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Introduction

The purpose of this white paper is to give some suggestions to users of QVoice 
on how to interpret and use the MOS Speech Quality values given by the PACE 
(or any other MOS based) algorithm. In particular we want to discuss to what 
precision the values correspond to speech quality as perceived by listeners and 
how reproducible the measured values are. So for example what variation 
can be expected just from the random changes of external circumstances, as 
compared to when a statistically significant change. 

Readers may also wish to read this document in conjunction with some in-
troductory explanation on speech quality and its MOS based evaulation, for 
example the Ascom QVoice technical white paper series “Speech quality and 
its objective evaluation with PACE”.
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Fundamentally speech quality is something subjective. For example there is 
no other way to decide which of two kinds of distortions is worse, than to let 
people listen to the two speech sequences. Therefore speech quality is really 
defined as the average opinion of many people listening to the same speech 
sequence. To make such “measurements” reproducible, detailed procedures 
for “subjective tests” with many test parameters have been defined, e.g. by 
the ITU in [1].

“Subjective” and “Objective” Speech 
Quality Measurements

Subjective Tests Typically different test conditions are involved in such tests and various speech 
sequences with a variety of qualities are used. Groups of people listen to the 
speech sequences in a special audio environment and judge the speech quality 
according to the following standard 5-level listening quality scale:

 - Excellent 
 - Good 
 - Fair 
 - Poor 
 - Bad

Numerical values are associated with these levels, namely 1 for “bad” till 5 for 
“excellent”. Then for each speech sequence the average over the opinions of 
all people is taken. This average is called “Mean Opinion Score” (MOS). 

To get a value that only depends on the distortions, one uses several speech 
sequences and sends them through the same channel. Typically, male and 
female speakers are used and care is taken to use sentences which are pho-
netically typical for a given language. The average of the scores for these 
speech sequences is called “condition MOS” (as it should only depend on 
the transmission conditions).

In an “Absolute Category Rating” (ACR) test, people listen only to the de-
graded sequence, not the originals. Also here we described a “Listening Only 
Test” (LOT), as opposed to tests where people speak with each other over a 
distorted line where problems like long delays will also play a role.
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Precision of Subjective  
MOS Values

Clearly, the more people are involved in the test, the less will their individual 
preferences play a role, and the more precise will the average value be. To 
estimate this precision, let us first look at the standard deviation (= the “typi-
cal” variation) of the judgements of different people when judging speech 
sequences exposed to the same degrading conditions. First note that the 
people taking part in the test can only choose one of the 5 quality scores, 
thus they can’t give intermediate judgements. This alone introduces an error 
of typically somewhat less than 0.5 . 

Here we are only interested in the rough size of errors. From the literature 
we get some idea of this size. From figure 4 in [4] we see that the standard 
deviation for the five point scale is around 0.9 , whereas from table 2 in [3] 
we get a typical value of about 0.75 .

Now the average over the judgements of N people is taken so that the individual 
deviations are “averaged out”. More precisely, when forming the average of 
N independent random variables with equal standard deviation, the standard 
deviation σ of the average will be smaller by a factor of √N:

σ (average) = σ (individual) / √N

Thus for example a subjective test with 24 people will yield a MOS value per 
speech sequence that typically deviates by about 0.8/ √24 ≈ 0.16 from the 

“real” value (24 people is a typical size of such a test, see [4] before table 1). 
Note that because of the square root, even a subjective test with many more 
people will have a substantial error, so for example a test with 250 people 
still would have an error of about ∆ MOS ≈ 0.8/ √250 ≈ 0.05.
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Systematic Errors and  
Cultural Variations 

Even though great care is usually taken to conduct subjective tests according 
to a standard procedure as described in [1], there are rather large differences in 
the results. For example it is known that the range of qualities of the presented 
speech sequence influences the scores given by people. Also the different 
prior hearing experience (e.g. telephone conversation) of people in different 
countries greatly influences their judgement of audio quality.

