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1. Abstract

This document presents a set of statistical analyses to compare the results of the subjective experiments involved in the Selection Test for the ITU-T G.722 Packet Loss Concealment algorithm (PLC). 

2. G.722.2 PLC Selection Test

The Selection Test was organized by ITU-T Q10/SG16 to select a PLC algorithm from among three candidates. The Selection Test included four subjective experiments described in the G.722 PLC Selection Test Plan [1] where each experiment was conducted in two or more Listening Labs. Dynastat conducted all four subjective experiments under contract with Broadcom and presented the results in the Listening Lab test report [2]. The Selection Test Plan specified a set of Terms of Reference (ToR) tests for each experiment designed to test the quality performance of each PLC candidate relative to that of the reference PLC, i.e., G.722.2 without PLC. In the experiments conducted by Dynastat, all three PLC candidates passed all of the required ToR tests. Since the number of ToR Passes provided no discrimination among the three PLC candidates, Dynastat proposed to Broadcom to perform Global ToR tests for each of the four experiments that Dynastat had conducted. Rather than comparing each PLC to the reference, these Global ToR tests would directly compare the PLC candidates to each other. The comparisons would be performed in pairs, i.e., PLC-A vs. PLC-B, PLC-A vs. PLC-C, and PLC-B vs. PLC-B. The Global ToR tests were based on Analysis of Variance (ANOVA) and the results of these analyses provided discrimination among the candidate PLC’s on the basis of the test results. Dynastat proposed to extend those Global ToR tests to include comparisons of results across Listening Labs. This report describes those Global Analyses.

2.1. Description of the Subjective Tests 

The test plan specified the four subjective listening tests in the PLC Selection Test. The test methodology and the experimental design for conducting the tests were specified in the test plan. Table 1 provides a summary of the subjective tests. Experiments 1a and 1b used the Absolute Category Rating (ACR) method and 2a and 2b used the Degradation Category Rating Method, both described in ITU-T Recommendation P.800 [3]. The ACR provides results on the five-point Mean Opinion Score (MOS) scale. The DCR provides results on the five-point Degradation Mean Opinion Score (DMOS) scale.

Table 1.  Summary of the Listening Tests in the G.722 PLC Selection Test
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Method

Test Conditions

# Conditions

1a

ACR

Clean, Random Frame Erasures

30

1b

ACR

Clean, Burst Frame Erasures

30

2a

DCR

Music Background at 25dB SNR

18

2b

DCR

Office Noise Background at 20dB SNR

18


The ACR and DCR tests involved the following design parameters:

· subjects — 32, four panels of eight subjects

· randomizations — one per listening panel

· talkers — six (three males, three females)

· speech samples — four sentence-pairs per talker

· experimental design — modified partially-balanced, randomized blocks 

2.2. Terms of Reference Tests

The test plan described the ToR tests designed to determine whether the candidate PLC’s met specific quality targets. Each of the ToR tests involves a statistical comparison of the quality performance, either MOS or DMOS, of each candidate PLC (i.e., the Test PLC’s) relative to that of G.722 with Reference PLC. The criterion for a Pass of a ToR Requirement is a comparison of whether the Test PLC is statistically “Better Than” (BT) the Reference PLC. The test plan specified the statistical test to be used for evaluating Pass or Fail for each ToR to be Dunnett’s Test [4]. Dunnett’s Test is a special case of the more general Post Hoc Multiple-Means Comparison Test. It is designed for statistical comparisons involving multiple Treatment means (i.e., G.722 with the Candidate PLC’s) against the Control mean (i.e., G.722 with Reference PLC). 

Each experiment involved test conditions for multiple ToR tests. Experiments 1a and 1b included four ToR test conditions each; 2a and 2b, two ToR conditions each. Table 2 shows the ToR test conditions in each experiment.

Table 2.  ToR Test Conditions Involved in the G.722 PLC Experiments
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2.3. Global Analyses

ANOVA offers a powerful statistical test that can be applied across multiple ToR’s within an experiment. This document reports the results of ANOVA’s for each experiment across ToR conditions. Each analysis is a pair-wise ANOVA comparing a pair of PLC candidates across ToR’s. For example, in Exp.1a there are three ANOVA’s across the ToR conditions involved in the experiment — PLC-A vs. PLC-B, PLC-A vs. PLC-C, and PLC-B vs. PLC-C. 

