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• Symbols and 
Numerics •
# (hash marks), 148
// (slash marks), 2–3
“ ” (quotation marks), 3
[ ] (square brackets), 2–3
[ᵕ] (breve) mark, for extra-short vowels, 254
[ː] mark, for extra-long vowels, 254
[̪](dentalization symbol), 256
| (minor foot) symbol, 147–148
ǁ (double bar) symbol, 147–148
/ɒ/, 115–116
/ɔ/, 50, 109–110, 116, 335–336
/ɔɪ/, 119–120
/ӕ/ (ash)

Canadian English, 301
Estuary English, 302
General American English, 48
North American and British English, 117

/β/ (beta), 256
/χ/ (chi), 263
/ʤ/, 47, 101, 202–203
/ǝ/ (schwa), 32, 40
/ɚ/ (r-colored schwa), 33, 103
/əʊ/, 120
/ɛ/ (epsilon), 301
[h] (aspiration diacritic), 94–95
/ʜ/, 265–266
/ɜ/ (reversed epsilon), 48, 112
/ɝ/ (right-hook reversed epsilon), 33, 103
/ʃ/ (esh), 28, 46, 101, 202
/ð/ (ethe), 28, 45, 202
/ɠ/, 243 
/ɬ/, 257
/ɮ/, 257
/ɸ/ (phi), 255–256
/ɱ/, 256
/ŋ/ (eng), 29, 204–205
/ɹ/

approximants, 29–30, 102–103
Canadian English, 301

general discussion, 46
/r/ versus, 337
Southern states English, 297
in spectrogram, 203–204

/ʀ/, 263, 268
/ʁ/, 263
/ɾ/. See taps
/ʧ/, 47, 101, 202–203
/θ/ (theta), 28, 45, 202
/ʊ/ (upsilon), 48, 302
/ʋ/, 256
/ʍ/, 44
/ʒ/ (yogh), 28, 46, 101
/ʔ/. See glottal stops
/ʢ/, 265–266
/ʕ/, 264–265
1-year old children, 278–279
2-year old children, 280–281
6-month old children, 277–278
18-month old children, 279–280
180 degrees out of phase, 179

• A •
/ɑ/

back vowels, 50, 109-110, 116
distinguishing between /ɔ/ and, 335-363
Estuary English, 302
formant values in spectrogram, 198
resonance, 183–184

/ɑ:/, 117
AAVE (African-American Vernacular 

English), 300–301
abduction, 24, 52–53
accents

American, 343
Australian English, 309–311, 345
British versus American English, 343–345
Canadian English, 293, 301–302, 345–346
dialectology, 291–292
Minnesota, 343–344
New York City, 344
New Zealand, 311–312
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accents (continued)
North American English, 294–302
Northern and Southern United States, 

342–343
overview, 291, 341
regional vocabulary differences, 292–293
South African English, 312–313
unaccented English, 341–342
United Kingdom and Ireland, 302–309
West Indies, 313–314

acoustic features, 78–79
acoustic phonetics, 1, 5, 107, 175, 187, 191
acoustic theory of speech production, 17, 19
acoustics, 183–184, 222–225. See also 

sound
Adam’s apple (laryngeal prominence), 23
adduction. See glottal stops
advanced tongue root (ATR), 270–272
monophthong, 33
affective prosody (emotions, in speech), 

154–155
affricates

general discussion, 30, 47, 101–102
manners of articulation, 81
in spectrogram, 202–203
stopping airflow, 93

African-American Vernacular English 
(AAVE), 300–301

Afrikaans, 238, 312–313, 337
Afro-Asiatic language family, 239
ash. See /ӕ/ 
/aɪ/, 110–111, 119–120, 345–346
AIDS (Assessment of Intelligibility of 

Dysarthric Subjects) test battery, 325
air pressure, of sound waves, 176
airflow, shaping, 24–26, 93–100
airstream mechanisms, 239–245, 323
Akan Twi, 247, 272
allophones

complementary distribution, 85–86
/l/, 338–339
/ɱ/, 256
narrow transcription, 125
testing Papago-Pima language sounds, 

88–89
allophonic processes, 95
allophonic variation, 120–121
alphabets, 37–40

ALS (Amyotrophic lateral sclerosis), 
210–211

alveolar consonants, 26, 60, 81, 141, 257–258
alveolar ridge, 26, 28, 31, 45–47, 60, 230
alveolar stops, 139
alveoli, 21
American English, 343–345
American Heritage Dictionary, 108
American Sign Language (ASL), 234
American Speech and Hearing Association 

(ASHA), 284, 327
Amharic, 239, 242
amplitude

loudness, 180
measuring, 176–177
plotting on spectrogram, 191–192
resonance, 183–184
sine waves, 174

anger, in speech, 155
angle, describing phase by, 178–179
antagonistic muscles, of tongue, 25
anticipatory coarticulation, 68, 105, 125, 

256–257
AOS (apraxia of speech), 210, 284, 323–324
apex, of tongue, 63
aphasia, 231–233, 315–320
apical, articulatory feature, 77, 260
approximant partial devoicing, 134–135
approximants

general discussion, 30–31, 102–103
liquid, 103
manners of articulation, 81
/ɹ/ and /l/, 46
in spectrogram, 203–204
2-year old children, 280
velar, 261

apraxia of speech (AOS), 210, 284,  
323–324

Arabic, 253, 262–266
arcuate fasciculus, 316
articulation, 233, 286
articulators, 17, 25–26, 58–66
articulatory features, 77–78, 80, 260, 267
articulatory gestures, 57, 71–72
articulatory markers of stress, 150
articulatory phonetics, 1, 19, 107
ASHA (American Speech and Hearing 

Association) , 284, 327
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ASL (American Sign Language), 234
aspiration

after /s/, 134
binary features, 74
general discussion, 94–95, 265
in spectrogram, 207–209
stop consonants, 132–133

aspiration diacritic ([h]), 94–95
Assessment of Intelligibility of Dysarthric 

Subjects (AIDS) test battery, 325
assimilation

common phonological errors of  
children, 282

ease of articulation, 233
general discussion, 16, 125–127
morphophonology rules, 130
nasalizing, 272

