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Abstract

This paper deals with the question of the validity of listening
tests in laboratory, in the case of the time-varying speech
quality characterizing mobile telephony. In order to measure
the impact of real environments, especially those of real
sound environments, speech quality judgments are collected
in a field experimentation. This experimentation consisted
both in a listening test and in a conversation-opinion one. It
was carried out in two different places, a noisy one and a
quiet one. Recordings both of sound environments and
speech sequences heard by listeners allowed to reproduce
them in laboratory. Therefore speech quality judgments were
also collected in laboratory and compared with those
collected in real environments. Results show a weak impact
of the sound environment on quality judgments and validate
the use of listening tests in laboratory

1. Introduction

Unguaranteed QoS (Quality of Service) networks such as
GSM or Internet networks involve some new constraints on
quality. First of all, the context of use can integrate several
modalities and includes various aspects such as ergonomic
and sociological aspects. In addition, the technical
characteristics of these networks generate qualities that can
present strong temporal variations. For the telephony service,
the context of use has also changed with the mobile
telephony: users can move, communicate outside, etc. And
the speech quality can strongly fluctuate during a same
phone call, for example because of losses of frames of
information in network. However, speech quality fluctuations
are not taken into account with methods recommended by the
ITU-T to assess perceived speech quality ([1]). Therefore, in
a previous study ([2]), a method of continuous judgment was
used for assessing long speech sequences (about 3 minutes)
presenting quality fluctuations. This method appeared to be
well suited to time-varying speech quality, allowing to
measure quality as it is perceived by listeners at any instant.
However, the listening situation that characterized these first
experiments is different from a real situation of
communication that implies interactivity with a distant
interlocutor. The situation of interactivity entails a sharing of
attentional resources between the quality rating task and the
communication activity. It could deteriorate the relevance of
speech quality judgments ([3]). Another previous study ([4])
showed that quality judgments are similar in a listening
situation and in a conversation-opinion one, for time-varying
speech quality.

By another way, the laboratory environment does not
take into account some environmental factors likely to
intervene and to influence quality judgments during a real
situation of communication. This is particularly important in
the case of mobile telephony, often used in outside
conditions, in streets, stations, airports, etc. All sound and
visual information and also activities (for example crossing
the street), added by a real environment, entail a sharing of
cognitive resources that could be made to the detriment to
the quality integration and assessment. The goal of this study
is to assess the impact of a real environment, especially the
impact of a real sound environment, by comparing quality
judgments collected in real environments and those collected
in laboratory.

First of all, a listening test and a conversational one are
run outside, in two places characterized either by a quiet
environment (park) or a noisier one (busy street).
Degradations are introduced in the transmitted speech signal
heard by subjects. At the same time, transmitted speech
signals and sound environments are recorded. Then a
listening test is carried out in laboratory by reproducing,
through handsets, speech signals recorded during the field
test. These speech signals are presented with or without
sound environments diffused with a Dolby Surround system.

2. Field experiment

2.1. Experimental protocol

2.1.1. Speech signal and degradations

For the listening test, a 90-sec speech signal was sent in a
PSTN terminal located at the laboratory, by means of an
audio adapter, and then received by the mobile phone after
being transmitted by the GSM network. The speech signal
consisted in a text extracted from the children’s literature,
stated by a female speaker and recorded in anechoic room.
For the conversation-opinion test, an experimenter located at
the laboratory communicated with the subject located
outdoor.

The speech signal transmitted by the real GSM network
was impaired by means of an attenuator 50BR-001 (U.F.W.
Industries Inc.) connected on the mobile antenna. The
attenuator made it possible to reduce, via an antenna, the
reception level of the mobile (up to 50 dB per 1-dB step) in
order to introduce degradations. The mobile was a TEMS
S.H. 888 that allows the experimenter to read the reception
level in real time. The reception level, indicated by the
Rxlevel parameter, can evolve between 0 (maximum
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reception level) and -110 dBm. Perceptible impairments only
appear when the reception level is very low (between -100
dBm and -110 dBm approximately). However the initial
reception level (i.e. without any attenuation) strongly varies
from 20 to 30 dBm, thus it was difficult to control the
impairment level.

