) @oot [a74 9 SN
11b 11c 12b 12¢ 12d 13b
I=A T NG A F Fab
14b 15a 16a 16b 16¢ 17a
W= cam FU oY SRS CTSTIG
17b 18a 18b 18c 19b 20a
SIS TRt gt | SreeT | cimees Ell
20b 2la 21b 21c 22a 22¢
76 e EIEs e B st
23a 23b 23¢c 24a 24b 24¢
25a 25b 27a 28a 29b
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Appendix 05 (For Patients)

Consent Form
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CONSENT

I have read and I understand the provided information and have had the opportunity
to ask questions. I understand that my participation is voluntary and that I am free
to withdraw at any time, without giving a reason and without cost. I understand that
I will be given a copy of this consent form. I voluntarily agree to take part in this

study.

Participant's Signature Date

Investigator's Signature Date



Mahamudul Hasan
Typewritten text
Dhaka University Institutional Repository


Dhaka University Institutional Repository

Appendix 06

Copyright Consent and License Agreement
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COPYRIGHT CONSENT AND LICENSE AGREEMENT

This document confirms that the digital drawings included in the methodology

section were created by Ansa Tasfiha Suhi (the Artist) and have been purchased by

Tanzia Siddiqua (the Researcher) to use exclusively within her academic research.

The Artist hereby confirms that;

1.

Copyright Ownership

The Artist is the sole creator and copyright holder of the digital drawings.
Copyright in the artwork remains with the Artist at all times.

License Granted to the Researcher

The Artist grants the Researcher a non-exclusive, non-transferable license
to use the drawings solely for the purposes of her research, including
inclusion in academic submissions, presentations, publications, or related
research activities.

Artist’s Rights

The Artist retains the unrestricted right to use, publish, reproduce, modify,
or distribute her drawings in any form and for any purpose.

Restrictions on Third Parties

No third party is permitted to copy, reproduce, distribute, display, or
otherwise use the drawings without obtaining explicit written permission
from the Artist. Unauthorized use may result in legal consequences under
applicable copyright laws.

Acknowledgement

The Artist acknowledges receiving full payment for the artwork and

confirms that this agreement reflects her full consent.

I, Ansa Tasfiha Suhi, have read, understood, and agree to the terms above.
Signature: _Ansa_Tasfhoa. Suhi

Date:

30/11 /2025
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Appendix 07 (For Data Analyses)
A. Task-based Phonological Test: Picture and Word Naming

Transcriptions
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Sl | Consonant Text Transcriptions
No. Sounds (Standard IPA List of Sounds
Bangla) | (Interval Consonant Vowels
(Interval | Tier 02) Sounds (Point
Tier 01) (Point Tier 01) | Tier 02)
B M E P D
01 Ipl A [purfek] | [p] | 0T | [K] | [e] | [ui]
fereret [pipre] | [p] | [p] | [ | [,
[e]
i [pep] [p] [p] | [e]
02 /p™/ ks [p"ul] | [p"] (7 | [u]
ST | [lepreno] | [I] | [p"] | [n] | [e],
[o]
e [bocop?] | [b] | [c] | [p"] | [o],
[o]
03 /ol RIIRIE [baem] | [b] [m] [ce
]
= [fobw] | [T | [bI | (31 | [o],
[u]
=T [lebu] [ [b] | [el,
[u]
04 /bb/ el [bfelo] [bA] [ | [el
[o]
SR [obeb] [bf] | [b] | [o],
[e]
fewre | [bikkob] | [b] | [K], | [b%] | [1],
(k'] [o]
05 It/ ©J8 [tobuo] | [t] [b] | [o] | [uo]
o [digo] | [d] | [d [l | [o]
7o [fiet] [] [t] | [e]
06 It/ At | [temie] | [6] [m] | [e] | [e]
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@Rl | [koteo] | [K] | [t] [0] | [e0]
& [pot] | [p] [] | [o]
07 Id/ ot | [deeene] | [d] ] | [e] | [=e
]
Eod [idur] [d | [ | 0,
[u]
o [ced] | [c] [dl | [l
08 Idb/ Bkl [d°Ge] | [d"] [Ge]
s | [ordiek] | [] | [d°] | [K] | [o].
[e]
e [oufodt] 0 | [d] | [o] | [ou]
09 I 50T | [tometo] | [(] | [m] | [0 | [0),
[e],
[0]
R [etok] [0 | Ikl | [el,
[0]
A [kbet] | [K'] [0 | [e]
10 e/ Peml | [trikene] | ["] | [K] | [n] | [il,
[e]
T [ketvel] | [KI | [] | [0 | [2]
o [ket'] | [K] ('] | [e]
11 /d/ o [detim] | [d] | [0 | [m] | [e].
[i]
Sires! [edde] [dl | [d] | [e]
o [rad] [c] [d] | [o]
12 /dp/ ot | [dwref] | [ [0 | LD [,
[0]
@t | [bediop] | [b] | [d] | [p] | [e].
[o]
o | [diordfor] | [dF] [d"] [o1]
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% [dfu] ] [d7] [u]

