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1.0 
Introduction 
The 3GPP-SA4 EVS sub-working group has been established to conduct a work item to develop and standardize a codec for Enhanced Voice Services (EVS). The standardization effort includes three Phases: Qualification, Selection, and Characterization. This document presents a report on the activities of the Global Analysis Laboratory (GAL) for the Selection Phase. Dynastat contracted with ETSI to perform the functions of the GAL as described in Annex G (GAL Tasks) of permanent document EVS-8b, Test Plan for the EVS Selection Phase [1]. Thirteen Proponent Companies (PC) submitted a candidate codec for the Qualification Phase. At the conclusion of the Qualification Phase, 12 of those PCs formed a consortium (12P) to test a single candidate codec (CuT) in the Selection Phase. The EVS sub-working group developed a test plan [1] designed to evaluate the subjective speech and audio quality of the CuT relative to that of a number of standardized Reference codecs (REF). Three Listening Labs (LL) were contracted to conduct subjective tests and deliver the raw voting data to the GAL. One of the primary GAL tasks was to conduct specific statistical tests to evaluate the relative performance of the CuT and the REFs under various transmission conditions and conditions of quality degradation. Such comparisons, Terms of Reference (ToR) tests, were specified in the Test Plan [1]. This document presents the results of each subjective test, including the ToR tests, and compiles summary statistics on various sets of the subjective test results.
Below is a list of Key Acronyms and terms used throughout this document.

ACR

Absolute Category Rating (method)
CL

Cross-check Laboratory

CuT

Codec under Test

DCR

Degradation Category Rating (method)
DMOS

Degradation Mean Opinion Score

DGTT

Dependent Groups T-test

ETSI

European Telecommunications Standards Institute

EVS

(codec for) Enhanced Voice Services

GAL

Global Analysis Laboratory

HL

Host Laboratory

IGTT

Independent Groups T-test

IO

AMR-WB Inter-Operable 
LL

Listening Laboratory

MOS

Mean Opinion Score

PC

Proponent Companies

NB

NarrowBand

REF

Reference codec

SWB

Super WideBand

ToR

Terms of Reference

WB

WideBand 
12P

Consortium of 12 Proponent Companies developing a single 


candidate codec for the Selection Phase
1.0 
Organization of the EVS Selection Phase

The Test Plan [1] describes a total of 24 subjective Experiments with each Experiment conducted by two of the three designated LLs (Delta Sense-Labs, Dynastat, Mesaqin.com) with each of those two Tests
 conducted in a different language. The Experiments were organized in four Groups, primarily on the basis of Bandwidth of the Test conditions: NB for NarrowBand, WB for WideBand, IO for AMR-WB InterOperable, and SWB for Super WideBand. Table 1 shows a list of the 24 subjective Experiments including an Experiment label (n1, n2, ...,s7), the Group, and a brief description of the test conditions involved in the Experiment.

Table 1.   List of Subjective Experiments in the EVS Selection Phase
[image: image1.wmf]#

Exp.

Group

Content/Description  of Test Conditions

1

n1

NB

NB clean speech under clean channel condition including input level dependency

2

n2

NB

NB clean speech under impaired channel conditions

 

including delay/jitter profiles

3

n3

NB

NB noisy speech under clean channel condition and impaired channel conditions

4

n4

NB

NB mixed content and music under clean channel condition and impaired channel conditions including delay/jitter profiles

5

w1

WB

WB clean speech under clean channel condition including input level dependency

6

w2

WB

WB clean speech under impaired channel conditions

 

including delay/jitter profiles

7

w3

WB

WB noisy speech under clean channel condition

8

w4

WB

WB noisy speech under impaired channel conditions including delay/jitter profiles

9

w5

WB

WB mixed contents and music under clean channel condition

10

w6

WB

WB mixed contents and music under impaired channel conditions

11

w7

WB

WB mixed contents and music under impaired channel conditions including delay/jitter profiles

12

i1

IO

AMR-WB IO clean speech under clean channel condition including input level dependency

13

i2

IO

AMR-WB IO clean speech under impaired channel conditions

14

i3

IO

AMR-WB IO noisy speech under clean channel condition

15

i4

IO

AMR-WB IO noisy speech under impaired channel conditions

16

i5

IO

AMR-WB IO mixed contents and music under clean channel condition

17

i6

IO

AMR-WB IO mixed contents and music under impaired channel conditions

18

s1

SWB

SWB clean speech under clean channel condition including input level dependency

19

s2

SWB

SWB clean speech under impaired channel conditions including delay/jitter profiles

