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Abstract 
The subjective quality ratings of noisy speech enhanced 

by noise reduction algorithms should be obtained according 
to ITU-T Recommendation P.835, which is designed to 
evaluate the quality along three dimensions: signal distortion, 
annoyance due to background noise, and overall quality. In 
this paper, we investigate the impact of the scale used for the 
assessment of the background noise dimension and show that 
a degradation scale and a P.835 scale yield non negligible 
different results. The background noise ratings as well as the 
overall quality ratings are impacted, the degradation scale 
leading to more spread and discriminating results. 
Index Terms: noise reduction, speech quality assessment, 
subjective evaluation, objective evaluation. 

1. Introduction 
Maintaining a high speech quality is of high priority but also 
a challenging issue for all networks providers. The rapid 
evolution of networks these last years shows that speech 
quality can be degraded by several parameters which may not 
have been considered before. This is the case of the 
background noise. Mobile communications are probably the 
major means of communications today. Because of mobility, 
calls happen in various and non controlled ambient noise 
conditions (street, airport lounge, shopping mall,...). 
However, a speech signal corrupted by high level background 
noise quickly becomes unintelligible, which means a decrease 
of overall quality from the user's point of view. As a result, a 
very interesting and pleasant solution to improve speech 
quality of such calls for a network provider relies on the use 
of noise reduction features in the network. However, noise 
reduction systems are based on speech signal filtering 
techniques [1]. This means that although the background 
noise may be reduced the speech signal may also be distorted 
in the process. So the evaluation of the performance of noise 
reduction features is mandatory to ensure that the speech 
signal is enhanced or at least preserved. 
Currently, the most accurate method for evaluating quality of 
noise reduced signals is subjective listening tests. However 
much efforts are placed on developing objective measures to 
predict the quality of noise reduced signals at the ITU-T [2, 3] 
or at the ETSI [4]. The reliability of such instrumental 
measures is deeply dependent on the subjective results since 
the role of objective measures is to predict the scores obtained 
at a subjective level. Many objective models have been 
developed in the past for the purpose of evaluating speech 
quality in case of distortions due to coders or communication 
channels [5]. All these measures were based on the use of 
subjective listening tests results which were carried out 
according to ITU-T Recommendation P.800 [6]. As opposed 
to coders' distortion, the types of distortion introduced by 
noise reduction systems can be divided into two categories: 

the distortion introduced on the speech signal and the 
distortion introduced on the background noise. As a result, 
the subjective evaluation of noise reduced signals is a bi-
dimensional problem: some users focus on the background 
noise whereas others on the distortions produced on the 
speech signal. A consequence is that listening tests according 
to ITU-T P.800 are not adequate for the evaluation of noise 
reduced signals and therefore objective models based on such 
subjective results, such as PESQ [7], neither. Then, in 2003, a 
Recommendation, ITU-T P.835, was defined for the difficult 
task of subjective evaluation of noise reduced signals [8]. As 
expected, it has been shown that existing objective measures, 
amongst those PESQ, do not correlate well with subjective 
data collected according to ITU-T P.835 [9].  
In this paper, we propose to first focus on the methodology 
defined in ITU-T P.835 and try to understand which steps 
were found necessary to obtain a unified judgment of the 
perceived quality of noise reduced signals. Being aware that 
P.835 was proposed to make the subjective evaluation easier, 
which still remains complex, we then study the influence of 
the scale provided to testers for the rating of the background 
noise. We go on by investigating the impact of the two 
proposed ratings on the overall quality score. Results are 
finally discussed from the objective modeling's point of view. 

2. P.835 subjective methodology 
Subjective listening tests carried out according to ITU-T 
P.800 appeared to be not suitable for the evaluation of noise 
reduction systems. As mentioned above, the major problem 
comes from the use of a single-scale rating, the MOS (Mean 
Opinion Score) [6]. The Recommendation ITU-T P.835 
"Subjective test methodology for evaluating speech 
communication systems that include noise suppression 
algorithm" was proposed to solve the bi-dimensional problem 
linked to the evaluation of noise reduced signals. 

