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1 Introduction
This contribution reports on informal listening evaluations of Handsets featuring Non-Traditional Earpieces (HaNTE). A test plan was drafted to evaluate, subjectively, similar audio quality attributes tested as part of the HaNTE objective test methods [1]. The test plan was administered to a small sample of subjects, and an analysis and comparison of the results to the objective test methods results performed.
2 Background
HaNTE devices are characterized by the presence of a sub-platen mounted transducer. Because the transducer is mechanically coupled to the handset display, the acoustic propagation necessary for the operation of an earpiece occurs because of the display vibration.
The presence of this coupling introduces several sources of variability in performance. Because HaNTE devices are most found in the flat smartphone form factor, the entire front surface of the device serves as both the vibrating diaphragm and the physical earpiece interface. As a result, the application of the handset to the user’s head during a voice call imposes a mechanical load on the vibrating display and may affect the acoustic performance of the earpiece. A secondary source of variability may arise from the different manners with which the handset is held by the user. The factors of physical comfort and robustness to ear placement is also novel to HaNTE devices, as users are free to place their ears in different locations on the smartphone display panel, which may result in different levels of vibration and near-field acoustic propagation.
An objective test methodology to evaluate the audio quality of HaNTE devices was proposed in [1] and conducted across several laboratories in a round robin. The results of the round robin are aggregated in a contribution [2].
3 Experimental Setup
3.1 Devices
The devices under test (DUT) consist of the same commercially available smartphones used in the Round Robin. Due to the difficulty in placement and damage incurred in transport between the different laboratories, however, the source has decided to omit DUT6 from the evaluation. The remaining six HaNTE devices are evaluated alongside a non-HaNTE device with a traditional earpiece serving as a control condition, resulting in a total of seven DUTs.
All seven DUTs were registered on a domestic network using identical types of SIM cards. The stimulus used was the American English Single-Talk sequence as described in P.501 [3], which was broadcasted as a domestic test call to a number that participants could call in.

3.2 Test Methodology
A total of seven (7) subjects participated in the test. All subjects had self-identified to be expert listeners with no known history of hearing loss.
The subjective evaluation was split into five parts with three of the parts consisting of the evaluation of an audio quality attribute selected from Table 1 of the ITU-T Report BS.2399-0 [4]. The attributes selected are Loudness, Timbre and Artefacts and chosen for having a parallel attribute in the round robin objective test methods (see Table 1). A fourth attribute, named “Physical”, was created to capture the robustness aspects assessed in the round robin test. Finally, an informative overall score attribute was added, although not directly related to an individual test method in the round robin test plan.
	Attribute
	Volume Setting
	Related Round Robin Categories

	Part 1: Loudness
· Perceived Loudness
	MAX
	Preparations
· Receive Loudness Rating (RLR)

	Part 2: Physical
· Vibration
· Robustness to Placement
	NOM
	Robustness
· Variation of ECRP
· Variation of Fork Position

	Part 3: Timbre
· Treble
· Midrange
· Bass[footnoteRef:1] [1:  Boominess and Bass Extension were omitted from the sub-attributes listed because of the band-limited nature of speech signals used in voice calls.] 

· Timbral Balance

	NOM
	Speech Quality
· Mean Opinion Score (P.863 MOS)

	Part 4: Artefacts
· Signal Related
· Noise
	NOM
	Speech Quality
· Mean Opinion Score (P.863 MOS)

	Part 5: Overall Score

	NOM
	N/A


Table 1: Attributes and their related categories from the Round Robin
For Part 1 (Loudness), subjects were instructed to: (1) adjust the volume control of each device to the maximum volume setting, (2) listen to the broadcasted Harvard sentences and (3) give a loudness score ranging from 0 to 100. Subjects could alternate and compare between devices before writing down a score.
[bookmark: _Hlk79654415]For Part 2 (Physical), subjects were instructed to: (1) adjust the volume control of each device to the nominal volume setting, as previously determined in [2], (2) listen to the broadcasted Harvard sentences, (3) assess the “Physical” sub-attributes and (4) give an overall “Comfort” score ranging from 0 to 100. Subjects could alternate and compare between devices before writing down a score. 
The “Physical” sub-attributes and corresponding scales were defined for the subjects as described in Table 2:

	Definitions
· Vibration: A tactile sensation at the ear, cheek, or hand holding the handset.
· Robustness to Placement: Describes the variability in basic audio quality around the listening area of the handset (ECRP). This can be assessed by repositioning the ear at various listening positions on the display.

