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Summary

This document presents the results of statistical analyses designed to determine if the subjective data from separate Listening Labs (i.e., different languages) could be combined to summarize the results of Experiments 1, 2 and 5 of the AMR-WB Characterization Phase 1. A series of Analyses of Variance (ANOVA) and Homogeniety of Variance (HoV) tests were performed on the subjective data for the three experiments.  The results from these analyses indicate that the subjective data should not be combined across Listening Labs for any of the experiments.

1. Introduction

Three experiments (Exp.1, 2, and 5) were conducted in two languages each by separate Listening Labs (LL) in Phase 1 of the AMR-WB Characterization Test.  Though the results of these subjective tests were reported separately by each LL, the question arose whether summary results might be reported across LL’s. Dynastat volunteered to conduct the appropriate statistical analyses that would, for each experiment, answer that question.  

2. Statistical Procedures

For each experiment, Dynastat proposed to perform a three-factor (i.e., factors = Languages, Conditions, and Listeners) ANOVA on the subjective data from the two LL’s conducting the experiment.  The decision as to whether it is a statistically valid procedure to combine the data from the two LL’s is a three-step process.  

A.
Individual Listening Lab ANOVA’s

The first step in the process involves performing separate ANOVA’s (Conditions and Listeners) for each of the two LL’s involved in the experiment.  This step provides the separate estimates of error variance necessary for the second step in the process.  For each experiment, therefore, a separate ANOVA was performed on the subjective data for each LL.  Tables 2 – 4 show the results of those ANOVA’s for Experiments 1, 2, and 5, respectively.  Each of Tables 2 – 4 has two parts, one for the ANOVA for each LL.  It is not surprising that the effects for Conditions were highly significant in each ANOVA.  The critical component of this step, however, is the separate estimates of error variance for each LL, i.e., the Mean Squares (MS) for the Conditions x Listeners interaction (bolded values in each table).  These values are used in the second step in this process.

	Exp1-BT (British English)
	Mean=
	3.5140
	
	

	Source of Variation
	SS
	df
	MS
	F ratio

	Conditions
	704.9
	55
	12.8161
	95.799

	Subjects
	98.7
	23
	4.2905
	 

	Conditions x Subjects
	169.2
	1265
	0.1338
	 

	Total
	972.8
	1343
	
	 

	 
	
	
	
	 

	Exp1-NK (Finnish)
	Mean
	3.5618
	
	

	Source of Variation
	SS
	df
	MS
	F ratio

	Conditions
	569.9
	55
	10.3610
	59.671

	Subjects
	93.5
	23
	4.0650
	 

	Conditions x Subjects
	219.7
	1265
	0.1735
	 

	Total
	883.0
	1343
	 
	 


Table 1.
   Results of Separate ANOVA’s for the Two LL’s that Conducted Experiment 1.

	Exp2-FT (French)
	Mean=
	4.0975
	 
	 

	Source of Variation
	SS
	df
	MS
	F ratio 

	Conditions
	637.8
	55
	11.5960
	116.602

	Subjects
	107.7
	23
	4.6804
	 

	Conditions x Subjects
	125.8
	1265
	0.0994
	 

	Total
	871.2
	1343
	
	 

	 
	
	
	
	 

	Exp2-LMGT (NA English)
	Mean
	3.3912
	
	

	Source of Variation
	SS
	df
	MS
	F ratio

	Conditions
	513.1
	55
	9.3292
	52.034

	Subjects
	229.2
	23
	9.9670
	 

	Conditions x Subjects
	226.8
	1265
	0.1793
	 

	Total
	969.1
	1343
	 
	 


Table 2.
   Results of Separate ANOVA’s for the Two LL’s that Conducted Experiment 2.

	Exp5-FT (French)
	Mean=
	3.7476
	 
	 

	Source of Variation
	SS
	df
	MS
	F ratio

	Conditions
	746.0
	47
	15.8714
	109.999

	Subjects
	61.3
	23
	2.6631
	 

	Conditions x Subjects
	156.0
	1081
	0.1443
	 

	Total
	963.2
	1151
	
	 

	 
	
	
	
	 

	Exp5-DT (German)
	Mean
	3.4792
	
	

	Source of Variation
	SS
	df
	MS
	F ratio

	Conditions
	614.4
	47
	13.0723
	73.435

	Subjects
	237.5
	23
	10.3282
	 

	Conditions x Subjects
	192.4
	1081
	0.1780
	 

	Total
	1044.4
	1151
	 
	 


Table 3.
   Results of Separate ANOVA’s for the Two LL’s that Conducted Experiment 5.