2.1. P.835 listening test protocol 

The P.835 methodology was designed to reduce the listener's 
uncertainty as to which component(s) of the noise reduced 
signals form(s) the basis of their judgment of the overall 
perceived quality. As illustrated on Figure 1, the protocol 
consists in asking the listener to successively attend to and 
rate the processed speech signal on: i) the speech signal 
distortion alone using a five-point scale; ii) the background 
noise intrusiveness alone using a five-point scale; iii) the 
overall quality using the classical ACR (Absolute Category 
Rating) MOS scale [6]. Each trial thus contains a three-
sentence sample of processed speech to fulfill the requirement 
of the 3 successive ratings. To control for the effects of rating 
scale order, the order of the rating scales are balanced across 
the experiment, i.e., scale order is "Signal, Background, 
Overall Effect" for half of the listeners, and "Background, 
Signal, Overall Effect" for the other half. 
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Figure 1: Sequential ratings of a noise reduced speech sample in a P.835 trial. 

Principle of P.835 is to draw listener's attention on both types 
of distortion which may be present on noise reduced signals. 
This prevents from natural human behavior which would 
focus on only one type of degradation without being aware of 
the presence of the other one. Although the listeners answer 
the same question (see Figure 2), the P.835 overall quality 
rating is a more balanced and reliable judgment than the 
P.800 ACR MOS. Moreover, being the final judgment, the 
P.835 overall quality score could be considered as a 
weighting of the two previous ratings. This emphasizes the 
critical role of the ratings used for the speech distortion and 
for the background noise intrusiveness. 

Figure 2: Overall quality rating scale.

2.2. Rating scales used in P.835 

The ratings scales proposed in ITU-T P.835 for the speech 
signal and for the background noise are given in Figures 3 
and 4 respectively. As for the speech signal, listeners are 
asked to focus only on the speech distortion which is qualified 
from 5 (no distortion) to 1 (very distorted). As for the noise, 
the listeners have to estimate the quality of the background 
noise on two aspects at the same time: the audibility and the 
intrusiveness. The purpose of the speech signal and the 
background noise scores was initially to obtain a reliable 
overall quality score with less error variance than that of 
P.800 ACR MOS. However, for network providers as well as 
algorithm designers, these scores are very important hints for 
the interpretation of the overall quality score. Two noise 
reduction systems could exhibit the same overall quality 
rating whereas they do quite a different signal processing. So 
the speech signal and the background noise ratings help 
understanding how the tested noise reduction feature works, 
i.e. if distortion is present on the speech signal and/or if the 
background noise is well-reduced or not.  

Figure 3: P.835 speech signal rating scale.

2.3. Discussion about the background noise scale 

As opposed to the speech signal and the overall quality scales, 
the background noise scale mixes two aspects related to the 
noise: it can be detectable / perceptible, and it can be more or 
less intrusive. However, it may be difficult to quantify the 
perception of the noise, especially to choose between "slightly 
noticeable" and "noticeable but not intrusive", as reported by 
listeners. A slight modification of the scale (see Figure 5) 
would require listeners to more qualify the intrusiveness of 
the background noise. When evaluating performance of noise 
reduction features, the goal is to qualify the intrusiveness of 
the noise in the processed signals rather than to detect if noise 
is audible or not: a noise reduction system is designed to 
reduce the level of the background noise, in other words to 
improve the Signal to Noise Ratio, but not to suppress it 
completely. Since the aim is to have a reliable evaluation, it is 
then interesting to study if the proposed degradation scale 
(DS) influences the listener's judgment when rating the 
background noise as well as the overall quality. 

Figure 4: P.835 background noise rating scale.

Figure 5: Degradation scale (DS) for the noise rating.

3. Impact of the background noise scale 
We propose to analyze the influence of the background noise 
scale in two contexts: narrow-band (NB, i.e. [300, 3400 Hz]) 
and wide-band (WB, i.e. [50, 7000 Hz]). So, for each context 
(NB, WB), we present a detailed analysis of results of two 
listening tests (TestP.835, TestDS) for which the only difference 
is the rating scale used for the background noise. A protocol 
strictly compliant to ITU-T P.835 was used for both listening 
tests (TestP.835, TestDS) in each context (NB, WB), except that 
the background noise rating scale was the P.835 scale for 
TestP.835 and the degradation scale for TestDS.  

Attending ONLY to the BACKGROUND, select the category 
which best describes the sample you just heard.  