20

s3

SWB

SWB noisy speech under clean channel condition

21

s4

SWB

SWB noisy speech under clean channel condition

22

s5

SWB

SWB noisy speech under impaired channel conditions

23

s6

SWB

SWB mixed contents and music under clean channel condition

24

s7

SWB

SWB mixed contents and music under impaired channel conditions including delay/jitter profiles


All of the Experiments employed one of two subjective testing methodologies described in ITU-T Recommendation P.800 [3]. Those two methodologies were the Absolute Category Rating (ACR) method and the Degradation Category Rating (DCR) method. Both of the test methods use 5-point rating scales to evaluate speech and audio quality. Table 2 shows the rating scales for the ACR and DCR test methodologies.
Table 2.   Rating Scales for the Test Methodologies Used in the Experiments. 
[image: image2.wmf]Quality Category

Rating

Quality Degradation Category

Rating

Excellent

5

Degradation is inaudible

5

Good

4

Degradation is audible but not annoying

4

Fair

3

Degradation is slightly annoying

3

Poor

2

Degradation is annoying

2

Bad

1

Degradation is very annoying

1

ACR Rating Scale

DCR Rating Scale


Table 3 shows a list of the 24 Experiments (48 tests) involved in the EVS Selection Phase. For each Experiment, the table shows the Experiment Label, subjective test methodology (ACR or DCR), the Source Materials (Speech or Music/Mixed Content), and the number of test-conditions. Also shown is information on the two LLs conducting the Tests for the Experiment, including: Test-Label, Listening Lab, and Language. The Test Label is a three-character code (xy#), where:

· x is the LL designator - a=Delta, b=Dynastat, c=Mesaqin

· y is the Experiment group designator - n=NB, w=WB, i=IO, s=SWB

· # is the specific Experiment within the Group - 1, 2, 3, 4, 5, 6, 7

The allocation of Tests to LLs resulted in Delta with 15 tests, Dynastat with 18 tests, and Mesaqin with 15 tests. 
Table 3.   List of Subjective Experiments in the EVS Selection Phase
[image: image3.wmf]Label

LL

Language

Label

LL

Language

n1

ACR

Speech

42

bn1

Dynastat

NA English (1)

cn1

Mesaqin

Chinese

n2

ACR

Speech

36

an2

Delta

Finnish

bn2

Dynastat

NA English (2)

n3

DCR

Speech

36

an3

Delta

Swedish

cn3

Mesaqin

French

n4

ACR

Music/Mixed

48

an4

Delta

Danish

bn4

Dynastat

LA Spanish (m)

w1

ACR

Speech

48

bw1

Dynastat

NA English (3)

cw1

Mesaqin

Slavic

w2

ACR

Speech

48

bw2

Dynastat

LA Spanish

cw2

Mesaqin

German

w3

DCR

Speech

30

aw3

Delta

Finnish

bw3

Dynastat

NA English (1)

w4

DCR

Speech

36

aw4

Delta

Japanese

bw4

Dynastat

NA English (2)

w5

DCR

Music/Mixed

30

bw5

Dynastat

NA English (m)

cw5

Mesaqin

French (m)

w6

DCR

Music/Mixed

36

aw6

Delta

Swedish (m)

cw6

Mesaqin

German (m)

w7

DCR

Music/Mixed

24

aw7

Delta

Danish (m)

cw7

Mesaqin

Chinese (m)

i1

ACR

Speech

48

ai1

Delta

Finnish

bi1

Dynastat

LA Spanish

i2

ACR

Speech

42

ai2

Delta

Japanese

ci2

Mesaqin

Slavic

i3

DCR

Speech

36

ai3

Delta

Danish

ci3

Mesaqin

French

i4

DCR

Speech

36

bi4

Dynastat

NA English (3)

ci4

Mesaqin

Chinese

i5

DCR

Music/Mixed

36

ai5

Delta

Swedish (m)

bi5

Dynastat

LA Spanish (m)

i6

DCR

Music/Mixed

36

bi6

Dynastat

NA English (m)

ci6

Mesaqin

German (m)

s1

DCR

Speech

36

bs1

Dynastat

NA English (1)

cs1

Mesaqin

French

s2

DCR

Speech

36

as2

Delta

Japanese

bs2

Dynastat

LA Spanish

s3

DCR

Speech

24

as3

Delta

Swedish

bs3

Dynastat

NA English#1

s4

DCR

Speech

24

bs4

Dynastat

NA English (2)

cs4

Mesaqin

Chinese

s5

DCR

Speech

36

as5

Delta

Finnish

bs5

Dynastat

NA English (3)

s6

DCR

Music/Mixed

24

as6

Delta

Danish (m)

cs6

Mesaqin

Chinese (m)

s7

DCR

Music/Mixed

36

bs7

Dynastat

NA English (m)

cs7

Mesaqin

German (m)

Test#2

Exp.

