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2AFC, see two alternative forced choice
5-point scale, 66, 71, 72, 74, 81, 82, 83, 129,

162, 317, 326, 328, 334, 335
5.1, see multichannel sound systems
6.1, see multichannel sound systems
7.1, see multichannel sound systems
9-point hedonic scale, 67, 74, 161
10-point scale, 72, 126, 154, 162, 314
10.2, see multichannel sound systems

A-weighting, 271, 271, 378
absolute audio quality, 4
absolute category rating, 12, 74, 317, 325,

327, 346–348
ABX test, 317, 318
acceptance test, 66

definition, 67
just-about-right version, 67
just-right version, 67

ACR, see absolute category rating
additive model

definition, 150, 199
Adonis, 46
AES standard

AES20, 243, 342
affective measurements, 3, 41
alignment, see calibration
amplifier, 263
analysis of variance

application, 127, 131, 191–223, 327,
330, 334

check of assumptions, 216
definition, 190

anechoic chamber, 246
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ANOVA, see analysis of variance
ANSI standard

ANSI S3.1, 232, 244, 246, 342
ANSI S3.2, 342

appropriateness test, 66
definition, 67

Archimedes project, 18
argumentum ad hominem

definition, 26
artificial ear, 294
assessor, see subject
ASTM standard

STP 758, 122
attribute, see response attribute
attributes

spatial sound quality
headphones, 366
loudspeakers, 363

speech quality, 360
audiometric booth, 244

maximum permissible ambient
noise levels, 244

audiometry, 107, 115, 118, 244–246,
248

auditory event, 41
auditory model, 274
automatic loudspeaker shuffler, 249, 251
axioms, see hypothesis

B-weighting, 271, 271, 278, 378
BAQ, see basic audio quality
basic audio quality, 42, 66, 112, 130, 134,

311, 332, 335
definition, 370
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bass management, 256, 289
between-groups variance, 192–196
bias effect, 86, 87

centering bias, 90
contraction bias, 87, 91
cross modality bias, 96
dumping bias, 93
expectation bias, 93
frequency bias, 91
halo bias, 92
logarithmic response bias, 90
perceptual oversensitivity, 92
range equalising bias, 90
response range, 87
sequential contraction bias, 87
stimulus range, 87
stimulus spacing bias, 91
transfer bias, 92
unfamiliar unit of magnitude,

89
visual bias, 92

binomial distribution, 186
Bonferroni correction, 197, 197
box plot, 173, 174, 176

definition, 172
Bradley–Terry–Luce model, 80
BTL model, see Bradley–Terry–Luce

model

C-weighting, 271, 271, 278, 378
calibration

absolute, 266, 289
head related transfer functions, 281
headphone, 291–300
intensity metric, 269–272, 280
inter-channel, 266, 289
inter-stimulus, 266
inter-system, 266, 289
loudness model, 272–276

binaural, 276, 277, 281, 282, 289
hearing impaired, 273
Moore, 273, 275
real-time, 273
selection, 280
steady state, 273, 275, 280
Stevens, 273
temporal, 276, 280
Zwicker, 273, 276

loudspeaker, 287–291
separate bass loudspeaker, 289

metric selection, 276–282
peak normalisation, 266, 270
reference reproduction level,

285–287

categorial data
definition, 161

CCR, see comparison category rating
chi-squared distribution, 187
classification of data type, 161
code of conduct, 306
cognitive factors

definition, 41
comparison category rating, 74, 312, 317,

329, 331, 347, 348
conclusion by analogy

definition, 26
confidence interval, 169, 170, 180–184,

320, 334
constant stimuli

definition, 77
context effects, 87

definition, 85
continuous evaluation of time-varying

speech quality, 353
controlled variables

definition, 145
conversation-opinion test, 347
conversational quality, 5, 348
counterbalancing, 85
covariance matrix, 210

compound symmetry, 211
diagonal, 210
sphericity, 211

critical region, 157

D-weighting, 271, 271, 274, 378
DA, see descriptive analysis
DAC, see digital-to-analogue converter
DCR, see degradation category rating
deductive argument, 22, 34

definition, 21
deductive principle, see deductive

argument
deductive systems

background, 19
degradation category rating, 74, 83, 317,

327, 329, 348
dependent variable, xiv, 34, 40, 301
descriptive analysis, 45, 53, 93, 107, 112,

