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Abstract 

 The current study consists in a longitudinal follow-up of French phonetic and phonological 
development in preschool children exposed to one of the three following language pairs: French-
Italian, French-Arabic and French-Mandarin. Developmental patterns and individual trajectories have 
been examined over four successive recording sessions, focusing on differences and similarities 
across linguistic groups. The impact of subject-related (i.e., linguistic dominance, lexical 
development in French and in both languages, gender, presence of older siblings) and item-related 
independent variables (i.e., elicitation technique, phonological complexity and lexical frequency) on 
the children’s speech productions has also been investigated. Analyses have focused on different 
levels of phonological organization – i.e., segments, syllabic structure and whole-word forms – and 
have been based on both acoustic measures and phonetic transcriptions of the words produced by the 
bilingual children in a customized word-naming task. Results show differences between the three 
linguistic groups, as French-Arabic bilinguals globally exhibit a more advanced development of 
consonant production compared to the other two groups. Vowels are overall less impacted by the 
different variables under consideration than consonants and whole-word forms, presumably because 
the children have already achieved a later stage of development with regards to vowel production. 
The developmental variables of session and chronological age, together with lexical development in 
French and in both languages and the elicitation technique are the factors that more robustly impact 
the children’s speech productions. In contrast, linguistic dominance, gender and the presence of older 
siblings only marginally influence phonological proficiency and might be confounded with other 
variables. These findings provide new insights about typical French speech development in contrasted 
contexts of simultaneous bilingualism. Implications of the study include, amongst others, contributing 
to an earlier detection of a potential speech and/or language delay/impairment in bilingual toddlers.
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« La parole humaine est comme un chaudron fêlé où nous battons des mélodies à 
faire danser les ours, quand on voudrait attendrir les étoiles » 

 
Gustave Flaubert, Madame Bovary 
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INTRODUCTION 

 Knowledge about typical phonetic and phonological development in bilingual toddlers is 
currently still limited, as acquisition studies have for long focused on monolingual children. For the 
child exposed to two languages from birth, language development is influenced by the nature of 
language input and use as well as by the sociolinguistic context and specific language pair. 
Henceforth, the wide range of linguistic experiences leading to bilingualism makes the definition of 
developmental norms even more challenging than it already is for monolingual children. 
Consequently, it is not unusual that what constitutes normal variability characterizing the speech 
productions of bilingual toddlers would be confused with a potential language/speech delay or 
disorder. Given the great variety of bilingual experiences, one might indeed expect a higher inter- and 
intra-individual variability in early speech productions. 

 An increasing number of researchers have taken a keen interest in the issue of simultaneous 
bilingual acquisition in the last decades. Numerous studies have shown that bilingual development is 
similar but not identical to monolingual development and that bilingual toddlers display specific 
developmental trajectories. It is currently acknowledged that children exposed to two languages from 
birth would develop two distinct but interacting phonological systems and that this cross-linguistic 
interaction could manifest itself in different manners, depending on the specific languages as well as 
on the degree of exposure to each of them. Still, studies about bilingual production have yielded 
mixed results which are partly due to methodological issues. Many investigations involved restricted 
participant samples and differed by the methods used. Furthermore, most studies included children 
exposed either to English and/or to Spanish. Consequently, the way the two phonological systems of 
a bilingual toddler would develop – and eventually, interact – is not yet well understood.  

 The project of our doctoral dissertation emerged on the basis of these observations and is 
aimed at assessing the development of phonetic and phonological skills in preschool bilinguals 
exposed to different language pairs. More particularly, we have chosen to focus on three specific 
language combinations, all of which include French and another language differing by its degree of 
similarity to French; namely: French-Italian, French-Arabic and French-Mandarin. Our particular 
objective is thus to observe the evolution of speech production skills and the emergence of the 
phonological system in French in contrasted situations of simultaneous bilingualism. In parallel, our 
research also aspires to contribute to acquiring a better knowledge of “normality” and the potential 
deviations from it in the specific context of bilingual speech acquisition. To this end, we have 
developed a specific experimental protocol involving multiple tools in order to longitudinally collect 
complementary data from our participants. More precisely, hetero-reported data have been gathered 
through parental questionnaires and allowed us to document the specificities of the bilingual 
experience as well as the children’s lexical development in both languages. Speech productions have 
been collected via a self-developed word-naming task and have been subjected to varied types of 
analyses including acoustic measures on the recorded speech sounds and phonetic transcriptions of 
the words produced by the bilingual children. Gathering these different data about our participants 
has permitted to consider a series of factors, both endogenous and exogenous, susceptible to impact 
early phonetic and phonological development. 
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This doctoral dissertation is structured in five main chapters: (1) the theoretical background, 
(2) the method, (3) the results, (4) the general discussion and (5), the conclusion and perspectives. 
These chapters are sub-divided into different sections described in the following paragraphs. 

The first chapter (theoretical background) includes four sections. The first two sections are 
devoted to the description of phonetic and phonological development in first language acquisition 
(Chapter I. section 1.) and in bilingual language acquisition (Chapter I. section 2.). Both sections 1. 
and 2. propose a review of the literature about speech perception and speech production studies. The 
third section is dedicated to the phonetic and phonological description of the different languages 
involved in the selected language pairs (Chapter I. section 3.). Finally, the fourth section concludes 
the chapter by presenting the research problematic and strategy as well as the working hypotheses of 
the current study (Chapter I. section 4.).  

The second chapter provides a detailed description of the method and includes four sections 
involving the description of: (1) the participant sample (Chapter II. section 1.), (2) the data collection 
paradigm (Chapter II. section 2.), (3) the procedures used for data processing (Chapter II. section 3.) 
and (4), the analyses conducted on the children’s speech productions (Chapter II. section 4.).  

The third chapter is devoted to the presentation of the results and contains three sections 
corresponding to the different structures analysed: a first section about vowels (Chapter III. section 
1.), a second section about consonants (Chapter III. Section 2.) and a third section about whole-word 
forms (Chapter III. Section 3.). Preliminary specific discussions of the results will conclude the 
sections about vowels and consonants. 

The fourth chapter includes a general discussion of the results and is followed by the fifth and 
last chapter devoted to the conclusion and future research directions. 
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I!THEORETICAL BACKGROUND 
I.1! PHONETIC-PHONOLOGICAL DEVELOPMENT IN FIRST LANGUAGE ACQUISITION  

I.1.1!  SPEECH PERCEPTION  

I.1.1.1! Categorical perception and early discrimination capacities 

! Infants start experimenting auditory stimuli during their prenatal development, albeit 
passively, and this experience would give rise to post-natal familiarity effects. Indeed, newborns 
preferentially respond to their mother’s voice and to the ambient language (DeCasper and Fifer, 1980; 
Mehler, Jusczyk, Lambertz, Halsted, Bertoncini & Amiel-Tison, 1988). Moreover, they are 
particularly sensitive to prosody1, especially as exaggerated in the kind of talk addressed to babies 
(referred to as “Infant-directed speech” - IDS or “motherese”) which is characterized by higher pitch 
patterns, longer pauses and more prosodic repetition (Fernald & Kuhl, 1987; Majorano, Rainieri & 
Corsano, 2013). This would allow them to discriminate between their mother's and a stranger's voice, 
as well as between normal and IDS speech (Hepper, Scott & Shahidullah, 1993) for which they show 
a significant preference.  

 Besides, newborns are also able to discriminate between utterances in different foreign 
languages as they use rhythmic cues to classify utterances into broad language classes according to 
global rhythmic properties (Nazzi, Bertoncini & Mehler, 1998). Investigating newborns’ ability to 
differentiate between low-pass filtered sentences in different foreign languages, Nazzi and colleagues 
(1998) found that French infants discriminated between languages with different underlying rhythmic 
units (English and Japanese) but failed to discriminate between languages belonging to the same 
rhythmic class (English and Dutch) 2 . Likewise, Mehler and colleagues (1988) tested French 
newborns’ responses to utterances in both French and Russian using the high-amplitude sucking 
technique (HAS). The HAS technique consists in assessing the infant’s reaction to changes in a speech 
stimulus presented to him/her by measuring the rate at which the infant is sucking at a pacifier 
attached to a pressure transducer recording the sucking responses. This technique is based on two 
premises: infants would react to newness by increasing their sucking rate, whereas a decline in it 
would show a habituation process. Different sucking rates between the experimental and control 
conditions would thus indicate discrimination between the two stimuli. Interestingly, Mehler and 
colleagues (1988) measured higher sucking rates when the newborns were listening to French, thus 
indicating that they were discriminating between the two languages.  

 The HAS technique was first used by Eimas and colleagues to observe early discriminatory 
capacities (Eimas, Siqueland, Juscyk & Vigorito, 1971), as studies about phoneme identification in 
adults had revealed a phenomenon of categorical perception (Liberman, Cooper, Shankweiler & 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

1 The term « prosody » designs the phonological organisation of segments into higher-level constituents 
structuring sound. It is an intrinsic determinant of the form of spoken language as it consists in a system 
involving the modulation of different acoustic parameters, which allows for the realisation of supra-segmental 
features such as pitch, rhythm, intensity and length (Cutler, Dahan et Donselaar, 1997).  
2Indeed, languages can be categorized into different classes based on their underlying rhythmic unit supposed 
to occur at regular intervals (Stridfled, 2005). Therefore, languages are referred to as stress-timed (such as 
English), syllable-timed (such as French) and mora-timed (such as Japanese), as their underlying rhythmic unit 
would respectively be stress, syllable and mora. 
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Studdert-Kennedy, 1967). Categorical perception is the ability to ignore acoustic differences between 
speech sounds but those necessary to recognise a language’s phonemes, which entails removing 
irrelevant acoustical variability and allows for the development of the phonological organisation of 
the categories of this specific language. Findings had indeed indicated that adult listeners showed 
poor discrimination of sounds within each category but discriminated sounds belonging to different 
categories. Results from Eimas et al. (1971) demonstrated that pre-babbling infants, aged 1 and 4 
months, could discriminate speech sound contrasts and showed categorical-like perception of speech 
sounds. Indeed, infants differentiated between two synthetic syllables [ba] and [pa], respectively 
involving a voiced and a voiceless stop3 consonant, and thus only differing by a voicing contrast. 
Furthermore, infants reacted only to the categorical VOT contrasts characteristic of English – i.e., 
when the synthetic syllables cross the VOT category boundary characteristic of English – but not to 
pairs of stimuli from within the same phonemic category (namely two different [ba] sounds or two 
different [pa] sounds). 

 Following their research, categorical perception was demonstrated for other consonantal 
contrasts and more precisely, for: (1) voicing contrast between other consonants ([ta] vs. [da]) (Trehub 
& Rabinovitch, 1972), (2) contrasts in place of articulation for stop consonants in both syllable-initial 
and final positions (Miller & Morse, 1976; Jusczyk, 1977) and (3) contrasts in manner of articulation 
for stops vs. nasals and glides4 (Eimas & Miller, 1980; Hillenbrand, Minifie & Edwards, 1979). In 
contrast, infant vowel discrimination was shown to be gradual rather than categorical, as also 
observed with adults, meaning that infants were equally capable of discriminating between vowels 
from the same phonemic category and vowels across category boundaries. In addition, the ability to 
discriminate vowels seems to emerge before consonants’ discrimination (Bertoncini, Bijeljac-Babic, 
Jusczyk, Kennedy & Mehler, 1988).  

From a theoretical perspective then, what investigators (Eimas et al., 1971) initially intended 
to determine was whether phonetic categories would result from learning the contrasts underlying the 
phonological system of the native language or if there were specific mechanisms supporting speech 
perception. Based on their findings, they hypothesized that categorical perception was innate and that 
infants would be “biologically endowed with neural mechanisms that respond to the phonetic 
contrasts used by the world’s languages” (Kuhl, 2000: 2). In that perspective, the environment plays 
a minimal role and categorical perception would not depend on prior linguistic exposure, as young 
infants perceive categories that are not present in their native language(s). In other words, early 
perceptual abilities allow infants to initially discriminate “the universal set of phonetic contrasts, 
regardless of language experience” (Werker & Tees, 2002: 121).  

However, the hypothesis of a specialised human processing for speech sounds was 
subsequently challenged by several studies about non-speech perception and non-human speech 
perception. Indeed, a categorical effect was also found in the perception of non-speech signals (Pisoni, 
1977) and other animals, mammals (chinchillas and monkeys) and non-mammals (quails), were also 
found to categorically perceive voicing contrasts and contrasts in place of articulation (Kuhl and 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

3Also called a plosive or an occlusive in phonetics, a stop is a consonant whose production involves blocking 
the vocal tract so that no air can flow (such as [p] or [t]). 
4Also called semi-consonants or semi-vowels, glides are intermediary phonetic elements between consonants 
and vowels. 
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Miller, 1975; Kluender, Diehl & Killeen, 1987). These findings would thus suggest that categorical 
perception of speech could be based on more general psychophysical mechanisms and auditory skills, 
or, in other words, that underlying mechanisms would not be speech-specific (Kuhl, 2000). 
Nevertheless, general auditory processing mechanisms might have evolved especially for speech 
perception and consequently, species-specific mechanisms could be involved in speech perception by 
humans.  

I.1.1.2! Influence of the native language and perceptual narrowing  

During the first six months of their life, infants are thus able to accommodate phonetic 
categories from any language. In the latter half of the first year, their perception begins to be 
influenced by their native language(s) and there is a decline in sensitivity to non-native speech 
contrasts. Infants begin to capture specific properties about how sound patterns are structured within 
their mother tongue(s) (Jusczyk, 1997) and start integrating its segmental and supra-segmental 
characteristics (Maillart, 2007). As they develop language-specific perceptual patterns, they evolve 
from broad discriminatory abilities to more adult-like language-specific biases and progressively, 
their initial auditory biases are shaped into phonetic categories derived from the ambient language(s) 
(Vihman, 2014).  

More concretely, infants become specialised to discriminate consonant contrasts only relevant 
to their native language(s) around 10-11 months. Indeed, in a critical study, Werker and Tees (1984) 
investigated the discrimination of non-native place of articulation contrasts in English-speaking 
infants aged 8-10 and 10-12 months by making them hear contrasted consonants in both Hindi (dental 
vs. retroflex5 stops) and Thompson, a Native American language (glottalised6 velar vs. uvular stops) 
as well as English place-of-articulation contrasts (bilabial vs. alveolar stops). At 8-10 months, more 
than half of the infants perceived the non-native contrasts, whereas most infants aged 10 to 12 months 
did not. Besides, they could discriminate the native English contrast at every age range. Thus, the 
decline in the ability to discriminate all phonetic contrasts is occurring at the same time as infants are 
starting to understand and produce sounds relevant to their native language(s). According to the 
authors, “this perceptual reorganisation is closely related to the acquisition of phonological contrasts” 
(Werker and Tees, 1984: 132), as infants’ initial sensitivities are aligning with their native 
phonological system.  In contrast, the development of vowel categories seems to be more complex. 
Indeed, and as previously mentioned, vowels are perceived in a continuous rather than categorical 
fashion. Then, some areas of the perceptual space would serve as prototypes for vowel categories 
because they show greater perceptual stability. According to Kuhl and colleagues, vowel categories 
would be organised around these prototypical instances from native-language input at about 6 months 
of age (Kuhl, Williams, Lacerda, Stevens & Lindblom, 1992). More concretely, these prototypes 
would function like “perceptual magnets” that reduce the perceptual distance between the centre and 
the periphery of a vowel category. Furthermore, this magnet effect would lead to the decline in 
sensitivity for non-native vowel contrasts. Polka and Bohn (1996) suggested a different 
developmental path: instead of prototypes, “vowels with extreme articulatory-acoustic properties7... 
[would] act as natural referent vowels – that is, perceptual attractors – and play an important role in 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

5A retroflex stop is a type of consonant made with the tongue curled back and in contact with the hard palate. 
6Glottalization designs the complete or partial closure of the glottis during the articulation of a sound. 
7Vowels located at the extremes of the vowel space.  
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shaping vowel perception” (Polka & Bohn, 2011: 174)8. Still, a similar developmental pattern can be 
globally observed for vowel and consonant perception – that is, a decline in sensitivity to non-native 
speech sounds and phonetic learning of the native-language sounds – but those changes would occur 
earlier for vowels than for consonants. This could be due to the fact that vowels would initially attract 
infants’ attention given their relative prominence in the flow of speech (Jusczyk, 1997). Indeed, 
vowels are longer and louder than consonants and convey both prosodic and phonetic information. 

During their first year of life, infants are thus learning to perceive their native language’s 
contrasts and by 10 months, they become insensitive to acoustic differences not applying to their 
language(s). This perceptual adjustment results from the process of developing mental categories of 
sounds based on acoustic signals that children are hearing (Kuhl, 1985). However, it remains unclear 
which mechanism would underline this shift toward the phonological organisation of the native 
language(s). Moreover, there is still controversy about the developmental change(s) that could explain 
the emergence of native-language influence, whether the increasing interest for the meaning potential 
of speech, the sensitivity to the probabilities of segmental distribution in the linguistic input, or the 
emergence of adult-like syllable production (Vihman, 2014). 

I.1.1.3! Word segmentation and early word learning 

We should point out here that early studies about infant perception previously mentioned were 
focusing on the processing of minimal phonetic contrasts between speech sounds and supported the 
idea that the acquisition of sound organisation of the native language(s) was a bottom-up process, 
starting with basic units (such as phonetic-phonological categories) and combining them into larger 
ones (syllables and then, words). If it could actually be the case, this view does not account for the 
fact that language learning is driven by the will to communicate and that infants’ priority could be to 
learn larger units of sound organisation directly related to meanings. In that perspective, speech 
perception capacities would evolve in line with this need to learn words in order to communicate with 
other people (Jusczyk, 2002).  

Lexical acquisition requires extracting word forms from fluent speech. This segmentation of 
the input into words is challenging for infants, as spoken words are not presented in isolation and 
their frontiers do not have clear acoustic markers. The question arises as to how do they become able 
to detect words in the utterances produced in their environment. The prosodic structure of utterances 
would enable a first segmentation of the speech signal into shorter units through the use of certain 
characteristics, such as the final syllable lengthening or a decrease of intonation, which generally 
mark the end of a prosodic group. Moreover, the IDS and its specific prosodic characteristics would 
also ease word segmentation (Thiessen, Hill & Saffran, 2005). The notion of “prosodic 
bootstrapping” follows from such phenomenon. Indeed, given that natural prosodic units match 
syntactic units, infants’ sensitivity to prosody would allow them to break into grammar (Vihman, 
2014). 

Besides, it could also be assumed that infants should learn about the sound organisation of their 
language(s) before being able to segment words. Indeed, in parallel of their perceptual reorganisation, 
infants are also acquiring knowledge about the phonotactic constraints specific to their language(s) 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

8More specifically, these referent vowels would guide the development of vowel perception by “attracting infant 
attention and providing stable perceptual forms” (Polka & Bohn, 201&; 16) and would even support production, 
as they would be easier to encode and to memorise. 
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(Maillart, 2007; Goswami, 2012) as well as the prosodic characteristics of native language words, 
which would help them extracting words from fluent speech. In addition, by 9 months of age, infants 
do not only detect phonotactic patterns from native-language input but have also become responsive 
to the frequency of occurrence of these patterns within words (Jusczyk, 2002). As shown by pionneer 
research lead by Saffran and co-workers (Saffran, Aslin & Newport, 1996), infants draw on their 
statistical learning abilities to segment words. More precisely, they analyse transitional probabilities 
between different phonemes; that is, the statistical likelihood of one phoneme following the other. 
Through their distributional analysis of the input, infants would identify frequent vs. infrequent 
sequences of phonemes and, based on the correspondence between the sequences’ frequency and their 
position, would detect transitions within words and frontiers between words.  

As soon as infants begin to segment words from the fluent speech, they start storing information 
about words’ sound patterns and building phonological representations. Consequently, they begin to 
develop a lexicon in which sound sequences are linked to specific meanings (Jusczyk, 2002). Infants 
need to store mental phonological representations of words not only to acquire them but also to map 
them into speech forms/productions. Forming a central link between perception, comprehension and 
production, phonological representations allow children to recognize as well as to produce word 
(Ingram, 2008) and facilitate new word learning by enabling the processing of unknown words as 
sequences of stored – and thus, known – sub-lexical units (Munson, Edwards and Beckman, 2012). 
Different hypotheses about the degree of specificity of infant’s initial phonological representations in 
perception have been postulated (Swingley, 2005; Zesiger, 2011). Most probably, early phonological 
representations would be, by nature, fragile, and as a result of their instable nature, differentially 
accessible in more and less demanding contexts. Moreover, information they encode more and less 
robustly would vary depending on the specific phonological properties of the native language9. 
Besides, the beginning of word learning generates cognitive overload and consequently, could result 
in a potential loss of precision. With lexical growth and increasing exposure to words, representations 
would become more and more stable and fully specified, encoding information about segmental and 
supra-segmental units.  

At the end of the first year of life, infants would understand an average of forty to fifty words; 
however, they might only understand the meaning of words in their most frequent occurrence context 
(Florin, 2003). Moreover, there are indications that infants store information about sound patterns of 
words that they hear frequently, even when they do not have a specific meaning to link to them 
(Jusczyk, 2002). Besides, it is worth noting that there is an asymmetry between the development of 
word perception and word production. Indeed, children already recognise, and even understand, many 
words before starting to produce them. As previously explained, perception skills evolve rapidly 
during the first year whereas production skills will develop most rapidly between 1;5 and 4 years. 
This discrepancy could be due to the fact that processes underlying the perception of word sound 
patterns differ from those underlying their production. Therefore, children would be able to perceive 
sound patterns that they are not yet able to produce. Moreover, perception of adult sound patterns 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

9For example, French is a syllable-timed language in which the stress is fixed and falls on the last syllable when 
Dutch is a stress-timed language in which the stress is free but presents a predominant trochaic pattern in 
disyllabic words. Consequently, initial consonants, mostly stressed in Dutch, would be more robustly 
represented in this language than final consonants and conversely, initial consonants would be less well 
represented in French, in which final consonants would be more salient (Zesiger, 2011). 
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need not be totally specified phonologically to allow children to recognise frequently used words 
whereas word production requires a motor plan (Vihman, 1993). 

To sum up this section about infant speech perception, we have seen that the first year is marked 
by a perceptual narrowing by which infants become attuned to their native language(s). Then, it 
appears that infants are using different types of cues – distributional and rhythmic cues – to segment 
words from the speech stream and that they start to integrate these cues at about 12 months (Jusczyk, 
2002). Moreover, there would be inter-linguistic differences in speech segmentation processes as the 
rhythmic unit cue for frontiers between words varies depending on the specific language. Therefore, 
children would develop a process of rhythmic segmentation based on their native-language rhythmic 
unit (Nazzi, Goyet, Sundara & Polka, 2012). Finally, early word learning entails the encoding of 
phonological information and the building of a referential link between speech forms and their 
meaning.  

I.1.2! SPEECH PRODUCTION  
Similar to perception, infants’ development of speech starts with language-universal 

production patterns which subsequently become language specific (Meltzoff & Kuhl, 1996). During 
their first two years, infants go through different developmental phases in speech production10, as 
shown in the Figure 1 below. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

10 The timeline of these developmental stages varies from one source to the other, except for the stage of 
canonical babbling. 
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Figure 1:!Stages in vocal production (in Vihman, 2014, based on Oller, 1980; Koopmans-
van Beinum & Van der Stelt, 1986; Roug, Landberg & Lundberg, 1989; Stark, 1980). 

I.1.2.1! First production patterns: from early vocalisations to variegated babbling 

To produce speech sounds, the infant has to learn to gain control over a very complex vocal 
apparatus (Boysson-Bardies, 1996). At birth, respiratory and phonatory control allows the newborn 
to produce cries expressing pain or distress. During the six first months of life, infants produce 
different kinds of shrieks, gurgles and vocalisations. Until 2 or 3 months of age, vocal production is 
limited to “reflexive phonation” (Meltzoff & Kuhl, 1996) such as cries, vegetative or reactive sounds, 
due to the physiology of the infant’s vocal tract and his/her immature control over breath and 
digestion. However, and as early perceptual abilities show it, newborns are really attuned and 
responsive to surrounding speech sounds – infants listen to adult speech productions, following their 
mouth’s movements and trying to imitate them – but this interest is not yet reflected in their 
productions. Then, from the age of 2 or 3 months, infants start cooing and laughing. More precisely, 
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they are producing vocalisations consisting of oral vowel-like sounds often occurring with incomplete 
velar closures. 

From the age of 5 months, infants begin to master these vocalisations, intentionally producing 
them. They go through an expansion stage in which they experiment their new skills resulting from 
maturational changes. As the child investigates the potential of his/her vocal tract, this period is 
characterised by the occurrence of clear and fully resonant vowels as well as by other new sounds 
like squeals, whispers, nasal murmurs, trills (etc.). Consequently, infants start engaging in vocal plays 
and manipulate acoustic features of speech sounds, such as height and intensity. Besides, another 
factor that could potentially contribute to developmental changes in infants’ vocalisations is “vocal 
learning” (Meltzoff and Kuhl, 1996). In that perspective, infants would try to produce speech patterns 
based on what they hear and phonetic and phonological acquisition would be made through vocal 
imitation. Until 7 months, infants are thus in a run-up period to babbling: they play with sound 
intonation or length, produce various sound effects and learn about articulatory configurations and 
gestures by repeating sounds. 

A very important developmental production milestone marks the middle of the first year. 
Indeed, around 6 or 7 months, “canonical” or “reduplicated babbling” emerges. Infants start 
producing sequences of rhythmic speech-like consonant-vowel syllables. Moreover, this change is 
robustly observed, no matter the conditions, based on rhythmic motor advances. More concretely, 
canonical babbling is the first adult-like production pattern involving movements of jaw opening and 
closing – or basic “mandibular oscillation” – with labial or dental stop closure (stop consonants) and 
low vowels (such as [a]) in a CVCV frame, such as « baba». Within this articulatory framework, 
infants would gradually develop their favourite sound patterns, also called “vocal motor schemes” 
(VMS) which consist in “generalised action patterns” yielding “consistent phonetic forms” (McCune 
& Vihman, 2001: 673). 

 Although the production of CV syllable structures emerges as a salient feature, vowels are 
predominant in infant’s productions during the first year. Still, they have been less studied than 
consonants due to the difficulty to reliably transcribe and characterize them. Besides, the acquisition 
of control over vowel production is slowly taking place. Consequently, the first year is characterized 
by the production of low and central vowels (Kent and Murray, 1982) resulting from the lack of 
mastery of the tongue as a phonetic articulator. A review about published developmental acoustic and 
anatomic data on vowel production led by Vorperian and Kent (2007) indicates that early vowel 
development is characterized, amongst others, by: (1) a reduction of formant-frequencies and of F1-
F2 area, (2) a decrease in formant-frequency variability, (3) the emergence of gender differences in 
formant-frequencies from 4 years and on and (4), a decline of F0 by age 1. However, results of the 
studies mentioned in that review show that the lengthening of the vocal tract in the first two years 
does not affect formant frequencies as expected.  

From 10 to 11 months, sounds become more clearly and confidently articulated. Furthermore, 
syllable production become more diversified as there is a systematic variegation of consonantal and 
vocalic elements. Therefore, the term « variegated babbling » is used with respect to the second stage 
in the second half of the first year (Boysson-Bardies, 1996). However, it seems that the two kinds of 
babbling co-occur from the beginning of canonical babbling and that variegated syllable production 
becomes predominant around the end of the first year. Besides, while this production of different 
consonants indicates phonological progress, infants greatly differ in the choice of consonants and 
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preferred sound patterns that they produce. 

According to Jakobson (1968), the babbling stage would be “prelinguistic”. In that view, there 
would be a discontinuity between babbling and first words, as babbling would be followed by a silent 
period, itself followed by speech or “linguistic” stage. Moreover, babbling would be characterised by 
a variety of sounds not found together in a single language. However, little evidence of discontinuity 
has been shown and babbling is nowadays seen as a “springboard” for entering articulated and 
complex language. Indeed, the sounds used in late babbling and in early word productions are closely 
linked and early words often continue patterns that are prevalent in babbling. In other words, the 
relation between babble and first word forms has been well established. 

While emerging earlier in perception, native-language influence start being observed in 
production between 10 and 14 months, either at a segmental or prosodic level. Indeed, certain 
dimensions in vowel and consonant production would mirror the child’s exposure to the specific 
ambient language(s). Boysson-Bardies and her coworkers (1989) have conducted a cross-linguistic 
study about vowels in 10-month-old infants exposed to different languages (English, French, Arabic 
and Cantonese) and have demonstrated ambient language effects on vowel production based on 
acoustic analyses of the infants’ babbling. More concretely, they selected a sample of oral vowels 
from the canonical babbling of infants recorded in their homes. Acoustic analysis showed 
characteristic patterns of vowel production, such as more front vowels in children exposed to English, 
more mid-central vowels for those exposed to French and finally, more low central vowels for 
children exposed to Cantonese. Regarding consonant production, Boysson-Bardies and Vihman 
(1991) found a higher production of labial consonants in the vocalisations of 10-month-old infants 
exposed to French, in comparison to infants exposed to Japanese and Swedish, reflecting different 
rates of labials’ occurrence in adult language. According to Vihman (2014), the development of 
babbling patterns could play a role in the perceptual reorganisation towards native-language contrasts 
described in the previous section. In that view, the child’s favourite speech sound patterns will exert 
a “top-down” influence or “articulatory filter” on the language patterns heard.  

In sum, the first year sees the emergence of speech-like vocal production and at the end of that 
year, children are not only babbling and start to produce adult-like syllables. Besides, from 10 to 18 
months, infant speech will be characterised by a mix of babbling and meaningful speech. Although 
vocalic utterances remain predominant, children are able to steadily produce at least two consonants, 
generally stops or nasals, from 9 to 16 months. Furthermore, this appears to be a prerequisite to be 
able to remember associations of word forms and meanings in different contexts of occurrence and 
to start using words in a referential way. Still, there is also a pragmatic requisite for referential word 
use. Therefore, advances in vocal production are due to both anatomical and neurophysiological 
changes, as well as to the emergence of socio-communicative competences.  

I.1.2.2! Early word production: from “protowords” to early word forms 

From the age of 10 months, infants will progressively introduce recognisable structures, also 
called “protowords”, in their sequences of babbling. The term “protowords” is given to any relatively 
stable vocal forms regularly used by the child and recognised by the adult while not yet constituting 
a form-meaning unit. Therefore, these recurrent vocal forms are qualified as pre-referential or pre-
symbolic. Intentional communication would be initially demonstrated through the use of deictic 
gestures and protowords, which have a more or less consistent but global or child-derived meaning. 
While these vocal forms would mark the emergence of phonological organisation, they would also 
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be characterized by greater variability in form than adult-like words.  

 Between 12 and 16 months, infants start producing their first words which initial use 
generally does not completely share the same meaning as the one known in adult speech, as first 
words are very dependent on the context. If continuity has been established between babbling and 
first words, production of these latter involves new phonetic trends. Indeed, early words are generally 
simple in phonetic structure, based on equally simple adult targets, and generally include a single 
consonant type, particularly in the syllable-onset position, which is more perceptually salient. More 
precisely, infants predominantly use labials and stops (Boysson-Bardies & Vihman, 1991) which 
involve basic articulatory patterns; therefore, they become more frequent in early words than in 
babbling. On the contrary, use of fricatives11 would follow the opposite path, as their voluntary 
production requires more articulatory control. Likewise, early word production mostly includes 
mono- or disyllabic forms. 

First words are also relatively accurate with respect to their evenly simple target forms. 
However, this could stem from the fact that the adult words whose phonetic pattern is part of infant 
babbling repertoire are excessively salient. Moreover, the earliest word productions could result from 
a correspondence between a frequent adult word form and the child’s babbling pattern. Besides, the 
development of early word shape does not go straightforwardly from simple to complex structures. 
Instead, their phonological structure might be influenced by early individual production preferences 
and the salience of specific structures in the adult phonology (Khattab & Al-Tamimi, 2013). In 
addition, children might initially produce accurate forms and subsequently go through a “regression 
stage” followed again by the production of accurate forms as they achieve real acquisition of adult-
like phonology. In other words, a U-shaped curve, or nonlinear progress, can be observed in children’s 
phonological development (Fikkert and Levelt, 2008). 

From 12 to 18 months, a new systematicity emerges in production, in parallel to the onset of 
referential word use, as infant production is characterised by the development of recognizable word 
production patterns. By 17 months, children have a productive vocabulary of about 50 words and 
their speech productions start becoming more phonologically stable while still presenting systematic 
errors, reflecting the building of the phonological system (Maillart, 2006). Moreover, the age of 18 
months would correspond to the beginning of a significant word production (Bassano, 2005) and of 
the lexical burst (Hilaire, Kern, Viguié, Dudognon, Langue, Romieu, 2001), a phenomenon 
nevertheless challenged by some authors (Zesiger & Jöhr, 2011). Around two years, the child would 
be able to produce about 200 words.  

To sum up this section, we can say that the emergence of speech production consists of a series 
of stages ensuing from both the acquisition of articulatory control and the evolution of perceptual 
abilities more and more attuned to the native language(s). Moreover, these successive developmental 
steps shaping the early development of speech are likely to be universal, although individual 
differences are also observed. Figure 2 presents a tree structure of the different hypothesized stages 
in phonetic and lexical development during the first year of life, from reflexive phonation to first 
word productions. 

 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

11Fricatives are consonants characterized by continuous aperiodic noise (such as [f]and [s] as opposed to stops 
[p] or [t]). 



!

15"

 

Figure 2:!Classification of infant vocalizations, drawn from Rvachew and Alhaidary (2018). 

I.1.2.3! Phonological development: theoretical models 

Various theoretical models of phonetic-phonological development have been proposed to 
account for the chronology of the emergence and acquisition of speech sounds as well as for early 
word production patterns characterised by phonological processes, such as phoneme deletions, 
substitutions or epentheses. These models can be broadly classified into two categories: formalist-
linguistic and functionalist-emergentist models12. Formalist approaches to phonological development 
are based on adult phonology as these models relate children’s productions to the adult reference 
system. “Top-down” or deductive models within this approach presuppose the existence of an 
underlying phonological structure that will progressively establish itself in the course of development. 
Functionalist-emergentist or “bottom-up” models consider phonological development as an emergent 
process rooted in speech-motor and perceptual systems. We present some of these models of 
phonological development in the next sub-sections. However, it should be noted that these are not 
closed categories and that certain models incorporate elements from the two approaches, such as a 
templatic model discussed in the last sub-section about Whole-word phonology.  

I.1.2.3.1! Formalist models 

I.1.2.3.1.1! Structuralist theory and notion of markedness 

 One of the earliest, and still influential, theoretical model for phonological development was 
the structuralist account proposed by Jakobson (1968) based on the notions of distinctive features13 
and markedness. In this structuralist approach of phonological development, Jakobson put forward 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

12Although perception models have also been developed, they will not be discussed here, as our study focuses 
on speech production. 
13Phonemes can be classified by mutual opposition based on a bundle of distinctive features. These binary 
phonetic features involve, amongst others, features of place, manner and voicing. For example, the voicing 
feature allows distinguishing /p/, which is voiceless, from /b/, which is voiced, as in the French minimal pair 
“paon” [pɑ̃] and “banc” [bɑ̃]. In addition, these features are universal but each language may use a subset of 
these features as distinctive. 
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the thesis that the phonological system is built based on the opposition of distinctive features 
characterising the phonemes and on their degree of markedness. Numerous definitions of the notion 
of markedness have been proposed in linguistics. In the wake of Trubetzkoy (1939), Jakobson defined 
it in terms of distinctive features; that is, the idea that within the two values that a feature can take, 
one is in some way less complex that the other. In this view, the acquisition of distinctive features 
underlies the acquisition of phonemes, as children are not acquiring phonological units independently 
one from another but categories in contrast with each other. Within this scope, speech sounds 
characterised as unmarked sounds are considered as less complex to produce and more common in 
the world’s languages whereas marked sounds are considered as more complex or difficult to 
articulate. Therefore, children would acquire the less marked structures prior to the more marked 
ones. 

Following this, Jakobson (1968) established a predefinable sequence of the system’s sounds 
acquisition. To begin with, vowels are less marked than consonants and thus, appear first in infant 
speech. The vowel system development would start with open/wide vowels and more specifically, 
the low vowel [a] would be the first vowel to emerge. Children would then acquire the vocalic 
opposition between the low vowel [a] and the high vowel [i] and then, either between the front vowel 
[i] and the back vowel [u] or between the high vowel [i] and the mid-high vowel [e]. Besides, the 
three-vowel system /a, i, u/ would constitute the minimum vocalic system of the world’s languages. 
Finally, nasal vowels are more marked and predicted to be acquired after unmarked oral vowels. 
Then, for consonants, stops are predicted to be acquired before fricatives, fricatives before affricates, 
voiceless consonants before voiced consonants and liquids14 would emerge later. Moreover, the 
consonantal opposition between labial and nasal stops would be acquired before the opposition 
between labials and dentals.  

In sum, Jakobson (1968) claimed that the phonological acquisition follows a precise and fixed 
order and that there would be a universal chronology in the appearance of sounds in childrens’ 
phonemic repertoire based on their distribution in the world’s languages. If his predictions proved to 
be valid to a large extent, Jakobson’ s account has also been subject to criticism. First, and as 
previously mentioned, his conception of babbling as a pre-linguistic stage with no link with early 
words has been rejected. Then, even if phonological acquisition is globally led by markedness and if 
universality is found across children, the frequency of distribution in the ambient language(s) should 
be considered as well. Indeed, cross-linguistic differences are observed and therefore, the 
developmental path would be more language-specific. In addition, Jakobson’s conception of 
phonological acquisition does not account for prosodic aspects potentially involved in segmental 
acquisition. 

I.1.2.3.1.2! Generativist approach 

 Generative phonology was introduced by Chomsky and Halle (1968) within the framework 
of generative linguistic theory that aims at characterizing the linguistic competence of a language’s 
native speakers and explaining how the child acquiring language can achieve that competence (White, 
2007). In that view, Generative linguistic theory postulated the existence of a limited set of rules and 
principles (or constraints) efficient to produce the surface forms of all natural languages – i.e., the 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

14Liquids are a class of consonants consisting of voiced lateral approximants like /l/ together with rhotics like 
/r/. 
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observable linguistic behaviour qualified as the speaker’s performance – and to modelize the native 
speaker’s internalized linguistic knowledge or competence. In these framework, the set of principles 
is innate (child do not have to learn these principles as they are encoded in the Universal Grammar) 
and language acquisition amounts to set up the right parameters for the specific language being 
acquired. In that view, linguistic experience would trigger the appropriate parameter values available 
in the Universal Grammar. As such, language acquisition is based on an innate formal device (the 
LAD, for “language acquisition device”) and involves a minimal role of the linguistic input, 
considered as grammatically poor, degraded and variable. 

 Following this, the modelization of phonological acquisition proposed by generative 
phonology involves an innate underlying structure corresponding to the abstract level of linguistic 
competence that is mapped to the surface or phonetic realizations corresponding to the linguistic 
performance. Phonological acquisition would thus be structured by this underlying representational 
unit. Moreover, the mapping between presumed underlying and surface forms is realized through the 
automatic application of innate rules – also called phonological processes – supposedly following a 
particular order. These processes would explain the error patterns frequently observed in child 
productions that gradually disappear as the child gets more and more exposed his/her native 
language(s). 

 Different theoretical approaches have been developed in the frame of generative phonology, 
depending on what specific conception of phonological learning and of the underlying 
representational unit they imply. An important theoretical development of generative phonology is 
the Optimality Theory (Prince & Smolensky, 1993). In this framework, phonological systems are 
conceived as a set of innate and universal constraints governing the links between the child’s lexical 
representation and his/her output form. Surface realizations would be generated from underlying 
forms by means of ranked and violable constraints allowing or precluding certain phoneme sequences 
(Peperkamp, 2003). Moreover, the sequencing of constraints would be specific to each language and 
language acquisition would lie in the adjustment of the initial constraints’ hierarchy to the ambient 
language. In other words, this modelization postulates the existence of an identical phonological 
representations in adults and children but differences in production patterns are explained in terms on 
constraints, instead of rules.  

Another theoretical proposal within the frame of Generative phonology is non-linear or auto-
segmental phonology. Initially developed to study tonal languages, it involves autonomous 
representational levels. More particularly, phonological representations include several 
representational layers whose basic level corresponds to a sequence of segmental positions occupied 
by phonemes on which are anchoring the elements of the other layers (including syllabic, prosodic 
and tonal levels). Therefore, this approach allows considering all hierarchical levels of phonological 
representation – from the phonological phrases to phonological features – and their interaction in 
order to explain children’s early production patterns (Bernhardt, 1990, 1992). 

I.1.2.3.2! Functionalist-Emergentist models 

As previously mentioned, functionalist-emergentist approaches envision phonological 
development as a progressive organisation of speech sounds into a system of distinct phonological 
categories under the effect of articulatory-perceptual constraints and exposure to the mother 
tongue(s). Contrary to formalist proposals, these models do not presuppose the existence of an innate 
grammar and underlying representational units structuring phonological acquisition. Instead, they 
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posit a continuity between babbling and speech and postulate that the development of speech 
production is based on articulatory, perceptive and cognitive abilities. Several models have been 
proposed within this framework, including articulatory (Davis & MacNeilage, 2004) and probabilistic 
or statistical models (Bybee, 1999; Pierrehumbert, 2001, 2003). Some of them are presented in this 
section. 

The “Frame, then content” theory proposed by Davis and MacNeilage (2004) is a self-
organizing model that postulates that the evolution of speech would emerge from the coexistence of 
two articulatory mechanisms: the mandibular oscillation (the frame), consisting in a rhythmic 
alternation between closed and open jaws, and the passive movement of the articulators (the content), 
namely tongue and lips. In this articulatory approach, the rhythmic mandibular oscillation provides a 
dynamic model for early syllable frames which are initially produced without control over the other 
articulators. Therefore, the content of these syllable structures is filled by a limited set of consonant-
vowel combinations based on available gestures already used for sucking or chewing. This model 
posits that early syllables of CV type are characterised by the following consonant-vowel 
associations: (1) dental-alveolar consonants and front vowels (such as [di]), (2) labial consonants and 
central vowels (such as [ba]) and (3), velar consonants and back vowels (such as [ku]). Moreover, 
sequences of labial consonants and central vowels are initially the most frequent as they require less 
complex movements of the articulators and fricatives, affricates and liquids emerge later due to the 
motor control difficulties that they imply. In sum, this approach focuses on phonetic development 
and modelizes speech acquisition around the articulatory features of speech sounds. Early speech 
forms – in both babbling and first word patterns – are thus primarily conditioned by the infant’s 
physiological and articulatory abilities and only then, by the input’s properties. 

Other models have been developed within the exemplar and usage-based approach (Bybee, 
1999, 2002, Pierrehumbert, 2001). These models give a preponderant role to the frequency of 
occurrence and co-occurrences of phonological structures and their basic principle is that the 
acquisition of phonetic-phonological knowledge can be conceived in terms of the acquisition of 
memory traces based on individual patterns of use. Indeed, speech input sequences are encoded by 
memory with each exposure and these traces persist in memory for a certain period of time. Initial 
productions will be characterized by high phonetic variation and then, frequent exposure leads to an 
abstraction process and to the development of phonological representation. Based on repeated speech 
patterns and coordinated sets of articulatory gestures, children will build their inventory of 
phonological units; that is, segments and syllables (Bybee, 1999).  

I.1.2.3.3!  “Whole-word” or templatic phonology 

 We finish our discussion of theoretical approaches of phonological development with the 
“Whole-word” hypothesis or templatic phonology. Models falling within this approach put forward 
the idea that phonological development is structured by “whole-word” representations, or word 
templates. Practically, the first word forms selected and produced by children provide accessible 
(motor) patterns on which they can rely to utter more complex structures. Developmental templates 
are thus those well-practiced patterns used by the child to produce more difficult word forms and to 
which dissimilar adult target words are adapted. Therefore, they are defined as idiosyncratic child 
phonological patterns or “emergent neuromotor routines that lead to increasing similarity among the 
child’s early word forms – often at the expense of accuracy” (Vihman and Wauquier, 2018: 28). 
Moreover, they are responses to challenges arising from both production and perception constraints 
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and allow children to develop a multilinear phonological representation capturing the large amount 
of information that they have to process. In that perspective, templates can be seen as “adaption to 
the structural complexity of speech with its multiple levels of information” (Vihman and Wauquier, 
2018: 7). Besides, similar formal characteristics as well as differences between children (and even in 
the same child) and across languages have been observed. Therefore, templates are not fixed or innate; 
instead, they are individual dynamic and transient child production patterns resting on a general 
cognitive capacity. 

 A template hypothesis falling within auto-segmental phonology has been postulated 
specifically for French (Wauquier & Yamaguchi, 2013) based on the model of accentual arc of Di 
Cristo (1999) according to which the metric structure of French would be based on the existence of a 
final and an initial counter-stress. The French templatic unit is defined as “a prosodic unit that is 
perceptually available, bounded by stress and counter-stress, and therefore segmentable in the input” 
(Wauquier & Yamaguchi, 2013). The developmental prediction of this hypothesis is that early words 
forms in French would reflect this structure of accentual arc as well as French typological constraints; 
that is the tendency to CV-CV syllabation and to the insertion of an initial filler on content words. 
Therefore, this template would initially be made of two external pillars – the stressed and prosodically 
salient initial and final syllables – and formed by CV units to subsequently become more complex 
via the progressive addition of structures in medial position(s).  

 We have reviewed several models of speech and phonological development falling within 
different theoretical approaches. Formalist (top-down) models are aimed at explaining the 
developmental path and the phonological patterns of the child in relation to the adult system. 
According to these models, phonological systemacity arises from an innate linguistic knowledge and 
pre-existing abstract representation. Criticisms that may be made of these models is that they give 
minor importance to the input and that the empirical validation of their premises is problematic. Based 
on the principle of self-organization, functionalist approaches attempt at modelizing phonological 
development by integrating cognitive and articulatory-motor abilities of the child as well as the 
characteristics of the ambient language. Therefore, these models envision phonological development 
as emerging from both production and perception. Finally, models incorporating principles from both 
formalist and functionalist-emergentist approaches can be found within Whole-word phonology.  
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I.2! PHONETIC-PHONOLOGICAL DEVELOPMENT IN BILINGUAL ACQUISITION 

I.2.1! INTRODUCTION: MULTIDIMENSIONALITY OF BILINGUAL EXPERIENCE 
In recent years, there have been an increasing number of studies about the phonological 

development of bilingual children, based on the significant expansion of research in the 
psycholinguistics of bilingualism during the last decades. However, if we go back to initial 
approaches towards bilingualism, it consisted in assimilating it to complete and “native-like” mastery 
of two languages (Bloomfield, 1933). According to this “monolingual” approach, the bilingual 
speaker would thus have a linguistic level comparable to a monolingual in each of his/her languages. 
Such a definition of bilingualism emphasized the notion of competence and presented the profile of 
an ideal bilingual not reflecting the reality.  

As Grosjean (1998) underlined it, an experienced bilingual is not two monolinguals in one 
head. Therefore, he described the bilingual in a more holistic approach as an individual using his/her 
two languages in every-day life for different purposes and with different persons (Grosjean, 1989). 
This broader view of bilingualism in contrast with the idea of a perfect bilingual allowed for the 
inclusion of individuals with various levels of proficiency in their two languages. Furthermore, he 
introduced the notion of “linguistic mode” (1998): depending on the interlocutor, the subject and the 
type of interaction, a bilingual speaker would more and less activate his/her two languages. The 
linguistic mode would thus constitute a continuum from a monolingual mode, in which only one 
language would be activated, to a bilingual mode, in which both languages are activated, with an in-
between intermediary mode. 

However, in practice, a person is seldom, if ever, to be found at either end of the continuum 
from monolingual to bilingual mode postulated by Grosjean (1998). Currently, most researchers 
acknowledge that the process of language production is generally “non-selective” in bilingual adults 
but there is still controversy about the point at which the selection is finally made (Kroll, Bobb & 
Wodniecka, 2006). Besides, both languages would necessarily be activated and potentially available 
for use in whatever situational context – and thus, even in fully monolingual contexts. In that 
perspective, the two linguistic systems would constantly be in competition in any conversation. 
Moreover, this acknowledgment of “non-selectivity” implies the following premises: (1) language 
choice remains conscious, (2) the unselected language must be inhibited in each speech act and (3) 
talks between familiar bilinguals are characterised by occurrence of code-switching (Myers-Scotton, 
1993a, 1993b, 2006). 

Then, another important issue is that of a bilingual advantage extending beyond language. Peal 
and Lambert (1962) were the first to report such an advantage in bilingual children, speaking of a 
greater “mental flexibility”. However, this finding had resulted from a methodological flaw as there 
was a bias in favour of the bilingual sample. Still, their seminal research marked a turning point, 
leading to a positive vision of the impact of bilingual experience on cognitive capacities. Much later, 
Bialystok and her co-workers (2004) demonstrated in numerous studies that bilingual children would 
have a more advanced inhibitory control compared to age-matched monolingual children (Bialystok 
&Martin, 2004; Bialystok, 2001). Moreover, this finding of a bilingual advantage in control would 
be in line with the notion of competition between linguistic codes in bilingual language use. To put it 
another way, it is the same non-selectivity as found in bilingual adults that would be responsible for 
the strengthened inhibitory control in bilingual children, most probably through their regular use of 
two languages with continuous competition between two sets of linguistic exemplars. However, this 
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is in contradiction with the theoretical stance according to which the two languages of bilingual 
children show “autonomous development” with little or no interaction between them, as will be 
discussed subsequently. 

Finally, it must be noted that bilingualism is a multidimensional experience giving rise to 
different types of bilinguals characterised by different levels of proficiency. Therefore, numerous 
typologies of bilingualism have been proposed based on linguistic, cognitive, developmental and 
social dimensions (Butler & Hakuta, 2004). An opposition is made between early and late bilinguals 
based on the age of acquisition of each language (Beardsmore, 1986), with early bilinguals acquiring 
both languages during infancy, possibly simultaneously, whereas late bilinguals acquire their second 
language at school or later. Another important distinction is made between “balanced bilingualism” 
and “non-balanced” or “dominant bilingualism” according to the degree of language exposure and 
use and resulting competence in the two languages (Peal and Lambert, 1962). A balanced bilingual 
possesses similar skills in his/her two languages, whereas a dominant bilingual presents a higher level 
of proficiency in one of his/her languages.  

In addition, there also exist different types of early bilingualism reflecting the circumstances 
in which children have experimented a bilingual acquisition of language, as children become 
bilinguals in different conditions and for different motives such as family, education, immigration 
and place of residence.  Moreover, these different types would depend on factors such as the parent’s 
mother tongue(s), the language(s) spoken at home vs. in the community or school, as well as the 
strategy used by parents to talk to their children. Indeed, parents can use the strategy “One person-
one language” (Ronjat, 1913) – i.e., parents keep languages separate by addressing the child in only 
one language – or the strategy “one context-one language” – i.e., each language is used in a specific 
context. Besides, another possibility is that both parents speak the same language and the child is 
exposed to another language in a day-care centre or later, at school. Finally, the child’s degree of 
bilingualism can also be affected by other factors, such as parents’ education level and expectations. 
The bilingual experience is thus complex and children often differ in several aspects.  

The next sub-sections are devoted to an overview of research investigating phonetic-
phonological development of bilingual children, including both speech perception and speech 
production studies. However, as our study focuses on the development of production skills in 
bilingual toddlers, speech production studies will be more extensively discussed. 

I.2.2! SPEECH PERCEPTION  

I.2.2.1! Language differentiation and early discrimination abilities  

 Distinguishing between the two languages and building separate representations is paramount 
to bilingual acquisition. As previously mentioned, monolingual newborns are able to differentiate 
languages belonging to different rhythm classes (Mehler et al., 1988; Nazzi et al., 1998). Bilingual 
infants were therefore supposed to discriminate their languages from early on, at least those involving 
a different underlying rhythmic unit. This was demonstrated in a study conducted by Byers-Heinlein, 
Burns and Werker (2010) involving English (stress-timed language), Tagalog and Chinese (syllable-
timed languages). Indeed, English monolingual newborns showed only interest in the language to 
which they had prenatally been exposed, whereas bilinguals, either English-Tagalog or English-
Chinese, listened equally to both their languages.   
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 Logically, the same question arose for languages belonging to the same rhythmic class, 
assumed to be more difficult to differentiate for the bilingual child, which could possibly lead to later 
discrimination and potential cross-linguistic interference. Pioneer study by Bosch and Sebastián-
Gallés (1997) compared 4 months-old monolingual and bilingual infants exposed to either Catalan or 
Spanish or to both languages in their ability to discriminate between similar and distant familiar and 
unfamiliar language. Practically, they presented speech samples in similar languages (Catalan-
Spanish)15 as well as in a distant language, English (stress-timed), for which discrimination was 
supposed to be easier. They measured infants’ visual orientation times; that is, the time from the start 
of the audio stimuli to the visual orientation to the sound source. When presented with samples from 
native vs. non-native language, infants should react faster to their maternal language. Results showed 
that monolinguals were able to distinguish their native language from both an unfamiliar distant 
(English) and a close (either Catalan or Spanish) language. When tested with both their native 
languages, bilinguals showed no difference in their reactions but unexpectedly, they responded with 
increased latencies toward their maternal language than toward English. The authors assumed that 
the method measured recognition and not familiarity with the language and that bilinguals reacted 
slower because their recognition process take more time than monolinguals as they have to choose 
between their two languages. In a follow-up study with the same population using a familiarization-
reference procedure (Bosch and Sebastián-Gallés, 2001), no differences were found among 
monolingual and bilingual infants’ abilities to discriminate Spanish from Catalan at four months of 
age, showing evidence of early language discrimination in simultaneous bilingual exposure. 

 Another important issue investigated is the bilingual impact on the perception of native 
contrasts and the building of phonemic categories. To recall, young monolingual infants can initially 
discriminate any phonetic contrasts, regardless of their language. Then, they exhibit a decline in 
sensitivity to non-native contrasts and increased sensitivity to native speech sounds during their first 
year of life. This pattern of perception narrowing lead to questioning the development of native 
language phonetic representations in children exposed to more than one language. Again, the first 
studies addressing this issue were led by Bosch and Sebastián-Gallés (2003a; 2003b). They compared 
4-, 8- and 12-months old Catalan-Spanish bilinguals to both Catalan and Spanish age-matched 
monolinguals on their abilities to discriminate the vowel contrast /e/ - /ɛ/, present only in Catalan. As 
expected, all 4-months old infants were able to perceive the contrast. However, at 8 months, only 
Catalan monolinguals were successful at the task. Bilinguals regain the ability to discriminate the 
speech contrast by 12 months. This study showed an unexpected U-shaped developmental pattern in 
bilinguals, from an early sensitivity to all contrast to a temporal decline around 8 months and finally, 
recovery of discrimination abilities around 12 months. The authors hypothesized that bilinguals could 
be confused due to the presence of similar sounding vowels in their two languages, which could result 
in an overcrowded perceptual vowel space and overlapping distributions of some of the phonetic 
properties of the vowels. 

 Relying on neurophysiological measures, Garcia-sierra and collaborators conducted a 
longitudinal study with English-Spanish bilingual infants, using event-related potentials (ERP) to 
assess early discriminative reactions to phonetic contrasts by means of the mismatch negativity 
(Garcia-Sierra et al., 2011). They used three CV syllables, differing in voice-onset time: the voiced 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

15 Catalan and Spanish are considered as close for they are rhythmically (both syllable-timed) and 
phonologically similar. 
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/da/ phonemic in Spanish only, the voiceless unaspirated alveolar consonant common to both 
languages heard as /ta/ in Spanish and as /da/ in English, and the voiceless aspirated /ta/ phonemic in 
English only. Bilingual brain measures revealed no discrimination of the contrast in either Spanish or 
in English at 6-9 months but by 10-12 months of age. These results indicate different perceptual 
patterns in monolingual and bilingual infants, as monolingual studies using the same method (Rivera/
Gaxiola, Silva/Pereyra & Kuhl, 2005) exhibited neural discrimination for both native and non-native 
contrasts at 7 months and only for the native contrast by 11 months of age. The authors suggested 
that bilinguals may remain more open to language experience and become neurally “committed” to 
their native languages later in order to adapt to the greater variability characteristic of their language 
input. Taken together, results from studies by Bosch and Sebastián-Gallés (2003a and 2003) and 
Garcia-Sierra et al., (2011) suggest a specific development of perceptual reorganization in pre-
linguistic bilingual infants and that different processes could underlie monolingual vs. bilingual 
phoneme category formation. 

  However, other investigations yielded contrasting results. Burns and collaborators found 
similar discrimination abilities in English-French bilinguals and English monolinguals tested on a 
French and an English voice onset time distinction (Burns, Yoshida, Hill & Werker, 2007). Indeed, 
6- to 8-month-olds responded similarly irrespective of language environment and by 10–12 months 
of age, the two groups of infants displayed language-specific perceptual abilities. Similarly, Sundara 
and colleagues demonstrated that English-French bilinguals and French monolinguals aged 6 to 8 
months were able to distinguish a French /d/ (dental place of articulation) from an English /d/ (alveolar 
place of articulation) and that only bilinguals were able to do so at 10-12 months (Sundara, Polka & 
Molnar, 2008). In addition, Albareda-castellot et al. (2011) tested again Catalan-Spanish bilinguals 
and their monolingual peers on the vowel contrast /e/ - /ɛ/ using an anticipatory eye movement 
paradigm. Their results demonstrated that bilinguals were as able as monolinguals to discriminate this 
contrast at 8 months. They attributed the opposite results from the previous studies (Bosch and 
Sebastián-Gallés, 2003a, 2003b) to both the familiarization-preference procedure and the high rate of 
cognates16 shared by these specific languages.  

 In sum, these three last investigations suggest that bilinguals could keep pace with their 
monolingual peers and that the development of phonetic representation is neither delayed nor 
compromised by additional languages. However, given the mixed results from the different studies 
mentioned, it appears that no conclusive evidence has yet been reached about the existence of 
differences in the development of monolingual and bilingual infant’s early abilities to discriminate 
early phonetic contrasts. Bilingual infants might be slower than monolinguals to develop 
phonological representations stable enough to perceive a change for certain contrasts, possibly due to 
reduced exposure to phonetic categories and to the more complex and variable linguistic input they 
have to process. 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

16 Cognates are translation equivalents with full or partial form overlap, e.g., Dutch-English: sport-sport 
(Dijkstra, Miwa, Brummelhuis, Sappelli & Baayen, 2010). 
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I.2.2.2! Early lexical processing and word learning  

 Few studies have investigated bilingual toddlers’ knowledge of the phonological forms of 
word. In a study of word recognition using a preferential looking procedure (Ramon-Casas, Swingley, 
Sebastián-Gallés & Bosch, 2009), Spanish-Catalan bilinguals aged between 17 and 27 months were 
able to detect vowel mispronunciations in cognate words forms in their two languages when it 
involved vowels present in both their languages (/i/ - /a/) but not when it involved a contrast present 
only in Catalan (/e/ - /ɛ/). Older bilingual children aged 31 to 50 months were also tested both with 
the same procedure and contrast (/e/ - /ɛ/) and only the Catalan-dominant detected the 
mispronunciation. The authors suggested that bilingual children whose two languages contain 
phonetically overlapping vowel categories may not treat those categories as separate in language 
comprehension. However, both the specific contrast and the use of cognates would make this 
discrimination particularly difficult. 

 Using ERP techniques to examine word development, a study led by Conboy and Mills 
(2005) showed that English-Spanish bilinguals aged from 19 to 22 months display less mature brain 
responses than those of same-aged monolinguals. ERPs to known vs. unknown Spanish and English 
words were measured as well as the sizes of children’s expressive vocabulary in both Spanish and 
English in order to determine language dominance for each child. Brain measures appeared to depend 
both on language dominance and size of the vocabulary. More precisely, bilingual toddlers with 
higher vocabulary scores, like monolinguals with larger vocabularies, showed more effects of known 
vs. unknown words at shorter latencies, especially for their dominant languages. The authors assumed 
that the bilingual learning environment may give rise to patterns of neural activity that are 
qualitatively different from those found in monolingual development and that their results could be 
explained in terms of the reduced exposure to each language that bilinguals experience.  

 Then, Fennell, Byers-Heinlein and Werker (2007) assessed the ability to learn minimally 
different words (such as “bih” and “dih”) in bilingual toddlers aged from 14 to 20 months, replicating 
a study lead by Werker, Fennell, Corcoran and Stager (2002) with monolinguals. Werker et al. (2002) 
had demonstrated that monolingual English toddlers successfully learn similar-sounding words from 
the age of 17 months. They used the same Switch-task in which minimal-pairs non-words are taught 
as labels for novel objects. They found that bilinguals begin to learn similar-sounding words from 20 
months of age. Possibly, bilingual children might start to use relevant language sounds – that is, 
consonants –  to direct novel word learning later than monolinguals due to the increased cognitive 
load of learning two languages. However, this apparent developmental delay could instead be the 
result of maintaining certain degree of flexibility adaptive for bilingual word learning. Besides, 
Mattock, Polka, Rvachew and Krehm (2010) found that English-French bilingual toddlers of 17 
months of age accommodate phonetic variation better than age-matched monolinguals in a study 
similarly using a switch procedure to compare bilinguals and monolinguals in their ability to learn 
new words.  

 In sum, the studies just described demonstrate the complexity of lexical processing in 
bilingual children. They showed evidence that the building of stable lexical representations proves to 
be challenging for bilinguals and that their robustness would depend both on the patterns of exposure 
and language dominance as well as on the type of contrast (for example, vowel vs. consonantal 
differences) involved in the stimuli. Moreover, the various findings also highlight the considerable 
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variability in language acquisition. We now move to the next section devoted to bilingual studies of 
speech acquisition. 

I.2.3! SPEECH PRODUCTION   
Far more numerous than those addressing speech perception, studies targeting speech 

production in bilingual children have generally been intended at assessing the qualitative and 
quantitative differences between bilingual and monolingual children. Besides, most studies have been 
underpinned by the key issue of “language differentiation”; that is, the question of whether children 
exposed to two languages initially use a single system or develop two separate systems from the start. 
First studies were not centred on phonology but rather on morphosyntactic, lexical or pragmatic 
development. In their framework, language differentiation in bilingual children involved, on the one 
hand, differentiation of their two languages’ representations – the underlying competence in the 
Chomskyian sense –  and on the other hand, pragmatic differentiation of the two languages’ use – the 
actual linguistic performance.  

These early studies about simultaneous bilingualism postulated that children go through an 
initial developmental stage in which the two systems are mentally merged into a single one to 
subsequently develop into two discrete systems, first lexically then syntactically, by 3 years of age. 
The investigation carried out by Volterra and Taeschner (1978) involving the observation of three 
bilingual children during interactions with their parents (who claimed to follow the principle “One 
person – one language” of Ronjat, 1913) suggested indeed that bilingual children do not initially 
differentiate their languages and start with a “unitary system” separating into two systems around 3 
years. Therefore, occurrence of language mixing during early stages of bilingual language 
acquisition was interpreted as a lack of language differentiation and subsequent decline of language 
mixing as a consequence of emerging pragmatic language differentiation (Köppe, 1996). Despite the 
fact that bilingual adults also mix their languages while differentiating them, child and adult language 
mixing were nevertheless considered in totally different ways. Indeed, adult language mixing, 
labelled as “code-switching”, was considered as a sophisticated pragmatic skill governed by syntactic 
and sociolinguistic rules, whereas child language mixing, labelled as “code-mixing”, was thought to 
exhibit lack of systematicity and not to follow any linguistic rules (Genesee, 1989). It was thus 
commonly thought that simultaneous exposure to more than one language would lead to some 
confusion in the early stages. However, many authors subsequently refuted this Unitary language 
system hypothesis, arguing that children could differentiate their languages from the earliest stages 
of their development as toddlers seem to be aware of their two languages and to know which one to 
use according to the interlocutor’s identity and specific context. 

Regarding phonetic-phonological development, different hypotheses have been postulated 
about the degree of language differentiation and the nature of early representation, as explained in the 
next sub-sections. Moreover, this question has been addressed through the investigation of different 
speech structures, whether segmental and/or supra-segmental, and the use of various measures 
targeting, amongst others, children’s speech sound inventories and/or the degree of accuracy and 
complexity of early productions. Then, despite the fact that there has been an increasing number of 
research assessing phonetic and phonological abilities in bilingual children in the last two to three 
decades, no general conclusions have yet been reached as studies have for long mainly consisted in 
(observational) case studies. In addition, they also differed with respect to their theoretical 
framework. Table 1 incorporates the bilingual speech production studies to be mentioned in this 
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section and summarizes the following information: (1) sample involved, (2) structure(s) targeted, (3) 
method and analyses conducted and (4), results-findings. Studies are subsequently discussed 
according to the nature of bilingual phonological representation they imply.
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References 
 

Sample 
 

Structure(s) investigated 
 

Method - Analyses 
 

Results - Findings 
Vogel (1975) 
 

1 English-Romanian bilingual, age=2;0 Segments and syllables 
structures, phonological 
processes in both languages 

Longitudinal recordings of spontaneous speech samples.    
Analyses of segmental inventories and phonological 
processes/error patterns. 

