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Our experience on the interwebs

• 2005-2007: Virtual Phone – rapid listening test suite1

• Nokia proprietary tools for creating and running distributed listening tests
• One-click concept for test building, distributed testing & statistical 

analysis

• 2008-2019 SenseLabOnline2

• Licensable web-based toolkit for listening tests and automated analysis
• Java and Java script based (v 1.0)
• Silverlight & .Net (v 3.0)
• HTML 5 Audio API + custom high performance (AV) drivers and .Net (v 4.0)

• High performance audio-visual testing
• High resolution

• 32 ch, 192kHz, RAW audio and video

• > 2M data points collected

1. N Zacharov, A rapid listening test environment - helping managers make better decisions, in Proceedings 
of the Audio Engineering Society 122nd Int. Conv., Audio Eng. Soc., 2007

2. https://senselab.madebydelta.com/senselabonline/
www.senselabonline.com

https://senselab.madebydelta.com/senselabonline/
http://www.senselabonline.com/


Are we just collecting data?
(or using the scientific method?)

• The scientific method1

• Define a question
• Gather information and resources (observe)
• Form an explanatory hypothesis
• Test the hypothesis by performing an experiment and collecting data in 

a reproducible manner
• Analyze the data
• Interpret the data and draw conclusions that serve as a starting point for new

hypothesis
• Publish results
• Retest (frequently done by other scientists)

• Dont just collect data for it own sake!
• The data and analysis need to be repeatable

1. Crawford S, Stucki L (1990), "Peer review and the changing research record", "J Am Soc Info Science", vol. 41, pp. 223–28

https://en.wikipedia.org/wiki/Reproducibility


Method comparison

Laboratory
Calibrated conditions
Low noise
Known reverberation
High noise isolation
Lab grade sound card
Lab grade headphones
Calibrated reproduction

Assessors
Screened Expert or consumer
Controlled
Full factorial by default

Ecological validity Low (audio only)
Cost High

Ease of mass data collection Moderate

Stimulus presentation

Technical parameter 
family

Room

Sound reproduction

! "

Laboratory (VR) Home testing 1 Home testing 2 Crowd sourced
Calibrated conditions with VR Semi-controlled conditions Uncontrolled conditions Unknown conditions
Low noise Moderate/low noise level Moderate/low noise level Unknown noise level
Known reverberation Unknown reverberation Unknown reverberation Unknown reverberation
High noise isolation Low noise isolation Low noise isolation Unknown noise isolation
Lab grade sound card Lab grade sound card Unknown sound card Unknown sound card
Lab grade headphones Lab grade headphones Unknown headphones Unknown headphones
Calibrated reproduction Uncalibrated reproduction Uncalibrated reproduction Uncalibrated reproduction

Screened Expert or consumer Screened Expert or consumer Screened Expert or consumer
Unscreened random
consumers

Controlled Controlled Controlled Controlled
Full factorial by default Full factorial by default Full factorial by default Often fractional factorial
Moderate Low (audio only) Low (audio only) Unknown
High(er) Moderate Moderate Low
Moderate Moderate Moderate Easy



Home testing vs lab testing (1)1

 
The assessors were als o ins tructed to adjus t the play back 
sound pressure level to the most comfortable level during a 
short training module, where th ey were presented with a 
selection of samples from the actual test. They were instructed 
not to adjus t the play  back level during the test. The stimulus 
presentation was performed by the SenseLabOnline system.  

3. Analysis 
The statistical analysis was performed in 4 steps. In a first step 
the assessor’s performances have been checked in both 
situations in order to evaluate  the reliability  of the listeners. 
The data as sumptions for the analy sis of variance were 
subsequently evaluated, followed by  an ANOVA for each 
experiment. Both the overall structure of both datasets was 
then performed. F inally, a com parative analy sis of CLT and 
HUT was performed to objectively  compare the data from the 
two test situations. 

3.1. Assessor performance 

In the ITU-R BS.1116-1 [ 1] there is only one way  to have a 
correct answer: the assessor has degraded the system under 
test, and he has not degraded the reference. 

