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Abstract The aim of this preliminary study is to better understand the effects of trans-
parent, surgical, cloth, KN95 (FFP2), and singer’s face masks on speech and singing in 
French. A survey gathered self-perception, and a local and global acoustic analysis of 
conversational, loud spoken and sung productions by the same individual were con-
ducted. According to the 303 subjects surveyed, plosive consonants seem to be pro-
duced with the greatest difficulty. Consonants requiring lip involvement seem to be the 
most affected. The transparent and KN95 (FFP2) masks attenuate the intensity of all the 
consonants and spoken utterances as a whole, unlike the singer’s mask.
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1 Introduction

The current global pandemic requires all individuals to protect them-
selves from COVID-19 by wearing a face mask (Howard et al. 2021); 
its effects on everyday communication have become a major and last-
ing societal concern, especially at a time when new variants appear 
to decrease the protective effect of vaccines.

However, although there is a broad consensus on its health effec-
tiveness, it is often criticised for various discomforts it is supposed 
to generate. Apart from general user complaints conveyed by main-
stream media regarding the undesirable effects of these devices,1 
there is little scientific literature on its effects on speech and sing-
ing as expressed by subjects. According to the study by Ribeiro et al. 
(2020), face masks increase users’ perception of vocal effort, difficul-
ty in speech intelligibility, auditory feedback and difficulty in coor-
dinating speech and breathing. These perceived discomforts appear 
to be more cumbersome for people who wear face masks for profes-
sional and essential activities.

More objectively, wearing a mask primarily means preventing vis-
ual perception of the articulatory gestures that accompany speech; 
these gestures play an essential role, especially in less ideal commu-
nication contexts, for example, in noise (Erber 1969), or when hear-
ing loss is treated with cochlear implants (Stevenson et al. 2017). The 
need to visualise the individual’s mouth while wearing a mask has 
thus led to the creation of masks with transparent windows (among 
others: Atcherson et al. 2017). Other devices allowing for better free-
dom of the mandible and lips, particularly important for singers, have 
emerged, such as the large mask or the singer’s mask.2 These types 
of masks are complemented by more frequently worn equipment such 
as surgical masks, fabric cloth masks of various materials, and KN95 
(KN95 (FFP2)) masks.

It has been shown that the speech perception of an individual 
wearing a face mask is impaired, mainly in terms of intelligibility 
(Mendel, Gardino, Atcherson 2008; Palmiero et al. 2016; Atcherson 
et al. 2017; Bottalico et al. 2020), the type of speech (informal, clear 
or emotional: Cohn, Pycha, Zellou 2021), but also in terms of conso-
nant identification in English (Fecher, Watt 2013).

At the acoustic level, some works have shown that masks filter 
the transmission of entire speech utterances (Corey, Jones, Singer 

1 E.g., https://www.sciencesetavenir.fr/sante/port-du-masque-comment-ger-
er-les-effets-indesirables_144282.
2 See for example: https://www.cbc.ca/radio/asithappens/as-it-happens-fri-
day-edition-1.5695035/choir-director-invents-performer-s-face-mask-for-
safe-singing-1.5695376 or https://www.mymusicfolders.com/product/resonance-
singers-mask-with-disposable-biofilters/ or https://www.legrandmasque.fr/.
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2020; Magee et al. 2020; Nguyen et al. 2021; Fiorella et al. 2021) by 
attenuating frequencies above 1kHz. This attenuation occurs in dif-
ferent proportions depending on the type of mask, to the detriment 
of transparent masks and in favour of surgical masks (among others: 
Corey, Jones, Singer 2020; Magee et al. 2020). In singing, only one 
study mentions the acoustic and perceptual effects of a gaiter, a dis-
posable surgical mask and an N95 mask, as well as an acoustic foam 
(Oren et al. 2021). This study was based on a recorded excerpt of the 
Star-Spangled Banner produced by a soprano and played through a 
miniature speaker placed in the mouth of a masked mannequin, and 
not on an actual recorded production by a singer wearing the mask. 
Oren et al. (2021) showed that the acoustic energy around the sing-
er’s formant was reduced when using surgical masks and N95 masks. 
On the segmental level, Fecher (2014) demonstrated that in English, 
several facial covering devices such as motorbike helmets, bonnets, 
mouth plasters, niqabs, scarves or rubber masks, could alter the 
acoustic composition of unvoiced plosive and fricative consonants.

