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ABSTRACT 

 

When producing French vowels, adult speakers with 

congenital visual deprivation produce smaller 

displacements of the lips (visible) but larger 

displacement of the tongue (invisible) than their 

sighted peers. To further investigate the impact of 

visual experience on the implementation of 

phonological targets, a speech production study was 

conducted with blind and sighted school-aged 

children. Eight congenitally blind children (mean age: 

7 years old; range: 5 to 11 years) and eight sighted 

children (mean age: 7 years old; range: 5 to 11 years) 

were recorded while producing repetitions of the 

French cardinal vowels. Tongue and lip positions 

were tracked using a synchronous ultrasound and 

audio-visual recording system. Results show that 

blind children have reduced magnitude of tongue and 

lip displacement compared to their sighted peers, 

unlike adults. Overall, blind children display phonetic 

patterns typical of earlier stages of speech 

development in sighted children. 
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1. INTRODUCTION 

In face-to-face conversation, speech is produced and 

perceived through various modalities. Movements of 

the lips, jaw, and tongue, for instance, are heard and 

seen by the perceiver. Visually salient articulatory 

movements (of the lips and jaw) also contribute to 

speech identification in acoustically degraded 

conditions ([1, 2]) and in non-degraded conditions 

([3]). The seminal McGurk effect ([4]) shows how 

high-level speech perception integrates auditory and 

visual features. 

The above-mentioned sensory modalities are also 

involved in speech production. Indeed, many studies 

have emphasized the close relationship between 

speech production and speech perception systems. 

These studies led to the proposal of sensorimotor 

theories of speech ([5, 6] for instance). One of them, 

the Perception for action control theory (PACT) 

described in [7], posits that perceptual processes and 

procedural knowledge of speech actions are both 

involved in the planning and recovering of speech 

units. According to PACT, speech goals correspond 

to multisensory perceptuo-motor units. In the course 

of speech development, perception and action are 

tightly linked, and speech perception necessarily 

involves procedural knowledge of speech production 

mechanisms. Furthermore, perceptual mechanisms 

provide gestures with auditory, visual, and 

somatosensory templates that guide and maintain 

their development. In this paper, we explore the role 

of vision in speech production through a study of 

congenitally blind children, who never had access to 

perceptual visual templates. 

2. VISUAL DEPRIVATION AND SPEECH 

PRODUCTION 

The role of visual input has mainly been described in 

the speech perception domain. Yet, in the last decade, 

several studies have provided evidence that phonetic 

implementation of phonological goals is guided in 

part by visual constraints.  

2.1. Speech production in blind adults 

The fact that congenitally blind speakers learn to 

produce correct speech sounds suggests that visual 

cues are not mandatory in the control of speech 

movements. Nevertheless, differences exist between 

speech sounds produced by congenitally blind adults 

and sighted adults. For instance, in Canadian French-

speaking adults, congenital blindness was found to 

reduce the size of the acoustic vowel space ([8]). At 

the articulatory level, the magnitude of lip contrasts 

(visible articulator) produced between phonologically 

rounded and unrounded vowels is also reduced in 

blind adults. Conversely, tongue contrasts are greater 

in blind speakers than in their sighted peers. In 

conditions where speech intelligibility was enhanced, 

such as in contrastive focus or in clear speaking 

conditions, blind speakers made less use of their 

visible articulators than sighted speakers. 

Perceptually, both speaker groups reach comparable 

intelligibility scores in clear auditory conditions ([9]). 

Interestingly, a different pattern of results was found 

in Dutch ([10]): a larger acoustic vowel space in blind 

than in sighted adult speakers was obtained, thus 
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suggesting that strategies to cope with visual 

deprivation are language-dependent. Altogether, 

those results suggest that the phonetic correlates of 

phonological contrasts are guided by sensory 

templates involving vision and acquired during 

speech development. 

2.2. A developmental approach 

At the language acquisition stage, babies establish 

relationships between auditory parameters and visual 

events ([11]). Although numerous studies have 

focused on the impact of auditory deprivation on 

speech production, not much is known about 

congenital visual impairment. This kind of 

deprivation could have consequences for the 

strategies used to develop language ([12, 13, 14]) and 

more specifically to produce phonological targets. 

Lewis (1975) ([15]) reported that, at the pre-babbling 

stage, blind babies imitated lip gestures less than 

sighted babies. Blind babies also show longer 

babbling phases, as well as delays in the production 

of their first words ([16, 17]). Elstner (1983) ([18]) 

and Mills (1987) ([19]) presented various studies 

showing phonological delays and phonetic-

phonological disorders in older children. In a study of 

syllables produced by a congenitally blind 2-year-old 

German child, a higher number of phonological 

confusions between groups of visually dissimilar 

consonants (labial /b/ vs. velar /k/) was reported for 

the blind child compared to two English-speaking 

sighted children ([20]). Comparable results were 

found for three blind speakers ([20]). Not much is 

known, however, about the effects of visual 

deprivation on the development of the phonetic 

implementation of phonological targets.  

