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Introduction
This document reports on a cross check listening experiment1 conducted for the IVAS specific ISAR solution selection. The Source acted as a volunteering cross-check listening laboratory (CLL), carrying out the CLL responsibilities defined in section 3.2 of the ISAR Pdoc on Testing Aspects for Phase/Track 2/a [1]. The Source presents this report in that capacity.
1 Experiment BS1534-1: SBA (HOA3). See [1].
Methodology
Consistent with the requirements of section 5.3 of [1], the cross check listening experiment uses the “Method for the subjective assessment of intermediate quality level of audio systems”, a.k.a. “MUlti Stimulus test with Hidden Reference and Anchor (MUSHRA).” This method is described in ITU-R Recommendation BS.1534-3. [2]
Test Conditions
The test conditions, largely replicated from Table F.1.1 in [1], are described in Table 1. All the test materials were processed and made available by the Solution Proponents (SP) in accordance with their responsibilities, described in section 3.2.1 of [1].
[bookmark: _Ref162950683]Table 1 – Test Conditions for Cross-Check Listening Experiment BS1534-1: SBA (HOA3)
	Main stimuli
	

	Condition under Test (CuT)
	IVAS operated with HOA3 audio input at 512 kbps rendered to pre-renderer pose, pose corrected to post renderer pose with ISAR candidate operated at 768 kbps

	
	

	Reference (Hidden and open)
	

	Reference
	(Native coding system) IVAS operated with HOA3 audio input at 512 kbps rendered to post-renderer pose

	[bookmark: _Hlk162879044]
	

	Anchor
	

	LP7 anchor
	7 kHz lowpass filtered reference, nominal level

	
	

	Other stimuli
	

	0-DOF native transcoding reference
	IVAS operated with HOA3 audio input at 512 kbps rendered to pre-renderer pose, binaural output transcoded with IVAS stereo coded at 256kbps

	
	

	Common Conditions
	

	Test item generation
	According to material collection procedure for ISAR selection BS.1534 tests.

	Audio sampling frequency/bandwidth
	48 kHz/FB

	Input frequency mask
	20KBP

	Nominal output loudness
	-26 LKFS [6]

	Listening Level
	Listeners were instructed to adjust the listening level to a comfortable level prior to the beginning of the tests and keep it constant throughout the test.

	Listeners
	12 Experienced Assessors, 10 Experienced Assessors after post-screening. See [2] Section 4 for criteria on assessors.

	Randomizations
	Conditions randomized per trial.

	Rating Scale
	Continuous BS.1534 scale from 0-100.

	Listening System
	High-quality headphones for diotic presentation.

	Listening Environment
	Listeners instructed to run the experiment in a quiet environment.


Aggregated results prior to post-screening of assessors
This section reports on the results from the experiment with 12 assessors, i.e. the entire assessor pool prior to post-screening.
NOTE: In the following plots, the labels are according to Table (2):
Table 2 - Test Condition Labels for the result plots and Terms of Reference
	Label
	Condition
	Bitrate [kbps]
	ToR

	HR
	Reference
	512
	-

	LP70
	LP7 anchor
	512
	-

	C3
	0-DOF
	512, 256 
	-

	C4
	CuT1
	512, 768
	NWT c03



Figure 1 shows the aggregated scores per test item and overall, prior to post-screening of assessors.
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[bookmark: _Ref162950840]Figure 1
Figure 2 shows the aggregated difference scores per test item and overall, between C4 and C3, prior to post-screening of assessors.
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Aggregated results following post-screening of assessors
This section reports on the results from the experiment with the 10 assessors who passed post-screening.
Figure 3 shows the aggregated results for the test, after post-screening of assessors according to section 4.1.2 of [2].
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Figure 4 shows the aggregated difference scores per test item and overall, between C4 and C3, after post-screening of assessors according to section 4.1.2 of [2].
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Statistical Analysis of Results
The statistical analysis of the results uses a Student’s Dependent Groups t-test (one-sided with a=0.05) [3], according to the requirements in section 3.3 of [1]. 

Where 𝛿 and  are the mean and standard deviation of the difference between the pairs of C4 (CuT) and C3 (0-DoF reference) observations. Table 3 shows the results (after post screening of assessors).
[bookmark: _Ref162903080]Table 3 – Results of t-Test: Paired Two Sample for Means		
	Mean of C4-C3 (CuT – 0-DoF reference) (d)
	36.6583

	Standard deviation of C4-C3 (s)
	20.3336

	Sample Size (n)
	120

	df
	119

	t Stat
	19.7492

	P(T<=t) one-sided
	1.1553e-39



The null hypothesis Ho and alternative hypothesis H1 are respectively: 
𝐻0: 𝛿 ≤ 0
𝐻1: 𝛿 > 0
Rejecting 𝐻0 implies that the mean is larger than zero, i.e. C4 > C3. Since P << a, we reject the null hypothesis and conclude that C4 (CuT) is not worse than C3.
Conclusion
The Condition under Test1 is not worse than the Reference.2
1 IVAS operated with 4 Objects audio input at 512 kbps rendered to pre-renderer pose, pose corrected to post renderer pose with ISAR candidate operated at 768 kbps.
2 IVAS operated with 4 Objects audio input at 512 kbps rendered to pre-renderer pose, binaural output transcoded with IVAS stereo coded at 256kbps.
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