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1. Summary

This document presents a proposed statistical method for combining results of Terms of Reference (ToR) tests based on data conducted in 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 proposed method would allow the results from the two independent subjective tests to be combined into an aggregated ToR test. The procedure 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 Z, where the weights are based on estimates of reliability for the individual tests. In the EVS Qualification Test the “# degrees of freedom” will be equal in the two individual tests (df = 95) so the weights are equivalent and therefore no weighting is required. 

The equation for the aggregate Z for two tests is:
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where z1 and z2 are the z-transformed t values derived from the two tests. Using the standard normal distribution, the aggregate Z can be expressed as a probability and that probability used to determine the result of the aggregate ToR test. An obtained probability greater than 0.05 would pass the ToR - “Test not worse than Reference”. An obtained probability greater than 0.95 would pass the ToR “Test better than Reference”. 
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. 

Table 1.  Results of ToR Tests for Exp1a Conducted in Huawei Listening Lab
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Mean

Test

Mean

Dif

SE

t    

prob

Result

c10

4.510

c16

4.563

-0.0521

0.0471

-1.1058

0.8649

NWT

c10

4.510

c19

4.526

-0.0156

0.0514

-0.3040

0.6193

NWT

c10

4.510

c22

4.516

-0.0052

0.0446

-0.1168

0.5464

NWT

c13

4.464

c16

4.563

-0.0990

0.0535

-1.8497

0.9670

BT

c13

4.464

c19

4.526

-0.0625

0.0520

-1.2019

0.8846

NWT

c13

4.464

c22

4.516

-0.0521

0.0460

-1.1322

0.8705

NWT

c11

4.417

c17

4.339

0.0781

0.0537

1.4548

0.0737

NWT

c11

4.417

c20

4.375

0.0417

0.0505

0.8251

0.2052

NWT

c11

4.417

c23

4.354

0.0625

0.0488

1.2807

0.1009

NWT

c14

4.385

c17

4.339

0.0469

0.0554

0.8461

0.1993

NWT

c14

4.385

c20

4.375

0.0104

0.0467

0.2231

0.4119

NWT

c14

4.385

c23

4.354

0.0313

0.0537

0.5819

0.2806

NWT

c12

3.984

c18

4.141

-0.1563

0.0580

-2.6940

0.9962

BT

c12

3.984

c21

4.406

-0.4219

0.0633

-6.6647

1.0000

BT

c12

3.984

c24

4.427

-0.4427

0.0753

-5.8793

1.0000

BT

c15

3.859

c18

4.141

-0.2813

0.0606

-4.6411

1.0000

BT

c15

3.859

c21

4.406

-0.5469

0.0626

-8.7360

1.0000

BT

c15

3.859

c24

4.427

-0.5677

0.0749

-7.5796

1.0000

BT

Huawei


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

Test

Mean

Dif

SE

MD

t    

prob

Result

c10

4.479

c16

4.578

-0.0990

0.0470

-2.1055

0.9817

BT

c10

4.479

c19

4.479

0.0000

0.0548

0.0000

0.5000

NWT

c10

4.479

c22

4.521

-0.0417

0.0527

-0.7906

0.7849

NWT

c13

4.516

c16

4.578

-0.0625

0.0525

-1.1905

0.8823

NWT

c13

4.516

c19

4.479

0.0365

0.0583

0.6254

0.2662

NWT

c13

4.516

c22

4.521

-0.0052

0.0535

-0.0974

0.5387

NWT

c11

4.219

c17

4.255

-0.0365

0.0583

-0.6254

0.7338

NWT

c11

4.219

c20

4.297

-0.0781

0.0595

-1.3130

0.9046

NWT

c11

4.219

c23

4.240

-0.0208

0.0600

-0.3472

0.6356

NWT

c14

4.260

c17

4.255

0.0052

0.0620

0.0840

0.4666

NWT

c14

4.260

c20

4.297

-0.0365

0.0534

-0.6827

0.7522

NWT

c14

4.260

c23

4.240

0.0208

0.0613

0.3399

0.3672

NWT

c12

3.911

c18

4.156

-0.2448

0.0680

-3.5999

0.9998

BT

c12

3.911

c21

4.427

-0.5156

0.0673

-7.6616

1.0000

BT

c12

3.911

c24

4.380

-0.4688

0.0735

-6.3776

1.0000

BT

c15

3.807

c18

4.156

-0.3490

0.0791

-4.4116

1.0000

BT

c15

3.807

c21

4.427

-0.6198

0.0715

-8.6684

1.0000

BT

c15

3.807

c24

4.380

-0.5729

0.0789

-7.2613

1.0000

BT

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 combined ToR tests are shown in Table 3. 
Table 3.  Results of Combined ToR Tests for Exp1a
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Test

z1 

Huawei

z2 

Dynastat

Z   

Aggregate

prob

Comb.

Individual

c10

c16

1.1026

2.0907

2.2580

0.9880

BT

NWT, BT

c10

c19

0.3036

0.0000

0.2146

0.5850

NWT

NWT, NWT

c10

c22

0.1166

0.7890

0.6403

0.7390

NWT

NWT, NWT

c13

c16

1.8391

1.1867

2.1396

0.9838

BT

BT, NWT

c13

c19

1.1981

-0.6242

0.4058

0.6576

NWT

NWT, NWT

c13

c22

1.1289

0.0972

0.8670

0.8070

NWT

NWT, NWT

c11

c17

-1.4489

0.6242

-0.5832

0.2799

NWT

NWT, NWT

c11

c20

-0.8233

1.3084

0.3430

0.6342

NWT

NWT, NWT

c11

c23

-1.2763

0.3467

-0.6573

0.2555

NWT

NWT, NWT

c14

c17

-0.8442

-0.0839

-0.6563

0.2558

NWT

NWT, NWT

c14

c20

-0.2227

0.6814

0.3243

0.6272

NWT

NWT, NWT

c14

c23

-0.5809

-0.3394

-0.6507

0.2576

NWT

NWT, NWT

c12

c18

2.6654

3.5364

4.3853

1.0000

BT

BT,BT

c12

c21

6.3114

7.1452

9.5153

1.0000

BT

BT,BT

c12

c24

5.6293

6.0645

8.2688

1.0000

BT

BT,BT

c15

c18

4.5118

4.2994

6.2305

1.0000

BT

BT,BT

c15

c21

8.0023

7.9485

11.2789

1.0000

BT

BT,BT

c15

c24

7.0780

6.8148

9.8237

1.0000

BT

BT,BT

Combined Test


4. Recommendation

This contribution describes a statistically valid method for combining results of t-tests derived from independent subjective tests. The source proposes the method be used in the GAL report for the 3GPP/SA4 EVS Qualification Test to compute results of aggregated ToR tests while keeping the results fully blinded.
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