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Summary

This document presents a summary for ETSI/AMR Wideband (WB) Selection Phase Experiments 3&4 conducted by LMGT, for a total of five North American English experiments and four Spanish experiments. The performance of the test codecs, which are identified using a blinded designation (Codecs 1 through 5), was investigated for car and street noise under channel error conditions for 3GPP-defined Applications A, B, C and E. The tests were performed using DCR test methodology. Overall, Codec 3 was always either in the top ranking position or had performance equivalent to the top-ranking codec. Codecs 5 and 1 were generally closer to the higher-ranking positions, while Codec 4 varied its ranking across the different experiments. Alternatively, most of the time Codec 2 was either in the bottom position or had a performance equivalent to the lowest-ranking codec.

1. Introduction

COMSAT Laboratories (now a part of Lockheed Martin Global Telecommunications, LMGT) performed listening assessments in the AMR Wideband Selection Phase. Experiment 3 was performed in North American English and Experiment 4 was performed in Spanish. Both experiments used six different sentence-pairs for two male and two female talkers extracted from the speech material available in the NTT-AT speech database. 

These experiments were designed using the Degradation Category Rating method and aimed at evaluating the performance of the five candidate Wideband algorithms in the presence of channel impairments and two different noise types (car and street noise) for four different applications. The five Wideband candidate algorithms are presented in this contribution using blinded designations Codec 1 through Codec 5. A total of nine experiments were designed by 3GPP-SA4, as follows:

· Experiment 3A:
GSM Full-Rate channel (Application A) with Car noise

· Experiment 3B:
GSM Full-Rate channel (Application A) with Street noise 

· Experiment 3C:
GSM Full-Rate channel (Application B) with Car noise

· Experiment 3D:
GSM Full-Rate channel (Application B) with Street noise 

· Experiment 3E:
Narrowband GSM EFR performance with Car and Street noise

· Experiment 4A:
Higher-rate channels (Application C) with Car noise

· Experiment 4B:
Higher-rate channels (Application C) with Street noise

· Experiment 4C:
Higher-rate channels (Application E) with Car noise

· Experiment 4D:
Higher-rate channels (Application E) with Street noise

2. Source Material

LMGT performed Experiments 3&4 using a subset of the speech material available in the NTT Speech Database. Six sentence-pairs were selected for two male and two female talkers from the North American English and Spanish sub-sets of the NTT Speech Database. The same North American English talkers and sentence pairs were used in experiments 3A through 3E, and the same Spanish talkers and sentence pairs were used in experiments 4A through 4D. This database contains quiet background speech sampled at 16 kHz, for a bandwidth of 8 kHz. This was done in order to facilitate possible inter-experimental comparisons, should certain statistical criteria be met.

The quiet background sentence pairs were filtered by the specified weighting filter (P.341 for all experiments but Experiment 3E, which used GSM-weighting) and level-equalized, in compliance with the specifications in the AMR WB Selection Processing Test Plan [2]. This material was then provided to the Host Laboratory, also performed by LMGT. The Host Laboratory was responsible for the additional pre-processing of the speech material (concatenation and addition of the background noise). 

3. Experiment Design

The experiment designs for Experiments 3 and 4 are defined in Sections 7 and 8 of the AMR WB Selection Subjective Test Plan [1], and are summarized in Tables 1 and 2. A total of 96 votes were cast per test condition for male and female talkers combined, or 48 for the gender-wise statistics.

4. Processed Material

The host laboratory delivered the test material on CD-ROMs. The table below shows the arrangement of experiments into disks and summarizes the number of files used in each experiment, which corresponds to the blocked processing of the source sentence-pairs through the test conditions. See [4] for details on the source speech processing.

CD Set
Experiment
No.of files
Disk space

1
Exp.3A
864
221,184,000


Exp.3B
864
221,184,000

2
Exp.3C
864
221,184,000


Exp.3D
864
221,184,000

3
Exp.3E
576
147,456,000

4
Exp.4A
960
245,760,000


Exp.4B
960
245,760,000

5
Exp.4C
864
221,184,000


Exp.4D
864
221,184,000

5. Listening Sessions

5.1 Presentation Sequence Material

LMGT used the grouping and randomization sequences specified in the AMR WB Selection Test Plan for Experiments 3&4. 

5.2 Listeners

Each of the nine subjective assessments was performed using 24 listeners (nominally balanced between male and female subjects), divided into six groups of four listeners each. In total, 120 distinct English-speaking subjects were used for Experiment 3A-3E and 96 distinct Spanish-speaking subjects were used for Experiment 4A-4D.

The listener selection criterion was compliant with the AMR WB Selection Test Plan, noting that audiometric testing was not performed on the listeners, for legal reasons. Test subjects were selected from an existing pool of North American English and Spanish listeners, for which past assessment performance data exists indicating their general hearing integrity. Subject performance within this experiment was compared to the overall performance of all listeners used in each experiment as a check on the hearing integrity of each listener at the time of testing. The pre-test listener orientation used by LMGT conformed to that specified in the Test Plan.

5.3 Audio Presentation

The processed speech material was presented to groups of listeners, seated at separate, visually screened listening stations contained within an acoustically conditioned sound room meeting the requirements for an NC 20 acoustic facility. Presentation was made monaurally using an AKG K240DF open-back studio monitor headphone. The headphone was driven by a distribution amplifier set to deliver monophonic wideband speech to the listener's preferred listening ear at an active level of -15 dBPa (79 dB SPL). The calibration was made using a B&K 4153 Artificial Ear with circumaural headphone adapter, 4134 Microphone element and 2610 Measurement Amplifier.

The processed speech files were stored within the main facility computer and presented to the listeners under program control as 16 kHz samples through a 16-bit D/A converter. The D/A converter was coupled to the input of the distribution amplifier through a Frequency Devices 9002 Eight-pole Elliptic Filter, which was set for a bandpass of 50 Hz to 7000Hz in all experiments but 3E, and 200 Hz to 3400 Hz in Experiment 3E. In Experiment 3E, the imposition of the modified-IRS receive characteristic was not necessary since the required receive-end weighting was performed in software by the host laboratory.

5.4 Scoring

Within experiments using the Degradation Mean-Opinion-Score (DMOS) method of assessment, the presented (referenced) sentence-pairs were scored by the listeners using a five-point perceived degradation scale as specified in the Test Plan:

· Degradation not perceived or even some improvement

· Degradation perceived but not annoying

· Degradation slightly annoying

· Degradation annoying

· Degradation very annoying

The degradation designations were presented on the screen of the voting terminals and selected through the use of a pointing device. The listener responses were registered on auxiliary computers. One of these voting terminals is contained within each voting station. The voting screen was rendered neutral during the presentation of each new stimulus and voting was only permitted following the completed presentation of each voting stimulus (in this experiment, two sentence-pairs). All seated listeners were required to register responses prior to the subsequent presentation of a new stimulus. Once a group of listeners was conditioned to the dynamics of the voting procedure, the voting response time for each presented stimulus was nominally four seconds for each presented stimulus.

As all seated listeners completed their voting, the votes for all stations were transferred to the main facility computer prior to the presentation of subsequent new material. The votes of each group of listeners for each presentation set of speech material were stored as ASCII files within the main facility computer for subsequent analysis and presentation.

Upon completion of the listening sessions, all raw data were de-scrambled and consolidated into a single ASCII file, which was used to generate the raw vote file provided to the Global Analysis Laboratory (ARCON) and for the statistical analysis presented in this report.

6. Statistical Analysis

The raw data collected was used to derive gender-wise and combined-gender Degradation Mean Opinion Scores (DMOS), standard deviation, 95% confidence intervals, and equivalent-Q values for each sub-experiment. These data are presented in Tables 1 and 2. Additionally, rank-order analyses were performed for the different impairments in each sub-experiment, which are presented in Tables 3 and 4.

Tables 1 and 2 contain the basic statistical analysis data produced by LMGT for AMR WB Selection Experiments 3 and 4, respectively. This is the data as provided to the Global Analysis Laboratory, except for the confidence interval and equivalent-Q columns. Each test condition received a total of 192 votes for combined talkers, or 96 votes per talker for gender-wise statistics. In the tables, Cond represents the test condition number, Y is the Degradation Mean Opinion Score, and SD is the standard deviation. The upper and lower 95% confidence intervals are denoted as +95% and ‑95%, respectively, in the table. Finally, the column label Qeqv contains the equivalent-Q values obtained using a non-linear fit of each experiment’s data to a modified logistic function (the Q curves and parameters are given in Annex A).

Complementarily, Tables 3 and 4 contains a rank-ordered presentation of the combined talker data in Tables 1 and 2 for Experiments 3 and 4, respectively, grouped by impairment type. Upper and lower 95% confidence intervals are also reported. Statistically equivalent test conditions are indicated using Student’s t-test Least Significant Difference (LSD) criterion and Tukey-Kramer’s Honestly Significant Difference (HSD) Criterion. In the table, Cond represents the test condition number, Y is the Degradation Mean Opinion Score, and the +95% and –95% columns represent the upper and lower 95% confidence interval, respectively. The LSD column shows which test conditions can be considered equivalent under the LSD criterion (indicated by contiguous vertical lines within each test factor) for a given impairment. The HSD column indicates which test conditions can be considered equivalent by the HSD criterion (indicated by contiguous vertical lines within each test factor). The LSD criterion is used to compare a pair of conditions, while the HSD criterion is used to determine groups of equivalency within a set of samples.

D

Tables 3 and 4 provide the most convenient presentation of the test data for statistical comparisons, in particular using the HSD criterion. Detailed analysis of the test results is not presented, since this will be performed by the Global Analysis Laboratory. However, it can be noted that overall Codec 3 was always either in the top ranking position or had performance equivalent to the top-ranking codec. Codecs 5 and 1 were generally closer to the higher-ranking positions, while Codec 4 varied its ranking across the different experiments. Alternatively, most of the time Codec 2 was either in the bottom position or had a performance equivalent to the lowest-ranking codec.

7. Conclusion

LMGT performed Experiments 3 and 4 of the AMR WB Selection Phase in North American English and in Spanish, respectively, in compliance with the test plans [1,2]. Both experiments used six different sentence-pairs for two male and two female talkers extracted from the speech material available in the NTT-AT speech database. These experiments were designed using the Degradation Category Rating method and aimed at evaluating the performance of the five candidate Wideband algorithms in the presence of channel impairments and two different noise types (car and street noise) for four different applications. The five Wideband candidate algorithms are presented in this contribution using blinded designations Codec 1 through Codec 5.