 The BACKGROUND in this sample was 

 5 – NOT NOTICEABLE 

 4 – SLIGHTLY NOTICEABLE 

 3 – NOTICEABLE BUT NOT INTRUSIVE 

 2 – SOMEWHAT INTRUSIVE 

 1 – VERY INTRUSIVE 

Select the category which best describes the sample you 
just heard for purposes of everyday speech communication.  

 The OVERALL SPEECH SAMPLE was 

 5 – EXCELLENT 

 4 – GOOD 

 3 – FAIR 

 2 – POOR 

 1 – BAD 

Attending ONLY to the SPEECH SIGNAL, select the category 
which best describes the sample you just heard.  

 The SPEECH SIGNAL in this sample was 

 5 – NOT DISTORTED 

 4 – SLIGHTLY DISTORTED 

 3 – SOMEWHAT DISTORTED 

 2 – FAIRLY DISTORTED 

 1 – VERY DISTORTED 

Sub-sample 1 
Signal or background noise rating 

Sub-sample 2 
Background noise or signal rating

Sub-sample 3 
Overall quality rating

Vote 1 
SIGNAL or BACKGROUND

Vote 2 
BACKGROUND or SIGNAL

Vote 3 
OVERALL QUALITY

Attending ONLY to the BACKGROUND, select the category 
which best describes the sample you just heard.  

 The BACKGROUND in this sample was 

 5 – NOT NOTICEABLE 

 4 – NOTICEABLE BUT NOT INTRUSIVE 

 3 – SOMEWHAT INTRUSIVE 

 2 – INTRUSIVE 

 1 – VERY INTRUSIVE 
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3.1. Experimental set-up 

Twenty-four naïve listeners participated in each test. They 
were all native French speakers (the language used for the 
tests). The processed speech material was presented to groups 
of listeners seated at separate listening stations contained 
within an acoustically conditioned sound room. Presentation 
was made monaurally using a typical handset in the NB 
context and a wide-band headset in the WB context, at a 
nominal listening level of 79 dB SPL. The source material 
was made of an internal French speech database of four 
talkers and six sentence pairs per talker and by an internal 
noise database. Each test condition was presented with the 
four speakers, with one double sentence per speaker. The 
speech sample duration was 8 seconds 

3.1.1. Noise reduction features 

In the NB context, two different noise reduction systems 
embedded in two different network voice enhancement
devices were chosen for our subjective tests, with two settings 
(smooth, aggressive) for each. Less speech distortion but also 
less reduced noise is to be expected from "smooth" (NR1, 
NR3) compared to "aggressive" (NR2, NR4 respectively). As 
for the WB context, since no wide-band network device is yet 
available, we used two wide-band noise reduction algorithms 
developed by our laboratory with two different settings 
(smooth and aggressive, similarly to the NB context). 

3.1.2. Test conditions 

Three types of noise were considered, with up to three levels 
(Signal to Noise Ratio, SNR) for each. As stated in Table 1, 
24 conditions with noise reduced signals were tested in the 
narrow-band context and 32 in the wide-band context. 

Table 1. Conditions for Tests(NB) and Tests(WB).

Test Noise Reduction Noise type SNR (dB) 

NB NR1, NR2, NR3, 
NR4 

Street 
Office 
Crowd 

10, 15 
15, 20 
15, 20 

WB NR5, NR6, NR7, 
NR8 

Street 
Office 
Crowd 

5, 10, 15 
15, 20 
10, 15, 20 

3.2. Analysis of test results 

For each context (NB, WB), a variance analysis (ANOVA) 
was carried out on the individual scores (noise, speech signal, 
overall quality), considering the between-group factor Scale 
and the within-group factors NR (Noise Reduction), Noise 
and Speaker. No result concerning the speech signal is 
presented since, as expected, the scale used for the 
background noise does not impact the speech signal rating. In 
this section, all figures show the mean scores and the 
corresponding 95% confident intervals. 