The global (whole utterance) and local (segments, especially 
fricative and plosive consonants) acoustic effects of wearing anti-
COVID-19 face masks has therefore been studied mainly in conver-
sational speech and in English. To the best of our knowledge, no 
previous research has shown this effect 1° for voiced plosives and 
fricatives; 2° in loud speech and in classical soloist singing in French 
for the current facial devices. Other masks more specifically adapt-
ed to singers have yet to be employed. In addition, the discomfort 
experienced by mask users was not studied with regard to segments 
that were felt to be difficult to produce with the mask depending on 
the device worn.

The aim of this exploratory research is to better define the compo-
nents of the nuisance caused by the mask from a subjective point of 
view (difficulties experienced by mask users) as well as from the ob-
jective point of view (acoustic distortions caused by the mask), both 
locally (plosive and fricative consonants) and globally (whole utter-
ances with and without the mask), as a function of the task produced 
in French, the speaker, session and the type of mask. This case study 
is in line with the dynamics of Perturbation Theory (Sock 2001): the 
presence of a mask constitutes an external source of perturbation to 
the speech production system. It is assumed that this external dis-
turbance leads to local and global acoustic changes, which vary ac-
cording to the type of mask, the corpus, the session, and the speech 
task produced.



Annali di Ca’ Foscari. Serie occidentale e-ISSN 2499-1562
55, 2021, 9-28

12

2 Feelings of Participants Wearing a Mask

2.1 Method

A survey in French gathering the opinions of French-speaking mask 
users was distributed via Google Forms between November, 20, 2020 
and February, 14, 2021. The survey consisted of 15 questions de-
signed to collect information on the profiles of the participants (gen-
der, nationality and languages spoken, profession; discipline, type 
of school and environment, average age of pupils, class size, teach-
er’s schedule; extra-professional vocal activity) and on the types of 
masks they wear. Eleven other questions were then asked in order 
to find out the nature of the discomfort they might feel in connec-
tion with wearing the mask (from never to always: misunderstand-
ing with interlocutors, absence of visual cues, constant repetition 
requested by interlocutors, reduction of contact with others, incom-
prehension of speech by interlocutors, incomprehension of interloc-
utors’ speech, difficulty speaking, breathing; nature of the segments 
that are difficult to produce with the mask, other discomforts, solu-
tions envisaged by them to resolve these difficulties).3 This study fo-
cuses on the phonetic and acoustic repercussions of wearing a mask, 
we, therefore, limit ourselves to the analysis of the participants’ re-
sponses regarding the effect of the mask on the segments produced, 
and other discomforts regarding the quality of the sound resulting 
from wearing these masks. The question about the production of dif-
ferent classes of segments with the mask was phrased as follows: 
“Which consonants and/or vowels do you have difficulty articulating 
due to wearing the mask?”.

Because the literature mostly discusses the effect of the mask on 
consonant production and perception, we presented in the multiple-
choice responses the consonants first, naming their class and ortho-
graphic character. Thus, participants had a choice from the following 
responses: Occlusive consonants (“p t k b d g”); Nasal vowels (“an, in 
on”);4 Nasal consonants (“m, n, gn”);5 Other: … (complete).

