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1 Introduction

As part of the test plan on surround sound (S4-091004), Philips volunteered to conduct a number of listening tests. This document provides information and results on “Test 2: Listening test over headphones” conducted at Philips.
2 Test 2: Listening test over headphones
2.1 Test setup

As outlined in the test plan (S4-091004) the following conditions were evaluated (see Table 1). The list of items used in the test can be found in section 4 of the test plan.
Table 1 – Conditions test 4

	Label
	Condition

	1
	HE-AAC 5.1, 320 kbps

	2
	HE-AAC/MPS, 64 kbps total, integrated binaural decoder

	3
	HE-AAC/MPS, 64 kbps total, binaural post-processing

	4
	ITU downmix, HE-AAC 64 kbps stereo, binaural post-processing

	5
	HE-AAC 5.1, 64 kbps

	6
	ITU downmix, HE-AAC 128 kbps stereo, binaural post-processing


Test 2 was conducted inside a dedicated listening room at Philips Applied Technologies. The equipment used is listed in Table 2.

Table 2 – Equipment used in test 4

	Device
	Manufacturer

	PC + sound card
	ESI AudioTerminal 010

	DA converter
	Apogee AD-8000

	Headphone equalizer
	STAX ED-1 Monitor

	Headphone amplifier
	STAX SRM-1 / MK-2

	Headphones
	STAX SR-Lambda Pro


The test was conducted using a methodology derived from MUSHRA as outlined in the test plan on surround sound. A relative quality scale is used where the intervals are labelled "condition is much better than reference" to “condition is much worse than reference”. The subjective responses were recorded on a scale ranging from 3.0 to -3.0. The CRC SEAQ tool was used for conducting the test.
The subjects who conducted the tests are all experienced listeners.
2.2 Statistical analysis

The charts presented in the following section plot the results of the tests. The plots show the results after statistical analysis of the test results. 
Shown are the mean results with 95% confidence intervals for each item individually, and for all items total.

The Y-axis represents the mean score on the 100-point MUSHRA scale. The 95% confidence intervals are calculated according to
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and ( denotes the standard deviation that is calculated by
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where N is the sample size (e.g. number of listeners) and xk denotes the individual sample values (e.g. individual listener score).
2.3 Test results

A total of 16 people participated in this test. The results are shown averaged over the subjects and averaged over the items in Figure 1 and Figure 2 respectively.
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Figure 1 – Test 2 results, mean and 95% confidence interval for all conditions (indicated by different colours) for all items and averaged over all items, all 16 subjects. At the right hand side the results averaged over all items are shown zoomed in.
Looking at the overall results as visualized in Figure 1, it is noted that averaged over all items and subjects only a very limited amount of the full scale is employed. Even when zooming in on individual items there is only one condition/item combination (item 10, condition 5) over all twelve items which on average scores outside the +1/-1 (slightly better/slightly worse) range. The origin of this effect can be better understood by considering the scores for the subjects individually, see Figure 2. For ease of the discussion below, the subjects have been sorted according their average score for the first condition.
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Figure 2 – Test 2 results, mean and 95% confidence interval for all subjects, ordered according to average score over the different items for condition 1, for all conditions (in different colours) and averaged over all subjects. At the right hand side the results averaged over all subjects are shown zoomed in.
The following observations can be made based on the data as visualized in Figure 2. First of all, most subjects are able to detect the hidden reference condition (Cond 4) quite well. This can be seen by the mostly small confidence interval for each subject around the grade of zero. This means that most subjects are capable of detecting the reference condition amongst the other conditions.
Despite this positive indicator, observing the grades for the high-quality reference condition (Cond 1), an enormous spread can be observed. A first group (left hand side of figure) provides a positive score for this condition over the reference condition whereas another group (right hand side of figure) provides a negative score for the high-quality reference condition. For the latter group it is questionable whether they actually even preferred the ‘stereo’ reference condition (Cond 4) over the ‘multi-channel’ high quality reference condition (Cond 1), or whether they are biased by the stereo reference condition (Cond 4) in this testing methodology. Some subjects seem to have mistakenly treated the test as a MUSHRA test, meaning that any deviation from the reference condition is scored as a degradation of the quality. Looking at the background of the subjects in the test this can be well understood. Most participants only had experience with subjective tests in the form of MUSHRA tests.

It is also noted that the grades of the two systems under test (Cond 2 and Cond 3) are highly correlated to the high quality reference condition (Cond 1), i.e., the grades for the surround conditions are all correlated. 
After conducting the tests, a number of comments were received with regard to the test. Most of the people that provided a negative average score for the high-quality reference condition (Cond 1) indicated that they found the test very confusing due to a) the large amount of conditions in the test and b) the diversity of differences perceived in the test: core coder artefacts and spatial image differences.
3 Conclusion

This document shows the results of “test 2” conducted at Philips. In total 16 subjects participated in the test. Unfortunately, from the Philips results only, no clear conclusions can be drawn. The results from this test show that certain conditions (Cond 1, 2 and 3) are not scored consistently over subjects. It is believed that one of the reasons for this effect is that in a test that tries to establish a preference for one condition over another one, the presence of a reference condition provides a bias towards the reference condition. Furthermore, it is believed that some subjects mistakenly treated this test as a MUSHRA test, grading all changes from the reference condition as a degradation.
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