
Kinematic and acoustic contributors to formant perturbation responses in 

individuals with and without Parkinson’s disease 

 

Rationale and purpose 
Auditory perturbation tasks provide insight into the use of auditory feedback during speech, 

which is useful for understanding the nature of speech disruptions in individuals with 

Parkinson’s disease (IwPD). Two prior studies examined responses to a gradual auditory 

perturbation in formant frequencies of a vowel in IwPD compared to control speakers (CS), 

with one study finding no significant differences between IwPD (on levodopa) and CS (Abur 

et al., 2021), and the other finding reduced adaptive responses in IwPD (off levodopa) (Mollaei 

et al., 2013). Both studies examined speech acoustics alone, raising the question of whether 

articulatory kinematics (i.e., movements of the tongue) may demonstrate motor changes that 

are not captured acoustically. 

 

Hence, the present study assesses the relationship between acoustic (formants) and kinematic 

(vertical tongue tip movement) responses to a gradual formant perturbation in IwPD and CS. 

As our group of IwPD was tested on levodopa, we hypothesised that there would be no 

significant acoustic differences between IwPD and CS in how they respond to the formant 

perturbation (following Abur et al., 2021). Due to a lack of prior research, we had no a priori 

hypothesis regarding kinematic differences between IwPD and CS. 

 

Method 
The present study is part of a larger study approved by the Medical Ethics Review Board of 

the institution. 

 

Participants 

We tested 28 native Dutch speakers, namely 14 IwPD (7 female, 7 male; M = 68.7, SD = 6.7) 

and 14 age- and sex-matched control speakers (M = 69.5, SD = 6.6).1 All participants scored 

22 or higher on the Montreal cognitive assessment (Nasreddine et al., 2005). 

 

IwPD had been diagnosed with idiopathic Parkinson’s disease between 1 and 17 years ago, 

with mild to severe motor symptom severity (16–83 points via MDS-UPDRS part III; Goetz et 

al., 2008).  

 

Procedure 

Participants completed a 120-trial adaptive formant perturbation task (baseline, ramp, hold, 

after-effect), during which the first formant (F1) was gradually decreased by 20% and the 

second formant (F2) increased by 15% using Audapter (v2.1.012; Cai et al., 2010). The task 

included six target words with target vowel /ɛ/, which all shifted into real words with vowel /ɪ/. 

Auditory feedback in the earphones was amplified ~5dB relative to the microphone signal.  

 

We simultaneously collected electromagnetic articulography data with an NDI-VOX at 400Hz 

with one tongue sensor, one jaw sensor, and two lip sensors (following Rebernik et al., 2021). 

 

Data preprocessing and statistical analysis 

Audio data of the participants' productions was annotated in Praat v6.1.42 and kinematic data 

head-corrected in MATLAB R2021a. Acoustic and kinematic data were time-aligned using an 

in-house R script, and the mean F1 and F2 frequencies (in Hz) as well as mean tongue tip height 

 
1Data from a total of 60 participants (30 IwPD and 30 CS) has been collected and is currently being analysed. 



coordinates (TTy; in mm) were calculated across the 40-120ms of each production. Data was 

statistically analysed in R Studio (R version 4.3.1), using Generalized Additive Mixed 

Modelling (GAMM; Wood, 2017), with which we assessed the non-linear effect of trial on F1, 

F2 and TTy (per group), while accounting for participant and stimulus variability. The alpha 

level was set at α = 0.05. 

 

Results & Discussion 
F1 and F2 responses across trials in the RAMP and HOLD phases did not significantly differ 

between the two groups, with both groups of participants increasing their F1 and decreasing 

their F2 in response to the F1 decrease and F2 increase, respectively. However, TTy was 

significantly different between the groups (p = 0.008), with IwPD raising their tongue in 

response to the perturbation and CS lowering it (Fig. 1). 

 
Figure 1: Difference in tongue tip trajectory across trial (blue: IwPD, red: CS;  

shaded grey area represents the HOLD phase) 

 

Current results therefore suggest that acoustic measures (F1 and F2) are not sufficient to capture 

differences between IwPD and CS present in the kinematic data (TTy) during a formant 

adaptation task. Data analysis is ongoing for the full set of collected participants (N = 60) and 

will include an assessment of relationships between acoustics, kinematics, and disease severity 

within the group of IwPD. Variability in hearing screening results, age, and sex will be taken 

into account in our exploratory analysis. 
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