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ABSTRACT 

 

Background. Auditory and somatosensory feedback 

modulate speech production. In particular, 

perturbing the somatosensory system has been 

shown to impact consonant production. 

Objective. To investigate the role of somatosensory 

feedback in the production of the English vowel /i/. 

Methods. Thirty-three female, native English 

speakers were randomly assigned to control and 

experimental groups. The experimental group 

received 15 ml of 2% lidocaine mouthwash, whereas 

the control group received a visually comparable 

solution without anaesthetic. Participants produced 

10 repetitions of four words (/bit, bæt, but, bɑt/) in 

random order. Formant frequencies (F1, F2) of /i/ 

were extracted, and analysed separately using a two-

way mixed ANOVA. 

Results. In the vowel /i/, F1 decreased in the 

experimental condition compared to the control 

group.  

Conclusions. The results suggest that lidocaine 

impacts the production of the vowel /i/ due to the 

reliance on somatosensory feedback. 

1. INTRODUCTION 

The speech production system is highly complex 

and involves the coordination of auditory, motor, 

and somatosensory subsystems [1-5].  

Somatosensory feedback plays a crucial role in 

monitoring and correcting complex motor tasks like 

hand grip force [6], and gait [7,8]. Similar 

somatosensory feedback mechanisms are expected 

to play a role in the speech production system [3-

5]. Specifically, the motor system adapts and 

corrects the somatosensory perturbation caused by 

the mechanical load, without affecting the auditory 

output of speech. Mechanical perturbation studies 

[3-5] provide an indirect measurement of the effect 

of somatosensory feedback on speech. 

Early studies that directly perturb somatosensory 

feedback using nerve blocks have found observable 

effects in affricates, sibilants and liquids [9-11]. 

This observable effect has also been demonstrated 

in vowels. Niemi et al., [12-14] analysed Finnish 

vowel productions after anesthetizing participant 

lingual nerves. Changes in formant values varied 

across individuals with no specific group level 

perturbation pattern emerging. 

In the present study, the role of oral 

somatosensory feedback in vowel /i/ is studied by 

experimentally manipulating the oral sensations, 

specifically, by topically anaesthetizing the oral 

cavity. For the vowel/i/, the anterior, lateral and 

posterior portions physically contact the hard palate 

[15, 16]. The abundance of biomechanical evidence 

on the tongue-to-hard palate contact in the vowel /i/ 

makes the case for an ideal preliminary study on 

somatosensory feedback.  Based on the results from 

mechanical perturbation studies, it is expected that 

perturbing the oral sensory system with a numbing 

agent would lead to acoustic changes. If systematic 

changes are observed, the potential role of 

somatosensory feedback in vowel production will be 

further understood. 

2. METHODS 

The present study was conducted as part of a larger 

study on the relationship between reading and 

speaking. The present paper only reports the 

methods and results of the speech production task. 

2.1. Participants 

Thirty-five university students (F=33, M=2) were 

recruited (mean age= 26.5, SD =4.95) to participate 

in the study. The study took place at the University 

of Alberta (Edmonton, Alberta). All participants 

were native English speakers, reported normal 

hearing and speech, and no neurophysiological 

problems. Informed consent was obtained from 

every participant. The study protocol was approved 

by University of Alberta Health Research Ethics 

Board - Health Panel (Pro00068658). 

2.2. Stimuli 

Recordings of four words (/bit, bæt, but, bɑt/) were 

made by a 28-year-old female native English 

speaker with a Southern Ontario Canadian accent. 
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These words were designed to contain four vowels 

within a consonant-vowel-consonant sequence 

(CVC) realized as /i, æ, u/, and /ɑ/. The CVC 

context was used to keep the phonetic context 

consistent for the /i/ vowel. The purpose of including 

four words was to provide variation and reduce a 

potential repetition effect. Stimuli were recorded 

using a dynamic microphone (SHURE SM58), and 

an amplifier (Steinburg UR 22 mkII). The mouth-to-

microphone distance was 10 cm. Audacity (2.1.2) 

was used for recordings, which were sampled at a 

rate of 44.1 kHz. Once recorded, each sound file was 

scaled in amplitude to ensure level (dB) was the 

same across all four words. The time before the 

onset of each stop consonant was also standardized 

to 0.05s for all words. To reduce natural variation, 

the recorded words were repeated ten times and 

randomized to create stimulus set of 40 productions. 

The inter-stimulus interval was set to length of each 

of word in seconds.The F1 and F2 of the stimulus /i/ 

were 247.63 Hz and 2944.67 Hz respectively 

(measured as described in section 2.4.1).  