Two places characterized by a mean reception level were
selected because they allowed to generate perceptible
degradations when an attenuation of 30 + / - 5 dB was
applied. In return, a good reception level (no degradation)
was ensured in the absence of attenuation. The first place,
known as C (for calm), was in a park, quiet and not very
noisy (averaged background noise = 55 dBA). The second
place, known as N (noisy), was in town and presented an
average background noise of 65 dBA. Two quality levels
were considered, a good quality level with 0 dBm of
attenuation, and a poor quality level with 30 + / - 5 dBm of
attenuation. The 90-sec quality profiles evolved on these two
levels (cf. figure1). The profiles P1 and P2 did not present
variation of the attenuation level, with 0 dBm of attenuation
for profile P1 and 30 dBm of attenuation for the profile P2.
The profiles P3, P4, P5 presented a 30-sec period of 30 + / -
5 dB respectively at the beginning, the middle and the end of
the sequence (in the case of the listening test) or the
communication (in the case of the conversation-opinion test).

Figure 1: Evolution of the attenuation level resulting in
five quality profiles P1, P2, P3, P4 and P5.

2.1.2. Transmitted speech signals and sound
environments recordings

Speech signals were recorded by means of a hands free kit
Ericsson, as depicted on figure 2. The speech signal,
transmitted by the GSM network, was collected by the
antenna (a), then attenuated by the attenuator (b), before
being decoded by the TEM’ S (c). The signal at the TEMS
output was sent in a hands free kit HF (d). A DAT Tascam

DA-P1 (e) intercepted and recorded the signal at the output
of the hands free kit. The auricle of the hands free kit was
connected at the DAT output and allowed subjects to listen
to the signal. Sound environments were recorded with a pair
of electrostatic cardioids microphones (MK5 and MK6,
Shoeps), which are 60 cm apart and formed an angle of 100°.
In addition, microphones were covered with anti-wind caps
(Rycote). Sound environments were recorded on a second
DAT Tascam DA-P1.

Figure 2: Experimental set up for degradation and
recording of the speech signal.

2.1.3. Subjects and procedure

Eighteen students (five females and thirteen males), from 18
to 28, participated in the experiment. They were paid and
recruited within the laboratory, but did not work in the
speech quality domain.

The test proceeded in two sessions of 30 minutes
approximately, with one session for each place. One day or
two separated the two sessions. For practical reasons, the
first session proceeded in the place C, and the second session
in the place N, for fourteen of the eighteen subjects. This
order was reversed for the four other subjects. Each session
proceeded itself in two 10-min sub-sessions, with ten
minutes of pause between each session. Subjects were sited
and, in the first sub-session, they listened five times to the
speech sequence, degraded in real time by the experimenter
with the attenuator, according to the five quality profiles.
The presentation order of quality profiles was different for
each subject. In the second sub-session, subjects
communicated with an experimenter located at the
laboratory, with the help of a set of questions and answers.
They had five conversations that the experimenter degraded
in real time according to the five quality profiles. The
presentation order of quality profiles was different for each
subject. At the end of each sequence (cf. listening test) or
each communication (cf. conversation-opinion test), subjects
were asked to assess its quality on the typical MOS scale
([1]): 5 = Excellent, 4 = Good, 3 = Fair, 2 = Poor, 1 = Bad.

2.2. Results

Figure 3 shows the mean quality scores obtained for each
quality profile (abscissa) according to the situation, listening
or conversation (parameter) for places C (graph on the left)
and N (graph on the right). A similar pattern can be observed
for the two places. It seems that it is mainly the quality
profile and the situation (listening or conversation) that
induce judgment differences. The more important differences
between the listening and the conversational situations can
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be observed for profiles P2 and P4. In return, the place
seems to have a weak impact on quality judgments. An
ANOVA was conducted on opinion scores in order to test the
effects of the factors Quality profile, Situation and Place. It
reveals a strong and highly significant effect of the profile
(F(4,68) = 113.7 p<0.001), but no effect of the Place
(F(1,17) = 0.73 p = 0.4) nor of the Situation (F(1,17) = 0.81
p = 0.38). In return, the results of the ANOVA show a
significant interaction between the factors Profile and
Situation (F(4,68) = 4.22 p<0.05).

Listening

Conversation

 Place C
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 Place N
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Figure 3: MOS obtained for the five quality profiles
(abscissa) as a function of the situation and of the place.

However, the initial reception level strongly varied between
20 to 30 dBm as already said before. When no attenuation
was applied, these variations did not have any consequence
since one stayed in reception levels that do not generate
perceptible degradations. In return an attenuation of 30 dB
could not guarantee identical degradation levels from one
moment to another. This variability of the degradation level,
likely to appear for a same quality profile, can explain some
rating differences. In addition, the sound environment was
not the same from one moment to another. In the same way,
the variability of the sound environment could introduce a
term of error that cannot be taken into account in this first
analysis. Nevertheless it can be retained that the quality
profile effect is the principal effect despite the difficulty in
controlling the degradation level during the field experiment
and despite the "natural" variability of the sound
environment. The first experiment in laboratory aimed to
quantify errors introduced by the variability of the
degradation levels and sound environments.