Similar phonological processes in 
both languages – Unitary system 

Ingram (1981) 1 English-Italian bilingual, age=2;0 Segments, word lengths and 
syllable structures in both 
languages 

Longitudinal recordings of spontaneous speech samples.    
Analyses of segmental inventories, word lengths and syllable 
structures. 

Dissimilarities in syllable 
structures and word shapes – 
Separate systems 

Schnitzer & Krasinski (1994) 1 English-Spanish bilingual, age=1;1 to 
3;9 

Segments - consonants and 
vowels in both languages 

Longitudinal recordings of spontaneous speech samples. 
Analyses of segmental production, focus on context, regression 
and interference. 

Separate phonemes for the two 
languages at about 2;3 years – 
Unitary system 

Schnitzer & Krasinski (1996) 1 English-Spanish bilingual, age=1;6 to 
4;6 

Segments - consonants and 
vowels in both languages 

Longitudinal recordings of spontaneous speech samples. 
Analyses of segmental production, focus on context, regression 
and interference. 

No phenomena of interference 
between the two phonological 
systems – Separate systems 

Johnson & Lancaster (1998) 1 English-Norwegian bilingual, 
age=1;2 to 1;11 

Segments and word forms/types 
in both languages 

Longitudinal recordings of spontaneous speech samples. 
Analyses of segmental inventories and word types. 

Larger number of consonants in 
both languages – Acceleration 

Kehoe (2002)  3 German-Spanish bilinguals, age=1;0 
to 3;0 

Vowel production in both 
languages 

Longitudinal recordings of spontaneous speech samples.  
Analyses of vowel duration. 

Vowel length contrast acquired 
later in German later – Delay 

Khattab (2002) 3 English-Arabic bilinguals, 3 English- 
and 3 Arabic-speaking monolinguals, 
age=5;0-7;0-10;0 

Liquid /l/ in both languages 
 

Single-word samples elicited via word-naming task.        
Auditory and acoustic analyses. 

Separate /l/ production patterns – 
Autonomy 

Keshavarz & Ingram (2002) 
 

1 English-Farsi bilingual, age=0;8 to 
1;8 

Segments, stress patterns, 
syllable structure in both 
languages 

Longitudinal recordings of spontaneous speech samples.             
Analyses of segmental inventories, stress patterns, syllable 
structures and phonological processes (substitutions). 

Transfer of stress patterns 

Lleó, Kuchenbrandt, Kehoe & 
Trujillo (2003) 

5 German-Spanish bilinguals, 3 
German- and 3 Spanish-speaking 
monolinguals, age=1;1 to 2;3 

Final codas in both languages Longitudinal recordings of spontaneous speech samples. 
Analyses of codas productions (segments, number-rates), 
percentages of mono/di/trisyllabic words, calculation of PMLU. 

Faster acquisition of Spanish 
word-final codas – Acceleration 

Kehoe & Lleó (2003) 3 German-Spanish bilinguals, 3 
German- and 2 Spanish-speaking 
monolinguals, age=1;0 to 3;0 

Final codas in both languages Longitudinal recordings of spontaneous speech samples. 
Analyses of codas productions (segments, number-rates), 
percentages of mono/di/trisyllabic words, calculation of PMLU. 
 

Faster acquisition of Spanish 
word-final codas – Acceleration 
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References 
 

Sample 
 

Structure(s) investigated 
 

Method - Analyses 
 

Results - Findings 
Brulard & Carr (2003) 1 English-French bilingual child, 

age=1;8 to 2;6 
Phonological patterns and word 
templates in both languages 

Longitudinal recordings of spontaneous speech samples. 
Analyses of phonological patterns (consonant harmony and 
reduplication), iambic stress contour and word templates. 

Distinct phonological patterns in 
each language – Autonomy 

Kehoe, Lleó & Rakow (2004) 4 German-Spanish bilingual children, 
age=1;0/1;3–3;0 

VOT values in both languages Acoustic analyses of VOT patterns based on word-initial stops. Slower acquisition of long lag 
stops in German – Delay           
Transfer 

Gildersleeve-Neumann, 
Kester, Davis & Peña (2008) 

20 English-Spanish bilinguals (English-
dominant and balanced) and10 English-
speaking monolinguals, age= 3 ;0 to 
4 ;0  

English segments, consonantal 
clusters and syllable structures 

Single-word samples elicited via word-naming task.         
Analyses of segmental inventory (initial-medial-final consonant 
singletons and clusters), phoneme accuracy (PCC-PVC), 
syllable structures and word types and error patterns. 

Slower acquisition of codas and 
consonants clusters – 
Deceleration                         
Productions of Spanish phonemes 
in English – Transfer 

Gildersleeve-Neumann & 
Wright (2010) 

14 English-Russian bilinguals, 28 
English-speaking monolinguals, 
age=3;3 to 5;7 

English segments, consonantal 
clusters, syllable structure and 
word types 

Single-word samples elicited via word-naming task. Analyses 
of segmental inventory, phonetic complexity, phoneme 
accuracy (PCC-PVC) and error patterns.  

Higher error rates – Deceleration             
Productions of Russian-
influenced consonants in English 
– Transfer 

Lin & Johnson (2010) 35 sequential English-Mandarin 
bilinguals, 23 Mandarin-speaking 
monolinguals, age=4 ;0 to 5 ;0 

Segments of the two languages, 
phonological processes, English 
stress patterns 

Single-word samples elicited via articulation tests.               
Analyses of phoneme accuracy (PCC and PVC), phonological 
processes and Mandarin-influenced English stress patterns. 

Mandarin-influenced English 
phonological processes – Transfer 

Fabiano-Smith & Barlow 
(2010) 
 

8 English-Spanish bilinguals, 8 English- 
and 8 Spanish-speaking monolinguals, 
age=3 ;0 to 4 ;0 

Consonants of both languages 
 

Single-word samples elicited via the Bilingual English-Spanish 
Assessment (Peña et al., 2018).                                                    
Analyses of segmental inventories, classification along 
complexity levels. 

Bi-directional transfer in the 
phonetic inventories 

Fabiano-Smith & Goldstein 
(2010) 

8 English-Spanish bilinguals, 8 English- 
and 8 Spanish-speaking monolinguals, 
age=3 ;0 – 4 ;0 

Consonants in both languages Single-word samples elicited via the Bilingual English-Spanish 
Assessment (Peña et al., 2018).                                                        
Analyses of segmental inventories, consonant accuracy, 
substitution processes, phonological transfer. 

Overall lower consonant accuracy 
Deceleration and bi-directional 
transfer  

MacLeod, Laukys & Rvachew 
(2011) 

21 English–French bilinguals, 19 
English-speaking monolinguals, 
age=1;6 to 3;0  

Consonants and word forms in 
English  

 

Spontaneous speech and single-word samples elicited via word-
naming task.                                                                                    
Analyses of consonant accuracy (PCC), whole-word proximity 
(PMLU, PWP and PWC). 

No differences between English-
French bilinguals and English-
speaking monolinguals – 
Autonomy  
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References 
 

Sample 
 

Structure(s) investigated 
 

Method - Analyses 
 

Results - Findings 
Almeida (2011) 1 Portuguese-French bilingual, 

age=1;0 to 3;10 
Simple and branching 
onsets, medial codas and 
final consonants in both 
languages 

Longitudinal recordings of spontaneous speech samples. 
Analyses of production patterns by manner classes, 
phonological processes. 

Faster acquisition of branching onsets in Portuguese – 
Acceleration                                                                                 
Slower acquisition of codas in French - Deceleration                                                                 
No CLI for the acquisition of singleton onsets and 
word-final consonants – Autonomy  

Kehoe, Lleó & 
Rakow (2011) 

6 German-Spanish bilinguals, 3 
German- and 3 Spanish-speaking 
monolinguals, age=3;0 

Speech rhythmic patterns in 
both languages 

Longitudinal recordings of spontaneous speech samples. 
Analyses of speech rhythmic patterns via rhythmic metrics. 

Merging pattern 

Goldstein & Bunta 
(2012) 

10 English-Spanish bilinguals, 10 
English- and 10 Spanish-speaking 
monolinguals, age= 5;10 - 6;10  

Segments and word forms in 
both languages 

Single-word samples elicited via the Bilingual English-
Spanish Assessment (Peña et al., 2018).                                                          
Analyses of phoneme accuracy (PVC and PCC), whole-word 
proximity (PMLU and PWP) and phonological processes 

Better results for whole-word and segmental measures 
and lower frequency of phonological processes – 
Acceleration  

Fabiano-Smith & 
Bunta (2012) 

8 English-Spanish bilinguals, 8 
English- and 8 Spanish-speaking 
monolinguals, age=3;0 

VOT values in both 
languages 

Single-word samples elicited via word-naming task.          
Acoustic analyses of VOT patterns.  

Slower acquisition of long lag VOT in English – 
Deceleration 

Mok. (2013) 
 

5 English-Cantonese bilinguals, 5 
English- and 5 Cantonese-speaking 
monolinguals, age=2,6. 

Speech rhythm patterns in 
both languages 

Longitudinal recordings of spontaneous speech samples.   
Analyses of speech rhythmic patterns via rhythmic metrics, 
syllable structure and lexical stress. 

Merging pattern 

Ezeizabarrena, 
Alegria & Perpiñán 
(2015) 
 

1 Basque-Spanish bilingual, 
age=1;9 to 2;1 

Medial and final codas in 
both languages 
 

Longitudinal recordings of spontaneous speech samples. 
Analyses of coda productions and phonological processes. 

Inter-linguistic differences in coda position  –
Autonomy 

Tamburelli, 
Sanoudaki, Jones & 
Sowinska (2015) 

16 English-Polish bilinguals, 16 
English-speaking monolinguals, 
age=7;1 – 8;11 

Consonantal clusters of 
different types and in 
different positions 
 

Single-word samples elicited via non-word repetition task.     
Analyses of cluster productions, percentages of correct 
productions. 

Faster acquisition of word-initial clusters in English – 
Acceleration  

Yang, Fox & 
Jacewicz (2015) 

1 English-Mandarin emergent 
bilingual, age=3;7 to 5;3 

Vowel systems of both 
languages 

Single-word samples elicited via word-naming task.              
Acoustic analyses of F1-F2 frequencies and vowel space 
areas  

Deflecting pattern 
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References 
 

Sample 
 

Structure(s) investigated 
 

Method - Analyses 
 

Results - Findings 
Kehoe (2018) 4 German-Spanish bilinguals, 5 

German- and 3 Spanish-speaking 
monolinguals, age=1;9 to 3;0 

Rhotics /r/ in both languages 
 

Longitudinal recordings of spontaneous speech samples. 
Analyses of /r/ productions in different phonological 
environments. 

Faster acquisition in Spanish – Acceleration                                   
Slower acquisition of /r/ within branching onsets in 
German – Deceleration                                                          
Spanish alveolar taps produced in German branching 
onsets - Transfer 

Keffala, Barlow & 
Rose (2018) 

10 English-Spanish bilinguals, 5 
Spanish- and 12 English-speaking 
monolinguals, ages=2;1–4;10 

Singleton medial and final 
codas and initial and medial 
onset clusters in both 
languages 
 

Single-word samples elicited via the Assessment of 
English/Spanish Phonology (Barlow, 2003b; 2003c), the 
Shorter Protocol for the Evaluation of English Phonotactics 
(Barlow, 2012).                                                                                    
Analyses of singleton coda and onset cluster accuracy, 
phonological processes. 

Faster acquisition of: (1) singleton codas in Spanish and 
(2), onset clusters in both Spanish and English - 
Acceleration  

Kehoe & Havy (2019) 
 

23 French-speaking bilinguals 
(with different language pairs) and 
17 French-speaking monolinguals, 
aged=2,6 

Segments, palatal fricatives 
/ʃ, ʒ/, word-final codas, 
obstruent-liquid word-initial 
clusters 

Single-word speech samples elicited via word-naming task.     
Analyses of phoneme accuracy (PVC and PCC), word-final 
coda and word-initial cluster productions.  

Higher accuracy of consonants, codas and clusters 
productions - Acceleration 

Table 1:! Characteristics of sample, structure(s) of investigation, method-analyses and results from the bilingual speech production studies discussed 
in the section.
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I.2.3.1! Early studies – the Unitary or single system 

The first study about bilingual phonological development falling within the language 
differentiation issue was conducted by Vogel (1975). Her study involved a single 2-year-old 
participant raised bilingually in English and Romanian. She conducted a phonological analysis of the 
child’s spontaneous speech and compared phonological processes applied in the two languages17. The 
analyses revealed that by age two, the child was using sounds in a non-specific manner and that she 
used similar phonological processes in both languages. Indeed, the child used long-lag – or voiceless 
aspirated – stops characteristic of English, alveolar English and dental Romanian stops in both 
English and Romanian words. In addition, her productions involved final consonant deletion and 
truncation of unstressed initial syllables in either language. Since the same phenomena were shown 
to occur both in English and in Romanian, the author concluded that at age 2, the two languages are 
being processed through a single system. The hypothesis of separate systems was thus rejected, based 
on the idea that separate systems should involve the use of specific phonetic patterns and processes 
in each language. 

Schnitzer and Krasinski (1994, 1996) also questioned the existence of a unitary system in 
bilingual children in two investigations focusing on the development of phonemic repertoire. More 
precisely, they assessed the production of both consonants and vowels in two English-Spanish 
siblings (aged from 1;6 to 4;6) in the frame of a three-year longitudinal diary study. They investigated 
each phoneme and took context into account. The first study yielded confusing results. Indeed, 
production of consonants was shown to be instable and not following a linear developmental path. 
Moreover, the child began to produce separate phonemes for each language at about 2;3 years of age. 
Vowel production was characterised by even more variability. Based on consonant development, the 
authors hypothesized that the child evolved with a single system until about 2;3 and achieved clear 
separation between the two languages only by 2;7. However, they could not reach a conclusion 
regarding vowel development. Interestingly, the child observed in the second study appeared to 
follow a totally different production strategy, as he seemed to avoid uttering sounds that he did not 
yet master. In addition, that child used English sounds in English words and Spanish sounds in 
Spanish words and no phenomena of interference between the two phonological systems was 
observed. Therefore, these findings were considered as consistent with the idea that two systems 
could be present from the start. 

I.2.3.2! Separate/dual systems from the start 

Increasing evidence that bilingual children are able to separate their languages from the very 
beginning of language production initially came from findings of studies about early pragmatic, 
lexical and morphosyntactic development (Meisel, 1989; Lanza, 1992; Genesee, Nicoladis & Paradis, 
1995). Indeed, data from phonological acquisition studies were still scarce at that time. The 
hypothesis of separate systems for the two languages implies the idea that the bilingual child is 
learning his/her two languages as a monolingual and would therefore display a comparable 
acquisition order of phonological structures as well as similar phonological patterns as monolinguals 
for each of his/her languages. Distinct developmental paths/patterns are thus expected in each 
language of the child. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

17In particular, she examined sound inventories, substitution and deletion patterns. 
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One of the first study to suggest that bilingual toddlers might have differentiated phonologies 
was conducted by Ingram (1981) and involved the analyses of segmental inventories, word lengths 
and syllable structures of an English-Italian bilingual aged 2. If results indicated similar segmental 
inventories for both languages, it also showed dissimilarities in syllable structures and word shapes. 
Indeed, words produced in Italian were multisyllabic and involved open syllables, whereas words in 
English were generally monosyllabic CVC forms. Based on these contrasts, Ingram stated that the 
child was using two separate systems in her phonological development. Then, as just mentioned in 
the previous point, Schnitzer and Krasinski (1996) also obtained results pointing towards the 
hypothesis of separate systems from the earliest period in their second study about segmental 
development.  

Also arguing for the hypothesis of differentiated systems, Johnson and Lancaster (1998) 
assessed the production of lexical forms and speech sounds in an English-Norwegian bilingual aged 
1;9, whose parents had followed the rule « one parent-one language ». Based on audio-recordings of 
the child in separated linguistic contexts, they established a list of word types produced by the child. 
Their analyses demonstrated that the child did not treat his two languages as a unified language system 
as he chose the right language depending on the specific interlocutor and maintained this distinction 
in several aspects of production. Indeed, the child showed a preference for monosyllabic words 
involving coda18 consonants in English and disyllabic words in Norwegian. This study’s results were 
thus also in line with the idea of an early language differentiation. However, it also uncovered specific 
aspects of bilingual phonological development as the child’s phonetic inventories differed from those 
of both English and Norwegian age-matched monolinguals (this issue is returned to in the next 
section). Separation between the two systems was demonstrated perhaps more obviously in the study 
led by Brulard and Carr (2003) in which they longitudinally investigated phonological patterns and 
word templates in their English-French bilingual child aged from 1;8 to 2;6. Their results revealed 
distinct patterns in each language. More precisely, reduplications of CVCV structures were present 
exclusively in the child’s first productions in French and consonant harmony of place affected only 
English words with codas.  

 Finally, Keshavarz and Ingram (2002) longitudinally assessed phonological acquisition in a 
Farsi-English bilingual child whose exposure pattern had changed during development. Indeed, the 
child had been predominantly exposed to Farsi during his first 15 months and English later became 
the dominant language in the input. Results showed that the child used preponderantly monosyllabic 
words in English and multisyllabic words in Farsi. He also appeared to transfer Farsi stress patterns 
to his first English word productions as Farsi initially was his dominant language. Once his language 
dominance had subsequently shifted to English, language-specific stress patterns start being 
observed: the child used trochaic pattern for English words and iambic pattern for Farsi words. 
However, he also began to produce English vowels in Farsi, a phenomenon considered to reflect 
English dominance in the later period of development. The authors concluded that the child was 
acquiring two separate systems but that (low) interference could occur between the two phonological 
systems.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

18As a hierarchically organised structure, the syllable can be divided into two constituents: onset and rhyme. 
Rhyme, in its turn, is sub-divided into a nucleus and a coda.  
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Even if results from these different studies suggested that the two phonological systems are 
initially separated, they did not necessarily imply that they develop independently of each other. In 
fact, many investigations produced mixed results – such these of Johnson and Lancaster (1998) and 
Keshavarz and Ingram (2002) – and suggested mutual influence between the two systems in the 
course of acquisition. It became thus clear that it was necessary to go beyond the question of “one 
system vs. two” and that neither the hypothesis of a unitary/single system nor that of totally separate 
systems were appropriate to describe bilingual phonological development (and more globally, 
language acquisition). Instead, another approach progressively emerged, whereby both separation and 
interaction between the systems are likely to occur. 

I.2.3.3! Separate systems with interactions – the interdependence hypothesis 

A large number of studies have highlighted the presence of discrepancies between monolingual 
and bilingual speech production patterns and rates of development as well as mutual influence 
between certain phonological features of bilinguals’ systems, leading to the hypothesis that bilingual 
children develop autonomous but interacting phonological systems. This interaction between the two 
linguistic systems is referred to as cross-linguistic interaction (from now on, CLI). This hypothesis of 
CLI (or interdependence between the systems) was first introduced by Paradis and Genesee’s (1996) 
for grammatical development. They defined it as a systemic influence of one grammar on the other. 
According to them, CLI can potentially manifest itself through three phenomena:  

- Acceleration: a certain grammatical property is emerging earlier than expected in one 
language in comparison to monolingual acquisition due to its presence in the other language. 

- Deceleration: the acquisition process is slower than that of monolinguals, possibly due to the 
burden of the dual language acquisition.  

- Transfer: a grammatical property of one language is incorporated into the other. It is likely to 
occur when the child has a more advanced level in one of his/her language or, in other words, likely 
to occur from the dominant language to the less dominant.  

Those hypotheses have been subsequently taken over by Keshavarz and Ingram (2002) and 
reformulated for phonological development. In this perspective, phenomena of acceleration and 
deceleration (also referred to as delay by Fabiano-smith and Goldstein, 2010) could result from 
constraints specific to each language that would ease or impede the acquisition of certain phonological 
structures in the other language. Transfer would consist in the transposition of phonological 
structure(s) specific to one language (generally, the dominant language) in the other language in 
which this/these structure(s) is/are absent19 . Besides, the occurrence and directionality of these 
interaction effects would depend as much on the degree of exposure to each language (language 
dominance) as on the specific typological properties of each language and the degree of similarity 
between the two phonological systems.  

There are also cases where no interaction between the two system – and consequently, no 
differences between bilinguals and monolinguals – has been found. Those cases can be referred to as 
autonomy between the two systems (or autonomous development). In addition, Kehoe has identified 
two other interaction patterns also occurring in early bilingualism labelled as “merging” and 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

19The term transfer has also been used in a more general way to refer to CLI and labelled either as positive 
(acceleration) or negative (deceleration) transfer. 
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“deflecting” patterns (Kehoe, 2015). These specific patterns cannot be slotted into existing categories 
of CLI as they capture the notion of contrast absent from the original proposal of Paradis and Genesee 
(1996). A merging pattern is observed when bilingual children display similar phonological patterns 
in their two languages as if they would be reducing the contrast between the two systems. As stated 
by the authors, merging would reflect a “pooling of phonetic and phonological resources rather than 
a lack of differentiation between the two phonetic systems” (Kehoe, 2015: 150). On the contrary, a 
deflecting pattern translates into the exaggeration of an existing contrast (or even in the creation of a 
new contrast) in order to “avoid a crowded phonetic space” (Kehoe, 2015: 163) and to maintain 
languages well separated. 

We review examples of these different types of CLI found in the literature in the subsequent 
sub-sections, including: acceleration, deceleration, transfer, autonomy, merging and deflecting 
patterns.  In each sub-section, we follow an order of presentation of the studies, going from segmental 
to supra-segmental level. As certain studies have yielded mixed results – that is, have shown co-
occurrence of different types of CLI – they will appear in the different sub-sections.  

I.2.3.3.1! Acceleration 

A number of studies have demonstrated that early/simultaneous bilingualism can accelerate 
phonological development in speech production in comparison to a monolingual context of 
acquisition, for both segmental and syllabic structures. As previously mentioned, Johnson and 
Lancaster (1998) investigated speech sounds and word forms production in the two languages of an 
English-Norwegian bilingual aged 1;9. If their results demonstrated that the child was developing two 
separate systems, they also revealed that his productions involve a usually large number of consonants 
in comparison to monolinguals of either language. More precisely, the child being observed produced 
affricates and alveo-palatal fricatives in English and retroflex consonants in Norwegian. The authors 
concluded that the child followed a different developmental path than monolinguals of either 
language as he had already acquired speech sounds emerging only a few months later in monolingual 
children.  Moreover, Johnson and Lancaster (1998) assumed that a higher phonetic sensitivity in each 
language, in order to keep them distinct, could have led to this earlier segmental development in their 
bilingual participant. Targeting the development of rhotic consonants in bilingual and monolingual 
children, Kehoe (2018) collected longitudinal data with German-Spanish bilingual and monolingual 
toddlers of either language aged from 1;9 to 3;6. Spanish has two rhotics: a voiced alveolar tap [ɾ] 
and a voiced alveolar trill [r]. On the contrary, German has only one rhotic: a voiced uvular 
approximant [ʁ̞]. Kehoe examined realizations of the German /r/ in two phonological environments 
(branching/complex20 and simple onsets) and of the Spanish /r/ in four phonological environments 
(the tap in branching onsets and word-medial position, the trill in word-initial and word-medial 
positions). The bilingual children were shown to be more advanced in their acquisition of the Spanish 
tap and in their production of branching onsets involving /r/ in Spanish as well. However, patterns of 
deceleration and transfer were also identified (see next points). 

Then, two studies examining the acquisition of codas have also demonstrated an acceleration 
effect of bilingualism (Lleó, Kuchenbrandt, Kehoe & Trujillo, 2003; Kehoe & Lleó, 2003). Both 
studies included German-Spanish bilinguals and age-matched monolinguals of either language 
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20The term branching/complex onset is used to refer to a consonantal cluster in onset position. 
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(respectively aged from 1;11 to 2;33 and from 1;11 to 3) and involved longitudinal recordings of 
children in naturalistic contexts. Lleó et al. (2003) observed that bilingual children produced Spanish 
codas earlier than Spanish monolinguals and displayed a greater segmental inventory in coda position 
in Spanish as well. Similarly, Kehoe and Lleó (2003) noted that bilinguals acquired codas in word-
final position in Spanish earlier than Spanish monolinguals. German-Spanish bilinguals appeared to 
follow the same developmental path in coda acquisition as German monolinguals but differed from 
Spanish monolinguals. These two studies’ results indicated a positive influence of German for coda 
acquisition in Spanish as bilinguals developed codas earlier than monolinguals in Spanish.  

In a more clinical approach and focusing on segments and whole-word forms, Goldstein and 
Bunta (2012) compared the phonological skills of bilingual and monolingual children, taking 
language use and proficiency into consideration. Their sample involved English-Spanish bilinguals 
and control monolinguals slightly older (bilingual’s mean age: 5;10 – monolingual’s mean age: 6;0). 
Their analyses involved measures of both segmental and whole-word accuracy as well as measures 
of whole-word complexity21. The percentages-of-occurrence of phonological processes was also 
investigated. Their results indicated that bilinguals outperformed age-matched English-speaking 
monolinguals on both segmental and whole-word measures and also exhibited lower frequencies-of-
occurrence of weak syllable deletion, spirantization and fronting.  

An acceleration effect of bilingualism was also found in the acquisition of branching onsets by 
Almeida (2011) who studied the acquisition of syllabic structure in a Portuguese-French bilingual 
toddler (aged between 1;0 and 3;10) by focusing, amongst others, on branching onsets in both 
languages. The results of this longitudinal study showed that bilinguals acquired branching onsets 
earlier in Portuguese than Portuguese monolinguals (however, deceleration and autonomy patterns 
were also observed, see next points). Tamburelli and colleagues (2015) similarly found an 
acceleration effect in the acquisition of word-initial clusters in the English of English-Polish bilingual 
children. More recently, Keffala, Barlow and Rose (2018) compared accuracy rates of both codas 
(singleton word-medial and final) and onset clusters (word-initial and medial) in English-Spanish 
bilingual and monolingual children of either language. More specifically, they examined structural 
(i.e., the presence of the structure) and positional segmental (i.e., the specific segment used) accuracy. 
Their results also showed that bilingual children acquired faster singleton codas in Spanish and onset 
clusters in both Spanish and English in comparison to their monolingual peers22.  

Also dissociating the presence of a structure from its segmental accuracy in their analyses, 
Kehoe and Havy (2019) found an acceleration effect in the productions of word-final codas and word-
initial consonantal clusters as well as in consonant accuracy (as measured by overall PCC). More 
precisely, they compared French-speaking monolingual and bilingual children aged 2;6. Their design 
differs from previously mentioned studies as they assessed phonological acquisition only in one 
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21More precisely, whole-word measures used included phonological mean length of utterance (PMLU) and 
Proportion of Whole-word Proximity (PWP) and segmental accuracy measures included global percentage of 
vowels and consonants correct (PVC and PCC) and percentages of consonants correct by manner class (i.e., for 
different manners of articulation). Precise error patterns were targeted: unstressed syllable deletion, consonant 
cluster reduction, final and initial consonant deletion, stopping, fronting, final devoicing, and spirantization. 
22More precisely, bilingual children were more accurate than monolinguals in their productions of: (1) singleton 
coda segments and structure in Spanish, (2) onset cluster structure in Spanish and onset cluster segments in both 
languages. However, they were not more accurate than monolinguals in their productions of onset cluster 
structure in English.  
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language of the bilingual participants, namely French, and examined potential CLI through the 
inclusion of a large number of language pairs (in total, 11 language pairs). Furthermore, they 
examined the impact of a series of factors on bilingual phonological acquisition: frequency and 
complexity of linguistic structures (considered as language-internal factors), language exposure, 
socio-economic status and gender (considered as language-external factors) as well as lexical 
development. Their results indicated that bilinguals whose second native language was characterized 
by high frequency and high complexity of codas and clusters displayed: (1) a higher coda presence 
and segmental accuracy and (2), a higher cluster segmental accuracy in comparison to monolinguals. 
Besides, bilingual children were globally more accurate than monolingual children in their overall 
consonant production as well as in their productions of codas and clusters. Kehoe and Havy (2019) 
attributed these discrepancies between bilinguals and monolinguals to a combination of cross-
linguistic interaction and a more general bilingual effect. As bilingual children are exposed to a larger 
variety of sounds and syllable types, they may have a general advantage in phonological production 
in comparison to monolinguals.  

I.2.3.3.2! Deceleration 

 Cases in which simultaneous/early bilingual acquisition slows down the emergence of a 
phonological structure in comparison to monolingual acquisition have also been reported in the 
literature. Kehoe (2002) investigated vowel production in German-Spanish bilingual children in both 
their languages, in comparison to monolingual children, in order to determine if interaction occur 
between the two languages. The two languages’ vocalic systems quite differ, as German possesses a 
richer vowel repertoire than Spanish and involves a phonological opposition between short vs. long 
vowels that is absent from the Spanish system. Children were longitudinally audio-recorded in 
unstructured play situations from the beginning of word production until about 3 years of age. Word 
productions in both languages were transcribed and acoustically analysed. Bilingual children 
appeared to acquire the vowel length contrast in German later than their monolingual peers, while 
acquiring Spanish vowels similarly to monolingual Spanish-speaking children.  

 Kehoe, Lleó and Rakow (2004) examined VOT values in either language of German-Spanish 
bilingual children (aged 2;0 to 3;0) and compare them to that of monolingual German children (aged 
1;9 to 2;6) and existing literature VOT values for Spanish. German and Spanish also differ by their 
VOT patterns, as German involves a contrast between long lag vs. short lag whereas Spanish has a 
contrast between short lag vs. voicing lead. Consequently, Spanish voiceless stops resemble voiced 
German stops. Spanish monolinguals generally acquire the voicing contrast later than German 
monolinguals. A delay was observed in two bilingual children who did not acquire long lag stops in 
German during the testing period. However, patterns of transfer and autonomy were also found (see 
the next points). Also focusing on voicing contrast, Fabiano-Smith and Bunta (2012) investigated 
VOT values of voiceless stops in English-Spanish bilingual and monolingual children. Their results 
indicated that the bilingual’s English VOT values differed significantly from that of their monolingual 
peers and more particularly, showed a delay in the acquisition of English long lag, suggesting an 
influence of Spanish. Finally, a small delay in /r/ production within branching onsets in German was 
found by Kehoe (2018, see previous section).   

 Also focusing on English-Spanish bilingualism, Fabiano-Smith and Goldstein (2010) 
compared global consonantal acquisition in the two languages of bilingual children (aged between 3 
and 4 years) as well as between bilingual and age-matched monolingual children of either language. 
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They examined consonant inventories, phoneme accuracy and substitutions patterns. Moreover, they 
assessed the degree of accuracy of shared vs unshared sounds – that is, the sounds common to both 
languages of the bilinguals or specific to each language – and investigated the predictive effect of 
sound frequency on the accuracy of shared sounds. Overall consonant accuracy was lower in bilingual 
children than in monolingual children. Delay was also found in bilingual’s acquisition of glides in 
Spanish and stops in English and the acquisition of fricatives was slowed down in both their 
languages. Besides, bilinguals displayed higher accuracy for shared sounds but statistical analyses 
revealed that frequency was not a significant predictor of accuracy of shared sounds.  

 Targeting segmental and supra-segmental levels, Gildersleeve-Neumann, Kester, Davis and 
Peña (2008) investigated English phonological development in English-Spanish bilinguals and 
English monolinguals (age 3 to 4 years) considering the impact of language dominance. Their study 
similarly involved the analysis of phonetic inventory, phoneme accuracy, error patterns as well as 
syllable types and word shapes. They found a deceleration effect in the acquisition of codas and 
consonant clusters in some of their bilingual participants. Moreover, bilinguals also showed higher 
error rates than English monolinguals, particularly for syllable-level error patterns (such as final-
consonant and cluster reduction), and more errors were observed in balanced bilinguals than in 
English-dominant ones. Using the same methodology, Gildersleeve-Neumann and Wright (2010) also 
focused on English speech acquisition in 3-to 5-year-old English-Russian bilinguals and English 
monolinguals. The productions of their bilingual participants were characterized by significantly 
higher rates of trills’ substitution, final devoicing and vowel errors than those of the monolinguals, 
all phenomena consistent with delay/deceleration. However, their results also uncovered occurrences 
of transfer between the two systems (see next point).  

 Finally, a delay in the development of codas was also demonstrated in the previously 
mentioned longitudinal study assessing the acquisition of syllabic structure in a Portuguese-French 
bilingual toddler (Almeida, 2011). Indeed, the child acquired French codas later than French-speaking 
monolinguals, based on what is reported in the literature. Moreover, the child presented the same 
order of development of codas in his two languages since fricatives appeared first in this position, 
followed by liquids and then, stops. Similar to the developmental path reported for Portuguese, it is 
however not the order observed in French acquisition in which all manner classes of consonants 
would be simultaneously acquired. Therefore, Almeida claimed that coda acquisition is delayed in 
French due to the influence of Portuguese. 

I.2.3.3.3! Transfer 

 Other investigations have shown that a transposition of certain phonological features can 
occur from one language to the other and that this influence can be seen either at the segmental, 
syllabic or prosodic levels.  In the pre-cited study about VOT acquisition in bilingual German-Spanish 
children, Kehoe et al. (2004) not only observed delay but also transfer patterns in their participants. 
Indeed, one child produced German voiced stops with lead voicing features from Spanish and Spanish 
voiceless stops with long lag voicing features from German, which indicated a bidirectional transfer 
of voicing features. Then, rhotics’ productions of the very same bilingual child were subsequently 
analysed (Kehoe, 2018; see previous sub-section) and also revealed a transfer pattern, as the child 
produced a large number of Spanish alveolar taps in German branching onsets involving /r/. 
Interestingly, this pattern could not be explained in terms of neither complexity/markedness (as the 
alveolar tap is not less marked than the uvular German /r/), nor language dominance. As it appeared 
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that the child also displayed transfer of voicing contrast (Kehoe et al., 2004), these phenomena could 
be interpreted as child-specific production patterns (however, Kehoe proposed an alternate 
interpretation in terms of merging patterns to be discussed in a subsequent sub-section).  

 Focusing on global consonant acquisition, Fabiano-Smith and Goldstein (2010) also 
identified occurrences of bi-directional transfer in English-Spanish bilinguals in parallel to delay (see 
previous point). However, the rate of these transfer patterns was quite low and children seemed to 
globally maintain their systems separated. Similarly, Fabiano-Smith and Barlow (2010) examined the 
level of complexity and typological organization of consonantal inventories across English-Spanish 
bilinguals’ two languages as well as in comparison to those of English and Spanish monolingual 
children. If phonetic inventories of the bilingual children were shown to be just as complex and 
organized in the same hierarchical fashion as those of monolinguals, evidence of bi-directional 
transfer was found in the phonetic inventories. This indicates that even though bilingual children 
maintain separation for most of their phonological structures, there is a very low level of interaction 
between their two languages 

 Other occurrences of segmental transfer have been noted by Gildersleeve-Neumann et al. 
(2008) and Gildersleeve-Neumann and Wright (2010). As already mentioned, they examined English 
speech development in respectively English-Spanish (Gildersleeve-Neumann et al., 2008) and 
English-Russian (Gildersleeve-Neumann & Wright, 2010) bilinguals in comparison to English-
speaking monolinguals. Their results indicated productions of Spanish phonemes in English and of 
Russian-influenced consonants in English, such as palatalized consonants and alveolar trills. Focusing 
on phonological processes, Lin and Johnson (2010) investigated whether English-Mandarin 
sequential bilingual and Mandarin-speaking monolingual children (aged 4 or 5 years) would exhibit 
different production patterns in their two languages. Their results uncovered Mandarin-influenced 
English phonological processes in bilingual children, such as final consonant deletion or substitution 
and vowel substitutions. Indeed, errors affecting English word-final or coda consonants could result 
from the far more restricted set of consonants allowed in this position in Mandarin. Then, as Mandarin 
includes fewer monophthongs, unfamiliar English vowels would have been more prone to substitution 
patterns.  

I.2.3.3.4! Autonomy 

 There are also instances in which no interaction between the two phonological systems of the 
bilingual children could been identified. Investigating the extent to which bilingual children can 
establish phonetic-phonologically distinct patterns in each language, Khattab (2002) focused on the 
production of /l/ (in word-initial and final positions) in Lebanese English-Arabic bilingual children 
(aged 5; 7, and 10 years) and monolinguals of either language. Results showed that for each of their 
two languages, bilingual children developed separate /l/ production patterns similar to those of 
monolinguals, reflecting autonomy between their systems. As mentioned previously, Kehoe et al. 
(2004) noted no cross-linguistic influence in the phonetic realizations of voicing of one bilingual child 
included in their sample (whereas CLI were found in other children, see previous points).  

 Goldstein and Washington (2001) assessed consonant inventories and accuracy (measured by 
overall PCC and PCC for manner and place classes) as well as phonological processes in each 
language of English-Spanish 4-year-old bilinguals and compared it to existing data for English and 
Spanish monolinguals. They observed different patterns across the bilingual children’s two languages 
as well as between bilinguals and monolinguals of either language, indicating that bilinguals maintain 
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differentiated phonological systems which are both similar to and different from that of monolinguals. 
Macleod and colleagues focused more particularly on the impact of bilingual language acquisition on 
segmental accuracy and whole-word complexity (MacLeod, Laukys & Rvachew, 2011). They 
compared English phonological development in English-French bilingual and English-speaking 
monolingual children aged between 1;6 and 3;0. Their analyses involved measures of consonant 
accuracy (PCC) as well as whole-word measures of accuracy and complexity (PMLU, PWP and PWC 
for Proportion of Whole-word Correctness). Their results showed no significant differences between 
bilinguals vs. monolinguals, at least in bilingual children’s dominant language.  

 In her investigation of the acquisition of syllabic constituents in a Portuguese-French 
bilingual child (see previous points), Almeida (2011) found no evidence of cross-linguistic interaction 
for the development of singleton onsets and word-final consonants. Indeed, the child appeared to 
follow distinct developmental paths for the acquisition of specific consonant features in her two 
languages and moreover, consonants occurring in these two syllabic positions became stable at 
different ages, depending on the language23. For all these reasons, Almeida hypothesized that the 
prosodic level of speech might be more prone to CLI than the segmental level. In a similar 
longitudinal case-study, Ezeizabarrena and collaborators examined early coda production in either 
language of one Spanish-Basque bilingual child aged from 1;99 to 2;11 (Ezeizabarrena, Alegria & 
Perpiñán, 2015). As shown by their results, codas were produced early by the child and continued to 
develop gradually in both languages. Moreover, the child displayed inter-linguistic differences in the 
inventory of segments in coda position as well as in the frequency of target-like productions. All these 
patterns suggest an autonomous or language-specific development in codas production and separate 
phonological representations. 

I.2.3.3.5! Other patterns of cross-linguistic interaction 

 As mentioned above, Kehoe (2015) has proposed two other patterns of cross-linguistic 
interaction labelled as “merging” and “deflecting” in terms of which results from several studies can 
be interpreted. 

I.2.3.3.5.1! Merging  

Kehoe’s study (2018) about the acquisition of rhotics showed evidence of both acceleration (in 
the acquisition of the Spanish tap) and deceleration (in their acquisition of German /r/ branching 
onsets). She proposed an alternate explanation for these co-occurring phenomena, claiming that there 
is a bi-directional influence between the bilinguals’ languages which results in the two phonologies 
approximating each other. Indeed, two bilingual children’s /r/ productions displayed reduced 
differences between languages. When acquiring two phonological systems, some bilingual children 
could thus choose to mitigate the contrast between the phonological categories of their two languages. 

Other examples of merging are reported in studies about the development of rhythmic patterns 
in bilingual children. Mok (2013) examined speech rhythm patterns in English-Cantonese bilingual 
children in comparison to monolingual children of each language, at 2;6 of age. Cantonese and 
English have different rhythmic units, as Cantonese is described as a syllable-timed language and 
English as a stress-timed language. She analysed the children’s productions using the metrics 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

23For example, fricatives [s, z] were acquired earlier in French whereas fricatives [ʃ, ʒ] were acquired in 
Portuguese before becoming stable in French. 
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proposed by Ramus and co-workers to quantify differences between the children’s speech rhythms in 
each language (Ramus, Nespor & Mehler, 1999)24. Results indicated that rhythmic patterns displayed 
by the bilingual children in their two languages were not very distinct, whereas speech rhythms of 
age-matched monolinguals were already different. Mok (2013) assumed that, due to mutual influence 
between their phonological systems, bilingual children follow a particular developmental trajectory 
and may be “settling on patterns that are in between their two languages » (Mok, 2013: 702). In other 
words, the intermediate rhythmic patterns observed reflect a phonetic compromise between two 
extremes (especially with the two target languages involved), consistent with the notion of merging. 
Similarly, Kehoe and colleagues also found a compromised rhythmic pattern between the two 
languages of German-Spanish bilinguals aged 3;0 years, as Spanish syllable-timing evolved towards 
a stress-timed pattern and German stress-timing towards a syllable-timed pattern (Kehoe, Lleó & 
Rakow, 2011).  

I.2.3.3.5.2! Deflecting  

 Cases in which children exaggerate phonetic contrast between phonological categories of 
their two languages have also been reported. An example of a deflecting pattern can be found in the 
longitudinal case study led by Yang and colleagues (2015) which investigated vowel development in 
an emergent bilingual English-Mandarin toddler. The child was recorded over a period of 20 months, 
starting at the moment he became exposed to English (L2) at the age of 3;7. They examined his initial 
vowel space in English and its influence on Mandarin (L1) vowel system, as well as the progressive 
differentiation between the two systems (L1-L2 separation). The child initially leaned on his L1 to 
build the English vowel system or in other words, assimilated English vowels to L1 vocalic 
categories. He subsequently went through a restructuring phase in which he reduced the English 
vowel space and slightly enlarged the L1 vowel space. The authors interpreted this pattern of phonetic 
restructuring as a strategy allowing the child to create maximal contrast between his two vowel 
systems. Ulterior development involved a gradual re-expansion of the reduced English vowel space.  

I.2.3.3.6! Predictive/explanatory factors for cross-linguistic interaction 

 Based on the review of bilingual speech production studies, it appears that different 
explanatory factors have been invoked by authors to account for the occurrence and directionality of 
CLI patterns observed in the productions of simultaneous bilingual toddlers. Explanatory factors most 
frequently addressed involve: (1) language dominance, that is the quantity of input received by the 
child in his/her two languages, (2) the frequency and (3) the complexity of the phonological structure 
under investigation within the language and, to a lesser extent, (4) the structural ambiguity of the 
input. In her review about cross-linguistic interaction in bilingual studies, Kehoe (2015) referred to 
language dominance as a language-external factor and to frequency, complexity and structural 
ambiguity as language-internal factors (although she argues that frequency might be considered rather 
as a language-external factor). Each factor is discussed separately. 

I.2.3.3.6.1! Language dominance 

 Bilingual children rarely get exposed at the same extent to both their languages and very 
often, one language is predominant in the input they receive. Indeed, balanced bilinguals are certainly 
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24In short, nine different rhythmic metrics were used in order to calculate, amongst others, consonantal and 
vocalic durations in speech as well as global durational variability of whole utterances. 
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not the most frequent type of bilinguals. When a child hears and uses more one of his/her languages, 
it is said that this child has a language/linguistic dominance in this particular language. It is expected 
that phonological acquisition would progress faster in that language and/or involve a developmental 
path similar to that of monolingual children. Moreover, the dominant language is likely to have an 
influence on the less dominant language. Besides, language dominance is likely to evolve or fluctuate 
during language development along changes in the children’s linguistic environment. 

 Several bilingual studies mentioned above have referred to language dominance to explain 
the occurrence of cross-linguistic interaction, mainly for cases of transfer but also for delay or 
autonomy patterns. Instances of both prosodic and segmental transfer observed in Keshavarz and 
Ingram’s study (2002) have been imputed to the child’s specific exposure patterns to both languages 
and potential language dominance in the input. Language dominance has also been referred to in cases 
of deceleration. Indeed, Gildersleeve-Neumann et al. (2008) considered its impact on English 
phonological development in English-Spanish bilinguals in comparison to English monolinguals and 
found particularly more errors patterns in balanced bilinguals than in children with greater exposure 
to English. Then, Macleod and colleagues observed a similar degree of segmental/whole-word 
accuracy and complexity in the English productions of monolingual and bilingual English-dominant 
children, suggesting that bilinguals develop autonomous systems and can keep pace with 
monolinguals in their dominant language (MacLeod et al., 2011). 

 However, the degree of exposure to languages could not always account for patterns of cross-
linguistic influence in bilingual children. Indeed, results from studies of Almeida (2011) and Kehoe 
(2018) have contradicted this hypothesis. Having an initial preference for Portuguese, the Portuguese-
French child longitudinally studied by Almeida showed no Portuguese influence in her phonological 
development in French and displayed autonomous segmental development in her two languages. 
Then, patterns of mutual influence in the acquisition of syllabic structure (French influence allowing 
faster acquisition of branching onsets in Portuguese and Portuguese influence causing delay in coda 
acquisition in French) occurred at the same period. Therefore, cross-linguistic influence cannot be the 
result of dominance, as it would otherwise only have been observed in one direction; namely, from 
the dominant to the less dominant language. Kehoe (2018) could also not explain the fact that one of 
the German-Spanish bilingual children of her sample transposed Spanish taps into German branching 
onsets by advocating to a language dominance effect as the child was German-dominant.  

I.2.3.3.6.2! Frequency 

 The hypothesis of a frequency effect on the occurrence and directionality of cross-linguistic 
phenomena is based on the premise that children are sensitive to the statistical properties of the 
ambient language(s) (Saffran et al., 1996) and that the frequency of a phonological structure – whether 
segments or syllable types – in a given language could predict its order of acquisition. A number of 
studies have indeed demonstrated that frequent structures are acquired earlier than less frequent ones 
(Kirk & Demuth, 2003; Zamuner, Gerken, Hammond, 2005)25. Then, given that languages differ with 
respect to their frequently occurring properties, discrepancies in the order of acquisition of these 
properties can be expected across languages. As such, a particular structure present in two languages 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

25However, some studies have not corroborated this frequency effect on the order of acquisition (Dos Santos, 
2007). 
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but occurring more frequently in one of them will be acquired earlier in that language than in the 
other language.  

 The context of bilingual acquisition makes the issue more complex, as children are exposed 
to two phonological systems possibly sharing more and less structures and characterized by particular 
phoneme and syllable-type frequencies. In fact, different configurations can be distinguished: (1) a 
specific structure/property can be present in one language but absent in the other, (2) a specific 
tructure/property can be present in both languages but have a different frequency of occurrence in 
each of them (high frequency in one and a low frequency in the other) and (3), a specific 
structure/property can be present in both languages and have a similar frequency of occurrence in the 
two languages. As pointed out by Kehoe (2015), the way in which frequency impacts upon 
phonological development is not yet well determined, as it could ensue from a combination of a 
specific structure’s frequency of occurrence in both languages’ (a “pooling of the input”, as she terms 
it) or from the transfer of a frequent structure in one language to the other for which the acquisition 
of this particular structure is accelerated. 

 Several authors have discussed frequency as a potential explicative factor for CLI and results 
of certain studies are in line with the hypothesis of a predictive role of frequency. Indeed, Lleó et al. 
(2003) and Kehoe and Lleó (2003) both detected a faster acquisition of Spanish codas in German-
Spanish bilinguals, as compared to Spanish monolinguals, which they said could be due to the more 
frequent occurrence of codas in German. However, Lleó et al. (2003) also assumed that bilinguals’ 
exposure to codas of greater complexity in German was responsible for the wider segmental inventory 
in Spanish codas (see further point). Accordingly, Goldstein and Bunta (2012) suggested that 
bilingual children’s sensitivity to phonological properties common across their two languages 
resulted in frequent and strongly reliable cues allowing them to be more accurate in their productions 
and display lower frequencies-of-occurrence of error patterns.  

 On the other side, frequency was also shown not to be an explanatory factor in other studies. 
Fabiano-smith and Goldstein (2010) have focused on the frequency effect on consonant acquisition, 
by comparing segmental accuracy of shared vs. unshared sounds. Bilingual children did produce 
sounds shared by both their languages more accurately. However, frequency was not found to be a 
statistically significant predictor of the accuracy of shared sounds, leading them to hypothesize that 
frequency might not be the driving force and that other factors should be considered. Data from 
Almeida’s study (2011) also conflicted with the frequency hypothesis as the sequences involving 
branching onsets first acquired by the child were those occurring the least frequently in both 
languages (namely, sequences of ClV26 type). Besides, Almeida noted that, unlike the results of Lleó 
et al. (2003) which involved comparable input properties27, no acceleration effect was found the 
acquisition of codas in Portuguese whereas a delayed coda acquisition was found in French.  

More recently, studies lead by Tamburelli et al. (2015), Keffala et al. (2018) and Kehoe and 
Havy (2019) also questioned the role of the input’s statistical characteristics, as their results did not 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

26ClV sequences involve a consonantal cluster made of a consonant and the liquid /l/ followed by a vowel. 
27Indeed, similar to the German-Spanish pair, the consonant inventory in coda position is more restricted in 
Portuguese (only three manner classes: fricatives, laterals and rhotics) than in French (four manner classes: 
stops, fricatives, laterals and rhotics). Like German-Spanish bilinguals, Almeida’s subject had thus been 
exposed to a wide range of codas through French.  
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show a straightforward effect of frequency. Indeed, Tamburelli and colleagues (2015) uncovered an 
acceleration effect in the acquisition of English word-initial s+obstruent consonantal clusters in 
English-Polish bilinguals, but not in word-medial position. As both word-initial and word-medial 
clusters are frequently occurring in Polish (and word-medial clusters even more frequently), bilingual 
children should have outperformed monolinguals on word-medial clusters as well. Then, results from 
Keffala et al. (2018) indicated a faster acquisition of singleton codas in Spanish and of onset clusters 
in both Spanish and English in English-Spanish bilingual children. If the accelerated acquisition of 
singleton codas in Spanish would have been due to their greater frequency of occurrence in English 
(to which the children were exposed too), a deceleration effect would similarly have been expected 
to occur in singleton codas acquisition in English, as a result of their lower frequency of occurrence 
in Spanish. However, delay was not observed and therefore, the authors could not reach a conclusion 
about the role of frequency. Thus, rather than a frequency effect, Tamburelli et al. (2015) and Keffala 
et al. (2018) invoked the exposure to patterns of linguistic complexity in each language – or both 
frequency and complexity factors – to explain acceleration phenomena in their data (see further 
point). Similarly, Kehoe and Havy (2019) partly attributed the more advanced development in French 
word-final codas and word-initial clusters to an association of frequency and complexity, given that 
faster acquisition was found for the bilingual children exposed to L1s involving high frequency and 
high complexity of both codas and clusters. Also, bilinguals exposed to L1s characterized by low 
frequency and low complexity codas or clusters obtained lower scores but no delay effect was 
observed. 

I.2.3.3.6.3! Complexity 

 In the bilingual studies discussed (and as previously noted), the notion of complexity is often 
conflated with that of markedness, as defined by Jakobson (1968). In that view, structures labelled as 
complex or marked are those more difficult to produce and consequently, are acquired later than less 
complex or unmarked structures. Markedness is thus viewed as complexity from a structural or 
articulatory point of view. However, even if the two notions are linked, they do not equate with each 
other. Phonological complexity has also been variedly defined depending on the theoretical 
framework and appears to be multi-faceted, as complexity can lie at different levels of phonological 
representation, amongst which features, segments and syllables. In most studies previously 
mentioned, structures considered as complex involve particular segments, consonantal clusters as 
well as specific syllable types/constituents. As seen from the previous point, several authors have 
considered complexity as a decisive factor in explaining CLI. In Kehoe’s investigation of vowel 
production in German-Spanish bilingual vs. monolingual children (2002), delay occurred in 
bilinguals’ acquisition of the German vocalic system. As it involves a richer vowel inventory and 
phonemic vowel length distinction, the German vowel system is considered as more marked. 
Therefore, Kehoe attributed this deceleration phenomenon in the acquisition of the more marked 
German vowel system to the bilinguals’ exposure to the less complex Spanish vowel system. Another 
example of deceleration explained in terms of markedness is that of the study led by Fabiano-Smith 
and Bunta (2012) which examined VOT patterns in English-Spanish bilinguals in comparison to 
monolinguals of either language. Indeed, bilinguals were found to be delayed in their acquisition of 
English long voicing lag. The authors claimed that this slower acquisition pattern may result from a 
conflict between the markedness values of the two languages resulting in the persistent use of the less 
marked feature, that is, short-lag VOT in both languages. 

 Other studies also referred to the bilinguals’ exposure to patterns of linguistic complexity to 
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account for acceleration phenomena. Still focusing on German-Spanish bilinguals, Lleó et al. (2003) 
attributed the wider segmental inventory observed in Spanish codas to the children’s exposure to 
codas of greater complexity in German. Indeed, the set of consonants allowed in this position is less 
restricted in German than in Spanish. Similarly, and as mentioned in the previous point, English-
Polish bilingual children involved in Tamburelli et al.’s study (2015) were said to have benefited from 
their exposure to complex word-initial clusters in Polish to produce more accurately less 
phonologically complex clusters in English. Keffala et al. (2018) attributed the higher accuracy rates 
in the production of Spanish singleton codas (for both structural and segmental accuracy) and of onset 
clusters (for structural accuracy in Spanish and segmental accuracy in both languages) to the fact that 
their English-Spanish bilingual participants had been exposed to various types of complexity in each 
of their languages. More precisely, the exposure to greater structural complexity in English codas 
accelerated the bilingual’s acquisition of Spanish singleton codas in comparison to monolinguals. 
Indeed, English permits complex codas (i.e., consonant sequences in coda position) and permits a 
wide range of segmental combinations. Then, the bilingual’s acquisition of Spanish branching onset 
structure and segments was eased by their exposure to increased structural complexity in English 
branching onsets, while being exposed to smaller sonority differences in Spanish branching onsets 
fostered their acquisition of English branching onset segments. Indeed, English and Spanish differ by 
their cluster complexity. English complexity lies at the structural level, as two or three-elements 
clusters are to be found in English, whereas Spanish phonotactics allow for smaller sonority 
differences between the cluster’s consonants. Thus, results from these studies were in line with the 
idea that bilingual’s exposure to patterns of increased phonological complexity in each language may 
stimulate phonological acquisition in the other language, leading to a more advanced development as 
compared to monolinguals.  

I.2.3.3.6.4! Structural ambiguity/overlap 

 The hypothesis of structural ambiguity as an explanatory factor for cross-linguistic influence 
has been invoked to a much lesser extent in studies about bilingual phonological acquisition. In fact, 
this hypothesis originates in bilingual acquisition studies about morpho-syntax (Döpke, 1999; Hulk 
and Müller, 2000). It postulates that cross-linguistic effects are likely to occur for structures for which 
there is inter-linguistic structural ambiguity or overlap and that transfer is not to be expected in the 
absence of ambiguity (Nicoladis, 2006). To give an example, if one of the languages of a bilingual 
child is characterised by a fixed word order Verb-Object and the other language allows for different 
word orders, amongst which the fixed word order Verb-Object in some cases, there is an overlap in 
the two languages. Accordingly, the child could initially overextend the use of the Verb-Object word 
order to both languages. As no ambiguity is present in the language with the fixed word order, transfer 
is expected to occur from that language to the other. 

 Structural ambiguity has been put forward as an explanatory factor in one study previously 
discussed. In her case study involving a Portuguese-French bilingual, Almeida (2011) suggested that 
the acceleration effect in the acquisition of branching onsets in Portuguese could be attributed to the 
structural ambiguity present in the input. Indeed, branching onsets are present both in French and in 
Portuguese; however, these structures are only superficially similar as they can be analysed in 
different ways in Portuguese. Portuguese is characterised by frequent vowel elision in spontaneous 
speech, leading to surface realizations of consonant sequences which are not true consonantal clusters 
in a phonological sense. Monolingual Portuguese children thus have to learn identifying the 
consonant sequences that can be phonologically analysed as consonantal clusters. As a result, cases 
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of vowel epenthesis are frequent in the early production of branching onsets. On the contrary, the 
input is less ambiguous regarding branching onsets in French and this, according to Almeida (2011), 
would have facilitated the identification of true consonantal clusters in Portuguese and therefore, 
accelerated their acquisition. 

I.2.3.3.7! Link between lexical and phonological development 

 Few bilingual speech production studies have taken children’s lexicon into account. Only one 
study mentioned in our previous literature review has investigated the link between lexical and 
phonological development (Kehoe and Havy, 2019). Indeed, Kehoe and Havy (2019) have included 
the children’s level of lexical development in their attempt to consider and control different factors 
that may impact bilingual phonological acquisition (see above). More precisely, they assessed the 
children’s productive vocabulary in their two languages, using adaptations of the Mac-Arthur Bates 
inventories (Fenson et al., 1993), in order to measure lexical abilities in each language as well as the 
total size of the vocabulary (i.e., in both languages). Interestingly, no correlations appeared between 
language-specific lexical abilities and phonological productions in French. However, their results 
indicated that total vocabulary significantly predicted overall consonant accuracy as well as coda 
presence and accuracy but had only a marginal effect on cluster accuracy. Kehoe and Havy (2019) 
interpreted it as a demonstration of inter-linguistic links at the lexical-phonological interface. In other 
words, lexical knowledge in one language would stimulate phonological acquisition in the other due 
to common phonological properties. 

 Similarly, another study not mentioned in our review also examined the link between lexical 
and phonological development. Involving a large cohort of English-Spanish bilingual children aged 
between 3;1 and 6;5, the investigation led by Scarpino (2011) showed that the children’s phonological 
skills were predicted to an important extent by vocabulary scores in each language. Thus, it seems 
that both language-specific and global lexical competence can influence phonological skills. 

I.2.3.4! Conclusion 

 Based on our review of bilingual production studies, it appears that bilingual phonetic-
phonological development shares similarities with that of monolingual children but has its 
specificities as well. It is actually widely acknowledged that bilingual children are developing two 
linguistic systems from the earliest stages of production and that unintended interaction would be 
typical of the bilingual experience. Indeed, CLI would be part of their ordinary phonological 
development and the moment when they would acquire similar profiles as monolinguals – if they ever 
do – is not yet defined. Also, it is clear that assessing bilingual phonetic-phonological development 
requires taking account of a certain number of factors, both language-external and language-internal, 
as well as considering the impact of lexical development. Moreover, different cross-linguistic effects 
can co-occur and the predictive role of the different factors is still not well understood. Most probably, 
phonological acquisition might not be influenced by only one decisive factor but instead, by a 
combination of several intricately linked explanatory factors. As suggested by some recent studies, 
cross-linguistic interaction in bilingual phonological acquisition might result from cross-language 
differences in the linguistic complexity of phonological properties, or from cross-language 
differences in the frequency of occurrence of those properties, or from both. In addition, certain 
phonological structures might be more prone to CLI than others. 
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 From a methodological perspective, then, several limits can be pointed out in the existing 
literature. A large number of investigations have consisted in case studies or have included small 
participant samples. Moreover, not all studies have adopted a longitudinal perspective, while only a 
longitudinal tracking permits the identification of developmental patterns. Then, a large part of 
bilingual production studies involved recordings of spontaneous/connected speech samples during 
interactions in unstructured play situations (with parents and/or an experimenter). If this kind of 
protocol favours ecological-naturalistic conditions, it also results in highly time-consuming 
subsequent analyses (as it does not target specific productions) and can make the identification of the 
target’s productions more problematic. However, a number of investigations involved the collection 
of single-word samples mostly elicited through a word-naming task (two studies included a non-word 
repetition task) which enabled the authors to focus on the production of particular words involving 
particular phonological structures. Most researchers used existing language assessment instruments 
(Fabiano-Smith & Goldstein, 2005; Fabiano-Smith & Barlow, 2010; Lin & Johnson, 2010), while 
few of them developed a specific tool/task. If using a standardised tool permits subsequent 
comparisons, building one allows targeting specific phonological structures. Self-developed tools 
mostly focused on consonants – whether singletons or clustered – in different positions within words, 
such as words targeting word-initial stops (MacLeod et al., 2011) or consonants in syllable-initial and 
final positions (Lin & Johnson, 2010).  

Accordingly, for a majority of the studies discussed, analyses focused on consonants’ 
production, possibly in different positions in the word and/or in the syllable, depending on the 
approach taken. Very few studies have investigated vowel production in bilingual toddlers (Kehoe, 
2002; Yang et al., 2015). Besides, the conducted analyses most often involved measures of accuracy 
and examination of phonological processes/error patterns with varying degrees of precision/nuance. 
Interestingly, acoustic analyses have rarely been carried out on data although they allow for a more 
objective assessment than analyses based on perceptual transcriptions which, even if more 
advantageous for several reasons (convenience and economy), are also prone to errors and/or bias. 
Finally, the last but not least mentionable point, studies about bilingual phonological development in 
production have dealt with a limited range of language pairs, which, in most cases, have involved 
English and/or Spanish. Moreover, if not the investigation led by Kehoe and Havy (2019), no study 
included more than one language pair. The methodological choices for the current study have been 
made with these limitations in mind. Indeed, it longitudinally assesses phonetic and phonological 
development of French paired with different languages and includes analyses based on acoustic 
measures (this will be developed in details in the Chapter II.). Besides, both concepts of acceleration 
and deceleration will be used for a different purpose than that for which they are generally used, 
namely to compare different bilingual children rather than to compare bilingual to monolingual 
children (this issue will be returned to in section I.4. in which are exposed the research problematic 
and working hypotheses). 
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I.3! PHONETIC-PHONOLOGICAL DESCRIPTION OF TARGET SYSTEMS  
It follows from the review of bilingual speech acquisition/production studies that research 

about bilingual phonological development has focused primarily on children exposed to English 
and/or Spanish.  Moreover, and to our knowledge, Kehoe and Havy’s study (2019) is the only research 
to have involved several language pairs in order to study phonological acquisition within contrasted 
bilingual linguistic contexts. In light of this, and as mentioned in the introduction of this doctoral 
dissertation, our research also aims at contributing to address this gap by comparatively studying the 
impact of different linguistic combinations on phonetic and phonological development in French. 
Already listed in the introduction, the three linguistic combinations involved in this study are the 
following: (1) French-Italian, (2) French-Arabic and (3) French-Mandarin. These selected language 
pairs involve a different degree of distance/similarity between the two languages. Inter-linguistic 
distance is a multi-dimensional notion that can be measured at different levels, from phonetics and 
phonology to syntax28. More specifically regarding phonetic and phonological distance, languages 
can resemble each other or differ in several respects: phonemic inventories, syllabic structure or 
prosodic domains of rhythm, stress/accent and tone. 

Phonetic and phonological properties of the different target languages involved in this study 
will now be described. Given that our study focuses on the impact of different bilingual contexts on 
French phonological acquisition, particular attention will be devoted to the description of French. The 
three other languages will be described rather from a comparative perspective; i.e., focusing on what 
properties they share or do not share with French. Furthermore, the description will be mainly centred 
on the specific structures we have chosen to investigate in the subsequent analyses, pertaining to both 
segmental and syllabic levels, and on their developmental patterns as documented in acquisition 
studies. More precisely, we will detail the vocalic and consonantal sub-systems, with a closer 
examination of a sub-set of consonants including voiced and voiceless sibilant29 alveolar and post-
alveolar fricatives /s, z, ʃ, ʒ/30. Rationales for this choice will be explained in the description of our 
research problematic (section I.4.). Then, we will concentrate on both segmental and structural 
characteristics of different syllabic constituents, namely word-final singleton codas, word-initial 
branching onsets and word-final complex codas. Word-final singleton and complex codas as well as 
word-initial branching onsets have already been investigated in several monolingual and bilingual 
acquisition studies and have been shown to be of particular interest with respect to the issue of cross-
linguistic interaction. In addition, their development has rarely been studied concomitantly with an 
examination of vowel and/or fricatives production. 