Method

# Test 

Conds

Source 

Materials

Test#1


2.0 
Tasks of the Global Analysis Lab

The Tasks of the GAL were specified in Annex G of the Test Plan [1]. The following sections include a statement of each Task (italicised) followed by a description of how the GAL executed and completed the task.
2.1. 
Randomization-Playlists

The GAL will provide the randomization-playlists for 24 subjective Experiments described in the Test Plan. The playlists will be the same for the two Tests of the same Experiment conducted in different languages. Each LL will receive the randomization-playlists only for the experiments to be conducted by that LL. The playlists will be delivered in Excel spreadsheet format.
The following bullet points list the test-design parameters that were common for each of the 24 subjective Experiments. 

· Randomizations constructed under “partially-balanced/randomized blocks” experimental design described in the ITU-T Handbook [4]
· Speech Experiments
· 6 talkers (3 males, 3 females) 
· 5 samples/talker (1 sample for each listening panel plus 1 for preliminaries)
· Music/Mixed Content Experiments

· 6 categories (3 Music categories, 3 Mixed Content categories)
· 5 samples per category (1 sample for each listening panel plus 1 for preliminaries)
· 32 subjects, 4 listening panels with 8 subjects per panel, each panel with an independent randomization-playlist
· 192 votes for each condition (32 subjects x 6 talkers/categories)
The GAL constructed the randomization-playlists for each of the 24 Experiments using the basic design parameters in the list above plus the Condition-lists for each Experiment contained in the Test Plan [1]. Those Condition-lists included ToR tests for specific CuT and REF conditions. For each ToR test, the GAL allocated the same sample for a Talker/Category to both the CuT and REF conditions for each listening panel. This procedure was necessary for the GAL to conduct unconfounded Dependent Groups T-test (DGTT) comparisons between CuT and REF for each Requirement ToR test. The GAL checked each set of Randomizations for "balance", i.e., uniformity of the distribution of samples for Talkers/Categories across listening panels. The GAL and the LLs cross-checked the allocation of samples to CuT and REF conditions during the SA4#79 meeting, May 12-16, 2014.
The GAL provided the randomization-playlists to each LL in an Excel workbook file containing the playlists for only those tests that the LL was contracted to conduct. Each playlist was in a separate worksheet and also included columns for the LL to enter the raw voting data collected for the Test. These Excel files served the dual purpose of providing the randomization-playlists and the data-delivery files described in the following section. The GAL provided the randomization-playlists to the LLs before the deadline of May 23, 2014.
1.1. 
Raw Data-Delivery Files

Provide the raw voting data-delivery worksheets for the 48 subjective tests (i.e., 24 experiments in two languages) to the appropriate LLs. Each LL will receive the data-delivery file only for the experiments to be conducted by that LL. The worksheets will be delivered in Excel spreadsheet format.
As described in the previous section, the Excel workbook files containing the randomization-playlists also served as the raw data-delivery file for each LL. Each test was included in a separate worksheet and each LL received worksheets only for those tests the LL was contracted to conduct. Each worksheet was password-protected so that the only cells that could be changed were those containing the votes from the eight subjects within a specific listening panel. Furthermore, each data cell only allowed entry of a value that was a valid ACR or DCR rating, i.e., an integer in the range of 1-5. The worksheets reported any missing values or invalid ratings after data entry. The cross-check of the randomization-playlists also served the purpose of cross-checking the raw data-delivery spreadsheets. The GAL provided the raw data-delivery spreadsheets to the LLs before the deadline of June 3, 2014.
1.1. 
Receipt of Raw Data-Delivery from the Listening Labs
Receive the raw voting data from the LLs in the appropriate data-delivery worksheets.
The three LLs delivered raw voting data for the Tests they conducted in the Data-Delivery Excel files provided for that purpose. The LLs delivered the data in several batches as the tests were completed by their LL. For each LL, all of the raw voting data was delivered to the GAL before the Aug.18, 2014 deadline for delivery. The GAL verified the integrity of each set of data delivered, confirming that all data values were valid MOS/DMOS ratings and there were no missing values for any test. 
For each Test, the GAL computed Means and Standard Deviations for each test-condition from the data-delivery files, where each score was based on 192 votes. The GAL delivered these scores to the LL that had conducted the Test and asked the LL to cross-check the GAL-computed scores against the corresponding scores computed by the LL. For all 48 Tests, the GAL and the LLs successfully cross-checked the summary scores by Test-condition (i.e., all check-sums were zero). Taking the successful cross-check into consideration, the GAL and the  LLs agreed that the full set of Test Results for each Test would be included in the GAL Report and it was not necessary to duplicate that work in the individual LL reports.
1.2. 
Conduct Statistical ToR Tests 

