3GPP TSG-S4#13 meeting

Tdoc. S4 (00)0561
Nov.27-Dec.1, 2000, Bath, UK

Title:
AMR-NB 3G Characterization Experiment 1B Results

Source*:
LMGT

Summary

This report describes the results obtained for the AMR-NB 3G Characterization Experiment 1B in Korean. Lockheed Martin Global Telecommunications (LMGT) performed Experiment 1B in compliance with the 3GPP-defined Test Plans [1,2]. This experiment was designed to evaluate the performance of the AMR-NB codec under a variety of 3G channel error conditions with a quiet noise background. Experiment 1 used the Absolute Category Rating (ACR) method. Overall, the AMR-NB performance was more dependent on the 3G error profile than on the AMR-NB mode (bit-rate). Additionally, the different error patterns resulted in groups of similar degradation: error profiles 0B, 4B, 7B (together in most cases with error profiles 5B and 8B); error profiles 6B and 9B; and error profiles 0, 1B, and 2B. In general, error profile 3B resulted in a significantly lower performance.

1. Introduction

LMGT performed listening Experiment 1B for the AMR-NB 3G Characterization exercise in the Korean language. The experiment used six different sentence-pairs for two male and two female talkers extracted from the speech material available in the NTT-AT speech database (plus two samples per talker for the practice material). 

This experiment was designed using the Absolute Category Rating (ACR) method and aimed at evaluating the performance of the AMR-NB codec under a variety of 3G channel error conditions with a quiet noise background.

2. Source Material

LMGT performed Experiment 1B using a subset of the speech material available in the NTT-AT Speech Database for the Korean language. For the main test, six sentence-pairs were selected for two male and two female talkers from the NTT Speech Database. Two additional samples per talker were also provided for processing through the practice conditions. This database contains quiet background speech sampled at 16 kHz, for a bandwidth of 8 kHz.

The quiet background sentence pairs were filtered by the specified weighting filter (FLAT1) and level-equalized, in compliance with the specifications in the Processing Plan [2]. This material was then provided to the Host Laboratory, performed by ARCON. The Host Laboratory was responsible for the processing of the speech material. 

3. Experiment Design

The experiment design for Experiment 1B is defined in Section 5 of the Subjective Test Plan [1], and is summarized in Table 1. A total of 96 votes were cast per test condition for male and female talkers combined, or 48 for each gender.

4. Processed Material

The host laboratory delivered the test material on a CD-ROM containing a total of 1792 files. These files corresponded to 1344 files for use in the main experiment (samples S01 though S06 for each talker), 8 files for the practice sessions, and 440 excess files (by-product of the processing of the practice conditions). 

5. Listening Sessions

5.1 Presentation Sequence Material

LMGT used the grouping and randomization sequences specified in the Test Plan for Experiment 1B. 

5.2 Listeners

The subjective assessment was performed using 24 listeners (nominally balanced between male and female subjects), divided into six groups of four listeners each. 

The listener selection criterion was compliant with the Test Plan, noting that audiometric testing was not performed on the listeners, for legal reasons. Test subjects were selected from an existing pool of Korean 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 coupled to the input of the distribution amplifier through a Frequency Devices 9002 Eight-pole Elliptic Filter (set for a bandpass of 200-Hz to 3.4-kHz). Auxiliary analog filtering was performed to achieve an overall modified-IRS receive characteristic.

5.4 Scoring

Within experiments using a Mean-Opinion-Score (MOS) method of assessment, the presented sentence-pairs were scored by the listeners using a five-point perceived quality scale as either Excellent, Good, Fair, Poor, or Bad. The quality designations were presented on the screen of the voting terminals and selected through the use of a pointing device. The voting screen was rendered neutral during the presentation of each new stimulus.

The listener responses were registered on auxiliary computers. Each voting station contains one of these voting terminals. 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, one sentence-pair). 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 were used to derive combined-gender MOS, standard deviation, 95% confidence intervals, and equivalent-Q values for each sub-experiment. These data are presented in Table 1. Additionally, rank-order analyses were performed for different groupings of the data and are presented in Tables 2 and 3. 

Table 1 contains the basic statistical analysis data produced by LMGT for AMR-NB 3G Characterization Experiment 1B. Each test condition received a total of 96 votes for combined talkers, or 48 votes per talker for gender-wise statistics. In the tables, Condition represents the test condition number, Y is the 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 curve and parameters are given in Annex A). The error performance of the codecs is also illustrated in Figure 1.

Tables 2, 3 and 4 contain supplementary statistical analysis and data presentation. Tables 2 and 3 contain a rank-ordered presentation of the combined talker data in Table 1 with a different grouping: Table 2 groups the data by error pattern, and Table 3 groups the data by the different AMR-NB modes. The tables also contain the upper and lower 95% confidence intervals, as well as a classification of the grouped conditions in terms of their statistical equivalency (using two different criteria). 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, Condition represents the test condition number, Y is the 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 grouping) 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 grouping). 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. Tables 2 and 3 provide the most convenient presentation of the test data for statistical comparisons, in particular using the HSD criterion.
It can be seen from Table 2 that for most cases no significant differences were observed for different AMR-NB modes with a given error profile. In Table 3, it can be seen that performance for a given AMR-NB mode degrades with increasingly worse error profiles. Hence, error profiles were a dominant factor in the Experiment when contrasted to the different codec modes, i.e. that codec performance was more significantly a function of the error profile than the mode in which the codec operated under each of the error profiles.

The data in Table 3 also reveals that error profiles 0, 4B, 7B, and in most cases, 5B and 8B, resulted in equivalent performance (on the higher end) for a given codec mode, as did error profiles 6B and 9B (on the lower end). Similarly, error profiles 0, 1B, and 2B resulted in equivalent performance for a given codec mode (on the higher end), while error profile 3B usually resulted in a significantly lower performance.

Finally, Table 4 presents the rank order of the error patterns for each AMR-NB mode, together with the GSM-EFR conditions tested. This table summarizes (without statistical significant assertions) how, for each of the AMR-NB modes, the AMR-NB performance ranks relative to the GSM-EFR performance with EP10 and EP7, as the different 3G error profiles are encountered.

7. Conclusion

LMGT performed Experiment 1B in compliance with the test plans [1,2] and used a subset of the speech material available in the NTT Speech Database for the Korean language. This experiment was designed using the Absolute Category Rating (ACR) method and aimed at evaluating the performance of the AMR-NB codec under a variety of 3G channel error conditions with a quiet noise background.

Overall, the AMR-NB performance was more dependent on the 3G error profile than on the AMR-NB mode (bit-rate). Additionally, the different error patterns resulted in groups of similar degradation: error profiles 0B, 4B, 7B (together in most cases with error profiles 5B and 8B); error profiles 6B and 9B; and error profiles 0, 1B, and 2B. In general, error profile 3B resulted in a significantly lower performance.
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Table 1: Test Conditions for Experiment 1B

