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1. Introduction
The EVS Qualification Phase has been completed and the Selection Phase initiated. The  Qualification Phase was actually a pre-selection phase designed to identify, at most, five proponent codecs from among 13 candidates that advance to the Selection Phase. The criteria for this pre-selection were Figures of Merit (FoM) based on weighted averages of various sets of Terms of Reference (ToR) tests where each test involved a statistical test of the performance of a candidate Codec under Test (CuT) against the performance of a Reference Codec (REF). In total there were 3848 ToR tests involved in the Characterization Phase (13 candidates x 296 ToR tests/candidate) but only 73 ToR failures, a failure rate of 1.9%, on which to select the five candidates to advance to the Selection Phase. Moreover, the five CuTs that have advanced to the Selection Phase failed only 14 ToR tests from a total of 1480, a failure rate of less than 1% (0.95%). It is clear and obvious that the design of the subjective tests for the EVS Selection Phase and the design of the selection criteria must be more precise in order to select a single winner from among the five CuTs that have advanced to the Selection Phase of the EVS standardization effort.
2. Design of the subjective experiments 
The subjective tests involved in the EVS Qualification Phase used test methodologies described in ITU-T Recommendation P.800 [1] - specifically, the Absolute Category Rating (ACR) method and the Degradation Category Rating (DCR) method. The tests were designed such that the maximum test duration for a panel of subjects (including orientation, instructions, practice, test sessions, and rest breaks) was approximately 90 min. All of the tests involved either four talkers (for speech tests) or four categories (for music/mixed-content tests) and 24 subjects resulting in 96 votes for each test condition, i.e, # votes = # talkers/categories × # subjects.
The EVS sub-working group has agreed that all of the subjective experiments involved in the EVS Selection Test will again use the ACR and DCR test methodologies. The EVS group has also agreed that the maximum duration of the subjective tests will again be approximately 90 minutes per listening panel. In order to increase the precision of the ToR tests, the total # votes/condition must be increased. The group has agreed to increase the number of talkers to six and the # subjects to 32, effectively doubling the # votes/condition (from 96 for Qualification to 192 for Selection). For ACR tests using two-sentence speech samples of 8-sec duration, the maximum number of test conditions that can be tested in a 90-min experiment with six talkers is 48. For DCR tests using two-sentence speech samples of 8-sec duration, however, the maximum number of test conditions that can be tested in a 90-min. experiment using six talkers is only 24. There are two ways to increase the number of test conditions for the DCR tests: increase the total duration of the test or decrease the duration of the trials within the test. An increase in the total duration of the test would result in an increase in the cost. However, the source has shown in internal tests that the use of single-sentence samples in a DCR test produces results that are highly correlated (r = 0.98) with results from the same DCR test using two-sentence samples. Furthermore, the DCR test using single-sentence samples showed increased precision/sensitivity (i.e., 14% decrease in average standard error) compared to the same test with two-sentence samples. The source suspects that the increase in reliability of the results is due to decreased uncertainty due to short-term memory effects in the comparison of the test and reference samples. On the basis of these results the source recommends reducing the sample for DCR tests to a one-sentence sample of 4-sec duration. This would increase the maximum number of test conditions for a DCR to 48 - the same as for the ACR.
3. Statistical Method for Terms of Reference Tests
With the Qualification Phase now complete, five codec proponents have been selected to advance to the Selection Phase of the 3GPP/SA4 EVS standardization effort. Over the next several meetings the EVS sub-working group will specify various ToRs for the Selection Phase. For each ToR, all five candidate CuTs will be tested against a REF in the same subjective experiment, i.e., test scores for each of the five CuTs will be compared statistically to the scores for the REF. 

In the Qualification Phase, two CuTs were tested against REF for each ToR using the Student’s T-test for Dependent Groups. However, the two t-tests for each ToR were not independent since the scores for REF were the same for both tests. This leads to a bias in the error variance for the two t-tests resulting in a lower level of confidence for the collection of t-tests involved in the ToR test. The degree of bias increases with an increase in the number of CuTs.

The statistical comparison of multiple "treatment" Means (i.e., the CuTs) against a common "Control" Mean, (i.e., the REF) is a special case of the general class of statistical analyses known as "Post hoc Multiple Means" tests [2]. The specific test is known as Dunnett's Test and it is based on  Analysis of Variance followed by Multiple Means tests (each CuT vs REF) using a common estimate for the error variance and the Studentized Range statistic. Dunnett's test takes into account that the individual CuTs are each tested against a common REF and computes a confidence level for the collection of tests which is equal to a fixed level of confidence (e.g., 95%). 

The source recommends that Dunnett's Test is used in the EVS Selection phase to provide a statistically valid method for evaluating the results of the ToR tests.
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