Note that rhythm, stress or intonation phenomena will not be considered here. Although 
similarities and differences of interest do exist between French and the target languages on these 
respects, they are beyond the scope of the present study. Indeed, as mentioned earlier, this study aims 
at identifying developmental patterns in the acquisition of French speech sounds in contrasted 
bilingual linguistic environments, with a peculiar attention given to vocalic and consonantal 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

28In addition, existing classifications constitute very often a simplification and languages should rather be 
located on a continuum than in distinct, binary classes. 
29Sibilants are fricative consonants of higher amplitude and pitch, made by directing a stream of air with the 
tongue towards the teeth. 
30Voiced fricatives /z, ʒ/ are produced with accompanying vibration of vocal folds, as opposed to voiceless 
fricatives /s, ʃ/.  
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acquisition within particular syllabic constituents in specific positions in the word. Each targeted 
structure will be described both in phonetic and phonological terms whenever it is possible (i.e., 
depending on the amount of available information in the literature).  

Before moving on to the description of the target languages, a word should be said about the 
notions of linguistic norm and variation. The languages involved in the current study relate differently 
to the norm issue and are characterized by different degrees of language variety. Indeed, both French 
and Italian are characterized by a high degree of regiolectal and sociolectal varieties which can be 
more and less contrasted (Lengert, 2015; Cerruti, 2011). Arabic, then, comprises numerous dialectal 
varieties, the use of which mainly depends on the region. As for Chinese, Pûtônghuà (literally 
“common speech”) is the official prescribed standard derived from the Mandarin used in Bejing, 
while a large number of other dialects are spoken in China (Dong, 2010). We are well aware of this 
existing varieties – whether dialectal, regiolectal or sociolectal – and of the differences that they might 
involve with regards to phonetics and phonology. Still, we are not going to discuss these different 
variations in details but rather, we take the position of giving a consensual description of the most 
widely accepted norm.  

I.3.1! FRENCH  

I.3.1.1! Vowels 

I.3.1.1.1! Phoneme inventory  

 The description of the French vowel system varies slightly depending on the scholars as well 
as on its regional varieties and types of corpus under study. Walter (1976) has identified 16 vowels, 
with 11 oral short vowels /i, y, e, ø, ɛ, œ, a, ɑ, ɔ, o, u/, 1 oral long vowel /ɛ:/ and 4 nasal vowels /ɛ,̃ œ̃, 
ɑ̃, ɔ̃/.  She also noted that the central vowel /*/ could be added to these 12 oral vowels. Indeed, /*/ can 
be considered as a phoneme on the same terms as the other vowels even if it behaves in a slightly 
different way. More specifically, /*/ can be phonetically realized as a [ø] or an [œ] and can also be 
reduced or elided in conversational speech (particularly in final syllable but also within words, such 
as in [ʃvø] for /ʃ*vø/, i.e., cheveux). Therefore, it has often been referred to as optional or neutral. 
Besides, the contrast between several phonemes becomes neutralized in some contexts, such as 
contrasts between /ø/ and /œ/ and between /ɔ/ and /o/ in final open syllable, and contrast between /e/ 
and /ɛ/ in final close syllable. In addition to contrast neutralization, a merging phenomenon occurs 
for the contrasts between the nasal vowels /ɛ/̃ and /œ̃/ and between the oral vowels /a/ and /ɑ/. Indeed, 
the phonetic evolution of the language has led to a gradual disappearance of the nasal anterior rounded 
vowel /œ̃/ and the posterior oral vowel /ɑ/ for the benefit of, respectively, the nasal anterior unrounded 
/ɛ/̃ and the anterior oral vowel /a/. Léon (2000) has attributed this to the low frequency of occurrence 
of the vowels /œ̃/ and /ɑ/. Furthermore, minimal pairs involving /ɛ/̃-/œ̃/ (as in « brin » and « brun ») 
and /a/-/ɑ/ (as in « patte » et « pâte ») are quite rare and contrasts between these vowels are therefore 
not fundamental in the system. Consistent with this view, Fougeron and Smith (1993) report 11 oral 
vowels (i, e, ɛ, y, ø, œ, *, a, u, o, ɔ) and 3 nasal vowels (ɛ,̃ ɑ̃, ɔ̃) (see Figure 3). 
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Figure 3:!Representation of French vowels, extracted from Fougeron and Smith (1993). 

 Regarding vowel’s distribution, we present in Table 2 a list of French vowels’ frequency of 
occurrence drawn from the work of Wioland (1972). Wioland’s distribution was measured based on 
a large corpus combining spoken (from radio broadcast) and written French. It should be noted that 
the frequencies’ total does not reach 100% given that Wioland had estimated the frequency of all 
French phonemes, including the consonants (see next section). The vowels /a, i, e, ɛ/ have the highest 
frequency of occurrence, whereas the vowels /ø, œ, ɑ, œ̃/ are the less frequent vowels. Compared to 
other languages, French has a high proportion of vowels against consonants (43,5% of vowels and 
56,5%, based on Wioland, 1972).

 
Vowel Distribution 

a 8,11% 
ɛ 5.55% 
e 5,28% 
i 5.08% 
* 3.39% 
ɑ̃ 3.21% 
u 2.62% 
ɔ̃ 2.27% 
y 2.01% 
o 1.97% 
ɔ 1.28% 
ɛ ̃ 1.16% 
œ̃ 0.54% 
ø 0.51% 
œ 0.44% 

ɑ 0.05% 

Table 2:! Frequency of occurrence of French vowel phonemes, extracted from Wioland 
(1972).

I.3.1.1.2! Phonetic description  

The production of vowels is characterized by the free circulation of the pharyngeal flow 
through the vocal tract where it gets its particular timber from the specific configuration and form of 
the supra-glottal cavities. There are a number of articulatory criteria along which vowels can be 
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classified; however, not all criteria are necessary to describe the vowel system in phonological terms. 
That is, some of them might be considered redundant in an economic phonological description. A 
phonetic description of French vowels can be achieved based on the following criteria:  

-! aperture/height: based on the degree of aperture (i.e., the openness of the mouth) and the 
height of the tongue (i.e., a more and less elevated tongue), it is possible to distinguish 
between open or low and close or high vowels. In French, four types of vowels are attested 
based on this criteria: [i], [y] and [u] are close/high vowels, [e], [ø] and [o] are mid-
close/high vowels, [ɛ], [œ] and [ɔ] are mid-open/low vowels, and [a] and [ɑ] are open/low 
vowels. 

-! frontness/backness: based on the position of the tongue on a horizontal axis (i.e., its degree 
of frontness or backness), vowels are categorized either as anterior or posterior. In French, 
[i], [e], [ɛ], [y], [ø], [œ] and [a] are anterior vowels and [u], [o], [ɔ] and [ɑ] are posterior 
vowels. 

-! labialization/roundness of the lips: based on the degree of labialization or roundness of the 
lips, a distinction is made between labial or rounded vowels vs. non-labial or unrounded 
vowels. In French, [y], [u], [ø], [œ], [o], [ɔ], [ɔ̃] and [œ̃] are labial vowels and [i], [e], [ɛ], 
[a] and [ɑ] are non-labial vowels. 

-! nasalization: nasal vowels are characterized by a lowered velum and by a combination of 
oral and nasal airflow, whereas oral vowels involve a raised velum and air passing only 
through the buccal cavity. French includes four nasal vowels [ɑ̃], [ɛ,̃], [ɔ̃] and [œ̃].  

Additional articulatory criteria used to categorize vowels in other languages than French 
include, amongst others, vowel length/duration31 (short vs. long vowels), vowel tension (tense vs. lax 
vowels), diphthongization, position of the tongue root, vowel pharyngealization and stridency 
(Ladefogged & Maddieson, 1996). Table 3 summarizes the French vocalic system according to the 
relevant articulatory criteria mentioned above (height/aperture, frontness/backness, 
labialization/roundness and nasalization) and following Figure 4 shows sagittal views of the vocal 
tract configuration for the production of French vowels (similarly organised along the same criteria). 

 Anterior vowels Central vowels Posterior vowels 

Close/high vowels i, y  u 

Mid-close/high vowels e, ø (*) o 

Mid-open/low vowels ɛ, ɛ,̃ œ (œ̃)  ɔ, ɔ ̃

Open/low vowels a, ɑ̃  (ɑ)  

Table 3:! French vowels (with rounded vowels in bold characters and vowels prone to merging 
and consequently, not present in all descriptions into parentheses). 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

31Indeed, vowel duration is not phonologically significant in the French vocalic sub-system. 
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Figure 4:!Articulatory representations of the French vowels, extracted from Delattre (1968). 

 From an acoustic perspective, and as modelled by the “source-filter” theory (Fant, 1960), the 
production of vocalic sounds starts with an initial periodic sound resulting from the vibration of vocal 
folds and consisting in a fundamental frequency (F0) and its harmonic components. While this 
laryngeal sound source progresses through the vocal tract (filter), the supra-glottal cavities act as 
resonators by reinforcing the harmonics the closest to their resonance frequencies. The reinforced 
frequency zones in the output signal are called formants which vary according to the size and 
configuration of the vocal tract. The first three formants – referred to as F1, F2 and F3 – are the most 
informative for vowel analysis, though there may be a greater number of them. Given that the 
configuration of the bucco-pharyngeal cavities differs for each vowel, each of them will be 
characterized by specific formant values. There is thus a link between the acoustic and articulatory 
characteristics of vowels. Even though this link is complex and nonlinear, some general tendencies 
may be outlined. First, the value of the first formant (F1) mainly depends on the position of the jaw 
and of the tongue as the F1 typically increases while both articulators lower. The value of the second 
formant (F2) mainly relates to the horizontal movement of the tongue: F2 is expected to rise as the 
tongue moves forward in the mouth. Finally, the value of the third formant (F3) is particularly affected 
by the relative rounding of the lips and decreases as they become more rounded. In other words, 
values of F1, F2 and F3 are decisive for contrasts between close and open vowels (F1), posterior and 
anterior vowels (F2) and unrounded and rounded (front) vowels (F3). Figure 5 provides, on the left, 
a schematic representation of the French oral vowels on a F1-F2 plan and, on the right, a schematic 
representation of the dispersion (i.e., the variability) around the centre of the vocalic category. 
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Figure 5:!Schematic representation of French oral vowels on a F1-F2 plan with typical formant 
values (left) and schematic representation of the dispersion around the centre of the vocalic 
category (right), extracted from Ghio and Pinto (2007). 

 Vaissière (2006) has classified French oral vowels based on their acoustic features and more 
precisely, based on the distance between their formant values. She has distinguished three groups of 
vowels:  

-! (1) front vowels /i, e, ɛ, y/ which are characterized by a greater distance between F1 and 
F2 than between F2 and F3. Moreover, /i/ is the most acute vocalic sound displaying a very 
high F3 (around 3200 Hz for male speakers and higher for female speakers and children) 
and a convergence between F3 and F4 values. In contrast, the vowel /y/ is characterized by 
a grouping of F2 and F3 values (around 1900 Hz for men and 2300 Hz for women) 
(Vaissière, 2007). Besides, the F3 allows distinguishing between the vowels /i/ and /y/ and 
/i/ and /e/.  

-! (2) labial and posterior vowels /u, o, ɔ/ which are characterized by smaller distance between 
F1 and F2 than between F2 and F3. Furthermore, these vowels involve a convergence 
between F1 and F2 below 1000 Hz and the vowel /u/ is the gravest vocalic sound 
(Vaissière, 2007). 

-!  (3) acoustically central vowels /ø, œ, a/ which are characterized by a uniformly distributed 
energy and a F2 situated midway between F1 and F3. Still, the vowel /a/ presents a very 
high F1 and the F1 of /ø/ is higher than that of /œ/. 

 This convergence or proximity between two consecutive formants is also termed vowel 
focalization within the framework of a theory of vowel systems called the Dispersion-Focalization 
Theory (Schwartz, Boë, Vallée & Abry, 1997). In sum, this theory is based on the principle that 
vowels produced on peripheral zones of the vowel space consequently present a convergence of 
certain formants. This formant convergence or focalization facilitates their perception as more focal 
spectral configurations would be easier to process and thus, preferred to less focal ones (Schwartz, 
Abry, Boe, Ménard & Vallée, 2005). In other words, focal vowels such as /i, y, a, u/32 are more easily 
identified and function as perceptual referents supporting the perception of other vowels.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

32However, Vaissière (2007) identifies six focal vowels /i, y, ɑ, ɔ, o, u/. 



!

! 55!

 Finally, it should be said that nasal vowels involve a different configuration of the vocal tract 
than oral vowels. Indeed, their production is characterized by a coupling of both oral and nasal cavities 
via an opening of the velo-pharyngeal port and a lowering of the velum (Carignan, 2014), as well as 
by an overall shift towards the back of the vowel space.  

 In conclusion to this section, it appears that French has a quite complex vocalic system 
including 10 to 12 oral vowels and 3 to 4 nasal vowels, depending on the descriptions found in the 
literature, characterized by particular articulatory and acoustic features. Given that two thirds of the 
word’s languages have a vocalic system comprising between 5 to 7 vowels, this makes French one of 
the less frequent languages to possess more than 9 vocalic qualities and as a result, to involve a 
“parallel” system of nasal vowels (Vallée, Boë & Stefanuto, 1999). 

I.3.1.1.3! Data from developmental studies 

I.3.1.1.3.1! Order of acquisition 

  A limited number of studies have focused on the acquisition of vowels in French. With 
respect to vowels’ order of acquisition, Rondal (1999) has proposed a timetable for the acquisition of 
French phonemes, distinguishing between emerging – i.e., occurring for the first time in the child’s 
inventory – and acquired – i.e., systematically and appropriately used – phonemes (see Figure 6).  

 

Figure 6:!Table of French phoneme acquisition (Rondal, 1999; in which ou = [u], é = [e], è = 
[ɛ], eu = [ø], u = [y], an = [ɑ̃], in = [ɛ]̃, on = [ɔ]̃, un = [œ̃], gn = [ɲ], ch = [ʃ]). 
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 According to his proposal, all vowels are acquired between three and four years, except for 
the nasal /œ̃/ mastered a little before 5 years, and most oral vowels are acquired before nasal vowels. 
More specifically, /a/ is the first vowel to emerge and be acquired, followed by other oral vowels /i, 
u, o, e/ then, /ɛ, ø, y/ and finally, by the nasals /ã, ɔ̃, ɛ/̃. It should be noted that we do not have precise 
information with regard to the empirical basis of this proposal and moreover, it does not provide a 
very nuanced view of the acquisition process. However, there is, to our knowledge, no more recent 
reliable source documenting the time course of acquisition of French vowels. 

I.3.1.1.3.2! Vowel production 

 Amongst the developmental/acquisition studies involving acoustic analyses of French 
vowels, some of them have assessed vowel production in the frame of comparisons between normally 
hearing and hearing-impaired children. Given the restricted number of acoustic studies of vowel 
production in French-speaking children, we report here their results concerning children with no 
hearing loss. Ryalls, Larouche and Giroux (2003) have focussed on French-speaking Canadian 
children with the following profiles: (1) profound hearing-impaired, (2) moderate-to-severe hearing-
impaired and (3), normally hearing children (mean age = 8;10). They examined the first three formant 
frequencies of the extreme vowels /a, i, u/ by eliciting the repetition of CV syllables (non-words) 
involving the stop /p, b, t, d, k, g/. They observed no significant between-group differences in F1 
values but lower F2 values and smaller vocalic space in children with profound hear loss. Figure 7 
displays extracted mean values of the first three formants obtained for normally hearing children (one 
above the other, from F1 to F3) and right next to it, the comparison of the three groups’ vocalic space. 
As expected, F1 and F2 values are globally higher than that observed for adult speakers. Indeed, and 
as previously mentioned, early vowel development is characterized by a reduction of formant-
frequencies (Vorperian & Kent, 2007). 

 

Figure 7:!Mean F1-F2-F3 values of vowels /a, i, u/ for normally hearing boys and girls (left), 
comparison of the vocalic space of normally hearing, moderate-to-severe and profound 
hearing-impaired children (right), extracted from Ryalls et al. (2003).
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 In her doctoral dissertation, Grandon (2016) has similarly analysed the acoustic 
characteristics of vowels in normally hearing vs. cochlear-implanted French-speaking children (the 
latter being aged between 5;7 and 10;6), eliciting vowel production via both word-repetition and 
naming tasks. Her analyses also included measures of the vowels’ first three formants. Moreover, the 
words to be produced by the children were mono- or plurisyllabic words, all involving an initial 
sequence CV or CVC, and vowels targeted for the acoustic analyses were the orals /i, e, ɛ, y, ø, œ, a, 
u, o, ɔ/. Normally-hearing children participating in her study were found to produce the French oral 
vowels with four distinct levels of vowel height and three levels of vowel frontness (respectively 
linked to F1 and F2 values), similar to French-speaking adult vowel production described in the 
literature (e.g., Fougeron & Smith, 1993). More specifically, the children produced appropriate F1 
values, resulting in a clear distinction between: (1) high /i, u, y/ and mid-high /e, ø, o/, (2) mid-high 
/e, ø, o/ and mid-low /ɛ, œ, ɔ/, (3) mid-low /ɛ, œ, ɔ/ and low /a/. Furthermore, the F2 values of anteriors 
/i, e, ɛ/ were also distinct from those of less anteriors /y, ø, œ/ and central /a/, in turn different from 
posteriors /u, o, ɔ/. Besides, the rounded vowels /y, ø, œ/ were also characterized by a lower F3 than 
the unrounded /i, e, ɛ/ possibly indicating the acquisition of the roundness feature. Interestingly, she 
found no effect of age on formantic differences between the different categories, suggesting that even 
the youngest children of her sample (aged around 5) had already acquired the different vocalic 
categories determined by height and frontness. Finally, neither the type of task (repetition vs. naming) 
nor the complexity of the word (assessed based on lexical frequency, word length and presence of 
consonantal clusters) did significantly impact vowel production. Indeed, only the F1 of high/close 
vowels and of /a/ was subjected to an effect of the task and the complexity of words only affected the 
F1 of the vowels /u, a, y/, the F2 of the vowels /i, ɛ, o/ and the F3 of the vowels /i, u, o, ɔ/.  

 Within the frame of the Dispersion-Focalization Theory (Schwartz et al., 1997, see above), 
Ménard and collaborators investigated the link between articulatory and acoustic features for French 
vowels with a longitudinal perspective (Ménard, Schwartz, Boë & Aubin, 2005). The study included 
three experiments and involved two groups of children (4-year-olds and 8-year-olds) and one group 
of adults.  The first experiment focussed on the production of vowels by speakers of all three groups 
in order to examine the acoustic organization of the vocalic system during growth. In the second 
experiment, vowels simulated with an articulatory model (Variable Linear Articulatory Model, 
VLAM, developed by Maeda, 1979) were compared to natural vowels in order to better understand 
articulatory strategies and in the third one, they assessed perceptual value of acoustic targets. For each 
speaker, they collected ten repetitions of the ten oral vowels /i, e, ɛ, y, ø, œ, a, u, o, ɔ/ inserted in 
initial position of French words and conducted acoustic analyses based on the measures of F1-F2-F3 
values. More precisely, they examined the distribution of vowels over three-dimensional spaces. 
Their results showed that the productions of all speakers (both groups of children and adults) 
displayed the focalization feature; that is, all speakers produced vowels with extreme positions on a 
F1-F2-F3 space characterized by a regrouping of certain formants (/i/ F3-F4, /u, a/ F1-F2, and /y/ F2-
F3). However, focalization resulted in lower intelligibility for the French vowel /y/ in 4-year-olds.  

 A longitudinal study involving Canadian either English- or French-learning children aged 
between 10 and 18 months (Rvachew, Mattock, Polka & Ménard, 2006; Rvachew, Alhaidary, 
Mattock & Polka, 2008) focused on developmental and cross-linguistic differences in infant vowel 
spaces. These studies included analyses of the mean F1 and F2 values of the babbling vocalic sounds. 
Results from both studies showed an early influence of the ambient language and cross-linguistic 
differences. Indeed, Rvachew and collaborators (Rvachew et al., 2006) observed a decline in mean 
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F1 values for Canadian French children with age, whereas mean F2 values were found to decrease 
for Canadian English children and to remain stable for French-learning infants, as shown by Figure 8 
below. Moreover, they also found that the babbling of English infants was characterized by a higher 
frequency of occurrence of /u/ vowels in comparison to French infants (Rvachew et al., 2008) and 
they observed a peripheral expansion of the infants’ vowel space towards high-front and high-back 
regions with age (Rvachew et al., 2006, see Figure 8).  

 

Figure 8:!Mean F1 (top) and F2 (bottom) values in mels for French- and English-learning 
Canadian children (left), graphic representation of the vowel space and movement of the 
gravity centre from 300 to 570 days of age (right), extracted from Rvachew et al. (2006).

 Besides, these studies emphasize the fact that an accurate description of vowel acquisition 
patterns requires more than an assessment of vowel production at a phonemic level and necessitate 
phonetic-acoustic analyses. Then, babbling studies do not permit precise identification of the target 
of the vowel sound that infants are willing to produce and hence, such investigations need being 
supplemented by other acquisition studies involving the production of vowels within words. 

 There are, to our knowledge, no acoustic studies of vowel production involving French-
speaking bilingual children. As already noted, only a limited number of bilingual production studies 
have involved acoustic analyses and furthermore, vowels have been less investigated than consonants. 
Still, vowel accuracy in French was analysed (using the PVC measure, see above), amongst other 
things, by Kehoe and Havy (2019) in their study focusing on phonological acquisition in French-
speaking bilingual toddlers in comparison to age-matched monolinguals. Their comparison of PVC 
results between bilinguals and monolinguals showed no differences across the two groups of children 
(with an approximate PVC value of 90% for the two groups). However, the bilingual children 
displayed greater variability in their vowel productions than the monolinguals. In addition, the authors 
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assessed the impact of language-external factors (exposure to French, socio-economic status and 
gender) and of lexical development on the PVC values but none of these factors appeared to be 
significant predictors of the children’s vowel accuracy. 

 From this review of studies focusing on vowel acquisition in French, it appears that there are 
actually still very few data about developmental patterns and acoustic characteristics of vowels in 
preschool French-speaking children. Moreover, almost all studies discussed involved monolingual 
children as (French) vowel production has very scarcely been focused on in bilingual acquisition 
studies. There is thus a need to address this issue. Besides, studies discussed differed by their 
methodologies for eliciting and analysing vowel productions. Indeed, some of them involved 
repetition of non-words (Ryalls et al., 2003) or words (Ménard et al., 2007; Grandon, 2016) and/or 
word naming (Grandon, 2016) and finally babbling studies (Rvachew et al., 2006; 2008) relied on 
speech sample recordings in the context of mother-child interactions. We now move forward to the 
description of the French consonantal (sub-)system. 

I.3.1.2! Consonants  

I.3.1.2.1! Phoneme inventory and articulatory characteristics 

 We provide a description of French consonants based on two main sources (Walter, 1976; 
Rose & Wauquier, 2007). French includes 17 to 18 consonants /p, t, k, b, d, ɡ, m, n, ɲ, (ŋ), f, v, s, z, 
ʃ, ʒ, l, ʁ/ and 3 glides (also called approximants, semi-consonants or semi-vowels) /w, j, ɥ/. Indeed, 
the phoneme /ŋ/ is not always included in the consonantal inventory as it occurs in English borrowed 
words. Regarding the frequency of occurrence of consonants, we present below (see Table 4) two 
lists of French consonant’s distribution which were developed based on corpus of adult and child-
directed speech. The first list (on the left) is drawn from the estimation of phonemes’ frequency in 
spoken and written French realised by Wioland (1972, see above). Derived from the work of Le 
Calvez (2004) by Yamaguchi (2012), the second list (on the right) has been developed based on 
speech utterances of adults addressing children taken from the CHILDES database. In both lists, the 
frequency of consonants does not reach 100% since the authors had included vowels in their 
estimation of French phonemes’ frequency. The two lists differ somewhat in their frequency ranking 
of French consonants as child-directed speech (CDS, see above) has specific characteristics 
potentially impacting the phoneme’s frequency of occurrence. It should be noted that the list drawn 
from Le Calvez’s work does not include the glides /w, ɥ/ as Yamaguchi did not include those two 
phonemes in her study. The most striking difference between the two frequency lists is the rank of 
the consonant /z/ which appears as the second less frequent consonant in the child-direct speech, right 
before the /ɲ/ (the least frequent consonant in both lists), while it occupies a higher rank in the list of 
Wioland (1972). In addition, /b/ would also be more frequent in the spoken language addressed to the 
child than in adult spoken and written language. 
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Table 4:! Frequency of occurrence of French consonants (left), drawn from Wioland (1972), 
Frequency of occurrence of French consonants in CDS (right), adapted from Yamaguchi (2012) 
based on Le Calvez (2004). 
 

Consonants can be described and classified following articulatory criteria and more 
particularly, based on their manner (MoA) and place (PoA) of articulation. Moreover, consonant 
sounds are also categorized in relation to their voicing feature, as voiced vs. voiceless consonants33. 
Table 5 presents the French consonantal system based on descriptions found in the literature. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

33A voiced sound is characterized by the vibration of vocal folds.   
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Table 5:! French consonants based on descriptions found in the literature (Walter, 1976; Rose 
and Wauquier, 2007). 

 Stop consonants result from a momentary obstruction of the vocal tract which impedes the 
free passage of the air at a supra-glottal level. The mechanism of production of stop consonants 
involves three stages: (1) an occlusion/closing phase during which the articulators are positioned, (2) 
a holding phase during which the air is blocked and (3), an explosion phase (or burst) which 
corresponds to the relaxing of the articulators and the liberation of the air stream. The six French 
stops can be organized in three pairs of voiced and voiceless consonants: (1) the bilabials /b – p/, (2) 
the dentals /d – t/ and (3), the velars /k – ɡ/. Nasal consonants (/m, n, ɲ, (ŋ)/) are produced with the 
same mechanism as voiced stop consonants but are characterized by a lowered velum. Consequently, 
the nasal cavity starts resonating and gets involved in the filtering of the voiced source. In contrast, 
fricative (or “constrictive”) consonants are produced by the continuous passage of air through a 
narrowed or constricted vocal tract resulting in a friction noise. Like the stops, the fricatives of French 
can be organized in pairs of voiced and voiceless consonants: (1) the labio-dental /v – f/ articulated 
with a constriction between the lower lip and upper incisor teeth, (2) the alveolar /s – z/ articulated 
with a constriction between the tongue and the alveolar ridge and (3), the post-alveolar /ʒ – ʃ/ 
articulated with a constriction between the tongue and the hard palate.  

 Besides, as underlined by the use of parentheses in Table 5 above, the phoneme /R/ has 
several allophones or free variants34: it can be phonetically realised either as the voiced uvular 
fricative [ʁ], or as the voiced uvular trill [ʀ] (as, for example, in Parisian French), or as the voiced 
alveolar trill [r] or flap [ɾ] (in dialectal varieties in France or Quebec). However, its most widespread 
realization in contemporary French is the uvular fricative [ʁ]. The phoneme /R/ is also labelled as 
“rhotic” and grouped together with the lateral approximant /l/ under the category of liquid consonants, 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

34 Free variation is the interchangeable relationship between two phones, in which the phones may substitute 
for one another in the same environment without causing a change in meaning. 
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based on their similar phonotactic patterns (Dos Santos, 2007; Van’t Veer, 2013). Indeed, the 
phoneme /R/, as well as the phoneme /l/, can occur in second or dependent position in a branching 
onset (see section I.3.1.3. for a general presentation of French syllable structure and syllabic 
constituents), whereas French fricatives can not (Dos Santos, 2007).  

Finally, glides are produced with a vocal tract which is narrowed, but not sufficiently 
constricted to create a turbulent airstream like fricatives. Note that the glides /j, w, ɥ/ are also termed 
“semi-vowels”, given that they share articulatory and acoustic similarities with vocalic sounds. The 
lateral /l/ is produced with a central constriction of the tongue towards the hard palate leaving a lateral 
passage for air on one or both sides of the tongues. Figure 9 presents the place of articulation of 
French oral and nasal stops, fricatives, lateral and variants (trills) of the phoneme /R/.  

 

 

Figure 9:!Articulatory schemes of French oral and nasal stops, fricatives, lateral approximant 
and variants of the phoneme /R/ (from Bothorel et al., 1986).

 

I.3.1.2.2! Acoustic description  

We have just described the inventory as well as the articulatory characteristics of the French 
consonants. To sum up, the consonantal system of French is organized following the criteria of 
manner and place of articulation and of voicing. Since in the present study we have chosen to 
acoustically analyse a sub-set of the French fricative consonants (namely, the voiced and voiceless 
alveolars /s - z/ and post-alveolars /ʃ - ʒ/), the acoustic description here below is restricted to that class 
of consonants.  



!

! 63!

As noted above, fricative sounds are produced with a very narrow constriction in a specific 
area of the vocal tract. While the air rapidly flows through the constricted vocal tract, it generates 
turbulence which acts as the primary source of sound for these consonants (Stevens, 1971). he 
production of fricatives is thus characterized by a turbulence or friction noise resulting from the 
narrowing (but no total closure) of the vocal tract. Additionally, fricatives are either voiced or 
voiceless, i.e., the friction noise is accompanied or not by periodicity in low frequencies (associated 
with vocal folds’ vibration). Voiced fricatives typically display a shorter duration than voiceless ones 
as well as a lower intensity of the friction noise due to the vocal folds’ vibration which diminishes 
the supra-glottal pressure. Fricatives can be differentiated according to the acoustic parameters of 
duration, intensity and spectral shape. Consequently, the acoustic studies on fricatives have generally 
focussed on their spectral characteristics, as well as the amplitude and duration of the frication noise. 
In particular, the acoustic differences between “sibilant” fricatives (such as alveolars and post-
alevolars /s, z, ʃ, ʒ/) and “non-sibilant” fricatives (such as labio-dentals /f, v/) have often been 
investigated. Coarticulation effects have also been explored based on formant transitions towards 
adjacent vowels. 

The overall spectrum of a fricative sound is determined by the size and shape of the oral 
cavity in front of the constriction (Jongman, Wayland & Wong, 2000) or, in other words, by the 
consonant’s place of articulation. Fricatives involving a longer anterior cavity, such as alveolar and 
post-alveolar ones, will be characterized by more well-defined spectral shapes than (labio-)dental 
fricatives (Stevens, 1998; Behrens & Blumstein, 1988). Indeed, both labio-dentals /f, v/ are 
characterized by a low intensity and a relatively flat spectrum with no clearly dominating peak or 
diffuse peaks located at two points, around 3500 Hz and 8000 Hz (Tubach, 1989). In contrast, the 
alveolars /s, z/ and post-alveolars /ʃ, ʒ/ typically exhibit a well-defined spectral peak located in a 
specific frequency region. Produced with a shorter anterior cavity, the alveolar fricatives /s, z/ mainly 
display friction noise between 4000 and 8000 Hz with a primary high-frequency spectral peak 
reaching 4000 to 5000 Hz. In addition, /s, z/ involve a contact of the air-stream against the teeth, 
which results in a particularly intense high-frequency turbulence. In contrast, the production of the 
post-alveolars /ʃ, ʒ/ is characterized by an intense turbulence noise located between 2000 and 7000 
Hz with a mid-frequency spectral peak around 2500 to 3000 Hz (Jongman et al., 2000).  

The common method used to describe the acoustic properties of fricatives is the analysis of 
spectral moments. It consists in treating the spectrum as a random probability distribution in order to 
compute mathematical moments; i.e., the central tendency, dispersion, asymmetry and shape of this 
distribution (Forrest, Weismer, Milenkovic and Dougleas, 1988). This statistical procedure allows 
quantifying the fricatives’ spectral characteristics and therefore, to distinguish and model them 
(Shadle and Mair, 1996). Four spectral moments are usually considered:  

-! The first spectral moment is the spectral centre of gravity or mean, also called centroid 
frequency. Reflecting the average energy concentration, it corresponds to the frequency 
area primarily excited during the production of the fricative. It permits the differentiation 
between the two sibilants /s/ and /ʃ/ (Li, Edwards and Beckmans, 2009). 

-! The second spectral moment is the standard deviation or the dispersion of the noise. It 
reflects the average energy range and is used to distinguish a flat diffuse spectral shape (as 
in /f/) from a peaky compact one (as in /s/). 
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-! The third spectral moment is the dissymmetry of noise energy in the frequency range under 
consideration, also called skweness. A skewness of zero reflects a symmetrical distribution 
of energy around the mean; a positive skewness reflects energy concentrated on the right 
tail of the distribution and a negative skweness energy concentrated on the left tail of the 
distribution. When applied to acoustic spectra, positive and negative skewness correspond 
to a concentration of energy respectively in the lower and higher sound frequencies 
(Jongman et al., 2000; Li et al., 2009). Thus, it may be used to make a distinction between 
the two sibilants /s/ and /ʃ/, as /ʃ/ should have a positive value and /s/ a negative value.  

-! The fourth spectral moment, called kurtosis, measures the peakedness of the distribution. 
A positive kurtosis reflects a relatively peaked distribution – i.e., a spectrum characterized 
by an important focalization of energy around a single peak – whereas a negative kurtosis 
corresponds to a flat distribution; that is, a flat spectrum without clearly defined peaks. 
This spectral moment allows distinguishing between fricatives involving different tongue 
postures as these articulatory differences entail modifications of the peakedness of the 
spectral shape. 

I.3.1.2.3! Data from developmental studies   

I.3.1.2.3.1!  Spectral moments in developmental studies 

 The production of French fricatives has been relatively little studied, whether in adult or in 
child populations. Spectral moments analysis has been used in a couple of developmental studies to 
acoustically describe the production of fricatives by children. Given the limited amount of research 
investigating this issue, we will discuss developmental studies involving French as well as other 
languages. 

 Nissen and Fox (2005) used spectral moment analyses to examine the acoustic properties of 
English voiceless fricatives (/f, s, θ, ʃ/) produced by adults and children aged from 3 to 6 years of age. 
The aim of their study was threefold: (1) provide an acoustic description of adult and children’s 
production of voiceless fricatives based on different measures, (2) assess the impact of factors either 
linked to the subject (age, gender) or to the targeted sound (place of articulation and vowel context) 
on the acoustic characteristics of fricative productions and (3), identify which combinations of 
acoustic parameters allow classifying fricatives in terms of place of articulation. Their results 
confirmed that the first and third spectral moments allow differentiating between the productions of 
non-sibilant (/f, θ/) and sibilant (/s, ʃ/) fricatives as well as between sibilant /s/ and /ʃ/. Then, the 
measure of spectral variance (second spectral moment) was found to significantly differentiate 
between sibilant and non-sibilant fricatives. Besides, their study also demonstrated a significant PoA 
by age interaction effect for spectral mean, skweness and kurtosis measures ensuing from a greater 
distinction between /s/ and /ʃ/ as age increased. More precisely, a sibilant contrast (between /s/ and 
/ʃ/) started emerging by 5 years of age in terms of spectral mean and in 4-year-olds for spectral 
skweness (see Figure 10). Indeed, and as shown in the Figure below, the spectral mean of targeted /ʃ/ 
is very elevated in 3-year-olds and 4-year-olds then starts decreasing from that age towards the adult 
variant. The absence of place-of-articulation contrast between the realizations for the two sibilants /s/ 
and /ʃ/ in the youngest children suggest a protracted period of acquisition for this specific contrast. 
This could be linked to the fact that toddlers are still in the process of acquiring the necessary 
articulatory skills for achieving constriction, as well as to the smaller size of their vocal tract.  
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Figure 10:!Spectral mean (left) and spectral skewness (right) as a function of speaker age 
group and place of fricative articulation, extracted from Nissen and Fox (2005). 

 In a cross-linguistic perspective, Li and collaborators used spectral moments analysis to 
investigate acoustic characteristics of voiceless sibilant fricatives in English and Japanese toddlers 
(Li, Edwards and Beckman, 2009). More specifically, they examined the acquisition of the place-of-
articulation contrast between the alveolar /s/ (present in the two languages) and its post-alveolar 
counterpart /∫/ in English and /ɕ/ in Japanese in 2- and 3-year-old children. The production of 
fricatives was elicited with a word repetition task and fricatives were analysed combining spectral 
moment and transcription analyses. In addition, productions of both groups of children were 
compared to data collected from five adult native speakers of each language, using the same 
experimental procedure. Analyses of adult data revealed cross-linguistic differences in the acoustic 
parameters used to produce the contrast as well as in the degree of separation between the two 
voiceless sibilant fricatives. Amongst other things, a clear difference in the localization of the centre 
of gravity was observed for the English /s/ and /∫/, whereas, in Japanese, the /s/ and /ɕ/ were less 
clearly differentiated in terms of the first spectral moment. According to the authors, these different 
acoustic realizations may stem from cross-linguistic articulatory differences in the production of the 
alveolar /s/. Data from the two groups of children also revealed language-specific patterns, based on 
both transcription and acoustic analyses. First, transcriptions showed that English-speaking children 
generally produced the alveolar /s/ more accurately than the post-alveolar /∫/ while Japanese-speaking 
children displayed better performances for the post-alveolar /ɕ/. Then, acoustic analyses indicated 
that the children produce less distinctively the place-of-articulation contrast than adults. In sum, this 
study highlighted the fact that language-specific differences at a phonetic level might affect the 
acquisition of fricative sounds not yet mastered at two and three years of age. 

 Previously mentioned in our review of developmental studies about French vowel production, 
the last study to be discussed in this section investigated the acoustic characteristics of fricatives 
produced by normally hearing vs. cochlear-implanted French-speaking children (Grandon, 2016). As 
we did previously for vowels, we report here the results for the normally-hearing children aged 
between 5;7 to 10;6 years. The production of fricatives was elicited via both word-repetition and 
naming tasks whose stimuli involved the French voiceless fricatives /f/, /s/ and /ʃ/ in word-initial 
position followed by the vowels /i/ and /u/. Spectral moment analysis focused more specifically on 
the distinction between the alveolar /s/ and post-alveolar /ʃ/. Results showed that normally-hearing 
children produced fricatives with spectral mean values similar to those of normally-hearing children 
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and adults reported in the literature. More precisely, their productions of the fricatives /s/ and /ʃ/ are 
characterized by distinct centres of gravity. These results are consistent with those of Nissen and Fox 
(2005) which showed an emergence of this contrast from the age of 4. Grandon (2016) also found 
similar standard deviations for /f/ and /s/, both higher to that of /ʃ/, indicating a more diffuse 
distribution of spectral energy for labiodental and alveolar fricatives. This finding is in contradiction 
to those of Nissen and Fox (2005) but are in line with the study of Li et al. (2009) which similarly 
showed different spectral variance for /s/ and /ʃ/. Finally, skewness values were similar to those of 
Nissen and Fox (2005), as post-alveolar fricatives were characterized by a higher skewness than 
alveolar ones. However, post-alveolar displayed a greater intensity around the centre of gravity than 
alveolar ones. Besides, this study also highlighted the effect of vocalic context on spectral moments. 
Indeed, the spectral mean of the alveolar /s/ was found to be higher when followed by the vowel /i/. 
While the spectral mean of labio-dental and post-alveolar fricatives was not subject to an effect of the 
vocalic context, it did impact the other three spectral moments of the fricatives. Finally, the production 
of fricatives was neither affected by chronological age nor by the task or the degree of lexical 
complexity.  

 In summary, the review of developmental studies about spectral moments has shown: (1) 
language-specific differences for the acquisition of fricative sounds which would not yet be mastered 
at two and three years of age and (2), a protracted period of acquisition for the place-of-articulation 
contrast between the two sibilants /s/ and /ʃ/ which would emerge around the age of 4.  

I.3.1.2.3.2!  Global order of acquisition 

 Albeit more numerous than works about vowels, a limited number of studies have 
investigated global consonantal acquisition in French with the purpose to identify general 
developmental trends and establish an order of emergence and acquisition of consonant phonemes. If 
we go back to the chronology proposed by Rondal (1999) for the acquisition of French phonemes 
(mentioned in the previous section about vowels), it indicates that the labial stops /p, b/ and the nasals 
/m, n/ are the first consonants to be acquired, before 4 years of age. They are followed by the dental 
and velar stops /t, d, k, ɡ/, the nasal /ɲ/ and the labiodental fricative /f/, acquired a little after 5 years. 
The alveolar fricative /s/ and the two liquids /l, ʁ/ would emerge right before 4 years and be acquired 
after 7 years and the last emerging consonants are the alveolar and post-alveolar fricatives /z, ʃ, ʒ/.  

 More recently, a large-cohort study led by MacLeod and colleagues (2011) has focused on 
consonantal acquisition in 156 Canadian French-speaking monolingual children aged from 20 to 53 
months (MacLeod, Sutton, Trudeau & Thordardottir, 2011). Consonants were elicited with a word-
naming task and several analyses were involved, including analyses of consonant inventory and 
accuracy (measured with PCC and WWP). Given the gradual nature of phonological development, 
they distinguished three stages in consonant acquisition based on which they labelled consonants as: 
(1) “customary”, when produced accurately by at least 50% of the children in at least two positions 
within the word (that is, word-initial/medial/final), (2) “acquired”, when produced accurately by at 
least 75% of the children in all word positions and (3), “mastered”, when produced accurately by at 
least 90% of the children in all word positions (as shown in Table 6).  
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Table 6:! Consonant acquisition across the six age groups with customary phonemes in light 
grey, acquired phonemes in dark grey and mastered phonemes in black, extracted from MacLeod 
et al. (2011). 

 Their results enabled them to identify three sub-groups of consonants:  

-! early consonants including the voiceless dental stop /t/, the nasals /m, n/ and the voiced 
fricative /z/, acquired and mastered before 36 months; 

-! intermediate consonants, including voiced and voiceless stops /p, b, d, k, ɡ/, the nasal /ɲ/, 
voiced and voiceless fricatives /f, v/, the liquids /ʁ, l/ and the two glides /w, ɥ/, acquired 
and mastered between 36 and 53 months; 

-! late consonants, including voiced and voiceless fricatives /s, ʒ, ʃ/ and the glide /j/, acquired 
after 53 months.  

 These three sub-groups of consonants did not follow the same developmental pattern from 
their emergence (i.e., first appearance of the consonant, regardless of the appropriateness of its use) 
until their mastery. Indeed, early mastered consonants (/t, m, n, z/) were found to emerge early as 
well, suggesting a relative ease in establishing both phonetic and phonological representations for 
these consonants. Developmental trajectories for intermediate and late consonants are more variable, 
with some consonants (e.g., /v, ʒ, ʁ/) emerging and being mastered late, possibly due to a higher level 
of phonetic difficulty and ensuing protracted development of phonological representations, and 
consonants (e.g., /s, ʃ, l, j/) emerging early but being mastered much later. Globally, the degree of 
consonant accuracy was shown to significantly increase a little before 36 months reaching a relative 
plateau around 42 months.  
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 Besides, and most interestingly, they identified different patterns of acquisition depending on 
the position of the consonant within the word (initial, medial or final), that is to say, word position 
was found to influence the order of acquisition of certain phonemes. Globally, their results revealed 
that consonants tend to emerge first in word-initial position, then in medial position and ultimately, 
in word-final position. More precisely, they observed the following acquisition patterns:  

- the consonants acquired the latest in word-initial position are the fricatives /s, ʒ/, the liquids /l, 
ʁ/ and the glides /j, w, ɥ/; 

- the consonants acquired the latest in word-medial position are the velar stop /k/, the post-
alveolar fricatives /ʃ, ʒ/ and the liquid /ʁ/; 

- the consonants acquired the latest in word-final position are the voiced stops /d, ɡ/, the voiced 
fricative /v/ and the post-alveolar fricatives /ʃ, ʒ/. 

 Findings of this study demonstrated that consonants are not acquired in a uniform manner. It 
appears that certain developmental trends detected by MacLeod et al. (2011) are also found in the 
developmental timeline established by Rondal (1999), such as the early acquisition of /t, m, n/ and 
the late acquisition of the post-alveolar fricatives /ʃ, ʒ/. However, it is quite obvious that Rondal’s 
acquisition order, albeit one of the few (if not only) chronologies proposed at that time, required some 
refinements. Indeed, other developmental studies have similarly highlighted the need to take into 
account the phoneme’s position within the word and/or the syllable in order to determine a nuanced 
order of acquisition and phonemic inventory. As consonantal acquisition can hardly be studied in 
isolation from the consonant phonemes’ status within syllabic structure – i.e., which syllabic 
constituent the consonant occupies – and position within the word, we will continue our review of 
developmental/acquisition studies about French consonant production in the next section devoted to 
the French syllabic structure.  

I.3.1.3! Syllabic structure 

 The syllable is an intermediate linguistic unit between phonemes and words studied at 
phonetic and phonological levels of analysis. As already mentioned, the syllable, as a phonological 
unit, possesses an internal hierarchized structure organized into different constituents: the onset and 
the rhyme, itself sub-constituted of a nucleus and a coda (see Figure 11).  

 

Figure 11:!Representation of the internal structure of the syllable. 
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 As defined by Laver (1994: 114), the phonological syllable is a “complex unit, made up of 
nuclear and marginal elements”. Indeed, the nucleus (also called syllabic segment) is the minimal and 
compulsory constituent of the syllable and is generally occupied by a vowel. The onset and the coda 
are optional constituents 35  of the syllabic structure (marginal elements also called non-syllabic 
segments) and are generally occupied by consonants. Moreover, onset and coda constituents are 
characterized by different segmental restrictions. Indeed, for a given language the consonantal 
inventory is generally more restricted in coda than in onset position and across languages, coda 
consonants would be more subjected to phonological processes of substitution or elision (Ridouane, 
Meynadier & Fougeron, 2011). In addition, onset and coda constituents can be structurally simple or 
complex or, in other words, be made up of singleton or clustered consonants. Complex onsets/codas 
are also referred to as “branching”. Besides, certain syllabic constituents, such as word-final codas or 
complex structures involving consonantal clusters (whether word-initial/media/final) can be 
subjected to different syllabifications (we come back to this in the subsequent sub-sections).  

 According to the Sonority Sequencing Principle (Selkirk, 1984; Clements, 1990), the syllable, 
as a phonological unit, is organized based on the segments’ degree of sonority. The Sonority 
Sequencing Principle (SSP) states that the sonority of a syllable’s segments tends to rise from the 
beginning to the nucleus – constituting the peak of sonority –, then subsequently decreases until the 
end of the syllable. The syllable is thus characterized by a cycle of sonority culminating in its nucleus. 
The sonority of a sound corresponds to its relative perceptual prominence (or perceived intensity) and 
speech sounds can be ranked based on their degree of intrinsic sonority following a sonority scale, 
such as the Sonority Hierarchy proposed by Clements (1990) in Figure 12: 

 

Figure 12:!Sonority Hierarchy, adapted from Clements (1990). 

 This account of syllabic structure thus entails an interaction between the syllable’s internal 
organization and the degree of sonority of its segments. Moreover, it presupposes that syllables from 
all languages would conform to this allegedly universal principle. In that perspective, violation of the 
sonority cycle would necessarily be interpreted as a syllabic break. However, the SSP cannot fully 
account for certain examples of consonantal sequences such as consonantal clusters involving a /s/ 
followed by two or more consonants (as in the French monosyllabic word “strie”). 

 In French, each syllable includes a single vowel (no diphthongs) and consonants cannot be 
syllable nuclei (as opposed to English where /r, l/ can be syllabic). Moreover, it is acknowledged that 
each consonant pertains to the same syllable as the following adjacent vowel. Therefore, syllabic 
breaks occur before single consonants in intervocalic position (Adda-Decker, Mareüil, Adda & 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

35However, the onset is syllabically optional but universally compulsory, since there is no language without 
syllable of CV type; whereas the coda constituent is both syllabically and universally optional (Meynadier, 
2001). 
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Lamel, 2002). Overall, French favours open syllabification, a tendency reinforced by phenomena of 
liaisons and chaining in connected speech (Wioland, 1991). Open syllables represent 80% of all 
syllables and the CV type is the most frequent, reaching 55% of occurrence (Adda-Decker, Mareüil, 
Adda & Lamel, 2002). Table 7 presents French syllabic structures with percentages of occurrence 
based on a speech corpus involving approximately 300 hours of shows of radio interviews (Adda-
Decker et al., 2002). 

 

Table 7:! French syllabic structures and their percentage of occurrence (with W-syll standing 
for written language syllables from isolated words and � indicating a percentage < 0.05), extracted 
from Adda-Decker et al. (2002). 

 As is shown in Table 7, open syllables of CV type are clearly predominant but nevertheless, 
a wide variety of syllables exist in French, which syllabic structure allows for consonantal clusters of 
up to three consonants in both onset and coda positions. As stated above, our analyses will more 
particularly target the development of the following syllabic constituents: word-final singleton 
consonants, word-initial complex onsets, and word-final complex codas (i.e., consonantal clusters in 
word-final position). Before we move on to the description of these specific syllabic constituents in 
French, it should be noted that the status of word-final consonants in syllabic structure is still debated 
and that they are consequently subjected to different syllabifications across different theoretical 
frameworks. Indeed, certain scholars have assumed that word-final consonants should be analysed 
similarly as word-internal consonants, namely be incorporated to the previous rhyme as codas 
(Rialland, 1994; Dell, 1995). However, this analysis is rejected by other phonologists based on the 
fact that word-final consonants behave more like consonants occurring in onset and therefore, should 
be syllabified as onsets of empty-headed syllables (Kaye, Lowenstamm and Vergnaud, 1990). Figure 
13 displays tree-structure representations for these two potential syllabifications of word-final 
singleton consonants in French. 
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Figure 13:!Tree-structure representations of word-final consonant syllabified either as coda 
(left) or as onset of empty-headed syllable (right). 

 An intermediary position put forward by Pigott (1999) consists in considering that word-final 
consonants can be analysed either as codas or as onsets of empty-headed syllable (from now on, 
OHES), depending on the segmental distributional properties of the language. In that perspective, the 
syllabic status of word-final consonants would be determined by the specific distribution of 
consonants both in onset and coda position in a given language. If similar types of consonants are 
allowed/restricted both in word-final and word-medial position, word-final consonants should be 
analysed as rhyme-dependent elements; that is, as codas. However, in cases where the inventory of 
consonants allowed in word-final position is similar to that occurring in onset position, while being 
more restricted in word-medial position, word-final consonants should be analysed as OEHS. 
Following that view, it has been argued that word-final consonants – whether singleton or clustered 
– should be analysed as OEHS in French (Charette, 1991; Dell, 1995). Indeed, the consonants’ 
inventory permissible in word-final position is unrestricted, similarly as in onset position, whereas it 
is restricted in word-medial coda position. Moreover, different types of consonant sequences can be 
found in that position in French, whether involving a stop followed by a liquid (SL clusters, such as 
in table) or conversely involving a liquid followed by a stop (LS clusters, such as in porte). Given 
that SL clusters have the sonority profile of branching onsets and that similar SL sequences can be 
observed both in word-initial and word-final positions, such sequences in word-final position should 
be syllabified as branching onsets of empty-headed syllables (e.g., /ta.blø/). In contrast, word-final 
LS clusters are analysed as heterosyllabic sequences (thereby not violating the SSP), so that their first 
consonant is syllabified as a coda and their second consonant as OEHS (e.g., /pɔʁ.tø/). In addition, 
phenomena of final schwa epenthesis after a final consonant observed in surface realizations (whether 
in adult or in child speech) can also be interpreted as supporting this theoretical stance, as the final 
schwa would be added to fill the nuclear position of empty-headed syllables. Regarding the 
acquisition of syllabic structure, Goad and Brannen (2003) have advanced the hypothesis that word-
final consonants would initially always be syllabified as onsets by children, independently of 
language-specific syllabification. This hypothesis is based on the idea that onsets are less complex to 
produce than codas, which involve a branching rhyme, and that the first syllables to be produced by 
children would be of CV type. However, and as will be discussed in the subsequent sections, 
developmental patterns for word-final singleton and consonantal clusters in French appear to be less 
straightforward as children are in the process of developing adult-like representations. 

 In the frame of this doctoral thesis, we have chosen not to adhere to any particular 
phonological theory regarding the underlying syllabic representation of word-final 
(singleton/clustered) consonants, in order to avoid any priori assumption and keep an exploratory and 
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empirical approach towards the collected data. Therefore, our use of the terms “word-final codas” 
and “word-final complex codas” will not refer to an underlying representation but only to the surface 
syllabic position. In the remaining of this section, we will describe the characteristics of the different 
targeted syllabic constituents in French and we will review the acquisition studies that focused on 
these structures. 

I.3.1.3.1! Word-final singleton codas 

 As already said, there is no segmental restriction for singleton consonants occurring in word-
final position in French. Thus, all manners (stop/fricative/nasal) and places of articulation (from 
bilabial to uvular) are permitted in that position. Besides, French is characterized by a high proportion 
of open syllables, representing approximatively 80 % (Adda-Decker et al., 2002) of all syllables and 
consequently, word-final singleton consonants’ frequency of occurrence is relatively low 
(approximately 20% of all syllable types). As shown in Table 8 (taken from Wioland, 1985), the 
liquid /ʁ/ would be the most frequent consonant in word-final position in French, followed by the 
stop /t/ and the other liquid /l/. Consonants least occurring in word-final position would be the stops 
/p, b, ɡ/ and the labio-dental fricatives /f, v/. 

 

Table 8:! Frequency of word-final consonants in spoken French, drawn from Wioland (1985). 

 As already mentioned, it has been shown that word-final consonants are acquired later than 
word-initial and word-medial consonants in French (MacLeod et al., 2011). According to Fikkert 
(1994) word-final obstruents (i.e., stops and fricatives) would be acquired before word-final sonorants 
(i.e., nasals, liquids and glides). More precisely, the first consonants to be produced in that position 
would be voiceless stops and the last, voiced obstruents and the liquid /ʁ/ (Bernardt & Stemberger 
1998; Kehoe & Stoel-Gammon, 2001). However, these developmental trends have been established 
based on data from Dutch- and English-speaking children and studies carried out with French-
speaking children have yielded variable findings, either partly confirming or refuting these results. 

 In the frame of his doctoral dissertation focusing on the acquisition of syllabic structure in 
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French, Rose (2000) conducted a diary study involving two Canadian French-speaking toddlers. 
Results of this investigation indicated different developmental patterns in both children. Indeed, one 
child was found to have simultaneously acquired all word-final consonants by 2;04 of age, whereas 
the other child already produced almost all word-final singleton consonants at 1;7, except for the 
liquid /ʁ/. Interestingly, word-final /ʁ/ emerged at the same time as word-medial consonants in that 
child, around 2;3 years of age. Consequently, Rose (2000) claimed that several syllabifications of 
word-final singleton consonants can co-occur within the same child, depending on the underlying 
phonological representation of the consonant, and that this particular child initially analysed word-
final /ʁ/ as codas and other word-final consonants as OEHS. Another longitudinal study involving 
two French-speaking children (Demuth & Tremblay, 2008) similarly showed that word-final 
singleton consonants started being produced between 1;3 and 1;8 years. However, both children 
showed word length effects, as word-final consonants were acquired later in disyllabic words than in 
monosyllabic words. These two studies suggest that word-final singleton consonants would emerge 
around 1;7 and that most consonants would be produced before 2 years in that position. 

 Conducting a cross-sectional study of French-speaking monolinguals aged 2;4, Hilaire-
Debove and Kehoe (2004) have assessed the production of word-final obstruents and sonorants, 
elicited via a word-naming task involving monosyllabic and dissyllabic words. Their results indicated 
that: (1) voiceless stops were the first class of consonants to be acquired and accurately produced by 
the children, (2) sonorant consonants emerged earlier than obstruents and (3), production of word-
final consonants is impacted by word length, as children produced significantly more word-final 
consonants in monosyllabic words. Besides, developmental trends allowed them to divide the 
children into different sub-groups as part of the children were found to be less advanced in the 
acquisition of word-final consonants and to display similar patterns as English-speaking children; that 
is, they produced more readily voiceless stops and nasals and less frequently voiced obstruents and 
liquids. In contrast, the other group produced almost as much liquids as voiceless stops in word-final 
position. Superposition of the production patterns of this latter group on the frequencies of consonant 
categories in word-final position established by Wioland (1985) revealed a correlation between the 
two, suggesting an impact of frequency on consonantal acquisition (see Figure 14).  

 

Figure 14:!Frequencies of consonant categories in word-final position (Wioland, 1985) and 
production patterns of the group of children (G3), extracted from Hilaire-Debove and Kehoe 
(2004). 
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 Investigating the development of French consonantal system, the longitudinal case study 
conducted by Dos Santos (2007) yielded somewhat different results. Indeed, the child observed 
appeared to initially produce only the voiceless alveolar fricative /s/ and stops in word-final position, 
at the age of 2. Then, all consonants were eventually acquired in that position by the age of 2;7, except 
for the liquid /ʁ/ which remained absent from the child’s repertoire. A general devoicing process was 
observed for all word-final voiced obstruents, persisting longer for fricatives. In addition, late-
acquired post-alveolar fricatives /ʃ - ʒ/ were found to be initially elided or substituted by the alveolar 
/s/ and subsequently replaced by the labio-dental /f/. Finally, both word-final sonorants /n/ and /l/ 
were acquired around 2;4 without being subjected to substitution processes. Similar to Rose (2000), 
Dos Santos postulated that the child initially syllabified sonorants (/n, l/) as codas to subsequently 
reanalyse them as OEHS at 2;4, which might explain the fact that they were acquired later than 
obstruents but before codas emerging only around 2;7 years of age. 

 Within a different approach, Yamaguchi (2012) has also studied consonantal acquisition in 
French, focusing on distinctive features and their associated principles. More precisely, her work was 
aimed at showing that consonantal acquisition can be modelled based on contrastive features. Data 
from her doctoral dissertation consisted of longitudinal recordings of spontaneous productions from 
two French-speaking children aged from 1;4 to 2;8 and from 1;09 to 4;00. Her results showed that 
the first features to be acquired by the children were [+sonorant] and [+approximant] and that 
[+posterior] and [+lateral] were the last features to be acquired. The order of acquisition of the other 
features was found to be variable. Besides, she also noted that the place-of-articulation contrast 
[Labial] vs. [Coronal36] was quickly acquired. Yamaguchi (2012) claimed that, according to the 
sonority principle (SSP), sonorants – and particularly, approximants – are favoured in word-final 
position, indicating that consonantal (and feature) acquisition is impacted by syllabic structure.  

 We conclude this section by discussing two bilingual acquisition studies previously 
mentioned involving French-speaking children: the case study of Almeida (2011) investigating the 
acquisition of syllabic structure in a simultaneous Portuguese-French bilingual toddler and the 
transversal study lead by Kehoe and Havy (2019) involving French-speaking toddlers exposed to 
different L1s. Almeida’s results (2011) indicated that obstruents emerge and are acquired much earlier 
than sonorants in word-final position, a developmental trend similar to that of the child observed by 
Dos santos (2007). Kehoe and Havy (2019) found that bilingual children exposed to L1s characterized 
by high frequency/complexity of word-final consonants (see above) produced more consonants in 
that position and were segmentally more accurate in their productions than those exposed to L1s with 
low frequency/complexity of word-final consonants. Besides, bilinguals were globally more accurate 
than monolinguals in their word-final consonants’ productions, suggesting both cross-linguistic 
effects and a more general bilingual advantage. 

 In summary, this review of developmental studies about the acquisition of word-final 
consonant in French has shown the following developmental trends: (1) voiceless (labial and coronal) 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

36 Coronal sounds are those articulated using the front part of the tongue (i.e., the tongue tip, blade, and the 
forward part of the body). This includes dental, alveolar, retroflex, palato-alveolar, alveo-palatal and palatal 
places of articulation. 
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stops are the earliest-acquired consonants in that position, (2) voiceless fricatives are acquired before 
voiced fricatives and voiced post-alveolars would be the latest fricatives to be acquired in that 
position, (3) different developmental timelines are observed for the word-final liquid /l/, (4) the rhotic 
/ʁ/ is generally one of the last consonant to emerge and be acquired in that position and (5), the 
acquisition of word-final consonants might be impacted by word length, sonority constraints and 
distributional frequency of consonants in that position. 

I.3.1.3.2! Word-initial branching onsets 

 In French, different types of consonant sequences can occur in word-initial onset and clusters 
of up to 3 consonants are attested in that position. Branching onsets consisting in an obstruent 
followed by a liquid (from now on, OL clusters) are the most frequent sequences (56%). Moreover, 
OL clusters involving stops and the rhotic /ʁ/ (such as in bras) are the less segmentally restricted 
sequences: all stops can occur, whereas only labial fricatives are allowed to occur in fricatives+rhotic 
sequence (such as in fromage). Then, OL clusters involving either stops or fricatives and the lateral 
/l/ are also more constrained. Indeed, word-initial sequences involving coronal stops (such as /tl/ or 
/dl/) are not permitted (Dell, 1995) and only the sequence /fl/ is to be found in French (such as in 
fleur). French also includes word-initial branching onsets involving a semi-consonant in dependent 
position, either preceded by an obstruent, whether a stop or fricative (CG from now on, such as in 
poisson and chien) or by a sonorant (such as in luire and nier). Besides, sequences involving /s/ 
followed by one or more consonants (/s/C or /s/CC clusters) are also permitted in word-initial 
position. Less frequent than word-initial OL clusters, such sequences are mainly /s/+stops clusters 
(such as in spatule) or, even more rare, /s/+OL clusters comprising three consonantal elements (such 
as in strident). Besides, word-initial /s/C(C) and OL clusters are subjected to different syllabifications. 
While OL clusters are represented as branching onsets, the initial /s/ of /s/C(C) clusters is considered 
as a left-edge adjunct (Goad and Rose, 2004) or extrasyllabic segment (Clements & Keyser, 1983) 
followed by the onset. Finally, syllables involving branching onsets (CCV) would make up 
approximately 11% of all syllable types (Adda-Decker et al., 2002; Rousset, 2004) found to occur in 
French. However, both word-initial and word-medial branching onsets are merged into this 
percentage and there are, to our knowledge, no source documenting, on the one hand, frequencies of 
branching onsets in different positions within the word and, on the other hand, frequencies of the 
different consonant sequences just described.  

 A limited number of studies have focused on the acquisition of word-initial clusters in French 
and they have often been restricted to OL sequences. A recurrent finding of these studies is that OL 
sequences consisting in an obstruent followed by the lateral /l/ (Cl, from now on) are generally 
acquired before those involving an obstruent followed by the rhotic /ʁ/ (from now on, Cr). Indeed, 
results from the cross-sectional study conducted by Kehoe and collaborators with French-speaking 
children aged between 1;10 and 2;10 have shown significantly better accuracy scores for word-initial 
Cl sequences than for Cr ones (Kehoe, Hilaire-Debove, Demuth & Lleó, 2008). The authors proposed 
that the slower acquisition of Cr sequences might result from the variable phonetic realization of the 
rhotic. The earlier acquisition of Cl sequences has also been detected in the above-mentioned 
longitudinal case studies (Dos Santos, 2007; Almeida, 2011). More specifically, data from Dos 
Santos’ dissertation (2007) indicated a later acquisition of Cr branching onsets (around 2;07) than Cl 
sequences already produced before 1;10. Moreover, the rhotic remains globally absent from the 
repertoire of the child. Finally, Almeida (2011) reported the same order of acquisition. Indeed, Cl 
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sequences emerged in the child’s productions between 2;5 and 2;09, whereas Cr started only to be 
produced at 2;10.  

 The types of phonological processes affecting branching onsets have also been studied. 
Globally, the most frequent phonological process is cluster reduction by which the first consonant is 
generally preserved and the following liquid is elided (Rose, 2000; Almeida 2011). This production 
strategy can be interpreted in terms of sonority constraints, as the most sonorant element would be 
deleted in order to maintain a greater sonority contrast between the consonant and the vowel 
(Bernhardt & Stemberger, 1998).  Reversed cases in which the liquid is maintained while the first 
consonant is deleted or, even more radically, total cluster reduction in which both consonants are 
elided have also been noticed, however much less frequently (Dos Santos, 2007). Interestingly, 
Almeida noted that before starting to produce words containing branching onsets, the child seems to 
avoid produce those words, possibly because she has not yet developed phonological representations 
for branching onsets. Going back to Kehoe et al.’s study (2008), similar error patterns were found for 
both OL and CG sequences, such as liquid substitution (like [blos] for [bʁɔs] and [plɑ̃] for [viɑ̃d]) 
and vowel epenthesis (like [pi'jano] for [pjano]). These patterns were assumed to suggest no structural 
differences between the two types of sequences, both analysed as branching onsets.  