2.3. Objective 

The objective of this study is to describe the phonetic 

strategies (at the articulatory and acoustic levels) used 

to produce cardinal vowels in French-speaking 

congenitally blind children and sighted children. 

3. METHOD 

3.1. Participants 

Eight congenitally blind children (mean age: 7 years 

old; range: 5 to 11 years) and eight sighted age-

matched and gender-matched sighted children (mean 

age: 7 years old; range: 5 to 11 years) were recruited 

in the Montreal area. The blind children had 

congenital visual deprivation and had no other 

medical issues or language delays. All children were 

native speakers of Canadian French and were 

screened for auditory thresholds.  

3.2. Corpus 

Children had to produce multiple repetitions of the 

target vowels /i/, /u/ and /a/ embedded in /bVb/ 

syllables. Each syllable was produced ten times in 

each of the following conditions: “I am /bVb/ the 

musician” (“Je suis /bVb/ le musicien”, neutral 

condition); “No, I am /bVb/ the musician” (“Non, je 

suis /bVb/ le musicien”, focus condition), as a 

response to a question by the experimenter in which 

an error was introduced in the target vowel “Are you 

/bVb/ the musician?” The focus condition was 

elicited to generate vowel production under local 

hyperarticulation ([21]). It is known that, in contexts 

where perceptual saliency is enhanced, speakers 

hyperarticulate the gestures that are weighted more 

heavily in the phonetic representation. Furthermore, 

the ability to alter speech production along the 

hypoarticulation-hyperarticulation scale is an index 

of mature speech control. In young children (at 4 

years old), in line with the sequential acquisition of 

lip and tongue motor control, the effects of 

contrastive focus are first observed in labial gestures, 

later followed by lingual gestures at 7-8 years old 

([21]). 

3.3. Experimental procedure 

Articulatory and acoustic data were recorded using a 

combined ultrasound (Sonosite 180Plus) and audio-

visual recording system (frontal and lateral views of 

the face). The synchronized acoustic signal was also 

recorded using a unidirectional SHURE microphone, 

with a sampling frequency of 22050 Hz.  

3.4. Data analysis 

All articulatory and acoustic measures were extracted 

at vowel midpoint. Lip positions were extracted using 

homemade Matlab programs, as described in [21]. 

Upper lip protrusion corresponded to the distance (in 

mm) between the reference position of the head and 

the vermilion border of the upper lip, on the lateral 

view. Ultrasound images corresponding to each 

vowel’s midpoint were selected. Tongue contours 

were semi-automatically tracked using the 

GetContour program (described in [22]) and 

corrected for head movements using an adapted 

version of the HOCUS procedure ([22, 26]). 

Measures of tongue height and maximum curvature 

index (hereafter referred to as MCI), as described in 

[23], were also extracted. Acoustic data were 

analysed using Praat ([24]). The first (F1) and second 

(F2) formant frequencies were also extracted at the 

vowel midpoint, using the Linear predictive coding 

algorithm embedded in Praat. To normalize for 
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between speaker variability in vocal tract size, all data 

were transformed in z-scores.   

Linear mixed-effects models ([25]) were built 

using R. The dependent variables were articulatory 

and acoustic measures (one model for each variable), 

and the independent variables corresponded to the 

vowel (/i/, /a/, and /u/), the prosodic condition (neutral 

and focus) and the participant’s group (sighted and 

blind). The participant was included in the models as 

a random effect (slope). 

4. RESULTS 

4.1. Production results 

Figure 1 shows the dispersion ellipses of the three 

cardinal vowels /i u a/ for sighted and blind children, 

in the neutral and focus conditions. As this graph 

shows, the two speaker groups differ in terms of both 

vowel space organization and the effects of prosodic 

focus. First, a significant effect of the interaction 

between speaker group and prosodic condition is 

observed on both F1 and F2 values (χ2(3)=16.74; 

p<0.001 and χ2(3)=9.08; p<0.05): F1 values are 

significantly higher in the focus condition than in the 

neutral condition for the sighted children only. 

Regarding F2, only the sighted speakers produced the 

vowel /i/ with higher F2 in the focus condition than in 

the neutral condition (p<.001). 

 

 
Figure 1: Mean values of F1 and F2 for sighted children 

(right panel) and blind children (left panel) in the neutral 

(blue line) and focus (red line) conditions. 