Assmann, Peter, 121
ataxic dysarthria, 328–329
Atlas of North American English (Labov), 294
ATR (advanced tongue root), 270–272
/aʊ/, 119–120
Australian English, 293, 309–311, 345
Austronesian language family, 238

• B •
/b/, 75, 95–96, 250–251
BA (Broca’s aphasia), 210, 231–232,  

316–319, 324
babbling, 278–279, 289
back tongue placement, 41, 62
back vowels

General American English, 48–49
general discussion, 32, 108–110
Hungarian, 127
North American and British English, 116

Bantu language family, 247, 269
Barney, Harold, 185
Basque, 260–261
Beckham, David, 306
Belafsky, Peter, 58
Bell, Alexander Graham, 176
Bell, Alexander Melville, 195
Bell Laboratories, 185
Bernoulli, Daniel, 52
Bernoulli principle, 52–53
beta (/β/), 256

Big Three, 80–82
bilabial (labial) sounds

categorical perception, 230
clicks, 243–244
consonants, 81
general discussion, 27–28
marking rare sounds, 79
trills, 268

bilingual speakers, 231
binary features, 74–75
binaural hearing, 216
bite type (occlusion), 59
Black English, 300–301
blade of tongue, 266–267
blends (consonant clusters), 149–150
Boersma, Paul, 287
Boston Diagnostic Aphasia Exam, 324
bottom-up processing, 220
boundary symbols (#), 148
boundary tones, 166
Bowen, Caroline, 326–327
“Brain from Top to Bottom, The”  

(Dubuq), 317
breath groups, 162
breathiness, 56, 245
breathing, 20–21
breathy voice (murmur), 245
British English, 114–120, 196–197, 293, 

343–345
broad transcription, 124–125
Broca, Pierre Paul, 316–317
Broca’s aphasia (BA), 210, 231–232,  

316–319, 324
Broca’s area, 316–319
Brown, Gordon, 306
Bullock, Jessica Leigh, 211
bunched sounds, 103, 111
bursts, 94, 211, 223–224, 249
Burton, Strang, 16, 274

• C •
Caeser, Sid, 273
Canadian English, 293, 301–302, 345–346
Canadian raising, 301, 345–346
Cantonese, 239, 248
cardinal vowels, 82–83
Caribbean English, 313–314
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CAS (childhood apraxia of speech), 284, 
330–331

caslpa.ca, 284
Catalan, 275
categorical perception, 225, 227–228, 

230–233
Cebuano, 238
central tongue placement, 41
cerebral palsy (CP), 210, 212, 325
chain shifts, 295–296, 298–299
chi (/χ/), 263
children

overview, 277
phonological expectations, 281–284
spectrograms of children’s voices, 213–214
speech disorders, 329–331
stages of speech development, 277–281
tongue size, 62
transcribing, 285–289

Chinese, 247–248
CIs (cochlear implants), 288–289
citation form, 194
cleft palate, 61
clicks, 41, 243–245
close juncture, 147
closing diphthongs, 120
closure, 94, 200
coalescence, 126
coarticulated (dynamic) cues, 197
coarticulation, 68–69, 104–106, 125, 272
coarticulatory effects, 221
cochlear implants (CIs), 288–289
Cockney English, 304–305
cocktail party effect, 216–217
code shifting, 307
compensatory articulation, 59, 111
compensatory effects, 59
complementary distribution, 85–86
complex waves, 172–174
compound words, 253
compression, 171–172
compression waves (longitudinal waves), 

171–172
connected speech, 158–159, 321–322
consonants

affricates, 101–102
African-American Vernacular English, 300

alveolar, 26, 60, 141
approximants, 102–103
articulatory features, 77
aspiration blocked by /s/, 134
categorical perception, 230
changes in quality in informal speech, 146
clusters, 149–150
coarticulation, 104–106
Cockney English, 304–305
common phonological errors of  

children, 282
dental, 26
doubled, 180
early words, 280
English, 43–45
ExtIPA symbols, 321
found in babbling, 279
fricatives, 100–101
geminates, 253–254
heavy syllables, 274
importance of lips in articulating, 64
insertion, 128
IPA charts, 40–41
Irish dialects, 308–309
Jamaican English, 314
manners of articulation, 30–31, 81–82
nasal, 29–30, 75
New Zealand accents, 311–312
overview, 26–31, 93
patterns of disorders, 283
places of articulation, 26–29, 81
post-alveolar and palatal, 26, 259–261
pulmonic, 38
Scottish English, 307
South African English, 312–313
in spectrogram, 195, 199–207
stop consonant aspiration, 132–133
stopping airflow, 93–100
Welsh dialects, 306

contexts, 45, 96, 221
continuation rises, 164–165
contour tones, 43, 247–249
conversational speech, 177
co-production of speech, 125
coronal sounds, 27, 266–268
CP (cerebral palsy), 210, 212, 325
creaky voice, 245–246
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cricoid cartilage, 54
cricothyroid muscle, 54–55
critical (sensitive) periods, for second 

language acquisition, 231
croaking, 245–246
cues, 222–225, 230
Czech, 261, 267

• D •
/d/

general discussion, 45
glottal stop before nasal, 138
tapping alveolar stops, 139
Southern states English, 297
voice onset time, 250–251
voicing, 95–96

/dɑ/, 222–223, 229
Damin, 240
damping, 177–178
dark /l/ sound (/ɨ/), 46, 338–339
dative part of speech, in Hungarian, 127
dBA scale, 177
dBs (decibels), 56, 176–177
Dechaine, Rose-Marie, 16, 274
declarative sentences, 153
de-diphthongization, 146
degrees of freedom, 69–72
delayed language, 283
deletion, 127–128
Dene (Navajo), 250
dental sounds, 26, 28, 45, 81
dentalizing, 141, 256–257
dentition, 59
derhoticization, 298, 300
descriptive features, 64
descriptive phoneticians, 11, 48
developmental stuttering, 327
devoicing, 134–135
DGS (German Sign Language), 234
diacritics

ExtIPA symbols, 321–322
IPA chart, 42–43
r-colored vowels, 337
tone languages, 247
transcribing infants and children, 285–287

dialectology, 10, 291–292
dialects, 109–110, 292, 295, 303
diaphragm, 240
Dictionary of American Regional English, 