13 | /c/or/te/ 1R [coter] | [c] [l | [o] | [ex]
SIbH [ecer] [c] | [] | [e]
Rl [cemoc] | [c] | [m] | [c] | [el,
[o]
14 | /cb/ or /teh/ gl [ctegol] | [c¢"] | [g] (1 | el
[o]
= [boctoc] | [b] | [c"] | [c] | [ol,
[o]
EIEY [mec"] [m] [c"] | [e]

15 | I3/ or /dz/ 38 [3e0] 5] [e0]
e [gejoc] | [g] | [3] | [c] | [e],
[o]
wRE [yefiey] | [3] | [B] | [3] | [e]

16 | /3% or /dz"/ AT [ffeubon] | [3 | [b] | [n] | [o] | [eu]
S [o5%or] ] | [el | [al
[o]
SE eyl | ] 3] | [2]

17 Ikl T [kuefe] K] U1 | [e] | [ue]
TR [doken] | [d] | [K] | [n] | [o],
[e]

CTiet [nouke] | [n] [K] | [e] | [ou]
B [nek] [n] [K] | [e]

18 /kb/ c [khee] | [kM] [ee]
T [kokton] | [K] | [K"] | [n] | [o],
[o]
o [ek"] [kt] | [e]

19 /g/ o [gome] | [g] [n] | [e] | [o1]
SIS [egemi] [g] | [m] | [el,

[i]
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el [morog] | [m] | [c] | [g] | [o]
20 /gb/ (TS | [gheugPeu] | [gf] [9"] [eu]
ST [egiet] [0 | [8 | [el]
T [beg®] | [b] [g°] | [e]
21 /s Al [suphi] | [s] [p"] | [ul,
[i]
S [est'e] [s1 | [&] | [el
SIFCIT ) [ephsos] | [p] | [s] | [s] | [e],
[o]
22 Al cfee? | [fediker] | [ | [d] | [K] | [e], | [en]
[1]
AN [ofudf] U1 | [d) | [ol.
[u]
Kl [Jef] [/ 1 | [e]
23 // 28 [fio0] [f] [50]
e [bofiug] | [b] | [A] | [t | [o],
[u]
TR [befi] [b] [A] | [e]
24 /m/ RN [mzo0] [m] [0
]
e [mw] | [m] [u]
At | [temre] | €] | [M] [e] | [ie]
P [kolom] | [K] | [l | [m] | [a],
[o]
25 In/ P&l [nue] [n] [ue]
ST [onek] [n] | [kl | [o],
[e]
Sl [eene] [n] | [e] | [ee]
yl [pen] [P] [n] | [e]
26 /n/ N/A N/A | N/A| N/A | N/A| N/A|N/A
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a b [enti] o] | [0 ] [el
[i]
b ¥ [protm] | [p*] | [ | [n] | [ol,
[1]
27 N a Gbll [loe] [1] [oe]

b| i [delm] | [d] | [0 | [m] | [e],
[1]
c,c, I [kol] | [K] [ | [o]

28 It/ a Els] [roe] [c] [o€]

ol e [morog] | [m] | [c] | [g] | [o]

¢ I [benoc] | [b] | [n] | [c] | [el,
[]
29 I N/A N/A |N/A| NA |[NA|NA|NA
a  ¥E [protm] | [p*] | [ | [n] | [ol,
[1]
b 7 [pepor] | [P | [p1 | [d | [E
[]

Notes:
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Appendix 08 (For Data Analyses)
B. Feature Detection Checklist (Sample)
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SI | Consonant Text Articulatory and Acoustic Features
No.| Sounds (Standard Typical Atypical
Bangla), Features Features Error
IPA (Sample) (Sample) Types
01 Ip/ SR, O Bilabial O Dental O Distortion
/plufek/ | O Labio-Dental | O Labialized I Substitution

O Linguolabial
[ Dental
O Alveolar

U] Palato-
Alveolar

O Retroflex
U] Palatal

O Velar

O Uvular

U] Pharyngeal
O Glottal

U Plosive

L] Nasal

U Fricative
[ Approximant
01 Affricate
O Trill

L] Egressive
O Front/Mid/
Back

0 Rounded/

Unrounded

O Clustered
O [+VV/[-V]

O Palatalized
U] Velarized/
Pharyngealized
[ Apical

U Laminal

O Nasalized
U Gliding

O Rhoticity
U Rounded
(More/Less)
O Weak
Syllable

Deletion

O Clusters
Reduction

U Linking

L] Reiteration/
Double
Articulation/
Pause

U] Inconsistent
6/

[ Whistled
Articulation

O Ingressive

[ Omission

[ Insertion/
Addition

Notes:
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