Condition
Codec
Error
Votes
Y(all)
SD(all)
+95%
-95%
Qeqv

1
Direct
‑
96
4.521
0.649
4.651
4.391
40.869

2
MNRU 33 dBQ
‑
96
4.021
0.940
4.209
3.833
33.000

3
MNRU 24 dBQ
‑
96
2.750
0.858
2.922
2.578
24.000

4
MNRU 15 dBQ
‑
96
1.594
0.625
1.719
1.469
15.000

5
MNRU 06 dBQ
‑
96
1.167
0.474
1.261
1.072
6.000

6
G.726 32
EC0
96
3.677
0.935
3.864
3.490
30.052

7
G.723.1 6.3
EC0
96
3.510
0.754
3.661
3.360
28.845

8
G.729 8
EC0
96
3.688
0.799
3.847
3.528
30.131

9
IS-127
EC0
96
3.573
0.880
3.749
3.397
29.286

10
GSM FR
EC0
96
3.135
0.829
3.301
2.970
26.385

11
GSM EFR
EP7
96
2.688
0.837
2.855
2.520
23.612

12
GSM EFR
EP10
96
3.240
0.778
3.395
3.084
27.044

13
AMR 12.2
EC0
96
3.625
0.757
3.777
3.473
29.664

14
AMR 12.2
EC1B
96
3.323
0.761
3.475
3.171
27.583

15
AMR 12.2
EC2B
96
3.365
0.822
3.529
3.200
27.857

16
AMR 12.2
EC3B
96
2.854
0.951
3.044
2.664
24.643

17
AMR 10.2
EC0
96
3.542
0.753
3.692
3.391
29.064

18
AMR 10.2
EC4B
96
3.396
0.761
3.548
3.244
28.064

19
AMR 10.2
EC5B
96
3.417
0.816
3.580
3.253
28.204

20
AMR 10.2
EC6B
96
2.698
0.884
2.875
2.521
23.677

21
AMR 10.2
EC7B
96
3.260
0.837
3.428
3.093
27.178

22
AMR 10.2
EC8B
96
3.208
0.767
3.362
3.055
26.845

23
AMR 10.2
EC9B
96
2.448
0.928
2.633
2.262
22.090

24
AMR 7.95
EC0
96
3.438
0.805
3.599
3.276
28.344

25
AMR 7.95
EC1B
96
3.438
0.805
3.599
3.276
28.344

26
AMR 7.95
EC2B
96
3.354
0.962
3.547
3.162
27.788

27
AMR 7.95
EC3B
96
2.729
0.946
2.918
2.540
23.871

28
AMR 7.40
EC0
96
3.573
0.830
3.739
3.407
29.286

29
AMR 7.40
EC4B
96
3.469
0.894
3.648
3.290
28.557

30
AMR 7.40
EC5B
96
3.198
0.958
3.390
3.006
26.779

31
AMR 7.40
EC6B
96
2.490
0.906
2.671
2.308
22.360

32
AMR 7.40
EC7B
96
3.458
0.928
3.644
3.273
28.486

33
AMR 7.40
EC8B
96
3.167
0.777
3.322
3.011
26.581

34
AMR 7.40
EC9B
96
2.833
0.991
3.032
2.635
24.514

35
AMR 6.70
EC0
96
3.583
0.691
3.722
3.445
29.361

36
AMR 6.70
EC1B
96
3.333
0.842
3.502
3.165
27.651

37
AMR 6.70
EC2B
96
3.250
0.846
3.419
3.081
27.111

38
AMR 6.70
EC3B
96
2.750
0.906
2.931
2.569
24.000

39
AMR 5.90
EC0
96
3.406
0.776
3.561
3.251
28.134

40
AMR 5.90
EC4B
96
3.302
0.783
3.459
3.145
27.447

41
AMR 5.90
EC5B
96
3.156
0.898
3.336
2.977
26.516

42
AMR 5.90
EC6B
96
2.667
0.948
2.856
2.477
23.482

43
AMR 5.90
EC7B
96
3.313
0.744
3.461
3.164
27.515

44
AMR 5.90
EC8B
96
3.188
0.898
3.367
3.008
26.713

45
AMR 5.90
EC9B
96
2.823
0.858
2.995
2.651
24.450

46
AMR 5.15
EC0
96
3.208
0.753
3.359
3.058
26.845

47
AMR 5.15
EC1B
96
3.115
0.832
3.281
2.948
26.254

48
AMR 5.15
EC2B
96
3.021
0.821
3.185
2.857
25.671

49
AMR 5.15
EC3B
96
2.646
0.808
2.807
2.484
23.352

50
AMR 4.75
EC0
96
3.198
0.816
3.361
3.035
26.779

51
AMR 4.75
EC4B
96
3.052
0.800
3.212
2.892
25.865

52
AMR 4.75
EC5B
96
3.042
0.807
3.203
2.880
25.800

53
AMR 4.75
EC6B
96
2.667
0.867
2.840
2.493
23.482

54
AMR 4.75
EC7B
96
3.156
0.799
3.316
2.996
26.516

55
AMR 4.75
EC8B
96
3.021
0.754
3.172
2.870
25.671

56
AMR 4.75
EC9B
96
2.427
0.880
2.603
2.251
21.954

Legend: 
Condition is the Condition number; Y is the 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.
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(a) Error-free performance of the AMR-NB and reference codecs
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(b) Performance of the AMR modes tested with error profiles EC 1B, 2B, and 3B
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(c) Performance of the AMR modes tested with error profiles EC 4B, 5B, 6B, 7B, 8B, and 9B

Figure 1: Performance plots for the AMR modes and error patterns 
(GSM-EFR EP10 and EP7 are shown as reference points)

Table 2: Rank-ordered Test Conditions grouped by Error Pattern

Condition
Codec
Error
Votes
Y(all)
+95%
-95%
LSD
HSD

1
Direct
‑
96
4.521
4.651
4.391



2
MNRU 33 dBQ
‑
96
4.021
4.209
3.833
N
N

3
MNRU 24 dBQ
‑
96
2.750
2.922
2.578
/
/

4
MNRU 15 dBQ
‑
96
1.594
1.719
1.469
A
A

5
MNRU 06 dBQ
‑
96
1.167
1.261
1.072



8
G.729 8
EC0
96
3.688
3.847
3.528
|
|

6
G.726 32
EC0
96
3.677
3.864
3.490
|
|

13
AMR 12.2
EC0
96
3.625
3.777
3.473
||
||

35
AMR 6.70
EC0
96
3.583
3.722
3.445
||
|||

28
AMR 7.40
EC0
96
3.573
3.739
3.407
||
|||

9
IS-127
EC0
96
3.573
3.749
3.397
||
|||

17
AMR 10.2
EC0
96
3.542
3.692
3.391
||
|||

7
G.723.1 6.3
EC0
96
3.510
3.661
3.360
||
||||

24
AMR 7.95
EC0
96
3.438
3.599
3.276
 ||
||||

39
AMR 5.90
EC0
96
3.406
3.561
3.251
 |||
||||

12
GSM EFR
EP10
96
3.240
3.395
3.084
  |||
 |||

46
AMR 5.15
EC0
96
3.208
3.359
3.058
   ||
  ||

50
AMR 4.75
EC0
96
3.198
3.361
3.035
   ||
  ||

10
GSM FR
EC0
96
3.135
3.301
2.970
    |
   |

11
GSM EFR
EP7
96
2.688
2.855
2.520
     |
    |

25
AMR 7.95
EC1B
96
3.438
3.599
3.276
|
|

36
AMR 6.70
EC1B
96
3.333
3.502
3.165
||
||

14
AMR 12.2
EC1B
96
3.323
3.475
3.171
||
||

47
AMR 5.15
EC1B
96
3.115
3.281
2.948
 |
 |

15
AMR 12.2
EC2B
96
3.365
3.529
3.200
|
|

26
AMR 7.95
EC2B
96
3.354
3.547
3.162
|
|

37
AMR 6.70
EC2B
96
3.250
3.419
3.081
||
||

48
AMR 5.15
EC2B
96
3.021
3.185
2.857
 |
 |

16
AMR 12.2
EC3B
96
2.854
3.044
2.664
  |
  |

38
AMR 6.70
EC3B
96
2.750
2.931
2.569
  |
  |

27
AMR 7.95
EC3B
96
2.729
2.918
2.540
  |
  |

49
AMR 5.15
EC3B
96
2.646
2.807
2.484
  |
  |

29
AMR 7.40
EC4B
96
3.469
3.648
3.290
|
|

18
AMR 10.2
EC4B
96
3.396
3.548
3.244
|
|

40
AMR 5.90
EC4B
96
3.302
3.459
3.145
|
||

51
AMR 4.75
EC4B
96
3.052
3.212
2.892
 |
 |

19
AMR 10.2
EC5B
96
3.417
3.580
3.253
|
|

30
AMR 7.40
EC5B
96
3.198
3.390
3.006
||
||

41
AMR 5.90
EC5B
96
3.156
3.336
2.977
 |
||

52
AMR 4.75
EC5B
96
3.042
3.203
2.880
 |
 |

20
AMR 10.2
EC6B
96
2.698
2.875
2.521
  |
  |

53
AMR 4.75
EC6B
96
2.667
2.840
2.493
  |
  |

42
AMR 5.90
EC6B
96
2.667
2.856
2.477
  |
  |

31
AMR 7.40
EC6B
96
2.490
2.671
2.308
  |
  |

32
AMR 7.40
EC7B
96
3.458
3.644
3.273
|
   |

43
AMR 5.90
EC7B
96
3.313
3.461
3.164
||
   |

21
AMR 10.2
EC7B
96
3.260
3.428
3.093
||
   |

54
AMR 4.75
EC7B
96
3.156
3.316
2.996
 |
   |

22
AMR 10.2
EC8B
96
3.208
3.362
3.055
  |
 |

44
AMR 5.90
EC8B
96
3.188
3.367
3.008
  |
 |

33
AMR 7.40
EC8B
96
3.167
3.322
3.011
  |
 |

55
AMR 4.75
EC8B
96
3.021
3.172
2.870
  |
 |

34
AMR 7.40
EC9B
96
2.833
3.032
2.635
|
|

45
AMR 5.90
EC9B
96
2.823
2.995
2.651
|
|

23
AMR 10.2
EC9B
96
2.448
2.633
2.262
 |
 |

56
AMR 4.75
EC9B
96
2.427
2.603
2.251
 |
 |

Legend: 
Condition is the Condition number; Y is the 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: Rank-ordered Test Conditions grouped by AMR mode (only AMR conditions shown)

