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ABSTRACT

It has often been reported, during the COVID-19 pan-
demic, that wearing a face mask impacts speech under-
standing during a conversation. Different research [1–3]
has been realized with speech record analysis or listen-
ing tests to understand the phenomenon, but none tried to
do both simultaneously. The study focuses on the sub-
jective and objective analysis of the influence of sanitary
devices on speech listening intelligibility. The first goal
is to understand if there is a real perception of the loss of
intelligibility with a listening test, and at the same time,
analyse the same signals to attest if and where this feeling
comes from. The results show that the subjective intelligi-
bility is only slightly degraded with face masks and a bit
more with the protective barrier. However, the signal pro-
cessing shows that none of the sound level nor the signal-
to-noise ratio decrease with the devices. However, a sig-
nificant loss of frequency is observed beyond 1 kHz.This
phenomenon can explain why it is more difficult to un-
derstand or distinguish between some phonemes. Beyond
this study, the loss of intelligibility due to sanitary devices
must also be affected by the loss of the visual component
of speech.
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1. INTRODUCTION

The COVID-19 pandemic has imposed new practices to
protect people from contamination. In particular, by con-
taining the propagation of droplets, cause by breathing
and speaking, using to masks and transparent panels.
These protections prevent the propagation of the air flow
produced, especially during the production of speech.
This can create problems of understanding between peo-
ple. Objective studies [1–3], have shown that masks, re-
gardless of their design (fabric, surgical, FFP2, transpar-
ent...) attenuate the sound signal over frequencies greater
than 1kHz. A review of the literature [4] studied the ef-
fects of masks on children’s attention and found a study
that objectively measured a sound attenuation of 3 to 12
dB depending on the mask between 2 kHz and 7 kHz. An-
other large study [5], involving 460 respondents, to an on-
line questionnaire showed that masks had a negative im-
pact on hearing and comprehension.
Thus, the current literature mostly proposes objective
studies, based on sound levels, or subjective question-
naires, without listening to speech signals, to describe the
degradation of intelligibility related to masks. What about
the understanding of a sound message from a perceptual
point of view, by listening to the signals? In addition, be-
sides masks, do glass or plexiglass panels degrade intel-
ligibility? This study aims at answering these questions
by using the experimental protocol and the resulting voice
recordings and listening.
For this purpose the experiment is conducted in four
phases. 1) Recording speech signals with different sani-
tary devices (masks, glass panel), 2) extract objective pa-
rameters of temporal and frequency intelligibility, 3) to
carry out a second experiment this time of listening and
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evaluation of the recorded speech signals by a panel of
participants and finally 4) to analyze the obtained results
and compare them with the objective results.

2. PROTOCOL

The objective of the study is to compare all the sanitary
protection devices encountered in normal practice. There-
fore, 3 types of masks are used for the experiment: sur-
gical (Ergum medical), FFP2 (ANNEW) and fabric (un-
branded, cotton, single layer). As the main difficulties of
comprehension are encountered at the counters, the influ-
ence of a glass panel (ForMat - width 75 cm, height 50
cm, thickness 0.4 cm) is also studied.

2.1 Recording experiment

Recordings are performed with microphone Blue Yeti
(sensibility measured 4.5 mV/Pa, in cardioid mode),
placed at 1m from the participant as shown in Figure 1.
A total of 8 people were recorded (3 women and 5 men).

Figure 1. Recording experiment installation.

Each person uttered 7 french sentences with the 8 sanitary
protection configurations:

• WM: No mask, no panel

• SM: Surgical mask, without panel

• FFM: FFP2 mask, without panel

• FM: Fabric mask, without panel

• PWM: Without mask, with glass panel

• PSM: Surgical mask, with glass panel

• PFFM: FFP2 mask, with glass panel

• PFM: Fabric mask, with glass panel

Among the recorded sentences, 3 were selected :

• Bonjour, comment vas-tu ?
Hello, how are you?

• Je suis allée voir un film au cinéma.
I went to see a movie at the cinema.

• Take-off est à quatre cents mètres de Synapse.
Take-off is four hundred meters from Synapse.

The selection of these 3 sentences was made by principal
component analysis (PCA) using 70 calculated level and
spectral parameters.

