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Introduction 

The study reported here is part of a larger project which examines multimodal speech and 

speaker recognition in a forensic context, both from a human and an automatic perspective. It 

builds on pilot work by Llamas et al. (2009) and Watt et al. (2010) and investigates the forensic 

implications of audio-visual integration in speech intelligibility and speaker identification. For 

this purpose, the speaker’s visual appearance is changed by introducing different types of 

headgear and face-concealing garments which are typically worn for occupational, recreational 

or religious reasons, or for the commission of crimes such as armed robberies and assaults. They 

can lead to miscommunication and complaints based on degraded speech intelligibility, or to a 

mismatch between authentic forensic speech samples and reference material. So far, 

comparatively little is known about the effects the face coverings have on speech production, 

acoustics and perception. The general difference from research on voice disguise is that the face 

coverings are not worn to deliberately disguise the voice with the intention of concealing identity 

(Zhang&Tan, 2008), but mainly to prevent a talker’s face from being recognised. All of the 

presented face coverings obscure various parts of the talker’s articulators. This hinders or 

eliminates the mapping between visual (facial) cues and auditory percepts on the part of the 

observer and as a consequence seems likely to appreciably degrade speech intelligibility (“visual 

speech”; see e.g. Schwartz et al., 2004). To a greater or lesser degree the face coverings also get 

in the way of the normal functioning of the articulators and will thus cause modifications to the 

acoustic (and consequently the auditory) signal. 

Material and Method 

This talk focuses on the acoustic analysis of the voiceless fricatives /s, ʃ, f, θ/ taken from high-

quality recordings of six native British English speakers reading phonetically-controlled stimuli 

under various face disguise conditions (for details see Fecher, 2011). On the basis of relevant 

previous studies (e.g. Jongman et al., 2000) five features capturing intensity and spectral 

properties of the frication noise were chosen. A repeated-

measures ANOVA was applied to investigate main and 

interaction effects of the place of articulation, syllable 

position and disguise condition on the intensity, peak 

frequency, and the first four statistical moments of the 

averaged FFT power spectrum, i.e. the centre of gravity, 

variance, skewness and kurtosis. 
 

Figure 1. Control condition and face coverings, incl. relevant 

materials that cover the mouth/nose. Selection criteria were 

forensic relevance, material and parts of the face covered. 



Results and Discussion 

The choice of fricatives was motivated by their high perceptual confusability (see e.g. 

Lovitt&Allen, 2006), their relevance as consonantal features in forensic phonetics, and an 

anticipated larger attenuation by certain face-concealing garments of energy in higher frequency 

bands that are particularly discriminative for this phoneme class. The acoustic measures 

capturing the spectral properties of the frication noise were demonstrated to be significantly 

affected when the speakers wore different kinds of forensically-relevant face coverings. The 

shifts in the spectral patterns may, on the one hand, be caused by acoustic damping effects of 

certain mask materials, leading to acoustic energy being absorbed especially of higher 

frequencies. When face-concealing garments or other headgear obstruct the talker’s face, they 

may also interfere with speech production, i.e. constrain articulation due to physiological and 

somatosensory effects (e.g. restricted jaw elevation, lip/nose contact, skin stretching) or lead to 

articulatory compensation, e.g. an increased vocal effort (Fuchs et al., 2010; Haley et al., 2010; 

Sluijter et al., 1997). Experimental work to investigate aspects of these phenomena is ongoing. 

Gaining more expertise in this area will be beneficial for forensic-phonetic practitioners in regard 

to speaker comparison, transcription work or the evaluation of the reliability of earwitness 

testimony. 
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