2.3. Procedure 

2.3.1 Group Assignment 

Participants were randomly assigned to two groups, 

using an online random number generator 

(https://www.randomizer.org/): control (N=16), and 

experimental (N=19). In the experimental group, 

participants were given 15 ml of 2% lidocaine 

solution. Lidocaine is a sodium-channel inhibitor 

that acts rapidly to induce anaesthesia lasting up to 

one hour when applied topically to mucous 

membranes, such as the oral cavity [17]. To isolate 

the effect of lidocaine, a control group was given a 

corn syrup solution similar in colour and consistency 

to the experimental group which did not contain 

lidocaine (15 ml in total: 10 ml water, 5 ml corn 

syrup, two to three drops of food colouring). 

Participants were instructed to: “Swish this in your 

mouth for 60 seconds (I will time you). Then spit it 

into the sink. Do not swallow the mouthwash.”  

 

2.3.2 Group Assignment 

The same recording set up as for speech stimuli 

(microphone and amplifier) was used for participant 

recordings. Stimuli were presented binaurally 

through a set of headphones. The sound quality of 

recordings was checked using Audacity (2.1.2) at the 

beginning of each recording session. Participants 

were given the following instructions: “Once you 

hear the word, you will be asked to repeat it right 

after.” Stimuli were randomized for each participant, 

presented, and recorded using a custom MATLAB 

(2018b) script [18]. Recordings took place before 

and immediately after the mouthwash manipulation.  

2.3.3 Degree of Topical Anaesthesia Measurements 

Immediately after the second recording block (post 

mouthwash), participants completed two 

measurements to determine the degree of topical 

anaesthesia (i.e. ‘numbness’). The first, a visual 

analogue scale with two endpoints: “no numbness” 

to “completely numb”. Participants were asked to 

indicate with a tick mark the degree of numbness 

felt. The second, an image of the oral cavity, where 

participants were asked to mark anatomical regions 

in which numbness was felt. 

2.4. Data Analysis 

2.4.1 Pre-processing 

Vowel formants (F1, F2) were extracted using 

custom code written in MATLAB. The most stable 

portion of vowel was segmented in Praat (6043, 

2018) [19]. A pre-emphasis filter was applied and 

then Burg’s method was used to extract the spectral 

envelopes of each of the vowels (8192 FFT, order 

40). The parameters were selected based on trial and 

error to broadly match the typical range of formant 

values for /i/ [20]. F1 frequencies were slightly 

lower than values in [20] and F2 frequencies were 

similar to values in [20]. 

2.4.2 Statistical Analysis 

All statistical analyses were carried out using R 

statistical software (version 3.5.1) [22]. Two 

separate mixed ANOVAs were conducted for F1 and 

F2 of the vowel [i], with Time (Pre-and post - 

mouthwash) as the within subjects factor, and Group 

(Control, Experimental) as the between subjects 

factor. Model assumptions were checked using 

visual inspection and statistical tests of normality 

and homogeneity of variance. The data showed a 

positively skewed distribution and was log10 

transformed. Standard deviations for each subject 

were calculated pre and post for F1 and F2. The 

standard deviations were comparable for both 

groups (paired t-test, ns). The two male participants 

were excluded from the analysis.  Outliers (values 

>3 standard deviations) were removed by trial rather 

than by participant. Post hoc tests were performed 

with Bonferroni correction (alpha=0.017). Effect 

size was measured using Cohen’s d. 



3. RESULTS 

3.1. Numbness measurements 

3.1.1 Self-perceived numbness scale 

In the control group, the mean numbness rating was 

0.51/10, with a range of 0-0.21. In the experimental 

group, the mean numbness rating was 6.25/10 with a 

range of 2.1-9.3. This difference was statistically 

significant (t-test, p<0.001). Figure 1 shows the 

percentage of oral cavity regions that were perceived 

as numb by participants in the experimental group. 

Highest rates of numbness were reported for the 

tongue and lips. 

 
Figure 1: Percentage of self-reported numbness by oral 

cavity region. Figure is adapted from: OpenStax college, 

obtained from Anatomy & Physiology, Connexions, 

http://cnx.org/content/col11496/1.6/. 

 

3.1.2 

Formant Results 

ANOVA analysis for F1 showed no significant main 

effects. However, there was a significant interaction 

for Group x Time (F (1, 32) =5.49, p=0.03, Cohen’s 

d=0.336). Post-hoc tests showed no difference in 

control group (paired t-test, p=0.46, Cohen’s 

d=0.005) whereas in the experimental group, F1 

decreased after lidocaine exposure (paired t-test, 

p=0.01, Cohen’s d=0.338). The results are depicted 

in Figure 2 in raw units although the comparisons 

were made in log-transformed units.  
 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Mean F1 divided by group and time.  