Overall, Codec 3 was always either in the top ranking position or had performance equivalent to the top-ranking codec. Codecs 5 and 1 were generally closer to the higher-ranking positions, while Codec 4 varied its ranking across the different experiments. Alternatively, most of the time Codec 2 was either in the bottom position or had a performance equivalent to the lowest-ranking codec.
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Table 1(a): Test Conditions for Experiment 3A

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
SD(all)
+95%
-95%
Qeqv

1
Direct
-
-
Car
96
4.698
0.618
4.821
4.574
47.064

2
MNRU
Q=47dB
-
Car
96
4.677
0.624
4.802
4.552
46.593

3
MNRU
Q=40dB
-
Car
96
4.302
0.742
4.450
4.154
40.448

4
MNRU
Q=33dB
-
Car
96
3.542
1.004
3.743
3.341
32.890

5
MNRU
Q=26dB
-
Car
96
2.635
1.067
2.849
2.422
25.751

6
MNRU
Q=19dB
-
Car
96
1.938
0.960
2.130
1.745
19.587

7
MNRU
Q=12dB
-
Car
96
1.333
0.706
1.475
1.192
11.243

8
MNRU
Q=05dB
-
Car
96
1.115
0.456
1.206
1.023
5.369

9
G.722@64
Nom, 1x
-
Car
96
4.573
0.692
4.711
4.434
44.518

10
G.722@56
Nom, 1x
-
Car
96
4.542
0.679
4.678
4.406
43.968

11
G.722@48
Nom, 1x
-
Car
96
4.417
0.735
4.564
4.270
42.002

12
Codec 1
Error-free
A
Car
96
4.250
0.754
4.401
4.099
39.800

13
Codec 1
C/I 13dB
A
Car
96
3.979
0.846
4.148
3.810
36.836

14
Codec 1
C/I 10dB
A
Car
96
3.854
0.870
4.028
3.680
35.631

15
Codec 1
C/I 07dB
A
Car
96
3.260
1.028
3.466
3.055
30.622

16
Codec 1
C/I 04dB
A
Car
96
2.688
1.029
2.893
2.482
26.163

17
Codec 2
Error-free
A
Car
96
3.844
0.850
4.014
3.674
35.534

18
Codec 2
C/I 13dB
A
Car
96
3.740
0.885
3.917
3.562
34.589

19
Codec 2
C/I 10dB
A
Car
96
3.385
1.019
3.589
3.181
31.615

20
Codec 2
C/I 07dB
A
Car
96
2.771
0.989
2.969
2.573
26.817

21
Codec 2
C/I 04dB
A
Car
96
1.719
0.750
1.869
1.569
17.151

22
Codec 3
Error-free
A
Car
96
4.156
0.799
4.316
3.996
38.706

23
Codec 3
C/I 13dB
A
Car
96
4.156
0.886
4.334
3.979
38.706

24
Codec 3
C/I 10dB
A
Car
96
4.052
0.875
4.227
3.877
37.580

25
Codec 3
C/I 07dB
A
Car
96
3.313
0.944
3.501
3.124
31.033

26
Codec 3
C/I 04dB
A
Car
96
2.500
1.005
2.701
2.299
24.660

27
Codec 4
Error-free
A
Car
96
4.125
0.987
4.322
3.928
38.359

28
Codec 4
C/I 13dB
A
Car
96
3.969
0.900
4.149
3.789
36.733

29
Codec 4
C/I 10dB
A
Car
96
3.688
1.019
3.891
3.484
34.131

30
Codec 4
C/I 07dB
A
Car
96
3.073
1.018
3.277
2.869
29.160

31
Codec 4
C/I 04dB
A
Car
96
2.052
0.910
2.234
1.870
20.726

32
Codec 5
Error-free
A
Car
96
4.188
0.862
4.360
4.015
39.062

33
Codec 5
C/I 13dB
A
Car
96
4.115
0.819
4.278
3.951
38.246

34
Codec 5
C/I 10dB
A
Car
96
3.677
0.979
3.873
3.481
34.040

35
Codec 5
C/I 07dB
A
Car
96
3.219
0.920
3.403
3.035
30.295

36
Codec 5
C/I 04dB
A
Car
96
2.417
1.002
2.617
2.216
23.972

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, SD is standard deviation, +95% and -95% are respectively the upper and lower 95% confidence interval; Qeqv is the MNRU equivalent-Q value.

Table 1(b): Test Conditions for Experiment 3B

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
SD(all)
+95%
-95%
Qeqv

1
Direct
-
-
Street
96
4.594
0.573
4.708
4.479
54.097

2
MNRU
Q=47dB
-
Street
96
4.479
0.754
4.630
4.328
45.542

3
MNRU
Q=40dB
-
Street
96
4.521
0.711
4.663
4.379
47.491

4
MNRU
Q=33dB
-
Street
96
3.750
0.951
3.940
3.560
33.928

5
MNRU
Q=26dB
-
Street
96
2.479
1.124
2.704
2.254
24.863

6
MNRU
Q=19dB
-
Street
96
1.906
1.016
2.110
1.703
20.156

7
MNRU
Q=12dB
-
Street
96
1.469
0.794
1.628
1.310
13.974

8
MNRU
Q=05dB
-
Street
96
1.146
0.458
1.238
1.054
‑

9
G.722@64
Nom, 1x
-
Street
96
4.219
0.849
4.388
4.049
39.273

10
G.722@56
Nom, 1x
-
Street
96
4.115
0.881
4.291
3.938
37.771

11
G.722@48
Nom, 1x
-
Street
96
3.990
0.935
4.177
3.803
36.270

12
Codec 1
Error-free
A
Street
96
4.198
0.841
4.366
4.030
38.948

13
Codec 1
C/I 13dB
A
Street
96
3.979
0.906
4.160
3.798
36.156

14
Codec 1
C/I 10dB
A
Street
96
3.875
0.954
4.066
3.684
35.083

15
Codec 1
C/I 07dB
A
Street
96
3.052
1.050
3.262
2.842
28.746

16
Codec 1
C/I 04dB
A
Street
96
2.625
1.059
2.837
2.413
25.879

17
Codec 2
Error-free
A
Street
96
3.698
0.996
3.897
3.499
33.479

18
Codec 2
C/I 13dB
A
Street
96
3.573
1.044
3.782
3.364
32.463

19
Codec 2
C/I 10dB
A
Street
96
3.396
1.156
3.627
3.165
31.129

20
Codec 2
C/I 07dB
A
Street
96
2.573
1.167
2.806
2.339
25.520

21
Codec 2
C/I 04dB
A
Street
96
1.844
0.910
2.026
1.662
19.507

22
Codec 3
Error-free
A
Street
96
4.250
0.906
4.431
4.069
39.787

23
Codec 3
C/I 13dB
A
Street
96
4.438
0.765
4.591
4.284
44.056

24
Codec 3
C/I 10dB
A
Street
96
4.115
0.857
4.286
3.943
37.771

25
Codec 3
C/I 07dB
A
Street
96
3.521
0.995
3.720
3.322
32.059

26
Codec 3
C/I 04dB
A
Street
96
2.729
1.100
2.949
2.509
26.586

27
Codec 4
Error-free
A
Street
96
3.948
0.899
4.128
3.768
35.821

28
Codec 4
C/I 13dB
A
Street
96
3.688
1.009
3.889
3.486
33.392

29
Codec 4
C/I 10dB
A
Street
96
3.448
1.045
3.657
3.239
31.511

30
Codec 4
C/I 07dB
A
Street
96
2.948
1.009
3.150
2.746
28.049

31
Codec 4
C/I 04dB
A
Street
96
2.115
0.972
2.309
1.920
22.067

32
Codec 5
Error-free
A
Street
96
4.250
0.871
4.424
4.076
39.787

33
Codec 5
C/I 13dB
A
Street
96
4.167
0.867
4.340
3.993
38.486

34
Codec 5
C/I 10dB
A
Street
96
3.750
1.005
3.951
3.549
33.928

35
Codec 5
C/I 07dB
A
Street
96
3.500
1.056
3.711
3.289
31.901

36
Codec 5
C/I 04dB
A
Street
96
2.708
1.151
2.939
2.478
26.446

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, SD is standard deviation, Se is Standard Error, +95% and -95% are respectively the upper and lower 95% confidence interval; Qeqv is the MNRU equivalent-Q value.

Table 1(c): Test Conditions for Experiment 3C

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
SD(all)
+95%
-95%
Qeqv

1
Direct
-
-
Car
96
4.885
0.352
4.956
4.815
47.286

2
MNRU
Q=47dB
-
Car
96
4.792
0.433
4.878
4.705
45.997

3
MNRU
Q=40dB
-
Car
96
4.375
0.824
4.540
4.210
41.517

4
MNRU
Q=33dB
-
Car
96
3.115
0.844
3.284
2.946
32.121

5
MNRU
Q=26dB
-
Car
96
2.229
0.801
2.389
2.069
25.555

6
MNRU
Q=19dB
-
Car
96
1.771
0.801
1.931
1.611
21.031

7
MNRU
Q=12dB
-
Car
96
1.229
0.571
1.343
1.115
11.193

8
MNRU
Q=05dB
-
Car
96
1.042
0.201
1.082
1.001
0.649

9
G.722@64
Nom, 1x
-
Car
96
4.646
0.580
4.762
4.530
44.244

10
G.722@56
Nom, 1x
-
Car
96
4.656
0.577
4.772
4.541
44.361

11
G.722@48
Nom, 1x
-
Car
96
4.438
0.646
4.567
4.308
42.101

12
Codec 1
Error-free
B
Car
96
4.375
0.700
4.515
4.235
41.517

13
Codec 1
C/I 19dB
B
Car
96
4.385
0.745
4.534
4.236
41.613

14
Codec 1
C/I 16dB
B
Car
96
4.188
0.812
4.350
4.025
39.885

15
Codec 1
C/I 13dB
B
Car
96
4.104
0.864
4.277
3.931
39.205

16
Codec 1
C/I 10dB
B
Car
96
4.052
0.851
4.222
3.882
38.792

17
Codec 2
Error-free
B
Car
96
4.260
0.729
4.406
4.115
40.501

18
Codec 2
C/I 19dB
B
Car
96
4.260
0.757
4.412
4.109
40.501

19
Codec 2
C/I 16dB
B
Car
96
3.906
0.895
4.085
3.727
37.674

20
Codec 2
C/I 13dB
B
Car
96
3.896
0.814
4.059
3.733
37.596

21
Codec 2
C/I 10dB
B
Car
96
3.448
0.939
3.636
3.260
34.404

22
Codec 3
Error-free
B
Car
96
4.646
0.542
4.754
4.537
44.244

23
Codec 3
C/I 19dB
B
Car
96
4.615
0.587
4.732
4.497
43.899

24
Codec 3
C/I 16dB
B
Car
96
4.521
0.680
4.657
4.385
42.918

25
Codec 3
C/I 13dB
B
Car
96
4.542
0.631
4.668
4.415
43.130

26
Codec 3
C/I 10dB
B
Car
96
4.208
0.820
4.372
4.044
40.059

27
Codec 4
Error-free
B
Car
96
4.240
0.778
4.395
4.084
40.323

28
Codec 4
C/I 19dB
B
Car
96
4.302
0.698
4.442
4.163
40.863

29
Codec 4
C/I 16dB
B
Car
96
4.260
0.684
4.397
4.124
40.501

30
Codec 4
C/I 13dB
B
Car
96
3.750
0.858
3.922
3.578
36.527

31
Codec 4
C/I 10dB
B
Car
96
3.438
0.904
3.618
3.257
34.332

32
Codec 5
Error-free
B
Car
96
4.438
0.693
4.576
4.299
42.101

33
Codec 5
C/I 19dB
B
Car
96
4.438
0.708
4.579
4.296
42.101

34
Codec 5
C/I 16dB
B
Car
96
4.427
0.722
4.571
4.283
42.002

35
Codec 5
C/I 13dB
B
Car
96
4.375
0.684
4.512
4.238
41.517

36
Codec 5
C/I 10dB
B
Car
96
3.708
1.004
3.909
3.507
36.228

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, SD is standard deviation, Se is Standard Error, +95% and -95% are respectively the upper and lower 95% confidence interval; Qeqv is the MNRU equivalent-Q value.