122, 123, 130, 134, 135, 163, 305
descriptive level, 163
descriptive test, 130
difference threshold, 76

definition, 76
digital-to-analogue converter, 263
direct elicitation, 58

consensus vocabulary, 44
definition, 43
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individual vocabulary, 44
verbal descriptors, 44

direct scaling, 68
categorical scale, 74, 161, 326
interval scale, 70, 71, 126, 161, 162,

168
continuous, 72

nominal scale, 69, 70
ordinal scale, 69, 70
partition scaling, 72

category scaling, 72
equisection, 72

ratio scale, 70, 71
ratio scaling, 72

magnitude estimation, 73
magnitude production, 73
ratio estimation, 72
ratio production, 72

unidimensionality, 80
discourse analysis, 5
discrimination test, 130
distribution

binomial, 185
chi-squared, 185
hypergeometric, 185

disturbing variables
definition, 146

DOE, see design of experiments
DRP, see eardrum reference point

ear reference point, 292, 293, 294, 295,
379

eardrum reference point, 282, 293, 294,
295, 379

earthing, 241, 264
EBU recommendation

Tech 3276, 238, 242, 253, 259, 342
Tech 3276: Supplement 1, 242, 253,

255, 260, 343
Tech 3286, 344
Tech 3286: Supplement 1, 344

EEP, see entrance to ear canal
egocentric system

definition, 60
end-point effect

definition, 85
entrance to ear canal, 292, 293
equal loudness contours, 268, 271, 271
ERP, see ear reference point
ethics, 306, 319, 320
expected mean square, 213
experimental design, 146, 303

allocation of stimuli design, 146
ANOVA model, 153

balanced Latin square, 153
between-subjects design, 152
confounding, 148
design plots, 151
incomplete block design, 154
latin square, 150
mixed design, 152
treatment design, 146

fractional factorial, 146
full factorial, 146

within-subjects design, 152
Youden square, 151

experimental planning, 301
experimental set-up

documentation, 36
explanatory variable

definition, 145
extraordinary event

definition, 176

F distribution
definition, 193

F-ratio, 131, 133–135
F-test, 127, 194–196, 202, 204, 212, 213
factor analysis, 162
FEC, see free air equivalent coupling
Fencher’s law

definition, 76
filter model, 3, 41, 42, 107, 112
fixed variable, 206

fixed model, 206
flash profile, 53, 57

phase one, 57
phase three and four, 57
phase two, 57

Flavour Profile, 45
fractional factorial design, 302
free air equivalent coupling, 292, 293
free-choice profiling, 53
Friedman test, 187
front image quality

definition, 371

general linear model, 178
generalised listener selection, 116, 117,

118, 113–118, 119, 120, 122, 128
generalised procrustes analysis, 54
GLM, see generalised linear model
GLS, see generalised listener selection
graphical assessment language, 64, 73, 75
grounding, 241, 264

handbook of telephonometry, 286, 287, 346
HATS, see head and torso simulator
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head and torso simulator, 281, 282, 296,
298

head related transfer functions, 282, 295
databases, 282, 295, 296, 297

headphone
calibration, 291–300
calibration level, 299
measurement, 293–294
missing 6 dB, 299
target response, 295

diffuse field, 296–298
free field, 297, 298

types, 292, 292
hearing comfort level, see preferred

listening level
hedonic scale, 67, 74, 161
hedonic test, see affective measurements
heterogeneity of variance, 166
Hi-Fi magazine evaluation, 4
histogram, 167, 168, 168, 171
homogeneity of variance, 165, 166, 211
Hoth noise, 245, 327
HRTF, see head related transfer functions
hypergeometric distribution, 188
hypothesis, 17, 22–25, 27, 37, 39, 142, 154,

159
formulation, 18
testing, 156

hypothetico-deductive, 21

IEC recommendation
60268-7, 291, 294, 296, 298
60268-10, 298
60268-13, 229, 231, 232, 233, 241, 242,

344
60318, 295
60537, 272
60711, 295
60959, 295
61672-1, 272

impairment scale, 74, 83
impression of surround quality

definition, 371
incomplete balanced block design, 302
independence techniques, 162
independent observation, 165
independent variable, xiv, 34, 35, 98, 105,

