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Abstract
For service providers, it is important to know the perceived
quality of a transmitted speech signal, as this can be an
indicator for choosing one operator over the other. To evaluate
the perceived quality, several methods have been introduced in
the area of Quality of Experience (QoE), such as subjective,
instrumental and physiological methods. In the current study,
we expose the test participants towards several speech files,
while brain activity was recorded with electroencephalography
(EEG). Additionally, a subjective quality judgment is obtained
after each presentation which is summarized as the mean
opinion score (MOS). To validate the selected stimulus corpus,
a quality predication algorithm is used which calculates quality
scores based on the speech signal. The recorded EEG data
were set in relation to the subjective data and show promising
results. In contrast to most previous studies in the domain of
QoE using EEG, the study at hand uses a standardized test
paradigm proposed by the International Telecommunication
Unit (ITU).

Index Terms: Speech Quality, Physiology, Instrumental Qual-
ity

1. Introduction
Perceived speech quality is important for users of a speech
transmission system, as extra listening effort that results from
a degraded signal is not desirable. This is the case, either in the
context of an interactive system, such as telephony, or in a sce-
nario where the user is listening passively to speech files, e.g.
podcasts.

To determine the quality of a speech signal, several meth-
ods can be used. 1) Subjective quality ratings, 2) estimating the
quality by analyzing the speech file on the signal level, or 3)
directly measuring a physiological response of the user. Each
method has its advantages and disadvantages: While the first
two methods are already well established in the quality domain
and commonly used, the latter one has risen only recently. It
was introduced for the audio quality domain by Antons et al.
[1] who show that the response of brain signals can be more
sensitive towards the identification of distortions than the be-
havioral answer.

Subjective test methods have their basis in research, per-
formed in the area of quality perception and Quality of Expe-
rience (QoE). Test participants listen to an audio file and are

asked afterwards to rate the perceived quality on a rating scale.
This scale can have the labels: ’excellent’, ’good’, ’fair’, ’poor’,
and ’bad’, as recommended by ITU-T Recommendation P.800.
The overall average quality judgment is summarized in a mean
opinion score (MOS). A description of how these tests should
be conducted can be found in recommendations from the In-
ternational Telecommunication Unit (ITU), as e.g. ITU-T Rec.
P.800 [2], ITU-T Rec. P.85 [3], etc. These subjective tests are
time and money consuming and not always possible to conduct,
as the explicit knowledge and capacities to conduct subjective
tests are not available. Therefore, quality estimation models
have been developed. These models estimate quality values
which are based on previously acquired subjective data. Most
of these models compare a degraded signal with its reference
speech signal and estimate the perceived MOS value.

Recently, a further method has been introduced to the area
of quality research, namely physiological measures. Espe-
cially, electrical brain signals which are recorded with elec-
troencephalography (EEG). It was shown that they bring valu-
able supporting and complementary information about the par-
ticipants cognitive state, such as e.g. cognitive load [1] or fa-
tigue [4]. In the case of cognitive load, the event-related po-
tential (ERP) is of interest: An ERP is being elicited when a
test participant is exposed to an external stimulus. In previous
research, it could be shown that the P300 component, which is
part of an ERP, is being stronger the more distorted an audio
signal is [1]. In the domain of video quality, strong correla-
tions between subjectively obtained MOS scores and the P300
amplitude could be shown [5].

Thus, the combination of subjectively obtained judgments
and brain signals has proven to be a valid complementary as-
sessment method. However, in these previous studies only very
short stimuli, either single syllables or words, have been used.
To establish physiological measures in the quality domain, and
specifically recordings of brain activity, the test setup has to be
moved closer to the test setups as recommended by ITU. E.g.
in [8] already longer speech files were used and could confirm
previous findings. However, in this study only one sentence was
used.

The current study uses longer stimuli which are more con-
sistent with ITU recommendations, as they have a length of
5 s to 10 s. We recorded EEG, collected a subjective quality
judgment and additionally generated the predicted quality of the
speech signals by a model.

In the following, the experimental test setup and corre-
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sponding measures are described, and the results and analyses
are detailed. The paper concludes with a general discussion and
an outlook for future work.