Table 1(d): Test Conditions for Experiment 3D

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
SD(all)
+95%
-95%
Qeqv

1
Direct
-
-
Street
96
4.594
0.748
4.743
4.444
43.626

2
MNRU
Q=47dB
-
Street
96
4.573
0.722
4.717
4.429
43.120

3
MNRU
Q=40dB
-
Street
96
4.625
0.700
4.765
4.485
44.456

4
MNRU
Q=33dB
-
Street
96
3.667
0.890
3.845
3.489
32.318

5
MNRU
Q=26dB
-
Street
96
2.698
0.985
2.895
2.501
25.648

6
MNRU
Q=19dB
-
Street
96
1.938
0.868
2.111
1.764
19.810

7
MNRU
Q=12dB
-
Street
96
1.375
0.567
1.488
1.262
12.220

8
MNRU
Q=05dB
-
Street
96
1.125
0.528
1.231
1.019
1.701

9
G.722@64
Nom, 1x
-
Street
96
4.354
0.794
4.513
4.195
39.179

10
G.722@56
Nom, 1x
-
Street
96
4.094
0.809
4.256
3.932
36.057

11
G.722@48
Nom, 1x
-
Street
96
4.083
0.879
4.259
3.908
35.951

12
Codec 1
Error-free
B
Street
96
4.302
0.848
4.472
4.133
38.465

13
Codec 1
C/I 19dB
B
Street
96
4.344
0.723
4.488
4.199
39.032

14
Codec 1
C/I 16dB
B
Street
96
4.302
0.783
4.459
4.145
38.465

15
Codec 1
C/I 13dB
B
Street
96
4.229
0.761
4.381
4.077
37.552

16
Codec 1
C/I 10dB
B
Street
96
4.115
0.806
4.276
3.953
36.273

17
Codec 2
Error-free
B
Street
96
4.448
0.694
4.587
4.309
40.638

18
Codec 2
C/I 19dB
B
Street
96
4.281
0.867
4.455
4.108
38.195

19
Codec 2
C/I 16dB
B
Street
96
4.115
0.832
4.281
3.948
36.273

20
Codec 2
C/I 13dB
B
Street
96
4.073
0.798
4.233
3.913
35.845

21
Codec 2
C/I 10dB
B
Street
96
3.667
0.914
3.849
3.484
32.318

22
Codec 3
Error-free
B
Street
96
4.667
0.610
4.789
4.545
45.738

23
Codec 3
C/I 19dB
B
Street
96
4.750
0.523
4.855
4.645
49.345

24
Codec 3
C/I 16dB
B
Street
96
4.646
0.615
4.769
4.523
45.069

25
Codec 3
C/I 13dB
B
Street
96
4.490
0.680
4.626
4.353
41.380

26
Codec 3
C/I 10dB
B
Street
96
4.344
0.752
4.494
4.193
39.032

27
Codec 4
Error-free
B
Street
96
4.115
0.738
4.262
3.967
36.273

28
Codec 4
C/I 19dB
B
Street
96
4.083
0.763
4.236
3.931
35.951

29
Codec 4
C/I 16dB
B
Street
96
4.042
0.870
4.216
3.868
35.535

30
Codec 4
C/I 13dB
B
Street
96
3.865
0.902
4.045
3.684
33.919

31
Codec 4
C/I 10dB
B
Street
96
3.438
0.938
3.625
3.250
30.633

32
Codec 5
Error-free
B
Street
96
4.552
0.663
4.685
4.419
42.646

33
Codec 5
C/I 19dB
B
Street
96
4.583
0.675
4.718
4.448
43.368

34
Codec 5
C/I 16dB
B
Street
96
4.490
0.680
4.626
4.353
41.380

35
Codec 5
C/I 13dB
B
Street
96
4.375
0.715
4.518
4.232
39.482

36
Codec 5
C/I 10dB
B
Street
96
4.031
0.888
4.209
3.854
35.434

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, SD is standard deviation, Se is Standard Error, +95% and -95% are respectively the upper and lower 95% confidence interval; Qeqv is the MNRU equivalent-Q value.

Table 1(e): Test Conditions for Experiment 3E

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
SD(all)
+95%
-95%
Qeqv

1
Direct
-
-
Car
96
4.740
0.464
4.832
4.647
32.272

2
Direct
-
-
Street
96
4.188
1.059
4.399
3.976
31.149

3
MNRU
Q=30dB
-
Car
96
4.604
0.552
4.715
4.494
29.665

4
MNRU
Q=25dB
-
Car
96
4.240
0.645
4.369
4.111
25.354

5
MNRU
Q=20dB
-
Car
96
3.469
0.894
3.648
3.290
19.914

6
MNRU
Q=15dB
-
Car
96
2.552
0.881
2.728
2.376
14.849

7
MNRU
Q=10dB
-
Car
96
1.823
0.740
1.971
1.675
10.313

8
MNRU
Q=5dB
-
Car
96
1.250
0.598
1.370
1.130
4.738

9
MNRU
Q=30dB
-
Street
96
4.135
1.148
4.365
3.906
29.341

10
MNRU
Q=25dB
-
Street
96
3.958
1.045
4.167
3.749
25.584

11
MNRU
Q=20dB
-
Street
96
3.406
1.072
3.621
3.192
19.853

12
MNRU
Q=15dB
-
Street
96
2.635
0.975
2.830
2.440
14.970

13
MNRU
Q=10dB
-
Street
96
1.823
0.858
1.995
1.651
10.089

14
MNRU
Q=5dB
-
Street
96
1.229
0.447
1.319
1.140
4.927

15
GSM-EFR
Error-free
A&B
Car
96
4.396
0.761
4.548
4.244
26.922

16
GSM-EFR
C/I 13dB
A&B
Car
96
4.375
0.669
4.509
4.241
26.695

17
GSM-EFR
C/I 10dB
A&B
Car
96
4.073
0.729
4.219
3.927
23.938

18
GSM-EFR
C/I 07dB
A&B
Car
96
3.375
0.921
3.559
3.191
19.372

19
GSM-EFR
C/I 04dB
A&B
Car
96
1.615
0.800
1.775
1.455
8.663

20
GSM-EFR
Error-free
A&B
Street
96
4.052
1.080
4.268
3.836
27.281

21
GSM-EFR
C/I 13dB
A&B
Street
96
3.979
0.929
4.165
3.793
25.923

22
GSM-EFR
C/I 10dB
A&B
Street
96
3.802
0.991
4.000
3.604
23.479

23
GSM-EFR
C/I 07dB
A&B
Street
96
3.229
1.051
3.439
3.019
18.593

24
GSM-EFR
C/I 04dB
A&B
Street
96
1.490
0.768
1.643
1.336
7.564

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, SD is standard deviation, Se is Standard Error, +95% and -95% are respectively the upper and lower 95% confidence interval; Qeqv is the MNRU equivalent-Q value.