Conduct statistical Terms of Reference tests comparing the subjective scores of the CuT against the scores for specified reference condition(s), i.e., REFs.

1.2.1. 
Compute ToR Tests for Requirements
The Test Plan [1] specified that Requirement ToR tests would use Dependent Groups T-tests (DGTT) to statistically evaluate the performance of a CuT condition relative to that of one or more REF conditions. The randomization-playlists were designed so that such comparisons would employ the highest-precision comparison available while also providing a valid and unconfounded test statistic. The GAL developed two independent procedures for conducting the DGTT ToR tests. One procedure was an Excel spreadsheet tool that accessed the raw voting data directly from the data-delivery spreadsheets and computed the DGTT T-test statistic for each ToR. For the  second procedure, the GAL developed a FORTRAN program that read ASCII data files derived from the data-delivery spreadsheets and computed the appropriate DGTT T-test statistic. Across the 24 Experiments there were 389 Requirement ToR tests. With each ToR evaluated in two subjective Tests, there were a total of 778 Requirement ToR tests. However, since many of the ToR tests required comparisons of the CuT against two or three REFs, there were a total of 1018 DGTT T-test statistics to be computed. The GAL cross-checked all of the T-test statistics provided by the two ToR computation processes, one set of statistics from the Excel spreadsheet tool and one set from the FORTRAN program. All 1018 T-test statistics were successfully cross-checked. Though this intra-GAL cross-check procedure was not required by the contract, the GAL felt it was the best way to insure the integrity and accuracy of the ToR computations.

1.2.2.  
Compute ToR Tests for Objectives

The Test Plan [1] specified that Objective ToR tests would use Independent Groups T-tests (IGTT) to statistically evaluate the performance of a CuT condition relative to that of one or more REF conditions. The IGTT was specified for the Objective ToR tests because  randomization-playlists could not be designed to accommodate both Requirement and Objective ToR tests and still maintain acceptable "Balance" in the allocation of samples to CuT and REF conditions (a requirement for DGTT ToR tests). The GAL used the same two procedures for cross-checking Objective ToR tests as was described for Requirements in the previous section. Across the 24 Experiments there were 295 Objective ToR tests. With each ToR evaluated in two tests, there were a total of 590 Objective ToR tests. Since a few of the Objective ToR tests require comparisons of the CuT against two REFs, there were a total of 612 IGTT T-test statistics to be computed. The GAL cross-checked all of the T-test statistics provided by the two ToR computation processes. All 612 T-test statistics were successfully cross-checked. 

1.3. 
Prepare the GAL Report 
Prepare a GAL report to be presented at the EVS selection meeting.
The current document is the GAL Report to be presented at the 3GPP-SA4#80-BIS meeting, Aug. 30-31, 2104 in Helsinki, Finland.
3.0 
Subjective Test Results for Tests within Experiments
The attached Excel file (EVS-Selection Phase Results.xls) contains a complete set of results for each of the 48 subjective Tests involved in the EVS Selection Phase. The workbook file contains 24 worksheets, one for each of the 24 Experiments. Each worksheet contains the results of the two Tests that were conducted for that Experiment. Fig.1 on the following page shows a screen-shot from the Excel file for the results for an example Test (as3).

