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ABSTRACT 

 

Current understanding of speech production and 

perception assumes that multisensory (auditory, 

visual, and proprioceptive) information is linked to 

the actions of orofacial articulators, and these 

relationships are established early in life. Although 

many studies have examined the role of visual cues 

in speech perception, less is known about their role 

in speech production. We review studies of speech 

produced by congenitally blind versus sighted 

French speakers. They suggest that early access to 

visual input impacts articulatory strategies used to 

implement phonological targets. Implications for 

perceptuo-motor theories of speech production and 

perception are discussed. 
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1. MULTISENSORY PRODUCTION-

PERCEPTION RELATIONSHIPS 

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

perceived through various modalities. Movements of 

the lips, jaw, and tongue, for example, modulate air 

pressure to produce a complex waveform perceived 

by the listener’s ears. Visually salient articulatory 

movements (of the lips and jaw) also contribute to 

speech identification in acoustically degraded 

conditions [45, 46] and in non-degraded conditions 

[1]. The seminal McGurk effect [22] shows how 

high-level speech perception integrates auditory and 

visual features. This phenomenon occurs when a 

listener hears a stimulus such as /pa/ while watching 

a discordant visual stimulus such as /ka/. For most 

participants, the resulting percept is a fusion of both 

modalities (i.e., /da/). 

In recent decades, much evidence was found to 

support the existence of a functional link between 

action and perception in speech, e.g. [5, 13, 42]. This 

phenomenon is referred to as “sensorimotor 

integration.” Several behavioral and 

neurophysiological studies have attempted to 

evaluate how speech perception processes are 

influenced by production tasks [25, 36, 39, 15, 41, 

49]. Other experiments have explored the link 

between production and perception by measuring the 

effects of various perceptual tasks on speech 

production, e.g. [7, 8, 34]. Importantly, these studies 

suggest that not only heard speech, but also seen and 

felt speech is tightly linked to speech perception and 

production [9].    

2. VISUAL IMPAIRMENT AND SPEECH  

Since multimodal sensory input is linked to speech 

production, sensory deprivation can affect speech 

production. Many studies have shown that severe to 

profound hearing loss greatly affects a speaker’s 

ability to produce intelligible speech, as reviewed in 

[6]. Reliance on visible articulators such as the lips 

and jaw is enhanced in some hearing-impaired 

listeners. In contrast, less is known about the 

influence of visual deprivation on speech perception 

and production. The fact that congenitally blind 

speakers learn to produce correct speech sounds 

suggests that visual cues are not needed to control 

speech movements.  

A quick examination of the perceptual saliency of 

French contrasts in the auditory and visual channels 

suggests that some features might be more affected 

by visual deprivation than others. French oral 

vowels are organized along three phonological 

contrasts: height, rounding, and place of articulation. 

The phonetic implementation of those contrasts 

requires both visible (jaw and lips) and invisible 

(tongue) articulators. For example, producing 

rounding contrasts (involving the lips) is more 

visible than producing place-of-articulation contrasts 

(involving the tongue), although modelling studies 

reveal that complementary maneuvers between the 

tongue and the lips can produce the same acoustic 

target [23]. Regarding the height dimension, 

however, various gestures can be recruited to 

achieve specific contrasts, in complementary ways 

[20, 32, 33]. For example, contrasts between high 

and low vowels can be implemented mainly through 

variations in jaw position, the tongue being 

passively carried. In contrast, jaw position can 

remain relatively stable while the tongue is actively 
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elevated or depressed. These articulatory maneuvers 

yield various visual effects, jaw movement being 

visible while tongue movement is not (apart from 

tongue tip displacements, partially visible when the 

mouth is opened). It remains to be determined 

whether the use of visible vs. invisible articulators in 

the implementation of French vowels is affected by 

sensory input.   

2.1. Speech perception and production in 

congenitally blind adults 

It is well documented that auditory perception 

abilities of congenitally blind individuals differ from 

those of sighted individuals [12, 14, 19, 27, 30, 43, 

44]. Many studies have also shown how cortical 

areas devoted to vision in sighted subjects are active 

in blind speakers during speech perception tasks, 

e.g. [3], pointing to the important cortical 

reorganization that occurs  in sensory-deprived 

populations. Since, according to many, the ability to 

perceive speech is related to the amount of contrast 

produced between two sounds, e.g. [34], this 

between-group difference in auditory discrimination 

may entail differences at the production level. 

Furthermore, apart from differences in auditory 

discrimination between congenitally blind and 

sighted speakers, visual deprivation per se might 

also lead to differences in the control of the speech 

articulators (especially the visible ones).  