Table 2(a): Test Conditions for Experiment 4A

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
SD(all)
+95%
-95%
Qeqv

1
Direct
-
-
Car
96
4.365
0.742
4.513
4.216
47.552

2
MNRU
Q=45dB
-
Car
96
4.271
0.801
4.431
4.111
46.218

3
MNRU
Q=37dB
-
Car
96
3.302
0.996
3.501
3.103
36.557

4
MNRU
Q=29dB
-
Car
96
2.292
0.807
2.453
2.130
27.964

5
MNRU
Q=21dB
-
Car
96
1.875
0.897
2.055
1.695
23.444

6
MNRU
Q=13dB
-
Car
96
1.344
0.752
1.494
1.193
13.340

7
MNRU
Q=05dB
-
Car
96
1.094
0.412
1.176
1.011
‑

8
G.722@64
Nom, 1x
-
Car
96
4.104
0.840
4.272
3.936
44.142

9
G.722@56
Nom, 1x
-
Car
96
4.063
0.831
4.229
3.896
43.667

10
G.722@48
Nom, 1x
-
Car
96
3.990
0.864
4.163
3.817
42.869

11
Codec 1/FR
C/I 22dB
C
Car
96
4.052
0.786
4.209
3.895
43.550

12
Codec 1/FR
C/I 19dB
C
Car
96
4.052
0.813
4.215
3.890
43.550

13
Codec 1/FR
C/I 16dB
C
Car
96
3.760
0.891
3.939
3.582
40.576

14
Codec 1/HR
C/I 25dB
C
Car
96
3.729
0.801
3.889
3.569
40.283

15
Codec 1/HR
C/I 22dB
C
Car
96
3.740
0.874
3.914
3.565
40.381

16
Codec 1/HR
C/I 19dB
C
Car
96
3.750
0.929
3.936
3.564
40.478

17
Codec 2/FR
C/I 22dB
C
Car
96
4.010
0.912
4.193
3.828
43.093

18
Codec 2/FR
C/I 19dB
C
Car
96
3.844
0.898
4.023
3.664
41.379

19
Codec 2/FR
C/I 16dB
C
Car
96
3.833
0.902
4.014
3.653
41.277

20
Codec 2/HR
C/I 25dB
C
Car
96
3.813
0.966
4.006
3.619
41.074

21
Codec 2/HR
C/I 22dB
C
Car
96
3.885
0.939
4.073
3.698
41.792

22
Codec 2/HR
C/I 19dB
C
Car
96
3.656
0.868
3.830
3.483
39.613

23
Codec 3/FR
C/I 22dB
C
Car
96
4.177
0.808
4.339
4.015
45.012

24
Codec 3/FR
C/I 19dB
C
Car
96
4.333
0.804
4.494
4.173
47.091

25
Codec 3/FR
C/I 16dB
C
Car
96
4.323
0.827
4.488
4.157
46.941

26
Codec 3/HR
C/I 25dB
C
Car
96
4.177
0.846
4.346
4.008
45.012

27
Codec 3/HR
C/I 22dB
C
Car
96
4.115
0.869
4.288
3.941
44.263

28
Codec 3/HR
C/I 19dB
C
Car
96
4.042
0.905
4.223
3.861
43.435

29
Codec 4/FR
C/I 22dB
C
Car
96
4.219
0.784
4.376
4.062
45.535

30
Codec 4/FR
C/I 19dB
C
Car
96
4.229
0.801
4.389
4.069
45.669

31
Codec 4/FR
C/I 16dB
C
Car
96
4.313
0.744
4.461
4.164
46.793

32
Codec 4/HR
C/I 25dB
C
Car
96
4.125
0.886
4.302
3.948
44.385

33
Codec 4/HR
C/I 22dB
C
Car
96
3.979
0.929
4.165
3.793
42.758

34
Codec 4/HR
C/I 19dB
C
Car
96
3.594
0.969
3.788
3.400
39.053

35
Codec 5/FR
C/I 22dB
C
Car
96
4.135
0.854
4.306
3.965
44.508

36
Codec 5/FR
C/I 19dB
C
Car
96
3.969
0.876
4.144
3.794
42.648

37
Codec 5/FR
C/I 16dB
C
Car
96
4.021
0.870
4.195
3.847
43.206

38
Codec 5/HR
C/I 25dB
C
Car
96
4.010
0.840
4.178
3.842
43.093

39
Codec 5/HR
C/I 22dB
C
Car
96
3.854
0.870
4.028
3.680
41.481

40
Codec 5/HR
C/I 19dB
C
Car
96
4.010
0.814
4.173
3.848
43.093

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, SD is standard deviation, Se is Standard Error, +95% and -95% are respectively the upper and lower 95% confidence interval; Qeqv is the MNRU equivalent-Q value.

Table 2(b): Test Conditions for Experiment 4B

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
SD(all)
+95%
-95%
Qeqv

1
Direct
-
-
Street
96
3.865
1.012
4.067
3.662
42.103

2
MNRU
Q=45dB
-
Street
96
3.906
1.006
4.108
3.705
43.402

3
MNRU
Q=37dB
-
Street
96
3.635
0.985
3.833
3.438
37.368

4
MNRU
Q=29dB
-
Street
96
2.844
1.079
3.060
2.628
28.987

5
MNRU
Q=21dB
-
Street
96
1.885
0.972
2.080
1.691
20.958

6
MNRU
Q=13dB
-
Street
96
1.302
0.505
1.403
1.201
12.996

7
MNRU
Q=05dB
-
Street
96
1.083
0.451
1.174
0.993
5.150

8
G.722@64
Nom, 1x
-
Street
96
3.552
1.045
3.761
3.343
36.145

9
G.722@56
Nom, 1x
-
Street
96
3.573
0.992
3.771
3.374
36.436

10
G.722@48
Nom, 1x
-
Street
96
3.427
0.949
3.617
3.237
34.559

11
Codec 1/FR
C/I 22dB
C
Street
96
3.688
0.955
3.879
3.496
38.227

12
Codec 1/FR
C/I 19dB
C
Street
96
3.833
0.937
4.021
3.646
41.262

13
Codec 1/FR
C/I 16dB
C
Street
96
3.615
0.899
3.794
3.435
37.046

14
Codec 1/HR
C/I 25dB
C
Street
96
3.625
0.932
3.811
3.439
37.206

15
Codec 1/HR
C/I 22dB
C
Street
96
3.635
0.896
3.815
3.456
37.368

16
Codec 1/HR
C/I 19dB
C
Street
96
3.667
0.959
3.858
3.475
37.873

17
Codec 2/FR
C/I 22dB
C
Street
96
3.792
0.870
3.966
3.618
40.269

18
Codec 2/FR
C/I 19dB
C
Street
96
3.906
0.907
4.088
3.725
43.402

19
Codec 2/FR
C/I 16dB
C
Street
96
3.677
0.979
3.873
3.481
38.048

20
Codec 2/HR
C/I 25dB
C
Street
96
3.771
0.900
3.951
3.591
39.817

21
Codec 2/HR
C/I 22dB
C
Street
96
3.823
0.951
4.013
3.633
41.001

22
Codec 2/HR
C/I 19dB
C
Street
96
3.771
0.934
3.958
3.584
39.817

23
Codec 3/FR
C/I 22dB
C
Street
96
4.052
0.910
4.234
3.870
52.378

24
Codec 3/FR
C/I 19dB
C
Street
96
3.948
0.944
4.137
3.759
44.993

25
Codec 3/FR
C/I 16dB
C
Street
96
3.917
0.902
4.097
3.736
43.767

26
Codec 3/HR
C/I 25dB
C
Street
96
4.010
0.946
4.200
3.821
48.409

27
Codec 3/HR
C/I 22dB
C
Street
96
3.927
0.976
4.122
3.732
44.152

28
Codec 3/HR
C/I 19dB
C
Street
96
3.854
1.056
4.065
3.643
41.812

29
Codec 4/FR
C/I 22dB
C
Street
96
3.802
1.012
4.004
3.600
40.505

30
Codec 4/FR
C/I 19dB
C
Street
96
3.792
0.962
3.984
3.599
40.269

31
Codec 4/FR
C/I 16dB
C
Street
96
3.688
1.009
3.889
3.486
38.227

32
Codec 4/HR
C/I 25dB
C
Street
96
3.813
0.998
4.012
3.613
40.749

33
Codec 4/HR
C/I 22dB
C
Street
96
3.708
0.928
3.894
3.523
38.596

34
Codec 4/HR
C/I 19dB
C
Street
96
3.521
0.929
3.707
3.335
35.724

35
Codec 5/FR
C/I 22dB
C
Street
96
3.823
0.894
4.002
3.644
41.001

36
Codec 5/FR
C/I 19dB
C
Street
96
3.781
0.965
3.974
3.588
40.039

37
Codec 5/FR
C/I 16dB
C
Street
96
3.813
0.977
4.008
3.617
40.749

38
Codec 5/HR
C/I 25dB
C
Street
96
3.802
0.925
3.987
3.617
40.505

39
Codec 5/HR
C/I 22dB
C
Street
96
3.708
0.994
3.907
3.510
38.596

40
Codec 5/HR
C/I 19dB
C
Street
96
3.688
0.944
3.876
3.499
38.227

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, SD is standard deviation, Se is Standard Error, +95% and -95% are respectively the upper and lower 95% confidence interval; Qeqv is the MNRU equivalent-Q value.

Table 2(c): Test Conditions for Experiment 4C

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
SD(all)
+95%
-95%
Qeqv

1
Direct
-
-
Car
96
4.458
0.739
4.606
4.311
45.772

2
MNRU
Q=47dB
-
Car
96
4.490
0.632
4.616
4.363
46.220

3
MNRU
Q=40dB
-
Car
96
4.094
0.712
4.236
3.951
41.354

4
MNRU
Q=33dB
-
Car
96
3.052
0.875
3.227
2.877
32.046

5
MNRU
Q=26dB
-
Car
96
2.354
0.870
2.528
2.180
26.070

6
MNRU
Q=19dB
-
Car
96
1.760
0.778
1.916
1.605
19.677

7
MNRU
Q=12dB
-
Car
96
1.323
0.513
1.426
1.220
12.117

8
MNRU
Q=05dB
-
Car
96
1.083
0.278
1.139
1.028
3.590

9
G.722@64
Nom, 1x
-
Car
96
4.438
0.646
4.567
4.308
45.482

10
G.722@56
Nom, 1x
-
Car
96
4.396
0.672
4.530
4.261
44.918

11
G.722@48
Nom, 1x
-
Car
96
4.156
0.716
4.299
4.013
42.031

12
Codec 1
Error-free
E
Car
96
4.250
0.711
4.392
4.108
43.099

13
Codec 1
EP-E-1
E
Car
96
4.146
0.821
4.310
3.982
41.917

14
Codec 1
EP-E-2
E
Car
96
4.094
0.741
4.242
3.946
41.354

15
Codec 1
EP-E-3
E
Car
96
3.896
0.876
4.071
3.721
39.354

16
Codec 1
EP-E-4
E
Car
96
3.927
0.849
4.097
3.757
39.657

17
Codec 2
Error-free
E
Car
96
3.990
0.788
4.147
3.832
40.277

18
Codec 2
EP-E-1
E
Car
96
3.948
0.716
4.091
3.805
39.862

19
Codec 2
EP-E-2
E
Car
96
3.792
0.780
3.948
3.636
38.369

20
Codec 2
EP-E-3
E
Car
96
3.781
0.810
3.943
3.619
38.273

21
Codec 2
EP-E-4
E
Car
96
3.708
0.893
3.887
3.530
37.607

22
Codec 3
Error-free
E
Car
96
4.469
0.664
4.602
4.336
45.920

23
Codec 3
EP-E-1
E
Car
96
4.292
0.739
4.439
4.144
43.597

24
Codec 3
EP-E-2
E
Car
96
4.250
0.725
4.395
4.105
43.099

25
Codec 3
EP-E-3
E
Car
96
4.250
0.781
4.406
4.094
43.099

26
Codec 3
EP-E-4
E
Car
96
4.208
0.739
4.356
4.061
42.616

27
Codec 4
Error-free
E
Car
96
4.427
0.736
4.574
4.280
45.339

28
Codec 4
EP-E-1
E
Car
96
4.323
0.688
4.461
4.185
43.981

29
Codec 4
EP-E-2
E
Car
96
4.104
0.840
4.272
3.936
41.465

30
Codec 4
EP-E-3
E
Car
96
4.083
0.804
4.244
3.923
41.244

31
Codec 4
EP-E-4
E
Car
96
3.823
0.871
3.997
3.649
38.660

32
Codec 5
Error-free
E
Car
96
4.208
0.780
4.364
4.052
42.616

33
Codec 5
EP-E-1
E
Car
96
4.260
0.824
4.425
4.096
43.222

34
Codec 5
EP-E-2
E
Car
96
4.302
0.698
4.442
4.163
43.724

35
Codec 5
EP-E-3
E
Car
96
4.135
0.816
4.299
3.972
41.803

36
Codec 5
EP-E-4
E
Car
96
4.177
0.711
4.319
4.035
42.263

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, SD is standard deviation, Se is Standard Error, +95% and -95% are respectively the upper and lower 95% confidence interval; Qeqv is the MNRU equivalent-Q value.