The top row in the figure shows summary information about the Test including: Method (DCR), Listening Lab (Lab-a), Source materials (Speech), and Language (Swedish). 
The second section of the worksheet (rows 3-28) shows the Test-condition descriptions and the Test Results. Rows 5-28 in the figure show the Condition descriptions and Test Results for the 24 conditions involved in subjective Test as3. Columns I/J show the Mean/Standard Deviation (SD) over all six talkers (n=192 votes). Columns K/L and M/N show Mean/SD for 3 Male and 3 Female talkers, respectively (n=96 votes). Columns O-T show Mean scores for each of the six talkers - f1, f2, f3, m1, m2, m3 (n=32 votes). Note that the Results tables are color-coded for the LL that conducted the Test - [image: image4.png]Delta Dynastat Mesagin



.
The next two sections show the results for the Requirements ToR Tests (rows 31-42) and the Objective ToR tests (rows 45-51), respectively. Table 4 describes the information in the individual columns in the two sections - Requirement ToRs on the left and Objective ToRs on the right-hand side of Table 4.. 

Table 4.   Description of Information in the ToR Results Tables for a Requirement ToR Example (left) and an Objective ToR Example (right)
[image: image5.wmf]Col.

REQ Description

Value

Col.

OBJ Description

Value

I

ToR number

1

G

ToR number

1

J

CuT label

c16

H

CuT label

c16

K

CuT Mean

4.083

I

CuT Mean

4.083

L

REF label

c07

J

CuT SD

0.962

M

REF Mean

3.661

K

REF label

c08

N

Diff. betw. Means

-0.422

L

REF Mean

4.057

O

SE of Mean Diff.   

0.073

M

REF SD

0.916

P

T-test stat. (DGTT)

-5.758

N

Diff. betw. Means

-0.026

Q

Set

2A

O

SE of Mean Diff.   

0.096

R

REQ Test

NWT

P

T-test stat. (IGTT)

-0.272

S

Statistical result

BT

Q

Set

2A

T

ToR result

PASS

R

OBJ Test

NWT

S

Statistical result

NWT

T

ToR result

PASS

Example for OBJ ToR (Row 46)

Example for REQ ToR (Row 32)


For each Experiment, the results for Test#1 (see Table 3) are in Col.A-Col.T and the results for Test#2 are in Col.V-Col.AO of the appropriate worksheet. The results shown in the Example in Fig.1 illustrate the possible outcomes of both Requirements and Objectives ToR tests. For Requirements, the cell in the "ToR result" column contains[image: image6.png]PASS



if the ToR test is passed and [image: image7.png]FAIL



 if it is failed. For Objectives, the cell in the "ToR result" column contains[image: image8.png]PASS



if the ToR test is passed and[image: image9.png]


if it is not-passed. The "Test vs Ref" column for both Requirements and Objectives ToRs can indicate the following values:

· WT for CuT significantly
 "Worse Than" REF

· NWT for CuT significantly "Not Worse Than" REF

· BT for CuT significantly "Better Than" REF (highlighted for Requirements [image: image10.png]BT



)
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Fig.1   Screenshot of Example Subjective Test Results (Test as3 within Experiment s3)
4.0 
ToR Test Results

4.1. 
ToR Tests for Requirements 

Table 5 summarizes the results for the Requirements ToR tests over the 24 Experiments. Each row of the table shows results of ToR tests for a single Experiment -- results for Test#1 on the left and for Test#2 on the right. For each Experiment, the table shows the #Requirement ToR's followed by the Test#1 label, #ToRs passed, #ToRs failed, Test#2 label, #ToRs passed, #ToRs failed and finally the Percent of ToRs passed across both Tests within the Experiment.  

On the far right side of the table, "Percent ToRs Passed" values are shown for each of the four Groups of Experiments: 100% for NB, 99.58% for WB, 90.38% for AMR-WB IO, and 97.93% for SWB. Finally, at the bottom of the table, "Percent ToRs Passed" for the entire Selection Phase is reported - 25 of 778 ToRs were failed for a Percent Passed value of 96.79%. It is noted that 20 (i.e., 80%) of those 25 failures occurred in the AMR-WB IO Experiments. 
Over all of the DGTT comparisons where the test was "CuT Not Worse Than REF", 61% of those comparisons showed that the CuT was significantly "Better Than" the REF.