3 The complete questionnaire items can be seen at the following link: https://docs.
google.com/forms/d/e/1FAIpQLSdNQoroaySNmefW9F12lx0-36FEBztDqyxUFFDaMAf-
hZrixbQ/viewform.
4 I.e., respectively /ɑ̃/, /ɛ̃/, and /ɔ̃/.
5 I.e., respectively /m/, /n/, and /ɲ/.
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2.2 Results

303 French participants (262 women and 41 men) responded to the 
survey, including 216 teachers, 50 professional soloists and small 
ensemble singers (80% classical singers), 82 amateur singers with 
choral activity, and 171 all-purpose participants. Of these, 101 wore 
cloth masks, 175 wore surgical masks, 7 wore KN95 (FFP2) masks, 
2 wore transparent masks and 18 alternated between the types of 
masks (most often cloth and surgical).

Figure 1 illustrates the participants’ answers concerning difficul-
ties in producing segments according to the type of mask worn. It 
shows that plosive consonants were the primary source of difficul-
ty for 39-42% of the subjects wearing cloth and surgical masks. The 
two transparent mask wearers (not shown in figure 1) experienced 
difficulties in producing plosive and nasal consonants. Only 7 partic-
ipants wore KN95 (FFP2) masks, so we must interpret the results for 
these individuals with caution. Cloth and surgical mask wearers also 
expressed difficulties articulating nasal consonants (24% and 25.5% 
respectively), as well as nasal vowels (18.5% and 10.5% respectively) 
and fricative consonants (1.5% and 2.9% respectively).
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Figure 1 Segments judged by 303 users as difficult to produce with the mask,  
depending on the device worn

In addition, an analysis of the other complaints spontaneously writ-
ten by the participants wearing the mask reveals a lack of vocal car-
rying power, a feeling that the sound of the voice ‘cut-off’ (especially 
in the case of the participants wearing the transparent mask) lead-
ing to constant repetition requested by their interlocutors; this ac-
cording to 55% of the participants’ answers.

As the segments that are difficult to produce are mainly plosives 
according to the answers of our participants, and as the acoustic ef-
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fects of masks affect the high frequencies present in the production 
of fricatives, we first chose to determine the nature of local acoustic 
distortions in voiced and unvoiced French fricatives and plosives in 
a non-word production task in speech by the female speaker, as pre-
sented in the next section.

3 Production Experiment:  
Local and Global Acoustic Distortions 

3.1 Method

3.1.1 Recordings and Corpus (One Female Speaker  
and One Male Speaker)

At a sampling rate of 44100Hz, and using an AKGC520 headset mi-
crophone placed 3 cm from the mouth, an Edirol UA-25 USB Audio 
Capture sound card and Audacity software, a 50-year-old French-na-
tive female speaker recorded in a quiet room 3 repetitions of the syl-
lables /aCa/, where C= /p, t, k, b, d, g, f, s, ʃ, v, z, ʒ/, in order to study 
the local acoustic distortions of the masks in voiced and unvoiced 
French plosive and fricative consonants.

In the same recording session, the same person, a trained classi-
cal singer, also produced a spoken and a loud reading of the French 
version of the text The North Wind and the Sun (La Bise et le Soleil), 
as well as the French sung melody Clair de Lune by Fauré.

The female speaker recorded the whole corpus during a second 
session one month after the first, under the same conditions. For 
these two sessions, the productions were recorded without and with 
the following face masks: surgical, fabric (cloth), KN95 (FFP2), with 
transparent window, and two masks designed for singers (called 
‘large mask’ and ‘singer’s mask’).

Using a Sennheiser e840S microphone placed 35 cm from the 
mouth, an A-D Focusrite Scarlett 2i4 USB sound card and Praat soft-
ware (Boersma, Weenink 1992-2021), a 64-year-old French-native 
male speaker recorded in a quiet room in a single session a spoken 
reading of La Bise et le Soleil without and with surgical, cloth, KN95 
(FFP2), and transparent window masks.