2. Experiment
2.1. Participants

Eleven subjects participated in the study, two had to be excluded
due to technical problems, resulting into nine subjects to be an-
alyzed (4 female, 5 male) with an average age of 27.2 years
(range from 24 to 30 years). All were native German speakers.
None reported any medical problems or hearing problems. All
gave confirmed consent and received monetary compensation.

2.2. Stimuli

The stimuli used in this study were spoken by a male and a
female speaker. 20 different sentences were chosen, each was
spoken by both speakers. The original recorded signal was pro-
cessed by an internal toolbox for adding signal correlated noise
(SNR) to the speech signal. This was done by using a MNRU
(modulated noise reference unit) according to ITU-T P.810 [6].
The SNR levels were chosen to be at 5 dB, 10 dB 14 dB, 16 dB,
18 dB and between 20 dB to 35 dB in 1 dB steps, thus 22 lev-
els. Resulting in a total corpus of 880 stimuli. Stimuli were
presented via in-ear headphones.

2.3. Procedure

Participant HQ LQI LQII LQmax
1 100 28 32 10
2 100 24 32 10
3 100 22 26 10
4 100 26 30 10
5 100 26 30 10
6 100 26 32 10
9 100 28 34 10
10 100 22 26 10
11 100 26 30 10

Table 1: Individual chosen MNRU levels for each participant.

During a short training phase, subjects could adjust the
loudness to their preferred level. In the subsequent calibration,
the individual noise levels were chosen for each subject. There-
fore, one sentence, uttered by both speakers, was presented to
the participant in all 22 available quality levels ten times each.
During this calibration phase, the task of the test participant was
to tell whether they perceived a distortion or not. Analyzing the
behavioral data, the levels which were closest to a detection rate
of 50% and 75% were chosen; and labeled from here on as LQI
(50% detection rate) and LQII (75% detection rate). Addition-
ally, the reference condition, i.e. 100 dB, (named HQ) and the
most distorted condition with 10 dB SNR level (LQmax) built
the stimulus set for each subject. An overview of the chosen
levels for each subject can be seen in Table 1. The selection of a
small subset of possible degradations is essential when perform-
ing EEG studies as a large number of repetitions is necessary for
each condition [7].
During the main test, subjects listened to the 20 different se-
lected sentences which were spoken by the two speakers in the
predetermined four quality levels, resulting in a total of 160 tri-
als per test participant. After each stimulus presentation, partic-

ipants had to rate the quality of the audio file on a MOS scale.
Therefor, a modified external keyboard was used with the cor-
responding labels for the quality levels: Namely, ’Excellent’,
’Good’, ’Fair’, ’Poor’, ’Bad’, as recommended by the ITU [2].
During the presentation of the audio files, subjects were asked
to look straight at a fixation cross in order to have minimal eye
movements during the trial.

2.4. EEG

A 64 channel passive EEG system was attached to the subjects.
No online filtering was applied. Electrodes were placed accord-
ing to the 10/20 standard international system [9].
For offline analysis, the data were sampled down to 200 Hz and
a bandpass filter from 1 Hz to 40 Hz was applied. Epochs were
extracted from 200 ms before until 10,000 ms after stimulus
onset. The baseline was set from -200 ms to 0 ms. The epoch
rejection threshold was set to 100 µV.

The analyzed P300 amplitude was determined by identify-
ing the maximum amplitude of the ERP signal in the range of
250 ms to 550 ms for each subject and condition.

2.5. Quality Prediction

To compare the subjective results, predictions of the overall
quality of the speech material are incorporated. The long estab-
lished standard WB-PESQ (wideband perceptual evaluation of
speech quality) is used for the estimations, which has demon-
strated acceptable accuracy for measuring the effects of one-
way speech distortion and noise on the overall speech quality
[10]. The measurement algorithm is a full reference model that
operates by performing a comparison between a known refer-
ence signal and a captured degraded signal that was sent through
a transmission system, addressing NB (narrowband 300 - 3400
Hz) and WB (wideband 50 - 7000 Hz) channels. To generate
the estimations for the data in the WB-mode of PESQ, the sam-
ples were preprocessed (band-pass-filter 50Hz - 7kHz) and level
adjusted.