The figure below is adapted from figure 5 in [3]. It shows the range of MOS 
values obtained from 6 different subjective tests for different levels of added 
noise.
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Figure 1: 
Range of MOS values from six subjective 

tests for various noise levels
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Also [6] (end of page 153) states a systematic difference between subjective 
tests of about 0.5 . The big variation of the results of tests in different countries 
is illustrated in the picture below, which is adapted from figure 2 in [7]. Speech 
sequences in the respective languages were exposed to the same degrading 
conditions, namely multiple encodings (transcoding) with an ADPCM (adaptive 
differential pulse code modulation) algorithm.
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It is also possible that a given speech codec (coder/decoder) performs dif-
ferently for different languages. Differences in languages include different 
syllables and different rate of occurrence of syllables, and also the role of 
tones (e.g. in Chinese).

In conclusion we see that the absolute precision of MOS values as speech qual-
ity is finite. However, this does not mean that changes in conditions cannot 
be measured with better precision. Actually the uncertainties of subjective 
tests were one reason for developing algorithms which would give more 
reproducible results.
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Measuring Speech Quality 
“Objectively” With  

a Computer

Subjective tests are costly and slow, in particular they can’t be used to monitor 
a network in real time. Therefore, computer algorithms have been developed 
which try to approximate the correct (subjective) MOS. As opposed to the 
situation in ACR subjective tests where people listen only to the degraded 
signal, such algorithms (e.g. PACE or PESQ) compare an original undistorted 
speech sequence with what’s obtained by passing this sequence through a 
transmission mechanism, e.g. through a cellular telephone network. These 
algorithms are quite sophisticated because there can be many kinds of distor-
tions and they should be weighted according to how disturbing they appear 
to people. 

Typically such algorithms contain many free parameters which are then adjusted 
to give about the same results as subjective tests. In practice, there are data-
bases of speech sequences (in pairs of original and distorted) and the results 
of subjective tests for these sequences. These are then used to calibrate the 
algorithm i.e. to adjust the parameters.

Considering that speech quality is difficult to quantify (or even define), these 
algorithms fulfill their functions very well. Still, users must keep in mind that the 
resulting values have a finite  precision. The following plot, which is adapted 
from Fig. 4.9 of [5], plots the results of some algorithm as a function of the 
MOS values obtained with subjective tests for a number of conditions. One 
can see that the typical difference (standard deviation) is on the order of 0.25. 
As here, often also the correlation coefficient ρ is given, which for a given 
spread of the data, is related to the standard deviation.
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In table 4.3 (page 135) of [5], somewhat larger deviations between subjective 
and objective MOS values are given. Also [6] (pp.154/155) indicates a standard 
deviation of 0.2 or more. Often the correlation coefficient ρ is used to indicate 
the agreement of objective and subjective MOS values. But note that for a 
spread of MOS values as in the above figure, even a correlation coefficient of 
ρ = 0.99 still corresponds to a standard deviation of about 0.15.

Figure 3:  
Objective MOS versus subjective MOS  

for a number of conditions
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How Reproducible Are The MOS Values 
From an Algorithm?

Given the same pair of original and degraded speech sequence, an algorithm 
will of course always give the same MOS value. On the other hand when 
monitoring the speech quality of a telephone network in some area, the values 
will naturally vary to a certain amount. This is because of random variations in 
conditions and more fundamentally simply because of the random nature e.g. 
of bit errors. For example for independent random error events, their actual 
number will typically vary with the square root of the average number (This is 
in the limit of small bit error rate, when the binomial distribution approaches 
a poisson distribution):

actual = average ± √average

In reality the variations are rather larger because of correlations like burst 
errors. Randomly varying conditions include the exact number of users of a 
cellular phone network, interference and the precise location, as e.g. due to 
Raleigh fading the signal strength can vary on a short distance scale. All these 
variations together lead to a natural fluctuation of the measured MOS values. 
These errors may be considered as “statistical” as opposed to the “systematic” 
error discussed above which comes from the limitations of objective speech 
quality measurements and their calibration.
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Below are some data from a measuring campaign with QVoice in a given 
area. From the plot one can see that the standard deviation is on the order  
of 0.1.
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What MOS Vaules Can be Expected 
From a Specific Codec?

