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Introduction. When communicating in noisy environments, speakers tend to increase 
vocal intensity and modify their articulation to maintain intelligibility (i.e., the Lombard effect; 
first described by Etienne Lombard in 1911). Acoustically, these changes can be reflected in 
lengthened vowel durations [1] and shifts in vowel formant frequencies [1]. While the effect 
of masking noise on speech acoustics has been extensively studied in typical speakers, its 
acoustic–phonetic characteristics in Parkinson’s disease (PD) remain less well understood. 
Speech problems are common in PD and often involve both phonatory and articulatory 
impairments [2], which also result in decreased intelligibility [3]. Prior studies have shown that 
articulatory impairments are reflected in reduced acoustic contrasts between vowels [4], which 
can be improved with speech therapy targeting a voluntary increase in speech loudness [5]. 
However, it remains unclear how speakers with PD adjust their vowel production under 
masking noise, as this induces largely involuntary changes in speech production. This study, 
therefore, investigated the effects of auditory masking on vowel duration and the first and 
second formant frequencies (F1 and F2) in speakers with PD and typical speakers. 

Methods. Acoustic data were collected from 34 native Dutch speakers with PD and 29 
control speakers as part of a larger study. Preliminary analysis includes 14 speakers with PD 
(six female) and 15 age-matched control speakers (nine female). Participants produced two 
minimal word pairs containing the target vowels /ɛ/ and /u/: dekken /ˈdɛ.kən/, doeken /ˈdu.kən/ 
and bekken /ˈbɛ.kən/, boeken /ˈbu.kən/. Speech was elicited with and without masking noise. 
During postprocessing, we manually segmented all target vowels in Praat [6] and measured 
vowel durations and the first and second formant frequencies at vowel midpoints. Statistical 
analyses were conducted using linear mixed-effects models, with duration, F1, and F2 as the 
dependent variables and group (PD, control), masking (masked, unmasked), vowel (/u/, /ɛ/), 
and sex (male, female) as fixed effects. We also included random intercepts per word and 
subject, including vowel and masking as (significant) random slopes per speaker. 

Results. There were no group differences between speakers with PD and control 
speakers in vowel duration (β = 0.005, p = 0.39) or F1 (β = -1.96, p = 0.86). For F2 there was a 
significant interaction between group and sex (p = 0.01; see Fig. 1). Pairwise comparisons 
revealed that female control speakers had lower F2 values than female PD speakers (Δcontrol,PD 
= -82 Hz, p = 0.02), whereas no significant difference was observed between male control and 
male PD speakers (Δcontrol,PD = 38 Hz, p = 0.25). Overall, there were no significant interactions 
between group and masking for any measure. A small but significant main effect of masking 
was observed for vowel duration (β = -0.004, p < 0.001) and F1 (β = -26.83, p < .001), but not 
for F2 (β = 10.18, p = .354).  

Discussion. The present findings indicate that speakers with PD and controls showed 
similar patterns of adjustment under masking noise, with increased vowel duration and higher 
F1 values, consistent with increased articulatory effort typical for typical Lombard speech. 
Further analyses will focus on more vowel contrast pairs, and adding additional intensity 
measures to more clearly determine when speaking under masking noise has a positive effect 
for speakers with PD. This would in turn highlight the potential usefulness of including 
auditory masking exercises in speech therapy. 
 

 



 

 

Fig. 1. Model-predicted F2 values by sex and group (PD: Parkinson’s disease; CS: control speakers). 

 
References 
[1] Junqua, J. C. (1993). The Lombard reflex and its role on human listeners and automatic speech 

recognizers. The Journal of the Acoustical Society of America, 93(1), 510–524. 
https://doi.org/10.1121/1.405631 

[2] Ho, A. K., Iansek, R., Marigliani, C., Bradshaw, J. L., & Gates, S. (1999). Speech Impairment in a Large 
Sample of Patients with Parkinson’s Disease. Behavioural Neurology, 11(3), 131–137. 
https://doi.org/10.1155/1999/327643 

[3] Tjaden, K. (2008). Speech and Swallowing in Parkinsonʼs Disease. Topics in Geriatric Rehabilitation, 24(2), 
115–126. https://doi.org/10.1097/01.tgr.0000318899.87690.44 

[4] Sapir, S., Ramig, L. O., Spielman, J., & Fox, C. (2011). Acoustic metrics of vowel articulation in
 Parkinson’s disease: Vowel space area (VSA) vs. vowel articulation index (VAI). In C. Manfredi (Ed.),
 7th international workshop on models and analysis of vocal emissions for biomedical applications (pp.
 173–175). Curran Associates, Inc. 
[5] Martel Sauvageau, V., Roy, J.-P., Langlois, M., & Macoir, J. (2015). Impact of the LSVTon vowel articulation 

and coarticulation in Parkinson’s disease. Clinical Linguistics & Phonetics, 29(6), 424–440. 
https://doi.org/10.3109/02699206.2015.1012301 

[6] Boersma, P., & Weenink, D. (2023). Praat: Doing phonetics by computer (Version 6.4) [Computer
 software]. http://www.praat.org/ 

 

 

 

 

 

 