 
F2 showed only a significant main effect of 

Group (F= (1,32) = 6.37, p= 0.02, Cohen’s 

d=0.196). Post hoc tests showed no difference 

between control and experimental groups before 

mouthwash (p=0.055, d=0.632). Finally, a 

significant difference was found between the control 

and experimental groups after mouthwash (p=0.014, 

Cohen’s d= 0.802). The results are visualized in 

Figure 3. 

 
Figure 3: Mean F2 divided by group and time.  

 

3.1.3 Additional Analyses 

To further check data quality, F1 and F2 of the 

stimuli were compared to participant formants. In 

the recordings before the mouthwash, the 

participants trended towards a higher F1 compared 

to the stimulus target (unpaired t-test, p=0.06). The 

pre-mouthwash F2 values of both groups were 

substantially higher than the stimulus target 

(unpaired t-test, p<10-15). 
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4. DISCUSSION 

The results of this study show that perturbation of 

the intraoral somatosensory system modulates F1 of 

the English vowel /i/. However, the way in which  

this perturbation modulates both F1 and F2 is 

subject to further investigation. 

Congruent with earlier findings [12-14], we 

observed changes in formants after numbing the oral 

cavity. As opposed to the findings in [12-14], our 

findings indicate systematic changes in F1 at the 

group level. Since earlier studies have largely used a 

case series design, the present results may reflect an 

increase in statistical power showing the relatively 

weaker group level effects. In addition, the present 

study used topical anaesthetic as opposed to nerve 

blocks used in earlier studies potentially inducing 

more congruent compensatory behaviours [10-14]. 

While articulatory changes underlie the observed 

changes in formants, they were not directly 

measured. Formant extraction is an error-prone, 

indirect measurement of the biomechanical 

configurations of the vocal tract [22]. Extant 

experimental evidence does not allow for a direct 

prediction of acoustic related changes based on 

biomechanics [23, 24].  Therefore, direct kinematic 

measurements would be required to understand 

changes underlying tongue position. Based on 

perturbation analyses of vocal tract shapes and 

corresponding computed formant frequencies, the 

observed difference in formant patterns during /i/ 

may be explained by the tongue being bunched 

slightly further along hard palate towards the soft 

palate; thereby lengthening the narrow air column 

between tongue and palate in the experimental group 

compared to the control group [25-30]. In the 

experimental group, the tongue could be pushed 

pushed harder against the palate to restore oral 

somatosensory feedback.  

For F2, statistical analyses showed only a 

significant main effect for Group in F2. Post hoc 

tests only reached significance when comparing post 

F2 values between the control and experimental 

groups. Surprisingly, the control group seemed to 

have increased F2 values after swishing with the 

mouthwash while the experimental group seemed to 

have a decreased F2.  However, a systematic 

lowering or raising pattern was not found for F2. 

This may be explained by natural variation in the 

way the experimental and control groups imitated 

the stimulus target. Statistical analyses showed that 

both groups were statistically different in their F2 

productions before the lidocaine manipulation. 

Future studies using greater sample sizes may reveal 

a more systematic effect of lidocaine. Another 

possible explanation could be a confound effect by 

using auditory stimulus target. As opposed to F1, the 

F2 in the target stimulus was lower than the average 

participant F2 productions.  Between-subject 

variability in vowel formants is greater in read 

words than when imitating an acoustic target [31]. 

Hypothetically, the participant-specific tongue-

palate target for /i/ and the acoustical target may 

have been in conflict. This could have led to relative 

changes in the somatosensory and auditory weights 

in monitoring the production. Future studies are 

required to dissociate the interplay of auditory and 

somatosensory feedback in vowel production. 

Finally, in this study, topical anaesthesia of the 

oral cavity was achieved using a lidocaine 

mouthwash solution. While the questionnaires show 

congruent patterns within each participant group 

(control, experimental) in terms of degree of 

anaesthesia, the areas (fig 1) were based on self-

reported region markings. These may not include all 

the areas that were affected by numbing agent. 

Specific regions can only be approximated, and we 

can only assume numbing of the anterior part of the 

oral cavity. In future studies, the impact of the 

numbing agent could be verified with stereognostic 

or two-point discrimination tests. Furthermore, on a 

physiological basis, the tongue consists of 

superficial and deep sensory receptors that are used 

to detect changes in touch, temperature, and taste 

[32]. Topical lidocaine may only inhibit the 

superficial receptors. 

5. CONCLUSION  

Perturbation of somatosensory feedback modulates 

the production of /i/ as observed through the lowest 

two formants. F1 was lowered in the experimental 

group after exposure to lidocaine. A systematic 

change was not found for F2. Three possible 

mechanisms could underlie the results: 1) natural 

variation within the sample; 2) stronger reliance on 

auditory feedback; and/or 3) the tongue being 

pushed harder towards the palate to compensate for 

reduced somatosensory feedback. 
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