 A couple of studies have compared the acquisition of word-initial vs. word-final clusters in 
French-speaking children. Demuth and Mccullough (2009) longitudinally studied the acquisition of 
clusters in two French-speaking children aged from 1;5 to 3;0 and more specifically examined word-
initial and word-final obstruent-/ʁ/ (OR) clusters as well as word-final /ʁ/-obstruent (RO) clusters. 
Their results have shown that word-initial clusters are acquired before word-final clusters, contrary 
to studies about German- and English-speaking children who tend to acquire word-final clusters 
before word-initial clusters (Lleó & Prinz, 1996; Kirk & Demuth, 2005). Moreover, word-initial 
clusters reached higher levels of accuracy earlier than word-final clusters. Their results confirmed the 
cross-sectional findings from Demuth and Kehoe’s study (2006). In contrast, word-initial clusters 
were not found to be acquired earlier than word-final clusters in a study involving French-speaking 
monolinguals and French-dominant children (slightly exposed to English) aged from 18 to 36 months 
(Bishop & Minor-Corriveau, 2015). Furthermore, word-initial clusters were as much affected by 
phonological processes of reduction than word-final clusters. Consonantal clusters were acquired 
earlier and less subjected to truncations in French-dominant children, which was attributed to a 
positive influence of English leading to an accelerated cluster acquisition in French. In line with this, 
results from Kehoe and Havy (2019) have shown that bilingual children exposed to L1s characterized 
by high complexity of word-initial clusters were segmentally more accurate in their productions of 
word-initial OL clusters than those exposed to L1s with low complexity of word-initial clusters. 
Besides, bilinguals were also globally more accurate than monolinguals in their clusters’ productions, 
possibly due to both cross-linguistic interaction and a general bilingual effect. 

 This review of developmental studies about the acquisition of word-initial clusters in French 
has shown the following developmental trends: (1) Cl sequences are acquired before Cr sequences, 
(2) the most frequent phonological process affecting word-initial branching onset is cluster reduction 
by which the first consonant is preserved and the following liquid is elided, (3) word-initial clusters 
tend to be acquired before word-final clusters and (5), bilinguals seem to be advantaged in their 
acquisition of word-initial clusters. 
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I.3.1.3.3! Word-final complex codas 

 As noted above, different types of consonant’s sequences can be found in word-final position 
in French. The most frequent sequences are OL and LO clusters. OL clusters involve similar 
sequences than in word-initial position; that is, stops/fricatives followed by the rhotic /ʁ/ (such as in 
zèbre and livre) or by the lateral /l/ (such as in peuple and souffle). Moreover, the same segmental 
restrictions as those in word-initial onsets (see above) can be observed in that position. LO clusters 
include sequences made of the rhotic/ʁ/ or lateral /l/ followed by either a stop (such as in porte and 
algue) or a fricative (such as in larve and marche). French also allows for three-consonants clusters 
beginning with a liquid in word-final position (L+OL sequences, such as in arbre or L+OO sequences 
such as in sculpte). /s/C sequences are also attested in word-final position. These sequences are 
restricted to /s/+stops clusters (such as in casque) and can also comprise up to three elements in 
/s/+OL clusters (such as in cadastre). As already noted, word-final OL, LO and /s/C(C) sequences 
raise syllabation issues for being subjected to different syllabifications. There is, to our knowledge, 
no source documenting frequencies of word-final clusters in French. 

 There have been even fewer studies focusing on the acquisition of word-final clusters than 
on word-initial clusters in French. Also, they have already been mentioned in the previous section 
about word-initial clusters and therefore, we recap the key findings that pertain to consonant 
sequences occurring at the end of the word. First, word-final French clusters have been shown to be 
acquired later than word-initial sequences (Demuth & Kehoe, 2006; Demuth and Mccullough, 2009). 
Then, word-final clusters are most often subjected to phonological processes of reduction. Indeed, 
Demuth and Mccullough (2009) have observed that both OR and RO word-final clusters tend to be 
truncated to the obstruent; i.e., the rhotic undergoes reduction. They attributed this late acquisition of 
French word-final consonant sequences to the syllabic markedness and/or articulatory challenges that 
characterize these structures. By contrast, Bishop and Minor-Corriveau (2015) observed no difference 
in the rate of acquisition and truncations of word-initial and word-final French consonantal clusters.  

 In this section, we have provided a phonetic and phonological description of French, 
including its segmental characteristics and syllabic structure, focusing on specific syllabic 
constituents. Moreover, we have depicted the system in its fully developed, adult-like state. In 
addition, we have discussed segmental and syllabic acquisition through a review of the developmental 
studies. We will now proceed to the description of the three other languages to which our study’s 
participants have been exposed; namely Italian, Arabic and Mandarin. As the toddlers involved in our 
study are simultaneous bilinguals, language acquisition occurs in both their languages. The two 
languages can thus be considered as their mother tongues or first languages, therefore both labelled 
as L1.  

I.3.2! COMPARATIVE PHONETIC AND PHONOLOGICAL DESCRIPTION OF L1S 
 As mentioned above, we will describe the three different L1s from a comparative perspective; 
i.e., focusing on what properties they share or do not share with French. The description follows the 
same order as the description of French: (1) vowels, (2) consonants and (3), targeted syllabic 
constituents (word-final singleton codas, word-initial branching onsets and word-final complex 
codas). More specifically, each of these sub-sections will comprise two points: the description of 
phonemic (vowels/consonants) inventories and the description of the syllabic structure focused on 
the targeted syllabic constituents. Similarities and differences between the L1s and French will be 
presented in summary tables.  
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I.3.2.1! Segments 

I.3.2.1.1!  Vowels 

I.3.2.1.1.1! Italian 

 As shown in Figure 15, standard Italian is reported to have seven oral monophthongual 
vowels /i, e, ɛ, a, u, ɔ, o/ (Agard & Di Pietro, 1964).  

 

Figure 15:!Italian vocalic system, extracted from Bertinetto and Loporcaro (2005). 

  It thus includes the contrast between front vowels (/i, e, ɛ/) and back vowels (/u, ɔ, o/) as well 
as between high (/i, u/), mid-high (/e, o/), mi-low (/ɛ, ɔ/) and low (/a/) vowels. It also includes rounded 
vowels (/u, ɔ, o/) but does not have nasal vowels nor a rounded anterior series. However, differences 
in number and/or phonetic quality can be found in the vowel systems of the various dialectal varieties 
of Italian (Romito and Trumper, 1989). Average formant values of standard Italian vowels can be 
found in Table 9. 

 

Table 9:! Average formant values of standard Italian vowels, extracted from Ferrero (1972), in 
Bertinetto and Loporcaro (2005:136). 

 The contrast between /e/ and /ɛ/ and between /o/ and /ɔ/ occurs only in stressed syllables. 
Vowels in unstressed syllables tend to be centralised. Furthermore, stressed vowels are lengthened in 
word-internal open syllables when occurring at the end of intentional phrase or under emphasis but 
not in word-final position (Bertinetto & Loporcaro, 2005). However, vowel duration is not contrastive 
in Italian, for vowel duration is conditioned by phonological context.  

I.3.2.1.1.2! Arabic 

It is generally attested that the stable core of the Arabic vocalic system is limited to the three 
cardinal vowels /i, a, u/ (Heath, 1997). Nevertheless, other vocalic segments are attested in studies 
about dialectal varieties of Arabic. Moreover, vowels can be either short (/i, a, u/) or long (/i:, a:, u:/). 
Indeed, vocalic duration is phonologically contrastive, at least in standard Arabic. However, the 
existence of such a contrast is discussed in the case of Maghrebian dialects in which short vowels 
have tended to disappear. Interestingly, short vowels have essentially a morphophonemic function in 
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the root structure of Arabic words (Ali, 2013). Besides, speakers of Maghrebian dialects would also 
be prone to centralize short vowels in closed syllables while speakers of other dialects exhibit a more 
peripheral distribution (Pellegrino & Barkat, 1999). The vowel /a/ would be the less stable phoneme 
of the Arabic vocalic system. Moreover, its variable realization would depend on its contextual 
environment. as well as on regional varieties. For example, vowels following emphatic consonants 
(see next point) become pharyngealized and show a degree of F2 lowering, a phenomenon referred 
to as “pharyngealization spread” (Shar & Ingram, 2010). Figure 16 shows the basic triangular Arabic 
vocalic system. 

 

Figure 16:!Arabic vowel system, with red arrows showing the direction of the vowels when 
they follow an emphatic consonant, extracted from Binasfour, Setter & Aslan (2017).  

Given the variability characterizing the Arabic vowel system, it is probable that different 
vocalic sounds would be found in spoken Arabic (e.g., surface realizations) without being 
phonological. Besides, formants values of Arabic vowels / i, a, u/ would differ from those of the 
corresponding French vowels, particularly for the vowels /i/ and /u/ which would be phonetically 
closer to, respectively, the French vowels /e/ and /o/ (Nawafleh, 2012). 

I.3.2.1.1.3! Mandarin 

 Different descriptions of the Mandarin vowel system are proposed in the literature. Following 
Duanmu (2007), Mandarin would include 5 basic monophthongal oral vowels /i, y, a, ɤ, u/. However, 
Mandarin is reported by other sources as having from 7 to 9 monophthongal oral vowels /i, y, (e), (ɛ), 
*, ɚ, a, (o), ɤ, u/ (Bernhardt & Zhao, 2010; Hua & Dodd, 2000). Figure 17 shows the vowel chart 
with the five basic monophthongual vowels proposed by Duanmu (2007). 

 

Figure 17:!Mandarin monophthongual vowels, extracted from Yang and Fox (2017). 

 The [ɚ] is a central retroflex vowel, also called rhotic (Duanmu, 2007) and the /ɤ/ is a mid-
close back unrounded vowel. In addition to these monophthongal vowels, there are also diphthongs 
and triphthongs in Mandarin. More precisely, there are 9 diphthongs, 4 with rising sonority /ai, ei, oυ, 
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ɑo/ and 5 with falling sonority /ia, uɑ, uo, ie, ye/, and 4 triphthongs (/iɑo, ioυ, uae, uei/) (Hua & Dodd, 
2000). Table 10 displays average F1-F2-F3 values and standard deviations for the vowels [i, y, ɤ, u, 
a, *, ɚ]. 

 

Table 10:! Average formant values and standard deviations for the vowels [i, y, ɤ, u, a, *, ɚ] in 
male speakers, extracted from Zee & Lee (2001). 

I.3.2.1.2! Consonants 

I.3.2.1.2.1! Italian 

 As shown in Table 11, Italian includes 21 consonants (/p, t, k, b, d, ɡ, m, n, ɲ, f, v, s, z, ʃ, l, 
ʎ, r, ts, dz, tʃ, dʒ/) and 2 glides /w, j/.  The voiced sibilant post-alveolar fricative /ʒ/ is in brackets for 
it appears only marginally in loanwords. 

 

Table 11:! Italian consonants, extracted from Bertinetto and Loporcaro (2005). 

 Italian includes similar places of articulation as French and involves an additional mode of 
articulation; that is, affricate consonants (/ts, dz, tʃ, dʒ/) which start like a stop and release as a 
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fricative. The consonant /ʎ/ is a voiced lateral palatal. Part of the consonants can be geminated – i.e., 
doubled or lengthened – and gemination is contrastive, expanding the consonantal repertoire (Vieru-
Dimulescu, 2008). The alveolar trill [r] is the unmarked allophone of the rhotic phoneme /R/ which 
can also be realised either as a uvular trill [ʀ] (in North Italy) or as uvular/alveolar/labio-dental 
approximant (Bertinetto & Loporcar, 2005). Typical of Tuscan Italian, a process of spirantization – 
i.e., consonant weakening – can affect voiceless, and to a lesser degree, voiced stops. Stop sounds 
become fricativised (e.g., /p, t, k/ > /ɸ, θ, h, ɦ/) under the effect of this phonological process which 
occurs in postvocalic context (Sorianello, Solé, Recasens & Romero, 2003).  

 Besides, all Italian fricatives are comprised in the French consonantal system, except for /ʒ/. 
It is worth noting that the occurrence of the phoneme /z/ is contextually restricted: it contrasts with 
/s/ only in intervocalic position within or at the right edge of lexical morphemes and does not occur 
in word/morpheme-initial position where only /s/ appears before vowels.  

I.3.2.1.2.2! Arabic 

 Several descriptions of the Standard Arabic consonantal system may be found in the 
literature. As shown in Table 12, standard Arabic includes between 25 and 27 consonants (/b, t, d, k, 
q, ʔ, m, n, f, θ, ð, s, z, ʃ, (ʒ) χ, ħ, ʕ, h, dʒ, l, r, (ʁ), t̙ˤ, ðˤ, s̙ˤ, d̙ˤ/), and 2 glides (/w, j/). 
 

 

Table 12:! Standard Arabic consonants, based on Benamrane (2013) and Anis et al. (2019). 

 Arabic includes modes and places of articulation not present in French. The additional MoA 
are: (1) affricate (/dʒ/) and (2), emphatic (/t̙ˤ, ðˤ, s̙ˤ, d̙ˤ/).  Then, the additional PoA are: (1) inter-dental 
(/θ, ð, ðˤ/), (2) pharyngeal (/ħ, ʕ/) and (2), glottal (/ʔ, h/). The Arabic consonantal system is thus more 
extended in the posterior places of articulation than French. Specific to Semitic languages, the 
emphatic consonants /t̙ˤ, ðˤ, s̙ˤ, d̙ˤ/ involve a particular articulation. More precisely, they are 
characterized by two places of articulation for they entail a shift from the main articulatory zone to 
the soft palate (Benamrane, 2013). This specific articulation of emphatics proves to be really 
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challenging for L2 learners (Binasfour, Setter & Aslan, 2017). Also, and as mentioned above, the 
presence of such a consonant in a word propagates this particular articulatory feature to its 
environment, either vocalic or consonantal. All Arabic consonants can be geminated and gemination 
has a contrastive function.  

 Besides, Standard Arabic includes a much larger number of fricatives than French. More 
precisely, it has 12/13 fricatives, amongst which the sibilant /s, z, ʃ/ on which the subsequent analyses 
will focus. The existence of the voiced sibilant post-alveolar /ʒ/ is debated. Indeed, depending on the 
regional Arabic variety, either /dʒ/ or /ʒ/ can be the realizations of the same phoneme. Acoustically, 
the sibilant /s, z, ʃ, ʒ/ appear to have a compact spectrum whose main zone of energy is located at a 
high frequency than the other fricatives and the alveolar /s/ present the highest spectral mean or centre 
of gravity. Moreover, they are characterized by a high intensity (Benamrane, 2014). 

I.3.2.1.2.3! Mandarin 

Mandarin is reported to have 20 or 21 consonants (/p, pʰ, t, tʰ, k, kʰ, f, s, ʂ, ɕ, x, ts, tsʰ, tʂ, tʂʰ, 
tɕ, tɕʰ, m, n, (ŋ), l/) and a retroflex approximant /ɻ/ (Hua & Dodd, 2000). Table 13 presenting the 
consonantal system of Mandarin integrates the two glides /j, w/ which can also be noted as vowels [i] 
and [u] in diph/triphthongues (Bernhardt & Zhao, 2010). 

 

 
 

Table 13:! Mandarin consonants, extracted from Bernhardt & Zhao (2010). 

Mandarin includes one mode and one place of articulation no present in French: (1) affricates 
(/ts, tsʰ, tʂ, tʂʰ, tɕ, tɕʰ /) and (2), retroflex (/tʂ, tʂʰ, ʂ/). Voiced obstruents (stops and fricatives) are 
absent from the Mandarin consonant inventory. However, it does include voiceless aspirated stops 
(/pʰ, tʰ, kʰ/) and affricates (/tsʰ, tʂʰ, tɕʰ/). The phonemes /ɕ, tɕ, tɕʰ/ are voiceless alveo-palatal 
consonants.  
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Besides, Mandarin includes slightly less fricatives (/f, s, ʂ, ɕ, x/) than French and only two of 
them are also found in French, the non-sibilant labial /f/ and the sibilant alveolar /s/. Moreover, two 
Mandarin fricatives involve PoA not existing at all (the retroflex /ʂ/) or not for that specific manner 
class (the velar /x/) in French and as just noted, there are no voiced fricatives in Mandarin. Also, the 
Mandarin sibilant alveo-palatal /ɕ/ is phonetically close to the French sibilant /ʃ/. 

Table 14 (on the next page) summarizes the similarities and differences between the vowel and 
consonant inventories of the three L1s (i.e., Italian, Arabic and Mandarin) and the vowel and 
consonant inventories of French. Globally, vowel inventories of Italian and Arabic are less rich than 
that of French, whereas the vowel inventory of Mandarin is rather different than poorer than the 
French vowel inventory. Arabic has a richer consonant inventory than French and Italian has a slightly 
richer and rather similar consonant inventory than that of French. Finally, the Mandarin consonant 
inventory presents more differences with that of French in comparison with the two other L1s. 
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I.3.2.1.3! Similarities vs. differences with French vowels and consonants 

  Italian Arabic Mandarin 
 
 
 
 

Vowels 
 

 
Similarities 

Properties shared with 
French 

Common vocalic phonemes: 
/i, e, ɛ, a, ɔ, o, u/ 
 

Common vocalic phonemes:  
/i, a, u/ 

Common vocalic phonemes: 
/i, y, (e), (ɛ), (#), a, (o), u/ 
 

 
 

Differences 
Properties not shared 

with French 

The Italian vocalic inventory is less 
rich: 7 vowels 
 
Several French vowels are absent in 
Italian, such as the rounded anterior 
/y, ø, œ/ and nasal /ɑ̃, ɛ,̃ ɔ̃/ series 

The Arabic vocalic inventory is much poorer: 3 
vowels 
Presence of a duration contrast: /i, a, u/ vs. /i:, 
a:, u:/ 
 
All French vowels are absent in the Arabic 
inventory except /i, a, u/ 

The Mandarin vocalic inventory is very 
different:  
Presence of retroflex/rhotic vowels /ɚ, ɤ/ 
Presence of diphthongs and triphthongs  
 
Several French vowels are absent in Mandarin: 
such as rounded front vowels /ø, œ/ and nasal 
vowels /ɑ̃, ɛ,̃ ɔ̃/ 

 
 
 
 
 
 
 
 

Consonants 
 

 
Similarities 

Properties shared with 
French 

Common consonant phonemes: 
/p, b, t, d, k, ɡ, m, n, ɲ, f, v, s, z, ʃ, l/ 
and /j, w/ 
 

Common consonant phonemes: 
/b, t, d, k, m, n f, s, z, ʃ, l, (ʁ)/ and /j, w/ 
 

Common consonant phonemes: 
/p, t, k, l, m, n, (ŋ), f, s/ and /j, w/ 
 
 

 
 
 

Differences 
Properties not shared 

with French 

The Italian consonantal system is 
slightly richer: 21 consonants 
Presence of affricates /ts, ʧ, dz, dʒ/, 
lateral /ʎ/ and gemination  
 
 
A couple of French phonemes are not 
present in Italian: /ʒ/ - /ɥ/ (/ʁ/) 
 

The Arabic consonantal system is richer:  
between 25 and 27 consonants 
Presence of posterior stops /q, ʔ/, affricates 
/dʒ/, emphatic /t̙ˤ, d̙ˤ, ð̙ˤ, s̙ˤ/ and gemination  
Presence of other fricatives: /θ, ð, χ, ʕ, ħ, h/ 
and emphatic /ð̙ˤ, s̙ˤ/ 
 
Several French consonants are absent in the 
Arabic inventory: /p, ɡ, v, ɲ, (ʒ), (ʁ)/ and /ɥ/ 
 

The Mandarin consonantal system is very 
different:  
Presence of aspirated /pʰ, tʰ, kʰ, tsʰ, tʂʰ, tɕʰ/, 
affricates /ts, tsʰ, tʂ, tʂʰ, tɕ, tɕʰ/ and retroflex /ʂ, 
tʂ, tʂʰ/ 
Presence of other fricatives: the sibilant retroflex 
coronal /ʂ/ and palatal /ɕ/ and non-sibilant velar 
/x/ 
Several French consonants are absent in 
Mandarin: /b, d, ɡ, v, z, ʃ, ʒ, ʁ, ɲ/ and /ɥ/ 

 
Table 14:! Similarities vs. differences with the French vowels and consonants.
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I.3.2.2! Syllabic structure 

I.3.2.2.1! Description of the targeted syllabic constituents 

I.3.2.2.1.1! Italian 

Italian includes both open and closed syllables. As in French, the CV type is predominant as it 
represents 60% of all syllable types (Bortolini 1976). However, there is a wide range of possible 
syllables and Italian involves a high proportion of multisyllabic words (Carrissimo-Bertola, Vallée & 
Chitoran, 2012). Consonantal clusters can occur both in onset and coda, in word-initial/media/final 
position. In Italian, the segmental inventory occurring in coda is restricted, as it normally includes 
only the following consonants /n, s, l, r/. Word-medial codas can be occupied by the first consonant 
of a geminate and biconsonantal codas are quite rare (Bertinetto & Loporcar, 2005). While word-
internal singleton codas are quite frequent, words ending in consonant(s) are much less frequent and 
are typically loanwords (Kramer, 2009). In contrast, word-initial position is far less restricted and 
branching onsets can be made of up to three elements. Word-initial clusters generally consist in OS 
sequences consisting in the combination of obstruents and the liquids /l, r/ or glides /j, w/. Like in 
French, sequences of consonants sharing coronal PoA are not permitted (such as /tl/). Word-initial 
/s/C(C) clusters are also attested in Italian and are more frequent and more complex than in French 
where they are mainly restricted to /s/+stops sequences. Like in French, such sequences are generally 
treated as heterosyllabic, the initial /s/ being analysed as a left-edge adjunct (see above) followed by 
an onset, whether simple or branching in the case of triconsonantal sequences. Besides, syllables with 
complex onsets would represent 10% of all syllable types (Kehoe and Havy, 2019; based on Goslin, 
Galuzzi, & Romani, 2014). Finally, word-final consonant sequences are segmentally more restricted 
and much less frequent than word-initial sequences (Kramer, 2009). 

I.3.2.2.1.2! Arabic 

 In Standard Arabic, onsets are compulsory and vocalic onsets are not permitted, unlike in 
French. Therefore, syllables always start with a single consonant and syllables can be open (CV type) 
or closed (CVC type) (Vieru-Dimulescu, 2008). Similar to French, the CV type is predominant but 
there is a wide variety of possible syllable types. Different places of articulation are tolerated in word-
final position: labials, coronals and dorsals (Amayreh & Dyson, 1998). Furthermore, complex codas 
are allowed (Kiparsky, 2003). Word-final codas are relatively frequent in Arabic, in comparison to 
French, since closed syllables represent approximately 45-50% of all syllable types (Hamdi, Barkat-
Defradas, Ferragne & Pellegrino, 2004). Consonantal clusters can occur in coda and therefore, the 
syllable type CVCC is permitted. Subject to debate, the occurrence of consonant sequences at onset 
is said to be forbidden in Arabic, at least in the underlying phonological representation. Indeed, a 
process of deletion of short vowels in open syllables can be observed – notably in Maghreb dialects 
– resulting in numerous consonantal clusters and complex syllabic structures in surface realizations 
(Hamdi et al., 2004). Furthermore, Moroccan Arabic is particularly subjected to this process of vowel 
deletion and therefore, presents a tendency to complex surface syllables (such as CCVC, CCVCC) 
whether in onset or in coda position. In addition, both Moroccan Arabic and Berber would be 
characterized by long consonantal sequences that have been analysed both as complex onsets and 
syllables with consonantal nuclei (Kiparsky, 2003). Branching onsets in those Arabic varieties can be 
made of up to three consonants and allow for numerous combinations of places of articulation. 
Sequences of two or three consonants are also permitted in word-final position. 
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I.3.2.2.1.3! Mandarin 

 In Mandarin, onset and coda are optional in the syllabic structure, whereas nucleus and tone 
are compulsory (Duanmu, 2007). All consonants, except /ŋ/, can occur in the onset of a syllable. In 
contrast, codas are highly restricted in Mandarin, as only /n/ and /ŋ/ can occur in that position 
(Duanmu, 2007), and moreover, Mandarin is characterized by a very low frequency of word-final 
codas. Mandarin totally excludes the presence of consonantal clusters (Jacques, 2006) and 
consequently, complex syllabic structures, such as CVCC, are not permitted. Besides, there is only 
one morpheme per word and almost all roots are monosyllabic. Mandarin Chinese involves thus a 
very limited range of syllabic structures in comparison to French. 

Table 15 (on the next page) summarizes the similarities and differences between the syllabic 
structure of the three L1s (i.e., Italian, Arabic and Mandarin) and the syllabic structure of French. In 
Italian, word-final singleton and complex codas are segmentally more restricted and less frequent, 
whereas word-initial branching onsets are less restricted and more frequent than in French. Arabic 
presents a higher frequency of word-final singleton codas and Mandarin presents the most restricted 
syllabic structure not permitting any consonantal clusters.   
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I.3.2.2.2! Similarities vs. differences in comparison with French syllabic structure 

  Italian Arabic Mandarin 

 
 
 
Word-final singleton 
codas 
 

 
Similarities 

Properties shared 
with French 

Presence of /n, s, l, r / in word-final 
coda position 

Presence of different PoA in word-final 
coda position: labials, coronals and dorsals 

Presence of /n, ɲ/ in word-final coda 
position 
 

 
Differences 

Properties not shared 
with French 

Segmentally more restricted: only 
/n, s, l, r/  
Lower frequency of word-final 
singleton consonants  

Higher frequency of word-final singleton 
consonants (between 45 and 50% of closed 
syllables) 
 

Segmentally more restricted: only /n, ɲ/ 
Much lower frequency of word-final 
singleton consonants 

 
 
 
 
Word-initial 
branching onsets 

 
Similarities 

Properties shared 
with French 

Similar consonant sequences: 
Obstruents+Liquids, 
Obstruents+Glides and /s/C(C) 
clusters 

Similar consonant sequences: 
Obstruents+Liquids and /s/C(C) clusters 

 
 
 
Word-initial consonantal clusters are NOT 
permitted in Mandarin  

Differences 
Properties not shared 

with French 

/s/C(C) sequences more frequent 
and more complex than in French 

/ 

 
 
 
Word-final complex 
codas 

 
Similarities 

Properties shared 
with French 

Similar consonant sequences: 
Obstruents+Liquids and 
Liquids+Obstruents clusters 
 

Similar consonant sequences: 
Obstruents+Liquids and /s/C(C) clusters 

 
 
 
Word-final consonantal clusters are NOT 
permitted in Mandarin  

Differences 
Properties not shared 

with French 

Segmentally more restricted  
Less frequent 
 

/ 
 

Table 15:! Similarities vs. differences in comparison with French syllabic structure 
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I.3.3! CONCLUSION  
Based on the phonetic and phonological description of each language involved in this 

dissertation, it appears that each language pair is characterized by specific common and distinct 
aspects, either at a segmental or syllabic level. The French-Italian pair might be thought to present 
the lowest degree of inter-linguistic distance and the greatest similarity between both phonological 
systems. Still, despite their closeness, phonological systems of these two languages also bear 
dissimilarities. Then, the degree of distance and structural similarity can be less straightforwardly 
characterised for the two other combinations, French-Arabic and French-Mandarin. Based on the 
existing literature, a working hypothesis of the present study is that this varying degree of distance 
and similarity characterizing each language pair would result in different types of cross-linguistic 
effects and have a differential impact on phonetic and phonological development in French. We 
develop this point in full details in the next section about our research problematic and working 
hypotheses.  
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I.4! THE CURRENT STUDY 

I.4.1! RESEARCH PROBLEMATIC AND STRATEGY 
From the existing literature, one can conclude that bilingual toddlers follow a complex 

developmental path sharing both similarities and dissimilarities with that of monolingual children 
(see details in section I. 2.). Moreover, differences between bilingual and monolingual children have 
been reported for different levels of phonological organization, either at segmental and supra-
segmental levels. These discrepancies have been said to arise from a mutual influence between the 
two phonological systems, potentially resulting in cross-linguistic effects which frequency and 
directionality would in turn depend on a variety of interlinked factors. More specifically, factors most 
often invoked to account for cross-linguistic interaction phenomena – either in the form of 
acceleration, deceleration or transfer – include linguistic dominance (referred to as one among other 
“language-external” factors) as well as frequency and complexity of the phonological properties of 
each language (referred to as “language-internal” factors). Thus, even if typical bilingual 
development is globally similar to monolingual development, bilingual children obviously have 
specific developmental trajectories and strategies. Besides, bilingual production studies present 
certain limitations including: (1) the reduced size of the participant sample, (2) the longitudinal 
approach not systematically adopted, (3) the almost exclusive focus on consonants, (4) the rare use 
of acoustic analyses and (5), the lack of diversification in the languages involved. Indeed, nearly all 
studies have focused on a single language pair involving either English and/or Spanish. There is thus 
an important lack of knowledge about bilingual speech acquisition in other language contact 
situations. 

In light of this, the present study aims at longitudinally assessing French phonetic and 
phonological development in preschool bilingual children exposed to different language pairs and 
more precisely to: French and Italian, French and Arabic and French and Mandarin. These language 
pairs have been chosen based on methodological and theoretical premises. First, French has rarely 
been included in bilingual production studies and even more in combination with Italian, Arabic or 
Mandarin. Then, the three other languages selected (i.e., Italian, Arabic or Mandarin) differ by their 
degree of similarity/distance with French and each language pair involves specific inter-linguistic 
differences lying at both segmental and syllabic levels, as emphasized by the previous description of 
the targeted languages. These inter-linguistic differences are susceptible to give rise to different cross-
linguistic interaction effects. More specifically, the languages involved differ by their degree of 
complexity with regard to the richness of their phonemic inventories and to the structural and 
segmental constraints they impose on syllabic structure. Besides, they are also characterized by 
different frequencies of certain phonological structures. Our objective is thus to assess the specific 
impact that each linguistic combination could have on the phonetic and phonological development in 
French, and to assess how similar or different French development is in simultaneous bilinguals who 
differ in terms of their other mother tongue. 

One specificity of our study lies in the fact that we are focusing on one language of the bilingual 
children only, with the perspective to assess potential cross-linguistic effects through a comparative 
analysis of children exposed to different language pairs. Therefore, the key issue is not to relate the 
performances of bilingual children to those of monolinguals but rather to apprehend their 
performances in a contrastive approach; that is, to compare bilinguals with bilinguals, in relation to 
one another. Besides, individual trajectories will be carefully considered. Indeed, bilingualism is a 
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multi-faceted experience, from which one could expect even more inter- and intra-variability than 
what is already observed in monolingual children. Therefore, assessing the linguistic performances 
of bilingual children exclusively with respect to monolingual norms and without considering 
individual variability might lead to a misinterpretation of certain observed phenomena. 

More specifically, our research seeks to study the evolution of bilingual children’s speech 
production skills over time as well as to observe the progressive emergence and organization of the 
French phonological system, by investigating the realization of individual segments, syllabic structure 
and whole-word forms. To that purpose, children involved in the study have been observed over a 
one-year period and speech productions have been collected in naturalistic conditions (i.e., close to 
the children’s usual environment) by means of an adapted self-developed experimental protocol. 
Practically, speech productions have been gathered through an original word-naming task allowing 
targeting specific structures in the productions as well as to ensure similar data collection conditions 
for all children.  

To fill some previously identified gaps, both vowels and consonants are included in our 
analyses. As highlighted by the previous literature review (section I.2. and I.3.), vowel systems have 
rather rarely been examined in monolingual and bilingual speech acquisition studies. Consonants are 
apprehended globally and in specific positions in the syllable and the word: targeted syllabic 
constituents include word-final codas, word-initial branching onsets and word-final complex codas. 
A typically understudied subset of fricatives receives particular attention given their reported later 
acquisition. Vowels and fricatives (especially /z, ʃ, ʒ/) are interesting to focus on at once for they are 
expected to be at opposite ends of the developmental path. In addition, their development has rarely 
been studied concomitantly with an examination of the syllabic structure. The speech sounds under 
investigation are subjected to complementary analyses involving several acoustic measures and a 
variety of analyses based on phonetic transcriptions. Acoustic analyses are focused on vowels 
(involving both standard and new measures, see section II.4.) and fricatives (spectral moment 
analysis, see section II.4.), whereas transcription-based analyses encompass all types of segments 
(i.e., all vowels and consonants), considered individually as well as part of whole-word forms. 
Combining these two types of analyses permits to focus on different aspects of speech production as 
well as to bring out different phenomena into light. As acoustic analyses enable to observe speech 
sounds in a more objective way, they also give an insight that transcription-based measures do not 
(easily) provide.  

In addition to observing the impact of the linguistic combination on French phonetic and 
phonological development, we are attempting to control and assess the effect of a number of other 
factors on the evolution of the children’s speech productions. Potential similarities and differences 
observed in the three types of bilinguals might not only be due to the properties of the two languages 
in contact. As our research involves a longitudinal perspective, the developmental variable is the 
second most important factor considered in our assessment of the children’s performances. Indeed, 
the objective is to focus on the evolution of the children’s developmental trajectories and to observe 
their phonetic-phonological development in time. Therefore, two developmental variables are 
included in the analyses: the recording session and the chronological age. Considering both 
developmental variables allows capturing different phenomena; however, the session receives a 
greater structural importance in the analyse (see section II. 4.). 
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Then, given that the nature and degree of exposure to both languages definitely affect bilingual 
development, the children’s linguistic dominance is also taken into account. For that purpose, the 
children’s daily linguistic environment has been documented in details to characterize each 
participant’s bilingual profile. The lexical development in French, as well as in both languages 
combined, has also been assessed in order to investigate the link between phonological and lexical 
development, which is typically insufficiently addressed in the existing literature. Besides, variables 
of “gender” 37 and “(presence of) siblings” are included in our analyses, as these two factors are also 
susceptible to impact speech production development. Indeed, better performances have been found 
for girls (Dodd, Holm, Hua & Crosbie, 2003; Kehoe and Havy, 2019) and moreover, boys are more 
prone to develop a language/speech disorder than girls (Weindrich, Jennen-Steinmetz, Laucht, Esser 
& Schmidt, 2000). Besides, older siblings have been shown to provide an important source of 
linguistic input and to promote language development in their younger siblings (Bridges and Hoff, 
2014). 

The impact of variables related to the items of our word-naming task are also assessed, 
including elicitation technique, phonological complexity and lexical frequency. Elicitation technique 
refers to the method used to make the child produce the expected word; that is, whether the child is 
incited to name or repeat the word. Obviously, the ideal situation would be to have the same elicitation 
type for all speech productions collected from all children in order to compare them. In reality, 
however, younger children might still rely more on repetition than on spontaneous naming and/or 
alternate between the two (this issue will be returned to in section II.3.). Therefore, this variable 
should be controlled for, or failing that, should be documented and included in the subsequent 
analyses. Finally, phonological complexity and lexical frequency have been seldom considered in 
speech production studies. These two variables have been assessed based on specific criteria (this will 
also be developed in section II.4.).  

I.4.2! WORKING HYPOTHESES 
 The definition of the research problematic naturally leads to the formulation of hypotheses 
about the impact of the different factors under investigation in the present study. Hypotheses for the 
different factors are presented below. Note that the use of the conditional below reflects the fact that 
these are reasonable, convergent with the literature, working hypotheses as to the direction in which 
we expect the main effects to go.  

I.4.2.1! Effect of the linguistic group in interaction with developmental variables 

 We assume that different development patterns could emerge in the different linguistic groups 
resulting from potential cross-linguistic interaction between the two languages in contact. Moreover, 
and as mentioned earlier, we chose to rely on the concepts of acceleration and deceleration developed 
within the frame of comparisons between bilingual and monolingual children (see section I.2.). 
Indeed, it seems relevant to operationally use these concepts to compare bilingual children exposed 
to different language pairs. Given that each language pair involves specific similarities/differences 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

37We are aware that the term gender refers to a social construct, while the variable considered in our study is 
the sex category; that is, the biological and physiological characteristics defining men and women. However, 
we choose to use the more neutral appellation « gender » throughout this dissertation. 
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lying at different phonological levels, we presume different developmental paths for the different 
structures investigated and therefore, we present our hypotheses separately for each of them, 
including: (1) vowels, (2) consonants, (3) targeted syllabic constituents and (4) whole-word forms. 

I.4.2.1.1! Vowels 

 We postulate that children exposed to French and Italian might be advantaged in French 
vowel acquisition and show a faster vocalic development in comparison to children exposed to French 
and Arabic and, to a lesser extent, to children exposed French and Mandarin. Indeed, vowel 
inventories of French and Italian are the most similar as the two languages share the largest number 
of vocalic phonemes. 

 In contrast, we assume that children exposed to French and Arabic might be disadvantaged 
in French vowel acquisition and show a slower vocalic development in comparison to children 
exposed to French and Italian and, to a lesser extent, to children exposed to French and Mandarin. 
Indeed, vowel inventories of French and Arabic are the most dissimilar and Arabic presents a much 
reduced vowel system. 

 We have no specific prediction regarding French vowel acquisition for the children exposed 
to French and Mandarin. The vowel systems of the two languages are very different with regard to 
their phoneme inventories, as Mandarin possesses both monophthongs and diph-/triphthongs.  

 Besides, we also expect a high individual variability in the evolution of vowel production and 
this, for children exposed to all three language pairs.  

I.4.2.1.2! Consonants 

 We postulate that children exposed to French and Arabic might be advantaged in French 
consonant acquisition and show a faster consonant development in French, compared to children 
exposed to French and Italian and children exposed to French and Mandarin. Indeed, Arabic possesses 
the richest consonant inventory and involves more manners and (posterior) places of articulation than 
French. Besides, Arabic emphatic consonants present particular articulatory challenges. Regarding 
the targeted sub-set of fricatives, nearly all are present in Arabic (the existence of the voiced sibilant 
post-alveolar /ʒ/ is debated, see above) and Arabic also includes a much larger number of fricatives 
than French, which could benefit the acquisition of French fricatives. This complexity of the Arabic 
consonantal system, in terms of the richness of Arabic consonant inventory and the complexity of the 
articulatory content of several consonants, is thus expected to globally accelerate consonant 
acquisition in French in French-Arabic bilingual children when compared to French-Italian and 
French-Mandarin bilingual children. 

 We may also expect that children exposed to French and Italian might be slightly accelerated 
in French consonant acquisition in comparison with children exposed to French and Mandarin. Again, 
Italian shares the largest number of phonemes with French, whereas Mandarin presents a very 
different phonemic inventory. Besides, Mandarin possesses no voiced obstruents which could lead to 
more devoicing patterns in the children’s early productions. 
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I.4.2.1.3! Syllabic constituents 

 We assume that children exposed to French and Arabic might be accelerated in the acquisition 
of word-final codas in French in comparison to children exposed to French and Italian and children 
exposed to French and Mandarin. Indeed, Arabic presents the least segmental restrictions in that 
position as well as the highest frequency of closed syllable types.  

 In contrast, we postulate that children exposed to French and Mandarin might be slightly 
decelerated in their acquisition of word-final codas in comparison to children exposed to French and 
Italian and children exposed to French and Arabic. Indeed, Mandarin imposes the most segmental 
restrictions in that position and is furthermore characterized by a very low frequency of word-final 
codas. 

 We suppose that children exposed to French and Mandarin might be decelerated in the 
acquisition of word-initial branching onsets in French in comparison to children exposed to French 
and Italian and children exposed to French and Arabic. Indeed, Mandarin possesses the most restricted 
syllabic structure and totally excludes the presence of consonantal clusters. 

 We expect no differences between children exposed to French and Italian and children 
exposed to French and Arabic as complex consonant sequences in word-initial position can be found 
in both Italian and Arabic, albeit only in surface realizations for Arabic due to phenomena of short 
vowel deletion.  

 We assume that children exposed to French and Arabic might be accelerated in the acquisition 
of word-final complex codas in French in comparison to children exposed to French and Italian and 
children exposed to French and Mandarin. Indeed, Arabic presents the least segmental restrictions 
and allows for more varied combinations of places of articulation in word-final position.  

 For similar reasons as those mentioned above, we expect that children exposed to French and 
Mandarin might be decelerated in their acquisition of word-final complex codas in French in 
comparison to French-Italian and French-Arabic bilingual children.  

I.4.2.1.4! Whole-word forms 

 Given our previous hypotheses about consonants and targeted syllabic constituents, we 
postulate that children exposed to French and Arabic might globally show better performances in 
their whole-word productions compared to French-Italian and French-Mandarin bilingual children.  

I.4.2.2! Effect of the developmental variables 

 In addition to the different developmental patterns expected in the three linguistic groups, we 
also expect a global effect of both session and chronological age for all children and for all structures 
investigated and we more particularly expect better performances from one session to the other and 
as chronological age increases.!!

I.4.2.3! Effect of the linguistic dominance 

 As will be detailed in the next chapter, the children’s linguistic environment will be 
documented in order to characterize their linguistic dominance. More precisely, children will be 
classified either as having a dominance in French or in the other language, or as being balanced 
bilinguals.  
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 We assume that children who are more exposed to French should be advantaged in French 
phonetic and phonological development for all structures investigated, in comparison to children less 
exposed to French, either those having a dominance in the other language or those having a more 
balanced exposure to both languages. 

I.4.2.4! Effect of lexical development  

 We suppose that phonetic and phonological development in French should benefit from a 
more advanced lexical development in French and in both languages or, more precisely, that children 
characterized by a greater lexical development in French and in both languages should be more 
advanced in their phonetic and phonological development in French and this, for all structures 
investigated. 

 We expect that French-Italian bilingual children might be more advantaged by a greater 
lexical development in both languages than French-Arabic and French-Mandarin bilingual children 
given that French and Italian share more phonological properties as well as more cognates.  

I.4.2.5! Effect of gender  

  We postulate that, if there is an effect of gender on French phonetic and phonological 
development, girls could have an advantage over boys for all structures investigated. 

I.4.2.6! Effect of the presence of older siblings 

  We expect that, if there is an effect of siblings on French phonetic and phonological 
development, children with siblings could have an advantage over children without siblings for all 
structures investigated. 

I.4.2.7! Effect of item-related variables 

 We have no hypotheses regarding the elicitation technique, given the mixed results present 
in the literature (this issue will be returned to in section II.3.). 

 We assume that children’s speech productions should be more accurate for less complex and 
more frequent items than for more complex and less frequent items in French. We do not predict a 
difference between the children exposed to different language pairs in this aspect. 
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II!METHOD 
The first chapter of this dissertation was devoted to the presentation of the literature review 

about phonological acquisition and bilingual development as well as to the exposition of our research 
problematic and working hypotheses. In the second chapter, we will describe the longitudinal study 
that we have conducted in order to examine French phonetic and phonological development in 
contrasted bilingual contexts. This chapter devoted to the description of our method is divided into 
the four following sections: (1) the description of the participant sample, (2) the description of the 
experimental paradigm for data collection, (3) the data processing and (4), the description of the 
conducted analyses. 

II.1! PARTICIPANT SAMPLE 
Our participant sample consists of a group of 18 preschool simultaneous bilingual children 

(8 girls and 10 boys) initially aged between 21 and 36 months (global mean age=34 months, SD=7 
months). Children had been exposed to different language pairs, all including French plus one of the 
following languages: Italian, (Moroccan and Sudanese) Arabic and Mandarin Chinese. Data and 
recordings have been anonymised: each child is designated by a code of the form BNN, where B 
stands for “bilingual”, and N for a number referring to the order of recruitment. This number has been 
assigned according to the order of recording. 

II.1.1! RECRUITMENT OF THE PARTICIPANTS 
Children have been recruited through numerous initiatives: (1) word of mouth, (2) social 

networks, (3) day-care centres/nurseries, (4) communal associations/services and (5), political and/or 
cultural official structures such as embassies, consulates and cultural centres. Families have been 
contacted through e-mails, phone calls or via flyers and posters. Once we had been ensured that the 
children would correspond to our inclusion criteria (see section II.1.2.), a consent form (see Appendix 
1.) has been given to the parents to inform them clearly about the research objectives and their rights 
in regard to the participation to the study. Indeed, families took part in the study on a voluntary basis 
and were free to withdraw at any time and without giving any reasons for their decision. For each 
participant, one of the parents had to sign the form to give his/her agreement and each family received 
a duplicata. As a compensation for their participation, each family has been offered a one-year 
subscription to children’s books (from the publishing house Ecole des Loisirs). 

II.1.2!  SELECTION CRITERIA  
 Participants have been recruited based on their chronological age (with both lower- and 
upper-age limits) and their type of bilingualism, in relation to the age of acquisition of the two 
languages and the language pairs involved. We explain in details each selection criterion. 

II.1.2.1!Chronological age of participants  

Age limits were set for the recruitment of children, with a lower age-limit of 18 months and 
upper age-limit of 50 months. Indeed, the age of 18 months marks the beginning of significant 
production (Hilaire et al., 2001) and of lexical expansion (Vihman, Ferguson & Elbert, 1986), while 
speech productions are still exhibiting systematic errors (Schelstraete & Maillart, 2004). Then, the 
upper limit of 50 months was fixed to ensure that children would not yet have been exposed to writing 
and reading. Furthermore, children’s productions start becoming fairly intelligible around that age 
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(Sax & Weston, 2007) and most of phonological processes would have disappeared (Schelstraete & 
Maillart, 2004) by that age. 

Accordingly, the 18 toddlers participating to our study were initially aged between 21 and 36 
months when speech production data were first collected. As the longitudinal study expanded over a 
period of 1 year (data collection will be detailed in section II.2.), the total age range for the entire 
study goes from 21 months to 50 months.  

II.1.2.2!Type(s) of bilingualism   

II.1.2.2.1! Age of acquisition of both languages and family configuration 

Children recruited for our study are simultaneous bilinguals, for they have been exposed to 
both languages since birth, or the very first months of their life, with more or less equivalent rates of 
exposure to each language. More precisely, our participants have been significantly and regularly 
exposed to their two languages; that is, at least three full days per week38. Actually, exactly equivalent 
exposure rates to both languages are quite rare in bilingual contexts since there is almost always one 
predominant language in the linguistic input received by the child. Moreover, the linguistic input 
fluctuates according to the changing environment of the bilingual individual. 

Two types of family linguistic environment were included in our sample:  

!! families where each parent speaks a different language to their child, following the “One 
parent - one language” rule/principle (11 families)39; 

!! families where both parents speak the same language (whether Italian, Arabic or Mandarin) 
and the child’s exposure to French has occurred through siblings and peers and/or at the day-
care centre (7 families).  

 
Due to recruitment challenges, we decided to include bilingual children from these two types 

of environment in our sample. However, the specificities of each participant’s linguistic environment 
and input have been thoroughly documented and taken into account.  

II.1.2.2.2! Language pairs 

As already explained in the section about our research problematic and hypotheses, children 
participating to our study are exposed to one of the three following language pairs: French-Italian, 
French-Arabic and French-Mandarin. Indeed, the interest is to compare the specific impact that the 
similarities/differences between the two linguistic systems of the child could have on phonetic-
phonological development in French. 

The share of participants per language pair is the following: 11 French-Italian bilinguals (5 
girls and 6 boys, global mean age=34 months and SD=7 months), 5 French-Arabic bilinguals (2 girls 
and 3 boys, global mean age=34 months and SD=8 months) and 2 French-Mandarin bilinguals (1 girl 
and 1 boy, global mean age=37 months and SD=5 months). Figure 18 shows the repartition of the 
participants in the three linguistic groups as a function of their initial chronological age. Due to 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

38 This minimum amount of exposure time was chosen based on the Alberta Language Environment 
Questionnaire - ALEQ (Paradis, 2011). 
39For 4 of these 11 families, it is the mother who is speaking French to the child. 
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significant recruitment challenges, the number of French-Mandarin participants is much more 
reduced than for the French-Italian and French-Arabic groups. Still, we decided to include them in 
the study but this asymmetry in the groups will be carefully considered in the subsequent analyses. 

 

Figure 18:!Repartition of children according to initial chronological age in the three linguistic 
groups. 

 Table 16 provides a summary of all the characteristics defining each participant, including 
information on Linguistic group, Initial chronological age, No-risk index, Linguistic dominance, 
Gender, Siblings and Vocabulary scores in French and in both languages. No-risk index, Linguistic 
dominance and vocabulary scores have been assessed based on parental questionnaires (this is 
explained in details in section II.2.1.). 
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Linguistic 
group 

 
 
 

Subject 

 
 

Initial 
chronological 

age 
(at S1) 

 
 

No-
risk 

index 
value 

 
Linguistic 
dominance 
(1 = French 
2 = other L1 
3 = balanced) 

 

 
 
 

Gender 

 
 
 

Siblings 

 
 

French 
vocabulary 

score 
(at S1) 

 
 

Total 
vocabulary 

score 
(at S1) 

French-
Italian 
 
 
 
 
 
 
 
 
 
 
 
 

B01 2;01;08 20 1 3 3 3 Boy NO 161 260 

B02 2;01;04 19 3 3 3 3 Boy NO 103 239 

B03 
 

2;11;01 26 2 2 2 2 Girl NO 236 444 

B07 
 

2;09;18 17 2 2 2 2 Boy NO 106 496 

B08 
 

2;07;16 22 3 3 3 3 Girl NO 178 336 

B09 
 

1;09;13 25 1 1 1 1 Girl NO 124 136 

B10 1;09;11 22 1 1 1 1 Boy YES 198 218 

B12 
 

2;00;27 26 1 1 1 1 Boy YES 212 358 

B13 
 

2;09;19 20 2 2 2 2 Boy NO 84 287 

B17 
 

3;00;16 20 1 3 3 2 Girl NO 471 471 

B18 
 

2;00;10 20 2 2 2 2 Girl NO 59 302 

French-
Arabic 

B04 
 

3;00;21 26 3 3 1 1 Girl YES 218 218 

B05 
 

2;0;18 24 1 1 1 1 Boy YES 64 64 

B06 
 

2;01;15 22 2 2 2 2 Boy YES 63 63 

B11 
 

3;00;09 24 1 1 1 1 Boy NO 644 744 

B14 
 

1;10;15 19 1 1 1 1 Girl YES 27 54 

French-
Mandarin 

B15 2;08;17 22 1 1 1 1 Boy YES 180 271 

B16 2;05.22 24 3 3 3 1 Girl YES 109 436 

Table 16:! Description of the participants including information on Linguistic group, Initial 
chronological age, No-risk index, Linguistic dominance, Gender, Siblings and Vocabulary scores. 

II.2! PARADIGM FOR DATA COLLECTION: A MULTI-TOOL PROTOCOL FOR 

LONGITUDINALLY COLLECTING COMPLEMENTARY DATA  
In order to address our research objectives and questions, we have developed an experimental 

protocol involving the longitudinal collection of complementary data from our participants. More 
precisely, two kinds of data have been collected: hetero-reported data and speech production data in 
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French. Hetero-reported data collection is made through two parental questionnaires and include 
information about: (1) language emergence and linguistic daily environment and (2), lexical 
development in the two languages of each participant. Speech data collection consists in longitudinal 
recordings of a variety of speech samples, i.e., single words elicited via an original word-naming task 
(that will be described in section II.2.2.).  

Chronologically, hetero-reported data were first gathered during the initial meeting (“Session 
0”) with the families and were subsequently updated on each speech data collection. The first meeting 
also gave us the opportunity to have a first contact with the child and get acquainted with the home 
environment before the first recording. Speech data collection thus started from the second meeting 
(called “Session1”) and took place repeatedly on three subsequent meetings (Session 2, 3 and 4) 
scheduled at regular four-months intervals. To give a clear visual representation of the entire data 
collection process, Figure 19 shows a time line from Session 0 to Session 4. 

 

Figure 19:!Time line of the data collection 

Table 17 synthetises the different tools involved in our protocol for the collection of 
complementary data at each session, as well as the data collected. These tools and the data they 
provide will be extensively described in the present section. 

Data collection 
tools 

Type of data collected Existing/original tool Data collected  

Parental 
questionnaire 

Hetero-reported data 
documenting:                                    
- language emergence and 
development 
- language practices in the 
child’s daily environment 

Developed based on 
the PABIQ (2011) 

- No-risk Index 
- Index of linguistic 
dominance 

Parental 
reports 

Hetero-reported data 
documenting lexical 
development in both languages 

Existing adaptations of 
the MBCDI 

- Total of words 
produced in French and 
in both languages 

Word-naming 
task 

Elicited single words in French 

 

Original self-
developed tool 

 -Acoustic and 
perceptual-phonological 
measures (see section II. 
4.) 

Table 17:! Summary table of the different tools for data collection at each session. 
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II.2.1! PARENTAL QUESTIONNAIRES  
We decided to use parental questionnaires in order to gather data about language emergence 

and linguistic daily environment, as well as lexical development, for they are an efficient tool to get 
a quick and reliable picture of the general linguistic profile of the child. Moreover, it has great 
ecological validity, given that information is provided by the parents who are in continuous contact 
with their children and therefore, are able to give very rich information reflecting what the child truly 
knows. It can be argued that parents could tend to overestimate or, on the contrary, underestimate 
their children’s skills, out of pride or through a lack of knowledge or memory (Kern, 2004); still, they 
are good informants and the data gathered are more representative than observations collected in a 
formal/experimental setting.  

More specifically, the collection of hetero-reported data includes two different tools:  

- a parental questionnaire that we have elaborated on the basis of existing questionnaires (see point 
2.1.1.1.), in order to collect anamnestic data about language emergence and daily linguistic 
environment and input of each participant; 

- parental reports to document lexical and communicative development in both languages of each 
participant. More specifically, these reports are adaptations of the “MacArthur-Bates Communicative 
Development Inventories” (Fenson et al., 1993) in the different languages involved in the language 
pairs (Kern & Gayraud, 2010; Caselli & Casadio, 1995; Tardif, Fletcher, Zhang & Liang, 2008), (see 
point 2.1.2).   

II.2.1.1!Parental questionnaire: language background  

II.2.1.1.1! Development of the questionnaire 

The parental questionnaire used for our study was built on the basis of the Questionnaire for 
Parents of Bilingual Children (from now on, PABIQ), adapted for toddlers, elaborated by Tuller and 
collaborators (Tuller, Messarra, Prévost & Zebib, 2011) in the frame of the IS0804 action of the 
COST Programme. This questionnaire is itself based on two existing tools, The Alberta Language 
and Development (Paradis, Emmerzael & Sorenson Duncan, 2010) and the Alberta language 
environment (Paradis, 2011). 

 We have drawn on this particular questionnaire for precise reasons. First, it has been 
specifically designed for use with parents of toddlers growing up in bilingual contexts. Indeed, The 
PABIQ aims at comprehensively documenting the specificities of each participant’s bilingual 
experience; that is, first language developmental milestones and linguistic practices in the daily 
environment of the child. Therefore, it enables to precisely determine the degree of exposure to and 
use of both languages and, thereby, to establish a precise linguistic profile of each participant. 
Moreover, it allows for the computation of scores and indexes which makes it possible to turn 
qualitative information into quantitative data. More concretely, the different sub-scores are computed 
on the basis of the questionnaire’s responses and, in turn, can be combined to generate two indexes: 
a No-risk index (Tuller et al., 2011; Tuller, 2015), taking account of risk factors for language 
delay/disorder, and an Index of linguistic dominance (developed by Almeida et al., 2016) 
concentrating information about language exposure and use.  
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 Besides, the PABIQ was also built as a complementary tool to identify a potential language 
delay/disorder in bilingual children. As such, the use of its scores and indexes in combination with 
other language assessment tools developed specifically for bilingual children would permit to 
distinguish typically developing bilingual children and bilingual children with a language impairment 
(Tuller, 2015). Hence, the use of this questionnaire is totally adapted to our research objectives. 
However, we did make slight changes to the questionnaire and its scoring system. More concretely, 
certain questions were restated or refined in order to be more clear and/or adapted to our research 
issues. We will indicate the changes made in the subsequent description of the different sections of 
the questionnaire (the questionnaire can be found in Appendix 2). 

II.2.1.1.2! Structure of the questionnaire 

The questionnaire includes two mains parts: Part A on the child and Part B on parents. Then, 
Part A is divided in different sections: (1) General information about the child, (2) Early history and 
developmental milestones, (3) Current abilities, (4) Language use in the family and (5) Language use 
in other contexts. Part B involves three sections: (1) Information about the mother, (2) Information 
about the father and (3) Family history and language difficulties. It consists mainly of closed, yes-no 
questions or questions with predefined answers, such as frequency adjectives among which the 
parent(s) has/have to choose. Questions are formulated as clearly as possible so that the parents could 
fill it by themselves in writing, but also in order to collect raw information. 

 
1 – General information about the child 

This section gathers information about the child’s date and place of birth, the actual place of 
residence, the presence of siblings and the child’s place among siblings.  

 
2 – Early history  

This section comprises questions about: (1) first language developmental milestones such as 
the age of the first word(s) and word combinations, (2) the presence of parental concern about their 
child’s language emergence, (3) the occurrence of ear infections, (4) global and specific exposure to 
both languages and (5), the beginning of significant exposition to each of their languages. We refined 
the question about the different exposure contexts, by adding different interlocutors and activities. 
 
3 – Current abilities 

In this section, parents have to assess their child’s current language abilities in comparison to 
children of the same age. It includes expression and pronunciation abilities, lexical knowledge and 
the ability to form small phrases. We excluded questions inadequate for toddlers only starting to 
produce words and added one question requiring parents to give a global assessment of their child’s 
level of comprehension and expression for his/her two languages. 

 
4 – Language use at home 

This section focuses on the language use at home: what language(s) is(are) used by the different 
members of the family to speak to the child, and conversely, what language(s) the child is using to 
speak to the different members of the family.  

 
5 - Language use in other contexts 

This section involves questions about the language use in other contexts, i.e., with different 
kinds of interlocutors, outside the home and during different activities, specifying the frequency of 
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use as well. We added questions to document language use with a wider range of interlocutors (such 
as children at the nursery and friend’s children).  
 
6 – Information about the mother and 7– Information about the father 

These two sections are focused on the child’s parents. It allows gathering the following 
information: place of birth, number of years spent in Belgium, current occupation, education and level 
of proficiency for each language they speak.  
 
8 – Family history and difficulties 

This last section aims at documenting potential language difficulties in the family and more 
precisely, difficulties lying at different linguistic levels: reading and spelling, comprehension and oral 
expression. For difficulties in oral expression, we added a question requiring parents to specify the 
type of difficulties. 

 

II.2.1.1.3! Scoring system of the questionnaire: calculation of indexes 

We now describe in details the way the two indexes, the No-risk index (Tuller, 2015) and the 
Index of linguistic dominance (Almeida et al., 2016), are generated and precise the changes that we 
have made to their original method of calculation. 

II.2.1.1.3.1!  No- risk index  

The No-risk index was developed by Tuller and colleagues in the questionnaire PABIQ (2011). 
It aims at identifying children that could potentially belong to a “high-risk” category; that is, children 
that would be more prone to a problematic language development. It gathers all factors that may 
increase the chances of being subject to language impairment, as it is generated based on questions 
about early development, parental concern and the existence of familial language difficulties. 
However, as pointed out by Tuller (2015), these are risk factors and not clinical markers. Indeed, a 
late emergence of language would be a hallmark characteristic of children with language impairments 
(Rice, 2007). Yet, all late talkers do not necessarily develop a language disorder and some of them 
eventually catch up and later performed within norms. Another risk factor is the presence of familial 
language difficulties, as it would increase the chances that a child will have a language disorder40.  

Table 18 extracted from our questionnaire shows the index calculation method. Practically, the 
No-risk index is generated by: (1) calculating a sub-score for early development by adding the points 
earned from answers to questions of the section 2, (2) subtracting the total of points for the question 
of the section 8 (about the presence of familial difficulties) from the maximal score that can be 
obtained and (3), summing up the results of the addition and the subtraction.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

40Several studies focusing on children with familial difficulties did show important proportions of children with 
early language delay and persistent low language scores (Tuller, 2015), suggesting that children with a history 
of language impairment are themselves at high risk for language delay/impairment. 
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Table 18:! No-risk index quotation system (extracted from our questionnaire). 

We have made few changes to the original calculation method of the index: we decided to 
include the question about the occurrence of recurrent ear infections in the calculation of the sub-
score about early development. From our discussions with parents, we realised that repeated otitis in 
the first two years impacted early language development without children being diagnosed with 
hearing impairment. Indeed, even if the impact was always limited in time, parents reported that it 
did momentarily affect the quality of their child’s speech productions. Therefore, it seemed pertinent 
to take this factor into account for the index, in link to our specific research issues. As a result of this 
change, the index maximum value increased from 23 to 26. 

 The No-risk index is calculated only once and thus, has a fixed value. Its maximum value is 
26. Following the interpretation approach proposed by Tuller (2015)41, an index value of 21-22 or 
more (corresponding to a score above 80%) can be interpreted as a probable indication of a typical 
development and an index value below 17 (corresponding to a score below 65%) as a probable 
indication of an atypical development. Then, as the index would be very sensitive, values between 18 
and 20 would suggest a non-typical development requiring monitoring. As the PABIQ and the 
resulting No-risk Index are still in the process of validation, these threshold values are not yet 
standards. Still, the questionnaire has been used in bilingual research and appears to be an efficient 
tool to distinguish typical and atypical language development in bilingual contexts of acquisition, 
particularly for simultaneous bilinguals (Tuller et al., 2013; Almeida et al., 2016). 

II.2.1.1.3.2! 2 Index of linguistic dominance 

The Index of linguistic dominance was developed by Almeida and colleagues (2016) based on 
the PABIQ questionnaire. It aims at characterizing the participants’ bilingual profile in relation to 
their degree of exposure to and use of both their languages. Therefore, the index results from the ratio 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

41 We kept the same ratio to identify the different threshold values. 
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between the scores of exposure computed for the two languages. As such, it is generated based on 
questions about early exposure to both languages (section 2), the actual use of both languages at home 
(section 4) and in other contexts (section 5) and the number of months spent at nursery and at school42. 

Table 19 lists the different sub-scores and points assigned to each. Practically, the exposure 
score for each language is computed on the basis of different sub-scores: (1) a sub-score for the age 
of the beginning of exposure (/4), (2) a sub-score for the frequency early exposure contexts (/4), (3) 
a sub-score for the length of exposure (/4), (4) a sub-score for the diversity of early exposure contexts 
(/10), (5) and (6) sub-scores for the actual use of both languages at home (/16) and in other contexts 
(/16) and finally (7) and (8), sub-scores for the number of months spent at nursery (/2) and at school 
(/4). Exposure score for each language is calculated by adding all sub-scores (/60). Then, the Index 
of linguistic dominance is generated by subtracting the exposure score obtained for the second 
language from the exposure score obtained for French.  

 

Table 19:! Index of linguistic dominance quotation system.  

We made very slight adaptations to the original calculation method of the index. We increased 
the total of the sub-score for the diversity of early exposure contexts up to 10 (initially 8), as our 
parental questionnaire includes more exposure contexts (see the point about the questionnaire 
structure). We also added a sub-score for the number of months spent in the nursery and reduced the 
total of the sub-score for months spent at school to 4 (initially 5) in order to balance its weight in the 
total exposure score. Indeed, the original index was originally developed for school-aged and 
sequential bilinguals and only included a sub-score for time spent at school. As a result of these 
changes, the value of exposure score increased from 57 to 60. 

Following Almeida et al. (2016), an index value comprised between -6 and 6 corresponds to a 
balanced bilingualism. An index value above 6 indicates a linguistic dominance in French and an 
index value below -6 to a linguistic dominance in the other language. The interval of -6 to 6 
corresponds to a margin of 10% of the total score. Contrary to the No-risk index, the value of Index 
of linguistic dominance is not fixed as it is susceptible to fluctuate due to changes occurring in the 
linguistic environment of the child. Therefore, exposure scores to both languages and the resulting 
index value are updated at each collection of speech production data. 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

42As children were longitudinally followed, they eventually all entered school during the course of the study. 
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II.2.1.2!Parental reports: data about lexical development  

As already explained in the section about our research problematic and hypotheses, we 
decided to gather data about lexical development in parallel to collecting speech productions of the 
participants. One objective was to assess the initial level of lexical development of the children to 
ensure that they would already produce words spontaneously in order to include them in our sample. 
Moreover, it enabled us to check whether they would have a total productive vocabulary of, at least, 
50 words (combining words from both languages) and, at least, 25 words in French. Another 
objective is to make the link between children’s phonetic-phonological and lexical development. 
Therefore, we longitudinally (from session 0 to session 4) collected those complementary data. As 
a matter of fact, the different levels of linguistic competence (phonology, lexicon, syntax, etc.) 
develop simultaneously in interdependence and not in isolation. Hence, those developing language 
skills would affect each another. Indeed, learning new words mobilise children’s cognitive resources 
and, could, thereby, have an impact on the quality of their phonological representations and phonetic 
realizations. Consequently, data about lexical development could enlighten and refine our 
interpretation of the results of analyses conducted on speech productions and possibly, lead to better 
understanding of children’s phonetic-phonological development.  