Claire Pillot-Loiseau, Bernard Harmegnies
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3.1.2 Local and Global Acoustic Analysis Procedures

The consonants of the female speaker’s productions from the /aCa/ 
syllables were then annotated on Praat. Using a Praat script, and 
mid-consonant, the spectral centres of gravity6 (of friction for frica-
tives and of explosion for plosives, Fecher 2014), standard deviations,7 
skewness coefficients8 (indicator of the (a)symmetry (overall slant) 
of the energy distribution relative to a Gaussian distribution where 
skewness = 0) and kurtosis9 were extracted and calculated. Their 
long-term averaged spectra (which represents the logarithmic pow-
er spectral density as a function of frequency) were also calculat-
ed using Praat (number of frequency band: 100; width of each band: 
100Hz; first band centred at 50Hz) in order to qualitatively visualise 
the nature of the acoustic distortions produced by each mask type.

The productions of whole utterances produced in two recording 
sessions (conversational, loud read text, and sung melody) by the fe-
male speaker, and the conversational text read in one session (for 
the male speaker) were then qualitatively processed by generating 
their long-term averaged spectra for each type of production, speak-
er and session. The SDDD indices (Standard Deviation of the Differ-
ences Distribution, Harmegnies 1988) and the Bravais-Pearson cor-
relation coefficients between each long-term averaged spectrum of 
a production without a mask and that of the same production with 
a mask type, were then calculated using Praat. SDDD is a dissimi-
larity index: the higher it is, the more different the spectra are. The 
Bravais-Pearson correlation coefficient is an index of similarity: the 
higher it is, the more similar the spectra are.

Finally, a matched statistical comparison (paired two-tail t-test) was 
carried out between the latter two long-term averaged spectra, using 
the following procedure: in each long-term averaged spectrum with val-

6 “The center of gravity (CG) is the first spectral moment of the spectral distribution. 
It expresses the frequency at which the spectral energy is predominantly concentrat-
ed, and is thus related but not equal to the peak” (Fecher 2014, 87).
7 “The standard deviation is a measure of how distributed the energy is along the 
frequency axis. In other words, the standard deviation (SD) specifies the bandwidth of 
energy on either side of the mean (Jongman, Wayland, Wong 2000; Stuart-Smith, Tim-
mins, Wrench 2003; Harrington 2010)” (quoted in Fecher 2014, 89).
8 “Skewness values (dimensionless) are positive when the intensity energy is primar-
ily concentrated in low frequency bands (negative spectral tilt), and negative when the 
energy is predominantly found in higher frequencies (positive spectral tilt). A value of 
zero denotes a normal (Gaussian) distribution, i.e., no difference in energy around the 
CG (Harrington 2010)” (quoted in Fecher 2014, 91-2).
9 “An indicator of the ‘peakedness’ of the distribution, i.e. it expresses to what extent 
the spectral energy is concentrated in a peak relative to low and high frequencies (Jong-
man, Wayland, Wong 2000; Stuart-Smith, Timmins, Wrench 2003; Harrington 2010)” 
(quoted in Fecher 2014, 94).
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ues over a frequency range of 0 to 10,000Hz, 100 points of spectral am-
plitude values every 100Hz were extracted using Praat software. Since 
the intensity gains were identical for the same individual regardless of 
the session during recordings, the 100 points of the long-term averaged 
spectra of the productions without mask were compared in parallel to 
the 100 points of the long-term averaged spectra of the productions with 
each type of mask, to see if the attenuation caused by each mask was 
significant compared to the spectral composition without mask. In ad-
dition, identical productions were compared between the first and sec-
ond sessions in the female speaker. VassarStats10 software was used for 
this statistical analysis (“t-test for correlated samples”).