3. Results
3.1. Subjective Quality Ratings

Figure 1a summarizes the averaged results of the subjective
judgment process at the end of each trial. High quality stim-
uli were rated significantly better than low quality stimuli (re-
peated measure ANOVA, quality level as independent vari-
able, MOS as dependent variable, F(3, 24) = 259.01, p≤0.01,
η2 = 0.97). This finding proves that the selected quality lev-
els had the intended effect, thus lower SNR values led to sig-
nificantly lower MOS scores. A Pearson correlation between
quality level and subjective MOS shows a significant correla-
tion (r = 0.82, p ≤ 0.01).

3.2. Quality Prediction

The results estimating the quality of the presented level by
PESQ can be seen in Figure 1b. The results show that the differ-
ent quality levels can be identified by comparing the reference
signals with the signals distorted by signal-correlated noise.
Furthermore, the data again prove that the different quality lev-
els worked as intended, PESQ estimates lower MOS scores
for lower SNR values. Calculating a Pearson correlation be-
tween PESQ values and quality levels results into a significance
(r = 0.96, p ≤ 0.01).
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(a) Subjective MOS rating.

(b) Predicted MOS by PESQ.

Figure 1: Overview of (1a) subjective quality MOS, and (1b)
estimated quality MOS by PESQ. Error-bars indicate 95% con-
fidence interval.

3.3. Combination

Analyzing the relationship between the calculated PESQ MOS
and the subjectively obtained MOS, a Pearson correlation was
calculated and resulted into a significant correlation of r = 0.86
(p ≤ 0.01). This shows that PESQ is able to correctly esti-
mate the subjective MOS ratings for speech distorted by signal-
correlated noise and validates our results. However, it can also
be seen, that PESQ slightly over-predicts the ratings for the low-
est quality level LQmax. A possible explanation could be wide
variety of signal-correlated noise ratios and that in comparison
to the other levels LQmax was subjectively rated much worse,
which cannot be considered by PESQ.

3.4. EEG

Figure 2 shows, the grand average of the elicited ERP averaged
over all participants for all rated MOS level. The P300 is larger
with better MOS rating, except for the MOS rating ’fair’ which
has the lowest amplitude. We found a tendency using the P300
amplitude as the dependent variable and the MOS value as inde-
pendent variable. A repeated measure ANOVA (F(4, 32) = 2.97,
p = 0.06, η2 = 0.27) did not show a significant outcome.

4. Discussion
The results suggest a meaningful dependency of all three ana-
lyzed methods. The instrumental quality estimation by PESQ

gives enough reason that the different audio files already dif-
fer in quality on a signal level. The obtained subjective scores
give the same trend, that a lower signal to noise ratio was per-
ceived worse and led to a lower subjective MOS score. Fur-
thermore, this relationship is supported by a high correlation
between the subjective and instrumental MOS. Lastly, we an-
alyzed the recorded physiological data which can be seen as
an intermediate step between subjective MOS and instrumental
MOS. Using this measure, no conscious quality rating is nec-
essary and might impact good quality estimations in the future.
The subjective quality rating appears to be related to the P300
amplitude of the test participants, even though the effect showed
only a tendency and was not statistically significant.

In the current study we used ecologically valid stimuli as
well as a test setup that was closer to the recommended test se-
tups by ITU, which are commonly used in the domain of qual-
ity research. The presented data give reason enough to see this
study as a further step to developing EEG paradigms in this re-
search domain. When analyzing the predicted MOS of LQI and
LQII, it is obvious that they have a very similar MOS value.
Thus, as a first study using this design, it might have been bet-
ter to choose these levels not only on the basis of the detection
rate but also on e.g. PESQ values, and therefor have a linear
stepwise increase of MOS.

Future work could additionally inspect the continuous EEG
and analyze whether low quality conditions lead to more fa-
tigue than high quality stimuli, as suggested by [4]. A follow-up
study could use quality levels which are more apart and there-
fore show the effect more obviously. However, the presented
study shows successful a next step towards measuring quality
using brain signals.
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lyzing Speech Quality Perception Using Electroencephalography,
Selected Topics in Signal Processing, IEEE Journal of, 2012,6,
721 -731.

[2] ITU-T Recommendation P.800, Methods for subjective determi-
nation of transmission quality, International Telecommunication
Union, Geneva, 1996.

[3] ITU-T Recomendation P.85, A method for subjective performance
assessment of the quality of speech voice output devices, Interna-
tional Telecommunication Union, Geneva, 1994.

[4] Antons, J.N., Schleicher, R., Arndt, S., Möller, S., Curio, G. .
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