	Vibration
(1) None
(2) A Little
(3) A Lot
(4) Excessive

	Robustness to Placement
(1) Consistent Quality
(2) Inconsistent Quality

	Overall Comfort Score
      (0-100)


Table 2: "Physical" attribute definitions and scoring scale
For Part 3 and 4 (Timbre and Artefacts), users were instructed to: (1) adjust the volume control of each device to the nominal volume setting, as previously determined in [2], (2) listen to the broadcasted Harvard sentences, (3) assess “Timbre and Artefacts” sub-attributes as described in Appendix 1 and taken from Table 1 of [4] and, (4) give overall “Timbre” and “Artefacts” scores ranging from 0 to 100. Subjects could alternate and compare between devices before writing down a score.
As mentioned above, except for Part 1, the devices were evaluated at the Nominal volume setting, as given in Table 3.
	DUT
	Volume Setting[footnoteRef:2] [2:  There were difficulties in automatically determining the volume setting that produced a nominal RLR during the Round Robin lab tests. For sake of consistency, several laboratories agreed on predetermined volume settings to conduct their round of testing. The values listed in this table are the same as the agreed values except for DUT4. With the help of expert listening, the recommended setting was changed from 6 to 4 to equalize perceived loudness across all DUTs at a nominal volume.] 


	1
	4

	2
	4

	3
	6

	4
	7

	5
	2

	7
	1

	8
	6


Table 3 - Volume settings corresponding to "nominal" volume
Subjects were instructed to give scores for all DUTs for a given attribute before proceeding to the next Part. There was no predetermined order in which they were required to listen to the DUTs; this in effect reduces biases that may arise from the recency effect. The time elapsed for each subject to complete the test ranged from 30 to 45 minutes.

3.3 Listening Environment
The test was administered to subjects in an anechoic chamber with the door partially open as to allow for the phones to connect to the cell network. In this configuration, the environmental noise level was measured 34.6 dBSPL(A), which complies with the recommended Room noise level described in Annex A, part 1.1.2.1 of P.800 [5]. The background noise level increases slightly when all DUTs are connected to the test call, but it was determined not to be an interfering factor due to the near-field listening nature of the test.

4 Results
4.1 Summary
The overall and attribute scores are shown in the following figures. The hollow markers depict individual scores, and the solid markers and error bars represent sample means and 95% confidence intervals respectively.
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Figure 1: Test Environment


Figure 2: Overall Score
 
 
Figure 3a, 3b: Attribute sub-scores

 
Figure 3c, 3d: Attribute sub-scores

4.2 Discussion: Comparisons to Objective Tests
4.2.1 Loudness
For loudness, the assumption was that the loudness attribute would be comparable to the RLR results at the maximum level, obtained from [2]. 

[image: ]


While a general correlation between the subjective and objective test results of the HaNTE devices seems to exist (e.g. devices 3 and 4 are among the loudest and 2 the softest), DUT8 (non-HaNTE device) seems to fall into an exceptionbe an outlier. DUT8 had one of the highest perceived loudness ratings, yet the objective test results do not seem to reflect that. One hypothesis is that the force used by subjects in holding the HaNTE and non-HaNTE devices may differ. Note that, while in an objective test all devices are assessed with the same holding force, there was no explicit instruction as to what force/pressure participants should apply for the devices during the subjective test.
4.2.2 Physical Attributes
For Physical Attributes, the assumption was that the subjective assessment would correlate to the robustness to fork position and ECRP shifts. No obvious correlation could be observed between the objective robustness to ECRP shifts and subjective assessments.
 In fact, Device 8 (non-HaNTE) showed a good overall “comfort” score while the objective tests showed a much lower robustness to variation of ECRP than the HaNTE devices. 
On the other hand, Device 8 had the best robustness to fork positions (when looking at variation in frequency response for different fork positions), which is expected because the body of the device does not vibrate as much as in some of the HaNTE devices. Conversely, Devices 1, 2 and 7 had the most variation in RFR due to the changes in fork position and received the lowest Overall “Comfort” scores.
Since the question to the subjects was posed as one of “Comfort”, the vibration sub-attribute may have been weighted heavier by subjects than the robustness to the ECRP shifts. This would reinforce the need to test for robustness to fork positions, since they would indirectly assess the vibration effect on users.
4.2.3 Timbre
For Timbre, the assumption was that the subjective assessment would correlate to the RFR measurements at nominal volume. Devices 3, 4 and 8 are the only devices meeting the RFR mask (on average). These devices were also the highest scorers on the subjective Timbre assessment, which seems to validate the appropriateness of the RFR test methods being employed in the round robin.
4.2.4 Artefacts
For Artefacts, the assumption was that the subjective assessment would correlate to the Speech Quality at nominal volume test in the round robin evaluation (P.863 scores). 