3. Experiment 1 in laboratory

3.1. Protocol

3.1.1. Stimuli

For each quality profile, four sequences were selected among
the thirty-six sequences (18 subjects x 2 places) recorded
during the listening test in real environment. These selected
sequences were representative of the dispersion observed in
the field test: two sequences had the aimed degradation level

and two sequences presented a degradation level different
from the aimed one (not enough or too many degradations).
This criterion of selection was applied for profiles 2, 3, 4 and
5 (the profile 1 did not present any degradation, thus four
sequences were taken randomly). For each profile i (i = 1, 2,
3, 4 and 5), the four sequences are symbolized by Pi1, Pi2, Pi3

and Pi4. For each place, four sound environments (called N1,
N2, N3, N4 for the place N, and C1, C2, C3, C4 for the place
C) were selected among the eighteen sound environments
recorded during the field listening test (cf. one environment
by subject).

3.1.2. Procedure

The test proceeded in two sessions. In session 1, subjects
were asked to assess the quality of the twenty speech
sequences, according to the procedure adopted in previous
experiments ([2]). Firstly, according to the method of
continuous judgment described in [2], they were instructed to
assess the speech quality continuously by moving a slider
along a 5-items continuous scale (Excellent, Good, Fair, Poor
and Bad) so that its position reflected their opinion on
quality at any instant. The sliders were held on boxes
allowing an 11-cm movement and the position of the sliders
was recorded every 500 ms, coded from 0 (bottom of scale)
to 255 (top of scale) in a data file. Secondly, at the end of
each sequence, subjects were asked to rate its overall quality
by selecting one of the five terms corresponding to the five
categories of the typical ACR scale (Excellent, Good, Fair,
Poor and Bad) written on a sheet. The twenty sequences
were presented in a different order for each group.

In session 2, subjects were asked to assess the speech
sequence P23 according to the same procedure (continuous
and overall judgment), in the presence of the eight different
sound environments successively diffused on loudspeakers.
The presentation order of the eight sound environments was
random and different for each group.

Prior to the test, subjects listened to two 10-sec excerpts
of a speech sequence with a good quality (no attenuation)
and with a bad one (30 dB + / - 5 of attenuation) in order to
get sense of the range of quality.

3.1.3. Subjects

Twenty non expert listeners (fifteen females and five males),
from 18 to 35, participated in the experiment, in four groups
of five, six, four and three listeners. They were all paid and
recruited out of the laboratory.

3.1.4. Material

The twenty speech sequences, under-sampled at 44,1 kHz,
were written on an audio CD. During the listening test,
sequences were played back from a CD drive (Sony 338
ESD) in handsets, at the recommended sound level of 79dB
SPL ([5]). The tests were run in an isolated room, that
contained eight response boxes connected to the same
computer, and eight handsets connected in parallel to the
same CD-drive output. Sound environments were reproduced
by means of a Dolby-Surround system (A.V.R. 3000 of
Harman / Kardon) on five loudspeakers Genelec 1031 A and
a subwoofer I.N.A. A 2 T associated with an amplifier
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Denon P.M.A. –535 R. In front of the subjects, they were
three loudspeakers: the central loudspeaker diffused a
monophonic acoustic signal, while the initial stereophonic
signal was restored by loudspeakers located on both sides.
The back, constituted by two loudspeakers, diffused a
monophonic signal identical to the one diffused by the
central loudspeaker of the front. This system allowed a
realistic reproducing of sound environments, with levels
equivalent to those recorded during the field experimentation
with a sonometer B&K 2218 (55 dBA for the place C and 65
dBA for the place N).

3.2. Results on quality profile (session 1)

Figure 4 gives the mean instantaneous judgments (bold line)
and the associated standard deviations (thin lines) obtained
for the four sequences corresponding to the quality profile 2.
It can be observed that the quality profile 2 generates roughly
different instantaneous judgments, either with many quality
variations (cf. P24) or very stable (cf. P22). Correlation
coefficients between these four mean instantaneous
judgments are weak (- 0.59 < r < 0.55).

Figure 4: Mean instantaneous responses, and standard
deviations, obtained for the profile P2.