Condition
Codec
Error
Votes
Y(all)
+95%
-95%
LSD
HSD

13
AMR 12.2
EC0
96
3.625
3.777
3.473
|
|

15
AMR 12.2
EC2B
96
3.365
3.529
3.200
 |
||

14
AMR 12.2
EC1B
96
3.323
3.475
3.171
 |
||

12
GSM EFR
EP10
96
3.240
3.395
3.084
 |
 |

16
AMR 12.2
EC3B
96
2.854
3.044
2.664
  |
  |

11
GSM EFR
EP7
96
2.688
2.855
2.520
  |
  |

17
AMR 10.2
EC0
96
3.542
3.692
3.391
|
|

19
AMR 10.2
EC5B
96
3.417
3.580
3.253
||
|

18
AMR 10.2
EC4B
96
3.396
3.548
3.244
||
|

21
AMR 10.2
EC7B
96
3.260
3.428
3.093
 |
|

12
GSM EFR
EP10
96
3.240
3.395
3.084
 |
|

22
AMR 10.2
EC8B
96
3.208
3.362
3.055
 |
|

20
AMR 10.2
EC6B
96
2.698
2.875
2.521
  |
 |

11
GSM EFR
EP7
96
2.688
2.855
2.520
  |
 |

23
AMR 10.2
EC9B
96
2.448
2.633
2.262
   |
 |

24
AMR 7.95
EC0
96
3.438
3.599
3.276
|
|

25
AMR 7.95
EC1B
96
3.438
3.599
3.276
|
|

26
AMR 7.95
EC2B
96
3.354
3.547
3.162
|
|

12
GSM EFR
EP10
96
3.240
3.395
3.084
|
|

27
AMR 7.95
EC3B
96
2.729
2.918
2.540
 |
 |

11
GSM EFR
EP7
96
2.688
2.855
2.520
 |
 |

28
AMR 7.40
EC0
96
3.573
3.739
3.407
|
|

29
AMR 7.40
EC4B
96
3.469
3.648
3.290
||
||

32
AMR 7.40
EC7B
96
3.458
3.644
3.273
||
||

12
GSM EFR
EP10
96
3.240
3.395
3.084
 ||
||

30
AMR 7.40
EC5B
96
3.198
3.390
3.006
  |
|||

33
AMR 7.40
EC8B
96
3.167
3.322
3.011
  |
 ||

34
AMR 7.40
EC9B
96
2.833
3.032
2.635
   |
  ||

11
GSM EFR
EP7
96
2.688
2.855
2.520
   ||
   |

31
AMR 7.40
EC6B
96
2.490
2.671
2.308
    |
   |

35
AMR 6.70
EC0
96
3.583
3.722
3.445
|
|

36
AMR 6.70
EC1B
96
3.333
3.502
3.165
 |
||

37
AMR 6.70
EC2B
96
3.250
3.419
3.081
 |
||

12
GSM EFR
EP10
96
3.240
3.395
3.084
 |
 |

38
AMR 6.70
EC3B
96
2.750
2.931
2.569
  |
  |

11
GSM EFR
EP7
96
2.688
2.855
2.520
  |
  |

39
AMR 5.90
EC0
96
3.406
3.561
3.251
|
|

43
AMR 5.90
EC7B
96
3.313
3.461
3.164
||
|

40
AMR 5.90
EC4B
96
3.302
3.459
3.145
||
|

12
GSM EFR
EP10
96
3.240
3.395
3.084
||
|

44
AMR 5.90
EC8B
96
3.188
3.367
3.008
||
||

41
AMR 5.90
EC5B
96
3.156
3.336
2.977
 |
||

45
AMR 5.90
EC9B
96
2.823
2.995
2.651
  |
 ||

11
GSM EFR
EP7
96
2.688
2.855
2.520
  |
  |

42
AMR 5.90
EC6B
96
2.667
2.856
2.477
  |
  |

12
GSM EFR
EP10
96
3.240
3.395
3.084
|
|

46
AMR 5.15
EC0
96
3.208
3.359
3.058
|
|

47
AMR 5.15
EC1B
96
3.115
3.281
2.948
|
|

48
AMR 5.15
EC2B
96
3.021
3.185
2.857
|
|

11
GSM EFR
EP7
96
2.688
2.855
2.520
 |
 |

49
AMR 5.15
EC3B
96
2.646
2.807
2.484
 |
 |

12
GSM EFR
EP10
96
3.240
3.395
3.084
|
|

50
AMR 4.75
EC0
96
3.198
3.361
3.035
|
|

54
AMR 4.75
EC7B
96
3.156
3.316
2.996
|
|

51
AMR 4.75
EC4B
96
3.052
3.212
2.892
|
||

52
AMR 4.75
EC5B
96
3.042
3.203
2.880
|
||

55
AMR 4.75
EC8B
96
3.021
3.172
2.870
|
|||

11
GSM EFR
EP7
96
2.688
2.855
2.520
 |
 |||

53
AMR 4.75
EC6B
96
2.667
2.840
2.493
 |
  ||

56
AMR 4.75
EC9B
96
2.427
2.603
2.251
  |
   |

Legend: 
Condition is the Condition number; Y is the 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: Rank order of 3G error patterns for each AMR mode (referenced to GSM-EFR EP7 and EP10)
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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-NB Experiment 1B, as shown in Figure A.1 that follows.

Parameter
Estimate

A
24.814661108

B
5.681203323

M
4.727268270

D
1.036872997
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Figure A.1(a)
Equivalent-Q Curve fitting and modified logistic curve parameters for Experiment 1B
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Table 1

		Table 1: Test Conditions for Experiment 1B

		Condition		Codec		Error		Votes		Y(all)		SD(all)		95%		-95%		Qeqv

		1		Direct		---		96		4.521		0.649		4.651		4.391		40.869

		2		MNRU 33 dBQ		---		96		4.021		0.940		4.209		3.833		33.000

		3		MNRU 24 dBQ		---		96		2.750		0.858		2.922		2.578		24.000

		4		MNRU 15 dBQ		---		96		1.594		0.625		1.719		1.469		15.000

		5		MNRU 06 dBQ		---		96		1.167		0.474		1.261		1.072		6.000

		6		G.726 32		EC0		96		3.677		0.935		3.864		3.490		30.052

		7		G.723.1 6.3		EC0		96		3.510		0.754		3.661		3.360		28.845

		8		G.729 8		EC0		96		3.688		0.799		3.847		3.528		30.131

		9		IS-127		EC0		96		3.573		0.880		3.749		3.397		29.286

		10		GSM FR		EC0		96		3.135		0.829		3.301		2.970		26.385

		11		GSM EFR		EP7		96		2.688		0.837		2.855		2.520		23.612

		12		GSM EFR		EP10		96		3.240		0.778		3.395		3.084		27.044

		13		AMR 12.2		EC0		96		3.625		0.757		3.777		3.473		29.664

		14		AMR 12.2		EC1B		96		3.323		0.761		3.475		3.171		27.583

		15		AMR 12.2		EC2B		96		3.365		0.822		3.529		3.200		27.857

		16		AMR 12.2		EC3B		96		2.854		0.951		3.044		2.664		24.643

		17		AMR 10.2		EC0		96		3.542		0.753		3.692		3.391		29.064

		18		AMR 10.2		EC4B		96		3.396		0.761		3.548		3.244		28.064

		19		AMR 10.2		EC5B		96		3.417		0.816		3.580		3.253		28.204

		20		AMR 10.2		EC6B		96		2.698		0.884		2.875		2.521		23.677

		21		AMR 10.2		EC7B		96		3.260		0.837		3.428		3.093		27.178

		22		AMR 10.2		EC8B		96		3.208		0.767		3.362		3.055		26.845

		23		AMR 10.2		EC9B		96		2.448		0.928		2.633		2.262		22.090

		24		AMR 7.95		EC0		96		3.438		0.805		3.599		3.276		28.344

		25		AMR 7.95		EC1B		96		3.438		0.805		3.599		3.276		28.344

		26		AMR 7.95		EC2B		96		3.354		0.962		3.547		3.162		27.788

		27		AMR 7.95		EC3B		96		2.729		0.946		2.918		2.540		23.871

		28		AMR 7.40		EC0		96		3.573		0.830		3.739		3.407		29.286

		29		AMR 7.40		EC4B		96		3.469		0.894		3.648		3.290		28.557

		30		AMR 7.40		EC5B		96		3.198		0.958		3.390		3.006		26.779

		31		AMR 7.40		EC6B		96		2.490		0.906		2.671		2.308		22.360

		32		AMR 7.40		EC7B		96		3.458		0.928		3.644		3.273		28.486

		33		AMR 7.40		EC8B		96		3.167		0.777		3.322		3.011		26.581

		34		AMR 7.40		EC9B		96		2.833		0.991		3.032		2.635		24.514

		35		AMR 6.70		EC0		96		3.583		0.691		3.722		3.445		29.361

		36		AMR 6.70		EC1B		96		3.333		0.842		3.502		3.165		27.651

		37		AMR 6.70		EC2B		96		3.250		0.846		3.419		3.081		27.111

		38		AMR 6.70		EC3B		96		2.750		0.906		2.931		2.569		24.000

		39		AMR 5.90		EC0		96		3.406		0.776		3.561		3.251		28.134

		40		AMR 5.90		EC4B		96		3.302		0.783		3.459		3.145		27.447

		41		AMR 5.90		EC5B		96		3.156		0.898		3.336		2.977		26.516

		42		AMR 5.90		EC6B		96		2.667		0.948		2.856		2.477		23.482

		43		AMR 5.90		EC7B		96		3.313		0.744		3.461		3.164		27.515

		44		AMR 5.90		EC8B		96		3.188		0.898		3.367		3.008		26.713

		45		AMR 5.90		EC9B		96		2.823		0.858		2.995		2.651		24.450

		46		AMR 5.15		EC0		96		3.208		0.753		3.359		3.058		26.845

		47		AMR 5.15		EC1B		96		3.115		0.832		3.281		2.948		26.254

		48		AMR 5.15		EC2B		96		3.021		0.821		3.185		2.857		25.671

		49		AMR 5.15		EC3B		96		2.646		0.808		2.807		2.484		23.352

		50		AMR 4.75		EC0		96		3.198		0.816		3.361		3.035		26.779

		51		AMR 4.75		EC4B		96		3.052		0.800		3.212		2.892		25.865

		52		AMR 4.75		EC5B		96		3.042		0.807		3.203		2.880		25.800

		53		AMR 4.75		EC6B		96		2.667		0.867		2.840		2.493		23.482

		54		AMR 4.75		EC7B		96		3.156		0.799		3.316		2.996		26.516

		55		AMR 4.75		EC8B		96		3.021		0.754		3.172		2.870		25.671

		56		AMR 4.75		EC9B		96		2.427		0.880		2.603		2.251		21.954





Table 2

		Table 2: Rank-ordered Test Conditions grouped by Error Pattern

		Condition		Codec		Error		Votes		Y(all)		SD(all)		95%		-95%		Qeqv		Class

		1		Direct		---		96		4.521		0.649		4.651		4.391		40.869		1

		2		MNRU 33 dBQ		---		96		4.021		0.940		4.209		3.833		33.000		1

		3		MNRU 24 dBQ		---		96		2.750		0.858		2.922		2.578		24.000		1				Codec		EC0		EC1B		EC2B		EC3B		EC4B		EC5B		EC6B		EC7B		EC8B		EC9B				Codec		EC0