Device 3 was the highest scoring device in that testfor P.863 scores and scored the highest for Artefacts in the listening test as well. On the other hand, Device 8 was the lowest scoring device in the objective testfor P.863 scores even though it is essentially tied with Device 3 for the best Artefacts scores in the subjective test. These results put somewhat in question the adequacy of P.863 in evaluating the speech quality over the acoustic interface. Especially considering that P.863 should also consider a device’s RFR, a test in which Device 8 performed particularly well.
A similar pattern is observed when comparing P.863 scores with Timbre or Overall subjective scores.

 

4.3 Correlation
The figure below visually summarizes the correlation between subjects’ attribute category scores and overall scores. Although the sub-attribute ratings were not included in the present analysis, they can be included for future analysis by fitting subject responses to a logit function (or related variant) if desired.

	 
	Loudness
	Physical
	Timbre
	Artefacts
	Overall

	Loudness
	1.000000
	
	
	
	

	Physical
	0.473279
	1.000000
	
	
	

	Timbre
	0.225887
	0.445795
	1.000000
	
	

	Artefacts
	0.549731
	0.716457
	0.559393
	1.000000
	

	Overall
	0.519455
	0.754478
	0.745941
	0.808732
	1.000000


Table 3: Per-attribute correlations

  
Figure 4: Correlation Summaries
5. Conclusion
The test methods used in the round robin test seems generally appropriate bearing correlation to the results of an informal listening test. However, the source suggests that a deeper investigation should be conducted on the adequacy of P.863 to assess speech quality for the receive path. In addition, a more careful data analysis and discussion is suggested on the robustness to ECRP shifts test.
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6. Appendix I - HaNTE Subjective Evaluation

Name: _________________________

Part 0: Setup
· Ensure that Wi-fi is switched off
· Dial the following number (USA): 858-651-5050
· Set your handset to the MAXIMUM volume setting (only for Part 1).
· Please record your scores for all DUT’s at each part before proceeding to the next part
· For example: Score DUT 1-8 for Loudness, then score DUT 1-8 for Comfort and Fit
· For definitions of each sub-attribute in Parts 1, 3, 4, 5, please refer to ITU-R BS.2399.
· Definitions for Part 2 are provided in a table below.

Part 1: Loudness (Max. Volume)
	
	DUT1
	DUT2
	DUT3
	DUT4
	DUT5
	DUT6
	DUT7
	DUT8

	Loudness Score
      (0-100)
	
_____ 
	
_____ 
	
_____ 
	
_____ 
	
_____ 
	
_____ 
	
_____ 
	
_____ 





Part 2: Comfort, Fit
For the rest of the test, please set your handset to the NOMINAL volume setting (see table), starting with 0 being the minimum volume:
	DUT1
	4

	DUT2
	4

	DUT3
	6

	DUT4*
	7

	DUT5
	2

	DUT6
	6

	DUT7
	1

	DUT8
	6



* To change the volume for DUT4, navigate to Settings > Sounds & vibration during a call and adjust the “Calls” volume slider.
	Definitions
· Vibration: A tactile sensation at the ear, cheek, or hand holding the handset.
· Robustness to Placement: Describes the variability in basic audio quality around the listening area of the handset (ECRP). This can be assessed by repositioning the ear at various listening positions on the display.


					
Please ensure your DUT is set to the NOMINAL volume.
	
	DUT1
	DUT2
	DUT3
	DUT4
	DUT5
	DUT6
	DUT7
	DUT8

	Vibration
(5) None
(6) A Little
(7) A Lot
(8) Excessive
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4

	Robustness to Placement
(3) Consistent Quality
(4) Inconsistent Quality
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Overall Comfort Score
      (0-100)
	
_____ 
	
_____ 
	
_____ 
	
_____ 
	
_____ 
	
_____ 
	
_____ 
	
_____ 


Part 3: Timbre, Transparency 	
Please ensure your DUT is set to the NOMINAL volume.
	