The three mean instantaneous responses obtained for P41,
P42, P43 are highly correlated: 0.91 < r < 0.94 whereas the
mean response obtained for P44 is not correlated with the
mean responses P41 (r = 0.26), P42 (r = 0.33), P43 (r = 0.42).
For the other profiles P1, P3 and P5, the four mean
instantaneous responses are correlated: 0.73 < r < 0.94 for
the profile 1, 0.90 < r < 0.97 for the profile 3 and 0.69 < r <
0.92 for the profile 5.

So the time distribution of degradations could be roughly
different from one sequence to another for a same quality
profile. The difficulty in controlling the reception level
during the field experiment can explain this variability. It
seems especially true for profiles P2 and P4.

Figure 5 shows the four Mean Opinion Scores MOS and
the standard deviations obtained for each quality profile. The
MOS obtained for a same profile are encircled if they do not

present a significant difference between them (HSD Tukey
test). It appears that for profile 2, only one sequence (P22) is
significantly different from the others. In the same way, only
one sequence (P44) is significantly different from the other
sequences corresponding to the profile 4.

Therefore a more important dispersion of continuous
judgments (observed for profiles 2 and 4) entails a more
important dispersion of overall judgments. In effect, the
overall judgment is highly correlated to the arithmetic mean
of the instantaneous ones ([2]). In addition, one reminds that
it is for profiles P2 and P4 that quality judgments in real
environment presented the most important differences
between the situation of conversation and the listening
situation. Thus, judgment differences observed in real
environment, in particular for profiles P2 and P4, could be
more due to the variability of the degradation level for a
same quality profile than to the situation.

Quality profile

M
O

S

1

2

3

4

5

P5 P4 P3 P4 P5

Figure 5: Mean Opinion Scores obtained for each
sequence as a function of quality profile.

3.3. Results on sound environments (session 2)

Whatever the sound environment diffused, the mean
instantaneous judgment is very similar to the one obtained
for the quality profile P23 presented without sound
environment in the first session. All the mean instantaneous
judgments are strongly correlated with the mean
instantaneous judgment obtained in the first session (0.79 <
r <0.91). It results in roughly equivalent overall judgments
for the two places. An ANOVA did not reveal any effect of
the place (F(1,17) = 3.13 p = 0.095).
Thus it seems that the presence of a sound environment,
more or less noisy, does not have any impact on
instantaneous and overall judgments, at least for the profile
P23. The experiment 2 was run in order to confirm this
observation whatever the profile quality considered.

4. Experiment 2 in laboratory

4.1. Protocol

For each quality profile, one speech sequence was selected
among the four sequences used in experiment 1. The
selected sequence is the one for which the overall judgment
obtained in the experiment 1 is the closest to the overall

48



judgment obtained in the field listening test, for the
considered profile. Thus the 90-sec sequences P12, P22, P34,
P41 and P52 are retained respectively for profiles P1, P2, P3,
P4 and P5.

For each place, one sound environment was selected
among the four sound environments used in experiment 1.
The selected sound environment is the one that generates the
most important dispersion of instantaneous judgments, so the
one likely to have the most important impact on quality
judgments. Thus the sound environments C3 and N3 are
retained respectively for the places C and N.

The five speech sequences were presented to subjects
through handsets, either alone or with one of the selected
sound environments (C3 and N3) through the Dolby
surround system. Therefore fifteen conditions were generated
by the combination of the five speech sequences with the
three sound environment conditions (silence, C3 and N3).
The material of restitution of speech sequences and sound
environments was identical in any point to the one used in
the experiment 1.

Twenty-one non expert listeners (sixteen females and
five males), from 18 to 35, participated to the test, in two
groups of six and two groups of four and five. They were all
paid and recruited out of the laboratory.

For each of the fifteen conditions, subjects were asked to
assess the quality of the speech sequence heard through a
handset, according to the procedure described in experiment
1 (continuous and overall judgments). The test consisted in
three 10-min sessions (with five conditions per session). The
fifteen conditions were presented in a different random order
for each group.

4.2. Results

Figure 6 shows the mean overall judgments obtained for
each condition according to the quality profile (abscissa) and
according to the sound environment condition (parameter).

Without
sound
Sound
C
Sound
N
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Figure 6: Mean Opinion Scores obtained for the five
quality profiles (abscissa) for the three different sound
environments.