The design of the analyses is a three-way ANOVA for the following factors:

· PLC - fixed factor with two levels (e.g., PLC-A vs. PLC-B)

· Conditions - fixed factor with either four levels (1a and 1b) or two levels (2a and 2b)

· Subjects (mixed factor)

· Listening Lab (nested fixed factor with two or more levels)

· Subjects within Listening Labs (random factor with N=32 subjects per lab)

Table 3 provides an example Variance Source Table for one Pair-wise ANOVA for Experiment 1a where PLC = 2, ToR = 4, Lab = 3, and Subjects within Labs = 32. 

Table 3. Example Variance Source Table for Exp.1a
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3
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PLC x ToR
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 -

   PLC x Lab

2

MS

PLC x Lab
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PLC x Lab x SwnL

   PLC x Subjects w/n Lab

93

 -

ToR x Subjects

285

 -

   ToR x Lab
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MS

ToR x Lab

 

/
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6

MS

PLC x ToR x Lab

 

/
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279

 -

Total

767

df


The most relevant effects for the PLC Selection Test are highlighted in the table and include:

· PLC – Is one PLC significantly different from the other (if yes, and examination of the means will indicate which is higher)?

· PLC x ToR – Are the patterns of ToR scores significantly different for the two PLC’s?

· PLC x Lab – Are the patterns of PLC scores significantly different for the two Lab’s?

· PLC x ToR x Labs - Are the patterns of ToR scores for the PLC’s significantly different for the two Labs?

The results of these analyses will serve to provide a clearer picture of the relative performance of the PLC’s than will the number of ToR Passes. 

3. Global Analyses

Table 4 summarizes the results of the 12 ANOVA’s computed for the global analyses — three combinations of PLC’s x four experiments. Each section in Table 4 shows the ANOVA results for a single experiment.
 

Table 4. Summary of Global Analyses for ToR Conditions by Experiment
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The following description refers to the section in Table 4 for Experiment 1a but can also be applied to the each section of the table for the other three experiments. 

· each vertical section in the table applies to a pair-wise PLC comparison

· row 1 identifies the pair-wise comparison (e.g., PLC-A vs. PLC-B)

· row 2 shows the Mean for the PLC across Labs and ToR conditions (e.g., PLC-A = 3.570, PLC-B=3.398)

· rows 3-7 show ANOVA results

· row 3 — column label (F-ratio and Prob. of the F, if prob. < .05 then the effect is significant)

· row 4 — F-ratio and probability for PLC effect (if highlighted, the difference between the means is significant)

· rows 5-7 — F-ratios and probabilities for PLC interactions   (if highlighted, the interaction effect is significant)

4. Discussion

4.1. Experiment 1a – Clean Conditions with Random Frame Erasures

4.1.1. PLC-A vs. PLC-B

The significant F-ratio (F=116.25, prob.<.0001) indicates that PLC-A (MOS=3.570) scored significantly better in Experiment 1a than PLC-B (MOS=3.398). The significant PLC x Condition interaction (F=23.78, prob.<.0001) indicates that the patterns of scores over ToR conditions in Experiment 1a was significantly different for the two PLC’s. Figure 1 shows a graphical representation of that interaction. Note in the figure that, while there is a significant difference in the patterns for the two PLC’s, PLC-A scores numerically higher than PLC-B in all four conditions. 
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Fig.1 Interaction of  PLC x ToR Condition for PLC-A  and PLC-B for Experiment 1a

4.1.2. PLC-A vs. PLC-C

PLC-A (MOS=3.570) scored significantly better in Experiment 1a than PLC-C (MOS=3.506). The PLC x Condition and the PLC x Lab interactions were both significant. Figures 2a and 2b show graphical representation of those two interactions, respectively. 
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Figs.2a and 2b  Interactions of PLC (A vs. C) x Condition and PLC x Lab for Experiment 1a

Note that the interaction shown in Fig.2b was the only significant PLC x Lab interaction in all of Global ANOVA’s summarized in Table 4. Note also that it narrowly reached the p<.05 criterion for significance, i.e., p=.042. This finding indicates that, for each experiment, the patterns of scores across Labs were equivalent for each PLC. 

4.1.3. PLC-B vs. PLC-C

PLC-C (MOS=3.506) scored significantly better in Experiment 1a than PLC-B (MOS=3.398). The PLC x Condition interaction was also significant as shown in Fig. 3. 
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Fig.3  Interaction of  PLC x ToR Condition for PLC-B  and PLC-C for Experiment 1a

4.2. Experiment 1b – Clean Conditions with Burst Frame Erasures

4.2.1. PLC-A vs. PLC-B

There was no significant difference in the global comparisons scores of PLC-A (3.312) and PLC-B (3.319) for Experiment 1b nor were any of the interactions significant.

