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1.
INTRODUCTION

A comparative study has been undertaken on the recent sets of subjective results that have been collected during the AMR-WB Characterization Testing Phase (Part 1a) and the ITU-T WB-16K Selection Testing Phase. This investigation is aimed to eventually reveal differences between the subjective data (mean opinion scores and standard deviation values) that are obtained by different listening laboratories (LLs) and, consequently, to establish or refute possible behaviour peculiarities of subjects from different countries. FT R&D has already presented a first result of the comparative study of standard deviations values reported by different listening laboratories at the previous meeting in Erlangen (SA4#18).

2.
consistency between results at different Testing laboratories
Differences do exist between results at different testing laboratories. This phenomenon is frequently observed and, as a consequence, does not allow global averaging of the results from individual laboratories that would improve the sensitivity and reliability of an experiment. Explicit mention of those differences has been introduced in the ITU-R Recommendation regarding the subjective assessment of Image quality, for instance. In ITU-T-BT-500, it reads:   "A study of consistency between results at different testing labs undertaken have found that systematic differences can occur between results obtained from different laboratories". 

Regarding the field of speech quality, a source of possible variations is the language itself that is used by each LL when the evaluations are performed in more than one language. The effect of such linguistic differences might be particularly important. This is the reason why experiments are performed by multiple test houses and in multiple languages. The allocation of experiments to LLs that is an integral part of the test plan for each phase ought to ensure that experiments are conducted in all of the three language groups available to us (Asian, Romance, Germanic). Moreover, it is well known that language dependency has a strong impact on the quality performance of speech codecs, specifically for low bit rate codecs. 

The existence of differences between results at several listening laboratories was recently pointed out by a Dynastat contribution (Tdoc S4-010393) during the AMR-WB Characterization Phase 1a: the results of cross-language comparisons for experiments conducted by several listening laboratories indicate that a significant interaction between Conditions and Languages was found in all three experiments that used multiple languages, i.e. Exp#1 involving British English (BT) and Finnish (Nokia), Exp#2 involving French (FT) and North American English (LMGT), as well as Exp#5 involving French (FT) and German (DT). 

Besides the effect of language, another possible explanation for the differences between different laboratories is that "there may be different skill levels amongst different groups of non-expert assessors". Visual experts who suggest that research be undertaken to quantify the variations contributed by this factor propose this hypothesis and recommend: "experimenters should include as much detail as possible on the characteristics of their assessment panels to facilitate further investigation of this factor. Suggested data to be provided could include: occupation category (e.g. university student, office worker, ...), gender, and age range". Speech quality experts as well should be encouraged to undertake such specific research in order to better understand the systematic differences observed between results obtained from different test houses. As it was mentioned by Dynastat that a substantial difference was found between the standard deviation values of FT R&D and of the other labs, FT have been starting and is presently pursuing a comparative study of results on various subjective experiments conducted by different listening laboratories. 

3.
AMR-WB Characterization Testing Phase 1a

We have chosen to investigate the differences between results at different testing houses by studying the relationship between mean scores and their associated standard deviation. As those curves show specific characteristics depending of the subjective method used (ACR or DCR), the analysis is made separately for ACR experiments and DCR experiments. From the six experiments of the AMR-WB Characterization Testing Phase 1a, four were ACR experiments (Exp#1, Exp#2, Exp#3 & Exp#5, each conducted by two different listening laboratories with the exception of Exp#3) and three were DCR experiments (Exp#4, Exp#6A & Exp#6B). For the whole set ACR experiments, respectively the whole set of DCR experiments, are plotted in Figure 1 and Figure 2 points that represent all conditions specified by their MOS or DMOS scores on the X-axis and their standard deviation (STD) on the Y-axis. A polynomial approximation was chosen to describe the tendency curve per type of experiments shown on each graph (R² = 63.9% for ACR experiments and 77.6% for DCR experiments). In ACR graph (Figure 1), most of the points have a MOS between 3.5 and 4.5 and a standard deviation between 0.7 and 1, while in DCR graph (Figure 2), most of the points have a higher score, i.e. a DMOS between 4 and 5 and their standard deviation between 0.6 and 0.9. 
Figure 3 to Figure 9 show per experiment the similar plot of the standard deviation values versus the mean opinion scores observed for each condition by each listening laboratory involved. Individual trend curves per LL, computed by means of a regression, are compared with themselves and with the "average" curve of either Figure 1 or Figure 2 that has been reported on each graph. This comparison will allow us to verify if any national specificity really exists.

Looking at those figures, it is obvious that Mean-STD curves from different countries having participating in the same experiment can be rather different from each other : this is the case for BT and Nokia in Exp#1, FT and LMGT in Exp#2, DT and FT in Exp#5. Moreover some departures are observed between curves from individual LLs and the associated general trend of the phase (ACR or DCR tendency): for example, this is the case for BT in Exp#1, FT in Exp#2 and DT in Exp#5, as well as Nortel in Exp#4. It should be noticed that DCR experiments lead to results at each individual test labs that are more consistent with each other than ACR experiments.