	DUT1
	DUT2
	DUT3
	DUT4
	DUT5
	DUT6
	DUT7
	DUT8

	Treble Strength:
(1) Weak
(2) Under Neutral
(3) Neutral
(4) A Lot
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4
	
1
2
3
4

	Brilliance
(1) A Little
(2) Neutral
(3) A Lot
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3

	Tinny
(1) None
(2) Weak
(3) A Lot
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3

	Midrange Strength
(1) Soft
(2) Loud
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Nasal
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Canny
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Bass Strength
(1) Soft
(2) Loud
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Boxy
(1) None
(2) Weak
(3) Loud
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3

	Dark-Bright Balance
(1) Dark
(2) Neutral
(3) Bright
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3
	
1
2
3

	Fullness
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Homogenous
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Naturalness
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Overall Timbre Score
      (0-100)	
	
_____
	
_____
	
_____
	
_____
	
_____
	
_____
	
_____
	
_____





Part 4: Artefacts				
Please ensure your DUT is set to the NOMINAL volume.
	
	DUT1
	DUT2
	DUT3
	DUT4
	DUT5
	DUT6
	DUT7
	DUT8

	Shrill
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Rubbing
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Rough
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Buzzing
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Clipped
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Distorted
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Compressed
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Fluctuating / Intermittent
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Bubbling
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Humming
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Hissing
(1) A Little
(2) A Lot
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2
	
1
2

	Overall Artefacts Score
       (0-100)
	
_____
	
_____
	
_____
	
_____
	
_____
	
_____
	
_____
	
_____





Part 5: Overall
	
	DUT1
	DUT2
	DUT3
	DUT4
	DUT5
	DUT6
	DUT7
	DUT8

	Overall Score
      (0-100)
	
_____
	
_____
	
_____
	
_____
	
_____
	
_____
	
_____
	
_____



Loudness

Mean	11.448085720620144	10.0071441147479	7.0111910543073988	4.2433320240898738	7.919595949289314	11.813212941448219	7.2710201026632655	11.448085720620144	10.0071441147479	7.0111910543073988	4.2433320240898738	7.919595949289314	11.813212941448219	7.2710201026632655	1	2	3	4	5	7	8	79.142857142857139	71.142857142857139	82.714285714285708	84.142857142857139	73.571428571428569	77.428571428571431	84	A	85	65	80	80	70	80	90	B	92	90	89	88	85	87	86	C	80	85	70	83	80	83	85	D	90	75	100	93	85	95	100	E	67	65	78	85	70	72	82	F	50	68	80	75	55	45	70	G	90	50	82	85	70	80	75	DUT


Score




Physical Atributes

Mean	10.908027624949748	11.904665751992651	6.8280206990508141	8.1200000000000117	4.4005454207404791	9.3678030152930418	5.2805555263311694	10.908027624949748	11.904665751992651	6.8280206990508141	8.1200000000000117	4.4005454207404791	9.3678030152930418	5.2805555263311694	1	2	3	4	5	7	8	73.142857142857139	69.714285714285708	80.428571428571431	83.142857142857139	80.428571428571431	69.714285714285708	80.857142857142861	A	80	76	80	78	80	50	80	B	89	87	86	87	86	86	85	C	80	90	85	90	82	75	87	D	85	70	85	100	85	75	80	E	60	60	90	85	82	75	90	F	70	60	63	66	68	72	74	G	48	45	74	76	80	55	70	DUT


Score




Timbre

Mean	8.2128030131821284	8.2048440976454078	4.795553496034981	4.8281397383809566	6.5426600095068368	6.3356767594314531	5.6232849237197051	8.2128030131821284	8.2048440976454078	4.795553496034981	4.8281397383809566	6.5426600095068368	6.3356767594314531	5.6232849237197051	1	2	3	4	5	7	8	58.714285714285715	63	71.714285714285708	70.142857142857139	62	63.142857142857146	74.428571428571431	A	60	56	70	62	60	50	70	B	76	78	77	75	74	73	79	C	50	80	65	70	65	65	80	D	50	60	65	65	45	55	65	E	68	55	80	74	65	62	76	F	62	57	67	65	60	64	66	G	45	55	78	80	65	73	85	DUT