		4		MNRU 15 dBQ		---		96		1.594		0.625		1.719		1.469		15.000		1				G.729 8		3.7																						G.729 8		3.7

		5		MNRU 06 dBQ		---		96		1.167		0.474		1.261		1.072		6.000		1				G.726 32		3.7																						G.726 32		3.7

		8		G.729 8		EC0		96		3.688		0.799		3.847		3.528		30.131		2				IS-127		3.6																						IS-127		3.6

		6		G.726 32		EC0		96		3.677		0.935		3.864		3.490		30.052		2				G.723.1 6.3		3.5																						G.723.1 6.3		3.5

		13		AMR 12.2		EC0		96		3.625		0.757		3.777		3.473		29.664		2				GSM EFR (EP10)		3.2																						GSM EFR (EP10)		3.2

		35		AMR 6.70		EC0		96		3.583		0.691		3.722		3.445		29.361		2				GSM FR		3.1																						GSM FR		3.1

		28		AMR 7.40		EC0		96		3.573		0.830		3.739		3.407		29.286		2				GSM EFR (EP7)		2.7																						GSM EFR (EP7)		2.7

		9		IS-127		EC0		96		3.573		0.880		3.749		3.397		29.286		2				AMR 12.2		3.6		3.3		3.4		2.9

		17		AMR 10.2		EC0		96		3.542		0.753		3.692		3.391		29.064		2				AMR 10.2		3.5								3.4		3.4		2.7		3.3		3.2		2.4				Codec		EC0		EC1B		EC2B		EC3B		EFR-EP10		EFR-EP7

		7		G.723.1 6.3		EC0		96		3.510		0.754		3.661		3.360		28.845		2				AMR 7.95		3.4		3.4		3.4		2.7																AMR 12.2		3.6		3.3		3.4		2.9		3.2		2.7

		24		AMR 7.95		EC0		96		3.438		0.805		3.599		3.276		28.344		2				AMR 7.40		3.6								3.5		3.2		2.5		3.5		3.2		2.8				AMR 7.95		3.4		3.4		3.4		2.7		3.2		2.7

		39		AMR 5.90		EC0		96		3.406		0.776		3.561		3.251		28.134		2				AMR 6.70		3.6		3.3		3.3		2.8																AMR 6.70		3.6		3.3		3.3		2.8		3.2		2.7

		12		GSM EFR (EP10)		EP10		96		3.240		0.778		3.395		3.084		27.044		2				AMR 5.90		3.4								3.3		3.2		2.7		3.3		3.2		2.8				AMR 5.15		3.2		3.1		3.0		2.6		3.2		2.7

		46		AMR 5.15		EC0		96		3.208		0.753		3.359		3.058		26.845		2				AMR 5.15		3.2		3.1		3.0		2.6

		50		AMR 4.75		EC0		96		3.198		0.816		3.361		3.035		26.779		2				AMR 4.75		3.2								3.1		3.0		2.7		3.2		3.0		2.4

		10		GSM FR		EC0		96		3.135		0.829		3.301		2.970		26.385		2																												Codec		EC0		EC4B		EC5B		EC6B		EC7B		EC8B		EC9B		EFR-EP10		EFR-EP7

		11		GSM EFR (EP7)		EP7		96		2.688		0.837		2.855		2.520		23.612		2																												AMR 10.2		3.5		3.4		3.4		2.7		3.3		3.2		2.4		3.2		2.7

		25		AMR 7.95		EC1B		96		3.438		0.805		3.599		3.276		28.344		3																												AMR 7.40		3.6		3.5		3.2		2.5		3.5		3.2		2.8		3.2		2.7

		36		AMR 6.70		EC1B		96		3.333		0.842		3.502		3.165		27.651		3																												AMR 5.90		3.4		3.3		3.2		2.7		3.3		3.2		2.8		3.2		2.7

		14		AMR 12.2		EC1B		96		3.323		0.761		3.475		3.171		27.583		3																												AMR 4.75		3.2		3.1		3.0		2.7		3.2		3.0		2.4		3.2		2.7

		47		AMR 5.15		EC1B		96		3.115		0.832		3.281		2.948		26.254		3

		15		AMR 12.2		EC2B		96		3.365		0.822		3.529		3.200		27.857		4

		26		AMR 7.95		EC2B		96		3.354		0.962		3.547		3.162		27.788		4

		37		AMR 6.70		EC2B		96		3.250		0.846		3.419		3.081		27.111		4

		48		AMR 5.15		EC2B		96		3.021		0.821		3.185		2.857		25.671		4

		16		AMR 12.2		EC3B		96		2.854		0.951		3.044		2.664		24.643		5

		38		AMR 6.70		EC3B		96		2.750		0.906		2.931		2.569		24.000		5

		27		AMR 7.95		EC3B		96		2.729		0.946		2.918		2.540		23.871		5

		49		AMR 5.15		EC3B		96		2.646		0.808		2.807		2.484		23.352		5

		29		AMR 7.40		EC4B		96		3.469		0.894		3.648		3.290		28.557		6

		18		AMR 10.2		EC4B		96		3.396		0.761		3.548		3.244		28.064		6

		40		AMR 5.90		EC4B		96		3.302		0.783		3.459		3.145		27.447		6

		51		AMR 4.75		EC4B		96		3.052		0.800		3.212		2.892		25.865		6

		19		AMR 10.2		EC5B		96		3.417		0.816		3.580		3.253		28.204		7

		30		AMR 7.40		EC5B		96		3.198		0.958		3.390		3.006		26.779		7

		41		AMR 5.90		EC5B		96		3.156		0.898		3.336		2.977		26.516		7

		52		AMR 4.75		EC5B		96		3.042		0.807		3.203		2.880		25.800		7

		20		AMR 10.2		EC6B		96		2.698		0.884		2.875		2.521		23.677		8

		53		AMR 4.75		EC6B		96		2.667		0.867		2.840		2.493		23.482		8

		42		AMR 5.90		EC6B		96		2.667		0.948		2.856		2.477		23.482		8

		31		AMR 7.40		EC6B		96		2.490		0.906		2.671		2.308		22.360		8

		32		AMR 7.40		EC7B		96		3.458		0.928		3.644		3.273		28.486		9

		43		AMR 5.90		EC7B		96		3.313		0.744		3.461		3.164		27.515		9

		21		AMR 10.2		EC7B		96		3.260		0.837		3.428		3.093		27.178		9

		54		AMR 4.75		EC7B		96		3.156		0.799		3.316		2.996		26.516		9

		22		AMR 10.2		EC8B		96		3.208		0.767		3.362		3.055		26.845		10

		44		AMR 5.90		EC8B		96		3.188		0.898		3.367		3.008		26.713		10

		33		AMR 7.40		EC8B		96		3.167		0.777		3.322		3.011		26.581		10

		55		AMR 4.75		EC8B		96		3.021		0.754		3.172		2.870		25.671		10

		34		AMR 7.40		EC9B		96		2.833		0.991		3.032		2.635		24.514		11

		45		AMR 5.90		EC9B		96		2.823		0.858		2.995		2.651		24.450		11

		23		AMR 10.2		EC9B		96		2.448		0.928		2.633		2.262		22.090		11

		56		AMR 4.75		EC9B		96		2.427		0.880		2.603		2.251		21.954		11
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		Table 3: Rank-ordered Test Conditions grouped by AMR mode (only AMR conditions shown)