In Figure 3 for Exp#1, it can be seen that the points from Nokia fitted quite well the average ACR curve whereas the points from BT are rather different and quite beneath the general trend. In experiment #2 (Figure 4), the FT curve seems to be a little beneath the general trend. Most of the points for the French data in this experiment have a MOS between 3.7 and 4.5. For Exp#2 by LMGT, the points are most dispersed and a little above. The points from Dynastat in experiment #3 are above the general ACR curve;  those from Nortel in experiment #4, as well, are a little above the DCR curve. In experiment #5, the points from DT are above the ACR curve, whereas the points from FT are very close to the ACR tendency (due to its polynomial tendency that is very close to the ACR curve of this testing phase)e. In experiment #6A, the points from LMGT follow the DCR curve, as well as the points from Nokia in experiment #6B. Note that plots of the Mean-STD relationship per Listening Lab and type of experiments are reported in Annex 3 in Figure #1 for ACR experiments and Figure #2 for DCR experiments. 

Differences have been pointed out between results at several test houses from different countries. Further investigation is needed to find which factors are responsible for these differences. Among the possible factors are linguistic, cultural and psychological factors (motivation is one of the most important psychological factor), as well as the subject's skill level and more generally any characteristic of the subjects. Nevertheless, as it has been mentioned that a substantial difference was found between the standard deviation values of FT R&D and of the other labs, we have undertaken the analysis of the behaviour of the French listeners for one of these experiments.  
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Figure #1: Mean-STD relationship in ACR experiments from the AMR-WB Characterization testing phase (Phase 1a : Exp#1, Exp#2, Exp#3 & Exp#5)
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Figure #2: Mean-STD relationship in DCR experiments from the AMR-WB Characterization testing phase (Phase 1a : Exp#4, Exp#6A & Exp#6B)
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Figure #3: Mean-STD relationship in experiment #1 from the AMR-WB Characterization Testing

Phase 1a (ACR, LLs : BT & Nokia)
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Figure #4: Mean-STD relationship in experiment #2 from the AMR-WB Characterization Testing

Phase 1a (ACR, LLs : FT & LMGT)
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Figure #5: Mean-STD relationship in experiment #3 from the AMR-WB Characterization Testing

Phase 1a (ACR, LL : Dynastat)
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Figure #6: Mean-STD relationship in experiment #4 from the AMR-WB Characterization Testing

Phase 1a (DCR, LL : Nortel)
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Figure #7: Mean-STD relationship in experiment #5 from the AMR-WB Characterization Testing

Phase 1a (ACR, LLs : DT & FT)
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Figure #8: Mean-STD relationship in experiment #6A from the AMR-WB Characterization Testing

Phase 1a (DCR, LL: LMGT)
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Figure #9: Mean-STD relationship in experiment #6B from the AMR-WB Characterization Testing

Phase 1a (DCR, LL: Nokia)

4.
AMR-WB Characterization : Experiment 5

Within the AMR-WB Characterization Phase 1a, a substantial difference was found between the standard deviation values of FT R&D and of the other labs. More particularly, values observed with French subjects seem to be smaller than the ones observed with subjects from other countries. Consequently, FT R&D decided to analyse the behaviour of two populations of subjects: German and French listeners that were used in Exp#5 (DT-Exp5 is the unique experiment for which raw data is presently available to FT R&D). For each of the 48 experimental conditions of Exp#5, the average scores (over 4 talkers) given by each of the individual listeners have been computed and compared to the traditional MOS scores (averaged over 96 observations, i.e. 24 listeners x 4 talkers). Deviations of individual average score from MOS score higher than 1 or 2 times the sigma value have been quoted, their number computed and reported on the following tables for each subject of DT and FT panels: this is, in fact, a classical procedure for screening the listeners, recommended for instance in image quality assessment (ITU-R-BT-500).  

Results from three subjects of the DT panel show deviations from MOS values of up than 2 sigmas: those subjects are also responsible for one third of the total number of 1-sigma deviations. Regarding the FT panel, results from one subject only show deviations of up than 2 sigmas. By applying the screening procedure, two German subjects (Listeners 13 & 14) could be eliminated. Figure #10 shows the Mean versus STD curves for DT & FT in the same Experiment 5 when both listeners 13 & 14 had been excluded from the DT panel. By comparing those figure with Figure # 7, one can see that the observed distance between the DT curve and the global ACR trend is considerably reduced when a pre-determined screening rule is applied to exclude unsteady listeners. The French listeners participating in Exp#5 seem effectively very stable, perhaps more stable than subjects used for the experiment in German language. It will be necessary to verify with data from other experiments if it is, or not, a specific characteristic of French subjects and eventually to find some explanation for that. One possible reason might be the high level of quality that the French population have experienced for their telephone conversations since more than thirty years. It should be reminded that the French telecommunication network was the first network in the world to become almost entirely numerical with the introduction all over the country of the G.711 speech coding around 1970. This historical factor might have allowed the French population to gain some stable criteria for which they base their judgment on and, thus, to achieve a higher level of coherence in speech quality assessment than subjects from other countries show. 