Score




Artefacts

Mean	11.76777520746098	12.728969583853466	7.4922893697453858	5.9638466333958373	10.6043261612105	10.535096898779184	8.1585292792267214	11.76777520746098	12.728969583853466	7.4922893697453858	5.9638466333958373	10.6043261612105	10.535096898779184	8.1585292792267214	1	2	3	4	5	7	8	65	61.285714285714285	81.571428571428569	74.142857142857139	68.285714285714292	62.285714285714285	78.428571428571431	A	90	60	96	70	80	40	70	B	74	72	75	74	71	70	76	C	70	90	80	80	80	75	85	D	70	65	90	85	50	80	90	E	50	52	85	72	60	62	78	F	58	55	65	60	52	49	60	G	43	35	80	78	85	60	90	DUT


Score




Loudness

Mean	11.448085720620144	10.0071441147479	7.0111910543073988	4.2433320240898738	7.919595949289314	11.813212941448219	7.2710201026632655	11.448085720620144	10.0071441147479	7.0111910543073988	4.2433320240898738	7.919595949289314	11.813212941448219	7.2710201026632655	1	2	3	4	5	7	8	79.142857142857139	71.142857142857139	82.714285714285708	84.142857142857139	73.571428571428569	77.428571428571431	84	A	85	65	80	80	70	80	90	B	92	90	89	88	85	87	86	C	80	85	70	83	80	83	85	D	90	75	100	93	85	95	100	E	67	65	78	85	70	72	82	F	50	68	80	75	55	45	70	G	90	50	82	85	70	80	75	DUT


Score




Max RLR vs. Loudness with 95% confidence intervals

Max RLR vs. Loudness	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

1.855312185004411	0.55765543342141943	2.6171289126504402	2.6874751449801733	1.8903712342330834	2.2430113090481654	1.5750630163059203	1.855312185004411	0.55765543342141943	2.6171289126504402	2.6874751449801733	1.8903712342330834	2.2430113090481654	1.5750630163059203	11.447875359358545	10.006960231126449	7.0110622220264842	4.2432540518681625	7.9194504248552811	11.812995870888255	7.270886495962614	11.447875359358545	10.006960231126449	7.0110622220264842	4.2432540518681625	7.9194504248552811	11.812995870888255	7.270886495962614	-8.2337760498146793	-5.2147778417563915	-12.136015888713644	-13.517944793737714	-9.1208076080764613	-9.0992964305606971	-7.0557722421300628	79.142857142857139	71.142857142857139	82.714285714285708	84.142857142857139	73.571428571428569	77.428571428571431	84	DUT1	DUT2	DUT3	DUT4	DUT5	DUT7	DUT8	Maximum RLR (averaged across all labs and HATS models)


Subjective Loudness rating (0-100)



Standard Deviation of nominal RLR across ECRP shifts vs. Overall Comfort rating with 95% confidence intervals

Max RLR vs. Loudness	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

11.447875359358545	10.006960231126449	7.0110622220264842	4.2432540518681625	7.9194504248552811	11.812995870888255	7.270886495962614	11.447875359358545	10.006960231126449	7.0110622220264842	4.2432540518681625	7.9194504248552811	11.812995870888255	7.270886495962614	3.1740737327765767	4.2805886891725109	4.19962164331998	4.9317549035564614	6.4327121653639354	3.1199590625954734	18.013328553951499	73.142857142857139	69.714285714285708	80.428571428571431	83.142857142857139	80.428571428571431	69.714285714285708	80.857142857142861	DUT1	DUT2	DUT3	DUT4	DUT5	DUT7	DUT8	Standard deviation of RLR (for ECRP shifts, across all labs and HATS models)


Subjective Comfort rating (0-100)



P.863 scores vs. Artefacts subjective ratings with 95% confidence intervals

P863 vs. Artefacts	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.12337813886179216	0.14269933722963057	0.19152322042025577	0.22027395848367878	0.13324268518243157	0.13502730384070688	0.14747304370318107	0.12337813886179216	0.14269933722963057	0.19152322042025577	0.22027395848367878	0.13324268518243157	0.13502730384070688	0.14747304370318107	11.447875359358545	10.006960231126449	7.0110622220264842	4.2432540518681625	7.9194504248552811	11.812995870888255	7.270886495962614	11.447875359358545	10.006960231126449	7.0110622220264842	4.2432540518681625	7.9194504248552811	11.812995870888255	7.270886495962614	3.1050352528691292	2.9740547388792038	3.7500906139612198	3.5073191449046135	3.4624152779579163	3.1882584765553474	2.8582982867956161	65	61.285714285714285	81.571428571428569	74.142857142857139	68.285714285714292	62.285714285714285	78.428571428571431	DUT1	DUT2	DUT3	DUT4	DUT5	DUT7	DUT8	Average of P.863 scores (across all labs and HATS models)