292–293
Dinka, 260
diphthongs

Canadian raising, 301–302, 345–346
formant frequencies, 198–199
general discussion, 33, 119–120
North American and British English 

vowels, 115–117
offglides and onglides, 118–119
in spectrogram, 196–199
transcribing English tense vowels as 

phonemes or, 339
discrimination, sound, 228–229
dissimilation, 127
DIVA (Directions Into Velocities of 

Articulators) model, 72
dopamine, 326
dorsal sounds, 27
double articulations, 44
double bar (||) symbol, 147–148
double consonants (geminates), 180, 

253–255
Dubuq, Bruno, 317
duration, measuring, 177
Dutch, 238, 274–275
dysarthria, 210–212, 284, 325–329

• E •
/e/, 48, 115
ease of articulation, 233
eating, 61
egressive airflow, 241–243
18-month old children, 279–280
/eɪ/, 116
electronic filters, 193
electro-optical palatography, 60
electropalatography (EPG), 60
emotions, in speech (affective prosody), 

154–155
emphasis (focus), 34–35, 152, 158, 161
endoscopy, 54
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energy distribution (spread), 201–202
English. See also GAE

American, 343
Australian, 345
Canadian, 345–346
Cockney, 304–305
Estuary, 116, 302–304
language family, 238
Minnesota accents, 343–344
New York City accents, 344
North American and British vowels, 

115–119
Northern and Southern, in United States, 

342–343
overview, 341
roles of stress, 158
sounding out IPA symbols, 43–50
standard, 346
syllables, 148–149
unaccented, 341–342
voiced stop consonants, 250–251
voiceless stop consonants, 250

English Pronouncing Dictionary (EPD), 108
EPG (electropalatography), 60
epiglottal fricatives, 265–266
epsilon (/ɛ/), 301
“er” vowels, 33
errors, phonological, 282–284, 318–319
esh (/ʃ/), 28, 46, 101, 202
esophagus, 21
Estonian, 275
Estuary English, 116, 302–304
ethe (/ð/), 28, 45, 202
exhalation, 240
explosion (oral plosion), 98
ExtIPA symbols, 320–322

• F •
/f/, 45, 202
F0 (fundamental frequency), 54, 162–163, 

176, 181–182, 213–214
F1 rule, 188, 205–206
F1 x F2 plots, 185
F2 rule, 188, 205–206
F3 rule, 188

falling intonation contours, 36, 153–154, 165
Fant, Gunnar, 19
features, 73–79, 97, 230
feedback processing, 70–71
feed-forward processing, 70–71, 327
FFT (Fast Fourier Transform), 189
Fijian, 254, 269
filters, of speech sounds, 17–19
Finnish, 253–254
Fisher-Jørgensen, Eli, 149
fixed articulators, 25–26, 58–61
flaps. See taps
focus (emphasis), 34–35, 152, 158, 161
formal speech, 146, 159
formants, 183–187, 196–198, 205–207,  

213–214, 220–221
Fourier, Joseph, 189
Fourier analysis (harmonic series 

analysis), 173, 189
Frame/Content Theory, 278–279
free distribution, 85
French, 106, 145–146, 252
frequency

fricatives, 202
general discussion, 36
measuring, 175–177
nasals, 205
plotting on spectrogram, 191–192
resonance, 183–184
sine waves, 174
spectrograms from women’s and 

children’s voices, 213–214
talking loudly, 56
vowels and consonants in spectrogram, 195

fricatives
categorical perception, 230
compensatory articulation, 59
dissimilation, 127
epiglottal, 265–266
general discussion, 26, 30, 100–101, 

255–256
homorganic, 101–102
Italian geminates, 254
lateral, 257
manners of articulation, 81, 260
marking rare sounds, 79



353353 Index

30_9781118505083-bindex.indd  353	 April 3, 2017 5:16 PM

palato-alveolar sounds, 47
patterns of disorders, 283
pharyngeal, 264
/s/ and /z/, 47
sounding out English symbols with IPA, 45
in spectrogram, 201–202
stopping airflow, 93
2-year old children, 280
uvular, 263
velar sounds, 261

friction (noise), in spectrograms, 201, 
214–215

Frisian, 238
front tongue placement, 41, 62
front vowels, 31–32, 108–110, 115–117, 127
functional speech disorders, in children, 330
fundamental frequency (F0), 54, 162–163, 

176, 181–182, 213–214

• G •
/ɡ/, 47, 95–96, 250–251
/G/, 262
GAE (General American English). See also 

English
anticipatory coarticulation, 106
comparing with Thai and Spanish, 87
diphthongs, 119–120
general discussion, 11, 346
/t/, 85–86
in Texas, 297
vowels, 47–50, 196–197
West Coast regional vocabulary, 295

geminates (double consonants), 180, 
253–255

General Australian English, 310
genioglossus muscle, of tongue, 63–64
German Sign Language (DGS), 234
Geschwind’s territory, 316–317
gestural scores, 71–72
glides, 203, 283, 338
glottal consonants, 81
glottal replacement, 283
glottal stops (/ʔ/)

African-American Vernacular English, 301
differentiating between tap and, 339

general discussion, 24, 47
manners of articulation, 81
movement of vocal folds, 52–53
before nasal, 138
in spectrogram, 207–209
stopping airflow, 97
at word beginning, 137
at word end, 137–138

glottalic airstream mechanism, 241–243
glottis, 22–24
GODIVA (gradient order DIVA), 72
graded perception, 226–228
graded representations, 76–77
gradient order DIVA (GODIVA) model, 72
Greek alphabet symbols, 40