		Condition		Codec		Error		Votes		Y(all)		SD(all)		95%		-95%		Qeqv		Class

		13		AMR 12.2		EC0		96		3.625		0.757		3.777		3.473		29.664		1

		15		AMR 12.2		EC2B		96		3.365		0.822		3.529		3.200		27.857		1

		14		AMR 12.2		EC1B		96		3.323		0.761		3.475		3.171		27.583		1

		16		AMR 12.2		EC3B		96		2.854		0.951		3.044		2.664		24.643		1

		17		AMR 10.2		EC0		96		3.542		0.753		3.692		3.391		29.064		2

		19		AMR 10.2		EC5B		96		3.417		0.816		3.580		3.253		28.204		2

		18		AMR 10.2		EC4B		96		3.396		0.761		3.548		3.244		28.064		2

		21		AMR 10.2		EC7B		96		3.260		0.837		3.428		3.093		27.178		2

		22		AMR 10.2		EC8B		96		3.208		0.767		3.362		3.055		26.845		2

		20		AMR 10.2		EC6B		96		2.698		0.884		2.875		2.521		23.677		2

		23		AMR 10.2		EC9B		96		2.448		0.928		2.633		2.262		22.090		2

		24		AMR 7.95		EC0		96		3.438		0.805		3.599		3.276		28.344		3

		25		AMR 7.95		EC1B		96		3.438		0.805		3.599		3.276		28.344		3

		26		AMR 7.95		EC2B		96		3.354		0.962		3.547		3.162		27.788		3

		27		AMR 7.95		EC3B		96		2.729		0.946		2.918		2.540		23.871		3

		28		AMR 7.40		EC0		96		3.573		0.830		3.739		3.407		29.286		4

		29		AMR 7.40		EC4B		96		3.469		0.894		3.648		3.290		28.557		4

		32		AMR 7.40		EC7B		96		3.458		0.928		3.644		3.273		28.486		4

		30		AMR 7.40		EC5B		96		3.198		0.958		3.390		3.006		26.779		4

		33		AMR 7.40		EC8B		96		3.167		0.777		3.322		3.011		26.581		4

		34		AMR 7.40		EC9B		96		2.833		0.991		3.032		2.635		24.514		4

		31		AMR 7.40		EC6B		96		2.490		0.906		2.671		2.308		22.360		4

		35		AMR 6.70		EC0		96		3.583		0.691		3.722		3.445		29.361		5

		36		AMR 6.70		EC1B		96		3.333		0.842		3.502		3.165		27.651		5

		37		AMR 6.70		EC2B		96		3.250		0.846		3.419		3.081		27.111		5

		38		AMR 6.70		EC3B		96		2.750		0.906		2.931		2.569		24.000		5

		39		AMR 5.90		EC0		96		3.406		0.776		3.561		3.251		28.134		6

		43		AMR 5.90		EC7B		96		3.313		0.744		3.461		3.164		27.515		6

		40		AMR 5.90		EC4B		96		3.302		0.783		3.459		3.145		27.447		6

		44		AMR 5.90		EC8B		96		3.188		0.898		3.367		3.008		26.713		6

		41		AMR 5.90		EC5B		96		3.156		0.898		3.336		2.977		26.516		6

		45		AMR 5.90		EC9B		96		2.823		0.858		2.995		2.651		24.450		6

		42		AMR 5.90		EC6B		96		2.667		0.948		2.856		2.477		23.482		6

		46		AMR 5.15		EC0		96		3.208		0.753		3.359		3.058		26.845		7

		47		AMR 5.15		EC1B		96		3.115		0.832		3.281		2.948		26.254		7

		48		AMR 5.15		EC2B		96		3.021		0.821		3.185		2.857		25.671		7

		49		AMR 5.15		EC3B		96		2.646		0.808		2.807		2.484		23.352		7

		50		AMR 4.75		EC0		96		3.198		0.816		3.361		3.035		26.779		8

		54		AMR 4.75		EC7B		96		3.156		0.799		3.316		2.996		26.516		8

		51		AMR 4.75		EC4B		96		3.052		0.800		3.212		2.892		25.865		8

		52		AMR 4.75		EC5B		96		3.042		0.807		3.203		2.880		25.800		8

		55		AMR 4.75		EC8B		96		3.021		0.754		3.172		2.870		25.671		8

		53		AMR 4.75		EC6B		96		2.667		0.867		2.840		2.493		23.482		8

		56		AMR 4.75		EC9B		96		2.427		0.880		2.603		2.251		21.954		8
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Table 1

		Table 1: Test Conditions for Experiment 1B

		Condition		Codec		Error		Votes		Y(all)		SD(all)		95%		-95%		Qeqv

		1		Direct		---		96		4.521		0.649		4.651		4.391		40.869

		2		MNRU 33 dBQ		---		96		4.021		0.940		4.209		3.833		33.000

		3		MNRU 24 dBQ		---		96		2.750		0.858		2.922		2.578		24.000

		4		MNRU 15 dBQ		---		96		1.594		0.625		1.719		1.469		15.000

		5		MNRU 06 dBQ		---		96		1.167		0.474		1.261		1.072		6.000

		6		G.726 32		EC0		96		3.677		0.935		3.864		3.490		30.052

		7		G.723.1 6.3		EC0		96		3.510		0.754		3.661		3.360		28.845

		8		G.729 8		EC0		96		3.688		0.799		3.847		3.528		30.131

		9		IS-127		EC0		96		3.573		0.880		3.749		3.397		29.286

		10		GSM FR		EC0		96		3.135		0.829		3.301		2.970		26.385

		11		GSM EFR		EP7		96		2.688		0.837		2.855		2.520		23.612

		12		GSM EFR		EP10		96		3.240		0.778		3.395		3.084		27.044

		13		AMR 12.2		EC0		96		3.625		0.757		3.777		3.473		29.664

		14		AMR 12.2		EC1B		96		3.323		0.761		3.475		3.171		27.583

		15		AMR 12.2		EC2B		96		3.365		0.822		3.529		3.200		27.857

		16		AMR 12.2		EC3B		96		2.854		0.951		3.044		2.664		24.643

		17		AMR 10.2		EC0		96		3.542		0.753		3.692		3.391		29.064

		18		AMR 10.2		EC4B		96		3.396		0.761		3.548		3.244		28.064

		19		AMR 10.2		EC5B		96		3.417		0.816		3.580		3.253		28.204

		20		AMR 10.2		EC6B		96		2.698		0.884		2.875		2.521		23.677

		21		AMR 10.2		EC7B		96		3.260		0.837		3.428		3.093		27.178

		22		AMR 10.2		EC8B		96		3.208		0.767		3.362		3.055		26.845

		23		AMR 10.2		EC9B		96		2.448		0.928		2.633		2.262		22.090

		24		AMR 7.95		EC0		96		3.438		0.805		3.599		3.276		28.344

		25		AMR 7.95		EC1B		96		3.438		0.805		3.599		3.276		28.344

		26		AMR 7.95		EC2B		96		3.354		0.962		3.547		3.162		27.788

		27		AMR 7.95		EC3B		96		2.729		0.946		2.918		2.540		23.871

		28		AMR 7.40		EC0		96		3.573		0.830		3.739		3.407		29.286

		29		AMR 7.40		EC4B		96		3.469		0.894		3.648		3.290		28.557

		30		AMR 7.40		EC5B		96		3.198		0.958		3.390		3.006		26.779

		31		AMR 7.40		EC6B		96		2.490		0.906		2.671		2.308		22.360

		32		AMR 7.40		EC7B		96		3.458		0.928		3.644		3.273		28.486

		33		AMR 7.40		EC8B		96		3.167		0.777		3.322		3.011		26.581

		34		AMR 7.40		EC9B		96		2.833		0.991		3.032		2.635		24.514

		35		AMR 6.70		EC0		96		3.583		0.691		3.722		3.445		29.361

		36		AMR 6.70		EC1B		96		3.333		0.842		3.502		3.165		27.651

		37		AMR 6.70		EC2B		96		3.250		0.846		3.419		3.081		27.111

		38		AMR 6.70		EC3B		96		2.750		0.906		2.931		2.569		24.000

		39		AMR 5.90		EC0		96		3.406		0.776		3.561		3.251		28.134

		40		AMR 5.90		EC4B		96		3.302		0.783		3.459		3.145		27.447

		41		AMR 5.90		EC5B		96		3.156		0.898		3.336		2.977		26.516

		42		AMR 5.90		EC6B		96		2.667		0.948		2.856		2.477		23.482

		43		AMR 5.90		EC7B		96		3.313		0.744		3.461		3.164		27.515

		44		AMR 5.90		EC8B		96		3.188		0.898		3.367		3.008		26.713

		45		AMR 5.90		EC9B		96		2.823		0.858		2.995		2.651		24.450

		46		AMR 5.15		EC0		96		3.208		0.753		3.359		3.058		26.845

		47		AMR 5.15		EC1B		96		3.115		0.832		3.281		2.948		26.254

		48		AMR 5.15		EC2B		96		3.021		0.821		3.185		2.857		25.671

		49		AMR 5.15		EC3B		96		2.646		0.808		2.807		2.484		23.352

		50		AMR 4.75		EC0		96		3.198		0.816		3.361		3.035		26.779

		51		AMR 4.75		EC4B		96		3.052		0.800		3.212		2.892		25.865

		52		AMR 4.75		EC5B		96		3.042		0.807		3.203		2.880		25.800

		53		AMR 4.75		EC6B		96		2.667		0.867		2.840		2.493		23.482

		54		AMR 4.75		EC7B		96		3.156		0.799		3.316		2.996		26.516

		55		AMR 4.75		EC8B		96		3.021		0.754		3.172		2.870		25.671

		56		AMR 4.75		EC9B		96		2.427		0.880		2.603		2.251		21.954





Table 2

		Table 2: Rank-ordered Test Conditions grouped by Error Pattern

		Condition		Codec		Error		Votes		Y(all)		SD(all)		95%		-95%		Qeqv		Class

		1		Direct		---		96		4.521		0.649		4.651		4.391		40.869		1

		2		MNRU 33 dBQ		---		96		4.021		0.940		4.209		3.833		33.000		1

		3		MNRU 24 dBQ		---		96		2.750		0.858		2.922		2.578		24.000		1				Codec		EC0		EC1B		EC2B		EC3B		EC4B		EC5B		EC6B		EC7B		EC8B		EC9B				Codec		EC0

		4		MNRU 15 dBQ		---		96		1.594		0.625		1.719		1.469		15.000		1				G.729 8		3.7																						G.729 8		3.7

		5		MNRU 06 dBQ		---		96		1.167		0.474		1.261		1.072		6.000		1				G.726 32		3.7																						G.726 32		3.7

		8		G.729 8		EC0		96		3.688		0.799		3.847		3.528		30.131		2				IS-127		3.6																						IS-127		3.6

		6		G.726 32		EC0		96		3.677		0.935		3.864		3.490		30.052		2				G.723.1 6.3		3.5																						G.723.1 6.3		3.5

		13		AMR 12.2		EC0		96		3.625		0.757		3.777		3.473		29.664		2				GSM EFR (EP10)		3.2																						GSM EFR (EP10)		3.2

		35		AMR 6.70		EC0		96		3.583		0.691		3.722		3.445		29.361		2				GSM FR		3.1																						GSM FR		3.1

		28		AMR 7.40		EC0		96		3.573		0.830		3.739		3.407		29.286		2				GSM EFR (EP7)		2.7																						GSM EFR (EP7)		2.7

		9		IS-127		EC0		96		3.573		0.880		3.749		3.397		29.286		2				AMR 12.2		3.6		3.3		3.4		2.9

		17		AMR 10.2		EC0		96		3.542		0.753		3.692		3.391		29.064		2				AMR 10.2		3.5								3.4		3.4		2.7		3.3		3.2		2.4				Codec		EC0		EC1B		EC2B		EC3B		EFR-EP10		EFR-EP7