Table 2(d): Test Conditions for Experiment 4D

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
SD(all)
+95%
-95%
Qeqv

1
Direct
-
-
Street
96
4.656
0.595
4.775
4.537
47.715

2
MNRU
Q=47dB
-
Street
96
4.573
0.722
4.717
4.429
44.235

3
MNRU
Q=40dB
-
Street
96
4.490
0.711
4.632
4.347
41.893

4
MNRU
Q=33dB
-
Street
96
3.865
1.062
4.077
3.652
33.172

5
MNRU
Q=26dB
-
Street
96
2.844
1.164
3.077
2.611
25.407

6
MNRU
Q=19dB
-
Street
96
2.063
1.024
2.267
1.858
19.497

7
MNRU
Q=12dB
-
Street
96
1.479
0.725
1.624
1.334
12.620

8
MNRU
Q=05dB
-
Street
96
1.156
0.530
1.262
1.050
2.596

9
G.722@64
Nom, 1x
-
Street
96
4.260
0.798
4.420
4.101
37.686

10
G.722@56
Nom, 1x
-
Street
96
4.104
0.912
4.287
3.922
35.663

11
G.722@48
Nom, 1x
-
Street
96
4.010
0.877
4.186
3.835
34.621

12
Codec 1
Error-free
E
Street
96
4.542
0.695
4.681
4.403
43.268

13
Codec 1
EP-E-1
E
Street
96
4.479
0.696
4.618
4.340
41.646

14
Codec 1
EP-E-2
E
Street
96
4.375
0.824
4.540
4.210
39.524

15
Codec 1
EP-E-3
E
Street
96
4.521
0.696
4.660
4.382
42.688

16
Codec 1
EP-E-4
E
Street
96
4.448
0.679
4.584
4.312
40.948

17
Codec 2
Error-free
E
Street
96
4.427
0.692
4.566
4.289
40.514

18
Codec 2
EP-E-1
E
Street
96
4.417
0.721
4.561
4.273
40.306

19
Codec 2
EP-E-2
E
Street
96
4.427
0.805
4.588
4.266
40.514

20
Codec 2
EP-E-3
E
Street
96
4.438
0.678
4.573
4.302
40.728

21
Codec 2
EP-E-4
E
Street
96
4.479
0.696
4.618
4.340
41.646

22
Codec 3
Error-free
E
Street
96
4.656
0.630
4.782
4.530
47.715

23
Codec 3
EP-E-1
E
Street
96
4.729
0.470
4.823
4.635
53.601

24
Codec 3
EP-E-2
E
Street
96
4.573
0.645
4.702
4.444
44.235

25
Codec 3
EP-E-3
E
Street
96
4.594
0.674
4.729
4.459
44.959

26
Codec 3
EP-E-4
E
Street
96
4.510
0.649
4.640
4.381
42.414

27
Codec 4
Error-free
E
Street
96
4.500
0.632
4.627
4.373
42.149

28
Codec 4
EP-E-1
E
Street
96
4.427
0.764
4.580
4.274
40.514

29
Codec 4
EP-E-2
E
Street
96
4.354
0.846
4.523
4.185
39.159

30
Codec 4
EP-E-3
E
Street
96
4.333
0.804
4.494
4.173
38.809

31
Codec 4
EP-E-4
E
Street
96
4.250
0.871
4.424
4.076
37.537

32
Codec 5
Error-free
E
Street
96
4.490
0.740
4.638
4.342
41.893

33
Codec 5
EP-E-1
E
Street
96
4.458
0.679
4.594
4.322
41.173

34
Codec 5
EP-E-2
E
Street
96
4.438
0.792
4.596
4.279
40.728

35
Codec 5
EP-E-3
E
Street
96
4.344
0.819
4.507
4.180
38.982

36
Codec 5
EP-E-4
E
Street
96
4.354
0.781
4.510
4.198
39.159

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, SD is standard deviation, Se is Standard Error, +95% and -95% are respectively the upper and lower 95% confidence interval; Qeqv is the MNRU equivalent-Q value.

Table 3(a): Rank-ordered Test Conditions for Experiment 3A

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
+95%
-95%
LSD
HSD

1
Direct
-
-
Car
96
4.698
4.821
4.574



2
MNRU
Q=47dB
-
Car
96
4.677
4.802
4.552



3
MNRU
Q=40dB
-
Car
96
4.302
4.450
4.154
N
N

4
MNRU
Q=33dB
-
Car
96
3.542
3.743
3.341
/
/

5
MNRU
Q=26dB
-
Car
96
2.635
2.849
2.422
A
A

6
MNRU
Q=19dB
-
Car
96
1.938
2.130
1.745



7
MNRU
Q=12dB
-
Car
96
1.333
1.475
1.192



8
MNRU
Q=05dB
-
Car
96
1.115
1.206
1.023



9
G.722@64
Nom, 1x
-
Car
96
4.573
4.711
4.434
 |
 |

10
G.722@56
Nom, 1x
-
Car
96
4.542
4.678
4.406
 |
 |

11
G.722@48
Nom, 1x
-
Car
96
4.417
4.564
4.270
 |
 |

12
Codec 1
Error-free
A
Car
96
4.250
4.401
4.099
|
|

32
Codec 5
Error-free
A
Car
96
4.188
4.360
4.015
|
|

22
Codec 3
Error-free
A
Car
96
4.156
4.316
3.996
|
||

27
Codec 4
Error-free
A
Car
96
4.125
4.322
3.928
|
||

17
Codec 2
Error-free
A
Car
96
3.844
4.014
3.674
 |
 |

23
Codec 3
C/I 13dB
A
Car
96
4.156
4.334
3.979
|
|

33
Codec 5
C/I 13dB
A
Car
96
4.115
4.278
3.951
|
|

13
Codec 1
C/I 13dB
A
Car
96
3.979
4.148
3.810
||
||

28
Codec 4
C/I 13dB
A
Car
96
3.969
4.149
3.789
||
||

18
Codec 2
C/I 13dB
A
Car
96
3.740
3.917
3.562
 |
 |

24
Codec 3
C/I 10dB
A
Car
96
4.052
4.227
3.877
|
|

14
Codec 1
C/I 10dB
A
Car
96
3.854
4.028
3.680
||
|

29
Codec 4
C/I 10dB
A
Car
96
3.688
3.891
3.484
 |
||

34
Codec 5
C/I 10dB
A
Car
96
3.677
3.873
3.481
 |
 |

19
Codec 2
C/I 10dB
A
Car
96
3.385
3.589
3.181
  |
 |

25
Codec 3
C/I 07dB
A
Car
96
3.313
3.501
3.124
|
|

15
Codec 1
C/I 07dB
A
Car
96
3.260
3.466
3.055
|
|

35
Codec 5
C/I 07dB
A
Car
96
3.219
3.403
3.035
|
|

30
Codec 4
C/I 07dB
A
Car
96
3.073
3.277
2.869
|
||

20
Codec 2
C/I 07dB
A
Car
96
2.771
2.969
2.573
 |
 |

16
Codec 1
C/I 04dB
A
Car
96
2.688
2.893
2.482
|
|

26
Codec 3
C/I 04dB
A
Car
96
2.500
2.701
2.299
||
|

36
Codec 5
C/I 04dB
A
Car
96
2.417
2.617
2.216
 |
||

31
Codec 4
C/I 04dB
A
Car
96
2.052
2.234
1.870
  |
 ||

21
Codec 2
C/I 04dB
A
Car
96
1.719
1.869
1.569
   |
  |

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, +95% and -95% are respectively the upper and lower 95% confidence interval; LSD is Student’s t-test Least Significant Difference; HSD is Tukey’s Honestly Significant Difference.

Table 3(b): Rank-ordered Test Conditions for Experiment 3B

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
+95%
-95%
LSD
HSD

1
Direct
-
-
Street
96
4.594
4.708
4.479



3
MNRU
Q=40dB
-
Street
96
4.521
4.663
4.379



2
MNRU
Q=47dB
-
Street
96
4.479
4.630
4.328
N
N

4
MNRU
Q=33dB
-
Street
96
3.750
3.940
3.560
/
/

5
MNRU
Q=26dB
-
Street
96
2.479
2.704
2.254
A
A

6
MNRU
Q=19dB
-
Street
96
1.906
2.110
1.703



7
MNRU
Q=12dB
-
Street
96
1.469
1.628
1.310



8
MNRU
Q=05dB
-
Street
96
1.146
1.238
1.054



9
G.722@64
Nom, 1x
-
Street
96
4.219
4.388
4.049
 |
 |

10
G.722@56
Nom, 1x
-
Street
96
4.115
4.291
3.938
 |
 |

11
G.722@48
Nom, 1x
-
Street
96
3.990
4.177
3.803
 |
 |

32
Codec 5
Error-free
A
Street
96
4.250
4.424
4.076
|
|

22
Codec 3
Error-free
A
Street
96
4.250
4.431
4.069
|
|

12
Codec 1
Error-free
A
Street
96
4.198
4.366
4.030
||
|

27
Codec 4
Error-free
A
Street
96
3.948
4.128
3.768
 ||
||

17
Codec 2
Error-free
A
Street
96
3.698
3.897
3.499
  |
 |

23
Codec 3
C/I 13dB
A
Street
96
4.438
4.591
4.284
|
|

33
Codec 5
C/I 13dB
A
Street
96
4.167
4.340
3.993
 |
||

13
Codec 1
C/I 13dB
A
Street
96
3.979
4.160
3.798
 |
 ||

28
Codec 4
C/I 13dB
A
Street
96
3.688
3.889
3.486
  |
  ||

18
Codec 2
C/I 13dB
A
Street
96
3.573
3.782
3.364
  |
   |

24
Codec 3
C/I 10dB
A
Street
96
4.115
4.286
3.943
|
|

14
Codec 1
C/I 10dB
A
Street
96
3.875
4.066
3.684
||
|

34
Codec 5
C/I 10dB
A
Street
96
3.750
3.951
3.549
 |
||

29
Codec 4
C/I 10dB
A
Street
96
3.448
3.657
3.239
  |
 |

19
Codec 2
C/I 10dB
A
Street
96
3.396
3.627
3.165
  |
 |

25
Codec 3
C/I 07dB
A
Street
96
3.521
3.720
3.322
|
|

35
Codec 5
C/I 07dB
A
Street
96
3.500
3.711
3.289
|
|

15
Codec 1
C/I 07dB
A
Street
96
3.052
3.262
2.842
 |
 |

30
Codec 4
C/I 07dB
A
Street
96
2.948
3.150
2.746
 |
 ||

20
Codec 2
C/I 07dB
A
Street
96
2.573
2.806
2.339
  |
  |

26
Codec 3
C/I 04dB
A
Street
96
2.729
2.949
2.509
|
|

36
Codec 5
C/I 04dB
A
Street
96
2.708
2.939
2.478
|
|

16
Codec 1
C/I 04dB
A
Street
96
2.625
2.837
2.413
|
|

31
Codec 4
C/I 04dB
A
Street
96
2.115
2.309
1.920
 |
 |

21
Codec 2
C/I 04dB
A
Street
96
1.844
2.026
1.662
 |
 |

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, +95% and -95% are respectively the upper and lower 95% confidence interval; LSD is Student’s t-test Least Significant Difference; HSD is Tukey’s Honestly Significant Difference.