The effects of congenital visual impairment on 

the perception and production of phonetic contrasts 

in Canadian French vowels were investigated in a 

series of studies. First, a cohort of 12 congenitally 

blind adults and age-matched sighted adult control 

participants was recruited [24]. All participants 

produced several repetitions of the ten French oral 

vowels. Auditory acuity was evaluated through AXB 

discrimination tests of synthesized vowels along five 

continua: /i/ versus /e/, /e/ versus /ε/, and /ε/ versus 

/a/ (representing height), /y/ versus /u/ (representing 

place-of-articulation), and /i/ versus /y/ (representing 

rounding). Blind speakers had significantly higher 

peak discrimination scores than sighted speakers for 

the /e/–/ε/ and the /ε/–/a/ contrasts. The difference in 

peak discrimination scores for the /i/–/y/ continuum 

did not reach significance (p < .07) but the observed 

pattern was similar to the significant difference 

noted for the other two contrasts. At the acoustic 

level, produced contrast distances, measured by the 

value of average vowel space (AVS), were 

significantly higher for sighted speakers than for 

blind speakers. Vowels were thus spaced farther 

apart in the acoustic formant space for sighted 

speakers than for blind participants, despite the 

higher auditory discrimination scores attained by the 

latter group. Next, a subset of the vowels produced 

by all speakers were submitted, as an auditory 

identification test, to a group of 20 adult sighted 

French listeners. As shown in the two left-most bars 

in Fig. 1, interestingly, the intelligibility scores did 

not differ significantly between blind or sighted 

adults. (Scores in children are discussed later). 

 

Figure 1: Intelligibility scores (% correct 

responses) of vowels produced by sighted and 

blind adults and children.   

 
 

 

To further investigate the effects of blindness on 

speech production, the contributions of upper lip 

protrusion and tongue shape/position in the 

implementation of the French phonological vowel 

contrasts mainly involving those articulators 

(rounding, place of articulation, rounding and place 

of articulation combined) were examined [25]. 

Ultrasound imaging was used with audiovisual 

recordings. This showed that the lips and tongue 

were involved in the implementation of the rounding 

contrast, but the magnitude of the variance in upper 

lip protrusion (in mm) between those vowel pairs 

was significantly greater for sighted participants 

than for blind participants. Regarding the place of 

articulation feature, tongue front-back position 

differences between those pairs were significantly 

greater for congenitally blind speakers than for their 

sighted peers. However, the contribution of upper lip 

protrusion was reduced for the blind speakers, 

suggesting a trade-off relationship. The analysis of 

vowel pairs involving contrasts in both rounding and 

place of articulation showed that sighted participants 

had a larger range of upper lip protrusion compared 

to blind participants. The reverse pattern was found 

for tongue curvature and front-back position of the 

tongue, for which the blind group produced greater 

variation in articulatory position. 

In follow-up studies, variations of intelligibility 

demands were done through manipulations of 

prosodic focus [25] and speaking condition [26]. 

Contrastive focus has been reported to increase 

perceptual saliency and to enhance phonemic 
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distinctiveness, whereas speaking condition, 

especially clear speech, is used to increase global 

intelligibility of the constituents. Concerning 

prosodic focus [25], two groups of nine speakers 

were recorded while producing the vowels /i/, /y/, 

/u/, and /a/ in three consonantal contexts (/b/, /d/, 

and /g/) and in two prosodic conditions (contrastive 

focus and neutral). Both subject groups produced 

acoustic correlates of focus, but the articulatory 

strategies they used differed. At the acoustic level, 

this study showed that both sighted and congenitally 

blind speakers used increased values of pitch (F0), 

intensity (RMS), and duration to signal prosodic 

contrastive focus in French. At the articulatory 

level, lip geometry was affected differently by the 

prosodic condition: the internal lip area values were 

significantly increased under focus for all 

consonantal contexts in sighted speakers, while they 

were not significantly increased for blind speakers. 

As for upper lip protrusion, prosodic condition was 

found to affect only the vowel /y/ in sighted 

speakers. In the case of clear speech [26], sighted 

and congenitally blind participants were recorded 

using electromagnetic articulography (EMA) while 

producing multiple repetitions of the ten French oral 

vowels in carrier sentences, in conversational and 

clear speaking conditions. Articulatory variables 

(lip, jaw, and tongue positions) as well as acoustic 

variables (contrasts between vowels, within-vowel 

dispersion, pitch, duration, and intensity) were 

measured. Lip movements were larger when going 

from conversational to clear speech in sighted 

speakers only. However, tongue movements were 

affected to a larger extent in blind speakers 

compared with their sighted peers. Taken together, 

these studies provide evidence that production-

perception relationships in speech are different in 

congenitally blind individuals compared with 

sighted individuals.  