4.2.2. PLC-A vs. PLC-C

PLC-A (MOS=3.312) scored significantly higher in Experiment 1b than PLC-C (MOS=3.270). The three-way interaction of PLC x Condition x Lab was also significant. Such a high-order interaction is difficult to illustrate and even more difficult to explain and will not be treated in this report. 

4.2.3. PLC-B vs. PLC-C

PLC-B (MOS=3.319) scored significantly higher in Experiment 1b than PLC-C (MOS=3.270). The three-way interaction of PLC x Condition x Lab was also significant but is not treated in this discussion. 

4.3. Experiment 2a – Music Background with Random and Burst Frame Erasures

4.3.1. PLC-A vs. PLC-B

PLC-A (MOS=4.096) scored significantly higher in Experiment 2a than PLC-B (MOS=3.993). There were no significant interactions. 

4.3.2. PLC-A vs. PLC-C

PLC-A (MOS=4.096) scored significantly higher in Experiment 2a than PLC-C (MOS=3.950). The three-way interaction of PLC x Condition x Lab was also significant but is not treated here. 

4.3.3. PLC-B vs. PLC-C

There was no significant difference between PLC-B (MOS=3.993) and PLC-C (MOS=3.950) in Experiment 2a.  The PLC x Condition interaction was significant as shown in Fig. 4. The three-way interaction of PLC x Condition x Lab was also significant but is not treated here.
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Fig.4  Interaction of  PLC x ToR Condition for PLC-B  and PLC-C for Experiment 2a

4.4. Experiment 2b – Office Background Noise with Random and Burst Frame Erasures

4.4.1. PLC-A vs. PLC-B

PLC-A (MOS=3.883) scored significantly higher than PLC-B (MOS=3.687) in Experiment 2b. The PLC x Condition interaction was significant as shown in Fig. 5. The three-way interaction of PLC x Condition x Lab was significant but is not treated here.
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Fig.5  Interaction of  PLC x ToR Condition for PLC-A  and PLC-B for Experiment 2b

4.4.2. PLC-A vs. PLC-C

PLC-A (MOS=3.883) scored significantly higher than PLC-C (MOS=3.728) in Experiment 2b. The PLC x Condition interaction was also significant as shown in Fig. 6. 
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Fig.6  Interaction of  PLC x ToR Condition for PLC-A  and PLC-C for Experiment 2b

4.4.3. PLC-B vs. PLC-C

There was no difference between PLC-B (MOS=3.687) and PLC-C (MOS=3.728) in Experiment 2b. The PLC x Condition interaction was significant as shown in Fig. 7. The three-way interaction of PLC x Condition x Lab was significant but is not treated here.
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Fig.7  Interaction of  PLC x ToR Condition for PLC-B  and PLC-C for Experiment 2b

5. Conclusions

The following conclusions can be drawn from the global analyses described in this document.

· Experiment 1a (overall results shown in Fig.8)

· PLC-A > PLC-B 

· PLC-A > PLC-C

· PLC-C > PLC-B

· Experiment 1b (overall results shown in Fig.9)

· PLC-A = PLC-B

· PLC-A > PLC-C

· PLC-B > PLC-C

· Experiment 2a (overall results shown in Fig.10)

· PLC-A > PLC-B

· PLC-A > PLC-C

· PLC-B = PLC-C

· Experiment 2b (overall results shown in Fig.11)

· PLC-A > PLC-B

· PLC-A > PLC-C

· PLC-B = PLC-C
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    Fig.8  Overall Results for Experiment 1a.

Fig.9  Overall Results for Experiment 1b.
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Fig.10  Overall Results for Experiment 2a.

Fig.11  Overall Results for Experiment 2b.

The results of the Global Analyses presented in this document show that PLC-A is clearly the best performing PLC across the subjective experiments involved in the G.722 PLC Selection Test.
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Appendix

Table A1 shows summary results of the ANOVA comparing the References PLC’s, PLC-0 and PLC-1, across three ToR conditions (1%, 3%, 6%) and three Labs. In Experiment 1a, PLC-0 (2.610) scored significantly higher than PLC-1 (2.335). The interaction between PLC and Lab was significant as illustrated in Figure A1. The three-way interaction of PLC x Condition x Lab was significant but is not treated here. 

In Experiment 1b, PLC-0 (3.118) scored significantly higher than PLC-1 (3.069). There were no significant interactions.

Table A1  Summary Results of ANOVA’s Comparing the Reference PLC’s
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Fig. A1  Interaction of PLC-0 and PLC-1 in Experiment 1a

� The same statistical analyses have been applied to the two reference PLC’s, PLC-0 and PLC-1, in Experiments 1a and 1b. Those results are presented in the Appendix to this document.
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