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1. Summary

In Tdoc S4-120732 [1] the source presented a statistical method for combining results of Terms of Reference (ToR) tests based on data derived from independent subjective tests. The EVS Qualification Test is designed such that each candidate codec is tested in two subjective tests – once in a test conducted by the candidate codec’s Proponent listening lab and once in a test conducted by another Proponent’s listening lab. The method proposed in [1] would allow the results from the two independent subjective tests to be combined into an aggregated ToR test. The revised procedure presented in this document could also serve to fully blind the results of the ToR tests in the report from the Global Analysis Lab (GAL).
2. Statistical Methodology
It has been agreed that the statistical test of ToR requirements in the EVS Qualification Test will be a Dependent Groups Student’s t-test (i.e., pair-wise comparison). Each codec will be evaluated for each ToR in two subjective tests conducted by two listening labs. It is expected that the t-tests based on the two independent subjective tests will differ in sensitivity due to differences in the reliability of the data from the listening labs. A method for combining results of independent t-tests is provided in [1] which can also be accessed in the following link:
http://onlinelibrary.wiley.com/doi/10.1111/j.1420-9101.2005.00917.x/full#ss8
The procedure uses the values of obtained t statistics from the individual tests, transforms the t values to z values based on the standard normal distribution, and computes the weighted aggregate Zw, where the weights are based on estimates of reliability for the individual tests. There is some disagreement as to the appropriate method of weighting the results from the two subjective tests. In [1] the results of the two tests were weighted equally on the basis that, in the EVS testing, the “#degrees of freedom” are equal in the two individual tests (df = 95). In this document results are presented for the both the un-weighted and “reliability-weighted” results of the two subjective tests. 

The equation for the ‘reliability-weighted” aggregate Z for two tests is:
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where z1, z2 are the z-transformed t values derived from the two ToR tests and w1, w2 are the reliability-based weights for the two ToR tests. Those weights are computed as the inverse of the estimates of error variance in the pair-wise t-tests, i.e., the square of the Standard Error of the Mean Difference (SEMD). Using the standard normal distribution, the weighted aggregate Zw can be expressed as a probability and that probability used to determine the result of the aggregate ToR test. 
3. Example Set of Results
Huawei has given Dynastat permission to use the raw data from the ITU-T G.729B dependent layer for G.720.1A Characterization Test conducted in two listening labs – Huawei [2] and Dynastat [3]. Table 1 shows the results of the ToR tests for Exp.1a conducted in the Huawei listening lab using Chinese speech materials and Chinese subjects. Table 2 shows the corresponding results for the ToR tests for Exp.1a conducted in the Dynastat listening lab using North American English speech materials and North American English subjects. The results shown in Tables 1 and 2 are based on DCR ratings collected in the respective subjective tests.
Table 1.  Results of ToR Tests for Exp1a Conducted in Huawei Listening Lab
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Huawei


Table 2.  Results of ToR Tests for Exp1a Conducted in Dynastat Listening Lab
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Dynastat


The methodology described in Section 2 has been used to compute the results of aggregate ToR tests based on the two independent subjective tests of Exp.1a. The results of the aggregate ToR tests are shown in Table 3 for combinations based on both un-weighted and reliability-weighted ToR tests. Note that all values in Table 3 are based on difference scores between DMOS values for the Reference condition and the Test condition.
Table 3.  Results of Un-weighted and Weighted Aggregate ToR Tests for Exp1a
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Table 3 shows that there is little difference between the Unweighted (Z) and the Weighted (Zw) values of Aggregate Z and between the resultant probabilities. This result arises both from the high correlation of the both the Mean scores and the estimates of Error Variance reported by the two Listening Labs. In the EVS Qualification Test, however, there could be large differences in both the Mean Scores and the Error Variance derived from the two Listening Labs conducting each ToR test and the values of Unweighted and Weighted Aggregate values will differ.
4. Recommendation

This contribution describes a statistically valid method for combining results of t-tests derived from independent subjective tests. The values of Aggregate Z and Probability for both the Unweighted and Reliability-Weighted equations are very close for the current set of test data. This outcome is not unexpected since the estimates of error variance for the two tests were very nearly equivalent. However, it is anticipated that the values of error variance will vary significantly across the Listening Labs involved in the EVS Qualification Test. The source proposes that the reliability-weighted method of combining the results across listening labs is the most statistically valid and therefore the most appropriate for the 3GPP/SA4 EVS Qualification Test.
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