• H •
/h/, 47, 101, 207–208, 264–265
H (high target tone) markers, in ToBI, 

166–167
Hagiwara, Robert, 208
hard palate, 26, 60–61, 259–262
harmonic series analysis (Fourier 

analysis), 173, 189
harmonics, 125, 181–183, 213–214
hash marks (#), 148
Hausa, 153, 242, 246, 249, 255, 259
Hawaiian, 145–146
h-dropping, 128
hearing, 219
Hebrew, 262–265
Hediler, Timothy, 58
height, of vowels, 38, 186
Herodotus, 281
hertz (Hz), 175
Hertz, Heinrich, 175
Hiberno-English, 308–309
Higgins, Henry, 11, 49
high tongue placement, 41
high vowels, 31–32, 48
Hindi, retroflex sounds in, 258–259
Hinrichs, Lars, 297
hissiness. See fricatives
histograms, 232
homorganic sounds, 98, 101–102, 128, 269
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Hungarian, assimilation in, 127
hypokinetic dysarthria, 328
hypophonic speech, 328
hypospeech, 159
hypotheses, 68
Hz (hertz), 175

• I •
/і/, 83, 110–114, 183–184, 336
/ɨ/, 46, 338–339
/ɪ/, 336
Icelandic, 258
icons, explained, 6
Igbo, 43, 249, 271–272
implosives, 241–243
impressionistic transcription, 124
In The First Circle (Solzhenitsyn), 195
Indian English, retroflex sounds in, 259
Indo-European language family, 239
infants, 277–278, 285–289
informal speech, 146, 159
-ing word endings, using /ɪ/, 336
ingressive airflow, 240–243
inhalation, 240
insertion, 127–128, 130
Intelligent Hearing Systems, 287
International Phonetic Association, 37–38
intonation, 36, 153–154, 246
intonational phrases, 159–164
intrusive-r sound, 117–118, 310
IPA (International Phonetic Alphabet)

advantage over spelling, 50
charts, 39–43
differentiating between glottal stop and 

tap, 339
distinguishing between /ɑ/ and /ɔ/,  

335–336
forming correct stop-glide  

combinations, 338
general discussion, 1
history of, 38
light /l/ and dark /l/ sounds, 338–339
marking /ɪ/ and /i/ in unstressed  

syllables, 336
other symbols section, 43

overview, 37–38, 335
/ɹ/ versus /r/, 337
rules for r-coloring, 337
sounding out English symbols with, 43–50
speech disorders, 320–322
symbols, 38–40
transcribing English tense vowels as 

phonemes or diphthongs, 339
using /ɪ/ for -ing words, 336

Irish dialects, 308–309
Italian geminates, 253–254, 260
 /ɪs/, 130
italic text, 3

• J •
/j/, 28, 47, 102, 203
Jamaican English, 314
Japanese, vowel-length contrast in, 254–255
jaw (mandible), 25, 59, 65–66
Jensen, Brenda, 58
jive, 300
Jones, Daniel, 11, 60, 83–84, 114
juncture, 145–148

• K •
/k/, 47, 132–133, 250
Kele, 267
kilohertz (kHz), 175
King’s Speech, The, 326
Kiwi accents, 311–312
Klugman, Jack, 53

• L •
/l/

approximants, 102
general discussion, 46
lateral plosion, 99
neutralization, 113
in spectrogram, 203–204
velarizing laterals, 141–142

/ʟ/, 261–262
L (low target tone) markers, in ToBI, 

166–167
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L1 (native languages), 231
L2 (second languages), 231
labial (bilabial) sounds. See bilabial sounds
labiodental approximant (/ʋ/), 256
labiodental sounds, 28, 45, 81, 256
labiovelar sounds, 44, 81
Labov, William, 294
lack of invariance, 220–221
Ladefoged, Peter, 242, 272
Lakhota, 242
laminal, articulatory feature, 260, 267
Langer, Robert, 58
language families, 237–239
language pathology, 231–233
languages. See also melody of language

capacity of infants, 281
categorical perception, 231
difficulty of, 80
ease of articulation, 233–234
geminates, 253–255
hard palate, 259–261
Hindi retroflex sounds, 258–259
juncture, 145–146
overview, 253
pairwise variability index, 274–276
perceptual distinctiveness, 234
prenasalized stops and prestopped 

nasals, 269–270
producing sound at back of throat, 

262–266
speech production in mouth, 255–258
syllable- versus stress-timed, 273–276
taps, 270–273
tone, 246–249
tongue, 266–267
trills, 267–268
universal processes, 125
vowel length, 254–255

lanryngealized voice, 245–246
laryngeal prominence (Adam’s apple), 23
laryngectomies, 23
larynx (voicebox)

changes in vibration, 245–246
general discussion, 22–24
laryngectomies, 58
role in pitch, 35–36

source-filter theory, 17–18
speaking system, 19–20
speech production, 51–52

lateral airflow, 82
lateral plosion, 99
lateral sounds, 46, 244–245, 254, 257–258, 

260–261
laterals, velarizing, 141–142
Latin alphabet symbols, 38–40
lax vowels, 78, 113–115
left tack diacritic, 271
length

of speech sounds, 180
of vowels, 108, 120–121

lexical selection, 70
lexical stress, 34, 151
lexical variation, 293
light /l/ sound, 46, 338–339
linguistics, 11
Linguistics For Dummies (Dechaine, Burton, 

Vatikiotis-Bateson, 16, 274
linking-r sound, 117–118, 310
lip extension. See protrusion
LIPP (Logical International Phonetics 

Program), 287
lip-rounding specifications, for vowels, 38
lips, 25, 64, 101, 255–256
liquid approximants, 103, 203–204
liquid consonants, 140, 230
listening

acoustics, 222–225
ease of articulation, 233
overview, 219
perception, 225–233
perceptual distinctiveness, 234
speech perception, 219–221

localization, sound, 180–181
locus regions, 206
Logical International Phonetics Program 

(LIPP), 287
logorrhea, 318
Logue, Lionel, 326–327
Lombard effect, 216
London accents, 304
longitudinal waves (compression waves), 

171–172
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Longman Pronunciation Dictionary (LPD), 108
loud talking, 56–57
loudness, 179–180, 216
low target tone (L) markers, in ToBI, 

166–167
low tongue placement, 41
low vowels, 31–32, 48
lungs, 17–22, 240
Luxembourg, 275

• M •
/m/, 75, 139–140, 204–205
Maasai, 249, 272
MacWhinney, Brian, 287
Malayalam, 257, 259, 268
Mandarin Chinese, 43, 128, 153, 157, 247–248
mandible (jaw), 25, 59, 65–66
manners of articulation, 30–31, 38, 81–82, 