3.2.1. Background noise judgments  

In the NB context, the analysis reveals the influence of the 
rating scale on the background noise judgements, through a 
significant main effect of the factor Scale (F(1, 23)=5.98, 
p<0.05) as well as a significant interaction between factors 
NR and Scale (F(3, 69)=10.08, p<0.0001), as illustrated by 
figure 6. Some notation differences are observed between the 
two scales, with lower mean scores when the P.835 noise 
scale is used. In the WB context, there is not significant main 

effect of the factor Scale (F(1, 23)=0.03, p=0.84) but there 
are significant interactions between this factor and the two 
others (F(3, 69)=14.1, p<0.001 between Scale and NR and 
F(7, 161)=17.15, p<0.0001 between Scale and Noise). These 
interactions are illustrated by Figures 7 and 8. The Scale 
differences between NRs (see Figure 7) are quite small (lower 
than 0.5). But larger Scale differences are obtained between 
the different Noises (see Figure 8). For office noise with a 
SNR of 20 dB, the mean score obtained with the degradation 
scale is more than 0.5 MOS higher than the mean score 
obtained with the P.835 scale. But for street noise with a SNR 
of 5 dB, the mean score obtained with the degradation scale is 
more than 0.5 MOS lower than the mean score obtained with 
the P.835 scale. 
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Figure 6: Tests(NB)- Results according to the NR.
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Figure 7: Tests(WB)- Results according to the NR.
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Figure 8: Tests(WB)- Results according to the noise type.
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Therefore the difference between the two scales seems to 
come from the fact that scores are more spread on the 
degradation scale than on the P.835 scale. Having shown that 
the background noise scale influences the listeners' judgments 
about the noise intrusiveness, the next step consists in 
studying if overall perceived quality is also impacted. 

3.2.2. Overall quality judgments 

For the narrow-band conditions, the ANOVA reveals that 
there is no main effect of the factor Scale (F(1, 23)=1.80, 
p=0.19). In return, there is a weak but significant interaction 
between the factors Scale and NR (F(3, 69)=6.46, p<0.001). 
A similar ANOVA on the individual overall quality scores 
obtained for the wide-band conditions shows that there is not 
significant main effect of the factor Scale (F(1, 23)=0.9, 
p=0.33). In return, there are significant interactions between 
this factor and the two others (F(3, 69)=4.3, p=0.05 between 
Scale and NR and F(7, 161)=22.4, p<0.0001 between Scale 
and Noise). Figures 9 and 10 show the observed interactions 
in the wide-band context. Similarly to what was obtained for 
the background noise judgment, the degradation scale leads to 
overall quality scores more spread compared to the P.835 
scale. The degradation scale is then of greater interest for 
network operators or algorithm designers: it helps 
discriminating better the noise reduction features.
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Figure 9: Tests(WB)- MOS according to the NR. 
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Figure 10: Tests(WB)- MOS according to the noise type. 

4. Discussion and Conclusions 
This study shows that the results of the subjective evaluation 
of noise reduced signals is dependent on the scales used for 
the background noise rating, even if the protocol used is a 
strictly ITU-T P.835 like. The two scales proposed for the 
background noise rating (Degradation scale, P.835 scale) 
appear to be close but provide significant different results. If 
it could be anticipated that a difference would exist for the 
judgement of the noise intrusiveness, the major interesting 
result is that the overall perceived quality is also impacted. 
This makes corresponding subjective tests (TestDS and 
TestP.835) unequal from an accuracy point of view although the 
aim of these two tests is exactly the same, i.e. the evaluation 
of performance of noise reduction features. This raises a 
fundamental issue for the objective modelling part since 
objective models are expected to predict MOS values. So, 
which estimate a P.ONRA model [2] should provide? 
Subjective MOS are calculated by averaging opinions of a 
limited number of subjects. The fact that subject opinions may 
differ for a given speech file (for various reasons) is taken into 
account by computing the confidence interval (typically 
95%). It means that the true mean is not necessarily the 
calculated MOS but it would be a value that falls within the 
range determined by the confidence interval for 95% of the 
time (following a normal distribution). Adding to this, the two 
scales used for the background noise intrusiveness emphasize 
the lack of accuracy of the subjective testing of noise reduced 
signals. Based on the fact that objective models do not reflect 
this uncertainty and therefore require subjective methods as 
accurate as possible, it is crucial to select the scale which 
would provide the results with the least dispersion or at least 
closest to reality. The dispersion scale which leads to more 
spread results, which discriminates better the NR systems, and 
which is better understood by listeners may help improving 
the reliability of subjective evaluation of noise reduction 
features. 
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