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COVID-19 has made mask-wearing a fact of face-to-face communication, and so the
present study endeavoured to test whether and to what extent people change their audiovisual
speech-related behaviour in response to wearing a mask. Mask-wearing obscures the visible
speech articulators and has been shown to dampen power distributions and degrade
transmissions in high-frequency bands (Bandaru et al. 2020; Corey et al. 2020; Magee et al.
2020; Porschmann et al. 2020). Masked speakers report heightened self-perception of
unintelligibility and increased vocal effort (Ribeiro et al. 2020; Bandaru et al. 2020). Masked
speech also correlates with increased spectral tilt (Magee 2020). This behaviour is consistent
with hyperarticulation and secondary cue exaggeration as speakers compensate to increase
their intelligibility, as in noisy environments (Haggard et al. 1970; Raphael 1972; Ohde 1984;
Lindblom 1990; Denes 1995). Interacting with masked speakers also hinders the perception
efficiency of the listeners (Yi et al. 2021), as well as their ability to judge their interlocutor’s
emotions (Carbon 2020). We found evidence of this compensation in the acoustic signal, but
not in visual-based behaviour.

In this study, participants were asked to direct experimenters through a map task
(Anderson et al. 1991) with another participant over Zoom. Both their audible and visible
communicative behaviours were recorded. Data were analysed using a within-participant
design comparing Masked and Unmasked conditions. Acoustic data were segmented and
annotated using Montreal Forced Aligner (McAuliffe et al. 2017) and analysed using
VoiceSauce (Shue et al. 2011). We used OpenFace 2.0 image processing software
(Baltrusaitis et al. 2018) to analyze head and eyebrow movements in visual data. We present
the results of a repeated measures ANOVA for behavioural (Human) and mechanical (Mech)
trials in Table 1, with significant variances in shaded cells.

Table 1. Summary of effects of mask-wearing on parameters for vowels /a/ and /i/
Vowell HI-H2* | H1-A2* | H1-A3* FO Fl F2 F3 CPP
Hum /a/ +0.2dB | -0.1dB | +0.4dB | +8 Hz | +0.6 Hz | +9.3 Hz [ -20.7 Hz | +0.3 dB
Mech /a) +0.2 dB | -2.3dB | -2.1dB |-184 Hz|-12.3 Hz|-64.6 Hz| -22Hz | -1dB
Hum /i +0.3 dB | +2.8 dB | +1.8 dB | +7.6 Hz | +10.6 Hz| -78.2 Hz| -64.9 Hz | +0.2 dB
Mech /if +0.6 dB | +0.7 dB | -0.03 dB |-22.1 Hz|+11.6 Hz| -36.8 Hz| +14 Hz | -0.6 dB

Our main acoustic findings were that (i) mask wearing is a significant predictor for
perturbation of spectral slope (H1-A2*, H1-A3*), fundamental frequency (F0), and Cepstral
Peak Prominence (CPP), and (ii) speakers will compensate for the pure mechanical
perturbation effect of masked speech for lower frequency /a/, but for higher frequency /i/,
speakers will exhibit divergent behaviour whether an isolated mechanical effect exists or not.
Our visual findings, interestingly, show that speakers do not compensate for the lack of lower
face visual cues by adopting more upper face (eyebrow), head or hand movements. There was
little difference between the frequency of eyebrow, head or hand movements across
conditions. This also revealed that the use of hand movements is strongly speaker-dependent.

While the scope of this study only focused on /a/ and /i/, future work will incorporate
the effect of masked speech on consonants and larger prosodic units, as well as the effects of
adaptation, and how speaker subjectivity might lead to anticipatory overcompensation effects.
Though there is no significance found in the visual section, future work could examine
whether the articulators gestures are exaggerated under the mask. This study could expand
our current understanding on phonetic adaptation and processes related to intelligibility. This
could hold implications for communication in industries like medicine, sanitation, or
construction, where face coverings are commonplace.
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