 
If the as sessor has  degraded the reference, the answer is 
considered as wrong. In the last case, if the assessor has not 
degraded the reference neither the sy stem under test, the 
answer is considered as null. 
 
The following graphs  repres ent the percentage of correct 
answers, each point repres ent the perform ances of one 
assessor for one system.  
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Figure 2: Assessor detection performance in terms of 
correct identification of the test item. 

The cloud of points is narrow and centered on the first bisector 
which m eans that the perform ances of the assessors have 
globally not shifted between th e two situations. The m ost 
accurate assessors in the CLT are also the most accurate in the 
HUT. Moreover, the performances under 50% in the CLT 
have been improved in the HUT. On the contrary, the 

performances close to 90% in the CLT are a under 90% in the 
HUT. Thus the performances are globally stable.  

3.2. Separated analysis 

As said previously , the data collection has been performed 
with SenseLabOnline [9] and the s tatistical analysis has been 
automated with a program in R language [10]. For both data 
sets the data quality  was evaluated prior to perform ing the 
analysis of variance and subsequently over viewing the data.  
 
Datasets from both CLT and HUT were reviewed in terms of 
fulfilling the ANOVA assumptions. In both cases, there is 
homogeneity of variance, and the residuals (post ANOVA) are 
also normally distributed and thus an ANOVA model is found 
suitable to model the data. 
 

3.2.1. Home usage testing 

The Figure 3  shows the MOS degradation of the different 
systems compared to the MOS degradation of the reference. In 
accordance to the res ults of the assessor performances, the 
reference has undergone small and insignificant degradation.  
 
The sy stems under test were well differentiated from the 
reference. Nevertheless, the discrimination between systems is 
not significant. Indeed, the difference between sy stems 2 and 
3 is not significant but the sy stem 1 is significantly  different 
from the others . M oreover, the 95% confidence intervals are 
narrow thus system 2  and system 3 are considered to be really 
similar and the  a ssessor disc rimination performance is not 
questioned.  
 
 
 Sum Sq Df F value Pr(>F) 

(Intercept) 403.23 1 2021.63 <2.2e-16  
Assessor 90.21 11 41.11 < 2.2e-16  
System 20.68 2 51.85 < 2.2e-16  
Sample 123.05 9 68.55 < 2.2e-16  
Assessor:System 6.38 22 1.45 0.09366 
Assessor:Sample 59.53 99 3.01 2.175e-11  
System:Sample 5.98 18 1.66 0.04792 
Residuals 39.49 198   

Table 5: ANOVA of the HUT  

The complete model with 2-way  interactions has been chosen 
for the Analysis of Variance (ANOVA), the results are sum up 
in Table 5 . The explained variance (R 2) is 79% of the total 
variability, hence the analysis is reliable. The ANOVA reveals 
that the m ain effects  are s ignificant (p-value<0.05) with high 
F-values.  
 
The interaction Assessor/sample and S ystem/Sample are als o 
significant, but the F-values are low thus they  have not as 
powerful effect as the main effects. 
 

3.2.2. Central location testing 

The data collection has  been performed with SenseLabOnline, 
and therefore there are no differences between both tests in the 
User Interface. The res ults from  the com parison of the 
degradation of the reference and the different sy stems under 
test are sum up in Figure 4. 
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Figure 3: Combined degradation MOS- score of the 

systems and the reference (HUT) 

 
The complete model with 2-way  interactions has been chosen 
for the Analysis of Variance (ANOVA), the results are sum up 
in Table 6 . The explained variance (R 2) is 74% of the total 
variability, hence the analysis is reliable. The ANOVA reveals 
that the m ain effects  are s ignificant (p-value<0.05) with high 
F-values. 
 
The degradation graphs form the CLT data and the HUT data 
are really similar, the reference has undergone low 
degradation (only with the systems 1 and 2) and has been well 
distinguished from the sy stems. As in the HUT, the sy stem 1 
is significantly  different than the sy stems 2 and 3, but the 
system 2 is not significantly different than the system 3. 
 