B.
Homogeniety of Variance Test (Cochran’s Test)

The second step in the process involves a comparison of the two estimates of error variance, one from each LL, to determine if they were derived from the same or from different error populations, i.e., a test for “Homogeniety of Variance.”  One of the basic tenets of ANOVA is the assumption of Homogeniety of Variance, i.e., the assumption that the samples involved in the analysis come from the same population of error variance.  Although the ANOVA method is generally very robust to violations of this assumption, especially when the samples involved have equal N’s (i.e., equal number of cases), it is still necessary to perform a test for HoV.  There are a number of HoV tests available but Dynastat chose to use the simpler Cochran’s Test to test the assumption for each of these experiments.  Table 4 shows the results of Cochran’s HoV test for Experiments 1, 2, and 5.  (Note:  The confounding factor, Talkers, was removed from each analysis by averaging the rating data over Talkers for each LL.)  The table shows that the HoV test passes for all three Experiments, though the test value for Experiment 2 (.6433) is close to the Critical Value (.6841).  This stems from the relative low estimate of error variance (.0994) for the results from the FT, French language, listening laboratory.  The results of the HoV tests indicate that the subjective data for all three Experiments may proceed to the next step in the process – Cross LL/Cross Language ANOVA.
	 
	 
	 
	Est. of
	 
	 
	Est. of
	Cochran's
	Critical
	PASS /

	Exp.
	LL
	Lang
	Err.Var.
	LL
	Lang
	Err.Var.
	HoV Test
	Value*
	FAIL

	1
	BT
	English
	0.1338
	Nokia
	Finnish
	0.1735
	0.5646
	0.6861
	PASS

	2
	FT
	French
	0.0994
	LMGT
	English
	0.1793
	0.6433
	0.6861
	PASS

	5
	FT
	French
	0.1443
	DT
	German
	0.1780
	0.5523
	0.6861
	PASS

	* 95% Confidence interval (k=2, n=24)
	
	
	
	
	


Table 4.
Results of Cochran’s Test for Homogeniety of Variance for Experiments 1, 2, and 5.

C.
Cross LL/Cross Language ANOVA

	Experiment 1
	     SS
	  df
	   MS
	F-Ratio
	 

	Conditions
	1242.19   
	  55
	 22.585
	146.93
	p<.001

	Listeners
	 193.70
	  47
	  4.121
	
	 

	 
	Languages
	     1.54
	     1
	    1.540
	0.37
	non-sig.

	 
	Lsn. w/n lang.
	   192.17
	    46
	    4.178
	
	 

	Conditions x Listeners
	 421.44
	2585
	  0.163
	
	 

	 
	Cond x Lang
	    32.55
	    55
	    0.592
	3.85
	p<.001

	 
	Cond x Lsn.w/n lang.
	   388.89
	  2530
	    0.154
	 
	 

	Total
	1857.34
	2687
	 
	 
	 


The third step in the process involves a Cross LL/Cross Language ANOVA for each experiment.  In this ANOVA factors = Conditions and Listeners, with the Listeners factor partitioned into two components, Languages and Listeners within Languages.  Tables 5 – 7 show the results of the ANOVA’s for Experiments 1, 2, and 5, respectively.

Table 5.  Results of ANOVA for Conditions, Languages, and Listeners within Languages for Experiment 1.

	Experiment 2
	     SS
	  df
	   MS
	F-Ratio
	 

	Conditions
	1113.81   
	  55
	 20.251
	134.33
	p<.001

	Listeners
	 672.10
	  47
	 14.200
	
	 

	 
	Languages
	   335.22
	     1
	  335.220
	45.77
	 p<.001

	 
	Lsn. w/n lang.
	   336.88
	    46
	    7.323
	
	 

	Conditions x Listeners
	 389.69
	2585
	  0.151
	
	 

	 
	Cond x Lang
	    37.07
	    55
	    0.674
	4.84
	p<.001

	 
	Cond x Lsn.w/n lang
	   352.62
	  2530
	    0.139
	 
	 

	Total
	2175.60
	2687
	 
	 
	 


Table 6.
  Results of ANOVA for Conditions, Languages, and Listeners within Languages for Experiment 2.

	Experiment 5
	     SS
	  df
	   MS
	F-Ratio
	 

	Conditions
	1339.71   
	  47
	 28.504
	170.62
	p<.001

	Listeners
	 340.30
	  47
	  7.240
	
	 

	 
	Languages
	    41.51
	     1
	   41.510
	6.39
	 p<.001 

	 
	Lsn. w/n lang.
	   298.80
	    46
	    6.496
	
	 

	Conditions x Listeners
	 421.44
	2209
	  0.167
	
	 

	 
	Cond x Lang
	    20.64
	    47
	    0.439
	2.73
	p<.001

	 
	Cond x Lsn.w/n lang
	   348.41
	  2162
	    0.161
	 
	 

	Total
	2049.06
	2303
	 
	 
	 


Table 7.  Results of ANOVA for Conditions, Languages, and Listeners within Languages for Experiment 5.

In two of the three experiments, Experiments 2 and 5, there were significant Language effects, i.e., significant differences between the results for the two LL’s.  Such differences, however, don’t preclude the combination of the data across the two LL’s for summary purposes.  What does preclude that process is a significant interaction between Conditions and  Language (i.e., a significant Conditions x Languages effect).  A significant interaction indicates that the conditions order or behave differently across the two LL’s and a combination of data across LL’s would obscure those differences.  In all three ANOVA’s shown in Tables 5 – 7, the Conditions x Languages effect was highly significant (p<.001).

3. Conclusion

The results of these analyses indicate that the subjective rating data should not be combined across Listening Labs for any of the three experiments that used multiple languages in the AMR-WB Characterization Phase 1.
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