Table 3(c): Rank-ordered Test Conditions for Experiment 3C

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
+95%
-95%
LSD
HSD

1
Direct
-
-
Car
96
4.885
4.956
4.815



2
MNRU
Q=47dB
-
Car
96
4.792
4.878
4.705



3
MNRU
Q=40dB
-
Car
96
4.375
4.540
4.210
N
N

4
MNRU
Q=33dB
-
Car
96
3.115
3.284
2.946
/
/

5
MNRU
Q=26dB
-
Car
96
2.229
2.389
2.069
A
A

6
MNRU
Q=19dB
-
Car
96
1.771
1.931
1.611



7
MNRU
Q=12dB
-
Car
96
1.229
1.343
1.115



8
MNRU
Q=05dB
-
Car
96
1.042
1.082
1.001



10
G.722@56
Nom, 1x
-
Car
96
4.656
4.772
4.541
|
|

9
G.722@64
Nom, 1x
-
Car
96
4.646
4.762
4.530
|
|

11
G.722@48
Nom, 1x
-
Car
96
4.438
4.567
4.308
 |
 |

22
Codec 3
Error-free
B
Car
96
4.646
4.754
4.537
|
|

32
Codec 5
Error-free
B
Car
96
4.438
4.576
4.299
 |
||

12
Codec 1
Error-free
B
Car
96
4.375
4.515
4.235
 ||
||

17
Codec 2
Error-free
B
Car
96
4.260
4.406
4.115
 ||
 |

27
Codec 4
Error-free
B
Car
96
4.240
4.395
4.084
  |
 |

23
Codec 3
C/I 19dB
B
Car
96
4.615
4.732
4.497
|
|

33
Codec 5
C/I 19dB
B
Car
96
4.438
4.579
4.296
||
||

13
Codec 1
C/I 19dB
B
Car
96
4.385
4.534
4.236
 |
||

28
Codec 4
C/I 19dB
B
Car
96
4.302
4.442
4.163
 |
 |

18
Codec 2
C/I 19dB
B
Car
96
4.260
4.412
4.109
 |
 |

24
Codec 3
C/I 16dB
B
Car
96
4.521
4.657
4.385
|
|

34
Codec 5
C/I 16dB
B
Car
96
4.427
4.571
4.283
||
||

29
Codec 4
C/I 16dB
B
Car
96
4.260
4.397
4.124
 ||
||

14
Codec 1
C/I 16dB
B
Car
96
4.188
4.350
4.025
  |
 ||

19
Codec 2
C/I 16dB
B
Car
96
3.906
4.085
3.727
   |
  |

25
Codec 3
C/I 13dB
B
Car
96
4.542
4.668
4.415
|
|

35
Codec 5
C/I 13dB
B
Car
96
4.375
4.512
4.238
|
||

15
Codec 1
C/I 13dB
B
Car
96
4.104
4.277
3.931
 |
 ||

20
Codec 2
C/I 13dB
B
Car
96
3.896
4.059
3.733
 ||
  ||

30
Codec 4
C/I 13dB
B
Car
96
3.750
3.922
3.578
  |
   |

26
Codec 3
C/I 10dB
B
Car
96
4.208
4.372
4.044
|
|

16
Codec 1
C/I 10dB
B
Car
96
4.052
4.222
3.882
|
||

36
Codec 5
C/I 10dB
B
Car
96
3.708
3.909
3.507
 |
 ||

21
Codec 2
C/I 10dB
B
Car
96
3.448
3.636
3.260
  |
  |

31
Codec 4
C/I 10dB
B
Car
96
3.438
3.618
3.257
  |
  |

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, +95% and -95% are respectively the upper and lower 95% confidence interval; LSD is Student’s t-test Least Significant Difference; HSD is Tukey’s Honestly Significant Difference.

Table 3(d): Rank-ordered Test Conditions for Experiment 3D

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
+95%
-95%
LSD
HSD

3
MNRU
Q=40dB
-
Street
96
4.625
4.765
4.485



1
Direct
-
-
Street
96
4.594
4.743
4.444



2
MNRU
Q=47dB
-
Street
96
4.573
4.717
4.429
N
N

4
MNRU
Q=33dB
-
Street
96
3.667
3.845
3.489
/
/

5
MNRU
Q=26dB
-
Street
96
2.698
2.895
2.501
A
A

6
MNRU
Q=19dB
-
Street
96
1.938
2.111
1.764



7
MNRU
Q=12dB
-
Street
96
1.375
1.488
1.262



8
MNRU
Q=05dB
-
Street
96
1.125
1.231
1.019



9
G.722@64
Nom, 1x
-
Street
96
4.354
4.513
4.195
 |
  |

10
G.722@56
Nom, 1x
-
Street
96
4.094
4.256
3.932
  |
  |

11
G.722@48
Nom, 1x
-
Street
96
4.083
4.259
3.908
  |
  |

22
Codec 3
Error-free
B
Street
96
4.667
4.789
4.545
|
|

32
Codec 5
Error-free
B
Street
96
4.552
4.685
4.419
||
||

17
Codec 2
Error-free
B
Street
96
4.448
4.587
4.309
 ||
||

12
Codec 1
Error-free
B
Street
96
4.302
4.472
4.133
  ||
 ||

27
Codec 4
Error-free
B
Street
96
4.115
4.262
3.967
   |
  |

23
Codec 3
C/I 19dB
B
Street
96
4.750
4.855
4.645
|
|

33
Codec 5
C/I 19dB
B
Street
96
4.583
4.718
4.448
|
||

13
Codec 1
C/I 19dB
B
Street
96
4.344
4.488
4.199
 |
 ||

18
Codec 2
C/I 19dB
B
Street
96
4.281
4.455
4.108
 ||
  |

28
Codec 4
C/I 19dB
B
Street
96
4.083
4.236
3.931
  |
  |

24
Codec 3
C/I 16dB
B
Street
96
4.646
4.769
4.523
|
|

34
Codec 5
C/I 16dB
B
Street
96
4.490
4.626
4.353
||
||

14
Codec 1
C/I 16dB
B
Street
96
4.302
4.459
4.145
 ||
 ||

19
Codec 2
C/I 16dB
B
Street
96
4.115
4.281
3.948
  ||
  |

29
Codec 4
C/I 16dB
B
Street
96
4.042
4.216
3.868
   |
  |

25
Codec 3
C/I 13dB
B
Street
96
4.490
4.626
4.353
|
|

35
Codec 5
C/I 13dB
B
Street
96
4.375
4.518
4.232
||
||

15
Codec 1
C/I 13dB
B
Street
96
4.229
4.381
4.077
 ||
||

20
Codec 2
C/I 13dB
B
Street
96
4.073
4.233
3.913
  ||
 ||

30
Codec 4
C/I 13dB
B
Street
96
3.865
4.045
3.684
   |
  |

26
Codec 3
C/I 10dB
B
Street
96
4.344
4.494
4.193
|
|

16
Codec 1
C/I 10dB
B
Street
96
4.115
4.276
3.953
||
|

36
Codec 5
C/I 10dB
B
Street
96
4.031
4.209
3.854
 |
|

21
Codec 2
C/I 10dB
B
Street
96
3.667
3.849
3.484
  |
 |

31
Codec 4
C/I 10dB
B
Street
96
3.438
3.625
3.250
  |
 |

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, +95% and -95% are respectively the upper and lower 95% confidence interval; LSD is Student’s t-test Least Significant Difference; HSD is Tukey’s Honestly Significant Difference.

Table 3(e): Rank-ordered Test Conditions for Experiment 3E

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
+95%
-95%
LSD
HSD

1
Direct
-
-
Car
96
4.740
4.832
4.647



3
MNRU
Q=30dB
-
Car
96
4.604
4.715
4.494



4
MNRU
Q=25dB
-
Car
96
4.240
4.369
4.111
N
N

5
MNRU
Q=20dB
-
Car
96
3.469
3.648
3.290
/
/

6
MNRU
Q=15dB
-
Car
96
2.552
2.728
2.376
A
A

7
MNRU
Q=10dB
-
Car
96
1.823
1.971
1.675



8
MNRU
Q=5dB
-
Car
96
1.250
1.370
1.130



15
GSM-EFR
Error-free
A&B
Car
96
4.396
4.548
4.244
|
|

16
GSM-EFR
C/I 13dB
A&B
Car
96
4.375
4.509
4.241
|
||

17
GSM-EFR
C/I 10dB
A&B
Car
96
4.073
4.219
3.927
 |
 |

18
GSM-EFR
C/I 07dB
A&B
Car
96
3.375
3.559
3.191
  |
  |

19
GSM-EFR
C/I 04dB
A&B
Car
96
1.615
1.775
1.455
   |
   |

2
Direct
-
-
Street
96
4.188
4.399
3.976



9
MNRU
Q=30dB
-
Street
96
4.135
4.365
3.906



10
MNRU
Q=25dB
-
Street
96
3.958
4.167
3.749
N
N

11
MNRU
Q=20dB
-
Street
96
3.406
3.621
3.192
/
/

12
MNRU
Q=15dB
-
Street
96
2.635
2.830
2.440
A
A

13
MNRU
Q=10dB
-
Street
96
1.823
1.995
1.651



14
MNRU
Q=5dB
-
Street
96
1.229
1.319
1.140



20
GSM-EFR
Error-free
A&B
Street
96
4.052
4.268
3.836
|
|

21
GSM-EFR
C/I 13dB
A&B
Street
96
3.979
4.165
3.793
|
|

22
GSM-EFR
C/I 10dB
A&B
Street
96
3.802
4.000
3.604
|
|

23
GSM-EFR
C/I 07dB
A&B
Street
96
3.229
3.439
3.019
 |
 |

24
GSM-EFR
C/I 04dB
A&B
Street
96
1.490
1.643
1.336
  |
  |

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, +95% and -95% are respectively the upper and lower 95% confidence interval; LSD is Student’s t-test Least Significant Difference; HSD is Tukey’s Honestly Significant Difference.