3.2 Results 1: Local Acoustic Distortions  
(Plosive and Fricative Consonants)

Figures 2 and 3 show the averaged spectra of the French plosives and 
fricatives /p t k b d g/ and /f v ʃ ʒ s z/. They show that the most impor-
tant acoustic attenuations are caused by the KN95 (FFP2) and trans-
parent masks: these energy attenuations are increasing as the fre-
quencies rise for /p/ (KN95 (FFP2) mask) and /f/ (transparent mask). 
For the transparent mask, attenuations result in the presence of an-
tiformants around 4000Hz, 8000Hz, and, to a lesser degree, 6000Hz 
for the consonants /f ʃ ʒ t s z k g/. For other types of masks, the con-
sonants /p b f v/ show more acoustic distortions compared to the un-
masked condition than other consonants, from 500Hz onwards.

In order to quantify these acoustic distortions, measurements of 
the spectral centre of gravity, standard deviation, asymmetry and 
kurtosis coefficients were carried out as shown in figure 4. Results 
show little change in parameters regardless of the type of mask for 
/s z/ and for /ʃ ʒ/ (except for the kurtosis coefficient for the latter 
consonant pair). /p b d f v/ show the most variable acoustic changes 
as a function of mask type for the spectral centre of gravity and its 
standard deviation. The transparent mask shows the most significant 
acoustic distortions compared to the unmasked condition, notably in 
the form of a uniformity of centre of gravity values (higher for /p b/, 
and lower for /t d k g f v/: the trend is reversed for these consonants 
concerning the asymmetry coefficient, less positive (equivalent to 
an energy concentration in slightly higher frequency bands) for bi-
labials, and more positive for /d k g f v/ (i.e. an increase in the ener-
gy concentration in lower frequencies, compared to the productions 
without mask). The same trends can be observed for the standard de-
viation and the kurtosis coefficient respectively (lower, i.e. less ener-

10 http://vassarstats.net/ by © Richard Lowry 1998-2021.
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Figure 2 Averaged spectra (3 repetitions) of the French bilabial (/p b/), labio-dental (/f v/) and post-alveolar (/ʃ ʒ/)  
consonants produced by the female speaker. Each averaged spectrum is plotted against the type  

of mask worn by the speaker during the first recording session
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Figure 3 Averaged spectra (3 repetitions) of the French dentals (/t d s z/) and velars (/k g/) produced  
by the female speaker. Each averaged spectrum is plotted against the type of mask worn  

by the speaker during the first recording session
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Figure 4 Spectral centre of gravity, standard deviation, coefficient of asymmetry (skewness)  
and kurtosis as a function of the type of mask worn and the consonant produced  

by the female speaker: mean and standard deviation of the 3 repetitions
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gy concentration at given frequencies for /p b/, in contrast to /d k g 
f v ʃ/. The use of cloth masks, then surgical and singer’s masks, does 
not cause major acoustic changes in these parameters.

3.3 Results 2: Global Acoustic Distortions in Conversational, 
Loud Speech and Singing

Since the subjects surveyed mentioned in their free comments a dis-
tortion by the masks on utterances as a whole: sound ‘cut-off’, lack 
of carrying power of the voice and consequent difficulty of compre-
hension by their interlocutors asking them to repeat their words, 
we chose, consequently, to determine what were the global acoustic 
distortions on conversational, loud spoken and sung utterances by a 
male and a female speaker as a whole.

Figure 5 shows the long-term averaged spectra of the set of texts 
read and sung by the male speaker (one session, spoken task) and 
the female speaker (two sessions, conversational, loud spoken, and 
sung). This illustrates that the filtering caused by the masks starts 
from 1kHz, and occurs mainly in the higher frequencies, from 2kHz.

In addition, the KN95 (FFP2) masks and especially the transpar-
ent masks are the most filtering, whatever the task and the speaker, 
except for the first session of sung productions by the female speak-
er: the transparent mask shows antiformants around 3000Hz for the 
male speaker and around 3800Hz for the female speaker, especial-
ly in loud voice. We also notice that the singer’s mask is the least fil-
tering, and that the fabric (cloth) mask worn by the male speaker is 
more filtering than the one worn by the female speaker. In session 2 
of these singing productions, the frequencies corresponding to the 
singer’s formant, between 2000Hz and 4000Hz, are attenuated by 
the large mask and the transparent mask, then by the KN95 (FFP2) 
mask and, to a lesser degree, the singer’s mask.