 
 Sum Sq Df F value Pr(>F) 

(Intercept) 40122 1 3249.90 <2e-16  
Assessor 3571 11 26.29 < 2e-16  
System 1364 2 55.26 < 2e-16  
Sample 11145 9 100.3076 < 2e-16 
Assessor:System 394   22 1.45 0.095 
Assessor:Sample 8087 99 6.6169 < 2e-16  
System:Sample 224 18 1.00 0.45     
Residuals 2444 198   

Table 6: ANOVA of the CLT 

The difference in the analysis lies on the ANOVA,  where the 
interaction sy stem/sample is not significant (Table 6 ). 
Moreover the F-value of the sample effect is larger in the CLT 
(100) than in the HUT (68.5). That means that discrimination 
between samples is bigger in the CLT than in the HUT. 

3.3. Combined analysis 

In order to have a clearer comparison of both situations (CLT 
and HUT) both data sets have been merged into one data set.  
 
The linear model chosen for the ANOVA is taking in count 
the same effect of the previous  analy sis plus  the location 
factor 

 
Figure 4 Combined degradation MOS- score of the 

systems and the reference (CLT) 

and its related interaction with the other m ain factors (Table 
7). The re sults show tha t the  a ssessor, sy stem a nd sa mple 
effects are significant, but the location effect is non 
significant. The interpretation is that there is no significant 
difference in the degradation of the sy stems under test in the 
two situations. 
 
 
 Sum Sq Df F value Pr(>F) 

(Intercept) 80444 1 4000.955 < 2e-16 
Location 0.1253     1 0.0062    0.93710 
Assessor 11005      11 49.7577 < 2e-16 
System 3395 2 84.4273 < 2e-16  
Sample 22655 9 125.1976 < 2e-16 
location:Assessor   1587 11 7.1777 1.883e-11 
location:System     38 2 0.9388    0.39175     
location:Sample     795 9 4.3927 1.484e-05 
Assessor:System 394   22 1.45 0.095 
Assessor:Sample 8087 99 6.6169 < 2e-16  
System:Sample 224 18 1.00 0.45     
Residuals 2444 198   

Table 7: ANOVA of the merge data from the CLT and 
HUT 

4. Discussion and conclusions 
The analy sis of both the CLT and HUT experiments reveals 
that assessors perform well in the experim ents and are able to 
discriminate the audio codecs in a reliable manner. The 
ANOVA indicates that there are significant difference to be 
found between both codecs and program items in both 
conditions. The explained variance and the contributions (F-
value) and significance levels (p-values) from both 
experiments are comparable. This  indicates  a degree of 
similarity between the results of the two experiments.  
 
Upon inspection of the overall data, it can be concluded that 
there is no statistically  significant difference to be found 
between the means for both expe riments. The only difference 
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LabHome

• SenseLabOnline
• ITU-R BS.1116 listening room
• Genelec 8050 + Digigram UAX220v2
• SenseLab expert assessors

1. 3rd International Workshop on Perceptual Quality of Systems (PQS 2010) 6-8 September 2010, Bautzen, Germany 

• SenseLabOnline
• At home

• Dishwasher and kids switched off
• Sennheiser HD 438
• Sandberg USB sound card
• SenseLab expert assessors
• Test occurred with a 3 month interval



Home testing vs lab testing (2)

 
Figure 3: Combined degradation MOS- score of the 

systems and the reference (HUT) 

 
The complete model with 2-way  interactions has been chosen 
for the Analysis of Variance (ANOVA), the results are sum up 
in Table 6 . The explained variance (R 2) is 74% of the total 
variability, hence the analysis is reliable. The ANOVA reveals 
that the m ain effects  are s ignificant (p-value<0.05) with high 
F-values. 
 
The degradation graphs form the CLT data and the HUT data 
are really similar, the reference has undergone low 
degradation (only with the systems 1 and 2) and has been well 
distinguished from the sy stems. As in the HUT, the sy stem 1 
is significantly  different than the sy stems 2 and 3, but the 
system 2 is not significantly different than the system 3. 
 