259, 286
Maori, 311
mapping speech production, 70
marking rare sounds, 79–80, 255
maxilla, 59
Mayan, 249, 279
medial alveolar consonant, 100
medial position, 45
melody of language

difficulty in transcribing, 158–159
emotion in speech, 154–155
emphasizing syllables, 148–150
intonation, 153–154
juncture, 145–148
prominence, 156
sentence rhythm patterns, 152–153
sonority, 155–156
stress, 150–152

men’s voices, in spectrograms, 213–214
mental protuberance, 65
mergers, 292
metathesis (substitutions), 128, 282, 285
meter, 158
metrical feet, 274, 276
metrical phonology, 156
microphone arrays, 181
mid vowels, 116

mid-central vowels, 31–33, 337–338
mid-front vowels, 48
Midlands, North American English,  

299–300
Mid-Waghi, 262
milliseconds (ms), 177
minimal pairs, 44, 84–85, 88–89
minor foot (|) symbol, 147–148
MLE (Multiethnic London English),  

305
models, for studying speech production, 

67–72
monophthongs, 33, 121
monotonic linear relationships, 226
monotonic speech, 155
morphemes, 130
morphology, 80
morphophonology, 130
Morrison, Geoffrey Stewart, 121
movable articulators, 25–26, 62–66
ms (milliseconds), 177
murmuring, 245
muscular hydrostats, 25, 63
My Fair Lady, 48
Mystery Spectrogram Webzone, 208

• N •
/n/, 45, 139–140, 204–205
narrow transcription, 95, 124–125
nasal cavity, 22
nasal consonants, 29–30, 81
nasal murmurs, 205
nasal plosion, 98, 138–140
nasal port (velopharyngeal port), 66
nasal stops, 30, 75, 230
nasalization, phonemic, 272–273
nasalizing vowels, 142–143
nasals

African-American Vernacular  
English, 300

ALS patients, 210
Italian geminates, 254
Malayalam, 257
palatal, 260
prestopped, 269–270
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in spectrogram, 204–205
2-year old children, 280

native languages (L1), 231
Navajo, 242, 249, 252, 257, 261
Navajo (Dene), 250
Ndebele, 312
Neary, Terrance, 121
neologism, 318
neural networks, 72
neutralization, 112–113
New York City accents, 344
New Zealand accents, 311–312
Niger-Congo language family, 238
noise (friction), in spectrogram, 201, 

214–215
nonsense (nonce) words, 28, 206
North American English, 115–120, 164–165, 

185, 293–302, 342–343
nouns, stress placement, 34, 158
noun/verb pairs, 151
nuclear pitch accents, 166–167
nuclei, of syllables, 148

• O •
/o/, 50, 112–113, 301
Odd Couple, The, 53
offglides, 118–119
Ohala, John, 10
Oliver, Jamie, 306
1-year old children, 278–279
180 degrees out of phase, 179
onglides, 118–119
onsets, of syllables, 148–149
oral cavity, 22
oral plosion (explosion), 98
oral pressure buildup, 94
oral punctuation, 146
oral stops, 280
orbicularis oris muscle, 64
orofacial myofunctional disorders (tongue 

thrust), 284
oropharynx, 62
oscillations, measuring frequency, 175
Oxford Dictionary of Pronunciation for 

Current English, 108

• P •
/p/, 87, 132–133, 250–251
pairwise variability index (PVI), 274–276
Pakistani English, 259
palatal consonants, 26
palatal lateral approximants, 260–261
palatal muscles, of velum, 66
palatal sounds, 28, 81, 259–262
palatalized combinations, 338
palates, 26, 60–61
palatine bones, 61
palato-alveolar (post-alveolar) sounds, 28, 

46–47, 81, 101, 259–262
Papago-Pima, 87–89
paraphasic errors, 318
Parkinson’s disease (PD), 326–328
pathology, speech, 209–212, 231–233
pattern playback machine, 227–228
perception, 225–233
perceptual distinctiveness, 234
periodic waves, 173, 175–176, 196
periods, 176
Perkell, Joseph, 67
perseverative coarticulation, 68, 105–106,  

125
Peterson, Gordon, 185
pharyngeals, 264
pharyngopalatine muscle, of velum, 66
pharynx, 21–22, 67
phase, 174, 178–179
phi (/ɸ/), 255–256
philology, 11
phonating (voicing). See voicing
phonemes

anticipatory coarticulation, 105–106
British dialects, 306
complementary distribution of 

allophones, 85–86
general discussion, 84–85
minimal pairs, 44
overview, 84
Papago-Pima language sounds, 88–89
phones versus, 276
sound implementation errors, 319
speech rate, 67
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test cases, 86–89
transcribing English tense vowels as 

diphthongs or, 339
phonemic contrasts, in early words, 280
phonemic misperception, 87, 318–320
phonemic nasalization, 272–273
phonemic tone, 246–249
phones, phonemes versus, 276
phonetic detail, 95
phonetic errors, 285
phoneticians, 16–17
phonetics, 1, 9–13, 16–17, 123
phonological errors, 282–284, 318–319
phonological rules

applying, 143–144
approximant partial devoicing, 134–135
aspiration blocked by /s/, 134
dentalizing alveolar consonants, 141
F1, F2, and F3, 188–189
general discussion, 123
glottal stops, 137–138
liquids becoming syllabic, 140
nasals, 139–140, 142–143
overview, 131–132
release bursts, 136–137
stop consonant aspiration, 132–133
tapping alveolar stops, 139
velarizing laterals, 141–142

phonology
assimilation, 125–127
Big Three, 80–82
cardinal vowels, 82–83
dissimilation, 127
features, 73–79
general discussion, 9, 16–17
insertion and deletion, 127–128
lateral airflow, 82
marking rare sounds, 79–80
metathesis, 128
overview, 73, 123
phonemes, 84–86
rules, 86, 89, 129–130
tense and lax vowels, 113–114
transcription types, 124–125
universal processes, 125

phonotactics, 149, 156
PIE (Proto-Indo-European) language  

family, 238
Pike, Kenneth L., 276
pink noise, 215
Pinyin, 247
pitch

emotion in speech, 155
fundamental frequency, 176
general discussion, 35–36
high and low target tones, 166
intonational phrases, 159–160
phonemic tone, 246–249
psychophysics, 179
role of vocal folds, 53–54
tone languages, 43
Welsh dialects, 307

pitch contours, 76
pitch plots, 162–163
places of articulation

categorical perception, 230
consonants, 26–29
diacritics, 286
early words, 280
formant frequency transitions, 206
general discussion, 81
imaging, 60
IPA, 38
nasals, 204–205
retroflex sounds, 259

plosion, 98–99, 240
plosives, 30, 132–133, 199–200, 222–224, 261
plurals, phonological rules for, 129–130
plus juncture (open juncture), 147
Polish, 47, 237, 267, 272
polysyllabic words, 132, 150–151, 158
Portuguese, 272–273
post-alveolar (palato-alveolar) sounds, 28, 