Depending on the speech coder/decoder (codec) there will be a maximal 
possible speech quality, namely when the transmission works flawlessly and 
so there are no bit errors. So the 60 kbit/sec PCM encoding used in most 
fixed telephone networks reaches at most a MOS of 4.3, while a typical 13 
kbit/sec codec used in cellular phone networks reaches 3.7. Similarly, so called 

“enhanced full rate” and “half rate” codecs will have a somewhat higher or 
somewhat lower maximal MOS.
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Some Recommendations

Keep only one digit  
after the decimal point  

of a MOS value

In order not to give a false impression of precision, we recommend to round 
MOS values to the nearest tenth, thus e.g. MOS=3.5 instead of MOS=3.465. 
This is because an algorithm can‘t be expected to measure the “real” speech 
quality to a higher precision and because of the natural variations of MOS 
measurements. Also from the above discussion of subjective tests it is clear 
that it takes a rather large change in MOS to be clearly noticed by individual 
customers.

Do not only concentrate  
on the average MOS  

for an area

When summarizing measurement results, it can be misleading to concentrate 
on the average MOS measured e.g. in some area. Often there is only a small 
fraction of very bad values, which don’t have much influence on the average. 
But it is these calls with very bad speech quality, which will disturb subscribers, 
while most people don’t hear a big quality difference in the majority of calls, 
which fall into a rather narrow range of MOS values. 

In general, cellular network tuning often takes the following priorities:  
ensure successful call set up and no drop calls, then improve areas with poor 
speech quality so that the subscribers can conduct a meaningful conversa-
tion.

So a possible way to summarize measurement results could be to give besides 
the fraction of successful calls and average speech quality of those calls, also 
the fraction of calls with speech quality below some threshold, e.g. below 
MOS=3.0.
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Measurement systems like QVoice often include several speech sequences (e.g. 
of different languages), which can be used for measurements. Experience 
has shown that different speech sequences will give different MOS results 
even under the same conditions. For example in one measurement series the 
German speech sequence on average gave a MOS value that was 0.2 lower 
than for the English sequence. 

Similar differences can be seen in the figure below, which is adapted from 
figure 4.12 in [5]. It gives the results of an algorithm for three different speech 
sequences for a number of conditions.

For maximal reproducibility 
use always the same  

speech sequence
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Such differences are natural, as even subjective tests would give different results. 
But when, for example, monitoring the performance of a network over time, 
we are more interested in detecting improvements or worsening of network 
performance than to measure absolute values that accurately represent speech 
quality. So to get maximal reproducibility of measurement values, we recom-
mend to always use the same speech sequence. For example it would make 
sense to use a sequence in the local language, if this is available.
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Of course network operators are interested in comparing the performance of 
competing networks. Clearly this is not so easy as there are various aspects 
of performance, like which area of a country is covered or speech quality 
comparisons. It is clear that not too much should be made of a small differ-
ence in average MOS value, like 0.1 which will anyway hardly be noticed by 
individual customers. On the other hand there can be significant speech qual-
ity differences like between operators, e.g. because they use speech codecs 
with different amounts of compression. Such a difference may well give a 
competitive advantage to the network with the better speech quality. Also 
experience has shown that especially new operators with relatively few base 
stations tend to keep calls or initiate calls even if the transmission quality is bad 
in order to get a larger covering and more customers. To see such differences 
between networks, it is necessary to monitor speech quality.

Exercise care when  
comparing the performance  

of different networks
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