 

The articulatory strategies the children used to 

implement the three phonological targets are 

displayed in Figures 2 and 3. Figure 2 shows the 

upper lip protrusion values. Data are averaged across 

speakers, for each vowel. In this articulatory 

dimension, sighted speakers produced significantly 

larger differences between the rounded vowel /u/ and 

the unrounded vowel /i/ (χ2(5)=25.42; p<0.001). 

Furthermore, a significant effect of the interaction 

between speaker group and prosodic condition is 

found (χ2(3)=14.82; p<0.01), with overall lip 

protrusion values being enhanced in the focus 

condition compared to the neutral condition for the 

sighted group only. 

 

 
Figure 2: Mean values of upper lip position for sighted 

children (right panel) and blind children (left panel) in the 

neutral (blue line) and focus (red line) conditions. Error 

bars are standard errors. 

 

Figure 3 depicts the mean values of tongue front-back 

position, for each vowel and each prosodic condition. 

As was the case for lip protrusion, lip height values 

are averaged across speakers. A significant effect of 

the interaction between speaker group, prosodic 

condition and vowel is also found for this articulatory 

dimension (χ2(7)=21.36; p<0.001). Indeed, the 

difference between tongue position in /u/ relative to 

/i/ is significantly larger for sighted children than for 

blind children (p<0.01). No significant effect of 

prosodic condition was found for blind children, 

whereas sighted children produced less fronted /u/ 

and /a/ in the focus condition compared to their 

neutral counterparts (p<0.001).  

 

 
Figure 3: Mean values of tongue front-back position for 

sighted children (right panel) and blind children (left 

panel) in the neutral (blue line) and focus (red line) 

conditions. Error bars are standard errors. 

 
Finally, MCI values (tongue curvature) are shown in 

Figure 4. As was the case for tongue position, a 

significant effect of speaker group, prosodic 

condition and vowel is revealed by the statistical 

analysis (χ2(7)=27.85; p<0.001). Indeed, the 

difference between tongue curvature values in /u/ and 

/i/ is significantly larger in sighted children than in 

their blind peers (p<0.001). Furthermore, for /i/ and 

/u/, tongue curvature was reduced (indicating a more 
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bunched shape) in the focus condition compared to 

the neutral condition in sighted children only 

(p<0.001). No such effect was found in the blind 

group. 

 

 
Figure 4: Mean values of tongue curvature for sighted 

children (right panel) and blind children (left panel) in the 

neutral (blue line) and focus (red line) conditions. Error 

bars are standard errors 

 

5. DISCUSSION 

The results presented so far suggest that congenital 

visual deprivation impacts the phonetic development 

of vowels in children. Indeed, in our study, 

congenitally blind children did not differentiate 

between tongue and lip positions to the same extent 

as their sighted age-matched controls: for both these 

articulators, the use of labial and lingual contrasts was 

reduced when access to visual input was not 

available. Furthermore, no effect of contrastive focus 

was observed on the vowels produced by congenitally 

blind children. This pattern of results points to 

delayed development, corresponding to an earlier 

stage of motor control maturity than in sighted 

children (see [21]).  

It should be noted, however, that those differences 

do not indicate specific speech disorders. Indeed, as 

reported in other studies ([8]), by adulthood, blind 

speakers have acquired mature motor control of the 

lips and tongue such that those gestures are recruited 

in complementary ways to implement phonological 

targets in sighted and blind groups. Developmental 

trajectories are therefore likely linked to the richness 

of sensory input surrounding the child. A longitudinal 

analysis is currently under way to better characterize 

speech development in blind children. 

Despite the significance of the results, some 

limitations must be acknowledged. First, our analyses 

include only eight children from each group. In an 

effort to limit the effects of associated motor or 

cognitive deficits, we included only children with 

isolated congenital deprivation and with a similar 

linguistic background (native Canadian French 

speakers, in our case), which greatly reduces the 

number of participants. Second, no measure of 

speaker’s auditory perception skills was taken (apart 

from auditory thresholds). Although we cannot rule 

out the possibility that part of the group differences 

reported here at the production level could arise from 

perceptual acuity differences, it is highly unlikely that 

the production results are entirely related to such 

perceptual differences. Indeed, in our previous 

studies on speech production by blind and sighted 

adults, perception did not explain production patterns 

([8, 21]). Furthermore, only three vowels were 

targeted in our study. Further studies should 

undoubtedly be conducted to extend our results to 

other phonemes, and possibly in other languages. 

Recent studies have indeed shown that, although 

blindness impacts both acoustic and articulatory 

correlates of vowel production, its effect varies across 

languages ([10]).  
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