One can observe that mean opinion scores are similar for the
three sound environment conditions (silence, C3 and N3).
An ANOVA on the MOS confirms this observation: there is
no effect of the factor Environment (F(2,36) = 1.01 p =
0.37), and no interaction between factors Profile and
Environment (F(8,144) = 0.83, p = 0.57). In return, there is

a strong and very significant effect of the quality profile
(F(4,72) = 240.6, p<0.001).

This second experiment in laboratory confirmed that
there was no impact of the sound environment on quality
judgements. Subjects seem to be able to make their quality
judgements by separating two auditory flows corresponding,
on one hand, to the sound environment through loudspeakers
and, on the other hand, to the speech sequence through
handset. They were able to focus their attention on the
speech sequence in order to elaborate their judgement.

5. Comparison laboratory / field

In order to compare quality judgments collected in real
environment and in laboratory, overall quality scores
obtained in the field listening test were averaged on the two
places. For the laboratory, one considers MOSs obtained in
experiment 2. Figure 7 shows MOSs for each context
(laboratory or field) according to the quality profile.

Some differences can be noticed between the two
contexts for profiles P2 and P5. For the other profiles, these
differences seem to be negligible. An inter-group ANOVA
reveals a strong and highly significant effect of the quality
profile (F(4,140) = 270.81 p<0.001), but no effect of the
context (F(1,35) = 1.00 p = 0.32). In return, there is a
significant interaction between the factors Profile and
Context (F(4,140) = 8.38 p<0.001). A HSD Tukey test
comes to confirm the significance of the differences observed
for profiles 2 and 5.

The comparison of overall quality judgments obtained in
real environment and in laboratory does not reveal any global
effect of the context. Differences are observed for two of the
five profiles, but they cannot be explained by an effect of the
sound environment since it was shown that the sound
environment had only a very weak impact on quality
judgments, both in real environment and in laboratory.
Differences observed for profiles 2 and 5 could be explained
by the degradation level variability enlightened in
experiment 1. Overall quality scores for the field come from
thirty-six different speech sequences whereas overall quality
scores for the laboratory come from one speech sequence.
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Figure 7: Mean Opinion Scores obtained in laboratory
and in real environment according to the quality profile.
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6. Discussion

The laboratory presents some evident limits to measure the
real impression of quality of a service, since it does not make
it possible to take into account some environmental factors.
However, in the field experimentation, the place proved not
to have any impact on the quality judgment. Two different
visual environments characterized the two places selected for
the field experiment. There were a "bucolic" one, without
much human activity, and an "urban" one, more animated
(busy, cars, delivery, etc). However, the effect of the visual
environment on the sound quality judgment of an urban
environment found by Viollon [6] did not appear in this
experiment. But, in [6], it was the sound environment itself
that was assessed, thus it could be related to the visual
scene, that is not the case in the present experiment: the
speech quality is not linked to the visual scene from a
semantic point of view. In addition, experiments in
laboratory showed that the impact of sound environment is
weak. Thus it seems that these environmental factors play a
minor role in the judgment of the transmitted speech quality.
The direct comparison of quality judgments obtained in real
environments and in laboratory comes to confirm it: the
speech quality judgment was similar in the two contexts, so
little influenced by environmental factors. This result echoes
back to the study of Meunier ([7]) who compared sound
quality judgments, for noises of vehicle ventilation, collected
in a real environment and in laboratory. Whatever the
perceptual attribute considered (quality, loudness or masking
of the engine noise by the ventilation noise), results obtained
in real environment and in laboratory matched well. These
results validate the measurement in laboratory, in particular
in the case of the transmitted speech quality.

7. Conclusion

In this paper, the main question was to know if subjective
quality measurements carried out in laboratory were
representative of a quality perceived in a real situation of
communication. Experiments described above show that
quality judgements are similar in laboratory and in real
environment. In particular, it was shown that the impact of
the surrounding noise on speech quality is very weak. These
results are showed in the case of a quality assessment task.
They cannot be generalized to a real situation of
communication in which the user does not have to assess the
speech quality. If subjects were able, in our experiments, to
differentiate various auditory flows (sound environment and
speech signal) and to disregard the sound environment to
make their judgment, it would not certainly be the case in a
real situation of communication (i.e. without quality
assessment task). In addition, for practical reasons, subjects
were sited during the field experiment. They did not perform
any task other than the one of quality assessment. Thus the
mobilization of attentional resources induced by additional
activities (others than those inherent to the real environment)
was not taken into account. However, these results prove that
tests in laboratory give results comparable to those that
would be obtained in realistic field tests.
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