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1 Summary

A subjective test according to recommendation ITU-T P.835 and under specific conditions established in Tdoc S4-110756 was conducted by Qualcomm with naïve native American English speaker subjects in the United States. A similar experiment (same reference and test files, randomization order and experimental design) was repeated by HEAD Acoustics in Germany with naïve non-native English speakers. A preliminary comparison of the results, pending a more detailed statistical analysis, is presented in this contribution. Preliminary1 observations point to different preferences among the two population groups in trade-offs between noise suppression and speech quality. The differences appear to partially explain the contradictory results of previous attempts to correlate P.835 and ETSI EG 202.396-3 objective predictor scores.

More details about the experiments conducted (test conditions, experimental design, etc.) are to be found in contributions Tdoc S4-110934 - Validation of ETSI EG 202.396.3 with dual microphone noise suppression terminals.

1The experiments being conducted by HEAD Acoustics were still ongoing at the time of this writing. The results reported for the HEAD Acoustics experiment are averaged across 24 listeners. The results reported for the Qualcomm experiment are averaged across 32 listeners.
2 Comparison of P.835 SIG results between Qualcomm and HEAD 2011 LOT
Figure 1 compares the results for the P.835 SIG quality dimension between the HEAD Acoustics 2011 and Qualcomm narrowband experiments. The scores are averaged across all 4 talkers per condition (average of 128 votes per data point for the Qualcomm experiment and 96 votes for the HEAD Acoustics experiment). 

The Pearson’s correlation coefficient is 0.893 and the general trend is that the results obtained in the HEAD Acoustics experiment are lower than the results obtained at Qualcomm. 

For some conditions, a difference of up to 1.3 points exists between the results of the two labs. It appears that the HEAD Acoustics test panel was more critical with regards to speech quality than the Qualcomm test panel. This observation is especially true at the upper end of the quality scale which is mostly composed by results obtained with dual microphone noise suppression devices. 
It is interesting to observe that a somewhat similar trend exists with the scatter plots between the objective predictor scores and the Qualcomm LOT results as presented in Tdoc S4-110934.
These results are preliminary and subject to further analysis, but they point to statistically significant differences between the inter-lab results for the P.835 SIG quality dimension.
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Figure 1 - Comparison of Qualcomm and Head Acoustics 2011 LOT results for P.835 SIG

3 Comparison of P.835 BAK results between Qualcomm and HEAD 2011 LOT

Figure 2 compares the results of the P.835 BAK quality dimension between the HEAD Acoustics and Qualcomm experiments. The Pearson correlation coefficient is high (0.982) and the differences in results lower when compared to the P.835 SIG results. Nevertheless, differences for some of the scores can still reach 0.5 point in the MOS scale.

In most cases the scores are slightly higher in the case of the HEAD Acoustics experiment, except for the extreme low-end of the scale (mainly hands-free conditions from the reference set). This observation contrasts with the scores for P.835 SIG, which in the HEAD Acoustics experiment were all consistently lower.

It appears that the HEAD Acoustics test panel seems to be more sensitive to speech quality but less sensitive to the residual background noise in the test conditions.
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Figure 2 - Comparison of Qualcomm and Head Acoustics 2011 LOT results for P.835 BAK
4 Comparison of P.835 OVRL results between Qualcomm and HEAD 2011 LOT

Figure 3 compares the results of the OVRL component between the HEAD Acoustics experiment and Qualcomm experiment. The Pearson correlation coefficient is 0.956; but the scores are around 0.6 lower on average in the case of the HEAD Acoustics experiment. 
It appears from the plots that the higher scores in P.835 BAK in the HEAD Acoustics LOT are balanced by the lower scores in P.835 SIG and the slope of the simple linear regression curve is close to unity, with the result being an average negative bias for the P.835 OVRL scores obtained in Germany.
[image: image3.emf]1 1.5 2 2.5 3 3.5 4 4.5 5