		7		G.723.1 6.3		EC0		96		3.510		0.754		3.661		3.360		28.845		2				AMR 7.95		3.4		3.4		3.4		2.7																AMR 12.2		3.6		3.3		3.4		2.9		3.2		2.7

		24		AMR 7.95		EC0		96		3.438		0.805		3.599		3.276		28.344		2				AMR 7.40		3.6								3.5		3.2		2.5		3.5		3.2		2.8				AMR 7.95		3.4		3.4		3.4		2.7		3.2		2.7

		39		AMR 5.90		EC0		96		3.406		0.776		3.561		3.251		28.134		2				AMR 6.70		3.6		3.3		3.3		2.8																AMR 6.70		3.6		3.3		3.3		2.8		3.2		2.7

		12		GSM EFR (EP10)		EP10		96		3.240		0.778		3.395		3.084		27.044		2				AMR 5.90		3.4								3.3		3.2		2.7		3.3		3.2		2.8				AMR 5.15		3.2		3.1		3.0		2.6		3.2		2.7

		46		AMR 5.15		EC0		96		3.208		0.753		3.359		3.058		26.845		2				AMR 5.15		3.2		3.1		3.0		2.6

		50		AMR 4.75		EC0		96		3.198		0.816		3.361		3.035		26.779		2				AMR 4.75		3.2								3.1		3.0		2.7		3.2		3.0		2.4

		10		GSM FR		EC0		96		3.135		0.829		3.301		2.970		26.385		2																												Codec		EC0		EC4B		EC5B		EC6B		EC7B		EC8B		EC9B		EFR-EP10		EFR-EP7

		11		GSM EFR (EP7)		EP7		96		2.688		0.837		2.855		2.520		23.612		2																												AMR 10.2		3.5		3.4		3.4		2.7		3.3		3.2		2.4		3.2		2.7

		25		AMR 7.95		EC1B		96		3.438		0.805		3.599		3.276		28.344		3																												AMR 7.40		3.6		3.5		3.2		2.5		3.5		3.2		2.8		3.2		2.7

		36		AMR 6.70		EC1B		96		3.333		0.842		3.502		3.165		27.651		3																												AMR 5.90		3.4		3.3		3.2		2.7		3.3		3.2		2.8		3.2		2.7

		14		AMR 12.2		EC1B		96		3.323		0.761		3.475		3.171		27.583		3																												AMR 4.75		3.2		3.1		3.0		2.7		3.2		3.0		2.4		3.2		2.7

		47		AMR 5.15		EC1B		96		3.115		0.832		3.281		2.948		26.254		3

		15		AMR 12.2		EC2B		96		3.365		0.822		3.529		3.200		27.857		4

		26		AMR 7.95		EC2B		96		3.354		0.962		3.547		3.162		27.788		4

		37		AMR 6.70		EC2B		96		3.250		0.846		3.419		3.081		27.111		4

		48		AMR 5.15		EC2B		96		3.021		0.821		3.185		2.857		25.671		4

		16		AMR 12.2		EC3B		96		2.854		0.951		3.044		2.664		24.643		5

		38		AMR 6.70		EC3B		96		2.750		0.906		2.931		2.569		24.000		5

		27		AMR 7.95		EC3B		96		2.729		0.946		2.918		2.540		23.871		5

		49		AMR 5.15		EC3B		96		2.646		0.808		2.807		2.484		23.352		5

		29		AMR 7.40		EC4B		96		3.469		0.894		3.648		3.290		28.557		6

		18		AMR 10.2		EC4B		96		3.396		0.761		3.548		3.244		28.064		6

		40		AMR 5.90		EC4B		96		3.302		0.783		3.459		3.145		27.447		6

		51		AMR 4.75		EC4B		96		3.052		0.800		3.212		2.892		25.865		6

		19		AMR 10.2		EC5B		96		3.417		0.816		3.580		3.253		28.204		7

		30		AMR 7.40		EC5B		96		3.198		0.958		3.390		3.006		26.779		7

		41		AMR 5.90		EC5B		96		3.156		0.898		3.336		2.977		26.516		7

		52		AMR 4.75		EC5B		96		3.042		0.807		3.203		2.880		25.800		7

		20		AMR 10.2		EC6B		96		2.698		0.884		2.875		2.521		23.677		8

		53		AMR 4.75		EC6B		96		2.667		0.867		2.840		2.493		23.482		8

		42		AMR 5.90		EC6B		96		2.667		0.948		2.856		2.477		23.482		8

		31		AMR 7.40		EC6B		96		2.490		0.906		2.671		2.308		22.360		8

		32		AMR 7.40		EC7B		96		3.458		0.928		3.644		3.273		28.486		9

		43		AMR 5.90		EC7B		96		3.313		0.744		3.461		3.164		27.515		9

		21		AMR 10.2		EC7B		96		3.260		0.837		3.428		3.093		27.178		9

		54		AMR 4.75		EC7B		96		3.156		0.799		3.316		2.996		26.516		9

		22		AMR 10.2		EC8B		96		3.208		0.767		3.362		3.055		26.845		10

		44		AMR 5.90		EC8B		96		3.188		0.898		3.367		3.008		26.713		10

		33		AMR 7.40		EC8B		96		3.167		0.777		3.322		3.011		26.581		10

		55		AMR 4.75		EC8B		96		3.021		0.754		3.172		2.870		25.671		10

		34		AMR 7.40		EC9B		96		2.833		0.991		3.032		2.635		24.514		11

		45		AMR 5.90		EC9B		96		2.823		0.858		2.995		2.651		24.450		11

		23		AMR 10.2		EC9B		96		2.448		0.928		2.633		2.262		22.090		11

		56		AMR 4.75		EC9B		96		2.427		0.880		2.603		2.251		21.954		11
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		Table 3: Rank-ordered Test Conditions grouped by AMR mode (only AMR conditions shown)

		Condition		Codec		Error		Votes		Y(all)		SD(all)		95%		-95%		Qeqv		Class

		13		AMR 12.2		EC0		96		3.625		0.757		3.777		3.473		29.664		1

		15		AMR 12.2		EC2B		96		3.365		0.822		3.529		3.200		27.857		1

		14		AMR 12.2		EC1B		96		3.323		0.761		3.475		3.171		27.583		1

		16		AMR 12.2		EC3B		96		2.854		0.951		3.044		2.664		24.643		1

		17		AMR 10.2		EC0		96		3.542		0.753		3.692		3.391		29.064		2

		19		AMR 10.2		EC5B		96		3.417		0.816		3.580		3.253		28.204		2

		18		AMR 10.2		EC4B		96		3.396		0.761		3.548		3.244		28.064		2

		21		AMR 10.2		EC7B		96		3.260		0.837		3.428		3.093		27.178		2

		22		AMR 10.2		EC8B		96		3.208		0.767		3.362		3.055		26.845		2

		20		AMR 10.2		EC6B		96		2.698		0.884		2.875		2.521		23.677		2

		23		AMR 10.2		EC9B		96		2.448		0.928		2.633		2.262		22.090		2

		24		AMR 7.95		EC0		96		3.438		0.805		3.599		3.276		28.344		3

		25		AMR 7.95		EC1B		96		3.438		0.805		3.599		3.276		28.344		3

		26		AMR 7.95		EC2B		96		3.354		0.962		3.547		3.162		27.788		3

		27		AMR 7.95		EC3B		96		2.729		0.946		2.918		2.540		23.871		3

		28		AMR 7.40		EC0		96		3.573		0.830		3.739		3.407		29.286		4

		29		AMR 7.40		EC4B		96		3.469		0.894		3.648		3.290		28.557		4

		32		AMR 7.40		EC7B		96		3.458		0.928		3.644		3.273		28.486		4

		30		AMR 7.40		EC5B		96		3.198		0.958		3.390		3.006		26.779		4

		33		AMR 7.40		EC8B		96		3.167		0.777		3.322		3.011		26.581		4

		34		AMR 7.40		EC9B		96		2.833		0.991		3.032		2.635		24.514		4

		31		AMR 7.40		EC6B		96		2.490		0.906		2.671		2.308		22.360		4

		35		AMR 6.70		EC0		96		3.583		0.691		3.722		3.445		29.361		5

		36		AMR 6.70		EC1B		96		3.333		0.842		3.502		3.165		27.651		5

		37		AMR 6.70		EC2B		96		3.250		0.846		3.419		3.081		27.111		5

		38		AMR 6.70		EC3B		96		2.750		0.906		2.931		2.569		24.000		5

		39		AMR 5.90		EC0		96		3.406		0.776		3.561		3.251		28.134		6

		43		AMR 5.90		EC7B		96		3.313		0.744		3.461		3.164		27.515		6

		40		AMR 5.90		EC4B		96		3.302		0.783		3.459		3.145		27.447		6

		44		AMR 5.90		EC8B		96		3.188		0.898		3.367		3.008		26.713		6

		41		AMR 5.90		EC5B		96		3.156		0.898		3.336		2.977		26.516		6

		45		AMR 5.90		EC9B		96		2.823		0.858		2.995		2.651		24.450		6

		42		AMR 5.90		EC6B		96		2.667		0.948		2.856		2.477		23.482		6

		46		AMR 5.15		EC0		96		3.208		0.753		3.359		3.058		26.845		7

		47		AMR 5.15		EC1B		96		3.115		0.832		3.281		2.948		26.254		7

		48		AMR 5.15		EC2B		96		3.021		0.821		3.185		2.857		25.671		7

		49		AMR 5.15		EC3B		96		2.646		0.808		2.807		2.484		23.352		7

		50		AMR 4.75		EC0		96		3.198		0.816		3.361		3.035		26.779		8

		54		AMR 4.75		EC7B		96		3.156		0.799		3.316		2.996		26.516		8

		51		AMR 4.75		EC4B		96		3.052		0.800		3.212		2.892		25.865		8

		52		AMR 4.75		EC5B		96		3.042		0.807		3.203		2.880		25.800		8

		55		AMR 4.75		EC8B		96		3.021		0.754		3.172		2.870		25.671		8

		53		AMR 4.75		EC6B		96		2.667		0.867		2.840		2.493		23.482		8

		56		AMR 4.75		EC9B		96		2.427		0.880		2.603		2.251		21.954		8





		