Table 5.   Summary ToR Test Results for Requirements
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Table 6 shows a list of the 25 failures for Requirement ToRs. Note that, consistent with the attached spreadsheet, the Experiment column is color-coded for the LL that conducted the test [image: image13.png]Delta Dynastat Mesagin
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Table 6.   Requirement ToR Failures
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There were two instances where a Requirement ToR was failed in both of the LLs that conducted the Test. Those two "Systematic Failures" are listed below.
· Failures #19 and #21, Test ai5 and bi5, CuT condition c27 vs. REF conditions c07 and c08 for the combination ToR "c27 BT c07 OR c27 NWT c08"

· Failures #23 and #24, Test as3 and bs3, CuT condition c20 vs. REF conditions c01 and c11 for the combination ToR "c20 NWT c01 OR c20 NWT c11"
Annex A contains a complete description of the CuT and REF conditions involved in the 25 Requirement ToRs that were failed.
4.2. 
ToR Tests for Objectives
Table 7 summarizes the results for the Objectives ToR tests over the 24 Experiments. The table is organized in the same manner as the Summary results for Requirement ToRs shown in Table 5.  

On the far right side of the table, "Percent ToRs Passed" values are shown for each of the four Groups of Experiments: 98.15% for NB, 92.90% for WB, 55.42% for AMR-WB IO, and 90.58% for SWB. Finally, at the bottom of the table, "Percent ToRs Passed" for all of the Objectives in the Selection Phase is reported - 110 of 590 ToRs were not-passed for a Percent Passed value of 81.36%. It is noted that 67% of those 110 ToRs that were "not-passed" occurred in the AMR-WB IO Experiments. 

Table 7.   Summary ToR Test Results for Objectives
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4.3. 
ToR Test Results by Sets

Table 8 shows ToR results by Sets, where Sets were defined by the EVS sub-working group. The Total number of ToRs and the number of ToRs failed for Requirements are shown in the left-hand side of the table. For Objectives, the Total number of ToRs and the number of ToRs not-passed are shown in the right-hand side of the table.

Table 8.   ToR Test Results for Requirements and Objectives by Set
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The ToRs in Set 5A account for most of the ToRs failed for Requirements (80%) and also for most of the ToRs "Not-passed" for Objectives (67%).

4.4. 
Comparison of Listening Labs
There was a discrepancy among the LLs in the number of Requirement ToRs failed. The LL running the most Tests (Lab-b with 18) and therefore the most ToR conditions showed the fewest (3) Requirement ToR failures. A logical hypothesis for this discrepancy is that the LL with the lowest failure rate might have lower sensitivity to quality differences and lower resolving-power in the T-tests. Table 9 shows results of analyses designed to test that hypothesis. The table shows that Lab-b had the lowest ToR failure rate (1%) but also had virtually the same sensitivity to differences as the other two LLs. In fact, the Minimum Significant Differences for all three LLs were remarkably similar, 0.118 for Lab-a, 0.116 for Lab-b, and 0.114 for Lab-c. Note that these values have been adjusted to take into account the differences in the Average Range of the Rating Scale used by the listeners tested in the three individual LLs.

Table 9.   Comparison of LLs for the Sensitivity and Precision of the Requirements ToRs
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Table 10 Shows Means and Standard Deviations across conditions for each of the two Tests conducted within each of the 24 Experiments involved in the Selection Phase. In the last column on the right side of the table is the correlation of the condition Mean scores between the two Tests/LLs. Annex B contains two plots for each Experiment. The first plot shows MOS/DMOS for the MNRU Reference conditions for the two Tests within the Experiment. The second plot shows a scatter-plot of MOS/DMOS for the two tests within the Experiment.    
Table10.   Comparison of scores for the two Tests/LLs within each Experiment
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Annex A - Description of Test Conditions for Requirements ToR Failures
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Annex B - MNRU Plots and Scatter-plots for the two Tests within each Experiment 
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�	Alan Sharpley	Email: asharpley@dynastat.com	Tel (mobile): +1 512 554 2732


� A group of specific test conditions described in the Test Plan comprises a subjective "Experiment" and each Experiment is conducted in two LLs using different languages. In this document the two runs of the same "Experiment" are referred to as the "Tests" for that Experiment. 


� Results of ToR tests for Requirements are either "Passed" or "Failed." ToR tests for Objectives, however, are either "Passed or "Not-passed" (indicated by "-"). There is no failure of an Objective ToR.


� For both the Requirements and Objectives ToR tests, the probability level for significance was p<0.05  (i.e., confidence level of 95%). The criterion value for a DGTT t-test statistic for Requirements was t=1.653 (p<0.05, df=191). The criterion value for a IGTT t-test statistic for Objectives was t=1.649 (p<0.05, df=382). All ToR tests were "one-sided t-tests" with possible outcomes of WT, NWT, BT. 
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