46–47, 81, 101, 259–262
Praat, 192, 287
prenasalized stops, 269–270
prescriptivism, 11, 48
prestopped nasals, 269–270
pre-voicing, 250, 252
prominence, 156
prosody. See melody of language
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Proto-Germanic language family, 238
Proto-Indo-European (PIE) language  

family, 238
protrusion (lip extension)

anticipatory coarticulation, 105
cardinal vowels, 83
F1-F3 lowering rule, 189
forming vowels, 64, 186
general discussion, 25, 41
vowel charts, 77–78

Psammetichus, 281
psychophysics, 179–181, 199
pulmonic airflow, 240
pulsating, of vocal folds, 53–58
pure tones, 173
pure-tone audiometry, 173
Putin, Vladimir, 195
PVI (pairwise variability index), 274–276
Pygmalian, 11, 60

• Q •
/q/, voiceless uvual stop, 262
quality

of consonants, 146
of vowels, 108, 110

Quechua, 41, 242, 261–262, 278
questions, tag, 165–167
quotation marks (“ ”), 3

• R •
/r/, 268, 310, 312, 337
rami, 65
rarefaction, 171–172
rate, of informal speech, 146
r-colored schwa (/ɚ/), 33
r-colored vowels

Estuary English, 302
F3 rule, 188
general discussion, 33, 47, 103, 111–112
IPA rules, 337
linking- and instrusive-r sounds, 117–118

rcslt.org, 284
Received Pronunciation (RP), 114, 310

redundancy, of cues, 224–225
regional vocabulary differences, 292–293
register tones, 247
regressive assimilation, 126
release bursts, 136–137
Remember icon, 6
repitition, 111
resonance, 183–184, 186
resonant peaks, 186
resyllabification, 146
retracted tongue root (RTR), 270–272
retroflex sounds, 28, 103, 111, 258–259
reversed epsilon (/ɜ/), 48, 112
rhotic dialects, 295
rhoticization. See r-colored vowels
rhythm patterns, 152–153
right tack diacritic, 271
right-hook reversed epsilon (/ɝ/), 33, 103
right-to-left coarticulation, 68, 105, 125, 

256–257
rising intonation patterns, 36, 154,  

164–165
rounding. See protrusion
RP (Received Pronunciation), 114, 310
RTR (retracted tongue root), 270–272
rule-governed processes, 95
rules, phonological

applying, 143–144
approximant partial devoicing, 134–135
aspiration blocked by /s/, 134
dentalizing alveolar consonants, 141
F1, F2, and F3, 188–189
general discussion, 16, 86, 123
glottal stops, 137–138
liquids becoming syllabic, 140
nasals, 139–140, 142–143
order of, 129–130
overview, 131–132
Papago-Pima, 89
release bursts, 136–137
stop consonant aspiration, 132–133
tapping alveolar stops, 139
velarizing laterals, 141–142
vowels, 120–121

Rumanian, 275
Russian, 252, 270
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• S •
/s/

blocking aspiration, 134
compensatory articulation, 59
general discussion, 46
labialized fricatives, 101
morphophonology rules, 130
rules of aspiration, 95
in spectrogram, 202

SAE (South African English), 312–313
SAE (Standard American English), 11
Sagan, Carl, 242
Sakarov, Andrei, 195
Sanskrit, 249
schwa (/ə/), 32, 40
Scottish English, 307–308
Scottish Gaelic, 307
SE (Standard English) dialect, 114, 116
second languages (L2), 231
segmental units, 33
selection errors, 319–320
selective attention, 216
Selkirk, Elizabeth, 156
semantics, 80
sensitive (critical) periods, for second 

language acquisition, 231
sensorimotor systems, 57
sentence rhythm patterns, 152–153
sentence-level intonation, 36, 153–154, 246
Sepedi, 312
Sharansky, Natan, 195
Shaw, George Bernard, 50
short-lag boundaries, 229
sibilants, 202
sigmoid (S-shaped) functions, 227–228
sign languages, ease of articulation, 234
SIL (Summer Institute of Linguistics),  

238, 276
silence, 193–194, 209
silent center syllable perception, 197
silent gaps, 194
similitude, 126
simple harmonic series, 182
Sindhi, 41, 242–243
sine waves (simple waves), 172–174

singing, 57–58
Sino-Tibetan language family, 239
6-month old children, 277–278
Slovak, 254, 259–260
Tagalog, 84, 238
sociolinguistics, 342
soft palate (velum), 25, 66–67, 98, 261–262
software

computing spectrograms, 192
transcription, 287

Solzhenitsyn, Aleksandr, 195
somatosensory feedback, 72
sonority, 155–156
sound

distinguishing in spectrogram, 194
general discussion, 171–172
relationship with speech movements, 

187–189
sound discrimination, 228–229
sound implementation errors, 319–320
sound selection errors, 319–320
sound spectrograms. See spectrograms
sound spectrographs, 191
sound waves

amplitude, 176–177
complex, 174
duration, 177
formants, 184–186
frequency, 175–177
harmonics, 181–183
overview, 172–173
phase, 178–179
psychophysics, 179–181
resonance, 183–184
sine, 172–174

source-filter theory, 17–19
sources, of speech sounds, 17–19, 183
South African English (SAE), 312–313
Southern Sotho, 312
Southern states, North American regional 

vocabulary differences, 295–298, 
342–343

Spanish, 26, 48, 87, 113, 234, 250–251
speaking system, 19–26
spectral density, 215
spectral sketching, 213
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Spectrogram for Speech, 211
“Spectrogram Reading, for Fun and  