2.2 Listening experiment

For the listening experiment shown in Figure 2, the sen-
tences were played with the headphones Bose QuietCom-
fort II (maximum noise reduction) with a constant sound
level for all participants. The study is based on the abso-
lute evaluation with reference of 168 stimuli (3 sentences
× 8 voices × 7 configurations). It consists in comparing
the intelligibility of a voice equipped with a sanitary pro-
tection device, with a reference signal of the same voice
without device. The 36 tested participants (21 men and
15 women), scored the intelligibility degradation of 165
signal pairs on a scale of 0 to 100. 0 corresponds to no
degradation at all and 100 to extreme degradation.

Figure 2. Listening experiment installation.
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3. RESULTS

The subjective and objective analysis of the intelligibility
degradation will allow the understanding of which sani-
tary device configurations penalize the perceived speech
intelligibility.

3.1 Subjective results

3.1.1 Normality of the data

The Shapiro test [6] gives a normal distribution for 52% of
the stimuli (comparison). This is explained by the fact that
the rating scale of 0 corresponds to ”not at all degraded”,
which gives a semi-normal distribution. By performing
the test with random multiplication of each value by +1 or
-1, the evaluations are distributed around 0. The Shapiro
tests then indicate a normal distribution.

3.1.2 Variance in intelligibility degradation ratings

A three-factor repeated measures ANOVA [6] was per-
formed on a model linking the variance of the intelli-
gibility degradation evaluations to the parameters of the
voice recordings of the stimuli (mask configuration, with
or without glass panel), the person recorded and the sen-
tence pronounced. The results show that each of these
three parameters significantly influences the evaluations
of intelligibility degradation, as their p-values are less than
0.05 (see Table 1). The F-values show that the variations
in intelligibility degradation ratings are larger as a func-
tion of the different configurations than as a function of
the voice or sentence. This implies that the configuration
factor has a stronger impact on the intelligibility degrada-
tion evaluations than the voice and sentence factors.

Table 1. ANOVA results for the full model.
Model : eval.

config. + voice + sentence, random
= 1 |participant

Facteur F-Value p-value
Config 1530 < 0.001
Voice 32 < 0.001
Sentence 43 < 0.001

Figure 3. Differences in average intelligibility
degradation ratings as a function of the sanitary de-
vice configurations used for the stimulus recordings.
WM: Without mask, SM: Surgical mask, FFM: FFP2
mask,FM: Fabric mask, P: Glass panel

3.1.3 ANOVA model with configuration only

The study now seeks to highlight the impact of different
configurations (different sanitary devices) on the intelligi-
bility degradation evaluations.
A one-factor repeated measures ANOVA is performed,
and the results [F-value = 1457, p-value <0.001] confirm
those from the full model: configuration has a significant
influence on intelligibility impairment ratings . This time,
the F-value indicates that the differences in intelligibil-
ity impairment ratings are high. A post-hoc Tukey test
is performed to understand more precisely which config-
urations impact the intelligibility degradation evaluations.
7 configurations were tested, thus it is possible to com-
pare 21 pairs of configurations two by two. The results
of the analysis show that only 2 pairs of configurations
have non-significantly different intelligibility degradation
ratings (PFM - PSM and FM - FFM). Figure 3 shows
these results. The majority of the confidence intervals of
the differences in averages are far enough from 0. For
the signals with significant differences in averages, the
associated values vary from 10 to 40 points in absolute
value, with some pairs of configurations for which the dif-
ferences are close to 0 while still having significant dif-
ferences in averages. The colorization of Figure 3 high-
lights the pairs of configurations in which both config-
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urations were recorded with the glass panel in red (P-P:
Panel - Panel), the pairs for which one configuration was
recorded with panel and one with only a mask in green
(M-P: Mask - Panel) and the pairs for which both configu-
rations were recorded with only the masks in blue (M-M:
Mask - Mask). Thus, it can be seen that the pairs of con-
figurations with the most different average intelligibility
degradation ratings are those containing stimuli recorded
with a panel and recorded with only any mask (green).
This implies that the perception of intelligibility degrada-
tion varies greatly depending on the presence or absence
of the glass panel between the speaker and the listener.
As a conclusion, the presence of the glass panel seems
to strongly degrade intelligibility compared to speech
recordings performed without the panel. Intelligibility is
also degraded, to a smaller extent, when the person speaks
behind a panel and with a mask compared to a configura-
tion behind a panel without a mask. Finally, in this study,
the type of mask did not seem to significantly influence
the degradation of intelligibility.

3.2 Objective results

In this study, different parameters are calculated and plot-
ted on the 3 sentences of each voice recorded:

• Bonjour, comment vas-tu ?
Hello, how are you?