II.2.1.2.1!Choice of the specific parental report 
We chose to specifically use the MacArthur-Bates Communicative Developmental Inventories 

(from now on, MBCDI) in our research for several reasons. Originally created by Bates and 
colleagues, the MBCDI constitute a type of parental report aiming at assessing children’s early 
linguistic abilities, including receptive and productive vocabulary, paralinguistic gestures and 
morphosyntax (Bates, Camaioni & Volterra, 1975). Standardised over a sample of more than 1800 
American English-speaking children, this instrument has been adapted into many different languages, 
based on the original American version (Fenson et al., 1993). Its validity and reliability have been 
extensively and thoroughly studied and more precisely, the following psychometric qualities have 
been ascribed to it: internal and external test-retest reliability, convergent and concurrent as well as 
predictive validity (Kern, 2004). Besides, it appears to be a good tool to draw up the general indicators 
of a normal development and to detect a potential language delay/disorder if used in association to 
other observations in order to cover different aspects of language development (Kern, 2004; Kern & 
Gayraud, 2010). In sum, the use of the MBCDI allows gathering rapid and reliable information about 
the child’s linguistic profile. 

However, this tool presents some disadvantages and/or limits. Indeed, given that parents fill it, 
the data reflect their perception; hence, it is an instrument of indirect assessment, since it gives no 
access to language in real-world context and to natural speech production. Moreover, it does not 
provide information about the frequency and/or context of use of a specific word or utterance. 
Besides, it has been designed and standardised over populations of monolingual children which 
should be kept in mind when interpreting the results of bilingual toddlers. 

The original American version (Fenson et al., 1993) consists of two questionnaires: (1) the 
questionnaire “Words and gestures” addressed to children aged from 8 to 16 months and focusing on 
receptive vocabulary and paralinguistic gestures and (2), the questionnaire “Words and sentences” 
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addressed to children aged from 16 to 30 months and focusing on productive vocabulary43 and 
emerging morphosyntax. Once the questionnaire(s) filled by the parents, the researcher can synthesise 
the linguistic development of the child and interpret the results by completing the encoding form and 
comparing the results with the norms. To do so, one has to refer to the charts with the percentiles and 
percentages. 

In the frame of our study, we used the full versions 44  of the questionnaire “Words and 
sentences” in order to easily collect data about the children’s productive vocabulary. Moreover, we 
decided to ask parents to fill the questionnaire for each language of the child. In order to observe the 
potential impact of the expanding lexicon on phonetic-phonological development, it appears 
important to consider the whole lexical repertoire of the child and therefore, to assess both languages. 
Conveniently, standardised adaptations of the questionnaire “Words and sentences” exist for French 
(Kern and Gayraud, 2010), Italian (Caselli and Casadio, 1995) and Mandarin (Tardif and Fletcher, 
2008) 45 (French, Italian and Mandarin parental reports can be found in Appendix 3, 4 and 5). 
Regarding Arabic, the Plymouth Babylab team is currently working on adaptations for multiple 
Arabic dialects. Following our request, they kindly accepted to share their vocabulary checklists for 
Moroccan and Standard Arabic (the checklists can be found in Appendix 6). However, norms were 
not yet available. Besides, it must be pointed out that some children were already over 30 months of 
age when their parents first filled the questionnaire (during Session 0) and were thus exceeding the 
age limit for the norms. Therefore, we are considering the total number of words produced in French 
and in both languages rather than percentiles and percentages, whose application to bilingual children 
would furthermore be questionable or subject to cautious interpretation. For what we are interested 
in is the developmental/growth curve of the children’s productive vocabulary, in order to link it to 
their phonetic-phonological development in French.  

II.2.1.2.2! Structure of the MBCDI adaptations used in the study 

Basically, all adaptations have the same structure, apart from the Arabic version which did not 
yet include a section about emerging morphosyntax. The questionnaire “Words and sentences” is 
divided into two parts. Its first part involves a productive vocabulary checklist split into different 
semantic categories46. Then, its second part is focused on emerging morphosyntax. Globally, it 
consists of questions about the children’s ability to: refer to present vs. absent objects and past and 
future events, use morphemes and verbal tenses and combine words into sentences47. Regarding word 
combinations, all adaptations include a question about the longest utterances produced by the child. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

43As pointed out by Kern and Gayraud (2010), the second half of the second year is characterised by a great 
vocabulary expansion; hence, it would not be realistic to ask parents to assess lexical comprehension. 
44Short versions of the MBCDI have been developed for some languages. However, they are less complete and 
do not exist for all languages involved in our study. 
45Adaptations of the questionnaire “Words and sentences” for French and Mandarin are addressed to children 
aged from 16 to 30 months, just as the original American version. The Italian adaptation is addressed to children 
aged from 16 to 36 months. 
46More precisely, French adaptation comprises 690 words split into 22 semantic categories, Italian adaptation: 
670 words split into 23 semantic categories, Mandarin adaptation: 801 words split into 24 semantic categories 
and Arabic adaptation: 395 words split into 19 semantic categories. 
47Regarding the part about morphosyntax, French and Italian adaptations are very similar. Due to its morpho-
typological specificities, the Mandarin adaptation involves questions about ability the use of possessive and 
aspect markers. 
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II.2.1.3!Administration of parental questionnaire and reports 

The language background questionnaire as well as the parental reports have been developed in 
such a way that parents could fill it by themselves in writing. Accordingly, parents were sent the 
language background questionnaire right before the first meeting by email and could already complete 
as much questions as they could. During session 0, we examined the whole document with them 
orally in the form of a semi-structured interview, in case some questions were considered as 
ambiguous or difficult to answer. After the questionnaire’s verification, parents were asked to fill the 
parental report in each language of the child. They could always choose to do it in our presence or by 
themselves, at a more convenient time. In both cases, we went through the whole list with them and 
gave them precise instructions for properly filling it, following Kern and Gayraud (2010). The 
instructions are the following: (1) mark the words/morphemes/utterances that your child 
spontaneously produces, (2) if you hesitate about a word, do not mark it, (3) if your child says the 
word with an incorrect pronunciation, do mark the word. We also reminded them that the list includes 
words produced by many different children and that they should not worry if their child knows only 
a few at that time. When none of the parents would be a native speaker of French, siblings or child-
care/nursery school worker were asked to complete the questionnaire. 

Parental questionnaire and reports have been updated at each recording session (from S1 to S4) 
in order to take into account potential changes in the language exposure and use – and if necessary, 
recalculate the Index of linguistic dominance – and to document lexical development of each 
participant. 

II.2.2!  SPEECH PRODUCTION DATA COLLECTION 

II.2.2.1!Choice of the data collection paradigm 

Currently, there are still few instruments appropriate and/or available for the assessment of 
phonetic-phonological development (in speech production) in French for children under 3 years of 
age. Two types of data collection paradigm are generally used to analyse speech production in 
toddlers: paradigms consisting in the collection of spontaneous speech in interactive/play context 
generally involving the children’s parents and paradigms consisting in the collection of elicited 
speech (more particularly elicited production of isolated words/non-words), possibly in presence of 
the children’s parents.  

These two types of paradigm present both advantages and drawbacks. The collection of 
spontaneous speech during parent-children interactions is ecological and adapted to toddlers. 
Additionally, it allows assessing language development with a dynamic approach and taking into 
account different linguistic levels, from phonetic to pragmatic competence (Le Normand, 2007). 
However, a considerable disadvantage is that it generates a very large amount of data resulting in 
extremely time-consuming transcription and analyses. This type of task also makes determination of 
the targets of distorted productions – very common in toddlers – more problematic48. In comparison, 
the collection of elicited speech allows targeting specific productions in children, depending on the 
particular research objectives. Therefore, it permits to make the child directly produce the needed 
language responses, which is time-saving and enables to know the productions’ targets with more 
certainty. In addition, it makes data more comparable as it involves the same task, and thus the same 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

48Consequently, the researcher could be more prone to “restore” children’s productions (Le Normand, 2007). 
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items to be produced, for all children. Nonetheless, this task is less ecological and toddlers might not 
always spontaneously produce the expected output. 

We chose to use a word-naming task in order to collect specific speech productions in a rapid 
and controlled way. We chose words rather than non/pseudo-words for not adding the cognitive 
process of word learning. Moreover, we decided to develop our own task so that it would be the most 
adapted to our research issues and participants. Besides, we also wanted to organise our corpus items 
in a specific order of presentation. Therefore, our corpus should be built based on specifically chosen 
criteria for both the selection and organization of the words (all criteria are described in details in 
section II.2.2.3.). In order to maintain naturalistic conditions and improve the likelihood of the child 
producing the words, we also decided to integrate the task in a playful context with a picture-book 
(see Figure 20 below). 

 

Figure 20:!Cover and page of the picture-book made for the task. 

II.2.2.1.1! An adaptive protocol  

Given the variability in age and linguistic level of our participants, our protocol for speech data 
collection had to be adaptive in several respects. Indeed, children were at different stages of linguistic 
and cognitive development and would certainly follow different developmental patterns. Moreover, 
some of them were very young, below 24 months of age, when they were first recorded. 
Consequently, we decided to build a single comprehensive corpus identical for all children with the 
possibility of going through the whole corpus or only part of it, according to the linguistic, cognitive 
and/or attentional abilities of our participants. Furthermore, we decided that the words constituting 
the corpus should not be presented randomly but rather, in a specific order, based on precise criteria. 
We describe this specific order of presentation in the next section about the protocol’s operational 
development (see II.2.2.2.2.). 

For the same reasons, administration procedure and instructions addressed to the child should 
also be adaptive. Indeed, not all children were initially able to directly and spontaneously name the 
pictures and they could also be differently affected by the experimenter’s presence49. Hence, our 
protocol had to be dynamic. When necessary, the word-naming task evolved towards a word-
repetition task and accordingly, different instructions were given to the child. Then, we chose to be 
responsible for administering the task to the children, possibly in presence of one (or both) parent(s). 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

49Indeed, children who just started to spontaneously produce words might do so with their parents but might 
not be willing or daring to speak in front of a person from outside their usual environment. 
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Indeed, we wanted to avoid cases where the child would repeat words uttered by a parent who is not 
a native speaker of French and reproduce a particular pronunciation, whether deliberately or not. Still, 
parents could always stand by their child during the speech recordings in order to encourage and put 
them at ease for the task. When the child would not respond at all to us, they were involved to a 
greater extent in the interaction. In sum, we chose to remain flexible regarding the modalities of task 
administration by adapting to the specific circumstances of each recording while ensuring consistency 
between the different sessions and participants in parallel. Administration procedure and instructions 
will also be explained in a subsequent point (II.2.2.3.1.). 

II.2.2.2!Development of the word-naming task  

 As previously mentioned, we have created an original word-naming task in order to be able 
to choose specific criteria for both the selection and order of presentation of our corpus items. We 
will now describe in details the development of our task, starting with the criteria used for the 
selection of the items, followed by the elaboration of the specific order of presentation of the items.   

II.2.2.2.1! Items for the task: selection criteria 

II.2.2.2.1.1!Selection criteria of existing tools 

In order to select the items for our word-naming task, we have reviewed different existing 
speech/language assessment instruments for French as well as protocols from studies about 
phonological development in bilingual preschool children involving French. Indeed, several authors 
did use word-naming task to assess particular segmental and supra-segmental structures in early 
speech productions. A specific criterion present in most tools is the presence of consonants and 
consonantal clusters in different positions in the word. MacLeod and colleagues have developed a 
tool for screening speech sounds disorders in French-speaking preschool-aged children, focusing on 
the assessment of consonant production (MacLeod, Sutton, Sylvestre, Thordardottir & Trudeau, 
2014). Their screening tool involves 40 words including almost all Québec French consonants in 
word-initial, word-medial and word-final position, and targeting several consonantal clusters as well. 
Similarly, Rvachew and colleagues (2013) also developed a screening test to investigate speech 
production accuracy, the Test de Dépistage Francophone de Phonologie, and used 30 words 
reflecting the distribution of phonemes, syllabic structures and word lengths characteristic of Québec 
French. Moreover, consonants appear in at least four different positions in the syllables of their items: 
onset, branching onset, coda and glide in the nucleus50. While these authors have taken the age of 
acquisition into account by only including words acknowledged to be acquired between 2 and 8 years 
(Rvachew et al., 2013), MacLeod and colleagues paid attention to the fact that words used should be 
easily represented by a picture51 (MacLeod et al., 2014).  

In the frame of our research, we were interested to combine some of the selection criteria from 
the instruments just cited and therefore, it was necessary and appropriate to elaborate our own corpus 
of words to be produced by the children. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

50Other authors have devoted particular attention to the acquisition of word-initial and word-final consonantal 
clusters (Bishop and Minor-Corriveau, 2015), or on word-initial occlusive consonants (MacLeod, Laukys, 
Ravchew, 2011).  
51Rvachew and colleagues (2013) also checked if the words were acceptable for both parents and children and 
based on this criteria, rejected words eliciting incorrect/no answer(s) or embarrassing participants. 
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II.2.2.2.1.2!Choice of specific selection criteria for the corpus 

In order to constitute a thoroughly controlled corpus, we have chosen six criteria that we 
considered as being the most relevant for our study. These criteria are of a psycholinguistic, 
phonological and structural nature. They are hierarchically listed below, according to the order of 
importance attributed to them:  

!! the age of acquisition of the words, 
!!  the imageability of the words, 
!! the presence of all French phonemes in the resulting corpus, 
!! the occurrence of all French consonants in different positions in the word, 
!! the presence of different consonantal clusters in different positions in the word, 
!! the presence of different word lengths and syllabic structures existing in French 

We will now explain and justify the choice of these specific selection criteria and their 
hierarchical organization.  

1. Age of acquisition (from now on, AoA) of the words 

The age criterion takes precedence over other criteria because it was crucial that the corpus 
includes words known to be in the lexicon of a preschool child. Therefore, we have selected words 
identified as being acquired between 8 and 70 months. To this end, we referred to the lexical database 
of Chalard and collaborators (Chalard, Bonin, Méot, Boyer & Fayol, 2003) providing standardised 
psycholinguistic measures of objective AoA. When AoA norms were not available, we resorted to 
both questionnaires of the French adaptation of the MBCDI (or, from now on, IFDC for Inventaire 
Français du Développement Communicatif). Indeed, this tool provides a list of words supposedly 
understood and/or produced by children between 8 and 30 months52. Therefore, we chose to rely on 
parental report as well for the selection of the words to include in our corpus (see Appendix 7 for a 
lists of all items with their presence in either lexical database or parental reports).  

2.  Imageability of the words 

Imageability of the words was our second priority concern. Indeed, we wanted words of our 
corpus to be easily named on the basis of visual stimuli; that is, words whose referents could be 
represented by a picture readily identified by toddlers. Based on this criterion, we decided not to 
include some words such as “viande” or “limonade”, which explains the lack of word ending with the 
phoneme /d/ (see next point). As for the choice of the specific visual stimuli, we explain it in an 
upcoming sub-section (see II.2.2.2.3.). 

.3.  Inclusion of all French phonemes  

As our research focuses on phonetic-phonological development in French, the words of our 
corpus had necessarily to involve at least one occurrence of each French phoneme in order to cover 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

52Different studies have been conducted to guarantee the relevance of the items selected for both questionnaires 
(Kern & Gayraud, 2010); that is, to ensure that the chosen items are actually used by children aged between 8 
and 30 months. Practically, mothers were asked to document the questionnaires and to add items that seem 
relevant to them or, on the contrary, to remove those inappropriate (Kern & Gayraud, 2010). 
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the whole French phonemic repertoire. Consequently, all phonemes excepting the vowels /ɑ/ and /œ̃/ 
appear at least once in our corpus. However, the phoneme /œ̃/ nowadays tends to disappear from 
Standard French and the phoneme /ɑ/ is quite rare. 

4.  Inclusion of all French consonants in different positions 

As consonants would be more and less difficult to produce and master depending on their 
position in the word/syllable and whether they occur as singleton or in consonantal clusters (MacLeod 
et al., 2011), we also wanted our corpus to involve occurrence of all French consonants in different 
positions in the word (word-initial, word-medial and word-final) and in the syllable (onset and coda 
position) as well as in isolated and clustered contexts. Being more specific by distinguishing 
consonants in medial vs. final coda as well was not possible, as our corpus would have been much 
too long.  

Practically, all French consonants appear in all three positions in the word, except: 

-! the phoneme /ɲ/ not occurring in word-initial position/initial onset,  
-! the phonemes /d/ and /v/ not occurring in word-final position/final coda, 
-! the glide /w/ not occurring in word-final position/final coda and the glide /ɥ/ not occurring 

in both word-initial/initial onset and word-final position/final coda.  

Besides, the phonemes /p/, /b/, /t/, /k/, /g/, /f/, /v/, /s/, /l/, /r/ appear both in isolation and in 
clusters (see the upcoming criteria). 

5.  Inclusion of consonantal clusters in different positions  

 As consonantal clusters would also be acquired more and less early depending on their 
position in the word and are likely to trigger the emergence of phonological patterns, our corpus had 
to include consonantal clusters in different positions in the word. However, similarly to the previous 
criteria, it was not conceivable to represent all consonantal clusters existing in French (moreover in 
different positions in the word) in our corpus due to length constraints.  

 In total, 24 different clusters are involved, each of which occurs, at least, in one of the 
following position in the word: initial, medial or final. Only the cluster /bʁ/ appears in all three 
positions. 

6.  Inclusion of different word lengths and syllabic structures 

Finally, length and syllabic criteria have been considered in combination and are, in a certain 
way, induced by the previous phonological and structural criteria. In order to observe the 
complexification of the children’s productions, we wanted to include words of different lengths and 
with different syllabic structures. Moreover, the two variables affect the accuracy of early productions 
and are interlinked. Indeed, trisyllabic words would be acquired later than mono- and disyllabic 
ones53; however, trisyllabic words with a simple syllabic structure such as CVCVCV (as in pantalon), 
would be easier to produce than a mono-syllabic word with a syllabic structure such as VCCC (as in 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

53Indeed, according to Gayraud & Kern (2007), trisyllabic words would emerge around 30 months (and after) 
in the child’s lexicon. 
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arbre). Then, the most frequent syllabic structure produced by French-speaking children around 24 
months would be the structure CV but its frequency would start decrease around 30 months while 
that of structures such as CVC and CCV increase, as they start acquiring consonants in coda and 
consonantal clusters.  

 In total, our corpus involves 19 monosyllabic, 23 disyllabic and 6 trisyllabic words and 
includes a total of 29 different syllabic structures. Moreover, it consists of a total of 48 test-items, 
plus 3 training items and 2 leitmotiv items (see Table 21). Indeed, it includes three words (namely, 
lit, bateau and bébé) as training items to ensure children understand well the game before making 
them produce the test-items. Those training items involve the basic syllabic structure CV in order not 
to start with complex items. We also decided to add two leitmotiv items, Maya and Oui-oui, which 
are repeatedly presented to the child during the task and this, for several reasons. First, those two 
words involve the glides /j/ and /w/ in intervocalic position which allows for an easy identification of 
the first and second formants54 of the vowels /a/, /i/ and /u/ for the subsequent acoustical analyses of 
the speech signal55. Second, both words also refer to cartoon characters generally known by the 
children, which enhances the playfulness of the task and permits drawing the child’s attention back 
to the game. 

II.2.2.2.2! Order of presentation of the items 

II.2.2.2.2.1!Criteria for the order of presentation 

As previously explained, our protocol is adaptive in several aspects. Indeed, we decided to 
adjust to the child’s linguistic level and/or cognitive/attention skills. Consequently, we anticipated 
the fact that the youngest children (below 24 months) would be likely to produce only part of the 
corpus. Therefore, we decided that the words should be presented in a specific order, based on two 
criteria: the AoA of the words and their degree of phonological complexity. More precisely, the items 
should have gradually increasing AoA – going from the earliest-acquired items to the latest-acquired 
ones – and fluctuating levels of phonological complexity – alternating between words of less and 
greater phonological complexity. The purpose of this particular order of presentation was to start with 
words more likely to be known by the youngest children and to counterbalance the degree of difficulty 
throughout the whole corpus. Consequently, we would ensure that the child would utter items 
implying different degrees of phonological complexity in situations where it would not be possible 
to make them produce all the words. To our knowledge, this has not been done before in studies about 
phonological development or in any speech/language assessment instruments that we have reviewed. 

II.2.2.2.2.2!Creation of an index of phonological complexity 

1. Choice of the parameters for the index calculation 
 
Phonological complexity is a multi-layered notion whose definition involves different aspects 

of speech production. We decided to compute an index in order to quantify the phonological 
complexity of the words of our corpus. Similar to the index of phonetic complexity developed by 
Jakielski and collaborators (2000) for English, we wanted to build an index specifically for our corpus 
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

54A formant is a concentration of acoustic energy around a particular frequency in the speech wave. 
55 Indeed, given children’s high but “normal” variability in production resulting from the development of still 
immature vocal apparatus, vowels’ formants might not necessarily be located where one would generally expect 
them. 
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in French. In practical terms, we have chosen specific parameters lying at different phonological 
levels: (1) syllable level, i.e., the type of syllabic structure combined to the word length; (2) segmental 
level, i.e., the absence vs. the presence of specific phonemes (i.e., nasal vowel, word-initial vowel, 
fricatives /ʃ, z, ʒ/) possibly in a specific position in the syllable and/or the word; (3) inter-segmental, 
i.e., the absence vs. the presence of a consonantal cluster of two or more consonants, possibly in a 
specific position in the syllable and/or the word (see Table 20). It is the combination of these different 
levels that would make a word more difficult to produce for children still in the process of language 
acquisition. Segmental parameters have been chosen based on the following motives: nasal vowels 
are reported be acquired later than oral vowels (Rondal, 1999), words starting with vocalic onset 
would emerge after 36 months (Gayraud and Kern, 2007) and the fricatives /ʃ/, /z/ and /ʒ/ are 
reportedly the latest acquired phonemes in French (Rondal, 1997; Macleod et al., 2011), even more 
in coda position.  

 
Levels  Parameters Grades of each parameter Complexity weight  
Syllable Syllabic structure and 

word-length 
Monosyllabic and disyllabic 
duplicated 

0 

Disyllabic variegated 1 
Trisyllabic 2 

Segmental Nasal vowel 
 

Absence 0 
Presence 0,5 

Word-initial vowel Absence 0 
Presence  1 

Fricatives              
/ʃ/, /z/, /ʒ/ 
 

Absence 0 
Presence in onset 1 
Presence in coda 2 

Inter-segmental 2-consonants cluster Absence 0 
Presence 1 
Presence in coda 2 

3-consonants cluster Absence 0 
Presence 2 
Presence in coda 3 

Table 20:! Representation of the different grades of the parameters with the values assigned to 
each of them. 

2. Calculation of the index of phonological complexity 
 

Defined parameters were operationalized in order to calculate an index of global phonological 
complexity for each word. To do so, we assigned a specific value – or complexity weight – to each 
grade of the parameters (see Table 20). The value of 0,5 was chosen for the presence of nasal vowels 
as it was considered as a less complex feature than the presence of a word-initial vowel and/or of one 
of the specific fricatives (which were attributed a value of 1).  

For each of the three levels of phonological complexity, we calculated a weighted sum, equal 
to the sum of the products obtained for each parameter’s level divided by the maximum value obtained 
in our corpus for this specific level of phonological complexity. For each word i, we obtained a final 
score of phonological complexity, as shown in the following equation, with CIi corresponding to the 
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complexity index of the word i, SyC i corresponding to the syllable complexity of the word i, Sei 
corresponding to the segmental complexity of the word i, ISCi corresponding to the inter-segmental 
complexity of the word i and maxj  corresponding to the highest value of the index amongst all words 
j  of the corpus: 

!"# =
%&!#

'()*%&!#
+ %,!#
'()*%,!#

+ "%!#
'()*"%!#

/3 

 
The score obtained corresponds to the index of (global) phonological complexity calculated 

for each word of our corpus. Based on this index, we were able to generate a complexity ranking of 
the words (see Table 21). 

II.2.2.2.2.3!Elaboration of the specific order of presentation 

Both criteria, AoA and phonological complexity, have been combined to elaborate the 
particular order of presentation of the items of our corpus. In parallel to their complexity ranking, 
words were also classified based on their AoA. More precisely, they were organised in seven ranges 
of AoA from 8 to 70 months, rather than precise AoA values, based on the age brackets used in the 
MBCDI questionnaires 56 . Still, the AoA criterion outweighed the complexity criterion in the 
organization of the words, in order to maximise the chances that the child would produce the word. 
Thus, the 48 words of the corpus have been organised into 8 series of 6 items. The successive series 
were of globally increasing AoA57, and the items within each series were of an increasing degree of 
phonological complexity. As the child progresses in the word-naming task, items to be produce are 
words acquired increasingly late. Moreover, their degree of phonological complexity rises in parallel 
within each series while dropping back to a low level of complexity at the beginning of each new 
series. The degree of complexity evolves identically within the different series but they do not 
necessarily start at the exact same level of complexity. The task starts with the presentation of the 
three training items and the two leitmotiv items (Oui-Oui and Maya) are inserted between each series 
of words (see Table 21). 

 

 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

56Indeed, no precise AoA value was available for items not present in the lexical database of Chalard and 
colleagues (2003) but found in one of the IFDC questionnaires (Kern & Gayraud, 2010). Therefore, the AoA 
bands were the following: (1) 8 to 16 months, (2) 16 to 30 months, (3) 30 to 38 months, (4) 38 to 46 months, 
(5) 46 to 54 months, (6) 54 to 62 months and (7), 62 to 70 months. All AoA bands cover a period of 8 months, 
corresponding to the age bracket used in the IFDC questionnaire “Words and Gestures” (8-16 months), except 
the second AoA band which covers a larger period of 14 months corresponding to the age bracket used in the 
IFDC questionnaire “Words and sentences” (16-30 months). 
57The first series comprises words exclusively from the first AoA band and words from AoA bands 2 and 3 are 
reunited into the second series. From the third to the fifth series, only words from the AoA band 3 are included. 
The sixth series involves part of the words from AoA band 4. Then, the seventh series contains the rest of the 
words from AoA bands 4 and 5. Finally, the eight series consists of words from both AoA bands 6 and 7. 
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Order Items AoA band Index of complexity Series 
Training item Lit    
Training item Bébé    
Training item Bateau    

1 Coucou 1 0,00 1 
2 Langue 1 0,06 1 
3 Cheveux 1 0,28 1 
4 Nombril 1 0,33 1 
5 Pyjama 1 0,44 1 
6 Echarpe 1 0,61 1 

Leitmotiv items Oui-Oui - Maya    
1 Pomme 3 0,00 2 
2 Robe 3 0,00 2 
3 Glace 2 0,11 2 
4 Souris 3 0,17 2 
5 Livre 3 0,22 2 
6 Yaourt 2 0,39 2 

Leitmotiv items Oui-Oui - Maya    
1 Fleur 3 0,11 3 
2 Cadeau 3 0,17 3 
3 Porte 3 0,22 3 
4 Tortue 3 0,28 3 
5 Poisson 3 0,33 3 
6 Etoile 3 0,39 3 

Leitmotiv items Oui-Oui - Maya    
1 Oiseau 3 0,28 4 
2 Chaussure 3 0,28 4 
3 Chaise 3 0,33 4 
4 Crayon 3 0,33 4 
5 Pantalon 3 0,44 4 
6 Eléphant 3 0,50 4 

Leitmotiv items Oui-Oui - Maya    
1 Chien 3 0,28 5 
2 Cuillère 3 0,28 5 
3 Girafe 3 0,28 5 
4 Téléphone 3 0,33 5 
5 Parapluie 3 0,56 5 
6 Escalier 3 0,67 5 

Leitmotiv items Oui-Oui - Maya    
1 Feuille 4 0,00 6 
2 Doigt 4 0,11 6 
3 Banane 4 0,17 6 
4 Panier 4 0,28 6 
5 Grenouille 4 0,28 6 
6 Arbre 4 0,44 6 

Leitmotiv items Oui-Oui - Maya    
1 Train 5 0,17 7 
2 Vache 5 0,22 7 
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Order Items AoA band Index of complexity Series 
3 Carotte 4 0,28 7 
4 Zèbre 5 0,33 7 
5 Cloche 4 0,50 7 
6 Champignon 4 0,56 7 

Leitmotiv items Oui-Oui - Maya    
1 Peigne 6 0,00 8 
2 Bras 7 0,11 8 
3 Parc 6 0,22 8 
4 Fourmi 7 0,28 8 
5 Pingouin 7 0,39 8 
6 Fromage 7 0,50 8 

Table 21:! Items by presentation order based on AoA and the Complexity Index. 

In Figure 21 below, the different series of words are plotted on a XY axis chart where the “X” 
axis corresponds to the order of presentation, and the “Y” corresponds to the degree of complexity. 
Each of the eight series appears in the same specific colour as in Table 21 and three items with 
different AoA and levels of phonological complexity are made visible. 

 

 

Figure 21:!Graph representing the order of presentation based on AoA and CI. 
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II.2.2.2.3! Selection of visual stimuli  

To found the pictures, we looked in two different databases of colour photos normalised58 for 
different psycholinguistic variables. The databases are the following: 

- the Ecological alternative to Snodgrass and Vanderwart (Moreno-Martinez & Montoro, 2012): a 
new set of 360 high quality colour images belonging to 23 semantic subcategories and normalised for 
seven psycholinguistic variables (age of acquisition, familiarity, manipulability, name agreement, 
typicality and visual complexity). 
- the Bank of Standardized stimuli (Brodeur, Dionne-Dostie, Montreuil & Lepage, 2010): a new set 
of 480 photo stimuli normalized for seven psycholinguistic variables (name, category, familiarity, 
visual complexity, object agreement, viewpoint agreement, and manipulability).  
 
 Pictures not present in any database, or present in a database but considered as inappropriate59 
for our protocol, were searched on internet (pictures free of rights). In total, 24 photos came from the 
databases and 27 were found on internet (see Table in Appendix 7 for a list with each picture’s specific 
source). 

II.2.2.3!Experimental procedure 

II.2.2.3.1! Task administration and instructions 
Given that some children could not yet spontaneously speak in front of a person from outside 

the home environment, conditions of the interaction should remain flexible60. Then, another adaptive 
aspect of our protocol concerns the dynamic nature of the task. Our objective is to collect specific 
speech productions from very young children in the process of acquiring language – furthermore, in 
a process of bilingual language acquisition – and in this regard, the task could evolve towards word-
repetition if needed. 

Accordingly, the task could involve different potential stages and types of elicitation requiring 
precise and operational instructions aimed at the child. Therefore, and based on different language 
assessment tools (Chevrie-Muller & Plaza, 2001; Coquet, Ferrand & Roustit, 2009; Rvachew et al., 
2013; MacLeod et al., 2014), we defined the potential elicitation stages and corresponding 
instructions that should be followed to administer the task. They are listed right below. 

- Stages 1 and 2: “Spontaneous and direct naming on request” 

First, we present the picture to the child without saying anything (spontaneous naming). Then, we 
ask him/her to name it by asking “What is it?” or “What is this called?” (direct naming on request). 

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

58That is, standardised over large population samples. 
59Pictures were intuitively judged as inappropriate based on different criteria: (1) pictures representing referents 
in a way not adapted to children; that is, not clearly or straightforwardly enough or too specifically, (2) pictures 
not attractive enough for children and (3), picture insufficiently bright. 
60Indeed, parent(s) could be required to take part in the interaction in cases where the child would not cooperate 
at all. 
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- Stage 3: “Naming with a hint” 

If the child does not name the picture or does not produce the expected word, we help the child by 
giving him/her a semantic clue and, as a last resort, a phonological hint (first phoneme/syllable of the 
word) but in that case, we make him/her repeat the item if the first phoneme/syllable is elided. 

- Stage 4: “Induced repetition” 

If the child still does not name the picture at stage 2, we try to make the child repeat the word in a 
spontaneous way, by using a formula such as: “Oh look, what is it, is that an apple? ... Yes, it is an 
apple!”61. 

- Stage 5: “Direct repetition” 

If the word is still not produced at stage 4, we try to make the child repeat in a more direct/explicit 
way, by saying: “Could you repeat the word after me (…)”. 

It should be underlined that we have tried to go through all the steps just described while 
keeping an intuitive approach. Besides, when the child’s production was very distant from the target, 
we asked him/her to repeat the word once, while being careful not to correct the error in order to 
ensure that it is his/her usual pronunciation. However, the elicitation type, whether naming or 
repetition, will be considered as an independent variable in the subsequent analyses (this issue is 
returned to below in section II.3.2.4.). 

II.2.2.3.2!  Recording equipment 

Children have been audio recorded at their home during the task. We used an audio-recorder 
with one additional external microphone, in order to have different sources for sound recording. This 
appeared to be the best relationship between the degree of invasiveness and the quality of the 
equipments. We used the following devices: (1) a Zoom H5 handy recorder which is a compact, 
portable handheld digital recorder capable of four-track recording with two integrated directional 
microphones, (2) a Sennheiser e912 BK Condenser Boundary Microphone, generally used for 
capturing theatre productions and whose acoustic properties have been optimized for instruments, 
vocals and speech. The Sennheiser microphone was placed alongside the audio-recorder and both 
instruments were positioned at a maximum distance of 40 cm from the child.  

II.3! DATA PROCESSING 

II.3.1! PROCESSING OF HETERO-REPORTED DATA 
 The parental questionnaires have been processed in order to compute two indexes: the No-
risk index (from now on, NRI), calculated once, and the Index of linguistic dominance (from now on, 
ILD), actualised at each session. The obtained NRI and ILD values enabled us to respectively identify 
children with a potentially delayed language development and to classify participants into three sub-
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

61Indeed, this procedure has already been successfully used by Harmegnies and colleagues in their study about 
bilingual Castillan-Catalan children, in which mothers interact with their child to make them repeat words 
(Harmegnies, Huet, Piccaluga, Delvaux & Lopez, 2016). 
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groups: children characterized by a linguistic dominance in French (FLD for French Linguistic 
Dominance), children characterized by a linguistic dominance in their other language (NFLD for 
Non-French Linguistic Dominance) and children characterized by no linguistic dominance or by an 
equivalent degree of exposure to both languages (BBil for Balanced Bilingualism). Linguistic 
dominance of the participants will be considered as an independent variable in the subsequent 
statistical analyses (to be detailed in the next chapter). 

 Data from adaptations of MBCDI were processed in order to calculate two vocabulary scores: 
the total number of words produced in French and the total number of words produced in both 
languages combined. Vocabulary score(s) will also be considered as an independent variable in the 
subsequent statistical analyses. Besides, as most words (all except three: parapluie, champignon and 
peigne) involved in our naming task are comprised in the vocabulary checklist of the IFDC, we 
checked at what point every word was reportedly spontaneously produced for all participants, which 
allowed us to distinguish between two types of repetitions (we explain this in section II.3.2.4).   

II.3.2! PROCESSING OF RECORDED SPEECH DATA 
! In order to start analysing speech data collected from the participants, we had to: (1) choose 
the best audio track on which to base the analyses, (2) organise the corpus and (3), segment and 
annotate the data using different softwares. We detail these different steps in the following sub-
sections.!

II.3.2.1!Choice of the audio track 

! Each collection of speech data via the word-naming task has been registered via three 
different sources: the two microphones from the Zoom H5 handy recorder and the external boundary 
microphone (see point II.2.2.3.2.). This was done in order to have a back-up solution (the external 
microphone) when children were not standing still during the recording and/or when the audio file 
resulting from the recording via the handy recorder was damaged or of poor quality. However, it was 
possible to use the audio track registered via the handy recorder for all recordings. We still had to 
extract both channels of the stereo audio file from the recorder and chose the one of the highest 
quality; that is the audio track with the greatest amplitude and on which the child could best be heard. 
Once the audio track was selected, it was saved as a new audio file in WAV format.!

II.3.2.2!Organization of the corpus of recordings 

 To organise our corpus of recordings, we renamed each new WAV file with the following 
nomenclature: AAAA_MM_JJ_BNN_SN, where AAAA_MM_JJ corresponds the date of 
recording expressed as year/month/day (for example: 2017_10_06), BNN corresponds to the 
linguistic status of the participant (with B for bilinguals) and NN to the number of the participant 
(from 01 to 18, corresponding to the order of registering), SN corresponds to the session number 
(from S1 to S4). To give a specific example, the file named 2017_10_06_B02_S2 corresponds to the 
second recording session of the second bilingual participant made on the 6th of October 2017. In 
total, the corpus consists in 72 recordings (18 participants * 4 sessions) of approximately 20 minutes 
each. 
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II.3.2.3!Segmentation and annotations of the recordings 

II.3.2.3.1! Annotations and automatic alignment with software programs PRAAT and SPPAS  

 All recordings have been manually and automatically annotated via PRAAT (Boersma & 
Weenink, 2015) and SPPAS (Bigi, 2015) in the Textgrid format. We have chosen to create 6 levels 
of annotation, each on a different tier of the Textgrid. The annotation levels and their coding were the 
following: (1) the speaker in the associated conversational exchange (1: target child, 2: investigator, 
3: caregiver, 4: overlapping voices), (2) the target item, (3) the phonetic transcription of the child’s 
production in IPA, (4) the technique of elicitation used to make the child produce the word (1: 
spontaneous naming, 2: direct naming on request, 3: naming with a hint, 4:  induced repetition and 5: 
direct repetition), (5) the time-aligned sequence of segments forming the word produced by the child 
and (6), potential comments about the child’s productions.  

 Annotations for speaker (tier 1), target item (tier 2), phonetic transcription (tier 3), elicitation 
(tier 4) and comments (tier 6) have been done manually on PRAAT. Annotations for tier 5 
(segments/phones of the item) have been done automatically, using SPPAS. Automatic segmentation 
and alignment at the phone level were performed on the basis of the transcriptions in the third 
annotation tier. Practically, the automatic alignment in phones results from a phonetization, itself 
resulting from a tokenization which requires a phonetic transcription in orthographic code. 
Segments/phones are transcribed with the SAMPA phonetic alphabet (Wells, 1997). The frontiers as 
wells as the SAMPA symbols for the segments of the fifth tier have been checked manually and 
readjusted if necessary. Figure 21 presents an example of annotation for an item of the corpus. 

 

Figure 22:!Annotation extract of the 2018_02_15_B03_S3.wav file. 

 Practically, the 5th annotation tier involving the segmented phones produced by the child 
served as the basis for subsequent acoustic measures and analyses (see section II. 4.). 
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II.3.2.3.2! Annotations with PHON  

 All recordings have also been processed and annotated using PHON (in its version 3.0.4), a 
software program specifically designed for the management, analysis and sharing of phonological 
data. It has been developed by Rose and collaborators (Rose et al., 2006) in order to constitute 
PhonBank, an international corpora of acquisition data publicly available. PhonBank is the phonology 
component of the CHILDES (Child Language Data Exchange System) project, itself part of a greater 
initiative, the TalkBank system which aims at stimulating fundamental research in the study of human 
spoken communication.  

! In order to annotate recordings on PHON, it is necessary to link each recording session to its 
audio WAV file and segment it in order to identify the speech utterances produced by the child. The 
program allows automatically segmenting the file and generating entries for each speech utterance of 
the child, based on an existing Textgrid. Using the option “Create records from Textgrid data”, 
children’s records were automatically generated. Then, the session editor window comprises, 
amongst others, a section “Session Information”, where we have entered information about the child 
as well as a section for transcriptions. The transcription section involves different tiers to be filled: 
(1) the orthographic transcription of the target utterance (“Orthography”), (2) the phonetic 
transcription, in IPA characters, of the adult-like target (“IPA Target”) and (3), the phonetic 
transcription of the child’s actual output as perceived by the transcriber (“IPA Actual”). We have 
used the IPA Lookup function to automatically generate the “IPA Target” based on the orthographic 
record. The “IPA Actual” was filled based on the transcriptions previously generated with SPPAS. 
At this occasion, each transcription has been verified and readjusted if necessary. Figure 23 shows 
the section editor window with the different sections and tiers.  

 

Figure 23:!The session editor window in PHON. 

 In addition, the software PHON enables automatic syllabification of the words and attributes 
a syllabic status to each segment produced by the child (such as onset, nucleus, coda, onset of an 
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empty-headed syllable, etc.). The syllabifier settings depend on the specific language62; besides, a 
complementary alignment function allows automatically aligning target and actual segments and 
syllables. Phonetic transcriptions in PHON have served as the basis for various relational 
phonological analyses focusing on comparisons between the child’s productions and their 
corresponding target forms. As will also be explained in details in the next section, phonological 
analyses have been focused on both vowels and consonants, syllabic structure and phonological 
processes. 

II.3.2.4!Selection of data 

 While processing the speech data, we also had to decide which data should be selected for 
the subsequent analyses, whether acoustic or phonological. For all analyses, we decided to select the 
first attempted production for every word, in order to reflect the usual pronunciation and degree of 
accuracy of the child. Accordingly, we did not consider ensuing attempts in which the child would 
try to correct him/herself. We also decided to exclude unintelligible items of which the target was 
unidentifiable. Then, we decided to include the three test items (i.e., lit, bébé and bateau) in the two 
types of analyses (acoustic and phonological) in order to increase the number of items to be analysed.  

 In the frame of (relational) analyses with PHON, we decided to exclude words elicited with 
a hint, the 1st phoneme or syllable of which had consequently been elided. Resulting from the specific 
elicitation technique, such elisions should not be considered as phonological processes. However, 
these words elicited with a hint, the 1st phoneme or syllable of which had consequently been elided, 
were actually considered in acoustic analyses, in order to maximize the corpus of sounds to analyse. 
Therefore, and only for those cases, we did include second attempts to produce the word. Besides, 
children generally responded with a single-word, possibly in combination with an article, but as they 
grew older, they could produce the word within a phrase/sentence. We included only the target item 
in the analyses, whether uttered in isolation or in a phrase. In addition, we did include all the vowels 
involved in the leitmotiv items (Maya and Oui-Oui) in the acoustic analyses, in order to have as much 
corner vowels /a, i, u/ as possible for the acoustic analyses. However, we did not include those items 
in the phonological analyses considering they are proper names. Indeed, proper names are particularly 
vulnerable to retrieval deficits because the set of acceptable phonological representations for proper 
names would be indefinitely broad (Cohen & Burke, 1993). 

 Finally, we decided to consider repeated items in all types of analyses. Indeed, it turned out 
that most of the younger toddlers from the participant sample were producing only a few words 
spontaneously during the first, and possibly the second, recording session, whether due to their 
developmental stage or because they were not willing to utter words in presence of an outsider. Figure 
24 displays the rates of spontaneous production/naming vs. repetition for different age ranges based 
on the data collected for our study. 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

62Indeed, there is a syllabification algorithm designed on the basis of the target language. However, it can be 
changed manually. 
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Figure 24:!rates of naming vs. repetition for different age ranges based on collected data for 
all subjects. 

 We have chosen to have an adaptive protocol allowing for repetitions and to include repeated 
items in order to maximize the data set to be analysed. It might be argued that including 
repetitions/imitations would lead to an over-estimation of the children’s phonetic-phonological skills 
and accuracy because productions with a model would be more stable and precise than spontaneous 
ones. However, several studies showed no significant difference between spontaneous vs repeated 
productions, whether for acoustic measures (Grandon, 2016) or consonantal accuracy measures 
(Goldstein, Fabiano-Smith & Iglesias, 2004), therefore not confirming the argument of a supposedly 
qualitative difference between the two in favour of repetitions.  Still, elicitation should be considered 
as an independent variable in the subsequent statistical analyses. Moreover, based on data gathered 
via the IFDC (see above), we streamlined and refined our initial coding of this variable by 
distinguishing three different categories of elicitation: (1) naming, whether spontaneous, direct or 
with a hint, (2) repetition of reportedly known words, involving the reactivation of familiar material, 
and (3), repetition of reportedly unknown words, corresponding to verbal imitation without 
comprehension.  
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II.4! ANALYSES OF SPEECH PRODUCTIONS 
 Different types of analyses have been carried out on the children’s speech productions in 
French, focusing on different levels of phonological organization, from segments to whole-word 
forms. Moreover, we have chosen to conduct analyses based on both acoustic measures and phonetic 
transcriptions. These different types of analyses are complementary. Indeed, while transcription-
based analyses aim at apprehending speech sounds and whole-word forms in relation to their targets 
and are inherently subjective, analyses based on acoustic measures allow assessing speech sounds 
more objectively from a phonetic perspective. We detail all types of measures and analyses in the 
next sub-sections. We begin with the description of the acoustic measures taken on both vocalic and 
consonantal segments, followed by analyses of the vocalic space’s organization. We then describe 
the different measures generated on the basis of transcriptions in the frame of perceptual-phonological 
analyses. 

II.4.1! ACOUSTIC MEASURES 
 As just mentioned, acoustic analyses have been carried out on vowel and consonant sounds. 
These analyses have been based on acoustic measures of: (1) the vowels’ first three formants and (2) 
the targeted fricatives’ spectral moments. Values of both formants and spectral moments have been 
measured via a customized script written in PRAAT (Boersma & Weenink, 2015). 

II.4.1.1!Vowels 

 Via our word-naming task, we have collected a variety of productions of the 11 French oral 
vowels /i, e, ɛ, y, ø, œ, ), a, u, o, ɔ/ and the 3 French nasal vowels /ɛ,̃ ɑ̃, ɔ̃/ (thus, all French vowels, 
except the oral /ɑ/ and nasal /œ̃/), longitudinally recorded during the four sessions of each participant. 
As already explained, the corpus of our word-naming task include at least one occurrence of each 
French vowel and moreover, the three peripheral oral vowels /a, i, u/ are deliberately more frequent 
in our corpus given the repeated occurrence of the two leitmotiv items Maya and Oui-Oui involving 
the vowels /a, i/ and glides /j, w/). Consequently, most analyses will be based on these particular 
vowels. 

 The vowels’ first three formants have been measured at 50% of the segment duration. Values 
of the first three formants (F1-F2-F3) have been automatically extracted using the Burg Method (3 
formants, 5500 Hz) via a PRAAT script and subsequently manually verified. Based on formants 
measures, analyses of the vocalic system organization have been conducted, focusing on: (1) the total 
area of the vocalic space in a F1-F2 plan and (2), the degree of organization of the vocalic system 
based on F1-F2-F3 values. We explain these analyses in the subsequent section II.4.2. 

II.4.1.2!Fricative consonants 

 We have selected a subset of French fricative consonants for our analyses, including the 
voiced and voiceless sibilant alveolars /s, z/ and post-alveolars /ʃ, ʒ/, as the fricatives /z, ʃ, ʒ/ are 
reportedly amongst the latest acquired phonemes in French. We have longitudinally collected 
productions of the targeted fricative consonants in word-initial/medial/final position (see Table 22) 
during four recording sessions for each participant. Due to length constraints of the corpus, we could 
not control for the vocalic environment of the fricatives. 
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 Word-initial Word-medial Word-final 
/s/ souris poisson, chaussure glace 
/z/ zèbre oiseau chaise 
/ʃ/ cheveux, chaussure, chaise, chien, champignon écharpe cloche 
/ʒ/ girafe pyjama fromage 

Table 22:! Targeted fricative consonants in the word-naming task corpus. 

 The targeted fricatives are subjected to both acoustic and phonological analyses (see point 
II.4.3.1). However, we have decided to more specifically focus on the acquisition of the place-of-
articulation contrast between the voiced alveolar /s/ and postalveolar /ʃ/ for spectral moments’ 
analysis. Indeed, these particular fricatives have been studied in most developmental studies 
involving spectral moment analysis, and furthermore, our data clearly suggested that this specific 
contrast was particularly challenging for the children to acquire. While the corpus involves more 
occurrences of the postalveolar /ʃ/ (7 in total when /s/ appears only in four items), no particular vocalic 
context has been favoured neither for the alveolar /s/, nor the postalveolar /ʃ/. 

 Measures of the first four spectral moments (centre of gravity, standard deviation, skewness, 
and kurtosis) of the fricatives have been automatically extracted via a customized PRAAT script 
elaborated on the basis of the Time averaging for fricatives.praat script made available by Christian 
Di Canio (2013, Haskins Laboratories). This latter script is itself based on time-averaging procedure 
(Shadle, 2012) consisting in taking six spectra across a fricative duration, averaging these spectra and 
computing the first four spectral moments based on this averaged spectrum.  

II.4.2! ANALYSES OF VOCALIC SYSTEM ORGANIZATION 
 Based on the formant values of the three corner vowels /a, i, u/, we have conducted analyses 
focused on the vocalic system organization. To that end, two measures have been used: a standard 
measure widely used in the literature, the Vocalic Space Area (VSA), and a more modern and refined 
one, the PHI Index, developed by Huet and Harmegnies (2000). !

II.4.2.1!Vocalic Space Area (VSA) 

! The Vocalic Space Area (from now on, VSA) is a traditional measure used to study vowel 
distinctiveness. It has been used in a number of studies involving both typical and atypical populations 
of adults and children. Indeed, developmental studies previously mentioned (see section I.3.) have 
used the VSA with infants aged between 10 and 18 months (Rvachew et al., 2006) or for comparing 
school-aged normally-hearing and hearing-impaired children (Ryalls et al., 2003). It refers to the two-
dimensional area bounded by lines connecting vowels’ coordinates of first and second formant 
frequency (F1/F2). The area of the triangular vocalic space formed by the three cardinal vowels (/a, 
i, u/) in a F1-F2 plan is calculated with Heron’s formula:  

/%0 = 1 1 − ( 1 − 3 1 − 4    with   1 = 5 67879:  

where a, b and c represent the length of the three triangle’s edges, each corresponding to the Euclidean 
distance between each vowel pair (e.g., /i/ to /a/) in a F1-F2 space, and p is the semi-perimeter of the 
triangle corresponding to the sum of the three edges divided by two.  
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 Albeit this classic measure has been predominantly used in the literature, it presents certain 
limitations. Indeed, changes in the size of the triangle’s area might result either from a cognitive (i.e., 
structuration of the vocalic categories) or a physiological (i.e., lengthening of the vocal tract) 
evolution, or from a combination of both. Using the VSA does not allow distinguishing between the 
two aspects. Formant values are thus generally normalized in order to remove the physiological 
information (that is, non-pertinent individual information) and be able to compare subjects of 
different ages and/or gender. Yet, the focus of this study is precisely the developmental dimension as 
the objective is to observe how the children are progressively structuring their cognitive space by 
building their vocalic categories. By normalizing, we could lose the information about the cognitive 
development that is of particular interest to us. Therefore, if the standard VSA is interesting for 
comparative purposes, we decided to also use the PHI index which allows overcoming this 
normalization issue.  

II.4.2.2!PHI Index 

 Developed by Huet & Harmegnies (2000), the PHI Index is a quantification measure 
calculated with the following formula: 

ϕ = 5CM>?@AB
CM>?@BC

 

with  CMinter = Mean square between vocalic clouds in the vocalic space 
 CMintra = Mean square within vocalic clouds in the vocalic space 
 
! Inspired by variance analysis, this index is based on the analogy between the deviation of a 
value – either a given or mean value – from the reference mean and the Euclidian distance between 
a point in F1-F2(-F3) plan – either a vowel (dintra) or the centre of gravity of the vocalic cloud (dinter) 
– and the mean gravity centre of reference (see Figure 25).  

!

Figure 25:!PHI Index construction principle based on three vocalic clouds in F1-F2 plan. 

! This PHI index is aimed at quantifying the dispersion of the vowels’ formant values within 
the vocalic space, by comparison of the inter-vocalic categories variability and intra-vocalic category 
variability. A higher PHI Index value indicates a higher degree of organization of the vocalic system:  
CMinter increases with more distinct vocalic categories and CMintra decreases with less dispersed 
vocalic categories.  
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 It is the first time that this measure is used with child populations and its use in its specific 
context is particularly relevant as it enables to capture relative variability and to avoid confusion 
between the cognitive and physiological development without data normalization. 

 Given that children did not necessarily produce all French vowels at each session (whether 
because they did not produce an item or elided a syllable), we decided to compute the PHI index 
based on the first three formant values of the three cardinal vowels /a, i, u/. 

II.4.3! PERCEPTUAL-PHONOLOGICAL ANALYSES 
 Based on phonetic transcriptions, perceptual-phonological analyses involve different 
measures: (1) segmental accuracy measures taken on vowels and consonants (both global and 
nuanced for consonants), (2) rates of deletion and substitution processes affecting vowels and 
consonants and (3), measures of whole-word forms’ proximity/distance to the target. Table 23 
summarizes the different perceptual-phonological measures. 

Vowels Consonants Whole-word forms 
- Accuracy measure: PVC 
- Rates of deletion-substitution 

- Accuracy measure: PCC 
- Rates of deletion-substitution 

- Proximity to target: PWP 
- Distance to target: PDAP-IS 

Table 23:! Perceptual-phonological measures focused on vowels, consonants and whole-word 
forms. 

II.4.3.1!Segmental accuracy measures 

 Accuracy measures consisted in the calculation of the percentage of correct segments for each 
item (i.e., word) produced by the children for all four recording sessions. The Percentage of 
Consonants Correct or PCC (Shriberg & Kiatowski, 1982) and, to a lesser extent, the Percentage of 
Vowels Correct or PVC (Shriberg, 1993) have been used in a large number of studies investigating 
phonological skills in both bilingual and monolingual children (see section I.2.). First proposed in the 
context of speech pathology, the PCC metric was initially validated on conversational samples in 
order to derive profiles on an ordinal severity scale of speech disorders (Shriberg & Kiatowski, 1982). 
However, it has since been widely used for productions derived from single-word samples as well. 
Even if segmental accuracy measures have been often used in phonological acquisition studies, 
several limitations pointed out by some researchers (Ingram, 2002; MacLeod et al., 2011) should be 
mentioned. First, they are based on individual segments while it is acknowledged that phonological 
organization includes multiple levels of information below and beyond the segmental level. Indeed, 
toddlers’ developing phonological systems might not necessarily be built solely on segmental units 
but also at the whole-word level. For this reason, they should be complemented by other 
measurements, which is why we decided to include measures based on whole-word forms in our 
analyses (see section II. 4.3.2.). The two accuracy measures result from dividing the number of correct 
segments (either vowels or consonants) produced by the child by the sum of all attempted and elided 
segments, multiplying the result by 100. Here is an example of PCC/PVC calculation for the item 
tortue [tɔʁty] realized as [taty]:  

PCC = 2/2 + 1 * 100 = 66,67% and PVC = 1/2 * 100 = 50 % 

 Global PVC and PCC have been automatically computed for each of the 51 items of the word-
naming task using the PHON software for all participant’s four sessions. In parallel, nuanced PCC 
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measures were also automatically generated with PHON, first for a group of consonants of interests, 
namely the selected sub-set of fricatives /s, z, ʃ, ʒ/, second for all consonants as a function of their 
position in the targeted syllabic constituents; i.e., word-final singleton codas, word-initial branching 
onsets and word-final complex codas. Nuanced PCC measures have been calculated on a total of 17 
items for fricatives, 20 items for word-final singleton codas, 12 items for word-initial branching 
onsets and 7 items for word-final complex codas. Stimulus items for the different nuanced PCC 
measures are presented in Table 24. We are aware that the number of items involved for the 
calculation of these nuanced PCC measures is too reduced to draw any generalizable conclusions but, 
as for the assessment of children’s lexical development, what we are primarily interested in is the 
developmental curve of the children’s segmental accuracy. Word-initial branching onsets and word-
final complex codas include two types of consonant sequences: Obstruent+/Liquid (OL) and 
Obstruent+Glide (OG) clusters for word-initial position and Obstruent+/Liquid (OL) and 
Liquid+Obstruent (LO) clusters for word-final position. PCC is calculated in the same way for 
consonant clusters. 

Items Fricatives consonants Word-final codas Word-initial clusters Word-final clusters 
Coucou     
Langue  ɡ   
Cheveux ʃ    
Nombril  l   
Pyjama ʒ    
Echarpe ʃ   ʁp 
Pomme  m   
Robe  b   
Glace s s ɡl  
Souris s    
Livre    vʁ 
Yaourt    ʁt 
Fleur  ʁ fl  
Cadeau     
Porte    ʁt 
Tortue     
Poisson s  pw  
Etoile  l   
Oiseau z    
Chaussure s, ʃ ʁ   
Chaise ʃ, z z   
Crayon   kʁ  
Pantalon     
Eléphant     
Chien ʃ  ʃj  
Cuillère  ʁ kɥ  
Girafe ʒ f   
Téléphone  n   
Parapluie     
Escalier s    
Feuille  j   
Doigt   dw  
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Items Fricatives consonants Word-final codas Word-initial clusters Word-final clusters 
Banane  n   
Panier     
Grenouille  j ɡʁ  
Arbre    ʁbʁ 
Train   tʁ  
Vache ʃ ʃ   
Carotte  t   
Zèbre z   bʁ 
Cloche ʃ ʃ kl  
Champignon ʃ    
Peigne  ɲ   
Bras   bʁ  
Parc    ʁk 
Fourmi     
Pingouin     
Fromage ʒ ʒ fʁ  
TOTAL 17'items 20'items 12'items 7'items 

Table 24:! List of stimulus items containing targeted fricatives and syllabic constituents. 

II.4.3.2!Measures of whole-word forms’ proximity/distance to targets 

 We first assessed the accuracy of the children’s whole-word forms or, in other words, their 
proximity to target word forms using the Proportion of Whole-word Proximity (PWP) measure. 
Proposed by Ingram (2002), the calculation of PWP is based on another whole-word measure; namely 
the phonological mean length of utterance (PMLU). Developed in analogy to the morphosyntactic 
MLU (which measures the child’s mean length of utterance in morphemes), PMLU is calculated by 
counting the number of segments produced by the child, adding an extra point for each correct 
consonant (as in tortue [tɔʁty] realized as [taty], PMLU = 6). PMLU thus rewards the production of 
consonants and vowels even if they are not correctly produced or, in other words, it gives credit to 
both segmental presence and consonant accuracy. PWP is the result of the ratio between the PMLU 
of the child’s production and the PMLU of the target adult-like production, as in the same example 
of tortue [tɔʁty] realized as [taty]: 

Child PMLU = 6, target PMLU = 8 and PWP = 6/8 = 0.75 

 Like for global PCC and PVC, PWP was automatically computed for each of the 51 items of 
the word-naming task using the PHON software, for all participant’s four sessions.  

 Since PWP accounts only for consonantal accuracy and is still based on a binary correct vs. 
incorrect assessment, we were willing to find a more refined measure to assess the productions’ 
distance to the target. Therefore, we decided to use the intelligibility score based on an acoustic-
phonetic decoding task elaborated by Ghio and collaborators for use in clinical context (Ghio et al., 
2018) which has been the subject of several communications in international conferences (Ghio et 
al., 2018; Fredouille et al. 2019).  
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 Referred to as PDAP-IS (for Perceptual DAP-based intelligibility score, with DAP for 
Décodage acoustico-phonétique), this measure consists in computing the Levensthein distance63 
between the perceived form (i.e., the phonetic transcription of the child’s production) and the targeted 
item using a Wagner-Fisher algorithm that integrates deletion, substitution and epenthesis phenomena 
(see Figure 26). The distance between a given realization and the associated target is represented as 
the shortest path between two sequences (strings) of phonemic units. A local distance is established 
between each pair of phonemes based on their content in terms of phonetic features (Ghio, 1997). 
More precisely, this local distance corresponds to the number of features that differ between the target 
vs. produced phoneme so that a substitution of a vowel by another vowel or by a voiceless consonant 
would not have the same weight. A decomposition of all phonemes into distinctive features allows to 
build a cost matrix which consists in a double-entry table containing all the phonemes and their degree 
of (dis-)similarity. Based on calculated local distances between phonemic units, a cumulative distance 
between target and perceived whole-word forms is then generated and expressed as a function of the 
number of phonemes in the target. The final score obtained thus corresponds to the average difference 
of features by phoneme for the target vs. perceived/transcribed word form.!!

!

Figure 26:!Comparison of two phonemic strings by the Wagner-Fischer algorithm. 

 The original cost matrix includes 35 phonemes /a, i, u, o, ɔ, e, ɛ, y, œ, ø, ɔ̃, ã, ɛ,̃ œ̃, p, t, k, b, 
d, g, f, s, ʃ, v, z, ʒ, m, n, l, R, j, w, ɥ, ñ, ŋ/ and several archiphonemes: Ô (for /o/ or /ɔ/), Û (for /ø/ or 
/œ/) and Ê (for /e/ or /ɛ/) for which the opening feature is neutralized and µ (for /ɛ/̃ou /œ̃/) and & (for 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

63The Levenshtein distance is a metric that measures how distant are two strings of characters. The Levenshtein 
distance between two words is the minimum number of single-character edits (i.e., deletions/elisions, 
substitutions or epenthesis/insertions) required to change one word into the other. 
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Û and Ê) for which the rounding feature is neutralized. In order to compute this intelligibility score 
on our data, we had to adapt the original matrix of between-phonemes cost in order to include some 
phonetic variants which were frequent in our data but not present in the initial, phoneme-based 
method. More precisely, we added three features to the original decomposition into features – namely 
affricate, sibilant and open-glottis – in order to integrate the affricates [t͡ s, t͡ ʃ, d͡z, d͡ʒ] and the fricatives 
[ç, x, h] into the cost matrix (the adapted decomposition into distinctive features and resulting cost 
matrix can be found in Appendix 9). 

 Like other accuracy measures, the Perceptual DAP-based intelligibility score was generated 
for each of the 51 items of the word-naming task, for all participant’s four sessions. Even if this 
measure assesses the proximity/distance to the target word with a greater degree of precision and 
nuance, we decided to still include the PWP measure in our analyses as PWPs for French-speaking 
monolingual children are available in the literature. Indeed, Macleod and collaborators (MacLeod et 
al., 2011) investigated French consonantal acquisition in a large cohort (n=156) of Canadian children 
aged 20-53 months based on a word-naming task and PWP measures were involved in their analyses. 
Made available in their results, mean PWPs and standard deviations for six age ranges (from 23 to 53 
months) can be used as reference monolingual values to which we will compare the performances of 
the bilingual pre-schooled children involved in our study. 

II.4.3.3!Phonological processes 

 To complement segmental accuracy measures (global PVC and PCC), we examined 
phonological processes affecting vowels and consonants. More precisely, rates of substitution and 
deletion processes have been calculated based on automatically extracted occurrence number of the 
two processes by PHON. Substitution types have also been investigated for both vowels and 
consonants. 

II.4.4! STATISTICAL PROCESSING OF DATA 
! The type of statistical procedures that can be carried out on data have to be chosen carefully 
according to some constraints: 

!! Heterogeneity of the number of participants in the three linguistic groups: 11 French-
Italian, 5 French-Arabic and 2 French-Mandarin bilinguals; 

!! No age-match across the linguistic groups (initially aged between 21 and 36 months at S1, 
children from the three linguistic groups were recruited at different ages); 

!! Heterogeneity of the linguistic dominance profiles between the three groups (see the Index of 
linguistic dominance described in section II.2 and Table 16 for the description of all 
participants). 

  
 Given the pre-cited disparities between the linguistic groups, we conducted non-parametrical 
tests within each group to observe the impact of different independent variables. Tables 25 and 26 
summarize the different independent and dependent variables taken into consideration.  
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Independent variables 

Subject-related Session 
Chronological age 
Linguistic group 
Linguistic dominance 
Vocabulary score (in French and in both languages) 
Gender 
Siblings 

Item-related Elicitation 
Phonological complexity 
Lexical frequency 

Table 25:! Independent variables 

 
Dependent variables 

One 
measure/session 

Vocalic space area (VSA) values 
PHI index values 

One measure/ 
item 

Global PCC and PVC 
Nuanced PCC for: 
- word-final codas 
- word-initial branching onsets 
- word-final complex codas 
- targeted fricatives 
PWP 
Perceptual DAP-based intelligibility score 

One 
measure/segment 

F1-F2-F3 values for vowels 
Spectral moments for /s/ and /ʃ/ 

Table 26:! Dependent variables 

 As noted above, both the recording session and the children’s chronological age have been 
included as developmental variables in the analyses but the session was preponderantly used to 
observe the effect of chronological development. We chose to give a greater importance to session 
given the fact that all children went through the four sessions; there was thus the same number of 
participants for each session. Still, it must be said that a single session includes children of different 
chronological ages. Besides, if an effect of the session very likely indicates a developmental effect, 
we are not immune of a learning effect in children. In parallel to these non-parametrical tests, we also 
conducted correlation tests between different variables, both globally and inside each linguistic group. 
Based on these non-parametrical and correlation tests, we will propose a comparative analysis of the 
three linguistic groups. In addition, it seems important to focus on particular individual developmental 
profiles/trajectories. Independent subject-related and item-related variables have been coded in order 
to create categorical variables. 
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II.4.4.1!Subject-related Independent Variables 

Subject-related independent variables have been coded in the following manner: 

-! Chronological age:  
Children have been split into six groups: (1) 21-23 months, (2) 24-29 months, (3) 30-35 
months, (4) 36-41 months, (5) 42-47 months and (6), 48-53 months, based on the age ranges 
used by MacLeod et al. (2011). This will permit the comparison of our participants’ PCC and 
PWPs to those they obtained for monolingual French-speaking toddlers.  
-! Linguistic dominance:  
Three profiles result from the calculation of the Index of linguistic dominance: FLD (French 
Linguistic Dominance), NFLD (Non-French Linguistic Dominance) and BBil (Balanced 
Bilingualism). 
-! Vocabulary score in French (total of words produced by the child in French, as measured 

by the MBCDI questionnaires): 
The score was transformed into a 5 levels independent variable: (1) 27-155 words, (2) 156-
284 words, (3) 285-413 words, (4) 414-542 words, (5) 543-670 words.  
-! Vocabulary score in both languages combined (sum of the words marked by the parents 

in the two questionnaires): 
The score was transformed into a 5 levels independent variable: (1) 54-272 words, (2) 273-
491 words, (3) 492-710 words, (4) 711-929 words, (5) 930-1150 words.   