2.2. A developmental perspective 

Early in life, sighted infants demonstrate strong 

capacities to associate sounds with corresponding 

visual representations of the lips [16, 17, 38]. 

Babies also imitate labial movements of sounds that 

are visually presented. It is therefore clear that at the 

language acquisition stage, infants establish 

relationships between auditory parameters and 

visual events. Fine-tuning of speech perceptual 

processing abilities continues in childhood. For 

instance, the weight given to multiple sensory input 

(such as visual and auditory cues) is not the same at 

10 years of age as in adulthood [10, 22]. 

Furthermore, sensory modalities interact with each 

other during development [11]. When one modality 

is missing, such as in cases of congenital visual 

deprivation, a complex reorganization of sensory 

processing occurs. Such deprivation could affect the 

strategies used to develop language [21, 37] and 

more specifically to produce phonological targets. 

Lewis [18] reported that at the pre-babbling stage, 

there was less imitation of lip gestures by a blind 

baby than by sighted babies. Blind babies also show 

longer babbling phases, as well as delays in the 

production of the first words [2, 48]. Elstner [4] and 

Mills [29] presented several 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, Mills [28] reported a higher number of 

phonological confusions between groups of visually 

dissimilar consonants (labial /b/ vs. velar /k/) for the 

blind child compared to two English-speaking 

sighted children. A few studies of phonological 

awareness, however, reported contradictory results. 

Lucas [19] reported a similar percentage of correct 

responses in blind and sighted children in an 

imitation task. Thomas, Prost, Espesser, and Rey 

[47], in contrast, found differences in responses 

from eight visually impaired children aged 6.5 to 

9.5 years and eight age-matched control subjects. In 

a non-word repetition task, the visually impaired 

children had significantly more errors on phoneme 

contrasts based on visible place of articulation such 

as /p/ and /k/. Prost, Espesser, Sabater, Thomas-

Bartalucci, and Rey [35] further studied access to 

phonological targets and found similar results. 

These mixed results might be ascribed to additional 

variables. Indeed, it is difficult to study 

homogeneous populations of blind speakers because 

observed differences in speech production abilities 

between blind and sighted groups might be related 

to the presence of uncontrolled variables such as 

additional motor control disorders or language 

disorders unrelated to the visual impairment. 

A recent study investigated the acoustic and 

articulatory strategies used by 12 congenitally blind 

French speaking children aged 5 to 10 years old and 

12 age-matched, sighted control children. They 

were instructed to produce multiple repetitions of a 

few sentences in a neutral condition and in a 

focused condition (similar to the elicitation method 

used in [25]). The vowels /i y u a/ were examined. 

Articulatory data were recorded using ultrasound 

imaging (for the tongue) and audiovisual recording 

(for the lips). Apart from the fact that blind children 

had larger acoustic and kinematic variability than 

their sighted peers, a result suggesting less mature 

motor control in the latter than in the former, blind 

children had reduced acoustic and articulatory 

contrasts (in the lip and tongue dimensions) 
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between vowels. Moreover, the effect of focus was 

observed only in sighted children, who increased lip 

and tongue contrasts between the neutral and the 

focused condition. Blind children did not alter their 

lip and tongue positions under contrastive focus 

compared to the neutral condition. Of note, both 

groups used increased F0, intensity, and duration on 

the focused constituent. Unlike adults, intelligibility 

scores of vowels produced by blind children were 

significantly lower than those produced by their 

sighted peers (see Fig. 1), suggesting that their 

articulatory strategies were less efficient 

perceptually.  

3. CONCLUSION 

According to the Perception-For-Action-Control 

Theory (PACT) described in [40], 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. The fact that 

visual deprivation triggers different production 

strategies strongly supports the view that perception 

and production are co-structured. In the course of 

speech development, blind speakers do not integrate 

lip movements as a component of the speech task for 

some phonological features as strongly as sighted 

speakers do. Indeed, for the latter, seeing the lips 

might act as a constraint on lip movements; since 

this articulator has auditory and visual correlates 

(among others), its weight during speech 

development could be more important than that of 

less visible articulators such as the tongue. Blind 

speakers, in contrast, would not be affected by such 

constraints and articulatory movements would have 

comparable perceptual correlates. In early 

childhood, the effects of blindness likely reduce 

speech intelligibility. This pattern is no longer 

observed in adulthood. Congenitally blind 

individuals thus seem to find alternate paths to 

intelligible speech [31]. Further studies are currently 

underway to examine the interplay of higher 

cognitive factors and sensory input in both 

populations. 
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