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Summary
The report referenced in [1] provides data that allows for intelligibility performance comparisons to be made between any two codecs included in the MRT. However care must be taken to account for the statistical uncertainty inherent in the testing method. This contribution provides Matlab/Octave code that performs comparisons with regard to statistical uncertainty and provides some relevant comparisons.
Discussion

Section 6.5 in [1] describes the method to properly compare systems using the data given in Table 5 of [1]. It uses the chi-squared statistic and the null-hypothesis “the success rates shown in the two rows are independent of the labelling of the rows,” meaning that when comparing data from one codec to another the data are not statistically significantly different. When the null-hypothesis for this statistic is true (the two codecs compared are the same) the value calculated in Equation 11 of [1] will exceed 3.841 less than 5% of the time.

Therefore, if the statistic exceeds that threshold, we reject the null hypothesis and we can say there’s less than a 5% chance that we are incorrect in saying the codecs are different.

The code listing below first stores the data from Table 5 in [1] in memory and then stores the names of each codec mode and noise type in memory. The so-called reference codec and the so-called test codec are then established by storing the index of the variable where the desired codecs are stored. Next the desired noise type is stored in the same way. The number of successes for each codec are then stored. After that the chi-squared statistic is calculated as per Equation 11 of [1]. Finally, the threshold is tested and the result is written to the console.

As listed, the code compares AMR-WB at 23.85 kb/s with analog FM.

Code Listing
%% first let's copy data in from the report
successes = ...
  [264 317 326 361 362 417;
   206 253 274 337 311 398;
   234 291 295 331 184 410;
   274 314 336 353 231 419;
   252 285 298 321 230 412;
   285 337 337 363 321 421;
   251 282 292 310 309 397;
   268 335 335 364 345 419;
   288 341 340 373 367 422;
   287 333 329 371 265 413;
   303 354 363 391 333 421;
   311 373 372 391 353 421;
   257 315 323 351 249 421;
   289 370 367 388 318 418;
   316 376 356 400 337 423;
   278 318 322 354 284 397;
   314 361 366 386 319 424;
   315 381 375 394 339 428;
   321 378 367 396 352 422;
   311 379 377 405 329 424;
   311 365 382 389 370 420;
   326 374 373 401 370 425;
   329 371 359 401 303 421;
   321 381 385 394 334 426;
   290 366 365 389 303 428;
   311 372 368 401 342 421;
   290 344 342 385 370 418;
   331 392 373 418 380 426];
codecNames = cell(28, 1);
codecNames{1,1} = 'Analog FM NB';
codecNames{2,1} = 'P25 NB 4.4';
codecNames{3,1} = 'AMR NB 5.9';
codecNames{4,1} = 'AMR NB 12.2';
codecNames{5,1} = 'EVS NB 5.9';
codecNames{6,1} = 'EVS NB 16.4';
codecNames{7,1} = 'Opus NB 5.9';
codecNames{8,1} = 'Opus NB 16.4';
codecNames{9,1} = 'Uncoded NB';
codecNames{10,1} = 'AMR WB 6.6';
codecNames{11,1} = 'AMR WB 15.85';
codecNames{12,1} = 'AMR WB 23.85';
codecNames{13,1} = 'EVS WB 5.9';
codecNames{14,1} = 'EVS WB 16.4';
codecNames{15,1} = 'EVS WB 32';
codecNames{16,1} = 'Opus WB 5.9';
codecNames{17,1} = 'Opus WB 16.4';
codecNames{18,1} = 'Opus WB 32';
codecNames{19,1} = 'G.722.1 WB 24';
codecNames{20,1} = 'G.722 WB 48';
codecNames{21,1} = 'AAC-ELD WB 32';
codecNames{22,1} = 'Uncoded WB';
codecNames{23,1} = 'EVS FB 16.4';
codecNames{24,1} = 'EVS FB 32';
codecNames{25,1} = 'Opus FB 16.4';
codecNames{26,1} = 'Opus FB 32';
codecNames{27,1} = 'AAC-ELD FB 32';
codecNames{28,1} = 'Uncoded FB';
noiseNames = cell(6, 1);
noiseNames{1,1} = 'Saw';
noiseNames{2,1} = 'Club';
noiseNames{3,1} = 'Coffee';
noiseNames{4,1} = 'Siren';
noiseNames{5,1} = 'Alarm';
noiseNames{6,1} = 'Quiet';
%% next let's write equations
% first index is the codec, second index is the noise name. use the info
% above to specify which you'd like to test.
testCodec = 1;
refCodec = 12;
noiseEnv = 3;
sTest = successes(testCodec,noiseEnv);
sRef = successes(refCodec,noiseEnv);
% specify the number of trials for each condition
N = 432;
% calculate number of failures
fTest = N - sTest;
sNull = (sTest + sRef) / 2;
fNull = N - sNull;
chiSquared = 2 * ((((sTest - sNull) ^ 2) / sNull) + (((fTest - fNull) ^ 2) ...
  / fNull));
% from the report, we know that when chisquared is greater than 3.841 we
% can reject the null hypothesis. if we reject the null hypothesis, the two
% test points are significantly different. if that's the case, the point
% with the greater number of successes performed better.
threshold = 3.841;
if (chiSquared > threshold)
  display('Null Hypothesis Rejected');
  if (sTest > sRef)
    display([codecNames{testCodec} ...
      ' performed statistically better compared to '...
      codecNames{refCodec} ' in noise environment '...
      noiseNames{noiseEnv}]);
  elseif (sRef > sTest)
    display([codecNames{testCodec} ...
      ' performed statistically worse compared to '...
      codecNames{refCodec} ' in noise environment '...
      noiseNames{noiseEnv}]);
  else
    error('if sRef and sTest are equal, the null hypothesis should not have been rejected.')
  end
else
  display('Null Hypothesis Not Rejected');
  display([codecNames{testCodec} ...
    ' performed statistically similarly compared to '...
    codecNames{refCodec} ' in noise environment '...
      noiseNames{noiseEnv}]);
end
Select Results