It is nevertheless the case that the question of a screening for the listeners, that was a recurrent question within ITU-T over the last twenty years and that has been solved in ITU-R by incorporating a screening rule in various Recommendations, needs to be revisited in speech quality domain. Trying to obtain more stability in the subjects' answer is a constant objective for subjective assessment procedures: this improvement is also linked to the experimental design matter.     
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Figure #10: Mean-STD relationship for DT & FT in Experiment 5 after elimination of 2 listeners from the DT population (to be compared to Figure # 7)
5.
ITU-T WB-16K Selection Testing Phase (2001)

 A first comparative study, applied to the ITU-T WB-16K Selection results has been already presented at the previous meeting in Erlangen (Tdoc S4-010506). For each of the six experiments of this phase of testing (Exp#1A, Exp#1B, Exp#2, Exp#3A, Exp#3B & Exp#4, each conducted by two different listening laboratories) plots of standard deviation values versus subjective scores have been reported for both LLs. The analysis has been completed and this paper shows in Annex 1 the Mean-STD curves per type of experiments (ACR respectively DCR) for each LL involved along with the average ACR (resp. DCR) trend curves of the testing phase.  

It occurs that Mean-STD curves from different countries having participating in the same experiment can be rather distant from each other: this is the case for FT and NTT-AT in Exp#1A, DT and LMGT in Exp#2, Dynastat and LMGT in Exp#3A, and Dynastat and Nokia in Exp#4. Moreover some departures are observed between curves from individual LLs and the associated general trend of the phase (ACR or DCR tendency): for example, this is the case for FT, as well as NTT-AT in Exp#1A, LMGT in Exp#2 and Dynastat in Exp#4. It should be noticed once again that DCR experiments lead to results at each individual test labs that are more consistent with each other than ACR experiments.

6.
ITU-T WB-24&32K Selection Testing Phase (1999)

As an example for purpose of comparison, Annex 2 show subjective data belonging to a previous phase of testing: the ITU-T WB-24&32K Selection Phase that took place in 1999. Those data concern Exp#2 based on the ACR method for music signals. The Mean-STD curves from FUB and FT that were participating in this experiment are very close to each other and quite in line with the general ACR trend of the 2001 exercise. A more detail analysis of old sets of subjective data that might eventually reveal the effect of specific test designs is for further study. 

7.
Conclusion

Differences have been pointed out between subjective results collected at several test houses. Further investigation is needed to find which factors are responsible for these differences. Among the possible factors are linguistic, cultural and psychological factors (motivation being one of the most important psychological factors), as well as the subject's skill level and more generally any characteristic of the subjects. Speech quality experts are encouraged to undertake such specific research in order to better understand the systematic differences observed between results obtained from different LLs. For their part, FT R&D will carry on a linguistic study of the different characteristics of languages and, among them, English and French languages in the first place.

In some of the data that were analysed in this contribution, the French listeners show a very stable behaviour that could suggest a specificity of these subjects. It is not clear from now if it is really the case. Nevertheless, stability of the subject's answers being a constant objective for subjective assessment procedures (including assessment methods as well as tests designs), the possibility of screening the listeners should be discussed at least for the ACR experiments. Some procedure should be fixed in order to be able to reject the specific subjects of each LL that will be designed as "unsteady" according to the agreed rejection rule. Moreover, a study of the incidence over the results of test design chosen will be further undertaken.   

Annex 1 :

Mean-STD relationship per Listening Lab in ACR & DCR experiments from the ITU-T WB 16K Selection Testing Phase

ACR experiments : Exp#1A, Exp#1B, Exp#2 & Exp#4

DCR experiments : Exp#3A & Exp#3B
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[image: image12.wmf]Experiment 1B - ITU-T 16k selection 
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[image: image13.wmf]Experiment 2 - ITU-T 16k selection
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[image: image14.wmf]Experiment 3A - ITU-T 16k selection
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[image: image15.wmf]Experiment 3B - ITU-T 16k selection
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[image: image16.wmf]Experiment 4 - ITU-T 16k selection
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Annex 1 (continued) :

Mean-STD relationship per type of experiment (ACR & DCR) from the ITU-T WB 16K Selection Testing Phase
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Annex 2 :

Mean-STD relationship for ACR experiment (Exp#2) from the ITU-T WB 24K-32K Selection Testing Phase (1999) compared to the ACR tendency from the ITU-T WB 16K Selection Testing Phase (2001)
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Annex 3 :

Mean-STD relationship per Listening Lab and type of experiments from the AMR-WB Characterization Testing Phase 1a

Figure #1: Mean-STD relationship per Listening Lab in ACR experiments
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Figure #2: Mean-STD relationship per Listening Lab in DCR experiments
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