Table 4(a): Rank-ordered Test Conditions for Experiment 4A

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
+95%
-95%
LSD
HSD

1
Direct
-
-
Car
96
4.365
4.513
4.216



2
MNRU
Q=45dB
-
Car
96
4.271
4.431
4.111



3
MNRU
Q=37dB
-
Car
96
3.302
3.501
3.103
N
N

4
MNRU
Q=29dB
-
Car
96
2.292
2.453
2.130
/
/

5
MNRU
Q=21dB
-
Car
96
1.875
2.055
1.695
A
A

6
MNRU
Q=13dB
-
Car
96
1.344
1.494
1.193



7
MNRU
Q=05dB
-
Car
96
1.094
1.176
1.011



8
G.722@64
Nom, 1x
-
Car
96
4.104
4.272
3.936
 |
 |

9
G.722@56
Nom, 1x
-
Car
96
4.063
4.229
3.896
 |
 |

10
G.722@48
Nom, 1x
-
Car
96
3.990
4.163
3.817
 |
 |

29
Codec 4/FR
C/I 22dB
C
Car
96
4.219
4.376
4.062
  |
   |

23
Codec 3/FR
C/I 22dB
C
Car
96
4.177
4.339
4.015
  |
   |

35
Codec 5/FR
C/I 22dB
C
Car
96
4.135
4.306
3.965
  |
   |

11
Codec 1/FR
C/I 22dB
C
Car
96
4.052
4.209
3.895
  |
   |

17
Codec 2/FR
C/I 22dB
C
Car
96
4.010
4.193
3.828
  |
   |

24
Codec 3/FR
C/I 19dB
C
Car
96
4.333
4.494
4.173
|
|

30
Codec 4/FR
C/I 19dB
C
Car
96
4.229
4.389
4.069
||
||

12
Codec 1/FR
C/I 19dB
C
Car
96
4.052
4.215
3.890
 ||
|||

36
Codec 5/FR
C/I 19dB
C
Car
96
3.969
4.144
3.794
  |
 ||

18
Codec 2/FR
C/I 19dB
C
Car
96
3.844
4.023
3.664
  |
  |

25
Codec 3/FR
C/I 16dB
C
Car
96
4.323
4.488
4.157
|
|

31
Codec 4/FR
C/I 16dB
C
Car
96
4.313
4.461
4.164
|
|

37
Codec 5/FR
C/I 16dB
C
Car
96
4.021
4.195
3.847
 |
||

19
Codec 2/FR
C/I 16dB
C
Car
96
3.833
4.014
3.653
 ||
 |

13
Codec 1/FR
C/I 16dB
C
Car
96
3.760
3.939
3.582
  |
 |

26
Codec 3/HR
C/I 25dB
C
Car
96
4.177
4.346
4.008
|
|

32
Codec 4/HR
C/I 25dB
C
Car
96
4.125
4.302
3.948
|
||

38
Codec 5/HR
C/I 25dB
C
Car
96
4.010
4.178
3.842
||
|||

20
Codec 2/HR
C/I 25dB
C
Car
96
3.813
4.006
3.619
 ||
 ||

14
Codec 1/HR
C/I 25dB
C
Car
96
3.729
3.889
3.569
  |
  |

27
Codec 3/HR
C/I 22dB
C
Car
96
4.115
4.288
3.941
|
|

33
Codec 4/HR
C/I 22dB
C
Car
96
3.979
4.165
3.793
||
||

21
Codec 2/HR
C/I 22dB
C
Car
96
3.885
4.073
3.698
||
||

39
Codec 5/HR
C/I 22dB
C
Car
96
3.854
4.028
3.680
 |
||

15
Codec 1/HR
C/I 22dB
C
Car
96
3.740
3.914
3.565
 |
 |

28
Codec 3/HR
C/I 19dB
C
Car
96
4.042
4.223
3.861
|
|

40
Codec 5/HR
C/I 19dB
C
Car
96
4.010
4.173
3.848
|
||

16
Codec 1/HR
C/I 19dB
C
Car
96
3.750
3.936
3.564
 |
|||

22
Codec 2/HR
C/I 19dB
C
Car
96
3.656
3.830
3.483
 |
 ||

34
Codec 4/HR
C/I 19dB
C
Car
96
3.594
3.788
3.400
 |
  |

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, +95% and -95% are respectively the upper and lower 95% confidence interval; LSD is Student’s t-test Least Significant Difference; HSD is Tukey’s Honestly Significant Difference.

Table 4(b): Rank-ordered Test Conditions for Experiment 4B

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
+95%
-95%
LSD
HSD

2
MNRU
Q=45dB
-
Street
96
3.906
4.108
3.705



1
Direct
-
-
Street
96
3.865
4.067
3.662



3
MNRU
Q=37dB
-
Street
96
3.635
3.833
3.438
N
N

4
MNRU
Q=29dB
-
Street
96
2.844
3.060
2.628
/
/

5
MNRU
Q=21dB
-
Street
96
1.885
2.080
1.691
A
A

6
MNRU
Q=13dB
-
Street
96
1.302
1.403
1.201



7
MNRU
Q=05dB
-
Street
96
1.083
1.174
0.993



9
G.722@56
Nom, 1x
-
Street
96
3.573
3.771
3.374
 |
 |

8
G.722@64
Nom, 1x
-
Street
96
3.552
3.761
3.343
 |
 |

10
G.722@48
Nom, 1x
-
Street
96
3.427
3.617
3.237
 |
 |

23
Codec 3/FR
C/I 22dB
C
Street
96
4.052
4.234
3.870
|
|

35
Codec 5/FR
C/I 22dB
C
Street
96
3.823
4.002
3.644
||
|

29
Codec 4/FR
C/I 22dB
C
Street
96
3.802
4.004
3.600
||
|

17
Codec 2/FR
C/I 22dB
C
Street
96
3.792
3.966
3.618
||
|

11
Codec 1/FR
C/I 22dB
C
Street
96
3.688
3.879
3.496
 |
|

24
Codec 3/FR
C/I 19dB
C
Street
96
3.948
4.137
3.759
 |
 |

18
Codec 2/FR
C/I 19dB
C
Street
96
3.906
4.088
3.725
 |
 |

12
Codec 1/FR
C/I 19dB
C
Street
96
3.833
4.021
3.646
 |
 |

30
Codec 4/FR
C/I 19dB
C
Street
96
3.792
3.984
3.599
 |
 |

36
Codec 5/FR
C/I 19dB
C
Street
96
3.781
3.974
3.588
 |
 |

25
Codec 3/FR
C/I 16dB
C
Street
96
3.917
4.097
3.736
  |
  |

37
Codec 5/FR
C/I 16dB
C
Street
96
3.813
4.008
3.617
  ||
  |

31
Codec 4/FR
C/I 16dB
C
Street
96
3.688
3.889
3.486
  ||
  |

19
Codec 2/FR
C/I 16dB
C
Street
96
3.677
3.873
3.481
  ||
  |

13
Codec 1/FR
C/I 16dB
C
Street
96
3.615
3.794
3.435
   |
  |

26
Codec 3/HR
C/I 25dB
C
Street
96
4.010
4.200
3.821
 |
|

32
Codec 4/HR
C/I 25dB
C
Street
96
3.813
4.012
3.613
 ||
||

38
Codec 5/HR
C/I 25dB
C
Street
96
3.802
3.987
3.617
 ||
||

20
Codec 2/HR
C/I 25dB
C
Street
96
3.771
3.951
3.591
 ||
||

14
Codec 1/HR
C/I 25dB
C
Street
96
3.625
3.811
3.439
  |
 |

27
Codec 3/HR
C/I 22dB
C
Street
96
3.927
4.122
3.732
|
|

21
Codec 2/HR
C/I 22dB
C
Street
96
3.823
4.013
3.633
||
|

33
Codec 4/HR
C/I 22dB
C
Street
96
3.708
3.894
3.523
||
|

39
Codec 5/HR
C/I 22dB
C
Street
96
3.708
3.907
3.510
||
|

15
Codec 1/HR
C/I 22dB
C
Street
96
3.635
3.815
3.456
 |
|

28
Codec 3/HR
C/I 19dB
C
Street
96
3.854
4.065
3.643
|
 |

22
Codec 2/HR
C/I 19dB
C
Street
96
3.771
3.958
3.584
||
 |

40
Codec 5/HR
C/I 19dB
C
Street
96
3.688
3.876
3.499
||
 |

16
Codec 1/HR
C/I 19dB
C
Street
96
3.667
3.858
3.475
||
 |

34
Codec 4/HR
C/I 19dB
C
Street
96
3.521
3.707
3.335
 |
 |

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, +95% and -95% are respectively the upper and lower 95% confidence interval; LSD is Student’s t-test Least Significant Difference; HSD is Tukey’s Honestly Significant Difference.