142, 145, 146, 151, 153, 162, 201,
301

definition, 34
listening room, 98
reproduction system, 98, 105
signal, 98, 99

recording technique, 101

reference signals, 104
signal category, 99
spatial characteristics, 103
spectral characteristics, 102
storage process, 101
synthetic signal, 101
time domain characteristics,

102
subjects, 98

indirect elicitation
definition, 44
non-verbal elicitation, 59
pointing techniques, 59

indirect scaling, 68, 75
inductive argument

definition, 20
inferential level, 163
initial conditions, 17, 22, 26, 27
interaction variable, 201
interdependence techniques, 162
intermediate reference system, 326, 349,

352
interquartile range, 170

definition, 170
IRS, see intermediate reference system
ISO standard

532, 273, 276
3741, 248
3745, 246
8586-1, 106, 109, 122, 136
8586-2, 106, 109, 110, 111

ITU-R recommendation
BS.708, 242, 294, 296, 298, 299, 299
BS.775-1, 10, 252, 254, 256, 260, 343,

354, 358
BS.1116-1, 10, 109, 112, 129, 231, 235,

236, 241, 250, 252, 256, 259, 287,
288, 317, 355, 356, 358, 370

BS.1283, 10, 332, 354, 355, 356
BS.1284, 10, 332, 355, 356, 358
BS.1285, 10, 355, 356
BS.1286, 10, 356, 357, 358
BS.1387, 317
BS.1387-1, 10, 13, 21, 86, 273, 274, 357
BS.1534, 10, 74, 102, 104, 112, 317,

318, 326, 331, 335, 336, 357
BS.1679, 10, 358
BT.500-11, 10, 240, 260, 317, 358
overview, 10

ITU-T recommendation
overview, 9
P.56, 270
P.57, 291, 292, 293, 294, 295, 379, 380
P.58, 294
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P.84, 9, 346
P.85, 9, 346
P.563, 9, 12, 347, 348
P.800, 9, 12, 109, 112, 244, 245, 286,

312, 317, 325, 327, 327, 329, 331,
347

P.800.1, 9, 81, 348, 351
P.830, 9, 81, 268, 348
P.831, 9, 107, 109, 349
P.832, 9, 109, 349
P.835, 9, 326, 350
P.840, 9, 350
P.851, 9, 350
P.862, 9, 12, 81, 351
P.862.1, 9, 12, 351
P.862.2, 9, 12, 352
P.862.3, 9, 12, 352
P.863, 12
P.880, 9, 353
P.910, 9, 353
P.911, 9, 353
P.920, 9, 354

JND, see just noticeable difference
jury test method, 318
just noticeable difference, 76, 123

Kolmogorov–Smirnov, 169, 169, 200, 203
kurtosis, 170

definition, 171

latin square, 150, 150, 151, 153, 154, 154
law of comparative judgement

case V, 79
definition, 79

law of contradiction, 20
level calibration, 267–287
Levene test, 166, 195
LFE, see separate bass loudspeaker
listener, see subject
listening booth, 244–246
listening effort scale, 83
listening panel, 112–118

panel leader, 47, 305
panel performance, 48, 130, 135
reliability, 130, 135

listening room, 228–244, 303
accompanying picture, 260–261

viewing distance, 260, 261
aspect ratio, 230, 232, 234, 245
automatic loudspeaker shuffler, 249,

251
background noise, 230, 232, 233, 235,

237, 239, 240, 242, 243, 247
EBU 3276, 236–238, 252, 253

general characteristics, 239–244
computers, 239
curtains, 230, 241
displays devices, 239, 240
earthing, 241
furnishing, 241
lighting, 240
subject comfort, 241
ventilation, 239

IEC 60268-13, 229–231
ITU-R BS.1116-1, 231–236
listener position, 250, 253
listening axis, 251, 259
listening position, 258–259
loudspeaker position, 250, 253, 254,

248–259
noise rating, 233, 235, 237, 247
operational room response, 232, 236,

238, 238
reference listening position, 249, 250,

252, 253, 259, 262
reflection characteristics, 234
reverberation time, 230, 231, 233,