II.4.4.2! Item-related Independent Variables 

Item-related independent variables have been coded in the following manner: 

-! Elicitation: 
The elicitation variable includes three levels: (1) naming (whether spontaneously or with a 
hint), (2) repetition of reportedly known words and (3), repetition of reportedly unknown 
words.  
-! Complexity: 
Complexity refers to the phonological complexity of the item, as measured by our Complexity 
Index. Words have been classified in three categories: (1) word of little complexity (such as 
coucou or bateau), (2) moderate complexity (such as fourmi or carotte) and (3) high complexity 
(such as escalier or parapluie). Complexity values can be found in Table in Appendix 8. 
-! Lexical frequency: 
Lexical frequency values were drawn from the Manulex database (Lété, Sprenger-Charolles & 
Colé, 2004) based on a corpus of 54 primary school textbooks. We chose more particularly the 
Standard Frequency Index (SFI) value corresponding to an estimated frequency per million of 
words and we selected the “CP” or 1st grade database (i.e., the first year of primary school 
during which children are aged between 5 and 6 years) to get as close as possible to our 
participants’ age. Words have been classified into two categories: not frequent (such as nombril 
or crayon) and frequent (such as lit or pomme). Frequency values can be found in Table in 
Appendix 8. 

 Depending on the specific dependent variables (whether measures by session/item/segment), 
we will select different independent variables in our analyses. For example, we will not include item-
related independent variables (i.e., elicitation, complexity and lexical frequency) for the dependent 
variables consisting in one measure by session (i.e., PHI and VSA values).  
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III! RESULTS  
!

The results section is organised in three sections, as followed: 

!! a section about vowels, in which we focus on the compared evolution of: (1) the organization 
of the vocalic system as measured by VSA and PHI index values, (2), the global vocalic 
accuracy as measured by PVC and (3), the phonological processes affecting vowels. 

!! a section about consonants, in which we focus on the compared evolution of: (1) the global 
and nuanced (for targeted syllabic constituents and fricatives) consonantal accuracy as 
measured by PCC, (2) the acquisition of the place-of-articulation contrast between the two 
voiceless fricatives /s/ and /ʃ/ through spectral moment analysis and (3), the phonological 
processes affecting consonants.  

!! a section about whole-word forms, in which we focus on the proximity/distance of whole-
word forms to the target word forms measured by PWP and PDAP-IS. 

 

III.1!VOWELS 

III.1.1!ORGANIZATION OF THE VOCALIC SYSTEM 
! The vocalic system organization (based on formant values of the cardinal vowels /a, i, u/) has 
been assessed through the calculation of two measures: the VSA and the PHI index (one measure per 
participant per session). Devoiced vowels or those occurring in unintelligible words have been 
excluded from our analyses. In total, VSA and PHI values have thus been generated based on a total 
of 4016 vowel productions including 1779 productions of /a/, 1456 productions of /i/ and 781 
productions of /u/. Table 27 presents the vowels’ mean formant values in Hz for each linguistic group.!

 
 
 

Linguistic group 

 
 

Vowels 

 
Total 

number of 
vowels 

 

 
Mean number of 
vowels per child 

per session 

 
 

Mean F1 
value in 

Hz 

 
 

Mean F2 
value in 

Hz 

 
 

Mean F3 
value 
in Hz 

 
French-Italian 
 

a 1072 15 998 (243) 2183 (329) 4375 (343) 
i 873 12 542 (106) 3224 (327) 4579 (502) 
u 470 7 605 (114) 1663 (516) 4280 (454) 

 
French-Arabic 
 

a 489 24 999 (231) 2234 (337) 4376 (383) 
i 430 22 511 (112) 3101 (387) 4569 (366) 
u 235 12 565 (129) 1681 (467) 4326 (394) 

 
French-Mandarin 
 

a 218 27 956 (200) 2240 (280) 4480 (254) 
i 153 19 555 (133) 3118 (360) 4606 (329) 
u 76 10 634 (117) 1720 (379) 4429 (327) 

Table 27:! Mean F1-F2-F3 values of the vowels /a, i, u/ (with standard deviations) for the three 
linguistic groups. 

! One value for each measure (VSA and PHI) has thus been obtained per session per 
participant. Correlation studies between these two measures and other variables of interest have been 
performed. 
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III.1.1.1! Vocalic space area 

 The VSA (vocalic space area) measure aims at summarizing the various vowel productions 
made by a given child in one particular recording session (one measure per participant per session). 
Figure 27 presents the evolution of the VSA values for all participants over the four sessions 
(expressed as S1, S2, S3 and S4). The “Y” axis represents the VSA values and the colour bars 
correspond to the VSA values for the four sessions of each participant. Each bar corresponds to a 
particular measure for a given child at a specific session, given that there is one VSA value computed 
per session for each participant. The participants are clustered according to their linguistic group with 
French-Italian (blue frame), French-Arabic (green frame) and French-Mandarin (orange frame). 
Within each group, participants are organized by increasing age based on their initial age at the first 
recording session (S1) expressed in years, months and days. 

 

Figure 27:!VSA values for each session of all participants. 

 Again, several observations can be drawn from this graph. First, VSA values increase from 
S1 to S4 for 15 of the 18 participants. Still, it seems that the evolution of the vocalic space area is 
non-linear and involves a large amount of individual variability. Indeed, the values fluctuates between 
the first and the last session for all participants except one, the French-Arabic participant B14. Thus, 
the evolution of VSA values is fluctuating at all ages. However, the lowest VSA values are observed 
in the youngest children – namely, the French-Italian participant B09 and the French-Arabic 
participant B14 initially under 24 months of age – and the highest VSA values are found in two 
French-Italian bilingual children aged above 36 months (i.e., the participants B08 and B03). 

 Then, comparing the different linguistic groups, the tendency for VSA values to rise with age 
is not as obvious for the three types of bilinguals. More precisely, it is most clearly observed for the 
French-Arabic participants, whereas the French-Italian and French-Mandarin groups displays more 
contrasted profiles. Furthermore, if fluctuating VSA values can be seen in participants from all 
groups, the within-subject variability appears stronger in the French-Italian group. Given these 
seemingly different developmental patterns in the evolution of the vocalic space area, we conducted 
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Bravais-Pearson correlation tests between VSA values and age for all linguistic groups pooled 
together and for each linguistic group separately in order to investigate whether there is a correlation 
between the two variables and whether the degree of correlation is similar or differ for the different 
bilinguals (see Table 28). The scatter plots of VSA values (tagged with the session number) as a 
function of age are shown together with the associated regression line in Figure 28 (one graph per 
linguistic group). !

VSA 
versus 
Age 

All participants French-Italian French-Arabic French-Mandarin 
r = 0.338 
p = 0.004 

r = 0.290 
p = 0.056 

r = 0.647 
p = 0.002 

r = 0.682 
p = 0.063  

Table 28:! Correlation coefficients rBP between VSA values and chronological age in each 
linguistic group. 

 

 

 

Figure 28:!Correlation between VSA values and chronological age (in months) for each 
linguistic group. 
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 These results indicate that there exists a moderate-to-high positive correlation between the 
VSA values and age only for the French-Arabic group.  In other words, VSA values increase with 
age for children from that group. This corroborates what could already be seen on the VSA values 
graph; namely, highly variable and poorly age-correlated VSA values in French-Italian and French-
Mandarin bilingual children in contrast to French-Arabic bilinguals. 

 In line with the VSA values graphs and the correlation results, the vocalic triangles (see 
Figure 29) allow visualizing these different developmental patterns in the evolution of the vocalic 
space area for the three different linguistic groups over the four sessions. The three corners of the 
triangles represent the mean F1 and F2 values of the three cardinal vowels /a, i, u/. The different 
colours of the triangles correspond to the different sessions and for ease of comprehension, we used 
the same colours as in the VSA values graphs (see Figure 26). The different triangles tend to overlap 
for the French-Italian participants. Based on the VSA values graphs, it can be said that the increase 
in the vocalic space area at S3 might be mainly attributable to three participants of different ages 
(B01, B08 and B17). For the French-Arabic group, an expansion of the vocalic space area can be 
observed for the second and fourth sessions. It is worth noting that, for both the S3 of French-Italian 
and the S4 of French-Arabic, the VSA expansion seems to be related to the production of the vowel 
/u/, as this category becomes more distinct from the two other ones.!Finally, the vocalic space area of 
the French-Mandarin participants appears to be globally more restricted, especially at S1, than those 
of the two other groups. Their VSA slightly increases at S2 and does not evolve much after until the 
fourth session.!

 

Figure 29:!Vocalic triangles over the four sessions for each linguistic group. 

 We also examined whether there would be a correlation between VSA values and the 
children’s linguistic dominance and vocabulary scores (French and total vocabulary scores). No 
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relation was found, neither between VSA values and linguistic dominance, nor between VSA values 
and lexical competence (whether in French or in both languages). 

III.1.1.2! PHI index 

 Similar to the previous VSA values graph (see Figure 27), Figure 30 presents the evolution 
of the PHI values for all participants over the four session. Several observations can be drawn from 
this graph. The general trend seems to show that the PHI values increase more obviously with age 
than VSA values and this, for all three linguistic groups. Indeed, the lowest PHI values are globally 
found in the children initially aged less than 26 months – such as for the S1 of French-Italian 
participants B09, B18 and B02 and the French-Arabic participant B14 – and the highest PHI values 
are mostly observed in children aged above 36 months such as the French-Italian participants B03 
and B17.  

 

Figure 30:!PHI values for each session of all participants. 

 However, the highest PHI values do not necessarily correspond to the third and fourth 
sessions, as several children already display high PHI values at S1 and/or S2 such as the French-
Italian participants B08, B10 and B17, the French-Arabic participant B04 and the French-Mandarin 
B16 (see Figure 30). Still, the PHI values subsequently fall back during the following session to 
eventually increase again. In line with the fluctuating VSA values previously observed, this suggests 
that the development of the vocalic system’s organization does not follow a linear path. A closer look 
within each subject on the PHI values graph (Figure 30) indicates a certain variability for most 
participants. Indeed, PHI values tend to fluctuate between the first and the last session, especially in 
younger children (such as B10, B09, B18, B12, B14 and B05) which could indicate that the 
organization of their vocalic system has not yet reached a stable state. Oscillating PHI values can also 
be observed in the performances of older children (such as B08, B03, B17 or B04); however, they 
display already higher values and more stability across the four sessions. 

 To examine more closely this different developmental patterns in younger vs. older children, 
let us look at the vowel dispersion graphs (see Figure 31) of two French-Italian participants, namely 
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B03 and B12, over the four sessions. These graphs show all occurrences of the vowels /a, i, u/ per 
participant per session, based on which the PHI indexes have been computed. Participant B03 is a 
girl initially aged 35 months and B12 is a boy initially aged 24 months. What strikes first from these 
graphs is that, at S1, the vocalic categories are less well distinguished in the subject B12 than in the 
subject B03, especially for the vowels /a/ and /u/ whose productions are more dispersed or less 
clustered around the centre of the category. Then, if the vocalic system of the participant B12 begins 
to show some organization at S4, the evolution is less linear than in the participant B03. Indeed, a 
slight improvement is seen at S2 followed by a decrease in organization at S3 where the system 
appears much more constricted with much less distinction between the vocalic categories. In contrast, 
participant B03 displays a more organized vocalic system already at S1 and, apart from more 
dispersed occurrences of the vowel /u/ at S2, the evolution of the organization appears to be more 
stable with vocalic categories /a/ and /i/ being more clearly established form the start. 

 

Figure 31:!Vowel dispersion graphs (for /i/, /a/ and /u/) for each session of participants B03 
and B12. 
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 Going back to the PHI values graphs and considering the three linguistic groups separately, 
it appears that the highest PHI values are to be found in the French-Italian bilingual children, 
suggesting that they better distinguish the three vocalic categories (/a, i, u/) and produce them with 
less variability. An examination of the vowel dispersion graphs (/i/, /a/ and /u/ only) (see Figure 32) 
of the three linguistic groups (all participants combined) from S1 to S4 allows observing this from a 
more global comparative perspective.   

 

Figure 32:!Vowel dispersion graphs (for /i/, /a/ and /u/) for each linguistic group and each 
session. 

 Comparison of the vowel dispersion graphs of the three groups over the different sessions 
indicates an evolution of the vocalic system organization from S1 to S4 in all three groups, as vowels 
productions become gradually less dispersed and vocalic categories more and more distinct. The 
French-Italian bilinguals show the more linear development and already display a certain organization 
at S1. In contrast, the vowels productions of the French-Mandarin participants are very scattered and 
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concentrated in a more restricted area of the F1-F2 plan, in line with the restricted vocalic space areas 
previously observed (see Figure 29). French-Arabic seem to fall between the two other groups but 
exhibit not much improvement at S2. Rather, their vowels become more dispersed or less clustered 
within the categories, especially for /a/. Their productions become more and more organized from S3 
to S4. In particular, at S3, the vowel /i/ appears to be better categorised than /a/ and /u/ whose 
realizations still remain more dispersed. Still, at S4, their productions of the vowel /u/ become more 
clustered and begin to form a category distancing itself from the others. French-Mandarin bilinguals 
progressively achieve a better vocalic system organization from S1 to S3. However, they regress at 
S4, during which they show more disorganization as their vowels productions become again scattered, 
especially for /a/ and /u/.  

 These dispersion graphs corroborate the fact that the vocalic system (based on the three corner 
vowels) gets more rapidly and steadily organized in French-Italian bilinguals than in French-Arabic 
and French-Mandarin bilinguals. As both PHI values and dispersion graphs suggest different 
developmental patterns in the evolution of the vocalic system organization for the three linguistic 
groups, we conducted Bravais-Pearson correlations between PHI values and age for all linguistic 
groups pooled together and for each linguistic group separately to examine whether there is a 
correlation between the two variables and whether the degree of correlation differs from one group 
to the other (see Table 29). The scatter plots of PHI values (tagged with the session number) as a 
function of age are shown together with the associated regression line in Figure 33 (one graph per 
linguistic group). 

 

PHI 
versus 
Age 

All 
participants 

 

French-Italian 
 

French-Arabic 
French-

Mandarin 
r = 0.577 
p <.001 

r = 0.599 
p <.001 

r = 0.739 
p <.001 

r = 0.433 
p = 0.283 

Table 29:! Correlation coefficients rBP between PHI values and chronological age in each 
linguistic group. 

 

Figure 33:!Correlation between PHI values and chronological age (in months) for each 
linguistic group. 

 Results show that there exists a high positive correlation between the PHI values and age for 
the French-Arabic and French-Italian groups (but not significant in the French-Mandarin group). In 
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other words, PHI values increase with age for French-Italian and French-Arabic bilingual children. 
However, this correlation is stronger for the French-Arabic group.  

 As with VSA values, we also examined whether there would be a correlation between: (1) 
the PHI values and the children’s linguistic dominance and (2), the PHI values and the two vocabulary 
scores (in French and combined for both languages). No relation was found between the PHI values 
and the linguistic dominance. Table 30 presents the results for correlations between PHI values and 
each vocabulary score calculated for all linguistic groups pooled together and for each linguistic group 
separately.  

 All participants French-Italian French-Arabic French-Mandarin 
PHI vs French 
vocabulary scores 

r = 0.360 
p = 0.002 

r = 0.323 
p = 0.032 

r = 0.498 
p = 0.025 

r = 0.310 
p = 0.454  

PHI vs Total 
vocabulary scores 

r = 0.384 
p = 0.001 

r = 0.351 
p = 0.019 

r = 0.537 
p = 0.015 

r = 0.119 
p = 0.779 

Table 30:! Correlation coefficients rBP between PHI values and French Vocabulary score/Total 
Vocabulary score in each linguistic group. 

 We notice that it is for the French-Arabic group that the correlation coefficients are the 
highest, indicating that the vocalic system gains in organization as their lexical competence increase.  

 Following this, the issue of whether the three groups would differ or resemble each other in 
the way in which the vocalic system gets organized, in relation to both inter- and intra-categorical 
variability, seemed worth addressing. To investigate this, we calculated correlations between PHI, 
CMinter and CMintra values for each group. We present the correlation results in Table 31. 

  

Correlation between PHI and CMinter 
 

Correlation between PHI and CMintra 
French-Italian r = 0.820 - p <.001 r = -0.605 - p <.001 
French-Arabic r = 0.919 - p <.001 r = -0.491 - p = .028 
French-Mandarin  

r = 0.793 - p = .019 
 

r = -0.516 - p =.191 

Table 31:! Correlation coefficients rBP between PHI, CMinter and CMintra values for each 
linguistic group. 

 Interestingly, the relation between the different variables differ among the different groups. 
For the French-Italian and French-Arabic bilinguals, the PHI values are highly correlated to the 
CMinter and moderately to the CMintra. However, the PHI values are less correlated to the CMintra for 
the French-Arabic bilinguals.  

 These results mean that the evolution of the PHI results more from the evolution of the CMinter 
in all three groups, meaning that the increase on their vocalic system organization has more to do 
with the increase of the inter-categorical distance than with the diminution of the intra-categorical 
distance. Furthermore, the increasing organization is even less explained by the decrease in intra-
categorical variability for the French-Arabic participants. As for the French-Mandarin bilinguals, the 
PHI are not correlated with the CMintra. Figure 34 presents the evolution of the CMinter, CMintra and 
PHI values over the four sessions in the three linguistic groups.   
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Figure 34:!Evolution of CMinter, CMintra and PHI values for each linguistic group over the 
four sessions. 

 A number of remarks can be made based on these graphs as it clearly appears that the two 
mean squares evolve differently in the three linguistic groups. First, the French-Italian participants 
have initially higher CMinter values than the two other groups and this remains the case until the third 
session. After a slight decrease at S2, the values increase until S3 and show almost no evolution at 
S4. This suggests that, from the start, their vocalic categories are more distinct from each other, 
compared to the two other groups, as was already shown by the vowels dispersion graphs (see Figure 
32). In contrast, they begin with higher CMintra values than the two other groups, which indicates that 
their vowel productions are initially characterized by a greater intra-categorical variability. Their 
CMintra values subsequently decrease on each session. Still, given the high positive correlation 
between CMinter and PHI values, they end up with PHI values relatively higher than the two other 
groups.  
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 Then, French-Arabic bilinguals initially display much lower CMinter values, indicating less 
distinct vocalic categories, which then continuously rise until the last session. Initially lower than 
those of French-Italian, their CMintra values slightly rises at S2 and then only minimally decrease, as 
shown by the almost flat line on the graph. In other words, their vowels productions would initially 
present less intra-categorical variability than French-Italian. However, instead of declining, the 
variability inside the categories slightly increases at S2 (as could also be observed in the dispersion 
graphs) and remains almost constant across the subsequent sessions. Again, this is reflected in their 
increasing PHI values much more correlated to the CMinter than to the CMintra values.  

 Finally, the French-Mandarin participants initially exhibit the lowest CMinter and CMintra 
values at S1, which suggest little distinction between the vocalic categories and low variability inside 
the categories. This may seem contradictory but in fact, it is in line with the above dispersion graphs 
showing scattered vowels productions confined in a restricted F1-F2 area. Their productions are less 
dispersed inside the categories but at the same time, they use a smaller area. Then, both CMinter and 
CMintra values respectively rise and decrease until the third session, resulting in increasing PHI values 
and thus, increasing organization. Still, no evolution is seen for CMinter values at S4, whereas CMintra 
values increase, indicating a greater disorganization than in the beginning, reflected by their declining 
PHI values. Also observed in the dispersion graphs (Figure 32), this regression is also reflected in the 
fact that their PHI values marginally correlate with age.  

 Following this, it seemed worthwhile investigating the relation between the two measures 
focused on the vocalic system organization; that is, the PHI and VSA values. The two variables appear 
to be correlated to age to a different extent for the three linguistic groups. Besides, as both measures 
are characterized by a large amount of individual variability, we were interested to examine whether 
a higher PHI value would necessarily be associated with a higher VSA value and whether the relation 
between the two variables would be similar or different for the different bilinguals. Therefore, we 
conducted correlation tests globally for all participants and separately for each of the three groups. 
Figure 35 shows the scatter plot of PHI values (tagged with the session number) as a function of VSA 
values as well as the associated regression line for all participants pooled together. The subsequent 
Table 32 presents the results obtained for all correlation tests. 

 

Figure 35:!     Correlation between VSA and PHI values for all participants. 



!

! 152!

 

  

Correlation between PHI and VSA values 
 
 

All participants 
 
 

r = 0.656 - p <.001 
 
 

French-Italian 
 
 

r = 0.641 - p <.001 

 
 

French-Arabic 
 

r = 0.783 - p <.001 
 

French-Mandarin 
 
 

r = 0.724 - p = .042 

Table 32:! Correlation coefficients rBP between PHI values and age both globally and for each 
group. 

 These results suggest that, globally, there is a moderate-to-strong positive correlation between 
the two variables, meaning that the VSA values increase alongside the PHI values. Looking at each 
group separately, the correlation between the two variables is higher for the French-Arabic bilinguals 
than for the French-Italian group and is just significant for the French-Mandarin participants, as their 
PHI values decrease at S4 (see Figure 34) while their VSA does not evolve. 

 Thus, for all linguistic groups, VSA and PHI values are concomitantly increasing over time. 
In other words, the vocalic space area grows as the vocalic system gets more organized. Still, from 
an individualised perspective, one can notice different developmental patterns, as shown by the two 
line graphs below. Indeed, for several children – such as the French-Italian B03 (represented on 
Figure 36), B09, B12, B17 and the French-Arabic B05 – the VSA and PHI values are positively 
correlated over the four sessions. Then, the opposite tendency can sometimes be observed, such as in 
one French-Italian participant B08 (represented on Figure 36) for whom the two variables are 
negatively correlated across all sessions. It should be specified that B03 and B08 are both aged above 
30 months at S1. 

 

Figure 36:!Evolution of VSA and PHI values for the participants B03 and B08. 
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  In conclusion to this section, results show that the French-Italian participants initially display 
a more expanded VSA as well as higher PHI values. They present a greater degree of organization of 
the system since their vocalic categories are initially more distinct from one another than those of the 
two other groups. This discrepancy in inter-categorical variability between the groups can be 
observed until the third session, following which the French-Italian participants are being caught up 
by the French-Arabic bilinguals. In line with this, these latter show the more increasing VSA and 
CMinter values but no decline of intra-categorical variability. French-Mandarin bilinguals display the 
more reduced VSA and seem the least linear in their evolution showing a regression in PHI values at 
S4.  

 While these results are interesting, we must remain careful with our interpretations, especially 
with regard to the French-Mandarin participants. Therefore, our findings do not allow us to draw 
generalizable conclusions. That said, given that the French-Italian are the most numerous, they can 
be considered as being the most representative of our sub-samples. Besides, these analyses of the 
vocalic system organization are based on the three corner vowels /a, i, u/ and as such, may be 
considered as providing a partial representation only of all the information available. Therefore, we 
conducted complementary transcription-based analyses focusing on the evolution of global vowel 
accuracy. 

III.1.2!VOWEL ACCURACY 
! In order to assess the evolution of global vowel accuracy in the children’s productions, we 
have calculated the global Percentage of Vowels Correct (PVC) per session, based on all vowels 
included in all items produced by session. PVC is a measure automatically computed by PHON based 
the comparison between the phonetic transcriptions of the actual productions vs. the intended targets. 
In total, 2857 items have been analysed. Table 33 presents the mean PVC values for each linguistic 
group, both globally and for each session. We see that global mean PVC and standard deviation values 
are quite similar in each linguistic group. We conducted a non-parametrical Kruskal-Wallis test that 
revealed no significant difference between the linguistic groups, all sessions combined. 

 
Linguistic 

group 

 
Total 

number of 
items 
(all 

participants, 
all sessions) 

 

 
Mean 

number of 
items per 
child per 
session 

 
Global 
mean     

(and S.D.) 
PVC values 
(all sessions 
combined) 

 
 

Mean (and S.D.) PVC values  
for each session  

 

 
S1 

 
S2 

 
S3 

 
S4 

French-
Italian 

1733 40 80.33 
(30.20) 

73.44 
(34.16) 

79.99 
(29.34) 

82.73 
(28.61) 

83.59 
(28.43) 

French-
Arabic 

765 38 80.92 
(30.83) 

82.04 
(29.25) 

76.79 
(35.09) 

80.06 
(30.37) 

84.44 
(28.00) 

French-
Mandarin 

359 45 80.39  
(30.48) 

76.56 
(32.15) 

77.89 
(34.33) 

84.86 
(27.68) 

81.95 
(31.05) 

Table 33:! Mean PVC values (and standard deviations) for the three linguistic groups. 
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 Figure 37 gives a visual representation of the evolution of mean PVC values for each 
linguistic group across the four sessions. It can be seen that, for all three groups, mean PVC values 
are initially above 70% and increase from the first to the last session. Still, the evolution curves differ 
from one group to the other. Mean PVC values continuously increase over the four sessions for 
French-Italian bilinguals and, as indicated in Table 33, mean standard deviation values similarly 
continuously decrease from S1 to S4. Mean PVC values are initially higher, above 80%, in French-
Arabic bilinguals and then decline to subsequently increase again. The curve of the two French-
Mandarin participants goes up from S1 to S3, to finally fall down at S4. This final decrease in their 
mean PVC values is in line with the falling PHI values previously observed, suggesting a slight 
regression for all vowels productions at S4. Mean PVC values of all three groups converge above 
80% at the fourth session. 

 

Figure 37:!Evolution of global PVC values for each linguistic group over the four sessions. 

! We now turn to individual variation. Figure 38 presents line graphs with PVC values for all 
participants, with separate graphs for the three linguistic groups. Each coloured line corresponds to 
one subject and the marks on the lines correspond to the different sessions. We observe that PVC 
values increase from S1 to S4 for almost all children, with one notable exception: the French-Italian 
participant B09 for whom the PVC curve is sharply falling at S4. The lowest values are seen in the 
youngest participants in whom PVC tends to fluctuate, as is the case for several French-Italian 
toddlers (B01, B10 and B18) and for all the young French-Arabic (B05, B06 and especially B14). 
This explains the falling curve at S2 for French-Arabic bilinguals that could be observed in Figure 
37. Besides, the very high performance of B10 at S4 is explained by the fact that this child produced 
fewer items on that particular session and that all attempted vowels were correctly produced. Then, 
from about 30 months of age, the PVC values increase rather linearly in all groups. Also, the two 
French-Mandarin participants have initial mean PVC values above 70%, with a more pronounced 
later increase for B15 than for B16.  
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Figure 38:!Evolution of PVC values over the four sessions for all participants from the three 
linguistic groups. 

! In order to assess the impact of different independent variables on PVC within each linguistic 
group, we conducted a series of non-parametrical Kruskal-Wallis (from now on, KW) tests. These 
analyses are made possible because PVC measures consist in multiple datapoints per participant per 
session (at least one per word produced). KW tests were used to investigate the impact of the 
following variables:  

!! independent variables related to the subject: session, chronological age, linguistic dominance, 
vocabulary scores, gender and the presence of siblings; 

!! independent variables related to the item (i.e., the word): elicitation, phonological complexity 
and lexical frequency. 

 
 We chose to include the French-Mandarin participants in the subsequent analyses despite 
their restricted number. However, the subject-related independent variables of linguistic dominance, 
gender and siblings have not been tested on these two participants as these variables are confounded 
with the subject and therefore, potentially found effects might be attributable to the subject 
him/herself instead of the variable of interest (besides, both French-Mandarin participants have 
siblings). Results obtained for the other variables on the French-Mandarin participants will be taken 
with particular caution. Linguistic dominance and gender are not listed below, as there was no 
significant effect of these variables on PVC values in any linguistic group.!!
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III.1.2.1! Independent variables related to the subject 

III.1.2.1.1! Session 

 Results from the KW tests show a significant effect of session only for the French-Italian 
group (Chi square = 26.27, p < .001, df = 3). Pairwise comparisons (Dunn-Bonferroni post hoc test) 
more precisely reveal that PVC values from S1 significantly differ from those of S3 (p <.001) and S4 
(p <.001). PVC values significantly increase from S1 to S3 and S4, as shown by Figure 39 which 
displays mean PVC values (+/- 1 standard deviation) of the four sessions for the French-Italian group. 

 

Figure 39:!Mean PVC values (+/- 1 standard deviation) as a function of session for the 
French-Italian group. 

 No statistically significant differences in PVC values between the different sessions were 
found for the French-Arabic and French-Mandarin groups. This absence of effect is not surprising for 
the two French-Mandarin participants whose PVC values do not increase much, as shown by the 
previous line graphs (Figure 38). As for the French-Arabic group, this might be explained by the 
almost flat curves of the two older participants B04 and B11(Figure 38). 

III.1.2.1.2! Chronological age 

 Results from the KW tests show a significant effect of chronological age for the French-
Italian (Chi square = 47.73, p < .001, df = 5) and French-Arabic (Chi square = 53.92, p < .001, df = 
5) groups. Stepwise-stepdown comparisons (Campbell and Skilling’s post-hoc procedure) yield two 
homogenous subsets: age ranges 1 to 3 (from 21 to 35 months) and age ranges 4 to 6 (from 36 to 53 
months) for both groups. In other words, post hoc tests indicate statistically differences between the 
age ranges of the two subsets. Figure 40 presents the mean PVC values (+/- 1 standard deviation) for 
each age range in the two groups. As shown by the graphs, PVC values increase with chronological 
age and French-Arabic display lower mean PVC values and greater variability in the first two age 
ranges than French-Italian bilinguals. No effect of chronological age on PVC values was found for 
the French-Mandarin bilinguals, as could be expected from their individual curves on the above line 
graph (Figure 38). 
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Figure 40:!Mean PVC values (+/- 1 standard deviation) as a function of chronological age 
for the French-Italian and French-Arabic groups. 

III.1.2.1.3! Vocabulary scores 

 A significant effect of the two vocabulary scores on PVC values was found for the French-
Italian and French-Arabic groups (see Table 34). Stepwise-stepdown comparisons yield slightly 
different homogenous subsets for the different vocabulary scores for each group but globally, PVC 
values increase alongside lexical development (see Figure 41). For French vocabulary, the score 
ranges are the following: (1) 27-155 words, (2) 156-284 words, (3) 285-413 words, (4) 414-542 
words, (5) 543-670 words. For total vocabulary, the score ranges are the following: (1) 54-272 words, 
(2) 273-491 words, (3) 492-710 words, (4) 711-929 words, (5) 930-1150 words.  

Linguistic 
group 

KW results Stepwise-stepdown comparisons 

 
French-Italian 
 

French 
vocabulary 

score 

Chi square = 36.86, 
p < .001 
df = 4 

Two homogeneous subsets: 
Score ranges 1 - 2 
Score ranges 3 to 5 

Total 
vocabulary 

score 

Chi square = 32.76, 
p < .001 
df = 4 

Two homogeneous subsets: 
Score ranges 1 to 3 
Score ranges 4 - 5 

 
French-
Arabic 
 

French 
vocabulary 

score 

Chi square = 33.1, 
p < .001 
df = 4 

Three homogeneous subsets: 
Score range 1 

Score ranges 2 to 4 
Score range 5 

Total 
vocabulary 

score 

Chi square = 23.9, 
p < .001 
df = 4 

Two homogeneous subsets: 
Score ranges 1 - 2 
Score ranges 3 to 5 

Table 34:! Results of KW tests with vocabulary scores as a grouping variable for the French-
Italian and French-Arabic groups. 
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Figure 41:! Mean PVC values (+/- 1 standard deviation) as a function of French vocabulary 
score (1=27-155 words, 2=156-284 words, 3=285-413 words, 4=414-542 words, 5=543-670 
words) and total vocabulary score (1=54-272 words, 2=273-491 words, 3= 492-710 words, 4= 
711-929 words, 5=930-1150 words) for the French-Italian (left) and French-Arabic (right) 
groups. 

III.1.2.1.4! Presence of siblings 

! A significant effect of presence/absence of siblings was found only for the French-Arabic 
group (Chi square = 21.9, p < .001, df = 1). Moreover, the PVC values are significantly lower in 
children with siblings, while the opposite would rather be expected. However, there is only one child 
without siblings, the participant B11, who is one of the oldest child and has the highest PVC values. 
It is unclear from these data whether the presence vs. absence of siblings has any significant effect on 
the children’s PVC values. 
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III.1.2.2! Independent variables related to the item 

III.1.2.2.1! Elicitation 

! Results from the tests showed a significant effect of elicitation on PVC values for the French-
Italian (Chi square = 12.5, p value = .002, df = 2) and French-Arabic (Chi square = 18.7, p value < 
.001, df = 2) groups. For the French-Italian group, post-hoc tests show that there is a significant 
difference between PVC values for repetition of unknown words on one hand, and PVC values for 
naming (p value = .002) and repetition of known words (p value = .005) on the other hand. Then, for 
French-Arabic bilinguals, PVC values of named words are statistically different from those of both 
repeated known words (p value <.03) and repeated unknown words (p value <.001). These tendencies 
can be directly observed on the line graphs (see Figure 42).  

 

Figure 42:!Mean PVC values (+/- 1 standard deviation) as a function of elicitation in the 
French-Italian and French-Arabic groups (naming = elicitation 1, repetition of known words = 
elicitation 2, repetition of unknown words = elicitation 3). 

III.1.2.2.2! Phonological complexity and lexical frequency 

! The item-related variables of phonological complexity and lexical frequency are discussed 
together given that the KW tests show a statistically significant effect of both variables and similar 
tendencies for all three linguistic groups. Results are reported in Table 35. Pairwise comparisons have 
only been computed for phonological complexity as there are only two levels of lexical frequency. 
There are three levels of phonological complexity (1 = not complex words, 2 = moderately complex, 
3 = complex) and two levels of lexical frequency (1 = not frequent, 2 = frequent).  
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Linguistic 
group 

KW results Pairwise comparisons 

 
French-
Italian 
 

Phonological 
complexity 

Chi square = 167.85 
p < .001 
df = 2 

There are statistical differences between PVC 
values of all three ranges of phonological 

complexity (p <.001) with a difference less 
marked between ranges 2-3 (p=.001) 

Lexical 
frequency 

Chi square = 25.1 
p < .001 
df = 1 

 
/ 
 

 
French-
Arabic 
 

Phonological 
complexity 

Chi square = 67.38 
p < .001 
df = 2 

There are statistical differences between PVC 
values of all three ranges of phonological 

complexity (p <.001) with a difference less 
marked between ranges 2-3 (p=.02) 

Lexical 
frequency 

Chi square = 28.17 
p < .001 
df = 1 

 
/ 

French-
Mandarin 

Phonological 
complexity 

Chi square = 36.36 
p < .001 
df = 2 

There are statistical differences between PVC 
values of all three ranges of phonological 

complexity (p <.001) except between ranges 2-3 
Lexical 

frequency 
Chi square = 10.28 

p = .001 
df = 1 

 
/ 

Table 35:! Results of KW tests with phonological complexity and lexical frequency as grouping 
variables for the three linguistic groups. 

 These results indicate that, for all three groups, there are statistically significant differences 
in PVC values between items of different phonological complexity and lexical frequency. The effect 
of lexical frequency is less significant for French-Mandarin bilinguals than for French-Italian and 
French-Arabic. Pairwise comparisons yield similar tendencies, except for the fact that there are no 
significant differences in PVC values of moderately and highly complex items for the French-
Mandarin bilinguals. Mean PVC values (+/- 1 standard deviation) for each level of item complexity 
and frequency in the three groups are showed in Figure 43. As can be seen, in all three linguistic 
groups, PVC values increase as the level of lexical frequency increases and the level of phonological 
complexity decreases. 
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Figure 43:!Mean PVC values (+/- 1 standard deviation) as a function of phonological 
complexity (1 = not complex words, 2 = moderately complex, 3 = complex) and lexical 
frequency (1 = not frequent, 2 = frequent) for the three groups. 

 Before moving to the next section, Table 36 summarizes the results obtained for each variable 
separately in each linguistic group.  

Independent Variable French-Italian French-Arabic French-Mandarin 
Session Chi square = 26.27 p 

< .001, df = 3 

 

NS NS 

Chronological Age Chi square = 47.73 p 
< .001, df = 5 

Chi square = 53.92 
p < .001, df = 5 

NS 

French Vocabulary score  Chi square = 36.86 
p < .001, df = 4 

Chi square = 33.1 
p < .001, df = 4 

NS 

Total Vocabulary score Chi square = 32.76 
p < .001, df = 4 

Chi square = 23.9, 
p < .001, df = 4 

NS 

Presence of Siblings 
NS 

Chi square = 21.9 p 
< .001, df = 1 

 

Elicitation technique Chi square = 12.5 
 p = 002, df = 2 

Chi square = 18.7 
 p < .001, df = 2 

NS 

Phonological complexity Chi square = 167.85  
p < .001, df = 2 

Chi square = 67.38 
p < .001, df = 2 

Chi square = 36.36  
p < .001, df = 2 

Lexical frequency Chi square = 25.1 
p < .001, df = 1 

Chi square = 28.17  
p < .001, df = 1 

Chi square = 10.28  
p = .001, df = 1 

 

Table 36:! KW tests results on PVC values. 
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III.1.3!PHONOLOGICAL PROCESSES  
! We examine here whether the three linguistic groups differ or not in how the use of the 
phonological processes of vowel substitution and deletion evolves over time. Pie charts in Figure 44 
display the proportion of correct, substituted and deleted vowels calculated for the different sessions 
for the three linguistic groups, based on the subcategories generated by PHON for the computation 
of global PVC. Several remarks can be made based on these pie charts. First, it appears that French-
Arabic participants display lower rates of substituted and deleted vowels (i.e., 16% and 2%) for the 
first session compared to the other groups. Then, substitution and deletion rates increase at S2 to 
become very similar to those of the French-Italian and French-Mandarin participants. French-
Mandarin participants show a strong improvement from S2 to S3 with a higher rate of correct vowels 
and no vowel deletion. For all three groups, substitution and deletion rates evolve in a very similar 
way from S2 to S3 and as could be expected, there is a relatively low rate of vowel deletion with 
nearly no vowel deletion remaining at S4.  

 

Figure 44:!Proportion of correct, substituted and deleted vowels across the four sessions for 
the three linguistic groups. 
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 Then, we further investigated the types of substitution applied by children inside each 
linguistic group in order to examine the differences and similarities between the three types of 
bilinguals. Table 37 presents the types of vowel substitution common to all three groups (column 
IPA actual common) and specific to each group (i.e., only observed in this group). It appears that 
no common substitution processes affect the front mid-low oral vowel /œ/ and the nasal /ɑ̃/. The 
high-front and mid-low back rounded vowels /i/ and /ɔ/ are the vowels for which there is the 
greatest number of substitution processes common to all three groups. In contrast, there is only 
one common substitution type affecting the low-front oral vowel /a/. All common substitution 
processes involve the modification of one or two phonetic features. Interestingly, there are no 
type of vowel substitution specific to the French-Mandarin participants (i.e., only observed in the 
participants of that group). French-Italian bilinguals obviously present much more diverse types 
of substitution processes affecting vowels than the French-Arabic group (and even more than the 
French-Mandarin participants). Then, certain processes draw our attention for they involve the 
modification of more than two phonetic features. First, for French-Italian bilinguals, we note the 
following processes: (1) substitutions of the low-front vowel /a/ by either the high-back rounded 
[u] or the high-front vowel [i], (2) substitutions of the mid-high front vowel /e/ by the nasal vowel 
[ɑ̃], (3) substitutions of the high front vowel /i/ by the the mid-low back rounded vowel [ɔ] and 
(4), substitution of the nasal vowel [ɑ̃] by either the high front vowel [i] or the high front rounded 
vowel [y]. Then, for the French-Arabic bilinguals, we note one type of substitution involving 
vowels quite opposed in terms of articulatory characteristics: (1) substitutions of the nasal vowel 
[ɔ̃] by the high front rounded vowel [y]. Finally, the nasal vowel /ɑ̃/ is affected by substitution 
processes only in the French-Italian group.  

 
IPA 

Target 

 
IPA Actual 

common 

 
IPA Actual 

French-Italian 

 
IPA Actual 

French-Arabic 

 
IPA Actual 

French-
Mandarin 

i y – e – ø - ɛ u - ɔ   
y i u - ɛ   
u ɔ e - œ i  
e i - ø - ɛ y - ɛ ̃- œ - ɑ̃ u - )  
ø e y o  
o i - e - ø u - ɔ ̃- ɛ   
) ɔ i - ɛ - œ - a u  
ɛ i - e - a ø œ  
ɛ ̃ i - a ) - ɔ ɔ̃ - ɑ̃  
œ  ɔ ø  

ɔ ø – o – œ – a - ɑ̃ / ɔ̃  
ɔ ̃ u - ɔ - ɑ̃ ɛ - œ y  
a ɛ i - u - ø -  ɛ ̃- ɔ̃ œ - ɔ  
ɑ̃  i - y - ɛ - ɛ ̃   

Table 37:! Common and group-specific vowel substitutions. 
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III.1.4!DISCUSSION 
 Results obtained for the different analyses conducted on the children’s vowels are discussed 
in this section, following the same order of presentation: (1) the evolution of the vocalic system 
organization, (2) the evolution of vowel accuracy and (3) the phonological processes affecting 
vowels. Data available in the literature will be referred to as much as possible, as only a limited 
number of studies have focused on French vowel acquisition. 

 We summarize the working hypotheses previously stated (see section I.4.) about vowel 
acquisition.  

 First, we made assumptions about the effect of the linguistic group in interaction with the 
developmental variables. We assumed that different development patterns could emerge – over the 
subsequent sessions and as chronological age increases – in the different linguistic groups, resulting 
from potential cross-linguistic interaction between the two languages in contact. More precisely, we 
postulated that:  

-! children exposed to French and Italian might be advantaged in French vowel acquisition 
and show a faster vocalic development in comparison to children exposed to French and 
Arabic and, to a lesser extent, to children exposed French and Mandarin; 

-! children exposed to French and Arabic might be disadvantaged in French vowel acquisition 
and show a slower vocalic development in comparison to children exposed to French and 
Italian and, to a lesser extent, to children exposed to French and Mandarin 

 Then, we presumed that vowel acquisition might be influenced by a series of independent 
variables related to the subject and the item. More specifically, we postulated that:  

-!  all children would display better performances from one session to the other and as 
chronological age increases; 

-! children who are more exposed to French would be advantaged in French phonetic and 
phonological development, in comparison to children less exposed to French; 

-! a more advanced lexical development in French and in both languages would benefit 
French phonetic and phonological development; 

-! French-Italian bilingual children might be more advantaged by a greater lexical 
development in both languages than French-Arabic and French-Mandarin bilingual 
children; 

-! if there is an effect of gender on French phonetic and phonological development, girls 
could have an advantage over boys; 

-! if there is an effect of siblings on French phonetic and phonological development, children 
with older siblings could have an advantage over children without siblings; 

-! children’s speech productions should be more accurate for less complex and more frequent 
items than for more complex and less frequent items in French. 

 Finally, we also expected a high individual variability in the evolution of vowel production 
and this, for children exposed to all three language pairs. 
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III.1.4.1! Evolution of the vocalic system organization 

 
 Two measures have been used to assess the evolution of the vocalic system organization: the 
traditional VSA and the PHI index. For each measure, one value was computed per session per 
participant; in parallel, correlation tests have been conducted to examine the relations between the 
two measures and different variables; namely, chronological age, linguistic dominance and 
vocabulary scores.   

III.1.4.1.1! Vocalic space area 

 Globally, the evolution of VSA values is rather non-linear, with values fluctuating between 
sessions, as much so in younger as in older children. As shown by correlation tests, VSA values 
increase with age only for the French-Arabic participants. This is confirmed by the representations of 
vocalic triangles for each linguistic group across the four sessions. Indeed, an expansion of the vocalic 
space area can be observed for the French-Arabic bilingual children (especially in the area of the 
vowel /u), while vocalic triangles are more overlapping for the two other groups. Besides, the French-
Mandarin participants globally show a very constricted vocalic space area. This expansion over time 
of the vocalic space towards the high-back region (vowel /u/) observed on the French-Arabic group 
could be related to the longitudinal studies involving Canadian English- and French-speaking toddlers 
conducted by Rvachew et al. (2006 and 2008). Indeed, an expansion of the infants’ vowel space 
towards high-front and high-back regions with age was observed in both studies. Still, the children 
were much younger than those involved in our study.  

 The reduced vocalic space in French-Mandarin bilinguals could be an example of a deflecting 
pattern (Kehoe, 2015) similar to that observed in the study led by Yang et al. (2015). To recall, the 
emergent English-Mandarin bilingual toddler observed in that study went through a temporarily 
restructuring phase in which he reduced his L2 (English) vowel space while enlarging his L1 vowel 
space, in order to maximize the contrast between his two vowel systems. His reduced English vowel 
space subsequently re-expanded. The French-Mandarin participants of our sample could be following 
a similar developmental path and be in a phase of momentary reduction of their French vowel space 
in order to keep their two vowel systems distinct. However, this is only speculation, as data from 
before and after the recording sessions as well as about the children’s Mandarin vowel space would 
be needed to observe if we are actually in presence of a deflecting pattern.    

III.1.4.1.2! PHI index 

 Our results show that PHI values globally increase with age for all participants (all linguistic 
groups combined) with the lowest values found in younger children and the highest in older children. 
This tendency was confirmed by a correlation test which yielded a moderate positive correlation 
between PHI values and age. In other words, the vocalic system gets more organized as children get 
older. As we expected, vowel production improves with chronological age. Moreover, results indicate 
that vowels are still in the process of being acquired during the age range investigated in our study; 
that is, from 21 months to 50 months. In her doctoral dissertation, Grandon (2016) observed that the 
various vocalic categories (determined by height and frontness) seemed to be already acquired by the 
youngest children of her sample aged around 5 years. It is thus possible that the vowel system achieves 
stability between 4 and 5 years of age. However, another two sessions, at least, would have been 
necessary to verify this, given the lack of evidence in the literature. Still, the development of the 
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vocalic system organization appears to be non-linear, as PHI values are found to be rather fluctuating 
between one session and another, especially in the younger children. Some fluctuation is also 
observed in older children who nevertheless display higher PHI values. These results thus suggest 
high individual variability in the development of the vocalic system organization.  

 The highest Phi values are found in children from the French-Italian group, indicating that 
they better distinguish the vocalic categories /a, i, u/ and produce them with less intra-categorical 
variability. This seems to be confirmed by the vowel dispersion graphs for all four sessions of each 
linguistic group, which show that the vocalic system of the French-Italian bilingual children is 
initially more organized and displays a more linear development than that of the two other groups. 
Contrary to our expectations, the least organized vocalic system is observed in the French-Mandarin 
participants whose vowel productions are rather scattered over a more restricted area of the vocalic 
space. They also present a final regression at S4, whereas the French-Arabic participants, expected to 
have a slower vowel acquisition, globally show more progress from the first to the last session. In 
line with these results, the correlation test conducted between PHI values and age for each group 
indicates a stronger relation between the two variables for the French-Arabic group and a non-
significant one for the French-Mandarin group. This non-significant result for the French-Mandarin 
bilingual children is presumably due to the insufficient number of data for that group and a correlation 
might have been found if there were more participants in that group. 

 Globally, for all three groups, the vowel /i/ is more quickly better defined as a phonetic 
category, while productions of /a/ and /u/ appear to be more dispersed and begin to get more clustered 
around the centre of the category only during the last (two) session(s). This questions the speech 
sounds’ sequence of acquisition established by Jakobson (1968), according to which the vocalic 
contrast between the low vowel [a] and the high vowel [i] would be acquired by children before the 
contrast between the front vowel [i] and the back vowel [u]. Indeed, our data suggest that, for all three 
groups, productions of [a] and [u] are characterized by a great amount of variability and begin to 
stabilize more or less at the same time. 

 No correlation was found between PHI values and linguistic dominance for none of the three 
groups. It might be possible that the effect of linguistic dominance is mitigated by that of another 
variable. Globally, a low correlation was found between PHI values and both vocabulary scores for 
all participants (all groups combined). However, when groups are taken separately, the correlations 
are the highest for the French-Arabic group, indicating that the relation between the vocalic system 
organization and the lexical development is stronger for that group, and correlations are non-
significant for the French-Mandarin bilinguals, again probably due to the limited amount of data for 
that group. We do not have a straightforward explanation for the stronger relation between the vocalic 
system organization and the lexical development in the French-Arabic group. Indeed, we were more 
expecting a stronger relation with the global vocabulary score (i.e., the score for both languages 
combined) for the French-Italian group, given the larger number of shared vocalic phonemes between 
French and Italian. Still, French-Arabic bilinguals might have benefited more from a more advanced 
lexical development in French given that French and Arabic share less phonological properties but 
then, it does not explain the higher correlation with the global vocabulary score for that group too. 

 A stronger correlation was found between PHI and CMinter values than between PHI and 
CMintra values for all three groups, meaning that the evolution of the vocalic system organization is 
more related to the progressive distinction of the vocalic categories than to the diminution of the 
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variability within the vocalic categories. Still, different developmental trajectories are observed 
within the three groups. First, the higher CMinter values and CMintra values observed in French-Italian 
participants indicate that, indeed, they better distinguish the vocalic categories from the start while 
displaying smaller intra-categorical variability.  Then, the correlation between PHI and CMintra values 
is less strong for the French-Arabic group and non-significant for the French-Mandarin participants. 
This indicates that, for both groups, the increasing organization of the vocalic system is less (or not 
at all for the French-Mandarin participants) due to the reduction of the intra-categorical variability. 
In other words, French-Arabic and French-Mandarin bilinguals progressively acquire distinct vocalic 
categories but are less improving with regard to the dispersion of the productions for a given category. 
It is possible that the reduced Arabic vocalic system allows for more intra-categorical variability, as 
the vocalic space is less crowded, which, in turn, would impact early vowel production in French. 
The development pattern is less easily explained for the French-Mandarin group, given that the 
vocalic system includes less oral vowels than French but involves diph- and triphthongs. 

 Finally, correlation tests between PHI and VSA values show that, for the French-Italian and 
French-Arabic groups, the vocalic space area grows as the vocalic system is becoming more 
organized. Indeed, VSA and PHI values are increasing in parallel. These results suggest that, the 
constraints on the F1-F2 area at that age are not only in the sense of a reduction due to the lengthening 
of the vocal tract associated with growth, as reported in the literature (Vorperian & Kent, 2007). On 
the contrary, in the present study, the vocalic space area appears more reduced in younger children, 
as they might tend to produce centralized vowels, and then subsequently enlarges, as vocalic 
categories become more distinct from each other. Thus, the vocalic space area increases, presumably 
under the effect of cognitive development, as children are progressively acquiring more distinct 
vocalic categories for the cardinal vowels /a, i, u/. 

 However, different individual developmental patterns are also observed, even between 
children with similar ages within the same linguistic group. Indeed, for some children, the system 
gains concomitantly in organization and in space while, for others, the system gains in organization 
while the vocalic space area is reducing. This, again, indicates large individual variability as well as 
speaker-specific patterns for the evolution of the vocalic system organization. In the first case, the 
increasing organization results from a progressive distinction of the categories whereas, in the second 
case, it results from a clustering around each centre of category.  

III.1.4.1.3! Evolution of vowel accuracy 

 The evolution of global vowel accuracy in the children’s productions was assessed using the 
PVC measure, which was calculated based on all vowels included in all items produced per session. 
The effect of all independent variables on PVC was tested; that is, the subject-related variables of 
session/chronological age, linguistic dominance, vocabulary scores, gender, siblings and the item-
related variables of elicitation technique, phonological complexity and lexical frequency. 

 For all three groups, mean PVC values are initially high, above 70% of correct realizations, 
and are very close over the four sessions, indicating a similar and limited evolution of vowel accuracy. 
Still, a more linear development is observed in the French-Italian group which could indicate a more 
stable development of vowel production. Contrary to our expectations, the French-Italian group did 
not present an advantage for vowel acquisition, nor the French-Arabic a delay, compared to the other 
bilinguals. Besides, these results are not supporting those obtained for the PHI values which suggested 
better organization for the French-Italian group. Still, the two measures convey different information, 
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based on different data. Indeed, PHI values give an indication of the degree of organization of the 
system based on the three cardinal vowels’ formants values (/a, i u/), whereas global PVC is based 
on phonetic transcriptions of the vowels produced and encompasses all French vowels. Given the 
difficulty to reliably transcribe vowels, results from PVC might be taken with more caution that those 
based on acoustic measures.  

 Globally, both developmental variables (session and chronological age) have been shown to 
have an effect on vowel accuracy. Indeed, PVC values increase with age for all three groups, although 
only significantly for the French-Italian group, impacted by both session and chronological age, and 
for the French-Arabic participants impacted by chronological age. None of the developmental 
variables has a significant effect on PVC values for the French-Mandarin bilinguals, which is 
consistent with the results obtained with the PHI values. This absence of an age effect is probably 
explained by the fact that the two French-Mandarin participants display rather similar curves of 
evolution of vowel accuracy and show a regression in accuracy in the last session. This specific 
developmental path is reflected by the analyses based on the acoustic measures.    

 Similar to what was observed for the PHI, no effect of linguistic dominance was found for 
none of the groups, as vowel accuracy was not higher for French-dominant children. This is consistent 
with the findings of Kehoe and Havy (2019) who tested French-speaking bilingual children aged 2;6. 
Even if an effect of linguistic dominance has been found in several bilingual speech production 
studies (e.g., Gildersleeve-Neumann et al., 2008; MacLeod et al., 2011), it might not impact all 
phonological structures in the same way, as pointed out by Kehoe and Havy (2019). Likewise, vowel 
production is also not affected by gender, again similarly to Kehoe and Havy’s results (2019). If an 
effect of gender has been found in other bilingual studies involving children of different ages 
(McCormack & Knighton, 1996; Kenny & Prather, 1986; Dodd et al., 2003), it is possible that this 
variable would have a greater effect on consonant accuracy than on vowel accuracy. As for siblings, 
an effect was only found for the French-Arabic participants but in that particular case, it is most 
probably confounded with other specificities of that individual subject. 

 Vowel accuracy was found to increase in parallel with the two vocabulary scores for the 
French-Italian and French-Arabic groups but not for the French-Mandarin participants, suggesting a 
lesser impact of lexical development on vowel accuracy for that group. Apart from that group, our 
results suggest that a more advanced lexical development – in French and in both languages – would 
benefit vowel production, as was expected. French-Italian bilingual children are not more advantaged 
by a more advanced general lexical development than French-Arabic bilingual children. Note that 
Kehoe and Havy (2019) found no effect of neither French nor total vocabulary score on PVC 
measures of French-speaking bilingual children aged 2;6 exposed to different L1s.  

 Mixed results were found for the impact of elicitation type. Indeed, this variable does not 
affect vowel accuracy for the French-Mandarin participants. Then, for the French-Italian and French-
Arabic groups, vowels are less accurately produced in unknown repeated words. However, the two 
groups differ with regard to the repetition of known words. Indeed, for the French-Italian group, there 
is no difference between named and known repeated words, whereas the French-Arabic participants 
produce vowels more accurately in spontaneously named words. These results indicate two things. 
First, children are not more accurate when given a model to reproduce, in fact quite the contrary for 
the French-Arabic bilinguals, confirming the results from several studies (Grandon, 2016; Goldstein 
& Fabiano-Smith, 2004). Second, children are less accurate when they do not know the word. This 
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effect was to be expected, given that an additional process of word learning occurs for the production 
of unknown words. As children mobilize their resources on learning a new form-meaning association, 
their productions might lose precision.  Finally, for all three groups, vowel accuracy is better for less 
complex and more frequent words. Vowel accuracy is thus impacted by the two item-related variables 
in the expected direction. In turn, these results support our Complexity Index as a reliable measure to 
assess the complexity of words. 

III.1.4.1.4! Phonological processes 

 Lower rates of substituted and deleted vowels are initially observed in French-Arabic 
bilingual children in comparison to French-Italian and French-Mandarin participants. Then, a similar 
evolution of vowel substitution and deletion rates is globally observed in the three groups with an 
increase of the rate of correct vowels and a decrease of the rate of substituted and deleted vowels with 
age. There is thus no apparent difference in the rates of vowel substitution and deletion between the 
three groups, contrary to our expectations. 

 Then, there is no type of vowel substitution which would be specific to the French-Mandarin 
participants (i.e., only observed in those children), as substitution types are more restricted in that 
group. In contrast, French-Italian bilingual children apply much more diverse types of vowel 
substitution that the two other groups. This can certainly be explained by the larger number of 
participants in this group. Still, it could also result from different production strategies either 
reflecting group-specific and/or individual trends/preferences. Besides, this phenomenon can also be 
related to the initially higher CMintra values observed in the French-Italian, which indicates a greater 
intra-categorical variability in that group. In other words, the greater intra-categorical dispersion 
might be reflected in the perceived vowel substitutions. Although the PHI values are based on the 
three cardinal vowels only, it might be postulated that the other vocalic categories are characterized 
by the same intra-categorical variability. 
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III.2!CONSONANTS 

III.2.1!CONSONANT ACCURACY 

III.2.1.1! Global consonant accuracy 

 To assess the evolution of global consonant accuracy in the children’s productions, we have 
calculated the global percentage of consonants correct (PCC) for all items produced by each 
participant in each session, based on all consonants included in each item, just like for the assessment 
of global vowel accuracy. Global PCC was similarly automatically computed by PHON based on the 
comparison between the phonetic transcriptions of the actual productions vs. the intended targets. In 
total, 2857 items have been analysed.  

 Table 37 presents the mean PCC values for each linguistic group, both globally and for each 
session. We note that global mean PCC values (all sessions combined) are obviously lower and not 
as close to one another than were global mean PVC values. KW test reveals significant differences 
between the groups (Chi square = 92.38, p < .001, df = 2). The global mean PCC value of French-
Italian participants is significantly lower than those of the two other groups (p < .001) which do not 
present significant differences for global PCC.   

 
Linguistic 
group 

 
Total 

number of 
items 
(all 

participants, 
all sessions) 

 
Mean number 
of items per 

child per 
session 

 
Global 
mean         

(and S.D.) 
PCC values 
(all sessions 
combined) 

 
Mean (and S.D.) PCC values  

for each session  
 

 
S1 

 
S2 

 
S3 

 
S4 

French-
Italian 

1733 40 65.64 
(31.75) 

53.38 
(33.25) 

59.77 
(31.48) 

70.23 
(30.72) 

75.97 
(27.19) 

French-
Arabic 

765 38 77.78 
(28.67) 

70.80 
(32.30) 

69.35 
(30.95) 

79.13 
(27.64) 

86.59 
(22.64) 

French-
Mandarin 

359 45 74.35 
(30.49) 

61.24 
(34.46) 

75.54 
(28.18) 

78.12 
(30.9) 

80.61 
(27.7) 

Table 38:! Mean PCC values (and standard deviations) for the three linguistic groups. 

 The line graph below (Figure 45) gives a visual representation of mean PCC values’ evolution 
for global consonant accuracy for each linguistic group across the four sessions. Mean PCC values 
continuously increase over the four sessions for French-Italian bilinguals and, as indicated in Table 
38, mean standard deviation values similarly continuously decrease from S1 to S4. This 
developmental pattern is similar to that described for their mean PVC values (see Figure 37), 
suggesting a parallel development of vowels and consonants in that group. The evolution is less linear 
in the two other groups. Indeed, mean PCC values are initially higher, above 70%, in French-Arabic 
bilinguals and then decline at S2 to subsequently increase during the following sessions. Again, 
evolution curves of global PCC are similar to those of PVC values previously observed for that group. 
The curve of the two French-Mandarin participants goes up sharply from S1 to S2 and then, in a less 
pronounced way from S2 to S4. In contrast to the two other groups, PVC and PCC evolution curves 
are not alike for the two French-Mandarin participants. Indeed, their mean PVC value was barely 
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increasing from S1 to S2 but more blatantly at S3 and was finally declining at S4. Thus, global PCC 
and PVC evolve almost in opposite ways and are inversely proportional at S4 for these two children, 
suggesting a non-parallel development of vowels and consonants.  

 
Figure 45:! Evolution of global PCC values for each linguistic group over the four sessions. 

 Figure 46 presents line graphs with global PCC values for all participants, with separate 
graphs for the three linguistic groups. We observe that PCC values increase rather linearly from S1 
to S4 for almost all children, with one notable exception: the French-Arabic participant B14 for whom 
the PCC curve is sharply falling from S1 to S2. This strong regression results in the falling curve at 
S2 for French-Arabic bilinguals observed in Figure 45. Also, the high PCC value of this participant 
at S1 is due to the fact that this particular child produced only a few words during the first session 
and that the few attempted consonants were rather accurately produced. Like for global PVC, the 
lowest PCC values are mostly seen in the youngest participants, such as the French-Italian participants 
B01, B02, B10 and the French-Arabic participants B05, B06 and B14 (at S2). However, low PCC 
values are also found in two older French-Italian bilingual children (B07 and B08) and in one of the 
French-Mandarin bilinguals (B16). It should be noted that French-Italian participant B07 has the 
lowest No-risk index value, indicating the risk for a potential delay in language development. Still, 
his PCC values are increasing with age. The highest global PCC values can be observed in the oldest 
participants. Global PCC values tend to fluctuate less and to increase more linearly than global PVC 
values.  
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Figure 46:!Evolution of global PCC values over the four sessions for all participants from 
the three linguistic groups. 

 Like with global PVC values, we conducted a series of non-parametrical KW test within each 
linguistic group to investigate the impact of subject-related (session, chronological age, linguistic 
dominance, vocabulary scores, gender and siblings) and item-related (elicitation, phonological 
complexity and lexical frequency) independent variables. As for PVC, subject-related independent 
variables of linguistic dominance, gender and siblings have not been tested on the French-Mandarin 
group as only two individuals are compared and therefore, these variables cannot be distinguishable 
form the subject variable. Results obtained for each variable are presented separately. We precise that 
the effect of siblings was tested only on the French-Italian group, given that the only French-Arabic 
participant who has no siblings appears to be the oldest child who moreover outperforms the other 
children for nearly all measures (as was previously highlighted with global PVC).  

III.2.1.1.1! Independent variables related to the subject 

III.2.1.1.1.1! Session and chronological age 

 The two developmental variables of session and chronological age are presented together 
given that results from the KW tests show a statistically significant effect of both variables on PCC 
values for all three linguistic groups. Pairwise comparisons have been conducted for session (4 levels) 
and stepwise comparisons for chronological age (6 levels). Results are reported in Table 39.  
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Linguistic 
group 

KW results Pairwise and stepwise comparisons 

 
French-
Italian 
 

Session  Chi square = 125.36  
p < .001, df = 3 

All four sessions are statistically different                        
(p <.001) with a difference less marked 
between S1 and S2 (p=.043) and between S3 
and S4 (p=.043) 

Chronological 
age 

Chi square = 123 
p < .001, df = 5 

One homogeneous subset: 
Age ranges 1 - 2 - 3 

 
French-
Arabic 
 

Session  Chi square = 45.36 
p < .001, df = 3 

There are statistically differences between all 
sessions (p <.001), except between S1-S2 and 
S1- S3                 
The difference is less marked between S2 and 
S3 (p=.004) and between S3 and S4 (p=.028) 

Chronological 
age 

Chi square = 111.04  
p < .001, df = 5 

Two homogeneous subsets: 
Age ranges 1 – 3 and age ranges 5 - 6 

French-
Mandarin 

Session  Chi square = 36.36  
p < .001, df = 3 

S1 is statistically different from all other 
sessions (p <.001) 

Chronological 
age 

Chi square = 34.9  
p = .001, df = 3 

One homogeneous subset: 
Age ranges 3 – 4 - 5 

Table 39:! Results of KW tests with session and chronological age as grouping variables for the 
three linguistic groups. 