Moreover, there are visible differences between the two sessions 
produced by the female speaker, such as a greater attenuation of the 
energy from 2300Hz onwards by the transparent mask in the spo-
ken productions of the second session, or greater difference between 
the averaged spectra of the different masks in the second sung ses-
sion than in the first.
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Figure 5 Long-term averaged spectra of conversational spoken (female speaker, two sessions: top;  
male speaker, one session: bottom), loud spoken (female speaker, two sessions)  

and sung (female speaker, two sessions) texts as a function of mask type
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Paired two-tailed t-test comparisons between the long-term averaged 
spectra of the productions without mask and those with each type 
of device worn show significant results [tab. 1], except for the sing-
er’s mask in the female speaker’s spoken (2 sessions) and loud spo-
ken (session 2) productions, and concerning the surgical and KN95 
(FFP2) masks for the first session of sung productions. In the same 
tasks except for the last one, the KN95 (FFP2) and transparent masks 
show maximum t-values, and the surgical and singer’s masks show al-
most minimum values. These t-values are minimal in spoken task by 
the male speaker.

Table 1 Paired comparisons (paired two-tailed t-test) between each of the 100 
sound pressure level values (from 0 to 10,000Hz) of the long-term averaged spectra 
of productions without mask and those with each type of wearable device: difference 
in means (M diff), t-values and significance. The colours refer to the type of mask and 
are identical to those in figures 2 to 5. The results are listed in ascending order of 
t absolute values, except for the right column. 99: degree of freedom. Right column: 
paired comparison of sessions 1 and 2 for the differences in spectral amplitude every 
100Hz between not wearing a mask and wearing each mask type

M diff Mask t(99) Significance M diff Mask t(99) Significance t(99) Sign.
0,33 Singer’s mask 1,91 0,059 0,25 Singer’smask 1,21 0,233 -3,07 0,002
2,47 Large mask 8,03 <.0001 -0,92 Surgical -3,01 0,003 -3,06 0,003
1,76 Surgical 8,69 <.0001 0,74 Cloth 3,99 0,0001 1,42 0,159
1,58 Cloth 9,19 <.0001 1,85 Large mask 5,72 <.0001 1 0,319
7,7 Transparent 15,62 <.0001 2,74 KN95 (FFP2) 6,73 <.0001 11,13 <.0001

7,34 KN95 (FFP2) 30,54 <.0001 7,99 Transparent 13,99 <.0001 -2,2 0,03

M diff Mask t(99) Significance
5,12 KN95 (FFP2) 14,59 <.0001

7,65 Transparent 15,27 <.0001

3,73 Surgical 19,49 <.0001

5,84 Cloth 25,42 <.0001

M diff Mask t(99) Significance M diff Mask t(9) Significance t(99) Sign.
4,5 Surgical 11,98 <.0001 1,09 Singer’s mask 1,11 0,268 7,46 <.0001

4,43 Singer’s mask 15,89 <.0001 2,64 Cloth 9,82 <.0001 7,35 <.0001
8,3 KN95 (FFP2) 19,26 <.0001 3,73 Surgical 11,77 <.0001 3,34 0,001
4,7 Cloth 19,7 <.0001 4,96 Large mask 12,06 <.0001 8,37 <.0001