234, 235, 238
separate bass loudspeaker, 254–258
summary of requirements, 242, 243

listening test
administration, 301, 304, 310
calibration, 303
duration, 303
equipment, 305
hands-free terminal, 349
instructions, 308, 311, 312, 313
logistic considerations, 303
loudspeaker, 342
network echo canceller, 349
noise suppressor, 350
planning, 301
reporting, 301, 303, 319–321
schedule, 305
session duration, 302
setup, 303
size, 302
software, 315–319

loudness
definition of, 272
directional loudness, 282
metric selection guideline, 280, 281

loudness balancing, 293
loudness preference scale, 83
loudspeaker

calibration, 287–291
separate bass loudspeaker, 289–291

loudspeaker reference axis, 251, 259
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low-frequency enhancement, see separate
bass loudspeaker

MAF, see minimum audible field
main experiment, 303, 304
Mann–Whitney U-test, 185, 189
MANOVA, see multivariate analysis of

variance
MAP, see minimum audible pressure
maximum permissible ambient noise

levels, 232, 244, 342
MCL, see preferred listening level
MDS, see multidimensional scaling
mean opinion score, 33, 42, 66, 74, 81, 81,

83, 326, 348
MOS-LQO, 9, 81, 81, 351
MOS-LQS, 81, 81

mean squares
definition, 193

measurement level, 163
median

definition, 169
Medusa, 46
method of adjustment, 317

definition, 79
methods of limits

definition, 78
minimum audible field, 271, 300
minimum audible pressure, 300
mixed models, 178, 206, 209, 212, 216
MNRU, see modulated noise reference unit
modulated noise reference unit, 326, 330
MOS, see mean opinion score
MOS-LQO, see mean opinion score
MOS-LQS, see mean opinion score
MPANL, see maximum permissible

ambient noise levels
multi-stimulus test with hidden reference

and anchor, 74, 102, 104, 112,
317–319, 326, 331, 335, 336, 357

multichannel sound systems
5.1, 101, 103, 254, 255, 343, 354
6.1, 254
7.1, 254
10.2, 254, 257

multidimensional scaling, 44, 64, 93, 162
INDSCAL, 65

multivariate analysis, 162
multivariate analysis of variance, 212
MUSHRA, see multi-stimulus test with

hidden reference and anchor

network echo canceller, 349
noise at work regulations, 307

noise exposure, 307
noise rating, 232, 233, 235, 237, 247
noise suppressor, 350
non-disclosure agreement, 310
non-parametric statistics, 161
NR, see noise rating
null hypothesis, 155, 154–187, 191,

194–196, 320

objective results, 97
definition, 32

one-tailed test
definition, 183

outlier, 165
definition, 173

paired comparison, 76
definition, 79

paired comparison method, 317, 318
paired rating method, 317
panel leader, 47, 305
parametric statistics, 161
PEAQ, see perceptual evaluation of audio

quality
percentiles

definition, 170
perceptual evaluation of audio quality, xii,

13, 30, 274, 357
perceptual evaluation of speech quality,

12, 351
intrusive model, 12
narrowband, 12
non-intrusive model, 12
wideband, 12

perceptual measurements, 3, 41
perceptual structure analysis, 65
PESQ, see perceptual evaluation of speech

quality
phon

definition of, 273
physical measurements, 41
pilot experiment, 36, 303, 304
post-screening, see subject post-selection
pre-screening, see subject pre-selection
predictive modelling, 3, 11

definition, 11
overall performance, 11
perceptual attribute, 11

preference test, 66
definition, 66

preferred listening levels, 283, 284, 285,
283–285

principal components analysis, 162
principle of empiricism, 19

definition, 20
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principle of rationalism, 21
falsification, 22
principle of asymmetry, 22

probabilistic reasoning, 24, 27
mathematical, 24
objective, 24
subjective, 24

procedural
definition, 176

QDA, see Quantitative Descriptive
Analysis

Quantitative Descriptive Analysis
phase five, 48
phase four, 47
phase one, 46
phase six, 48
phase three, 47
phase two, 47

quantal-response detectability tests, 348
quantitative data

definition, 161
Quantitative Descriptive Analysis,

45, 46

random variable, 206
random model, 206

randomisation, 85
randomised variables

definition, 146
repertory grid technique, 53, 54

dichotomisation, 55
ranking, 55
rating on category scale, 55
rating using a continuous scale, 55

reporting, 37, 319–321
representational position, 71
research question, 17, 39, 145