		G.729 8

		G.726 32

		AMR 12.2

		AMR 6.70

		AMR 7.40

		IS-127

		AMR 10.2

		G.723.1 6.3

		AMR 7.95

		AMR 5.90

		GSM EFR (EP10)

		AMR 5.15

		AMR 4.75

		GSM FR

		GSM EFR (EP7)



EC0

Codec

MOS

Error-free performance

3.688

3.677

3.625

3.583

3.573

3.573

3.542

3.51

3.438

3.406

3.24

3.208

3.198

3.135

2.688




_1023528706.unknown

_1035509858.xls
Chart2

		AMR 12.2		3.323		3.365		2.854		3.24		2.688

		AMR 7.95		3.438		3.354		2.729		3.24		2.688

		AMR 6.70		3.333		3.25		2.75		3.24		2.688

		AMR 5.15		3.115		3.021		2.646		3.24		2.688



EC0

EC1B

EC2B

EC3B

EFR-EP10

EFR-EP7

Codecs

MOS

Error Performance for EC1B,2B,3B

3.625

3.438

3.583

3.208



Table 1

		Table 1: Test Conditions for Experiment 1B

		Condition		Codec		Error		Votes		Y(all)		SD(all)		95%		-95%		Qeqv

		1		Direct		---		96		4.521		0.649		4.651		4.391		40.869

		2		MNRU 33 dBQ		---		96		4.021		0.940		4.209		3.833		33.000

		3		MNRU 24 dBQ		---		96		2.750		0.858		2.922		2.578		24.000

		4		MNRU 15 dBQ		---		96		1.594		0.625		1.719		1.469		15.000

		5		MNRU 06 dBQ		---		96		1.167		0.474		1.261		1.072		6.000

		6		G.726 32		EC0		96		3.677		0.935		3.864		3.490		30.052

		7		G.723.1 6.3		EC0		96		3.510		0.754		3.661		3.360		28.845

		8		G.729 8		EC0		96		3.688		0.799		3.847		3.528		30.131

		9		IS-127		EC0		96		3.573		0.880		3.749		3.397		29.286

		10		GSM FR		EC0		96		3.135		0.829		3.301		2.970		26.385

		11		GSM EFR		EP7		96		2.688		0.837		2.855		2.520		23.612

		12		GSM EFR		EP10		96		3.240		0.778		3.395		3.084		27.044

		13		AMR 12.2		EC0		96		3.625		0.757		3.777		3.473		29.664

		14		AMR 12.2		EC1B		96		3.323		0.761		3.475		3.171		27.583

		15		AMR 12.2		EC2B		96		3.365		0.822		3.529		3.200		27.857

		16		AMR 12.2		EC3B		96		2.854		0.951		3.044		2.664		24.643

		17		AMR 10.2		EC0		96		3.542		0.753		3.692		3.391		29.064

		18		AMR 10.2		EC4B		96		3.396		0.761		3.548		3.244		28.064

		19		AMR 10.2		EC5B		96		3.417		0.816		3.580		3.253		28.204

		20		AMR 10.2		EC6B		96		2.698		0.884		2.875		2.521		23.677

		21		AMR 10.2		EC7B		96		3.260		0.837		3.428		3.093		27.178

		22		AMR 10.2		EC8B		96		3.208		0.767		3.362		3.055		26.845

		23		AMR 10.2		EC9B		96		2.448		0.928		2.633		2.262		22.090

		24		AMR 7.95		EC0		96		3.438		0.805		3.599		3.276		28.344

		25		AMR 7.95		EC1B		96		3.438		0.805		3.599		3.276		28.344

		26		AMR 7.95		EC2B		96		3.354		0.962		3.547		3.162		27.788

		27		AMR 7.95		EC3B		96		2.729		0.946		2.918		2.540		23.871

		28		AMR 7.40		EC0		96		3.573		0.830		3.739		3.407		29.286

		29		AMR 7.40		EC4B		96		3.469		0.894		3.648		3.290		28.557

		30		AMR 7.40		EC5B		96		3.198		0.958		3.390		3.006		26.779

		31		AMR 7.40		EC6B		96		2.490		0.906		2.671		2.308		22.360

		32		AMR 7.40		EC7B		96		3.458		0.928		3.644		3.273		28.486

		33		AMR 7.40		EC8B		96		3.167		0.777		3.322		3.011		26.581

		34		AMR 7.40		EC9B		96		2.833		0.991		3.032		2.635		24.514

		35		AMR 6.70		EC0		96		3.583		0.691		3.722		3.445		29.361

		36		AMR 6.70		EC1B		96		3.333		0.842		3.502		3.165		27.651

		37		AMR 6.70		EC2B		96		3.250		0.846		3.419		3.081		27.111

		38		AMR 6.70		EC3B		96		2.750		0.906		2.931		2.569		24.000

		39		AMR 5.90		EC0		96		3.406		0.776		3.561		3.251		28.134

		40		AMR 5.90		EC4B		96		3.302		0.783		3.459		3.145		27.447

		41		AMR 5.90		EC5B		96		3.156		0.898		3.336		2.977		26.516

		42		AMR 5.90		EC6B		96		2.667		0.948		2.856		2.477		23.482

		43		AMR 5.90		EC7B		96		3.313		0.744		3.461		3.164		27.515

		44		AMR 5.90		EC8B		96		3.188		0.898		3.367		3.008		26.713

		45		AMR 5.90		EC9B		96		2.823		0.858		2.995		2.651		24.450

		46		AMR 5.15		EC0		96		3.208		0.753		3.359		3.058		26.845

		47		AMR 5.15		EC1B		96		3.115		0.832		3.281		2.948		26.254

		48		AMR 5.15		EC2B		96		3.021		0.821		3.185		2.857		25.671

		49		AMR 5.15		EC3B		96		2.646		0.808		2.807		2.484		23.352

		50		AMR 4.75		EC0		96		3.198		0.816		3.361		3.035		26.779

		51		AMR 4.75		EC4B		96		3.052		0.800		3.212		2.892		25.865

		52		AMR 4.75		EC5B		96		3.042		0.807		3.203		2.880		25.800

		53		AMR 4.75		EC6B		96		2.667		0.867		2.840		2.493		23.482

		54		AMR 4.75		EC7B		96		3.156		0.799		3.316		2.996		26.516

		55		AMR 4.75		EC8B		96		3.021		0.754		3.172		2.870		25.671

		56		AMR 4.75		EC9B		96		2.427		0.880		2.603		2.251		21.954





Table 2

		Table 2: Rank-ordered Test Conditions grouped by Error Pattern

		Condition		Codec		Error		Votes		Y(all)		SD(all)		95%		-95%		Qeqv		Class

		1		Direct		---		96		4.521		0.649		4.651		4.391		40.869		1

		2		MNRU 33 dBQ		---		96		4.021		0.940		4.209		3.833		33.000		1

		3		MNRU 24 dBQ		---		96		2.750		0.858		2.922		2.578		24.000		1				Codec		EC0		EC1B		EC2B		EC3B		EC4B		EC5B		EC6B		EC7B		EC8B		EC9B				Codec		EC0

		4		MNRU 15 dBQ		---		96		1.594		0.625		1.719		1.469		15.000		1				G.729 8		3.7																						G.729 8		3.7

		5		MNRU 06 dBQ		---		96		1.167		0.474		1.261		1.072		6.000		1				G.726 32		3.7																						G.726 32		3.7

		8		G.729 8		EC0		96		3.688		0.799		3.847		3.528		30.131		2				IS-127		3.6																						IS-127		3.6

		6		G.726 32		EC0		96		3.677		0.935		3.864		3.490		30.052		2				G.723.1 6.3		3.5																						G.723.1 6.3		3.5

		13		AMR 12.2		EC0		96		3.625		0.757		3.777		3.473		29.664		2				GSM EFR (EP10)		3.2																						GSM EFR (EP10)		3.2

		35		AMR 6.70		EC0		96		3.583		0.691		3.722		3.445		29.361		2				GSM FR		3.1																						GSM FR		3.1

		28		AMR 7.40		EC0		96		3.573		0.830		3.739		3.407		29.286		2				GSM EFR (EP7)		2.7																						GSM EFR (EP7)		2.7

		9		IS-127		EC0		96		3.573		0.880		3.749		3.397		29.286		2				AMR 12.2		3.6		3.3		3.4		2.9

		17		AMR 10.2		EC0		96		3.542		0.753		3.692		3.391		29.064		2				AMR 10.2		3.5								3.4		3.4		2.7		3.3		3.2		2.4				Codec		EC0		EC1B		EC2B		EC3B		EFR-EP10		EFR-EP7

		7		G.723.1 6.3		EC0		96		3.510		0.754		3.661		3.360		28.845		2				AMR 7.95		3.4		3.4		3.4		2.7																AMR 12.2		3.6		3.3		3.4		2.9		3.2		2.7

		24		AMR 7.95		EC0		96		3.438		0.805		3.599		3.276		28.344		2				AMR 7.40		3.6								3.5		3.2		2.5		3.5		3.2		2.8				AMR 7.95		3.4		3.4		3.4		2.7		3.2		2.7