 For all three linguistic groups, there are thus statistically significant differences in PCC values 
between the different sessions and chronological age ranges. Figure 47 presents mean PCC values 
(+/- 1 standard deviation) for each session and each age range in the three groups. As can be seen, 
PCC values globally increase with session and chronological age for all three groups, except for a 
slight decrease at S2 and for the second age range for French-Arabic participants. We also note a 
strong increase in PCC values from the second to the third age range in French-Mandarin participants.
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Figure 47:!Mean PCC values (+/- 1 standard deviation) as a function of session and 
chronological age for the three groups.

III.2.1.1.1.2! Linguistic dominance 

 A significant effect of linguistic dominance was found for the French-Arabic group (Chi 
square = 11.04, p = .004, df = 2). Moreover, pairwise comparisons indicate significant differences 
only between French-dominant children and balanced bilinguals (p = .004), with lower PCC values 
for the balanced bilinguals. PCC values from French-dominant and Arabic-dominant children are 
thus not statistically different, as shown by Figure 48. 
 

 

Figure 48:!Mean PCC values (+/- 1 standard deviation) as a function of linguistic dominance 
for the French-Arabic group. 
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III.2.1.1.1.3! Gender 

 Results from the KW tests show a significant effect of gender for the French-Italian (Chi 
square = 7, p = .008, df = 1) and French-Arabic groups (Chi square = 11.45, p = .001, df = 1). Girls 
appear to have higher PCC values in the French-Italian group, whereas boys perform better in the 
French-Arabic group, as shown by Figure 49. 

 

Figure 49:!Mean PCC values (+/- 1 standard deviation) as a function of gender for the three 
groups. 

III.2.1.1.1.4! Siblings (tested only for the French-Italian group) 

 A significant effect of siblings was found for the French-Italian group (Chi square = 4.54, p 
= .03, df = 1), meaning that there are significant differences in PCC values between the children with 
and without siblings. Moreover, the PCC values are significantly higher in children with siblings. 

III.2.1.1.1.5! Vocabulary scores 

 The KW tests showed a significant effect of the two vocabulary scores (i.e., French and total) 
on PCC values for all three groups. Results are reported in Table 40.  
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Linguistic 
group 

KW results Stepwise-stepdown comparisons 

 
French-Italian 
 

French 
vocabulary 
score  

Chi square = 190.8,  
p < .001 
df = 4 

No homogeneous subset, all vocabulary 
ranges are different 

Total 
vocabulary 
score 

Chi square = 178.4,  
p < .001 
df = 4 

One homogeneous subset: 
Score ranges 2 - 3 
 

 
French-
Arabic 
 

French 
vocabulary 
score  

Chi square = 115.5,  
p < .001 
df = 4 

One homogeneous subset: 
Score ranges 4 - 5 
 

Total 
vocabulary 
score 
 

Chi square = 130.5,  
p < .001 
df = 4 

One homogeneous subset: 
Score ranges 3 - 4 - 5 
 

 
French-
Mandarin 
 

French 
vocabulary 
score  

Chi square = 30.8,  
p < .001 
df = 3 

One homogeneous subset: 
Score ranges 2 – 3 - 4 
 

Total 
vocabulary 
score 

Chi square = 15.8,  
p = .001 
df = 3 

Two homogeneous subsets: 
Score ranges 1- 2 - 4 
Score ranges 1 - 3 - 4 

Table 40:! Results of KW tests with vocabulary scores as a grouping variable for the three 
groups. 

 These results indicate that, for all three groups, there are statistically significant differences 
in PCC values between children with different French and total vocabulary scores. Stepwise-
stepdown comparisons yield slightly different homogenous subsets for the different vocabulary scores 
for each group but globally, PCC values increase alongside the lexical development.  

III.2.1.1.2! Independent variables related to the item 

III.2.1.1.2.1! Elicitation technique 

 Results from the KW tests showed a significant effect of elicitation on PCC values for all 
three groups (see Table 41, naming = elicitation 1, repetition of known words = elicitation 2, repetition 
of unknown words = elicitation 3). 
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Linguistic 
group 

 

KW results 
 

Pairwise comparisons 

 
French-
Italian 

Chi square = 51.46  
p = .008 
df = 2 

There are significant differences between 
elicitation 3 and elicitation types 1 and 2 (p < .001) 

 
French-
Arabic 

Chi square = 105.1 
p < .001 
df = 2 

All elicitation types are significantly different 
(p value < .001) 

 
French-
Mandarin 

Chi square = 12.3  
p = .002 
df = 2 

 There are significant differences between 
elicitation 1 and 3 (p < .001) 

Table 41:! Results of KW tests with elicitation technique as a grouping variable for the three 
groups. 

 Globally, PCC values are lower for unknown repeated words but pairwise comparisons yield 
slightly different tendencies for all three groups. Indeed, there is a significant difference between PCC 
values for repetition of unknown words and PCC values for both naming and repetition of known 
words for the French-Italian group, as previously observed with global PVC values. PCC values of 
all three elicitation types are significantly different for the French-Arabic group and PCC values for 
repetition of unknown words are only significantly different from those for naming for the French-
Mandarin participants. Figure 50 offers a clear visualization of these tendencies.  

 
Figure 50:!Mean PCC values (+/- 1 standard deviation) as a function of elicitation (naming = 
elicitation 1, repetition of known words = elicitation 2, repetition of unknown words = 
elicitation 3) for the three groups. 
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III.2.1.1.2.2! Phonological complexity and lexical frequency 

 The item-related variables of phonological complexity and lexical frequency are again 
presented together given that results from the KW tests show a statistically significant effect of both 
variables and similar tendencies for all three linguistic groups. Results are reported in Table 42.  

Linguistic 
group 

 

KW results 
 

Pairwise comparisons 

 
French-
Italian 
 

Phonological 
complexity  

Chi square = 
82.6  
p < .001 
df = 2 

 There are statistical differences between PCC 
values of all three ranges of phonological 
complexity (p <.001) 
 

Lexical 
frequency 

Chi square = 9.1 
p = .003 
df = 1 

 
/ 
 

 
French-
Arabic 
 

Phonological 
complexity 

Chi square = 
26.7 
p < .001 
df = 2 

There are statistical differences between PCC 
values of all three ranges of phonological 
complexity (p <.001) except between ranges 2-3   

Lexical 
frequency  

Chi square = 9.3  
p = .002 
df = 1 

 
/  

French-
Mandarin 

Phonological 
complexity 

Chi square = 8.5  
p < .001 
df = 2 

 There are statistical differences between PCC 
values of ranges 1 and 3 (p = .01) 

Lexical 
frequency  

Chi square = 6.7  
p = .01 
df = 1 

 
/ 

Table 42:! Results of KW tests with phonological complexity and lexical frequency as grouping 
variables for the three linguistic groups. 

 These results indicate that, for all three groups, there are statistically significant differences 
in PCC values between items of different phonological complexity and lexical frequency. As for 
PVC, the effect of lexical frequency is less significant for French-Mandarin bilinguals than for 
French-Italian and French-Arabic. Pairwise comparisons yield similar tendencies for the three groups 
except for the fact that there are only significant differences between PCC values of not complex and 
highly complex items for the French-Mandarin bilinguals and no statistical differences between PCC 
values of moderately and highly complex items for the French-Arabic bilinguals. As can be seen in 
Figure 51, PCC values decrease as the level of phonological complexity increases, whereas they 
increase as the level of lexical frequency increases in all three linguistic groups. 
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Figure 51:!Evolution of the mean PCC values (+/- 1 standard deviation) as a function of 
phonological complexity (1 = not complex words, 2 = moderately complex, 3 = complex) and 
lexical frequency (1 = not frequent, 2 = frequent) for the three groups. 

 Before moving to the next section, Table 43 summarizes the results obtained for each variable 
separately in each linguistic group.  

Independent Variable French-Italian French-Arabic French-Mandarin 
Session Chi square = 125.36  

p < .001, df = 3 
Chi square = 45.36 
p < .001, df = 3 

Chi square = 36.36  
p < .001, df = 3 

Chronological Age Chi square = 123 
p < .001, df = 5 

Chi square = 111.04  
p < .001, df = 5 

Chi square = 34.9  
p = .001, df = 3 

Linguistic dominance  
 

 
NS 

Chi square = 11.04, 
p = .004, df = 2  

Gender 
 

Chi square = 7,  
p = .008, df = 1 

Chi square = 11.45, 
p = .001, df = 1 

 

Presence of Siblings Chi square = 4.54,  
p = .03, df = 1 

 
 

 

French Vocabulary score  Chi square = 190.8,  
p < .001, df = 4 

Chi square = 115.5,  
p < .001, df = 4 

Chi square = 30.8,  
p < .001, df = 3 

Total Vocabulary score Chi square = 178.4,  
p < .001, df = 4 

Chi square = 130.5,  
p < .001, df = 4 

Chi square = 15.8,  
p = .001, df = 3 

Elicitation technique Chi square = 51.46  
p = .008, df = 2 

Chi square = 105.1 
p < .001, df = 2 

Chi square = 12.3  
p = .002, df = 2 

Phonological complexity Chi square = 82.6  
p < .001, df = 2 

Chi square = 26.7 
p < .001, df = 2 

Chi square = 8.5  
p < .001, df = 2 

Lexical frequency Chi square = 9.1 
p = .003, df = 1 

Chi square = 9.3  
p = .002, df = 1 

Chi square = 6.7  
p = .01, df = 1 

Table 43:! KW tests results on PCC values.  
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III.2.1.1.3! Comparison with monolingual children 

 We now compare the mean PCC values (and standard deviations) that were obtained in our 
three bilingual groups with similar measures reported in the literature concerning monolingual 
children. As previously mentioned, MacLeod and collaborators (2011) examined French consonantal 
acquisition in a large cohort of Canadian children aged 20-53 months and made available the mean 
PCC and standard deviation values for six defined age ranges (from 23 to 53 months). Mean PCC 
values and standard deviations of monolingual and bilingual children from the two studies are 
presented in the two line graphs below (Figures 52 and 53) for the different age ranges selected by 
MacLeod et al. (2011). The following Table 44 summarizes all measures for all children’s groups. 

 

Figure 52:!Mean PCC values of monolingual and bilingual children for the different age 
ranges. 

 
Figure 53:!Mean standard deviations of monolingual and bilingual children for the different 
age ranges.
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Age 
ranges 

Mean 
PCC  
Mono-
linguals 

Mean 
SD 
Mono-
linguals 

Mean 
PCC 
French-
Italian 

Mean 
SD 
French-
Italian 

Mean 
PCC 
French-
Arabic 

Mean 
SD 
French-
Arabic 

Mean 
PCC 
French-
Mandarin 

Mean        
SD 
French-
Mandarin 

20-23 57.4 16.3 52.26 34.04 77.78 19.24   

24-29 68.8 16.6 57.24 32.94 56.82 32.91 46.01 34.65 

30-35 81.5 12.7 58.94 33.1 72.06 29.16 73.96 27.77 

36-41 87.8 7.7 69.73 28.94 82.66 25.32 75.11 32.61 

42-47 89.9 10.4 77.08 27.32 88.75 22.09 81.62 25.13 

48-53 95.3 4.9 88.91 21.21 90.89 18.12   

Table 44:! Mean PCC and standard deviation values for monolinguals and all three bilingual 
groups. 

 As can be observed from both graphs above, monolinguals outperform all three bilingual 
groups on all age ranges, having higher PCC values and much lower standard deviation values, which 
indicates a greater variability in bilingual children. Still, the French-Arabic group displays very close 
PCC values to those of monolinguals for the three last age ranges (i.e., from 36 to 53 months). They 
even initially outperform monolinguals but then their PCC values decline – and their standard 
deviation increases in parallel – to get closer to the values of the French-Italian group. These latter 
globally display the lowest PCC values and highest standard deviations but catch up with French-
Arabic and monolingual children in the last age range (i.e., between 48 and 53 months). More 
fluctuation is seen in the PCC and standard deviation values of the French-Mandarin group which 
shows a strong increase between 30 and 35 months to subsequently fall between the two bilingual 
groups (above French-Italian but below French-Arabic participants). 

III.2.1.2! Accuracy of targeted syllabic constituents and fricatives 

III.2.1.2.1!Consonants in targeted syllabic constituents 

 Based on the PCC measure, we assessed the evolution of consonant accuracy in different 
targeted syllabic constituents, namely: (1) word-final singleton codas, (2), word-initial branching 
onsets, (3) word-final complex codas. To this end, a nuanced PCC was calculated for the set of items 
previously listed (see Table 24) for all participants’ sessions. In total, 1127 items have been analysed 
for word-final codas, 695 items for word-initial branching onsets and 378 items for word-final 
complex codas.  

 Each syllabic constituent will be discussed separately, using the same approach and 
presentation structure as previously with global PVC and PCC. The evolution of mean PCC values 
for each linguistic group over the four sessions is first described, followed by the description of all 
individual PCC curves within each linguistic group. Then, the time evolution of accuracy for each 
syllabic constituent is described as a function of consonant manner class for word-final codas and 
across cluster types for word-initial branching onsets and word-final complex codas. To avoid 
redundancy, results from the series of KW test conducted within each linguistic group to investigate 
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the impact of subject-related and item-related independent variables will be presented globally for 
both targeted syllabic constituents and fricatives in a separate upcoming section. 

III.2.1.2.1.1! Word-final singleton codas 

 Table 44 presents the mean PCC values for word-final codas for each linguistic group, both 
globally and separately for each session. KW test reveals significant differences between the groups 
(Chi square = 20.96, p < .001, df = 2). The PCC values of French-Italian participants are significantly 
lower than those of the French-Arabic (p < 0.001) and French-Mandarin bilinguals (p = .01) which 
are not significantly different from one another.  

 
Linguistic 
group 

 
Total number 

of items 
(all 

participants, 
all sessions) 

 
Mean 

number of 
items per 
child per 
session 

 
Global mean 

(and S.D.) 
PCC values 
(all sessions 
combined) 

 
Mean (and S.D.) PCC values  

for each session  
 

 
S1 

 
S2 

 
S3 

 
S4 

French-
Italian 

681 15 61.31 
(48.73) 

55.17 
(49.90) 

58.47 
(49.42) 

62.23 
(48.6) 

67.95 
(46.79) 

French-
Arabic 

303 15 74.91 
(43.42) 

65.21 
(48.15) 

73.33 
(44.51) 

74.44 
(43.86) 

81.52 
(39.02) 

French-
Mandarin 

143 18 73.42 
(43.32) 

54.55 
(50.56) 

78.95 
(41.31) 

81.82 
(39.16) 

76.92 
(42.68) 

Table 45:! Mean PCC values (and standard deviations) for the three linguistic groups. 

 Figure 54 allows visualizing the evolution of mean PCC values for word-final codas for each 
linguistic group over the four sessions. French-Italian participants display lower PCC values than 
those of the two other groups and their values are slightly and linearly increasing over the four 
sessions, as their mean standard deviations similarly decrease (see Table 45). French-Arabic 
participants present the highest mean PCC values for the first and last sessions with mean standard 
deviation values decreasing at each session (see Table 45). Finally, the evolution is less linear for the 
two French-Mandarin participants who begin with the lowest PCC values and, in contrast, have the 
highest mean values at S2 and S3. Their values then decrease at S4, falling between those of the two 
other groups. 
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Figure 54:!Evolution of PCC values for word-final codas for each group over the four sessions. 

 Figure 55 presents the individual PCC curves for word-final codas, with separate graphs for 
the three linguistic groups. The French-Italian group’s mean PCC values are globally lower than those 
of the two other groups, whether in younger and older participants. Moreover, values are rather 
fluctuating between sessions for most participants. However, there is one notable exception: the 
participant B10 whose PCC values strongly increase from S1 to S4. Still, the maximal value obtained 
at S4 is again explained by the fact that this child produced fewer items on that particular session and 
that all attempted word-final codas were correctly produced. Higher mean PCC values are exhibited 
by French-Arabic participants, whether in younger and older children. A sharp increase is observed 
at S2 for the youngest child (B14) who initially does not produce any correct word-final codas. As 
for B10, this particular pattern can be explained by the fact that this child produced only a few items 
at S1 but that, unlike B10, all attempted word-final codas were incorrectly produced. The French-
Mandarin participant B15 presents very high PCC values with a slight regression at S4. In contrast, 
the other child (B16) begins with low PCC values (under 40%) at S1 that strongly increase at S2 and 
rather stagnate between S3 and S4. 
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Figure 55:!Evolution of PCC values for word-final codas over the four sessions for all 
participants from the three linguistic groups. 

 The evolution of accuracy for word-final codas was also investigated as a function of the 
consonants’ manner of articulation. Figure 56 presents the evolution of PCC values over the four 
sessions for: (1) stops, (2) fricatives, (3) nasals, (4), liquids, (5) rhotics and (6), glides. For all three 
groups, the lowest PCC values are observed for stops and fricatives, especially for the French-Italian 
group and the highest PCC values are globally observed for glides and the liquid /l/. PCC values of 
the rhotic are particularly high and remain stable over the four sessions for the French-Arabic group. 
Glides and the liquid /l/ have particularly high values for the French-Mandarin group and nasals are 
more accurately produced by French-Italian bilingual children. PCC values are decreasing for the 
French-Mandarin participants at S4 which probably result from the regression observed for the 
participant B15 in Figure 55. 
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Figure 56:!Mean PCC values for word-final codas by manner class for each group over the 
four sessions. 

III.2.1.2.1.2! Word-initial branching onsets  

 Table 45 presents the mean PCC values for word-initial branching onsets for each linguistic 
group, both globally and for each session. Global mean PCC values (all sessions combined) from the 
three groups are different. French-Italian participants have the lowest global mean PCC value and the 
highest mean standard deviation and French-Arabic bilinguals display the highest global mean value 
and the lowest mean standard deviation. KW test reveals significant differences between the groups 
(Chi square = 10.87, p = .004, df = 2). Pairwise comparisons show that only the French-Italian and 
the French-Arabic groups have significantly different PCC values (p = .003). 
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Linguistic 
group 

 
Total 

number of 
items 
(all 

participants, 
all sessions) 

 
Mean 

number of 
items per 
child per 
session 

 
Global mean 

(and S.D.) 
PCC values 
(all sessions 
combined) 

 
Mean (and S.D.) PCC values  

for each session  
 

 
S1 

 
S2 

 
S3 

 
S4 

French-
Italian 

423 10 67.25 
(34.87) 

52.77 
(36.31) 

60.90 
(32.94) 

73.45 
(35.4) 

78.5 
(29.72) 

French-
Arabic 

185 10 77.02 
(31.69) 

76.92 
(32.34) 

62.5 
(37.89) 

81.48 
(27.97) 

85.1 
(24.94) 

French-
Mandarin 

87 11 70.3 
(36.86) 

55.26 
(43.76) 

73.48 
(33.19) 

70.45 
(36.7) 

79.17 
(32.7) 

Table 46:! Mean PCC values (and standard deviations) for the three linguistic groups. 

 The evolution of mean PCC values for word-initial branching onsets is represented for each 
linguistic group over the four sessions in Figure 57. Again, French-Italian participants display lower 
mean PCC values than those of the two other groups and their values linearly increase over the four 
sessions, with a steeper increase from S2 to S3. The evolution of accuracy over time is the least linear 
in the French-Arabic group. Starting with the highest mean PCC values and the lowest mean standard 
deviation values at S1, French-Arabic participants undergo a regression at S2, but still have superior 
values to those of French-Italian bilinguals. They have again the highest mean PCC on S3 and S4. 
The French-Mandarin group begins with low mean PCC values (and the highest mean standard 
deviation values) at S1 and, in contrast, displays the highest mean value at S2. Their mean PCC and 
standard deviation values come close to those of French-Italian at S3 and S4. 

 
Figure 57:!Evolution of PCC values for word-initial branching onsets for each linguistic group 
over the four sessions. 
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 Figure 58 presents the individual PCC curves for word-initial branching onsets, with separate 
graphs for the three linguistic groups. PCC values are fluctuating and variable from one subject to the 
other in the French-Italian group. Indeed, very low values can be observed in the first two sessions of 
the participant B02, whereas the participants B09, B10 and B13 display maximal values at S1 (for 
B09 and B13) and at S4 (for B10). As was already the case for word-final codas for the participant 
B10, these three children produced fewer words involving word-initial branching onsets and all 
branching onsets tempted were accurately produced. Less fluctuating curves can be observed in the 
French-Arabic participants. The younger participants B05 and B14 initially present very low values 
which strongly increase at S2 for B14 and at S3 for B05 (which explains the regression observed at 
S2 for the French-Arabic group in Figure 57). These initial low values indicate opposite production 
patterns than those of the French-Italian participants B09, B10 and B13; that is, B05 and B14 initially 
also produced fewer words involving word-initial branching onsets but when tempted, branching 
onsets were rather inaccurately produced. From about 32 months of age, PCC values from all French-
Arabic participants are above 60%. Finally, the French-Mandarin participant B15 presents relatively 
high PCC values from the start and show slight improvement over the next sessions. In contrast, the 
other child (B16) begins with low PCC values at S1 that strongly rise at S2 and evolve not much at 
S3 and S4. 

 

 

Figure 58:!Evolution of PCC values for word-initial branching onsets over the four sessions 
for all participants from the three linguistic groups. 
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 Figure 59 presents the evolution of PCC values for word-initial branching onsets by cluster 
type over the four sessions for each linguistic group. Three types of consonant sequences in word-
initial position are included in our corpus: (1) obstruent-liquid (as in [flœʁ], i.e., fleur), (2) obstruent-
rhotic (as in [bʁa], i.e., bras) and (3), obstruent-glide (as in [pwasɔ̃], i.e., poisson). Globally, for all 
three groups, obstruent-liquid sequences are more accurately realized, followed by obstruent-glide 
sequences and in last position, obstruent-rhotic sequences. A less linear development is observed for 
obstruent-rhotic sequences in the French-Arabic group and the French-Mandarin participants display 
very low values for this type of cluster at S1. 

 

Figure 59:!Mean PCC values for word-initial branching onsets by cluster type for each group 
over the four sessions. 

III.2.1.2.1.3! Word-final complex codas  

 Table 46 presents the mean PCC values for word-final complex codas for each linguistic 
group, both globally and for each session. The global mean PCC values (all sessions combined) from 
the three groups are different. KW test reveals significant differences between the groups (Chi square 
= 39.95, p < .001, df = 2). Pairwise comparisons show that PCC values of the French-Arabic group 
significantly differ from those of French-Italian (p <.001) and French-Mandarin participants (p = 
.001), the latter being not significantly different from each other.  
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Linguistic 
group 

 
Total 

number of 
items 
(all 

participants, 
all sessions) 

 
Mean 

number of 
items per 
child per 
session 

 
Global mean         

(and S.D.) 
PCC values 
(all sessions 
combined) 

 
Mean (and S.D.) PCC values  

for each session  
 

 
S1 

 
S2 

 
S3 

 
S4 

French-
Italian 

227 5 42.51 
(34.13) 

33.68 
(30.98) 

30.50 
(28.44) 

48.15 
(36.79) 

53.38 
(33.88) 

French-
Arabic 

101 5 70.13 
(33.36) 

57.14 
(36.81) 

58.33 
(32.6) 

73.56 
(34.07) 

80.88 
(28.47) 

French-
Mandarin 

50 6 46.66 
(38.68) 

18.33 
(33.74) 

47.62 
(36.89) 

40.28 
(35.86) 

71.43 
(32.96) 

Table 47:! Mean PCC values (and standard deviations) for the three linguistic groups. 

 Figure 60 presents the evolution of mean PCC values for word-final codas for each linguistic 
group over the four sessions. The French-Arabic group obviously displays higher PCC values 
increasing more linearly than those of the two other groups. The French-Mandarin participants 
display the less linear development of word-final complex codas’ accuracy. They initially display 
very low mean PCC values that increase sharply at S2. Their mean PCC values decline at S3 to again 
strongly rise at S4. Mean PCC values of the French-Italian group increase much more slowly with a 
slight decrease at S2 to reach 50% of correct realizations at S4.   

 
Figure 60:!Evolution of PCC values for word-final complex codas for each linguistic group 
over the four sessions. 
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 Figure 61 presents the individual PCC curves for word-final complex codas, with separate 
graphs for the three linguistic groups. It should be noted that not all sessions are represented on the 
graph for the two youngest subjects, namely the French-Italian participant B10 and the French-Arabic 
participant B14. This results from the fact that those children did not produce items comprising word- 
final complex codas on those particular sessions. We observe that, globally, PCC values are very low 
for the younger children. Again, very fluctuating and variable PCC values can be observed in French-
Italian participants. Most younger children have low PCC values except for the participant B12. PCC 
values get higher from 36 months of age, as shown by the curves of the participants B03, B07 and 
B17. Similar individual patterns as for word-initial branching onsets are seen in the French-Arabic 
group: very low PCC values for the younger participants and much higher values from 28-29 months, 
indicating fast improvement in that group. Besides, the two older French-Arabic participants (B04 
and B11) present the highest PCC values for all groups combined. As usual, the French-Mandarin 
participant B15 shows a rather slow and linear development but his PCC values are lower than for 
the other syllabic constituents investigated. PCC values of the participant B16 fluctuate a lot but we 
observe a steep increase from S1 (0%) to S4 (almost 80%). 

  

 

Figure 61:!Evolution of PCC values for word-final complex codas over the four sessions for 
all participants from the three linguistic groups. 
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 Figure 62 presents the evolution of PCC values for word-final complex codas by cluster type 
over the four sessions for each linguistic group. There are two types of consonant sequences in word-
final position included in our corpus: (1) obstruent-liquid (as in [livʁ], i.e., livre) and (2), liquid-
obstruent (as in [paʁk], i.e., parc). For the French-Italian and French-Arabic groups, liquid-obstruent 
sequences have higher PCC values on almost all sessions. For the French-Italian participants, the two 
types of clusters have close PCC values until S4 at which liquid-obstruent sequences are clearly more 
accurately realized than obstruent-liquid sequences. Liquid-obstruent sequences are steadily better 
produced than obstruent-liquid sequences during the first three sessions of French-Arabic bilingual 
children and PCC values of both cluster types become very close at S4. The opposite pattern is seen 
in the French-Mandarin participants for whom obstruent-liquid sequences have initially higher PCC 
values until S3 at which the trend is reversing. 

 

Figure 62:!Mean PCC values for word-final complex codas by cluster type for each group over 
the four sessions. 

III.2.1.2.2! Fricatives  

 In addition to consonants in targeted syllabic constituents, the accuracy of the targeted 
fricatives (i.e., the alveolars /s, z/ and post-alveolars /ʃ, ʒ/) was similarly longitudinally investigated. 
To this end, a nuanced PCC was calculated for the set of items previously listed (see Table 23) for all 
participants’ sessions. In total, 962 items have been analysed for the subset of fricatives. In the 
presentation of the results below, we first examine the evolution of mean PCC values for each 
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linguistic group across the four sessions, followed by the description of individual PCC curves within 
each linguistic group. Then, the evolution of accuracy is examined for each fricative taken separately. 

 Table 47 presents the mean PCC values for the targeted fricatives for each linguistic group, 
both globally and for each session. The global mean PCC values (all sessions combined) from the 
three groups are different. KW tests reveals a statistically significant effect of the linguistic group 
(Chi square = 83.89, p < .001, df = 2). Pairwise comparisons show that PCC values from the French-
Italian group significantly differ from those of the two other groups (p <.001) which are not 
significantly different from one another. 

 
Linguistic 
group 

 
Total 

number of 
items 
(all 

participants, 
all sessions) 

 
Mean 

number of 
items per 
child per 
session 

 
Global mean 

(and S.D.) 
PCC values 
(all sessions 
combined) 

 
Mean (and S.D.) PCC values  

for each session  
 

 
S1 

 
S2 

 
S3 

 
S4 

French-
Italian 

583 13 37.86 
(47.15) 

26.89 
(43.56) 

27.58 
(43.67) 

44.57 
(47.99) 

48.70 
(48.66) 

French-
Arabic 

260 13 69.42 
(44.78) 

54.76 
(49.15) 

62.9 
(46.98) 

64.18 
(47.19) 

86.58 
(32.44) 

French-
Mandarin 

119 15 61.34 
(47.58) 

43.75 
(49.59) 

54.83 
(47.18) 

61.29 
(49.51) 

80.3 
(39.4) 

Table 48:! Mean PCC values (and standard deviations) for the three linguistic groups. 

 Figure 63 gives a graphic representation of the mean PCC values’ evolution for targeted 
fricatives for each linguistic group over the four sessions. It appears that the French-Arabic and 
French-Mandarin groups display very similar developmental curves for the evolution of fricatives’ 
accuracy, with higher mean PCC values for the French-Arabic bilinguals (especially at S1 and S2). 
Initially very close, mean standard deviations of these two groups begin to differ at S4 at which that 
of French-Arabic bilinguals is the lowest (see Table 48). Both groups achieve above 80% of correct 
fricatives at S4. In contrast, the French-Italian group presents much lower mean PCC values at all 
sessions, barely increasing from S1 to S2 and ending up with less than 50% of correct realizations 
(and the highest mean standard deviation) at S4. 
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Figure 63:!Evolution of PCC values for targeted fricatives for each group over the four 
sessions. 

  

 Figure 64 presents the individual PCC curves for targeted fricatives, with separate graphs for 
the three linguistic groups. Almost none of the French-Italian participants have PCC values above 
60%, except for a couple of them: B09, B12 and B17. Again, for B09, the initial maximal value is 
explained by the fact that few words with fricatives are initially produced and when tempted, 
fricatives are accurately produced. Consequently, a decline is observed at S2 when the child produces 
more words with fricatives. PCC values appear to be variable from one participant to the other in the 
French-Arabic group. The same pattern observed for B09 is seen for the participant B14. The 
participant B06 displays particularly high PCC values compared to all other subjects of that age and 
the highest value at S4. A rather linear development is seen for the older participants B04 and B11. 
Finally, the same linear developmental pattern is found for the French-Mandarin participant B15 and 
again, PCC values are more fluctuating for the younger participant B16 with a strong improvement 
from S1 to S4. 
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Figure 64:!Evolution of PCC values for fricatives over the four sessions for all participants 
from the three linguistic groups. 

 Figure 65 presents the evolution of PCC values for each consonant (/s, z, ʃ, ʒ/) over the four 
sessions for each linguistic group. Globally, for all three groups, the lowest PCC values are exhibited 
by the post-alveolar /ʒ/, and remain very low until S4 for French-Italian participants (i.e., below 40 
%). The alveolar /s/ has the highest PCC values for the French-Italian and French-Arabic participants, 
however at different levels (above 80 % for the French-Arabic group and below 80 % for the French-
Italian group). The post-alveolar /ʃ/ is much less well realized by the French-Italian participants than 
by French-Arabic and French-Mandarin bilinguals. It seems that French-Arabic produce better the 
two voiceless fricatives (/s, ʃ/) than their voiced equivalents (/z, ʒ/), while French-Italian realize 
alveolars (/s, z/) more accurately than post-alveolars (/ʃ, ʒ/). Another pattern is found in French-
Mandarin participants for whom the two voiceless fricatives (/s, ʃ/) have very close PCC values and 
the voiced alveolar /z/ is most accurately produced on all sessions. Finally, PCC values of all four 
fricatives are getting closer to one another at S4 for the French-Arabic and French-Mandarin 
participants. 
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Figure 65:!Mean PCC values for the different fricatives for each group over the four 
sessions. 

 Like with global PVC and PCC, we conducted a series of non-parametrical KW tests within 
each linguistic group to investigate the impact of subject-related and item-related independent 
variables on the different nuanced PCC measures; that is: (1) PCC values for word-final codas, (2) 
PCC values for word-initial branching onsets, (3) PCC values for word-final complex codas and (4), 
PCC values for fricatives. To recall, subject-related independent variables involve the two 
developmental variables of session and chronological age, linguistic dominance, gender, siblings and 
both vocabulary scores. In regards to item-related independent variables, phonological complexity 
was not included in the subsequent analyses. Indeed, given the limited subset of items involving the 
targeted syllabic constituents and fricatives, all levels of phonological complexity could not have 
been included in the analyses. As previously, we describe the results obtained for each variable 
separately. Again, the effect of subject-related independent variables of linguistic dominance, gender 
and siblings are not tested on the French-Mandarin group given that all three variables are confounded 
with the subject. As with global PCC, the effect of siblings was only tested on the French-Italian 
group, given that the only French-Arabic participant who has no siblings appears to be the oldest 
child of that group who outperforms the other children for nearly all measures.  
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III.2.1.2.3! Independent variables related to the subject 

III.2.1.2.3.1! Session and chronological age 

 Results for the two developmental variables of session and chronological age are presented 
together. For all three linguistic groups, results from the KW tests show a statistically significant 
effect of both variables on all nuanced PCC values, with the following exceptions:  

!!  no effect of session was found for PCC values of word-final codas in the French-Italian and 
French-Arabic groups, indicating no statistical differences between the PCC values of word-
final codas for the different sessions; 

 
!! no effect of chronological age was found for PCC values of word-final codas in the French-

Italian participants, indicating no statistical differences between the PCC values of word-final 
codas for the different age ranges; 

 
 
!! no effect of session was found for PCC values of word-initial branching onsets in the French-

Mandarin group, indicating no statistical differences between the PCC values of word-initial 
branching onsets for the different sessions. 

 
 Results and post-hoc comparisons are reported in Table 49 with non-significant results 
highlighted in grey. Apart from the mentioned exceptions, the effect goes in the same direction for 
all groups, as nuanced PCC values are all increasing with chronological age and over subsequent 
sessions. 

 

SESSION 
 

 
French-Italian 

 
French-Arabic 

 
French-Mandarin 

Word-final 
codas 

Chi square = 6.3 
p = .09, df = 3 

/ 

Chi square = 4.5, 
p = .2, df = 3 

/ 

Chi square = 8, 
p = .04, df = 3 

S1 is different from all 
other sessions 

Word-initial 
branching onsets 

Chi square = 36.13 
p < .001, df = 3 

S1 different from S3-S4 
S2 different from S3 

Chi square = 12.4, 
p = .006, df = 3 

S2 is different from S3 – S4 

Chi square = 3.9, 
p = .3, df = 3 

/ 

Word-final 
complex codas 

Chi square = 17.1 
p = .001, df = 3 

S2 different from S3-S4                
S1 different from S4 

Chi square = 8.5, 
p = .03, df = 3 

S2 is different from S4 

Chi square = 11.8, 
p = .008, df = 3 

S1 is different from S4 

Fricatives Chi square = 25.4 
p < .001, df = 3 

S1 different from S3-S4                                   
S2 different from S3 

Chi square = 18.4, 
p < .001, df = 3 

S4 is different from all other 
sessions 

Chi square = 9.3, 
p = .02, df = 3 

S1 is different from S4 
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AGE 

 

French-Italian 

 

French-Arabic 

 

French-Mandarin 

Word-final 
codas 

Chi square = 10.6 
p = .5, df = 5 

/ 

Chi square = 15.2 
p = .009, df = 5 

One homogeneous subset: 
age ranges 4-5-6 

Chi square = 17.9 
p < .001, df = 3 

One homogeneous subset: 
age ranges 3-4-5 

Word-
initial 
branching 
onsets 

Chi square = 46.5 
p < .001, df = 5 

One homogeneous 
subset: age ranges 1-2-3 

Chi square = 37.1 
p < .001, df = 5 

One homogeneous subset: 
age ranges 4-5-6 

Chi square = 9.7 
p = .02, df = 3 

Two homogeneous 
subsets: age ranges 2-3-4 

and 3-4-5 

Word-final 
complex 
codas 

Chi square = 24.6 
p < .001, df = 5 

One homogeneous 
subset: age ranges 2-3 

Chi square = 35.04 
p < .001, df = 5 

One homogeneous subset: 
age ranges 4-5-6 

Chi square = 16.3 
p = .001, df = 3 

Two homogeneous 
subsets: age ranges 3-4 

and 3-5 
Fricatives Chi square = 23.9 

p < .001, df = 5 
One homogeneous 

subset: age ranges 1 to 5 

Chi square = 13.2 
p = .02, df = 5 

Two homogeneous subsets:   
age ranges 2-3-4 and 5-6 

Chi square = 10.6 
p = .01, df = 3 

One homogeneous subset: 
age ranges 2-3-4 

Table 49:! Results of KW tests with session and chronological age as grouping variables for the 
three linguistic groups. 

III.2.1.2.3.2! Linguistic dominance 

 A statistically significant effect of linguistic dominance was found for the French-Arabic 
group only for the nuanced PCC values of fricatives (Chi square = 6.8, p = .03, df = 2). Pairwise 
comparisons show that there are only significant differences between non-French dominant children 
and balanced bilinguals (p = .03). As shown by Figure 66, non-French dominant children have slightly 
higher values than French-dominant children. 

 

Figure 66:!Mean PCC values of fricatives (+/- 1 standard deviation) as a function of linguistic 
dominance for the French-Arabic group. 
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III.2.1.2.3.3! Gender 

 A statistically significant effect of gender was found only for the nuanced PCC of word-
branching onsets (Chi square = 4.1, p = .04, df = 1) in the French-Italian group, with girls having the 
highest PCC values.  

III.2.1.2.3.4! Siblings (tested only for the French-Italian group) 

 A statistically significant effect of siblings was found solely for word-final complex codas 
(Chi square = 13.4, p < .001, df = 1), with higher PCC values in children with siblings. 

III.2.1.2.3.5! Vocabulary scores 

 Results from the KW tests show a statistically significant effect of French vocabulary score 
on all nuanced PCC values for all three linguistic groups. A statistically significant effect of total 
vocabulary score was similarly found for all nuanced PCC values in the French-Italian and French-
Arabic groups. Stepwise-stepdown comparisons yield slightly different homogenous subsets for the 
different vocabulary scores for each group but overall, PCC values increase alongside lexical 
development as indexed by vocabulary scores. For the French-Mandarin participants, results obtained 
indicate a statistically significant effect of total vocabulary score only for PCC values of word-final 
codas. Globally, the nuanced PCC values do not increase alongside with lexical competence in both 
languages in that group. Results and post-hoc comparisons are reported in Table 50 with non-
significant results highlighted in grey. 

  

French-Italian 
 

 

French-Arabic 
 

French-Mandarin 

 

Word-final 
codas 
 

Chi square = 40.43 
p < .001, df = 4 

One homogeneous 
subset: ranges 1-2-3-4 

Chi square = 13.4 
p = .009, df = 4 

Two homogeneous 
subsets: ranges 1-2-3/4-5 

Chi square = 16.87 
p = .001, df = 3 

Two homogeneous 
subsets: ranges 1/2-3-4 French 

vocabulary 
score 
Total 
vocabulary 
score 

Chi square =11.6 
p = .02, df = 4 

Two homogeneous 
subsets: ranges 1-2-3/4-5 

Chi square =20.02 
p < .001, df = 4 

Two homogeneous 
subsets: ranges 1/2-3-4-5 

Chi square =8.1 
p = .04, df = 3 

Two homogeneous 
subsets: ranges 1-2-

4/1-3-4 
 

Word-initial 
branching onsets 
 

Chi square = 79.87 
p < .001, df = 4 

Two homogeneous 
subsets: ranges 1-2-3/4-5 

Chi square = 27.29 
p < .001, df = 4 

Three homogeneous 
subsets: ranges 1/2-3/4-5 

Chi square = 8.85 
p = .03, df = 3 

Two homogeneous 
subsets: ranges 1/2-3-4 French 

vocabulary 
score 
Total 
vocabulary 
score 

Chi square = 66.14 
p < .001, df = 4 

Two homogeneous 
subsets: ranges 1-2-3/4-5 

Chi square = 37.11 
p < .001, df = 4 

Two homogeneous 
subsets: ranges 1/2-3-4-5 

 

Chi square = 7.6 
p = .6, df = 3 

/ 
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French-Italian 
 

French-Arabic 
 

French-Mandarin 
 

Word-final 
complex codas 
 

Chi square = 29.7 
p < .001, df = 4 

Two homogeneous 
subsets: ranges 1-2-3/4-5 

Chi square = 30.43 
p < .001, df = 4 

Three homogeneous 
subsets: ranges 1/2-3/3-

4-5 

Chi square = 12.65 
p = .005, df = 3 

Two homogeneous 
subsets: ranges 1/2-3-4 French 

vocabulary 
score 
Total 
vocabulary 
score 

Chi square = 31.13 
p < .001, df = 4 

Three homogeneous 
subsets: ranges 1-2-3/4/5 

Chi square = 24.19 
p < .001, df = 4 

Two homogeneous 
subsets: ranges 1-2/3-4-5 

Chi square = 5.8 
p = .1, df = 3 

/ 

 

Fricatives 
 

Chi square = 40.43 
p < .001, df = 4 

Three homogeneous 
subsets: ranges 1-2-3/2-3-

4/4-5 

Chi square = 40.43 
p < .001, df = 4 

Two homogeneous 
subsets: ranges 1-2-3/4-5 

Chi square = 9.08 
p = .02, df = 3 

Two homogeneous 
subsets: ranges 1/2-3-4 

French 
vocabulary 
score 
Total 
vocabulary 
score 

Chi square = 28.21 
p < .001, df = 4 

Three homogeneous 
subsets: ranges 1-2-3/1-2-

4/5 

Chi square = 31.69 
p < .001, df = 4 

Three homogeneous 
subsets: ranges 1/2-4/3-5 

Chi square = 5.4 
p = .1, df = 3 

/ 

Table 50:! Results of KW tests with both vocabulary scores as grouping variables for the three 
linguistic groups. 

III.2.1.2.4! Independent variables related to the item 

III.2.1.2.4.1! Elicitation 

 Results from the KW tests show a statistically significant effect of elicitation on all nuanced 
PCC values for the French-Arabic group. A statistically significant effect of elicitation was found for 
all nuanced PCC values except for word-final complex codas in the French-Italian group, whereas an 
effect of elicitation was only found for word-final codas in the French-Mandarin participants. Results 
and post-hoc comparisons are reported in Table 51 with non-significant results highlighted in grey 
(naming = 1, repetition of known words = 2, repetition of unknown words = 3).  
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French-Italian 
 

 

French-Arabic 
 

French-Mandarin 

Word-final 
codas 

Chi square = 7.4 
p = .02, df = 2 

Elicitation 1 different 
from 3 

Chi square = 20.73 
p < .001, df = 2 

Elicitation 1 different from 
2 and 3 

Chi square = 7.5 
p = .02, df = 2 

Elicitation 1 different 
from 3 

Word-
initial 
branching 
onsets 

Chi square = 12.45 
p = .002, df = 2 

Elicitation 1 different 
from 3 

Chi square = 27.9 
p < .001, df = 2 

Elicitation 1 different from 
2 and 3 

Chi square = 1.79 
p = .2, df = 2 

/ 

Word-final 
complex 
codas 

Chi square = 2.8 
p = .24, df = 2 

/ 

Chi square = 16.2 
p < .001, df = 2 

Elicitation 3 different from 
1 and 2 

Chi square = 4.42 
p = .1, df = 2 

/ 

Fricatives Chi square = 14.5 
p = .001, df = 2 

Elicitation 3 different 
from 1 and 2 

Chi square = 18.4 
p < .001, df = 2 

Elicitation 1 different from 
2 and 3 

Chi square = 2.82 
p = .2, df = 2 

/ 

Table 51:! Results of KW tests with elicitation (naming = 1, repetition of known words = 2, 
repetition of unknown words = 3) as a grouping variable for the three linguistic groups. 

 Globally, pairwise comparisons show that, for all three groups and all nuanced PCC values, 
there are significant differences between named and unknown repeated words with lower PCC values 
for the latter. Then, named words and known repeated words can either be significantly different from 
each other (as for most nuanced PCC values in the French-Arabic group) or not. Figure 67 presents 
the PCC values for word-final codas according to elicitation type in all three groups, showing the 
different pattern found in French-Arabic vs. French-Italian and French-Mandarin participants.  

 

Figure 67:!Mean PCC values of word-final codas (+/- 1 standard deviation) as a function of 
elicitation for all three groups. 
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III.2.1.2.4.2! Lexical frequency 

 For the three linguistic groups, KW tests show a statistically significant effect of lexical 
frequency only for the fricatives’ PCC values (see Table 52). Moreover, and as shown in Figure 68, 
the effect has the same direction for all three groups, with PCC values increasing in parallel to lexical 
frequency. 

 

French-Italian 
 

French-Arabic 
 

French-Mandarin 

 

Chi square = 15.22 
p < .001, df = 1 

 

 

Chi square = 5.2, 
p = .02, df = 1 

 

Chi square = 4.7, 
p = .03, df = 1 

Table 52:! Results of KW tests with lexical frequency as a grouping variable for all three groups. 

 

 
Figure 68:!Mean PCC values of fricatives (+/- 1 standard deviation) according to lexical 
frequency for all three groups. 

The key results obtained from the series of KW tests can be summarized as follows: 

!! Both developmental variables of session and chronological age have a significant effect for 
nearly all nuanced PCC measures for all three linguistic groups with PCC values increasing 
with time.  

!! Linguistic dominance has a significant effect on PCC values for fricatives in the French-
Arabic group with Non-French dominant participants having the highest PCC values. 

!! A significant effect on gender was found for PCC values of word-initial clusters in the 
French-Italian group, with higher values for the girls.  

!! The French vocabulary score has a significant effect on all nuanced PCC values for all three 
groups, with PCC values increasing in parallel to vocabulary score. The total vocabulary 
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score has a significant effect on all nuanced PCC values for the French-Italian and French-
Arabic groups with PCC values similarly increasing with an increasing total vocabulary 
score. This effect of total vocabulary score is only found for word-final codas in the French-
Mandarin group. 

!! An effect of elicitation was found for all nuanced PCC for the French-Arabic group and for 
all nuanced PCC values but one (word-final complex codas) for the French-Italian group. A 
significant effect of elicitation is only found for word-final codas in the two French-Mandarin 
participants. For all three groups, all nuanced PCC values are significantly lower for 
repetition of unknown words.  

!! Lexical frequency has a significant effect only on PCC values for fricatives for all three 
groups, as fricatives’ accuracy increases for frequent words. 

 

III.2.2!EMERGENCE OF THE PLACE-OF-ARTICULATION CONTRAST BETWEEN THE 
VOICELESS SIBILANT FRICATIVES  

 We now focus more particularly on the emergence of the place-of-articulation contrast 
between the voiceless alveolar fricative /s/ and the post-alveolar /ʃ/ investigated through spectral 
moment analysis. As highlighted in the section about spectral moment analysis, centre of gravity and 
skewness are the two spectral moments that best differentiate the two sibilants /s/ and /ʃ/. Indeed, the 
centre of gravity reflects the average energy concentration; that is, the frequency area primarily 
excited during the production of the fricative, which should be localised in a higher frequency zone 
for the alveolar /s/ than for the post-alveolar /ʃ/. The skewness is an indicator of the dissymmetry of 
noise energy around the mean and a positive skewness corresponds to a concentration of energy in 
lower sound frequencies, whereas a negative skewness corresponds to a concentration of energy in 
higher sound frequencies. Consequently, /s/ and /ʃ/ should respectively tend to negative and positive 
skewness.  

 Therefore, we decided to focus more particularly on these two specific spectral moments for 
our examination of the potential emergence of the place-of-articulation contrast in the three linguistic 
groups. We have excluded fricatives occurring in unintelligible words as well as those substituted by 
consonants of other manner-of-articulation class from our analyses which are based on a total of 686 
fricative productions. Table 53 presents mean values for each spectral moment for the two fricatives 
for each linguistic group.  
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Linguistic 
group 

 
Fricative 

 
Total 

number of 
fricatives 

 

 
Mean number of 

fricatives per child 
per session 

 
Mean centre of 

gravity 
in Hz 

 
Mean 

skewness 

French-
Italian 

s 145 3 7410  
(2938) 

0.16 
(1.01) 

ʃ 251 6 7221  
(2974) 

0.37 
(1.18) 

French-
Arabic 

s 82 4 7811 
(2518) 

0.04 
(1.22) 

ʃ 120 6 6534 
(2119) 

0.68 
(1.21) 

French-
Mandarin 

s 30 4 4658 
(3569) 

0.68 
(1.41) 

ʃ 58 7 4427 
(3310) 

0.65 
(1.06) 

Table 53:! First and third mean spectral moments (with standard deviations) for the fricatives 
/s/ and /ʃ/ for the three linguistic groups. 

 Figure 69 shows the evolution of centre of gravity (on the left) and skewness (on the right) 
for the two fricatives, for each linguistic group separately over the four sessions.  

!

Figure 69:!Evolution of centre of gravity (on the left) and skewness values (on the right) for 
the fricatives /s/ - /ʃ/ over the four sessions for each linguistic group. 

 As can be observed in Figure 69, curves of the two fricatives’ centre of gravity are both very 
stable and very close to each other, almost confounding, in the French-Italian group. This indicates 
that the two fricatives are not yet well distinguished by the children in any of the four sessions. In 
other word, the contrast between the two consonants does not seem to emerge yet in this group. 
Moreover, centre of gravity values of the two fricatives are concentrating in very high frequency 
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zones (above 6000 Hz), suggesting that, when tempting to produce a /ʃ/, children would tend to utter 
a sound closer to an [s] than to a [ʃ]. Skewness curves of both fricatives on the right graph also appear 
to be close to one another. Still, the skewness of /s/ is slightly below that of /ʃ/ in a slightly more 
pronounced way at S1 and S2.  

 In contrast, the curves of the two fricatives’ centres of gravity are more distinct from one 
another during the first three sessions of the French-Arabic participants, with higher centres of gravity 
for /s/ than for /ʃ/, suggesting an existing contrast between the two consonants. The distance between 
the two curves reaches its maximum at S3 to subsequently become much more reduced at S4. The 
reduced distance appears to be due to both a decrease of the centre of gravity of /s/ and an increase of 
the centre of gravity of /ʃ/, as children could produce an intermediary sound halfway between the two 
fricatives. Skewness curves evolve in correspondence to centres of gravity. Indeed, lower skewness 
values can be observed for /s/ at all sessions, with expected negative values at S2 and S3, and both 
fricatives’ skewness values become again close to one another at S4.  

  Production patterns of the two fricatives are much messier in the two French-Mandarin 
participants. The two fricatives seem to be well distinguished at S1, with a centre of gravity localized 
in higher frequency zones for /s/ than for /ʃ/ and a lower skewness for /s/ than for /ʃ/. However, curves 
of the two spectral moments evolve in a rather chaotic way at from S2 to S3, probably indicating that 
children are still experimenting and that neither fricatives are produced with stability. At S3, the 
centres of gravity of both fricatives reach very low frequency values while their skewness increase in 
parallel. Finally, the two fricatives’ realizations seem to get closer to the target sounds again at S4. 
Indeed, the centres of gravity of both fricatives increase and that of /s/ rises again above that of /ʃ/. 
Accordingly, the skewness of /s/ falls back below that of /ʃ/ but still does not achieve a negative value. 

III.2.3!PHONOLOGICAL PROCESSES 
 We now examine the phonological processes affecting consonants. Precisely, we investigated 
whether the three linguistic groups would differ or not in how consonant substitution and deletion 
rates evolve over time. Pie charts in Figure 70 display the proportion of correct, substituted and 
deleted consonants calculated for the different sessions for the three linguistic groups, based on the 
subcategories generated by PHON for the computation of global PCC. 
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Figure 70:!Proportion of correct, substituted and deleted consonants over the four sessions for 
the three linguistic groups.
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 As can be seen in Figure 70, the French-Arabic bilingual children display the lowest 
substitution and deletion rates on all sessions but the second one, during which they undergo a 
temporary regression as they outperform again the two other groups on S3. The difference between 
their substitution and deletion rates and those of the two other groups is very marked at S1 and 
gradually reduced from session to session. In contrast, the French-Italian bilingual children present 
the highest substitution and deletion rates in all sessions which decrease in a rather linear way from 
S1 to S4. The French-Mandarin participants fall between the two other groups except at S2, where 
their substitution and deletion rates strongly decrease and are lower than those of the French-Arabic 
participants. They subsequently evolve at a much slower pace on the next two sessions. As could be 
expected, deletion rates are globally much higher than what was observed for vowels. Deletion rates 
are globally lower than substitution rates for all sessions in all three groups. However, the difference 
is minimal for the French-Mandarin participants who display almost equal rates of substitution and 
deletion at sessions 1, 3 and 4 and equal rates at S2. In contrast, the deletion rate of the French-Arabic 
group at S3 is twice as low as the substitution rate, indicating that more consonants are attempted by 
the children of this group. 

 Subtypes of the phonological processes used by the different linguistic groups have also been 
looked at. Figure 71 shows the mean rates of the types of consonant substitution applied by the 
children from each group over the four sessions. The processes64 are the following: (1) coronal 
backing (e.g., [kɔʁty] instead of /tɔʁty/, i.e., tortue), (2) velar fronting (e.g., [dʁ)nuj] instead of 
/ɡʁ)nuj/, i.e., grenouille), (3) devoicing (e.g., [pebe] instead of /bebe/, i.e., bébé), (4) voicing (e.g., 
[baʁk] instead of /paʁk/, i.e., parc), (5) fricative stopping (e.g., [kevø] instead of /ʃ)vø/, i.e., cheveux) 
and (6), lateralization (e.g., [balan] instead of /banan/, i.e., banane).  

 Several observations can be drawn from these graphs. Three processes are used by all three 
groups on all sessions: coronal backing, devoicing and fricative stopping. For all three groups, the 
most frequent process is devoicing and the less frequent is lateralization. All types of processes are 
observed in all sessions for the French-Italian and French-Arabic participants. Process rates decrease 
rather linearly over time in the French-Italian group, while more fluctuation from session to session 
is observed in the other two groups. The second most frequent process used by French-Italian 
bilinguals is fricative stopping, which rate is much lower than in the other two groups. This is in line 
with the lower PCC curves for fricatives observed in that group. In comparison with the two other 
groups, the French-Arabic participants globally display a higher rate of velar fronting which decreases 
at S2 and S3 to increase again at S4. This group also presents a particularly high rate of voicing at S1 
and globally lower rates of coronal backing than the French-Italian and French-Mandarin groups. Not 
all the processes are observed for all sessions in the French-Mandarin participants. Velar fronting 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

64 Rates of glidization processes are not included in the graphs, as this process was only very 
marginally used by a low number of our participants (i.e., less than a third of all participants). 
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appears to be the second most frequent process applied by these children at S1 and does not occur 
anymore on the next two sessions to reappear again at S4.  

 

Figure 71:!Rates of phonological processes across the four sessions for all the linguistic 
groups. 

 The phonological processes specifically affecting the voiceless fricatives /s/ - /ʃ/ were 
investigated, in order to complement the spectral moment analysis that focused on the emergence of 
the place-of-articulation contrast between the two consonants presented above (see section III. 2.2.). 
We more particularly examined in which proportion each fricative was accurately produced vs. 
substituted by the other fricative in order to observe if either one or both consonants were acquired 
by the children and, in the first case, if the acquired consonant would be produced in place of the 
other. Indeed, results from spectral moment analysis suggested, amongst other things, that French-
Italian bilinguals are producing a similar sound for both consonants seemingly closer to a [s]. Figure 
72 displays the rate of correct realizations (i.e., target /s/ produced [s] and target /ʃ/ produced [ʃ]) for 
the two fricatives as well as the rate of substitutions of one fricative by the other (i.e., target /s/ 
produced [ʃ] and target /ʃ/ produced [s]).  
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Figure 72:!Rates correct realizations vs. substitutions of the fricatives /s/ - /ʃ/ over the four 
sessions for each group. 

! As can be seen on the graph, French-Italian indeed produce /s/ much more accurately than /ʃ/ 
and moreover, tend to realize /ʃ/ as a [s]. Results from transcription-based analyses thus correlate with 
results from the acoustic analyses (see section III. 2.2.). It seems that correct realizations of /ʃ/ are 
progressively increasing from S2 to S4; however, the rate of substitutions of /ʃ/ by [s] barely 
decreases. In other words, French-Italian bilinguals produce /ʃ/ either as [ʃ] or as [s] and initially 
predominantly as [s]. The French-Arabic and French-Mandarin groups display much lower rates of 
substitutions of /ʃ/ by [s]. If they initially also produce /s/ more accurately (i.e., as [s]) than /ʃ/, the 
rate of correct realizations for the two consonants become very similar on the last session. Besides, 
the higher rates of correct realizations for both fricatives are to be found in the French-Arabic 
bilinguals, which seems to also corroborate results from previous spectral moments analyses (see 
section III. 2.2.). Still, their apparent regression in the production of the contrast observed in the 
spectral moment graphs (Figure 69) is not reflected by the rates of correct realizations vs. substitutions 
based on transcriptions, given that they achieve above 80 % of correct realizations for the two 
fricatives. Similarly, the more chaotic production patterns of both fricatives previously seen in the 
French-Mandarin participants do not particularly correlate with the above graphs. Finally, it also 
appears that for all three groups, /s/ is only marginally realized as [ʃ], which suggests that the 
substitution is not made in both directions and that /s/ is more steadily and predominantly produced 
than /ʃ/. 
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III.2.4!DISCUSSION 
 Results obtained for the different analyses conducted on the children’s consonants are 
discussed in this section, following the same order of presentation: (1) the evolution of global 
consonant accuracy, (2) the evolution of accuracy of targeted syllabic constituents and fricatives and 
(3) the phonological processes affecting consonants.  

We summarize the working hypotheses previously stated (see section I.4.) about consonant 
acquisition.  

 First, we made assumptions about the effect of the linguistic group in interaction with the 
developmental variables. We assumed that different development patterns could emerge – over the 
subsequent sessions and as chronological age increases – in the different linguistic groups, resulting 
from potential cross-linguistic interaction between the two languages in contact. More precisely, we 
postulated that:  

-! children exposed to French and Arabic might be advantaged in French consonant 
acquisition and show a faster consonant development in French, compared to children 
exposed to French and Italian and children exposed to French and Mandarin; 

-! children exposed to French and Italian might be slightly accelerated in French consonant 
acquisition in comparison with children exposed to French and Mandarin; 

-! children exposed to French and Arabic might be accelerated in the acquisition of word-
final codas in French in comparison to children exposed to French and Italian and children 
exposed to French and Mandarin; 

-! children exposed to French and Mandarin might be slightly decelerated in their acquisition 
of word-final codas, word-initial branching onsets and word-final complex codas in 
comparison to children exposed to French and Italian and children exposed to French and 
Arabic.  

 Then, we presumed that consonant acquisition might be influenced by a series of independent 
variables related to the subject and the item. More specifically, we postulated that:  

-!  all children would display better performances from one session to the other and as 
chronological age increases; 

-! children who are more exposed to French would be advantaged in French phonetic and 
phonological development, in comparison to children less exposed to French; 

-! a more advanced lexical development in French and in both languages would benefit 
French phonetic and phonological development; 

-! French-Italian bilingual children might be more advantaged by a greater lexical 
development in both languages than French-Arabic and French-Mandarin bilingual 
children; 

-! if there is an effect of gender on French phonetic and phonological development, girls 
could have an advantage over boys; 

-! if there is an effect of siblings on French phonetic and phonological development, children 
with older siblings could have an advantage over children without siblings; 

-! children’s speech productions should be more accurate for less complex and more frequent 
items than for more complex and less frequent items in French. 
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III.2.4.1! Global consonant accuracy 

  As expected, French-Arabic bilingual children globally display higher consonant accuracy 
than the two other groups. Still, their PCC values are close to those of French-Mandarin bilinguals. 
In contrast, the French-Italian participants have the lowest PCC values and are significantly different 
from the two other groups. Overall, the acquisition of French consonants is thus slower for them than 
for the French-Mandarin bilingual children. However, the tendency might have been different if the 
French-Mandarin participants had been more numerous. Then, individual line graphs show a rather 
linear development for all participants, contrary to what was observed for vowels. Vowels and 
consonants thus seem to follow a different developmental path. Note that vowel production might be 
characterized by more variability while children mobilize their resources for consonant acquisition.  

 Consonant accuracy clearly improves with chronological age as a significant effect of both 
developmental variables (session and chronological age) was found for all three groups. Thus, in 
contrast to what was found for vowels, consonant accuracy significantly increases with age for the 
two French-Mandarin participants as well. This, again, points to a different developmental time 
course of vocalic and consonantal segments. Children could first acquire vowels due to their greater 
saliency in the speech flow (Jusczyk, 1997) and achieve a relatively high vocalic precision quite early. 
Consequently, vowel production would evolve in a much less marked fashion than consonant 
production for the specific age range observed in the current study. 

 Consonant accuracy is not impacted by linguistic dominance in the French-Italian group. 
Thus, French-dominant children do not produce consonants more accurately, contrary to our 
expectations. The greater exposure to French does not necessarily lead to better performances, as was 
already observed with vowel production. Still, the effect of linguistic dominance might be covered 
by that of chronological age, as non-French dominant children are globally older than French-
dominant ones in the French-Italian group. A significant effect of linguistic dominance was found in 
the French-Arabic participants, although not in the expected direction. Indeed, balanced bilinguals 
perform significantly worse than French-dominant and Arabic-dominant children, while we would 
have expected them to have better consonant accuracy than Arabic-dominant children. It might be 
possible that a greater exposure to Arabic would lead to enhanced consonant accuracy in French given 
its more complex consonantal system, with regards both to its richer consonant inventory and the 
articulatory complexity of certain consonants.  

 A significant effect of gender was found for the French-Italian and French-Arabic groups but 
in opposite directions. Indeed, girls outperform boys in the French-Italian group, whereas boys do in 
the French-Arabic group. Results for the French-Italian group are in line with the findings of other 
bilingual studies (Dodd et al., 2003; Kehoe & Havy, 2019). The better performances observed in 
French-Arabic boys could be attributed to the fact that one of the two girls from that group is one of 
the youngest participant of the study (i.e., participant B14, initially aged 21 months). Thus, the effect 
of gender might be confounded with that of age. A significant effect of siblings was found in the 
French-Italian group with higher consonant accuracy for children with siblings, confirming findings 
from the literature (Bridges & Hoff, 2014).   

 Higher vocabulary scores (in French and in total) benefits consonant acquisition. However, 
French-Italian bilingual children are not more advantaged by a more advanced general lexical 
development than French-Arabic and French-Mandarin bilingual children. This is unexpected given 
that French and Italian share more phonological properties as well as more cognates. Similar to what 
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was observed for vowels, children from all three groups best produce consonants when they 
spontaneously name words and show the worst performances for unknown repeated words. The 
greatest gap between the two elicitation types is observed in the French-Arabic group and the smallest 
in the French-Mandarin group. The level of consonant accuracy for known repeated words lies in-
between that of the two other elicitation types. Therefore, it is apparent that children are not 
advantaged by the presence of a spoken model to reproduce. Still, it is also possible that children 
spontaneously produced the words that they were the more familiar with and repeated those that they 
mastered the less following an avoidance strategy, even if all those words were already part of their 
lexicon. Finally, the results also confirm the expectation that consonants are more accurately 
produced for less complex and more frequent words, in all three groups. 

 The comparison to monolingual data available in the literature (MacLeod et al., 2011) 
indicates that, globally, monolingual children produce consonants more accurately than bilingual 
children. In other words, French-speaking bilinguals show some deceleration in consonant acquisition 
in comparison to age-matched French-speaking monolinguals. These results are consistent with 
previous findings from the literature (Fabiano-Smith & Goldstein, 2010) but conflict with other 
bilingual speech production studies which showed a bilingual advantage (Goldstein & Bunta, 2012; 
Kehoe & Havy, 2019). Bilinguals show particularly more variability than monolinguals, as indicated 
by their higher standard deviation values. However, the French-Arabic bilinguals display almost 
similar rates of correct consonants as the monolinguals and both French-Italian and French-Arabic 
groups nearly reach monolinguals’ performances in the last age range. This suggests that bilingual 
children may be temporarily delayed in consonant acquisition but eventually catch up with their 
monolingual peers. 

III.2.4.2! Accuracy of targeted syllabic constituents and fricatives 

 It results from our analyses of consonant accuracy in the different targeted syllabic 
constituents that the French-Arabic bilingual children globally outperform the two other groups for 
all three nuanced PCC measures. In contrast, the French-Italian bilingual children globally show the 
lowest consonant accuracy in all syllable positions. From case to case, the French-Mandarin 
participants can present a developmental pattern either close to that of French-Arabic or that of 
French-Italian bilinguals. We discuss the results and developmental trends for each constituent 
separately. 