• Je suis allée voir un film au cinéma.
I went to see a movie at the cinema.

• Take-off est à quatre cents mètres de Synapse.
Take-off is four hundred meters from Synapse.

3.2.1 Sound level parameters

The objective analysis is performed on the global sound
level (Lg), the loudness and the signal to noise ratio (SNR)
of each sentences.
The results show no signification difference between only
masks configurations but present a loss of level with the
glass panel as shown in Table 2

4. POWER SPECTRAL DENSITY

The analysis of the spectral density (PSD) provides a very
fine vision of the frequency distribution of signals. The re-
sults are presented for the third sentence and for two rep-
resentative voices of a man (Figure 4) and a woman (Fig-
ure 5) For all signals, the loss is clearly visible at frequen-
cies above 1 kHz. The comparison of the general average

Table 2. Results of level, loudness and SNR loss
with panel configurations.
WM: Without mask, SM: Surgical mask, FFM: FFP2
mask,FM: Fabric mask, P: Glass panel

PWM PSM PFFM PFM
Lg [dB] -1.9 -1.8 -1.6 -2.6
Loudness [-] -2.4 -.6 -2.5 -3.3
SNR [dB] -2.4 -1.9 -1.8 -2.9

of the difference, between the spectrum of the signals with
sanitary device and without, gives a more marked impact
with : SM = - 1.9 dB, FFM = - 2.4 dB, FM = - 2.6 dB,
PWM = - 6.7 dB, PSM = - 8.5 dB, PFFM = - 8.9 dB, PFM
= - 8.7 dB.
In conclusion, this loss of level in the high frequencies
can significantly influence intelligibility. Indeed, speech
and especially consonants which are mainly discerned by
ears thanks to the first two formants (resonance frequency
of the vocal tract). It can be suppose that, due to the 2nd

formant is located, for the majority of the vowels above
1 kHz. Thus vowels having the same 1st formant will be
difficult to differentiate if their 2nd is attenuated.

5. CONCLUSION & DISCUSSION

The aim of the research was to analyze and quantify sub-
jectively and objectively the causes of intelligibility degra-
dation.
Regarding the perceived degradation the order is from
least to most degraded:
Surgical mask < FFP2 mask < Fabric mask ≪ Panel
without mask ≪ Panel with surgical mask < Panel
with fabric mask < Panel with FFP2 mask.
We conclude that the glass panel is the device with the
greatest impact on intelligibility impairment. However,
all the listeners in the subjective study often reported that
the message remained clearly understandable for all the
samples presented.
The objective analysis of the signals confirms these re-
sults. Indeed, the signal-to-noise ratio, the noise level and
the loudness do not show a significant degradation, es-
pecially concerning the masks, which confirms that the
speech message remains clearly understandable. How-
ever, the spectral analysis shows that it is the high fre-
quencies (above 1kHz) that are mainly impacted and di-
minished.
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Figure 4. PSD, differences between configurations
with and without sanitary device and average differ-
ences for a man’s voice.
WM: Without mask, SM: Surgical mask, FFM: FFP2
mask,FM: Fabric mask, P: Glass panel

The observed results are in phase with the litterature. The
sound signal attenuation from 1 kHz was also observed
with masks in [1–3]. Further experiments are currently
performed to refine the results and the understanding of in-
telligibility degradation as a function of sanitary devices.

The approach in [1] aims to minimize measurement
bias associated with speaker reproducibility. To achieve
this, the sentences were recited by speakers wearing sani-
tary devices. This ensures the reproducibility of the voice,
so that any observed acoustic variations are solely at-
tributed to the sanitary devices. However, it is important to
note that the approach does not consider potential pronun-
ciation difficulties arising from restricted airflow caused
by the masks. The study in [7] confirmed that without
background noise, masks have no real impact on intelli-
gibility, however, adding noise impacted the intelligibility
as well as the speech production. Finally, it might be in-
teresting to measure intelligibility without using a refer-
ence signal in order to not bias the participants’ responses

Figure 5. PSD, differences between configurations
with and without sanitary device and average differ-
ences for a woman’s voice.
WM: Without mask, SM: Surgical mask, FFM: FFP2
mask,FM: Fabric mask, P: Glass panel

by giving them the content of the vocal message. A fi-
nal approach explored in [8] combines both acoustic and
visual context of speech. The study reveals that visual
degradation primarily affects children’s ability to under-
stand speech.
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