		39		AMR 5.90		EC0		96		3.406		0.776		3.561		3.251		28.134		2				AMR 6.70		3.6		3.3		3.3		2.8																AMR 6.70		3.6		3.3		3.3		2.8		3.2		2.7

		12		GSM EFR (EP10)		EP10		96		3.240		0.778		3.395		3.084		27.044		2				AMR 5.90		3.4								3.3		3.2		2.7		3.3		3.2		2.8				AMR 5.15		3.2		3.1		3.0		2.6		3.2		2.7

		46		AMR 5.15		EC0		96		3.208		0.753		3.359		3.058		26.845		2				AMR 5.15		3.2		3.1		3.0		2.6

		50		AMR 4.75		EC0		96		3.198		0.816		3.361		3.035		26.779		2				AMR 4.75		3.2								3.1		3.0		2.7		3.2		3.0		2.4

		10		GSM FR		EC0		96		3.135		0.829		3.301		2.970		26.385		2																												Codec		EC0		EC4B		EC5B		EC6B		EC7B		EC8B		EC9B		EFR-EP10		EFR-EP7

		11		GSM EFR (EP7)		EP7		96		2.688		0.837		2.855		2.520		23.612		2																												AMR 10.2		3.5		3.4		3.4		2.7		3.3		3.2		2.4		3.2		2.7

		25		AMR 7.95		EC1B		96		3.438		0.805		3.599		3.276		28.344		3																												AMR 7.40		3.6		3.5		3.2		2.5		3.5		3.2		2.8		3.2		2.7

		36		AMR 6.70		EC1B		96		3.333		0.842		3.502		3.165		27.651		3																												AMR 5.90		3.4		3.3		3.2		2.7		3.3		3.2		2.8		3.2		2.7

		14		AMR 12.2		EC1B		96		3.323		0.761		3.475		3.171		27.583		3																												AMR 4.75		3.2		3.1		3.0		2.7		3.2		3.0		2.4		3.2		2.7

		47		AMR 5.15		EC1B		96		3.115		0.832		3.281		2.948		26.254		3

		15		AMR 12.2		EC2B		96		3.365		0.822		3.529		3.200		27.857		4

		26		AMR 7.95		EC2B		96		3.354		0.962		3.547		3.162		27.788		4

		37		AMR 6.70		EC2B		96		3.250		0.846		3.419		3.081		27.111		4

		48		AMR 5.15		EC2B		96		3.021		0.821		3.185		2.857		25.671		4

		16		AMR 12.2		EC3B		96		2.854		0.951		3.044		2.664		24.643		5

		38		AMR 6.70		EC3B		96		2.750		0.906		2.931		2.569		24.000		5

		27		AMR 7.95		EC3B		96		2.729		0.946		2.918		2.540		23.871		5

		49		AMR 5.15		EC3B		96		2.646		0.808		2.807		2.484		23.352		5

		29		AMR 7.40		EC4B		96		3.469		0.894		3.648		3.290		28.557		6

		18		AMR 10.2		EC4B		96		3.396		0.761		3.548		3.244		28.064		6

		40		AMR 5.90		EC4B		96		3.302		0.783		3.459		3.145		27.447		6

		51		AMR 4.75		EC4B		96		3.052		0.800		3.212		2.892		25.865		6

		19		AMR 10.2		EC5B		96		3.417		0.816		3.580		3.253		28.204		7

		30		AMR 7.40		EC5B		96		3.198		0.958		3.390		3.006		26.779		7

		41		AMR 5.90		EC5B		96		3.156		0.898		3.336		2.977		26.516		7

		52		AMR 4.75		EC5B		96		3.042		0.807		3.203		2.880		25.800		7

		20		AMR 10.2		EC6B		96		2.698		0.884		2.875		2.521		23.677		8

		53		AMR 4.75		EC6B		96		2.667		0.867		2.840		2.493		23.482		8

		42		AMR 5.90		EC6B		96		2.667		0.948		2.856		2.477		23.482		8

		31		AMR 7.40		EC6B		96		2.490		0.906		2.671		2.308		22.360		8

		32		AMR 7.40		EC7B		96		3.458		0.928		3.644		3.273		28.486		9

		43		AMR 5.90		EC7B		96		3.313		0.744		3.461		3.164		27.515		9

		21		AMR 10.2		EC7B		96		3.260		0.837		3.428		3.093		27.178		9

		54		AMR 4.75		EC7B		96		3.156		0.799		3.316		2.996		26.516		9

		22		AMR 10.2		EC8B		96		3.208		0.767		3.362		3.055		26.845		10

		44		AMR 5.90		EC8B		96		3.188		0.898		3.367		3.008		26.713		10

		33		AMR 7.40		EC8B		96		3.167		0.777		3.322		3.011		26.581		10

		55		AMR 4.75		EC8B		96		3.021		0.754		3.172		2.870		25.671		10

		34		AMR 7.40		EC9B		96		2.833		0.991		3.032		2.635		24.514		11

		45		AMR 5.90		EC9B		96		2.823		0.858		2.995		2.651		24.450		11

		23		AMR 10.2		EC9B		96		2.448		0.928		2.633		2.262		22.090		11

		56		AMR 4.75		EC9B		96		2.427		0.880		2.603		2.251		21.954		11
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		Table 3: Rank-ordered Test Conditions grouped by AMR mode (only AMR conditions shown)

		Condition		Codec		Error		Votes		Y(all)		SD(all)		95%		-95%		Qeqv		Class

		13		AMR 12.2		EC0		96		3.625		0.757		3.777		3.473		29.664		1

		15		AMR 12.2		EC2B		96		3.365		0.822		3.529		3.200		27.857		1

		14		AMR 12.2		EC1B		96		3.323		0.761		3.475		3.171		27.583		1

		16		AMR 12.2		EC3B		96		2.854		0.951		3.044		2.664		24.643		1

		17		AMR 10.2		EC0		96		3.542		0.753		3.692		3.391		29.064		2

		19		AMR 10.2		EC5B		96		3.417		0.816		3.580		3.253		28.204		2

		18		AMR 10.2		EC4B		96		3.396		0.761		3.548		3.244		28.064		2

		21		AMR 10.2		EC7B		96		3.260		0.837		3.428		3.093		27.178		2

		22		AMR 10.2		EC8B		96		3.208		0.767		3.362		3.055		26.845		2

		20		AMR 10.2		EC6B		96		2.698		0.884		2.875		2.521		23.677		2

		23		AMR 10.2		EC9B		96		2.448		0.928		2.633		2.262		22.090		2

		24		AMR 7.95		EC0		96		3.438		0.805		3.599		3.276		28.344		3

		25		AMR 7.95		EC1B		96		3.438		0.805		3.599		3.276		28.344		3

		26		AMR 7.95		EC2B		96		3.354		0.962		3.547		3.162		27.788		3

		27		AMR 7.95		EC3B		96		2.729		0.946		2.918		2.540		23.871		3

		28		AMR 7.40		EC0		96		3.573		0.830		3.739		3.407		29.286		4

		29		AMR 7.40		EC4B		96		3.469		0.894		3.648		3.290		28.557		4

		32		AMR 7.40		EC7B		96		3.458		0.928		3.644		3.273		28.486		4

		30		AMR 7.40		EC5B		96		3.198		0.958		3.390		3.006		26.779		4

		33		AMR 7.40		EC8B		96		3.167		0.777		3.322		3.011		26.581		4

		34		AMR 7.40		EC9B		96		2.833		0.991		3.032		2.635		24.514		4

		31		AMR 7.40		EC6B		96		2.490		0.906		2.671		2.308		22.360		4

		35		AMR 6.70		EC0		96		3.583		0.691		3.722		3.445		29.361		5

		36		AMR 6.70		EC1B		96		3.333		0.842		3.502		3.165		27.651		5

		37		AMR 6.70		EC2B		96		3.250		0.846		3.419		3.081		27.111		5

		38		AMR 6.70		EC3B		96		2.750		0.906		2.931		2.569		24.000		5

		39		AMR 5.90		EC0		96		3.406		0.776		3.561		3.251		28.134		6

		43		AMR 5.90		EC7B		96		3.313		0.744		3.461		3.164		27.515		6

		40		AMR 5.90		EC4B		96		3.302		0.783		3.459		3.145		27.447		6

		44		AMR 5.90		EC8B		96		3.188		0.898		3.367		3.008		26.713		6

		41		AMR 5.90		EC5B		96		3.156		0.898		3.336		2.977		26.516		6

		45		AMR 5.90		EC9B		96		2.823		0.858		2.995		2.651		24.450		6

		42		AMR 5.90		EC6B		96		2.667		0.948		2.856		2.477		23.482		6

		46		AMR 5.15		EC0		96		3.208		0.753		3.359		3.058		26.845		7

		47		AMR 5.15		EC1B		96		3.115		0.832		3.281		2.948		26.254		7

		48		AMR 5.15		EC2B		96		3.021		0.821		3.185		2.857		25.671		7

		49		AMR 5.15		EC3B		96		2.646		0.808		2.807		2.484		23.352		7

		50		AMR 4.75		EC0		96		3.198		0.816		3.361		3.035		26.779		8

		54		AMR 4.75		EC7B		96		3.156		0.799		3.316		2.996		26.516		8

		51		AMR 4.75		EC4B		96		3.052		0.800		3.212		2.892		25.865		8

		52		AMR 4.75		EC5B		96		3.042		0.807		3.203		2.880		25.800		8

		55		AMR 4.75		EC8B		96		3.021		0.754		3.172		2.870		25.671		8

		53		AMR 4.75		EC6B		96		2.667		0.867		2.840		2.493		23.482		8

		56		AMR 4.75		EC9B		96		2.427		0.880		2.603		2.251		21.954		8
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