7,83 Large m. 21,35 <.0001 12,86 Transparent 20,82 <.0001 4,36 <.0001

14,8 Transparent 21,83 <.0001 7,08 KN95 (FFP2) 21,45 <.0001 4,43 <.0001

M diff Mask t(99) Significance M diff Mask t(99) Significance t(99) Sign.
-0,16 Surgical -0,78 0,437 0,82 Cloth 4,87 <.0001 5,61 <.0001
0,66 KN95 (FFP2) 1,6 0,113 2,93 Singer’s mask 9,05 <.0001 -2,57 0,01
-1,05 Cloth -3,52 0,0006 3,32 Surgical 10,76 <.0001 -6,94 <.0001
1,29 Large mask 3,97 0,0001 6,95 Transparent 14,56 <.0001 -6,82 <.0001
-1,4 Singer’s mask -4,62 <.0001 7,15 Large mask 15,33 <.0001 -9,2 <.0001

-3,46 Transparent -12,24 <.0001 6,13 KN95 (FFP2) 15,6 <.0001 -7,78 <.0001

Sung by ♀� session 1 Sung by ♀� session 2 Session effect

Spoken by ♀� session 1 Spoken by ♀� session 2 Session effect

Spoken  ♂�

Loud spoken by ♀� session 1 Loud spoken by ♀� session 2 Session effect

Between sessions 1 and 2, the paired two-tailed t-test comparison 
of the differences in spectral amplitude every 100Hz between the 
absence and presence of a given mask type (tab. 1: right column) 
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shows statistically significant differences between these sessions, 
except for the large mask and cloth mask for spoken productions. 
These differences are less significant for the spoken productions 
(except for the KN95 (FFP2) mask), for the surgical mask and the 
singer’s mask.

Figure 6 quantifies these spectral differences using the Standard 
Deviation of the Differences Distribution (SDDD) (Harmegnies 1988), 
and the Bravais-Pearson correlation coefficients between each long-
term averaged spectrum of a production without a mask and the 
same production with a mask type. Results show that the SDDD val-
ues are globally higher for the KN95 (FFP2) and transparent masks 
(except for the song recorded in the first session) and the lowest for 
the cloth and surgical masks. The opposite is observed for the Bra-
vais-Pearson correlation coefficient values; however, it remains high 
and ranges between 0.934 and 0.996. Note that the cloth mask worn 
by the male speaker results in higher SDDD values than the spoken 
productions of the female speaker. The opposite is observed for the 
Bravais-Pearson correlation coefficients.

Figure 6 SDDD (top) and Bravais-Pearson correlation coefficient (bottom) as a function of session,  
task and mask type compared to production without mask
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4 Discussion

This exploratory study highlighted several anti-COVID face mask ef-
fects on the voice and speech of French speakers: subjective results 
have been verified by acoustic analyses.

The feedback from the 303 participants interviewed showed that 
39-42% of them had difficulty producing plosives with a mask, which 
seems to correspond to significant acoustic alterations in bilabial 
and labio-dental plosives. However, more participants wearing KN95 
(FFP2) masks and the other mask types we tested acoustically should 
be interviewed to confirm these answers. The participants also ex-
pressed other concerns such as the loss of voice carrying power, 
which leads to the need to repeat their words to their interlocu-
tors more often when wearing the mask: acoustic attenuation from 
2000Hz, whereas the determining frequencies in the voice range are 
between 1000Hz and 4000Hz (Leino 2009), explains these feelings.

As mentioned in our state of the art, to our knowledge, there is no 
acoustic study in French on the description of local acoustic distor-
tions on plosives and fricatives produced with and without masks: 
Fecher’s (2014) thesis deals with another language than French, with 
unvoiced fricatives and plosives only, and with other types of face veil-
ing devices than most of our masks. However, Fecher (2014) results 
agree with the values of spectral centre of gravity and standard de-
viation that were not significantly modified whatever the type of face 
shield, for /s ʃ/; obtained in this study. Increased values of coefficient 
of asymmetry for /f/, constant values of coefficient of kurtosis for /s/, 
but higher and variable values for /ʃ/ were also attested. The acoustic 
changes in plosives we obtained, apart from a variable standard de-
viation of the burst for /p k/ and consistent for /p/, do not agree with 
Fecher’s (2014) findings for the centre of gravity of the burst of /p t 
k/. However, this author found negligible acoustic changes between 
the control condition (without mask) and the condition of wearing the 
surgical mask, the only facial covering device common with our study.