Artifacts subjective score (0-100)



P.863 scores vs. Timbre subjective ratings with 95% confidence intervals

P863 vs. Artefacts	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.12337813886179216	0.14269933722963057	0.19152322042025577	0.22027395848367878	0.13324268518243157	0.13502730384070688	0.14747304370318107	0.12337813886179216	0.14269933722963057	0.19152322042025577	0.22027395848367878	0.13324268518243157	0.13502730384070688	0.14747304370318107	10.847426730181986	13.828886261666028	4.0414518843273806	4.1918287860346313	7.6157731058639087	9.6732325812744069	5.4423384329759958	10.847426730181986	13.828886261666028	4.0414518843273806	4.1918287860346313	7.6157731058639087	9.6732325812744069	5.4423384329759958	3.1050352528691292	2.9740547388792038	3.7500906139612198	3.5073191449046135	3.4624152779579163	3.1882584765553474	2.8582982867956161	64	64.285714285714292	77	72.285714285714292	65	59.285714285714285	77.428571428571431	DUT1	DUT2	DUT3	DUT4	DUT5	DUT7	DUT8	Average of P.863 scores (across all labs and HATS models)


Timbre subjective score (0-100)



P.863 scores vs. Overall subjective ratings with 95% confidence intervals

P863 vs. Artefacts	[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]
[CELLRANGE]

0.12337813886179216	0.14269933722963057	0.19152322042025577	0.22027395848367878	0.13324268518243157	0.13502730384070688	0.14747304370318107	0.12337813886179216	0.14269933722963057	0.19152322042025577	0.22027395848367878	0.13324268518243157	0.13502730384070688	0.14747304370318107	8.2128030131821284	8.2048440976454078	4.795553496034981	4.8281397383809566	6.5426600095068368	6.3356767594314531	5.6232849237197051	8.2128030131821284	8.2048440976454078	4.795553496034981	4.8281397383809566	6.5426600095068368	6.3356767594314531	5.6232849237197051	3.1050352528691292	2.9740547388792038	3.7500906139612198	3.5073191449046135	3.4624152779579163	3.1882584765553474	2.8582982867956161	58.714285714285715	63	71.714285714285708	70.142857142857139	62	63.142857142857146	74.428571428571431	DUT1	DUT2	DUT3	DUT4	DUT5	DUT7	DUT8	Average of P.863 scores (across all labs and HATS models)


Overall subjective score (0-100)



Loudness Correlation
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Overall Score



Physical Correlation
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Overall Score



Timbre Correlation
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Overall Score



Artefacts Correlation

90	74	70	70	50	58	43	60	72	90	65	52	55	35	96	75	80	90	85	65	80	70	74	80	85	72	60	78	80	71	80	50	60	52	85	40	70	75	80	62	49	60	70	76	85	90	78	60	90	70	82	60	65	56	67	48	60	78	85	67	53	62	45	80	80	70	80	80	74	75	70	76	75	75	74	64	72	70	77	70	55	63	60	60	48	76	60	65	62	54	50	72	81	85	78	77	69	80	Artefacts


Overall Score



Overall Score

Mean	8.0358861780557014	10.24458230806248	2.9939494540378155	3.105350221794636	5.6418436702907675	7.1660309795590527	4.0317407324049661	8.0358861780557014	10.24458230806248	2.9939494540378155	3.105350221794636	5.6418436702907675	7.1660309795590527	4.0317407324049661	1	2	3	4	5	7	8	64	64.285714285714292	77	72.285714285714292	65	59.285714285714285	77.428571428571431	A	70	60	80	70	70	48	72	B	82	78	80	76	77	76	81	C	60	85	70	75	70	60	85	D	65	67	80	75	55	65	78	E	56	53	80	74	63	62	77	F	67	62	74	64	60	54	69	G	48	45	75	72	60	50	80	DUT
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