Table 4(c): Rank-ordered Test Conditions for Experiment 4C

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
+95%
-95%
LSD
HSD

2
MNRU
Q=47dB
-
Car
96
4.490
4.616
4.363



1
Direct
-
-
Car
96
4.458
4.606
4.311



3
MNRU
Q=40dB
-
Car
96
4.094
4.236
3.951
N
N

4
MNRU
Q=33dB
-
Car
96
3.052
3.227
2.877
/
/

5
MNRU
Q=26dB
-
Car
96
2.354
2.528
2.180
A
A

6
MNRU
Q=19dB
-
Car
96
1.760
1.916
1.605



7
MNRU
Q=12dB
-
Car
96
1.323
1.426
1.220



8
MNRU
Q=05dB
-
Car
96
1.083
1.139
1.028



9
G.722@64
Nom, 1x
-
Car
96
4.438
4.567
4.308
|
|

10
G.722@56
Nom, 1x
-
Car
96
4.396
4.530
4.261
|
|

11
G.722@48
Nom, 1x
-
Car
96
4.156
4.299
4.013
 |
 |

22
Codec 3
Error-free
E
Car
96
4.469
4.602
4.336
|
|

27
Codec 4
Error-free
E
Car
96
4.427
4.574
4.280
||
|

12
Codec 1
Error-free
E
Car
96
4.250
4.392
4.108
 ||
||

32
Codec 5
Error-free
E
Car
96
4.208
4.364
4.052
  |
||

17
Codec 2
Error-free
E
Car
96
3.990
4.147
3.832
   |
 |

28
Codec 4
EP-E-1
E
Car
96
4.323
4.461
4.185
|
|

23
Codec 3
EP-E-1
E
Car
96
4.292
4.439
4.144
|
|

33
Codec 5
EP-E-1
E
Car
96
4.260
4.425
4.096
|
|

13
Codec 1
EP-E-1
E
Car
96
4.146
4.310
3.982
||
||

18
Codec 2
EP-E-1
E
Car
96
3.948
4.091
3.805
 |
 |

34
Codec 5
EP-E-2
E
Car
96
4.302
4.442
4.163
|
|

24
Codec 3
EP-E-2
E
Car
96
4.250
4.395
4.105
|
|

29
Codec 4
EP-E-2
E
Car
96
4.104
4.272
3.936
|
|

14
Codec 1
EP-E-2
E
Car
96
4.094
4.242
3.946
|
|

19
Codec 2
EP-E-2
E
Car
96
3.792
3.948
3.636
 |
 |

25
Codec 3
EP-E-3
E
Car
96
4.250
4.406
4.094
|
|

35
Codec 5
EP-E-3
E
Car
96
4.135
4.299
3.972
|
||

30
Codec 4
EP-E-3
E
Car
96
4.083
4.244
3.923
||
|||

15
Codec 1
EP-E-3
E
Car
96
3.896
4.071
3.721
 ||
 ||

20
Codec 2
EP-E-3
E
Car
96
3.781
3.943
3.619
  |
  |

26
Codec 3
EP-E-4
E
Car
96
4.208
4.356
4.061
|
|

36
Codec 5
EP-E-4
E
Car
96
4.177
4.319
4.035
|
|

16
Codec 1
EP-E-4
E
Car
96
3.927
4.097
3.757
 |
||

31
Codec 4
EP-E-4
E
Car
96
3.823
3.997
3.649
 |
 |

21
Codec 2
EP-E-4
E
Car
96
3.708
3.887
3.530
 |
 |

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, +95% and -95% are respectively the upper and lower 95% confidence interval; LSD is Student’s t-test Least Significant Difference; HSD is Tukey’s Honestly Significant Difference.

Table 4(d): Rank-ordered Test Conditions for Experiment 4D

Cond.
Codec
Factor
Application
Noise
Votes
Y(all)
+95%
-95%
LSD
HSD

1
Direct
-
-
Street
96
4.656
4.775
4.537



2
MNRU
Q=47dB
-
Street
96
4.573
4.717
4.429



3
MNRU
Q=40dB
-
Street
96
4.490
4.632
4.347
N
N

4
MNRU
Q=33dB
-
Street
96
3.865
4.077
3.652
/
/

5
MNRU
Q=26dB
-
Street
96
2.844
3.077
2.611
A
A

6
MNRU
Q=19dB
-
Street
96
2.063
2.267
1.858



7
MNRU
Q=12dB
-
Street
96
1.479
1.624
1.334



8
MNRU
Q=05dB
-
Street
96
1.156
1.262
1.050



9
G.722@64
Nom, 1x
-
Street
96
4.260
4.420
4.101
|
 |

10
G.722@56
Nom, 1x
-
Street
96
4.104
4.287
3.922
||
 |

11
G.722@48
Nom, 1x
-
Street
96
4.010
4.186
3.835
 |
 |

22
Codec 3
Error-free
E
Street
96
4.656
4.782
4.530
|
   |

12
Codec 1
Error-free
E
Street
96
4.542
4.681
4.403
||
   |

27
Codec 4
Error-free
E
Street
96
4.500
4.627
4.373
||
   |

32
Codec 5
Error-free
E
Street
96
4.490
4.638
4.342
||
   |

17
Codec 2
Error-free
E
Street
96
4.427
4.566
4.289
 |
   |

23
Codec 3
EP-E-1
E
Street
96
4.729
4.823
4.635
|
|

13
Codec 1
EP-E-1
E
Street
96
4.479
4.618
4.340
 |
||

33
Codec 5
EP-E-1
E
Street
96
4.458
4.594
4.322
 |
 |

28
Codec 4
EP-E-1
E
Street
96
4.427
4.580
4.274
 |
 |

18
Codec 2
EP-E-1
E
Street
96
4.417
4.561
4.273
 |
 |

24
Codec 3
EP-E-2
E
Street
96
4.573
4.702
4.444
|
  |

34
Codec 5
EP-E-2
E
Street
96
4.438
4.596
4.279
|
  |

19
Codec 2
EP-E-2
E
Street
96
4.427
4.588
4.266
|
  |

14
Codec 1
EP-E-2
E
Street
96
4.375
4.540
4.210
|
  |

29
Codec 4
EP-E-2
E
Street
96
4.354
4.523
4.185
|
  |

25
Codec 3
EP-E-3
E
Street
96
4.594
4.729
4.459
|
|

15
Codec 1
EP-E-3
E
Street
96
4.521
4.660
4.382
||
|

20
Codec 2
EP-E-3
E
Street
96
4.438
4.573
4.302
||
|

35
Codec 5
EP-E-3
E
Street
96
4.344
4.507
4.180
 |
|

30
Codec 4
EP-E-3
E
Street
96
4.333
4.494
4.173
 |
|

26
Codec 3
EP-E-4
E
Street
96
4.510
4.640
4.381
|
  |

21
Codec 2
EP-E-4
E
Street
96
4.479
4.618
4.340
|
  |

16
Codec 1
EP-E-4
E
Street
96
4.448
4.584
4.312
||
  |

36
Codec 5
EP-E-4
E
Street
96
4.354
4.510
4.198
||
  |

31
Codec 4
EP-E-4
E
Street
96
4.250
4.424
4.076
 |
  |

Legend: 
Cond: Condition number; Factor: impairment for a given condition; Noise: Background noise type; Y is Degradation Mean Opinion Score, +95% and -95% are respectively the upper and lower 95% confidence interval; LSD is Student’s t-test Least Significant Difference; HSD is Tukey’s Honestly Significant Difference.

Annex A
Equivalent-Q calculations

It should be noted that the MNRU, which is derived by contaminating a speech signal nonlinearly with multiplicative band-limited white noise, is a reference system used to map opinions to the equivalent Q scale (measured in dB) in such a way that comparisons between experiments becomes feasible. It is particularly important to note that the numeric value of both MOS and DMOS varies from experiment to experiment for the same condition. This is not the case with the equivalent Q value, because they tend to be both experiment- and language- independent, when the same speech spectral weighting is used. The MOS-to-equivalent Q value mapping is performed by subjectively assessing both MNRU conditions and the test conditions of interest within the same experiment, then computing the MNRU conditions’ MOS (or DMOS) scores, and then using the computed relationship to map each test condition’s MOS (or DMOS) value to an MNRU (or equivalent Q) value.

The computational approach used to map MOS and DMOS to equivalent Q values consists of a nonlinear least squares fit of the MNRU (D)MOS, Yk, to a modified logistic function defined by the equation
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where Qk represents the theoretical (target) Q value for the MNRU condition Yk value, k=1..NQ.

In the above equation, the parameters A, B, M, and D are optimized to minimize the error function:
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Once the four parameters are defined, the MOS or DMOS calculated for each test condition is mapped to equivalent Q values using the equation:
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Parameter “D” has been introduced here to provide a better fit of the function to the test results, and indicates the lower (low-Q values) asymptote. Parameter A reflects the "average" (middle) Q value for the test. Parameter B is related to the slope of the logistic function in the middle of the Q range, this being equal to 1/(4B). Parameter M indicates the upper (high-Q values) asymptote. These values can easily be used to diagnose the performance of subjective test designs.

This has been performed for the AMR-WB Experiments 3 and 4, as shown in Figure A.1 that follows.

Parameter
Estimate
Std.Error

A
28.472624201
0.5724764

B
8.1222125999
0.68841382

M
5.0845773077
0.13079339

D
0.8836628046
0.09333856

Plot
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Figure A.1(a)
Equivalent-Q Curve fitting and modified logistic curve parameters for Experiment 3A

Parameter
Estimate
Std.Error

A
27.765825548
1.47994268

B
5.7460446931
1.56131243

M
4.6286510413
0.26127649

D
1.1821483117
0.20902798
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Figure A.1(b)
Equivalent-Q Curve fitting and modified logistic curve parameters for Experiment 3B

Parameter
Estimate
Std.Error

A
32.947259708
2.25509531

B
7.7287589357
2.05633045

M
5.4972868146
0.59261622

D
0.9734293124
0.2260011
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Figure A.1(c)
Equivalent-Q Curve fitting and modified logistic curve parameters for Experiment 3C

Parameter
Estimate
Std.Error

A
27.416042169
1.34586262

B
6.3053227174
1.44943783

M
4.8638692946
0.25524426

D
1.061678405
0.21317707
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Figure A.1(d)
Equivalent-Q Curve fitting and modified logistic curve parameters for Experiment 3D

Parameter
Estimate
Std.Error

A
16.724328112
0.46981816

B
5.6951296665
0.65226655

M
4.9969669389
0.14762253

D
0.7932669743
0.17571835
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Figure A.1(e)
Equivalent-Q Curve fitting and modified logistic curve parameters for Car Noise in Experiment 3E

Parameter
Estimate
Std.Error

A
14.359499048
0.40818802

B
5.1152955909
0.43148855

M
4.3169170336
0.06661757

D
0.7407324986
0.13658314
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Figure A.1(f)
Equivalent-Q Curve fitting and modified logistic curve parameters for Street Noise in Experiment 3E

Parameter
Estimate
Std.Error

A
34.407169413
1.15338524

B
8.0029894044
1.08633949

M*
5.000
N/A

D
1.0808635404
0.15952307
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Figure A.1(g)
Equivalent-Q Curve fitting and modified logistic curve parameters for Experiment 4A
(* Note: parameter M was fixed at 5.000)

Parameter
Estimate
Std.Error

A
26.562778485
0.25036113

B
6.2082799347
0.19509697

M*
4.100
N/A

D
0.9874785831
0.03384777
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Figure A.1(h)
Equivalent-Q Curve fitting and modified logistic curve parameters for Experiment 4B
(* Note: parameter M was fixed at 4.100)

Parameter
Estimate
Std.Error

A
32.198424729
1.96667519

B
8.8447150244
1.94880037

M
5.2208206381
0.47531766

D
0.9204103215
0.20203871
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Figure A.1(i)
Equivalent-Q Curve fitting and modified logistic curve parameters for Experiment 4C

Parameter
Estimate
Std.Error

A
25.931096246
0.79645572

B
6.4634718602
0.87640528

M
4.7799360441
0.13598630

D
1.058253121
0.13719491
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Figure A.1(j)
Equivalent-Q Curve fitting and modified logistic curve parameters for Experiment 4D
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