 
 Sum Sq Df F value Pr(>F) 

(Intercept) 40122 1 3249.90 <2e-16  
Assessor 3571 11 26.29 < 2e-16  
System 1364 2 55.26 < 2e-16  
Sample 11145 9 100.3076 < 2e-16 
Assessor:System 394   22 1.45 0.095 
Assessor:Sample 8087 99 6.6169 < 2e-16  
System:Sample 224 18 1.00 0.45     
Residuals 2444 198   

Table 6: ANOVA of the CLT 

The difference in the analysis lies on the ANOVA,  where the 
interaction sy stem/sample is not significant (Table 6 ). 
Moreover the F-value of the sample effect is larger in the CLT 
(100) than in the HUT (68.5). That means that discrimination 
between samples is bigger in the CLT than in the HUT. 

3.3. Combined analysis 

In order to have a clearer comparison of both situations (CLT 
and HUT) both data sets have been merged into one data set.  
 
The linear model chosen for the ANOVA is taking in count 
the same effect of the previous  analy sis plus  the location 
factor 

 
Figure 4 Combined degradation MOS- score of the 

systems and the reference (CLT) 

and its related interaction with the other m ain factors (Table 
7). The re sults show tha t the  a ssessor, sy stem a nd sa mple 
effects are significant, but the location effect is non 
significant. The interpretation is that there is no significant 
difference in the degradation of the sy stems under test in the 
two situations. 
 
 
 Sum Sq Df F value Pr(>F) 

(Intercept) 80444 1 4000.955 < 2e-16 
Location 0.1253     1 0.0062    0.93710 
Assessor 11005      11 49.7577 < 2e-16 
System 3395 2 84.4273 < 2e-16  
Sample 22655 9 125.1976 < 2e-16 
location:Assessor   1587 11 7.1777 1.883e-11 
location:System     38 2 0.9388    0.39175     
location:Sample     795 9 4.3927 1.484e-05 
Assessor:System 394   22 1.45 0.095 
Assessor:Sample 8087 99 6.6169 < 2e-16  
System:Sample 224 18 1.00 0.45     
Residuals 2444 198   

Table 7: ANOVA of the merge data from the CLT and 
HUT 

4. Discussion and conclusions 
The analy sis of both the CLT and HUT experiments reveals 
that assessors perform well in the experim ents and are able to 
discriminate the audio codecs in a reliable manner. The 
ANOVA indicates that there are significant difference to be 
found between both codecs and program items in both 
conditions. The explained variance and the contributions (F-
value) and significance levels (p-values) from both 
experiments are comparable. This  indicates  a degree of 
similarity between the results of the two experiments.  
 
Upon inspection of the overall data, it can be concluded that 
there is no statistically  significant difference to be found 
between the means for both expe riments. The only difference 
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When the data SNR is good (enough)

• EBU ADM Renderer (EAR) 
listening test

• Comparison of object based
renderers for different loudspeaker
configurations

• Stereo – 22.2 ch
• Performed in 5 labs in 5 countries
• 58 assessors

• Only 35 assessors sufficiently
trained to qualify as expert

• Rep. ITU-R BS2300 (eGauge)1

method used for assessor
performance evaluation

• What’s the impact of poor assessors
on the result?

35 post-screened
assessors

1. ITU-R Report BS.2300, Methods for Assessor Screening. The International Telecommunication Union, Radio communication 
Assembly, 2014



All vs expert assessors

All assessors 
(n=58)

Post screening expert assessors 
(n=35)

When we have sufficient data, the “noisy data” has limited impact



Smart devices are not created equal

• And nor is their performance
• Audio hardware

• DAC, headphone amplifier, etc
• Audio software

• Pick the good gear!
• Know its good enough

• Measure it & listen to it

• Know the audio output quality
• Coded or raw (wave)?

• Internet connectivity
• Make sure that’s sufficient (4G, Wifi)
• Ensure your SW is robust for connectivity and data collection



Conclusion

• There are no free lunches!!

• DO
• Go outside the lab

• Test with real devices or recorded stimuli
• Collect (big) data
• Make wise choices in experimental design
• Ensure your experiment and data are 

repeatable
• Be bold

• DON’T
• Don’t be reckless
• Relinquish all control
• Don’t ignore data quality

• Big data is most beautiful when its good & 
repeatable data !



nvz@force.dk

Thank you

Questions?