Furthermore, it seems that consonants mobilising labial move-
ments (/p b f v/ and to a lesser degree /ʃ ʒ/) undergo more acoustic 
distortions than other consonants, probably due to the acoustic dis-
turbance by contact between the lips and the mask.

The overall acoustic changes also show that the transparent and 
KN95 (FFP2) masks attenuate frequencies above 1,000Hz to a great-
er extent, but less so for singing, especially in the first session, which 
is in contradiction with the study of Oren et al. (2021): the singer fe-
male speaker seems, here, likely to adapt to this external disturbance 
caused by the mask, in order to minimise its effects. However, given 
the mostly significant differences between sessions for this speaker, 
she seems to show some variability in this type of adaptation to an 
external disturbance like the use of a mask.
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The acoustic effect of the fabric (cloth) mask is greater in male 
than in female speaker because fabric masks vary considerably in 
their composition and weave. In addition, surgical masks offer the 
best acoustic performance of all masks tested. If these masks are not 
available, loosely woven 100% cotton masks offer good acoustic per-
formance (Corey, Jones, Singer 2020).

Finally, the singer’s mask, which has the added advantage over the 
surgical mask does not interfere with the articulation of segments 
requiring rounding and protrusion of the lips. The singer’s mask ap-
pears to be a good alternative to the surgical mask for subjects who 
need to vocalise and sing.

However, all of these preliminary results should be interpreted 
with great caution, because of the small number of speakers and 
the variability between the two production sessions for the female 
speaker. The variability is interesting, because it shows that the same 
speaker can adapt her voice and speech production differently de-
pending on the recording session. This variability is an integral part 
of speech (Perkell, Klatt 1987). It cannot therefore be studied on-
ly with the help of talking heads, as most research on the effects of 
masking on speech has done.

5 Conclusion

The main contribution of this case study, compared to previous re-
search, is the descriptive data on the feeling of French-speaking par-
ticipants regarding the use of different types of masks. Our con-
tribution also provides new information on the nature of acoustic 
distortions in French concerning voiced and unvoiced French fric-
ative and plosive consonants, and concerning whole conversational, 
loud spoken and sung utterances actually produced by two speakers 
and in two sessions for the female speaker. In addition, the analysis of 
acoustic distortions caused by the large mask and the singer’s mask 
has not been studied until now.

The results of the acoustic analyses in this case study confirm that, 
both locally (consonants, as felt by the participants of the questionnaire) 
and globally (the whole utterance), KN95 (FFP2) and especially trans-
parent masks cause the greatest acoustic distortions in the spoken, loud 
and, to a lesser extent, sung signal, compared to equivalent productions 
without masks. The presence of these types of masks therefore consti-
tutes an external source of disturbance to the speech production sys-
tem (Sock 2001), but to a lesser extent in singing in the context of this 
study. On the other hand, the singer’s mask minimises the energy at-
tenuation in the majority of the tasks produced by the female speaker.

However, these preliminary results should be confirmed 1) by anal-
yses carried out on similar productions by other speakers; 2) by more 
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robust statistical analyses, and 3) by the study of the production of 
nasal and rounded vowels. The former are felt to be difficult to pro-
duce by the participants according to the questionnaire, and the lat-
ter are supposed to be disturbed in their emission because of the 
contact between the rounded and protruding lips against the mask.

We are currently seeking to complete these preliminary results on 
the effects of the mask by perceptual tests of consonant identifica-
tion and discrimination of the same spoken extracts, declaimed and 
sung by the female speaker, in order to know if the local and glob-
al acoustic distortions highlighted here are perceptually relevant.
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