Using a slightly modified version of the code above, we provide select comparisons for all noise types.

Comparing AMR/AMR-WB to EVS NB/EVS WB:

EVS NB 5.9 performed statistically similarly compared to AMR NB 5.9 in noise environment Saw

EVS NB 16.4 performed statistically similarly compared to AMR NB 12.2 in noise environment Saw

EVS WB 5.9 performed statistically worse compared to AMR WB 6.6 in noise environment Saw

EVS WB 16.4 performed statistically similarly compared to AMR WB 15.85 in noise environment Saw

EVS WB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Saw

EVS NB 5.9 performed statistically similarly compared to AMR NB 5.9 in noise environment Club

EVS NB 16.4 performed statistically similarly compared to AMR NB 12.2 in noise environment Club

EVS WB 5.9 performed statistically similarly compared to AMR WB 6.6 in noise environment Club

EVS WB 16.4 performed statistically similarly compared to AMR WB 15.85 in noise environment Club

EVS WB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Club

EVS NB 5.9 performed statistically similarly compared to AMR NB 5.9 in noise environment Coffee

EVS NB 16.4 performed statistically similarly compared to AMR NB 12.2 in noise environment Coffee

EVS WB 5.9 performed statistically similarly compared to AMR WB 6.6 in noise environment Coffee

EVS WB 16.4 performed statistically similarly compared to AMR WB 15.85 in noise environment Coffee

EVS WB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Coffee

EVS NB 5.9 performed statistically similarly compared to AMR NB 5.9 in noise environment Siren

EVS NB 16.4 performed statistically similarly compared to AMR NB 12.2 in noise environment Siren

EVS WB 5.9 performed statistically similarly compared to AMR WB 6.6 in noise environment Siren

EVS WB 16.4 performed statistically similarly compared to AMR WB 15.85 in noise environment Siren

EVS WB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Siren

EVS NB 5.9 performed statistically better compared to AMR NB 5.9 in noise environment Alarm

EVS NB 16.4 performed statistically better compared to AMR NB 12.2 in noise environment Alarm

EVS WB 5.9 performed statistically similarly compared to AMR WB 6.6 in noise environment Alarm

EVS WB 16.4 performed statistically similarly compared to AMR WB 15.85 in noise environment Alarm

EVS WB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Alarm

EVS NB 5.9 performed statistically similarly compared to AMR NB 5.9 in noise environment Quiet

EVS NB 16.4 performed statistically similarly compared to AMR NB 12.2 in noise environment Quiet

EVS WB 5.9 performed statistically similarly compared to AMR WB 6.6 in noise environment Quiet

EVS WB 16.4 performed statistically similarly compared to AMR WB 15.85 in noise environment Quiet

EVS WB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Quiet

testBetter =  2

bothSimilar =  27

totalTests =  30
Comparing AMR WB 23.85 kb/s to EVS FB at 16.4 and 32 kb/s:

EVS FB 16.4 performed statistically similarly compared to AMR WB 23.85 in noise environment Saw

EVS FB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Saw

EVS FB 16.4 performed statistically similarly compared to AMR WB 23.85 in noise environment Club

EVS FB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Club

EVS FB 16.4 performed statistically similarly compared to AMR WB 23.85 in noise environment Coffee

EVS FB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Coffee

EVS FB 16.4 performed statistically similarly compared to AMR WB 23.85 in noise environment Siren

EVS FB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Siren

EVS FB 16.4 performed statistically worse compared to AMR WB 23.85 in noise environment Alarm

EVS FB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Alarm

EVS FB 16.4 performed statistically similarly compared to AMR WB 23.85 in noise environment Quiet

EVS FB 32 performed statistically similarly compared to AMR WB 23.85 in noise environment Quiet

testBetter = 0

bothSimilar =  11

totalTests =  12
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