Profit,” 208
spectrograms

aspirates, glottal stops, and flaps, 207–209
cocktail party effect, 216–217
consonants, 199–207
general discussion, 184, 186, 191–193
history of, 193
key patterns in speech disorders, 209–212
Lombard effect, 216
online resources, 208
reading, 193–196
speech in noisy environments, 214–215
vowels and diphthongs, 196–199
women’s and children’s voices, 213–214

speech analysis programs, 163
speech disorders

aphasia, 315–320
apraxia of speech, 323–324
in children, 283–284, 329–331
dysarthria, 325–329
IPA symbols, 320–322
voice quality symbols, 322–323

speech organs, 17, 25–26, 58–66
speech pathology, 209–212, 231–233
speech perception, 10, 219–221
speech production

airstream mechanisms, 239–245
alveolar consonants, 257–258
dentalizing, 256–257
DIVA model, 72
F1, F2, and F3 rules, 188–189
F1 rule and tongue height, 188
fixed articulators, 58–61
gestural scores, 71–72
language families, 237–239
laryngeal changes, 245–246
lips, 255–256
mapping, 70
models for studying, 67–71
movable articulators, 62–67
overview, 51, 237, 255
stages of children’s development, 277–281
tone languages, 246–249
vocal folds, 51–58
voice onset time, 249–252

speech sounds
consonants, 26–31
decibels, 176–177
disorders, 284, 330
linguistic stress, 34–35
order of, 68–69
overview, 15
phonetics and phonology, 16–17
pitch, 35–36
role of lungs, 20–21
sourcing and filtering, 17–19
speaking system, 19–26
spectrograms taken in noisy 

environments, 214–215
suprasegmentals, 33–34
vowels, 31–36

spelling, advantage of IPA over, 28, 50
spread (energy distribution), 201–202
square brackets ([ ]), 2–3
SSE (Standard Scottish English), 307
S-shaped (sigmoid) functions, 227–228
Standard American English (SAE), 11
Standard English (SE) dialect, 114, 116, 346
Standard Scottish English (SSE), 307
stop consonants, 30, 132–133, 199–200, 

222–224, 261
stopping airflow, 93–100
stops

categorical perception, 230
early words, 280
forming correct stop-glide  

combinations, 338
manners of articulation, 81
patterns of disorders, 283
prenasalized, 269–270
release bursts, 136–137
sounding out English symbols with IPA, 44
uvular, 262–264

Strange, Winifred, 197
stress

general discussion, 32, 34–35, 110–111
intonational phrase analysis, 162
melody of language, 150–152
mid-central vowels, 337–338
prominence, 156
roles of, 151–152, 158
transcribing, 157–161
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stress-shift, 152, 301
stress-timed languages, 273–276
structural changes, 129, 131
structural description, 129, 131
stuttering, 284, 326–327
style shifting, 307
styloglossus muscle, of tongue, 63–64
substantia nigra, 326
substitutions (metathesis), 128, 282, 285
Summer Institute of Linguistics (SIL),  

238, 276
Sundberg, Johan, 57
supralaryngeal parts of speaking system, 

19–20, 323
suprasegmentals

general discussion, 33–34
graded representation, 77
IPA chart, 42–43
Irish dialects, 309
stress, 110, 150
Welsh dialects, 307

Swahili, 269
Swazi, 312
Sweet, Henry, 11
Swiss German, 33, 263
syllables

common phonological errors of  
children, 282

ease of articulation, 233
emphasizing, 148–150
general discussion, 33–34
liquid consonants, 140
nasal plosion, 139–140
penultimate, 150
prominence, 156
rules of aspiration, 95
segregation, 210
stop consonant aspiration, 132
stress, 150–152, 158
tonic, 158, 160
ultima, 150
vowel length, 121

syllable structure, 149, 156, 274
syllable-timed languages, 273–276
symbols, IPA

English, 43–50
Greek alphabet, 40
Latin alphabet, 38–40
made-up, 40

syntax, 80
systematic transcription, 124, 285

• T •
/t/, 45, 85–89, 132–133, 138–139, 250
/tɑ/, 222–223, 229
tag questions, 165
tagmemics, 276
TalkBank, 287
Tamil, 275
taps (/ɾ/)

advancing tongue root, 270–272
alveolar stops, 139
general discussion, 31
glottal stops versus, 209, 339
manners of articulation, 81
phonemic nasalization, 272–273
in spectrogram, 207–209
stopping airflow, 99–100
/t/ and /d/, 45

Technical Stuff icon, 6
teeth, 26, 59–60
temporomandibular joint (TMJ), 66
tense vowels, 78, 113–115
Texas English Project, The, 297
Thai, 84, 87, 250–251
theories, 68
theta (/θ/), 28, 45, 202
throat, producing sounds at back of, 

262–266
thyroartyenoid muscle, 53
thyroid cartilage, 23
timbre, 183
time

describing phase by, 178–179
plotting on spectrogram, 191–192

tinnitus, 215
Tip icon, 6
Tlingit, 262
TMJ (temporomandibular joint), 66
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TMJ disorder, 66
ToBI (tone and break indices system), 

166–167
toddlers, 280–281
tone, 153
tone languages, 43, 246–249
tongue

advancing and retracting root, 270–272
bunched and retroflex shapes, 103
coronal sounds, 266–267
EPG imaging, 60
fronting, F2 rule, 188
height, relationship with F1 rule, 188
movements, 62–64
relative positions for cardinal vowels, 83
shaping airflow, 25
structure, 63
taps, 99–100

tongue thrust (orofacial myofunctional 
disorders), 284

tongue twisters, 106
tonic syllables, 158, 160, 162, 166
top-down processing, 220
trachea (windpipe), 21
trading, of cues, 224–225
transcribing

apraxia of speech, 323–324
broad versus narrow, 124–125
connected speech, 158–159
continuation rises and tag questions, 

164–167
dictionary sources, 108
dysarthria, 325–329
general discussion, 15
impressionistic versus systematic, 124
infants and children, 285–289
intonational phrase analysis, 161–164
juncture, 147–148
overview, 157
stress, 157–161