1

1.5

2

2.5

3

3.5

4

4.5

5

QCOM LOT - P.835 OVRL

HEAD2011 LOT - P.835 OVRL

Qualcomm LOT x HEAD2011 LOT - P.835 OVRL (MEAN across all talkers)

r = 0.9558

 

 

 

y = 1*x - 0.62


Figure 3 - Comparison of Qualcomm and Head Acoustics 2011 LOT results for P.835 OVRL
5 Comparison of P.835 results between Qualcomm and HEAD 2011 LOT per talker

In order to further understand the differences in the results for the P.835 SIG quality dimension, Figure 4 compares the P.835 results per talker between the HEAD Acoustics experiment and Qualcomm experiment. Each data point represents the mean results per talker for each of the 32 conditions (average of 32 votes per data point for the Qualcomm data and 24 for the HEAD Acoustics data). 

It appears that a significant dependency on the P.835 SIG scores per talker exists in the case of the HEAD Acoustics LOT. As a consequence the Pearson correlation coefficient is lower (0.754). The same dependency was not observed in the Qualcomm LOT. In some cases the differences in the mean scores is almost 2 points in the MOS scale. However, due to the time variant nature of the background noises it is not unlikely that a virtual talker dependency exist. Virtual means in this case just the occurrence of strong noise or less strong noise in conjunction with the different sentences (see also Appendix). This effect needs to be studied in more detail.

The same type of dependency of the scores to “talker” is not observed (and it should not be!) for the P.835 BAK quality dimension (Figure 5). Nevertheless, also the differences of BAK per talker may be up to .8 points in the quality scale. As previously observed, for the OVRL scores, the trend is the result of a combination between the SIG and BAK quality dimensions.
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Figure 4 - Comparison of Qualcomm and Head Acoustics 2011 LOT results for P.835 SIG per talker
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Figure 5 - Comparison of Qualcomm and Head Acoustics 2011 LOT results for P.835 BAK per talker
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Figure 6 - Comparison of Qualcomm and Head Acoustics 2011 LOT results for P.835 OVRL per talker
6 Comparison of P.835 results between Qualcomm and HEAD 2011 LOT per DUT
Another interesting way to look at the differences observed between the two experiments is to do scatter plots for each of the DUTs. The test conditions are all dual microphone noise suppression enabled devices and the scatter plots per device are presented in Figure 7.

It appears that, for most devices, the scores obtained in the Qualcomm experiment are mostly clustered around the upper range of the scale, with poor statistically significant difference when varying talker or noise type within a device. In the Head acoustics experiment however, both of these factors seem to be significant and the subjects used a larger range of the scale to score the conditions.
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Figure 7 - Comparison of Qualcomm and Head Acoustics 2011 LOT results for P.835 SIG per device

7 Conclusion
While these are preliminary results, subject to completion of the HEAD Acoustics tests and further investigation and statistical analysis, the results appear to point to a difference in preference between test panels in Germany and US. The results of the Qualcomm LOT follow the general trend observed in other tests conducted in US, whereas the results of this experiment by HEAD Acoustics follow the general trend observed in other tests conducted in Europe.

This factor has not being widely considered so far in the publication of correlation results between P.835 test results and the ETSI EG 202.396-3 model. Considering that the ETSI EG 202.396-3 narrowband training database is based on results of subjective tests conducted in Germany, the results presented here may partially explain the lack of correlation previously claimed in other studies conducted.

A hypothesis is that differences in the context of normal day-day mobile telephony experience between populations in different countries could lead to differences in the overall results. For example, dual microphone noise suppression techniques are present today in the majority of smartphone devices being sold in the US, whereas the situation may be different in Germany. Also, it is not uncommon in certain cities in US that lower speech codec bit rates are used due to network capacity concerns. (e.g. AMR at 5.9kbps and EVRC at 6.6kbps). The extent to how this affects the overall perception of quality in an ACR test is unknown. The problem is complicated by the fact that multiple quality dimensions are being considered in a P.835 test and the sensitivity of different populations to each of these dimensions could change.
8 Appendix – Comparison of results per sentence pair
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