definition, 17
residual, 167

definition, 192
detrended probability plot, 217
normal probability plot, 217
standardised, 216
studentised, 216
transformation, 219
unstandardised, 216

response attribute, 43
(un)pleasantness, 41
acceptance, 41
annoyance, 41
attitudinal, 45
definition, 40
degree of liking, 41

descriptive, 45
dissimilarity, 64

response format
definition, 40

response surface method, 302
reverberation chamber, 248
RGT, see repertory grid technique
RSM, see response surface method

sample statistics
definition, 157

sampling distribution, 157
scaling

categorical scale, 74, 161, 326
interval scale, 70, 126, 161, 162, 168
nominal scale, 69, 70
ordinal scale, 69, 70
ratio scale, 70

scientific knowledge
definition, 18

scientific paradigm
definition, 29

semantic classification, 56
sensorial strength, 41
sensory evaluation, see descriptive

analysis
sensory profiling, see descriptive analysis
Sensory Spectrum, 46
separate bass loudspeaker, 255, 254–258
Shapiro-Wilk, 169, 169, 200, 203
significance level

definition, 157
single stimulus continuous quality

evaluation method, 317
single stimulus method, 317
skewness, 170

definition, 171
software

data collection, 315
listening test, 316, 315–319
design of experiments, 302

sone
definition of, 273

sound card, 263
sound quality, xi

product sound quality, xi
spatial sound quality, 363, 366
speech intelligibility, 100, 248, 318, 342,

360, 374
speech quality, 360
speech reception threshold, 317
sphericity, 211, 212, 217
spread-versus-level plot, 166
stabilisation, 86
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standard deviation, 130, 132, 157, 170, 175
definition, 170

standard error of the mean
definition, 180

standardised approach, 8
standardised difference between means,

160
standardised scaling paradigm, 68
statistical experimental design, 165

definition, 35
statistical model, 98, 143, 150, 151, 165

definition, 35
statistical power, 151

definition, 159
stem-and-leaf plot, 171, 172, 175

definition, 171
stereophonic image quality

definition, 370
stimulus

selection, 303
Student’s t-distribution, 157
studentised range statistics, 198
subject

ability, 107, 130–133, 134
acuity, 107
categorisation, 106–109

experienced, 109, 112, 122
expert, 109, 110, 110, 111, 112, 112,

122, 135
initiated, 110, 111
naı̈ve, 109, 110, 111, 112, 112, 121,

135
selected, 110, 111, 122
specialised expert, 110
un-trained, 109, 112

consent, 307, 309, 310
discrimination ability, 123, 126
expertise, 107, 109, 138, 229
familiarisation, 106, 310–313
fatigue, 302
hearing ability, 121, 123–125
ignorable loss, 222
instructions for, 308, 311, 312, 313
listening panel leader, 305
listening panels, 106, 112–118

generalised listener selection, 116,
117, 120, 122, 128

non-ignorable loss, 222
recruitment, 305, 310
reliability, 130

inter-subject, 120, 123, 128, 139
intra-subject, 120, 123, 127, 128,

139

remuneration, 310
required number, 106, 107, 109, 112,

113, 121
sample population, 107–109, 118,

119, 121
selection, 111, 118–136, 303, 305

post-selection, 106, 107, 109, 112,
128–136

pre-selection, 106, 107, 109, 112,
114, 119–128

verbal fluency test, 135
statistical model of, 143
training, 106, 112, 126, 140

subject variable, 204
subwoofer, see separate bass loudspeaker
sum of squares

definition, 192

t-test
definition, 182
independent groups, 182
paired comparisons, 182

TAFC, see two alternative forced choice
test statistics

definition, 157
testable statement, 17, 22–24, 27, 34, 39
Texture Profile, 45
trimmed mean

definition, 169
true knowledge

definition, 19
Tukey honestly significant difference, 198
two alternative forced choice, 289, 317
two-tailed test

definition, 183
Type I error

definition, 155
familiwise, 196

Type II error
definition, 155

univariate analysis, 162

variance components, 194
verbal protocol analysis, 56

wideband PESQ, 12, 352
Wilcoxon test, 189
wine aroma wheel, 51, 51
within-groups variation, 192
within-subject design, 152, 222, 223

Youden squares, 151