Trans-New Guinea language family, 238
transplants, vocal cord replacement, 58
trills, 267–268, 337
triphthongs, 33, 272
trochaic word patterns, 140
Try It icon, 6

Tsonga, 312
Tswana, 312
tube shapes, 79
2-year old children, 280–281

• U •
/u/, 48, 110–111, 183–184, 198, 220–221
“uh” vowels, 32
unaspirated speech, 322
Underwood, Gary, 297
United Kingdom dialects, 114, 302–308
United States, regional vocabulary 

differences, 292–293
UPSID (UCLA Phonetic Segmental 

Inventory Database), 234
upsilon (/ʊ/), 48, 302
uvula, 25, 66–67
uvular stops, 262–264
uvular trills (/ʀ/), 268
uvulus muscle, of velum, 66

• V •
/v/, 45, 202
Vatikiotis-Bateson, Eric, 16, 274
VCV (vowel, consonant, vowel) contexts, 201
velar sounds, 29, 47, 81, 230, 261–262
velaric airstream mechanism, 243–245
velarizing laterals, 141–142
velopharyngeal port (nasal port), 66
velopharyngeal-nasal dysfunction, 61
velum (soft palate), 25, 66–67, 98, 261–262
Venda, 312
verbal paraphasias, 318
verbs, stress placement, 34, 158
verticalis muscle, of tongue, 63
vibrations, harmonics, 181–182
Vietnamese, 43, 151, 153, 155, 249, 254,  

259, 272
Vihman, Marilyn, 288
VISC (vowel inherent spectral change), 

121, 198
“Visible Speech” programs, 195
vocabulary differences, regional, 292–293, 

295, 298
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vocal folds, 17–18, 22–24, 51–58
vocal fry, 245–246
vocal tract, 183–184, 187, 239
vocalis muscle, 53
vocoids, 212
voice disorders, 284
voice onset time (VOT), 219, 222–223,  

227–228, 231–233, 249–252
voice quality symbols (VoQS), 322–323
voicebox (larynx). See larynx
voiced approximants, 102
voiced fricatives, 100, 201, 260–261,  

264–265
voiced palatal stops, 260
voiced sounds, in spectrograms, 196
voiced stop consonants, 222, 250
voiceless fricatives, 100, 201, 260–261, 264
voiceless palatal stops, 260
voiceless stop consonants, 222–223, 250
voiceless syllables, 249
voicing

binary features, 74
diacritics, 286
ExtIPA symbols, 321
general discussion, 21, 23, 80
IPA, 38
role of vocal folds, 54–55
during singing, 57
stopping airflow, 95–97
voice quality symbols, 323
voiced stops in language, 252

voicing, place, and manner (VPM), 80–82
volume, 56–57, 216
von Helmholtz, Hermann, 186
VoQS (voice quality symbols), 322–323
VOT (voice onset time), 219, 222–223,  

227–228, 231–233, 249–252
vowel, consonant, vowel (VCV) contexts, 201
vowel centralization, 146
vowel charts, 77–78
vowel inherent spectral change (VISC), 

121, 198
vowel length, 254–255
vowel quadrilateral, 42, 77–78, 107–115
vowels

acoustic features, 78–79
African-American Vernacular English, 300
articulatory features, 77–78
Australian English, 310–311
back, 32
cardinal, 82–83
categorical perception, 230
Cockney English, 305
common phonological errors of  

children, 282
conveying voicing by vowel length, 96
diphthongs, 119–120
early words, 280
English tense, transcribing as phonemes 

or diphthongs, 339
formant frequencies, 184–185
front, 31–32
General American English, 47–50
Hungarian, 127
importance of lips in articulating, 64
IPA chart, 41–42
Irish dialects, 309
Jamaican English, 314
Latin alphabet, 39–40
length, 120–121
light syllables, 274
linking- and instrusive-r sounds,  

117–118
mid-central, 32–33
monophthongs, diphthongs, and 

triphthongs, 33
nasalized, 142–143, 272–273
New Zealand accents, 312
North American and British English, 

115–119
Northeast region of North America, 298
offglides, 118
onglides, 118
overview, 31, 107
perception, 197
perceptual distinctiveness, 234
rounded, 80
Scottish English, 308
South African English, 313
Southern states of North America, 295
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in spectrogram, 195–199
stressed and unstressed mid-central, 

337–338
tense and lax, 78
testing lung power, 21–22
vowel quadrilateral, 42, 77–78, 107–115
Welsh dialects, 306

VPM (voicing, place, and manner), 80–82

• W •
/w/, 44, 102
WA (Wernicke’s area), 316–317
Warner-Czyz, Andrea, 288
Warning! icon, 6
waves, sound

amplitude, 176–177
complex, 174
duration, 177
formants, 184–186
frequency, 175–177
harmonics, 181–183
overview, 172–173
phase, 178–179
psychophysics, 179–181
resonance, 183–184
sine, 172–174

WaveSurfer, 192
wedge (/ʌ/), 32, 302, 345–346
Weenink, David, 287
Wells, John C., 304
Welsh English, 305–307
Wenglish, 305–306
Wernicke, Karl, 316–317
Wernicke’s aphasia, 231–233, 318–319

Wernicke’s area (WA), 316–317
West Coast, North American regional 

vocabulary differences, 294–295
West Indies accents, 313–314
West-Germanic language family, 238
“Wh” questions, 154
whispering, 55–56
white noise, 215
windpipe (trachea), 21
Winters, Steve, 208
women’s voices, in spectrograms,  

213–214
word-final glottal stopping, 137–138
word-initial aspiration, 133
word-initial glottal stopping, 137
words, children’s early, 279–280, 288
Wright-Patterson Air Force Base, 181

• X •
!Xóõ, 244
Xhosa, 50, 243, 312

• Y •
yes/no questions, 154
Yiddish, 238, 263
Yoruba, 43, 238, 246–247, 249, 272
Yunusova, Yana, 61

• Z •
/z/, 46, 101, 130, 297
zero tone languages, 247
Zulu, 41, 50, 238, 243–245, 247, 257–258, 312
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