III.2.4.2.1! Word-final codas  

 Contrary to our expectations, French-Mandarin participants are not decelerated in comparison 
to the French-Italian group. Consistent with findings of other bilingual speech production studies 
(Lleó et al., 2003; Kehoe & Lleó, 2003a; Keffala, Barlow & Rose, 2018; Kehoe & Havy, 2019), the 
French-Arabic bilinguals might have been advantaged by the greater frequency of word-final codas 
as well as by the greater segmental inventory allowed in that position in Arabic. However, the 
opposite effect is not observed in the French-Mandarin participants. Indeed, their acquisition of word-
final codas is not disadvantaged although word-final codas exhibit a much lower frequency and a 
more restricted segmental inventory in Mandarin. Results for this group can thus not be explained 
neither in terms of frequency or complexity of the other L1’s phonological properties. As a group, 
the French-Italian bilinguals present a rather linear and slow increase of consonant accuracy in word-
final coda from session to session. This contrasts with the French-Mandarin group for which a more 
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fluctuating developmental pattern is displayed with a regression observed at the last session. Still, 
individual performances within the French-Italian group are characterized by a high variability.  

 For all three groups, the lowest consonant accuracy in word-final coda is found for stops and 
fricatives and the highest for glides and the liquid /l/. The low accuracy of stops is not in line with 
findings from French monolingual acquisition studies (Dos Santos, 2007). However, we did not 
distinguish between voiced and voiceless stops and fricatives, which might probably have brought 
different results. Glides and the liquid /l/ are particularly well produced by the French-Mandarin 
participants. We postulate that this advantage for glide production might be due to the numerous diph-
/triphthongs present in the Mandarin vocalic system.  

 Then, the rhotic (/ʁ/) is produced much more accurately and steadily by the French-Arabic 
group, suggesting a faster acquisition of this consonant in word-final coda in comparison to the two 
other groups. This result could indicate an accelerated acquisition of that consonant in comparison to 
French monolingual toddlers, given that this consonant is generally observed to be acquired the latest 
in that position in acquisition studies on French monolingual children (Dos Santos, 2007; Rose, 2000). 
Still, Hilaire-Debove and Kehoe (2004) also observed that French monolingual toddlers could 
produce liquids early in that position. As the liquid class encompasses both /l/ and /ʁ/, it can not be 
known whether children were producing the two consonants with the same level of frequency in that 
study. In contrast, the rhotic is the least accurately produced consonant by the French-Italian bilingual 
children, who show a faster acquisition of nasals in word-final coda than the two other groups. 

III.2.4.2.2! Word-initial branching onsets  

 The performances of French-Mandarin bilinguals are halfway between those of French-
Italian and French-Arabic bilinguals. Similar to word-final codas, the French-Mandarin participants 
are thus not found to be decelerated in comparison to the French-Italian group, which does not 
corroborate our assumption. Also, French-Italian and French-Arabic bilinguals present different 
developmental patterns for the acquisition of word-initial branching onsets. Here again – and still 
consistent with findings of bilingual studies (Tamburelli et al., 2015; Keffala et al., 2018) –French-
Arabic bilinguals might have benefited from the frequent occurrence of complex consonant sequences 
in word-initial position in surface realizations in Arabic (Hamdi et al., 2004). However, the same 
effect is not observed in the French-Italian participants. Indeed, their acquisition of word-initial 
branching onsets in French is not advantaged by the high frequency of complex consonant sequences 
in word-initial position in Italian. Besides, French-Mandarin bilinguals show no deceleration in the 
acquisition of word-initial branching onsets in French despite the fact that Mandarin totally excludes 
consonant clusters. Results for the French-Italian and French-Mandarin groups can thus not be 
explained in terms of neither frequency, nor complexity of the other L1’s phonological properties. 

 For all three groups and across all four sessions, obstruent-liquid (OL) sequences are more 
accurately realized, followed by obstruent-glides and then, obstruent-rhotic sequences. This is 
consistent with the results of several acquisition studies involving French-speaking monolingual 
toddlers (Kehoe et al., 2008; Dos Santos, 2007) as well as with results from bilingual studies 
(Almeida, 2011). 

III.2.4.2.3! Word-final complex codas  

 French-Italian and French-Mandarin participants display similar PCC values for word-final 
complex codas. Again, the presence of complex consonant sequences in word-final position in Arabic 
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(Hamdi et al., 2004) might have benefited the acquisition of word-final complex codas in French. As 
for word-initial branching onsets, French-Mandarin bilinguals show no sign of deceleration in the 
acquisition of word-final complex codas compared to French-Italian bilinguals. Like for the two other 
syllabic constituents, these results are not in line with our expectation regarding that particular group 
and moreover, they cannot be explained neither in terms of frequency or complexity of the other L1’s 
phonological properties. 

 A more linear development is observed for the evolution of accuracy of word-final complex 
codas for the French-Arabic participants, while much more fluctuations from one session to another 
is observed in the other two groups. For the French-Italian and French-Mandarin groups, PCC values 
are globally much lower than in the case of word-initial branching onsets. This is in line with 
monolingual acquisition studies according to which word-final French clusters tend to be acquired 
later than word-initial sequences due to the syllabic markedness and/or articulatory challenges that 
characterize these structures (Demuth & Kehoe, 2006; Demuth & Mccullough, 2009). French-Arabic 
bilingual children might also be advantaged by the high articulatory complexity of certain consonants 
in the Arabic consonantal inventory.  

 Different developmental patterns of the two types of word-final complex codas (that is, 
obstruent-liquid (OL) and liquid-obstruent (LO) sequences) are observed in the three linguistic 
groups. Similar accuracy rates are globally observed for the two types of clusters in the French-Italian. 
LO sequences are more accurately produced by the French-Arabic participants who achieve similar 
rates of accuracy for the two types of clusters at S4. Finally, developmental patterns for both cluster 
types are much less linear in the French-Mandarin participants who show opposite production patterns 
between the first two and last two sessions. 

III.2.4.2.4! Targeted fricatives 

 Almost none of the French-Italian participants have PCC values for fricatives above 60%, 
except for a couple of them. Again, we were not expecting French-Italian bilinguals to have lower 
performances than the French-Mandarin participants. The highest PCC values observed in the French-
Arabic participants could be due to the larger number of fricatives present in the Arabic consonant 
inventory. In line with functionalist models within the usage-based approach (Bybee, 1999), it might 
be assumed that the greater exposure to the fricative manner of articulation in Arabic would lead to 
more practice in the articulatory gestures required to produce this manner class of consonants which, 
in turn, would enhance their production in French. 

 Similar and different developmental patterns can be observed for the production of the 
different fricatives in the three linguistic groups. For all three groups, the post-alveolar /ʒ/ is the most 
challenging to produce (PCC values initially below 40 %). French-Italian and French-Arabic produce 
the alveolar /s/ the most accurately, whereas the French-Mandarin best produce the voiced alveolar 
/z/. The post-alveolar /ʃ/ is much less well realized by the French-Italian participants than by the 
children of the two other groups. Finally, at S4 all four fricatives achieve similar rates of correct 
production for French-Arabic and French-Mandarin participants, whereas the production of the two 
voiced (/z, ʒ/) still remains problematic for the French-Italian participants. We do not have an 
explanation for the low rate of correct realizations for the alveolar /z/. As for the post-alveolar /ʒ/, it 
might be due to the fact that the voiced post-alveolar /ʒ/ is not present in the Italian consonant 
inventory. However, the Italian consonant inventory involves the affricate /dʒ/ and besides, this 
consonant is also absent from the Mandarin consonant inventory.  
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III.2.4.2.5! Impact of the independent variables  

 As expected, the accuracy of consonant in all targeted syllabic constituents and of targeted 
fricatives increase with chronological age. An exception concerns word-final codas for the French-
Italian group. This probably results from the greater amount of individual variability for the 
production of word-final codas in that group. 

 An effect of linguistic dominance is only found for the production of fricatives in the French-
Arabic group and again, the effect found is not in the expected direction as the best performances are 
found in the non-French dominant participants. One might postulate that the greater exposure to the 
richer fricative inventory in Arabic might give these children an advantage in the acquisition of 
French fricatives, even over the children with greater exposure to French.  

Only the production of word-initial clusters and word-complex codas undergoes a significant 
effect of gender and siblings respectively, and only in the French-Italian group. Consistent with 
previous findings (Dodd et al., 2003; Kehoe & Havy, 2019; Bridges & Hoff, 2014), girls and children 
with siblings in some cases perform better than boys and children without siblings.  

 The accuracy of consonant production in all targeted syllabic constituents as well as the 
accuracy of targeted fricatives increase in parallel to French vocabulary scores for all three groups. 
This confirms that consonant accuracy increases alongside lexical competence in French. Then, the 
total vocabulary score does not impact the consonant accuracy rates for the French-Mandarin 
participants except for singleton codas in word-final position. This nearly absent effect of total 
vocabulary score on the nuanced PCC values of French-Mandarin participants might be due to the 
fact the participant who has lower values for all nuanced PCC has on the other side the higher total 
vocabulary score due to her dominance profile (i.e., balanced bilingualism). This would indicate that 
consonant accuracy in French might not benefit from lexical knowledge in the other language of the 
child which, in that case, is Mandarin. As was already observed for global consonant accuracy, 
French-Italian bilinguals are not more advantaged by a more advanced general lexical development 
(as indexed by vocabulary scores in both languages) than are French-Arabic and French-Mandarin 
bilingual children.  

 The French-Arabic bilingual children are the most impacted by elicitation type. Recall that 
the elicitation type also had the more significant effect on global consonant accuracy for that same 
group of participants. A similar effect is found in the French-Italian group, except for word-final 
complex codas, which constitutes the syllabic constituent in which the production of consonants is 
found most challenging for these children. The French-Mandarin participants appear to be the least 
impacted by the type of elicitation as an effect is only found for word-final codas. The absence of 
effect for other nuanced PCCs might be due to the much reduced sample size for that group. Then, 
for all three groups, all nuanced PCC values are the lowest for the repetition of unknown words. 
Interestingly, the French-Arabic participants are always more accurate when they name words than 
when they repeat it, even if the repetition involves existing lexical knowledge. In other words, 
children from that group are definitely not advantaged by the presence of a spoken model to 
reproduce. 
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 Finally, only the production of fricatives is impacted by lexical frequency and this, for all 
three groups, as fricatives’ accuracy increases for frequent words. As for the elicitation type, it might 
be hypothesized that the greater articulatory difficulty characterizing the production of consonant 
clusters could have overshadowed the influence of lexical frequency, resulting in an absence of effect 
for the production of both word-initial branching onsets and word-final complex codas. Still, we 
cannot really provide a satisfactory explanation for the absence of a lexical frequency effect over the 
consonant accuracy in word-final singleton codas.    

III.2.4.3! Emergence of the contrast between /s/ and /ʃ/ 

 Spectral moment analysis suggests that the contrast between the fricatives /s/ - /ʃ/ does not 
seem to be acquired yet in French-Italian and French-Mandarin participants. French-Italian bilinguals 
tend to produce a similar sound for the two fricatives, possibly closer to a [s], whereas French-
Mandarin bilinguals display much less clear production patterns for both consonants. Then, if the first 
three sessions suggest that French-Arabic bilinguals produce the two fricatives distinctively, both 
spectral moments’ curves could indicate a regression in the children’s production patterns at S4. Still, 
this regression could only temporary; however, another two sessions would be needed to decide 
whether the children have finally acquired the contrast or not.  

 This is consistent with acquisition studies involving spectral moment analyses of these two 
fricatives which show that this contrast would emerge from the age of 4 (Nissen & Fox, 2005). In line 
with this, Grandon (2016) found that these fricatives seem to be acquired by normally-hearing 
children between the age of 5;7 and 10;6 years, based on the manifestation of distinct centres of 
gravity and higher skewness values for post-alveolar vs. alveolar fricatives.  

III.2.4.4! Phonological processes 

 Lower rates of substituted and deleted consonants are observed in nearly all sessions for the 
French-Arabic participants in comparison to French-Italian and French-Mandarin participants. Still, 
the differences between the French-Arabic group and the two other groups gradually reduced from 
session to session. A similar evolution of correct, substituted and deleted consonant rates can globally 
be observed in the three groups from the second session with, as expected, an increase of correct 
consonants’ rates and a decrease of substituted and deleted consonants’ rates with age.   

 Deletion rates are lower than substitution rates for all sessions of all three groups. The 
difference between deletion and substitution rates is less marked for the French-Mandarin participants 
and is most obvious in the French-Arabic group, suggesting that children from this group are more 
prone to attempt than to simply delete unmastered consonants. 

 Regarding the substitution types applied by the children in the three linguistic groups, coronal 
backing, devoicing and fricative stopping are the processes used by all three groups in all sessions. 
Devoicing and lateralization are respectively the most frequent and least frequent processes used by 
the children of all three groups. Similar patterns of substitution are thus globally found in the three 
groups. Differences have also been observed. Fricative stopping is more frequently applied by 
children of the French-Italian group, which is in line with their lower accuracy rates for fricatives. 
The French-Arabic bilingual children display globally lower rates of coronal backing and present a 
particularly high rate of voicing in the first session. Specific to that group, this pattern of substitution 
is rather atypical, given that voiced consonants are considered as more marked and generally acquired 



!

! 217!

later than voiceless consonants. Again, this could result from the more complex consonant sounds 
present in Arabic. Not all the processes are observed for all sessions of the French-Mandarin 
participants. This is probably due to the much smaller number of participant and can be related to the 
more restricted vowel substitution types previously observed for that group. This could also be a 
production strategy specific to that group according to which these children would tend to rely on a 
limited number of phonological processes.  

 Finally, for all three groups, the alveolar fricative /s/ is only marginally realized as the post-
alveolar [ʃ], suggesting an earlier acquisition of /s/. The French-Italian participants produce /s/ much 
more accurately than /ʃ/ and tend to realize /ʃ/ as [s], while the other two groups display much lower 
rates of substitution of /ʃ/ by /s/. Then, higher rates of correct realizations for the two fricatives are 
observed in the French-Arabic group. Thus, acoustic and perceptual measures appear to correlate for 
these two groups, as spectral moment analysis suggests that French-Italian bilinguals produce a sound 
closer to an [s] for the two fricatives, whereas the two fricatives seem to be distinctively produced by 
the French-Arabic participants. In contrast, there is some discrepancy between acoustic and 
perceptual measures for the French-Mandarin participants. Indeed, perceptual measures suggest that 
both fricatives are rather accurately produced, whereas spectral moments curves indicate much 
messier production patterns for the two consonants. One might wonder which measure to consider 
more reliably in that specific case, given than transcribing these two consonants did not pose any 
specific problem, i.e., they were quite accurately distinguished by Mandarin participants from the 
point of view of the transcriber.  
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III.3!PROXIMITY/DISTANCE TO TARGET WORD-FORMS 
 The proximity/distance of the children’s productions to target word-forms has been assessed 
via two measures: PWP and PDAP-IS (see section II.4.). PWP and PDAP-IS were computed for each 
of the 51 items of the word-naming task – using the PHON software for the PWP and the Wagner-
Fisher algorithm for the PDAP-IS – for all four sessions of each participant. In total, 2857 items have 
been analysed. The evolution of mean PWPs and PDAP-IS over the four sessions for each linguistic 
group is first examined, followed by the description of individual curves for both measures within 
each linguistic group.!!

 Table 54 presents the mean PWPs and PDAP-IS for each linguistic group, both globally and 
separately for each session. Global mean PWPs and PDAP-IS (all sessions combined) from the three 
groups are different. KW tests reveal a statistically significant effect of the linguistic group for PWPs 
(Chi square = 88.97, p < .001, df = 2) and PDAP-IS values (Chi square = 88.97, p < .001, df = 2). 
Pairwise comparisons show that both PWPs and PDAP-IS for the French-Italian group significantly 
differ from those of the two other groups (p <.001) which are not significantly different from each 
other. 

 
Linguistic 
group 

 
Total 

number 
of 

items 
 

 
Mean 

number of 
items per 
child per 
session 

 
Global PWPs and PDAP-IS  

(with S.D.)  
all sessions combined 

 
Mean PWPs and PDAP-IS                     

(with S.D.)  
for each session 

French-
Italian 

 
1733 

 
40 

PWP 
 

0.81  
(0.005) 

0.74 
(0.01) 

0.78 
(0.008) 

0.84 
(0.008) 

0.87 
(0.007) 

PDAP-IS 0.88 
(0.03) 

1.2 
(0.06) 

1.03 
(0.05) 

0.78 
(0.04) 

0.56 
(0.03) 

French-
Arabic 

 
765 

 
38 

PWP 
 

0.88  
(0.005) 

0.85 
(0.02) 

0.83 
(0.01) 

0.89 
(0.01) 

0.92 
(0.008) 

PDAP-IS 0.59 
(0.03) 

0.7 
(0.1) 

0.85 
(0.08) 

0.53 
(0.05) 

0.39 
(0.05) 

French-
Mandarin 

 
359 

 
45 

PWP 
 

0.86  
(0.01) 

0.77 
(0.02) 

0.86 
(0.02) 

0.88 
(0.02) 

0.89 
(0.01) 

PDAP-IS 0.74 
(0.06) 

1.2 
(0.1) 

0.67 
(0.1) 

0.66 
(0.1) 

0.49 
(0.07) 

Table 54:! Mean PWPs and PDAP-IS (and standard deviations) for the three linguistic groups 

 The evolution of mean PWPs and PDAP-IS for each linguistic group over the four sessions 
is represented in Figure 73. As PWP and PDAP-IS respectively measure the proximity and the 
distance to target word-forms, the first measure is expected to increase and the second measure to 
decrease with time, which is exactly what can be observed for all three groups on the two graphs. As 
can be seen, the French-Italian participants present lower mean PWPs and higher PDAP-IS than 
French-Arabic and French-Mandarin bilinguals. Moreover, the values are linearly increasing (for 
PWP) and decreasing (for DAP) over the four sessions, which is reflected by the continuous decrease 
of their mean standard deviations (see Table 54). The evolution of both measures is less linear in the 
French-Arabic group, as a regression (already observed for segmental accuracy) occurs at S2 for that 
group. Apart from that particular session, French-Arabic bilingual children outperform the two other 
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groups in all the three other sessions, with higher PWPs and lower PDAP-IS. For both measures, the 
French-Mandarin group display values between those of the French-Italian and French-Arabic 
groups, except for S2 in which they outperform the French-Arabic participants.  

 

Figure 73:!Evolution of PWPs and PDAP-IS for each group over the four sessions. 

 Figure 74 presents the individual PWP and PDAP-IS curves, with separate graphs for the 
three linguistic groups. It is obvious that the two measures strongly correlate, as both measures’ 
curves of almost all participants evolve symmetrically to one another. Moreover, both measures are 
evolving in a rather linear way for all three groups’ participants except for the French-Italian 
participants B09 and B13, the French-Arabic participant B14 and the French-Mandarin participant 
B16. Again, the two participants B09 and B14 show better performances (i.e., higher PWP values 
and lower PDAP-IS) at S1 to subsequently decline at S2, which results from the fact that these two 
children produced fewer items which were accurately produced during the first session. Globally, 
lower PWP values and corresponding higher PDAP-IS can be observed in the younger children, 
especially in the French-Italian group, and conversely, higher PWP values and corresponding lower 
PDAP-IS in the older children.  
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Figure 74:!Evolution of PWPs and PDAP-IS over the four sessions for all participants from 
the three linguistic groups. 

 Like with segmental accuracy measures, a series of non-parametrical KW test were carried 
out within each linguistic group to investigate the impact of subject-related (session, chronological 
age, linguistic dominance, vocabulary scores, gender and siblings) and item-related (elicitation, 
phonological complexity and lexical frequency) independent variables. A correlation test shows that 
the two measures strongly correlate (r = -0.760 - p <.001). Therefore, and to avoid redundancy, we 
present the results obtained solely for the more refined measure; that is, the PDAP-IS. 

III.3.1!INDEPENDENT VARIABLES RELATED TO THE SUBJECT 

III.3.1.1! Session and chronological age 

 Results for the two developmental variables of session and chronological age are presented 
together given that results from the KW tests show a statistically significant effect of both variables 
on PDAP-IS for all three linguistic groups. Pairwise comparisons have been conducted for session 
and stepwise comparisons for chronological age. Results are reported in Table 55. Globally, PDAP-
IS are decreasing over the subsequent sessions and as chronological age increases for all three groups. 
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Linguistic 
group 

KW results Pairwise and stepwise comparisons 

French-
Italian 
 

Session 
 

Chi square = 118.32 
p < .001, df = 3 

There are statistically differences 
between all sessions (p <.001) except 

between S1-S2 with a less marked 
difference between S3-S4 (p= .04) 

Chronological age 
 

Chi square = 139.95 
p < .001, df = 5 

Four homogeneous subsets: 
Age ranges 1-2-3/4/5/6 

French-
Arabic 
 

Session 
 

Chi square = 34.44 
p < .001, df = 3 

There are statistically differences 
between S1 and S4 (p =.001), S2 and S3 
(p =.03), S2 and S4 (p <.001), S3 and S4 

(p = .02) 
Chronological age 

 
Chi square = 137 
p < .001, df = 5 

Four homogeneous subsets: 
Age ranges 1-2/1-3/4/5-6 

French-
Mandarin 
 

Session 
 

Chi square = 20.8 
p < .001, df = 3 

There are statistically differences 
between S1 and S2 (p =.01), S1 and S3 

(p =.001), S1 and S4 (p <.001) 
Chronological age 

 
Chi square = 33.68 

p < .001, df = 3 
Three homogeneous subsets: 

Age ranges 2/3-4/4-5 

Table 55:! Results of KW tests with session and chronological age as grouping variables for the 
three linguistic groups.  

III.3.1.2! Linguistic dominance 

 A statistically significant effect of linguistic dominance was found in the French-Arabic 
group (Chi square = 6.26, p = .038, df = 2). Pairwise comparisons show that there are only significant 
differences between French dominant children and balanced bilinguals (p = .02), with the lowest 
PDAP-IS (i.e., the highest performances) found in French-dominant children, as shown in Figure 75. 

 

Figure 75:!Mean PDAP-IS (+/- 1 standard deviation) for French-Arabic bilinguals as a 
function of linguistic dominance. 
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III.3.1.3! Gender 

 A statistically significant effect of gender was found in the French-Arabic group (Chi square 
= 11.49, p = .001, df = 1), with boys having lower PDAP-IS than girls. 

III.3.1.4! Siblings (tested only for the French-Italian group) 

 A statistically significant effect of siblings was found (Chi square = 10.55, p = .001, df = 1), 
with lower PDAP-IS in children with siblings. 

III.3.1.5! Vocabulary scores 

 Results from the KW tests showed a significant effect of the two vocabulary scores (i.e., 
French and total) on PDAP-IS for all three groups. Results are reported in Table 56. Stepwise-
stepdown comparisons yield slightly different homogenous subsets for the two vocabulary scores for 
each group but globally, PDAP-IS are decreasing alongside the lexical development. 

Linguistic 
group 

 

KW results 
 

Stepwise comparisons 

French-
Italian 
 

French vocabulary 
score 

Chi square = 186.9 
p < .001, df = 4 

There are statistically differences 
between all vocabulary ranges 

Total vocabulary 
score 

Chi square = 170.6 
p < .001, df = 4 

Three homogeneous subsets: 
vocabulary ranges 1-2-3/4/5 

French-
Arabic 
 

French vocabulary 
score 

Chi square = 124.4 
p < .001, df = 4 

Four homogeneous subsets: 
vocabulary ranges 1-2/3-4/4-5 

Total vocabulary 
score 

Chi square = 127 
p < .001, df = 4 

Three homogeneous subsets: 
vocabulary ranges 1/2/3-4-5 

French-
Mandarin 
 

French vocabulary 
score 

Chi square = 28.04 
p < .001, df = 3 

Two homogeneous subsets: 
vocabulary ranges 1/2-3-4 

Total vocabulary 
score 

Chi square = 18.5 
p < .001, df = 3 

Two homogeneous subsets: 
vocabulary ranges 1-2-4/3 

Table 56:! Results of KW tests with both vocabulary scores as grouping variables for the three 
linguistic groups. 

III.3.2!INDEPENDENT VARIABLES RELATED TO THE ITEM 

III.3.2.1! Elicitation 

 Results from the KW tests showed a statistically significant effect of elicitation on PDAP-IS 
for all three groups. Globally, PDAP-IS are higher for unknown repeated words but pairwise 
comparisons yield different tendencies for all three groups. For the French-Italian and French-Arabic 
participants, there are significant differences between PDAP-IS for all three elicitation types. The 
effect is less marked for the French-Mandarin participants for whom there are significant differences 
in PDAP-IS only between named and unknown repeated words. Results are reported in Table 57 
(naming = 1, repetition of known words = 2, repetition of unknown words = 3) and following Figure 
76 shows the different patterns found in French-Italian and French-Arabic vs. French-Mandarin 
participants. 
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French-Italian 
 

 

French-Arabic 
 

French-Mandarin 

 
PDAP-
IS 

Chi square = 52.65 
p = .002, df = 2 

All elicitation types are different 
from one another, 1 from 2 (p = .01) 
and 3 (p < .001) 2 from 3 (p = .001) 

Chi square = 117.7 
p < .001, df = 2 

All elicitation types are 
different from one another                            

(p < .001) 

Chi square = 9.5 
p = .009, df = 2 
Elicitation 1 is 

different from 3           
(p = .01) 

Table 57:! Results of KW tests with elicitation as a grouping variable for the three linguistic 
groups. 

 

Figure 76:!Mean PDAP-IS (+/- 1 standard deviation) as a function of elicitation (naming = 1, 
repetition of known words = 2, repetition of unknown words = 3) for all three groups. 

III.3.2.2! Phonological complexity and lexical frequency 

 Results for the two item-related variables of phonological complexity and lexical frequency 
are presented together given that the KW tests show a statistically significant effect of the two 
variables on PDAP-IS with similar tendencies for all three linguistic groups. Results are reported in 
Table 58. Globally, PDAP-IS are increasing as the level of phonological complexity increases and 
conversely, are declining as the level of lexical frequency increases.  
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Linguistic 
group 

 

KW results 
 

Pairwise comparisons 

French-
Italian 
 

Phonological 
complexity 

 

Chi square = 
146.6 

p < .001, df = 2 

Significant differences between all levels of 
phonological complexity (p < .001) 

Lexical frequency 
 

Chi square = 25.3 
p < .001, df = 1 

 
/ 

French-
Arabic 
 

Phonological 
complexity 

 

Chi square = 53.6 
p < .001, df =2 

Significant differences between all levels of 
phonological complexity (p < .001), less 

marked between levels 2-3 (p = .049) 
Lexical frequency 

 
Chi square = 21.2 
p < .001, df = 1 

 
/ 

French-
Mandarin 
 

Phonological 
complexity 

Chi square = 27.7 
p < .001, df = 2 

Significant differences between level 1 and 
levels 2 (p = .001) and 3 (p < .001) 

Lexical frequency 
 

Chi square = 13.8 
p < .001, df = 1 

 
/ 

Table 58:! Results of KW tests with phonological complexity and lexical frequency as grouping 
variables for the three linguistic groups. 

 Apart from a few exceptions, results for the series of conducted KW tests indicate that nearly 
all independent variables tested have globally the same effect on PDAP-IS for all three groups. Table 
59 summarizes the results obtained for each variable separately in each linguistic group.  

 

Independent Variable 
 

French-Italian 
 

French-Arabic 
 

French-Mandarin 
Session Chi square = 118.32 

p < .001, df = 3 
Chi square = 34.44 
p < .001, df = 3 

Chi square = 20.8 
p < .001, df = 3 

Chronological Age Chi square = 139.95 
p < .001, df = 5 

Chi square = 137 
p < .001, df = 5 

Chi square = 33.68 
p < .001, df = 3 

Linguistic dominance  
 

 
NS 

Chi square = 6.26, 
p = .038, df = 2  

Gender 
 

 

NS 
Chi square = 11.49, 

p = .001, df = 1 
 

Presence of Siblings Chi square = 10.55, 
p = .001, df = 1 

 
 

 

French Vocabulary score  Chi square = 186.9 
p < .001, df = 4 

Chi square = 124.4 
p < .001, df = 4 

Chi square = 28.04 
p < .001, df = 3 

Total Vocabulary score Chi square = 170.6 
p < .001, df = 4 

Chi square = 127 
p < .001, df = 4 

Chi square = 18.5 
p < .001, df = 3 

Elicitation technique Chi square = 52.65 
p = .002, df = 2 

Chi square = 117.7 
p < .001, df = 2 

Chi square = 9.5 
p = .009, df = 2 

Phonological complexity Chi square = 146.6 
p < .001, df = 2 

Chi square = 53.6 
p < .001, df =2 

Chi square = 27.7 
p < .001, df = 2 

Lexical frequency Chi square = 25.3 
p < .001, df = 1 

Chi square = 21.2 
p < .001, df = 1 

Chi square = 13.8 
p < .001, df = 1 

Table 59:! KW tests results on PDAP-IS values. 
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III.3.3!COMPARISON WITH MONOLINGUAL CHILDREN 
 We now compare mean PWPs and standard deviations of the three bilingual groups to the 
mean PWPs and standard deviations of monolingual children available from MacLeod and 
collaborators’ study (2011) in order to examine whether there are differences between French-
speaking monolingual and bilingual children. Mean PWPs and standard deviations of monolingual 
and bilingual children for the different age ranges selected by MacLeod et al. (2011) are presented in 
the two line graphs below (Figure 77 and 78). Table 60 summarizes all measures for all children’s 
groups. 

 

Figure 77:!Mean PWPs of monolingual and bilingual children for the different age ranges. 

 
Figure 78:!Mean standard deviations of monolingual and bilingual children for the different 
age ranges. 
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Age 
ranges 

Mean 
PWP  

Mono-
linguals 

Mean 
SD 

Mono-
linguals 

Mean 
PWP 

French-
Italian 

Mean 
SD 

French-
Italian 

Mean 
PWP 

French-
Arabic 

Mean 
SD 

French-
Arabic 

Mean 
PWP 

French-
Mandarin 

Mean 
SD 

French-
Mandarin 

20-23 0.73 0.15 0.74 0.21 0.83 0.14   

24-29 0.81 0.16 0.76 0.20 0.74 0.21 0.66 0.22 
30-35 0.89 0.11 0.78 0.19 0.86 0.16 0.86 0.16 
36-41 0.95 0.04 0.84 0.16 0.92 0.13 0.85 0.20 
42-47 0.95 0.08 0.88 0.15 0.94 0.13 0.91 0.13 
48-53 0.98 0.02 0.94 0.13 0.94 0.12   

Table 60:! Mean PWP and standard deviation values for monolinguals and all three bilingual 
groups. 

 As can be observed from both graphs (Figure 77 and 78), monolinguals have slightly higher 
PWPs and much lower standard deviation values than bilingual children on all age ranges except the 
first one, in which the higher mean PWPs are found in the French-Arabic bilingual children. 
Moreover, French-Arabic bilinguals displays PWPs very close to those of monolinguals for the age 
ranges going from 30 to 53 months. French-Italian bilingual children have globally the lowest PWPs 
except for the second age range (i.e., from 24 to 29 months) in which the French-Mandarin 
participants have the lowest PWPs and concomitantly, the highest standard deviation. PWP curves of 
these two groups almost overlap for the age ranges going from 36 to 47 months. PWPs of all 
children’s groups (bilinguals and monolinguals) increase with age and almost converge on the last 
two age ranges (i.e., from 42 to 53 months). Differences in mean PWPs between bilingual and 
monolingual children appear to be less marked than what was previously observed for mean PCC 
values (see Figures 52 and 53 in section III.2.1.). Still, differences in mean standard deviations 
between the three bilingual groups and the monolingual children remain wide for all age ranges. This 
indicates much greater variability in bilingual children than in monolingual children, as what also the 
case with mean PCC values. 

 

 

 

 

 

 

 

 

 



!

! 228!

 

 

 

 



!

! 229!

III.4!CORRELATION BETWEEN ITEM-BASED MEASURES 
 In this final result section, we investigate the relation between both global measures of 
segmental accuracy – that is, global PCV and PCC – and both measures of proximity/distance to 
target word forms in order to examine to which degree these different measures correlate in the three 
linguistic groups. To this view, correlation tests have been conducted between global PVC, global 
PCC, PWP and PDAP-IS within each linguistic group. Results from the correlations tests are 
presented in separate Tables for each group (see Tables 61, 62 and 63). 

French-Italian group Global PVC Global PCC PWP PDAP-IS 
Global PVC  r= 0.167 

p <.001 
r= 0.213 
p <.001 

r= -0.482 
p <.001 

Global PCC r= 0.167 
p <.001 

 r= 0.910 
p <.001 

r= -0.786 
p <.001 

 

PWP r= 0.213 
p <.001 

r= 0.910 
p <.001 

 r= -0.839 
p <.001 

PDAP-IS r= -0.482 
p <.001 

r= -0.786 
p <.001 

r= -0.839 
p <.001 

 

Table 61:! Results from correlation tests between item-based measures for the French-Italian 
group. 

French-Arabic group Global PVC Global PCC PWP PDAP-IS 
Global PVC  r= 0.271 

p <.001 
r= 0.316 
p <.001 

r= -0.577 
p <.001 

Global PCC r= 0.271 
p <.001 

 r= 0.935 
p <.001 

r= -0.819 
p <.001 

 

PWP r= 0.316 
p <.001 

r= 0.935 
p <.001 

 r= -0.825 
p <.001 

PDAP-IS r= -0.577 
p <.001 

r= -0.819 
p <.001 

r= -0.825 
p <.001 

 

Table 62:! Results from correlation tests between item-based measures for the French-Arabic 
group. 

French-Mandarin group Global PVC Global PCC PWP PDAP-IS 
Global PVC  r= 0.125 

p =.018 
r= 0.143 
p =.007 

r= -0.483 
p <.001 

Global PCC r= 0.125 
p =.018 

 r= 0.944 
p <.001 

r= -0.802 
p <.001 

 

PWP r= 0.143 
p =.007 

r= 0.944 
p <.001 

 r= -0.837 
p <.001 

PDAP-IS r= -0.483 
p <.001 

r= -0.802 
p <.001 

r= -0.837 
p <.001 

 

Table 63:! Results from correlation tests between item-based measures for the French-Mandarin 
group. 
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 For all three groups, the highest correlation is found between PCC and PWP. More 
particularly, there is a very high positive correlation between the two measures for all three groups, 
meaning that both measures are increasing in parallel. This result is not surprising, given that PWP 
gives credit to both vowels and consonants’ presence but rewards only consonant accuracy. The 
second highest correlation is the one between the two measures of whole-word forms’ distance to 
targets, between which there is a high negative correlation for all three groups. This means that these 
two measures are inversely proportional. In other words, PDAP-IS decrease as PWPs increase, as can 
be seen on scatter plots below (Figure 79). This could also have been expected based on the 
correlation test previously conducted for all participants and based on the symmetrical individual 
curves previously described as well (see Figure 74).  

 

Figure 79:!Correlation between PDAP-IS and PWPs for all linguistic groups. 

 Then, a high negative correlation is also found between PCC and PDAP-IS for all three 
groups, whereas only a moderate (for the French-Arabic participants) or low (for the French-Italian 
and French-Mandarin participants) negative correlation is found between PVC and PDAP-IS. This 
means that the two measures of segmental accuracy decrease as the PDAP-IS increases, however to 
much different degrees. Indeed, the relation between consonant accuracy and the distance to target 
word-forms (as measured by the PDAP-IS) is much stronger. Thus, even if the PDAP-IS is computed 
based on both types of segments and does not give more weight to consonants than to vowels, it is 
still more correlated to the consonant accuracy measure than to the vowel accuracy measure. This 
probably results from the fact that vowels are more accurately produced by children or, should it be 
said, are perceived as such.  

 Finally, a negligible positive correlation is found between PVC and both PWP and PCC for 
the French-Italian and French-Mandarin participants, meaning that the relation between these 
measures is very weak, especially for French-Mandarin bilinguals. The correlation between PVC and 
PCC is also negligible for French-Arabic participants, while there is a low positive correlation 
between PVC and PWP in that group. Global PVC is thus slightly more correlated to the other 
measures for the French-Arabic participants. In other words, PVC evolves more concomitantly with 
both PCC and PWP in that group than in the other two groups. Figure 80 allows to visualize this more 
clearly. Indeed, PVC follows a similar evolution pattern than PCC and PWP in the French-Arabic 
group: a decline from S1 to S2 and an increase during the two subsequent sessions. This is not the 
case for the two other groups in which a similar evolution pattern can be observed for both PCC and 
PWP but not for PVC, especially for the French-Mandarin participants. 
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Figure 80:!Evolution of PVC (left), PCC (right) and PWP (below) values over the four 
sessions for the three linguistic groups. 
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IV! GENERAL DISCUSSION  
 We now discuss the results obtained for all measures taken on the different structures 
investigated (i.e., vowels, consonants and whole-word forms) and for the correlations calculated 
between the item-based measures (i.e., global PVC and PCC, PWP and PDAP-IS) in a global 
perspective. This general discussion will be organized in the following manner: first, we expose the 
similar and different development patterns observed in the three linguistic groups; therefore, both 
developmental variables of session and chronological age are discussed in that sub-section. Then, we 
review the impact of the series of independent variables considered in our analyses. 

IV.1!SIMILARITIES AND DIFFERENCES IN DEVELOPMENTAL PATTERNS ACROSS 

LINGUISTIC GROUPS 
 Several similarities in developmental patterns have been found in the three linguistic groups. 
Both developmental variables of session and chronological age significantly impacted a large part of 
the measures for the three linguistic groups and the direction of the effect found was always the same: 
children gain in organization (for vowels) and segmental precision as they grew older. In other words, 
the children’s phonetic and phonological skills improved with time. Then, we globally observed a 
more limited evolution of vowel production accuracy in comparison to consonants, which accuracy 
evolved much more from session to session. As hypothesized earlier, this might be due to the fact 
that children may already have been more advanced in terms of vowel production, the development 
of which could be momentarily overshadowed by consonant acquisition. Besides, the acoustic 
measures indexing the size and organization of the vocalic system (i.e., VSA and PHI values) 
uncovered a large amount of inter- and intra-individual variability for all three types of bilinguals. In 
contrast, a rather linear increase of consonant accuracy occurred from session to session in the three 
linguistic groups. Correlations between segmental accuracy measures (i.e., global PVC and PCC) and 
measures of whole-word forms’ distance to targets (i.e., PWP and PDAP-IS) yielded rather similar 
outcomes for all three groups, indicating a comparable relation between the different measures. More 
precisely, the highest correlations were found between PCC and both PWP and PDAP-IS and the 
lowest between PVC and both PCC and PWP. If the weak relation between PVC and PWP could 
certainly be anticipated, the near absence of link between vowel and consonant accuracy was not 
necessarily awaited. This can be explained by the fact that global PVC values were initially already 
high for most participants and did not evolve as much as PCC values did across the four sessions. 
Besides, this confirms that in all three groups the consistent decrease in whole-word distance to target 
over time is mainly related to an improvement in terms of consonant accuracy, and that consonant 
and vowel accuracy developed quite independently in our participants over the four recording 
sessions. 

 Still, the three linguistic groups also demonstrated different developmental trends with regard 
to consonant development. French-Arabic bilinguals globally showed a faster consonantal 
acquisition, as they outperformed the two other groups on all measures focused on consonants (i.e., 
global PCC and all nuanced PCCs) as well as on measures of whole-word forms distance to targets. 
As already argued, this acceleration phenomenon might result from cross-linguistic interaction 
between the children’s two phonological systems. More particularly, these children might have 
benefited from: (1) the richer Arabic consonant inventory involving sounds which are more 
challenging from an articulatory point of view, and (2) the presence of complex consonant sequences 
occurring in both word-initial (albeit only in surface realizations) and word-final positions in Arabic. 
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In addition, the performances of the French-Arabic participants are the closest to that of age-matched 
French-speaking monolinguals (based on data from MacLeod et al., 2011). Interestingly, correlations 
between global PVC and the other measures (i.e., global PCC, PWP and PDAP-IS) are slightly 
stronger in that group. This could indicate a more parallel development of vowels and consonants in 
French-Arabic bilinguals. Indeed, no particular discrepancy was observed in the development of these 
two types of segments for those children, since when a regression occurred in vowel production at a 
particular session, it also occurred in consonant production at the very same session.  

 French-Italian bilinguals displayed a slower consonant acquisition than children from the 
other two groups, both globally and for all targeted syllabic constituents as well as for fricatives. This 
is reflected by greater distances to targets in whole-word forms. This deceleration phenomenon 
cannot readily be explained in terms of cross-linguistic interaction. Although we presumed a slower 
development in comparison to French-Arabic bilinguals for global consonant and word-final 
singleton codas accuracy (and, eventually, for fricatives), we did not expect French-Italian bilinguals 
to be lagged behind French-Mandarin bilinguals. On the contrary, the French-Italian participants were 
expected to benefit from their exposure to the syllabic structure of Italian, which is much less 
restricted compared to that of Mandarin. Still, our limited sample of French-Mandarin participants 
might not be considered as representative of the general population as is the case of French-Italian 
(and French-Arabic) children. In addition, the two French-Mandarin participants presented very 
contrasted developmental trajectories, as the older participant (i.e., B15) displayed relatively high 
PCC values (for all structures investigated) at all sessions while the other participant showed a strong 
improvement from the first to the last session. Besides, correlations between global PVC and the other 
measures (i.e., global PCC, PWP and PDAP-IS) were the weakest in that group. This suggests a rather 
non-parallel development of vowels and consonants, as was indeed indicated by the evolution curves 
of the two segmental accuracy measures.  

  At this point, a word should be said about the methodological choice to give a predominant 
position to the session in our analyses. Indeed, the children’s developmental patterns have been 
mainly considered according to this developmental variable as it enabled us to analyse the same 
amount of data for each child for each point of comparison. This decision certainly has had an impact 
on the results’ direction. Considering chronological age as the main developmental variable would 
probably have given rise to similar global tendencies but more specifically, it might have allowed us 
to observe other interesting phenomena. If our sample would have permitted it, we may have chosen 
chronological age as the main developmental variable but unfortunately, only but a limited number 
of comparisons between age-matched children of the three linguistic groups would have been possible 
in the current study. In addition, the children compared would have been at a different session. There 
was thus no perfect approach to capture the effect of time on the children’s speech development. 
Albeit to a lesser extent, we also examined the evolution of children’s performances according to 
chronological age in our investigation of individual evolution curves. Besides, chronological age was 
also included in our analyses focused on the different independent variables. 

 Finally, comparisons with age-matched monolinguals did not show a bilingual advantage, as 
was previously demonstrated in several studies (Goldstein & Bunta, 2012; Kehoe & Havy, 2019). On 
the contrary, it indicated a temporary delay in bilingual children from all three linguistic groups, 
which was then almost completely recovered around the age of 42 months. In fact, it might be 
assumed that bilingual toddlers follow specific developmental trajectories, similar but not identical 
to those of monolinguals, and that the challenge of simultaneously acquiring two systems might 
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protract the development of certain structures. Besides, the gap between bilinguals and monolinguals 
observed for the proportion of whole-word proximity (i.e., PWP) appeared to be smaller than the one 
observed for mean PCC values and this, for all three groups. This could imply that, despite differences 
in terms of segmental accuracy, a fair degree of proximity to the target is maintained by the bilingual 
children. As stated by Bunta et al. (2009), “phonological acquisition may not be driven just by a need 
to increase word complexity, but also by a need to maintain a constant relationship between the child’s 
productions and their targets” (Bunta et al., 2009: 74). This could, in turn, be related to the fact that 
language acquisition is driven by the need to communicate and to learn form-meaning associations 
and that phonological development might be structured by “whole-word” representations as put 
forward by whole-word-templatic phonology.  

IV.2! IMPACT OF SUBJECT-RELATED AND ITEM-RELATED VARIABLES 
 In this study, we have considered a number of independent variables in order to examine their 
impact on the children’s phonetic and phonological development. More precisely, we have 
investigated the influence of both subject-related and item-related variables. 

 Our results have shown a wide-ranging effect of the two developmental variables of session 
and chronological age, of both vocabulary scores and of item-related variables of elicitation, 
phonological complexity and lexical frequency. Linguistic dominance, gender and siblings - which 
have been tested to a more limited extent due to the specificities of our participant’s sample - were 
found to only marginally influence speech production. As the effect of both developmental variables 
of session and chronological age has just been discussed in relation to the linguistic group, this issue 
will not be returned to in the following sub-sections.   

IV.2.1!WIDE-RANGING EFFECTS 

IV.2.1.1! Impact of the lexical development in French and in both languages 

 Both vocabulary scores (i.e., in French and in both languages combined) turned out to have 
a significant effect on all measures – that is, global vowel and consonant accuracy, consonant 
accuracy in all targeted syllabic constituents, fricatives’ accuracy and whole-word forms’ distance to 
targets –  in the French-Italian and French-Arabic groups. Moreover, the effect found for the two 
vocabulary scores was the same for all tested measures: children’s performances improve as the 
vocabulary scores increase. In other words, a more advanced lexical development – either in French 
or in both languages – benefits speech production. These results are not surprising, given that children 
are acquiring their phonological system while simultaneously building a lexicon in which 
phonological representations of words are stored. Our results thus indicate that both language-specific 
and global lexical competence are predictive of phonological proficiency. These results are partly in 
line with findings from studies about bilingual speech acquisition. Indeed, an effect of language-
specific lexical skills on phonological development was evidenced by Scarpino’s investigation (2011) 
which did not examine the impact of the children’s global lexical competence. In contrast, 
phonological development has been shown to be impacted by the total vocabulary score for both 
languages combined but not by the French vocabulary score in the study led by Kehoe and Havy 
(2019).   
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 Still, a different pattern was found for the French-Mandarin participants for whom the total 
vocabulary score did not emerge as a significant factor neither for the production of consonants in the 
targeted syllabic constituents (except for word-final codas), nor for the production of the targeted 
fricatives. This absence of effect of total vocabulary score for the French-Mandarin participants more 
particularly resulted from the fact that the child who had higher total vocabulary scores also had lower 
values for all nuanced PCC measures, possibly due to her more reduced exposure to French. It is 
conceivable that lexical knowledge in Mandarin might no benefit phonological development in 
French given that the two languages share only a few phonological properties, as pointed out by 
Kehoe and Havy (2019). But in that case, a stronger effect of the total vocabulary score should have 
been observed for the French-Italian group given the larger amount of shared phonological properties 
between French and Italian. Considering the vocabulary score in each L1 separately might have 
helped to better understand the link between lexical development in both languages and phonological 
development in French. Indeed, if the link between vocabulary size and phonological skills is 
probably bidirectional in monolinguals, as pointed out by several studies (Metsala & Walley, 1998; 
Beckman, Munson & Edwards, 2007; Stoel-Gammon; 2011), the relation becomes more complex in 
a bilingual child who concomitantly develops two lexicons as well as two phonological systems. 

IV.2.1.2! Impact of the elicitation technique 

 The elicitation technique emerged as a significant variable for all measures for the French-
Arabic group and for all measures except consonant accuracy in word-final complex codas for the 
French-Italian group. The impact of the variable was less pronounced for the French-Mandarin 
participants, for whom elicitation turned out to significantly affect global vowel and consonant 
accuracy, accuracy of word-final codas and whole-word forms’ distance to targets. Overall, results 
show that children are more accurate when they spontaneously name a word than when they repeat 
it, and that they are the least accurate when they repeat a spoken model for a word they do not know 
yet. It remains unclear why this variable has a smaller impact for the French-Mandarin participants. 
Besides, the qualitative difference between naming and repetition of unknown words is more marked 
in the French-Arabic group, as children from that group are particularly more precise when they 
spontaneously name words. Given that the French-Arabic participants outperform children from the 
two other groups on nearly all measures, it might be assumed that they can rely on more stable 
phonological representations when naming words.  

 Our findings thus conflict with the idea that the children’s productions would gain in precision 
in the presence of a spoken model, and that the inclusion of repetitions in a speech assessment could 
result in an over-estimation of the children’s phonetic-phonological skills. On the contrary, findings 
from our study indicate that children are not advantaged when they are provided with an oral target, 
in line with several studies previously mentioned (Goldstein & Fabiano-Smith, 2004; Grandon, 2016). 
Still, a qualitative difference was robustly observed between named and unknown repeated words 
and, to a lesser extent between known and unknown repeated words. As already argued, children’s 
lower performances in cases of repetition of unknown repeated word is most likely attributable to the 
fact that, when repeating words that are not yet part of their lexicon, children are faced with an 
additional process of word learning. As they do not have stored representations for such words yet, 
their productions are subjected to more truncations or substitutions. More akin to verbal imitation, 
such repetitions should thus ideally not be placed on the same level as naming and repetitions of 
known words when analysing speech production skills in children. 
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IV.2.1.3! Impact of phonological complexity and lexical frequency 

 Item-related variables of phonological complexity and lexical frequency were found to 
significantly impact global vowel and consonant accuracy as well as the distance of whole-word 
forms to targets in the three linguistic groups. More specifically, the children’s productions were more 
accurate in less complex and more frequent words than in more complex and less frequent words. 
Assessing French segmental acquisition in cochlear-implanted vs. normally-hearing children, 
Grandon (2016) did observe a significant impact of the word’s complexity, but only on the production 
of stops, not of vowels and fricatives, which led her to postulate that children already had stable 
representations for these sounds. Given that our participant sample involved much younger children 
than those included in her study (aged between 5;6 and 10;6 years), it is not surprising that both 
variables turned out to be significant factors in our results. Indeed, children were still in the process 
of building their phonological system and phonemic categories. Characterized by a high degree of 
variation, their speech productions were not stable yet and therefore, more subjected to the influence 
of complexity and frequency variables.  

 With regard to phonological complexity, it should be recalled that this variable was not 
included in the analyses for the different syllabic constituents and fricatives as the limited number of 
items preclude the inclusion of all three levels of complexity for each targeted structure. Concerning 
lexical frequency, it was not found as a significant factor for consonant accuracy in the different 
targeted syllabic constituents in any of the three linguistic groups. We have postulated that the 
articulatory challenges posed by the production of consonant clusters could have taken precedence 
over the frequency variable. The effect of the variable might also not have emerged due to the fact 
that only a restricted subset of items (i.e., the words containing word-final codas, word-initial 
branching onsets and word-final complex codas) were considered in the analyses. But then, it does 
not explain why the effect of lexical frequency did stand out for fricatives accuracy. It would have 
been interesting to examine whether an effect of phonological complexity emerges in cases where 
lexical frequency does not (i.e., for consonant accuracy in the different syllabic constituents). 
Assessing the influence of complexity might also have allowed us to further validate the Complexity 
Index developed in the frame of our word-naming task and based on which the items’ phonological 
complexity was calculated.  

IV.2.2!MARGINAL EFFECTS 
 The impact of linguistic dominance and gender was tested for the French-Italian and French-
Arabic groups only, given that the French-Mandarin group only included two participants (who both 
had siblings). In addition, the influence of the presence of siblings was not assessed for the French-
Arabic group since the only French-Arabic participant who had no siblings was the oldest child, who 
performed almost at ceiling for all accuracy measures. 

IV.2.2.1! Linguistic dominance 

 Contrary to expectations, results showed a rather limited impact of linguistic dominance on 
the different structures under investigation. Indeed, linguistic dominance had no impact on none of 
the measures focused on vowels and with regard to consonants and whole-word forms, an effect of 
this variable only emerged for the French-Arabic group. Also, the observed effects often differed 
from what was expected.  
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 More precisely, the French-Arabic participants characterized by a balanced bilingualism 
displayed lower rates of global consonant accuracy than Arabic dominant children. Arabic-dominant 
children were also found to outperform both balanced bilinguals and French-dominant children in the 
production of fricatives. These results are quite surprising, as one would not expect to observe more 
accurate productions in French for children who are less exposed to French. Rather, one would 
assume that the more a child gets exposed to one language, the more accurate his/her speech 
productions should be in that specific language, as was observed in several bilingual studies 
(Gildersleeve-Neumann et al., 2008). This pattern was actually observed in the same group of 
bilinguals for whole-word forms’ distance to targets. In that case, the French-dominant children 
displayed the highest performances (i.e., the lowest PDAP-IS values), as expected. The effect of 
linguistic dominance can thus take different directions within the same linguistic group, depending 
on the particular phonological structure investigated.  

 Such varied outcomes make it difficult to provide a clear interpretation of the actual impact 
of this variable. It might be assumed that such results are not due to linguistic dominance only, but 
that one or several other factors could come into play. In fact, results from other bilingual studies 
could similarly not be explained by invoking the degree of exposure to languages (Almeida, 2011; 
Kehoe & Havy, 2019). Similarly, the greater exposure to French did not prove to be profitable for 
any of the phonological measures in the French-Italian group. As already pointed out, the absence of 
effect of language exposure for that group might be due to the older age of the non-French (Italian) 
dominant children. Going back to the French-Arabic group, the two eldest children in that group were 
characterized by different profiles, as one had been more exposed to French (i.e., participant B11) 
while the other had been equally exposed to both languages (i.e., participant B04). In consequence, 
the mixed results can not be attributed to chronological age for the French-Arabic group. We postulate 
that the more accurate production of fricatives by non-French dominant children could actually result 
from their greater exposure to Arabic and its richer fricative inventory or, in other words, that the 
cross-linguistic influence observed for fricatives could effectively originate from the children’s 
linguistic dominance, only not French-dominance in this case.  

IV.2.2.2! Gender and siblings 

 Gender only emerged as a significant factor for: (1) global consonant accuracy in the French-
Italian and French-Arabic groups, (2) consonant accuracy in word-initial branching onsets for the 
French-Italian participants, and (3) for whole-word forms’ distance to targets in the French-Arabic 
group. Girls outperformed boys for all measures in the French-Italian group whereas the opposite 
tendency was observed for the French-Arabic participants. As previously noted, the lower rates of 
consonant accuracy observed for girls in the French-Arabic group might be attributable to 
chronological age rather than to gender, as the youngest participant (i.e., participant B14) - who 
globally displayed the lowest performances - is a girl and conversely, the oldest participant (i.e., 
participant B11) - who globally displayed the highest performances - is a boy. Interestingly, the effect 
observed in the French-Italian group are consistent with previous findings according to which better 
performances are observed in girls (Dodd et al., 2003; Kehoe & Havy, 2019). It is likely that the 
outcomes observed in the largest group of participants (i.e., the French-Italian group) might be more 
representative than those observed in the more reduced French-Arabic sample. Still, other language 
areas such as grammatical and lexical competence might also be more impacted by gender than 
phonetic and phonological skills.  
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 Finally, the presence of siblings turned out to be a significant factor only for global consonant 
accuracy, accuracy of word-final complex codas and for whole-word forms’ distance to targets in the 
French-Italian group. In line with the effect observed in the literature (Bridges & Hoff, 2014), children 
with older siblings displayed higher performances than those without siblings. Given that the impact 
of siblings was only assessed for the French-Italian bilingual children, it is not possible to know 
whether this variable would also have emerged only marginally as a significant factor for the children 
exposed to the other language pairs.   

IV.3!INDIVIDUAL TRAJECTORIES 
 If similarities and differences have been observed in the developmental patterns of the three 
linguistic groups, our results also highlighted a large amount of individual variability. Globally, all 
children demonstrated improvement from the first to the last session but contrasted developmental 
profiles also emerged from the data, reflecting different learning styles and speech production 
strategies. Two types of profiles seem relevant to mention here: children displaying a rather fast and 
linear phonological development and, in contrast, children characterized by a slower and potentially 
delayed development. 

 A particularly rapid development was observed in a couple of children belonging to different 
linguistic groups, such as the French-Italian participants B10 and B12 and the French-Arabic 
participants B05 and B06. Initially aged between 21 and 25 months, these children make significant 
progress for all structures investigated, from segments to whole-word forms. It appears that these 
participants share several characteristics: they are all boys with older siblings and all of them but one 
(i.e., B06) have a linguistic dominance in French. Given the marginal effect globally observed for 
both the presence of older siblings and linguistic dominance (see previous points, IV.2.2.1 and 
IV.2.2.2.), this suggests that the impact of these variables might indeed have been diminished under 
the influence of other factors. In addition, these four children all display No-risk index values between 
22 and 26 which, as previously explained (see section II.2), would probably indicate a typical 
language development. The index values are thus in line with the developmental trajectories observed 
in these children.  

 In contrast, other participants presented a much slower phonological acquisition, 
characterized by low and/or not much evolving performances for the different structures investigated. 
Two children from the French-Italian group are worth mentioning: the participant B02, initially aged 
25 months, and the participant B07, initially aged 33 months. These two participants are boys with 
no siblings, one of whom is characterized by a linguistic dominance in Italian and the other by a 
balanced bilingualism. Interestingly, B02 and B07 both present low No-risk index values of 
respectively 19 and 17. An index value below 17 would probably indicate an atypical development 
and a value between 18 and 20 would suggest a non-typical development that requires monitoring. 
Again the index values appear to correspond to the developmental patterns observed.  

 This suggests that the No-risk index could be a reliable tool to detect children at-risk for a 
delay or a potential language/speech impairment. Still, the index was only calculated once, at the very 
beginning of the longitudinal follow-up and was not actualized on the subsequent recording sessions. 
No regression was observed in these two participants. Both children did progress – albeit slowly – 
from the first to the last session, especially B07 who finally caught up with children of the same age 
at the end of the study. Rather than a speech impairment, one should rather speak of an initially 
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delayed development for these two children which could be attributed to two factors for B07: 
recurrent hearing infections in his infancy and a linguistic dominance in Italian, or a combination of 
both. The cause of the delay is less clear for B02. One might argue that his reduced exposition to 
French (in comparison to age-matched participants B10 and B12) could be one of the factors in play. 
In this specific case, it might also have been related to a particularly withdrawn behaviour displayed 
by that child. Indeed, the parents expressed their preoccupation about their child’s behaviour pattern 
when filling the questionnaire’s section about parental concern (see section II.2.). As the child entered 
nursery school (a little before the last session), this pattern progressively disappeared and, 
concomitantly, his language skills began to improve.  

 These contrasted individual cases once again highlight the fact that a wide range of factors 
are susceptible to impact language development in bilingual children and that individual 
characteristics should not be neglected. Besides, it also shows that the use of parental questionnaires 
and resulting calculated indexes proves to be highly relevant when assessing speech development in 
bilingual toddlers.  
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Chapter V: 

Conclusion and perspectives  
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V!CONCLUSION AND PERSPECTIVES 
!

! In the last decades, a growing number of studies have been conducted about bilingual speech 
production development, focusing on the comparison between bilingual and monolingual toddlers. 
Findings have shown that, although phonetic and phonological development of bilingual children 
presents similarities with that of monolinguals, it definitely has its own unique characteristics. Indeed, 
bilingual toddlers are faced with the challenge of simultaneously acquiring two phonological systems 
which results in specific developmental paths. Discrepancies observed between bilingual and 
monolingual children have been explained in terms of cross-linguistic effects due to the interaction 
between the two languages in contact. Still, the mechanisms underlying bilingual acquisition are not 
yet well understood given the large number of interlinked explanatory factors related to both the 
properties of the two languages and the exposure patterns.  

 Aimed at providing new insights about bilingual speech acquisition, our research proposed a 
different approach and attempted to address several methodological shortcomings of previous works. 
Rather than assessing bilinguals in relation to monolinguals, our study focused on the comparison 
between bilingual children exposed to different language pairs, namely French-Italian, French-Arabic 
and French-Mandarin. There is, to our knowledge, only one study (Kehoe and Havy, 2019) about 
bilingual speech acquisition that has involved more than one language pair. Our particular objective 
was to study the specific impact that each linguistic combination would have on French phonetic and 
phonological development. The differences between the linguistic groups under study as well as the 
high individual variability observed within the groups have once again stressed the complexity of the 
bilingual development and the necessity to control as much as possible the different factors 
susceptible to impact phonetic and phonological development in bilingual toddlers. 

 In addition to focusing on language pairs rarely studied before, the current study involved the 
implementation of an original and adapted protocol in order to assess the evolution of the children’s 
speech productions. Indeed, children were recorded longitudinally at regular four-months intervals 
and their speech productions, elicited via a self-developed word-naming task, have been subjected to 
complementary analyses based on both acoustic measures and phonetic transcriptions. To our 
knowledge, no bilingual production study has yet combined these two types of analyses. Furthermore, 
only a few investigations have involved acoustic analyses (Khattab, 2002; Kehoe, 2002; Kehoe, Lleó 
& Rakow, 2004; Fabiano-Smith & Bunta, 2012; Yang et al., 2015) and none of them have focused 
on fricatives. Another innovative aspect of this research is the inclusion of new measures used for the 
first time with a child population, namely the PHI index (Huet & Harmegnies, 2000) and the PDAP-
IS (Ghio et al., 2018). Our protocol also included parental questionnaires allowing us to characterize 
each participant’s linguistic profile via quantification indexes (i.e., No-risk index and Index of 
linguistic dominance) as well as to document the lexical development in French and in both 
languages. This multi-tool protocol has enabled us to examine the impact of a series of factors, some 
of which insufficiently investigated (i.e., lexical development, gender, siblings), on the development 
of phonological skills.  

 Still, our work also presents several limitations resulting from methodological issues. Indeed, 
the nature of the participant’s sample imposed several constraints on the analyses conducted. First, 
the reduced sample size and the heterogeneity of the groups restricted the types of statistical analyses 
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that could be conducted on data. This was especially the case for the French-Mandarin group, for 
which several subject-related independent variables were confounded with the subject and therefore, 
potentially found effects were rather attributable to the subject him/herself than to the variable of 
interest. Then, and as previously mentioned (see section IV.1), it also compelled us to consider the 
session as the main developmental variable, whereas chronological age might have brought other 
developmental patterns into light within the three groups. 

 The perspectives opened up by this study are multiple. The current work consisted in an 
exploratory study in which we attempted to bring innovative methodological aspects as well as to 
consider a number of variables that may affect bilingual phonological development. On this basis, 
our prospect is to conduct future studies to more particularly investigate the relations between these 
different variables. Indeed, some of them have been found to have a unilateral effect on all measures 
(i.e., session, chronological age, vocabulary scores), whereas others only marginally impacted 
children’s performances (i.e., linguistic dominance, gender and siblings). Our objective would thus 
be to test the interaction between different variables – such as the relation between linguistic 
dominance and the language’s structural properties or between chronological age and gender – in 
order to better understand the individual developmental patterns and to evolve towards a more 
hypothetico-deductive approach. In parallel, several aspects of the children’s speech productions 
could also be more thoroughly investigated. Indeed, assuming that the corpus and/or the data points 
would be extensive enough, the acoustic analyses could extend to all French vowels and consonants, 
which could be systematically assessed according to their manner and/or place of articulation, both 
globally and in the different syllabic constituents. In line with this, phonological processes could be 
examined in more details, as a function of the position of the consonant within the syllable and the 
word. !

 To conclude, the present study also points out the fact that reporting bilingual performances 
to that of monolinguals is most probably not the most appropriate approach to best assess - and 
understand the specificities of - bilingual development, especially considering the greater variability 
that could be expected from the wide ranges of bilingual experiences. In fact, comparisons between 
different types of bilinguals and between bilinguals and monolinguals are both needed in order to get 
a more complete and nuanced picture of bilingual acquisition. Referring exclusively to monolingual 
norms could lead to diagnosis errors, whether of under- and over-diagnosis. Indeed, numerous speech 
therapists and developmental psychologists regret that bilingual children do not benefit from a clinical 
follow-up similar in quality to that set up for monolingual children. More precisely, they recommend 
that language assessment tools as well as specific intervention strategies be developed for bilingual 
toddlers. Henceforth, an underlying objective of our research was to contribute, albeit modestly, to 
making the objective of defining bilingual developmental norms a reality in the near future. Such 
norms will allow building adapted instruments in order to ensure early diagnostic and quality 
treatment for bilingual populations.  
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VII! APPENDICES 
Appendix 1 

Consent form 

 

 
 

FORMULAIRE D’INFORMATION ET DE CONSENTEMENT 
 
Ce formulaire a pour but de vous informer de notre démarche. Avant que vous n’acceptiez de 
participer à cette étude, vous devez connaître clairement nos objectifs, les procédures qui seront mises 
en place ainsi que vos droits quant à la recherche, afin de prendre une décision informée. C’est ce 
qu’on appelle un formulaire de consentement éclairé. 
 
Veuillez lire attentivement ce document et poser toutes les questions que vous souhaitez à 
l’investigateur. 
 
Présentation de l’étude 
 
L’étude que nous menons dans le cadre de notre mémoire de Master de spécialisation en Sciences du 
langage et de notre doctorat en Psychologie et Sciences de l’Education, effectués conjointement à 
l’Université de Mons, porte sur l’impact d’une expérience bilingue précoce sur le développement du 
langage oral. 
 
L’objectif de notre recherche est d’observer le développement phonologique et phonétique d’enfants 
bilingues ayant différentes combinaisons linguistiques, afin de contribuer à une meilleure 
compréhension des spécificités du développement langagier bilingue. 
 
Plus concrètement, le/les parent(s) participant à l’étude est/sont amené(s) à remplir deux types de 
questionnaires lors d’un entretien se déroulant à son/leur domicile. Ensuite, plusieurs séances seront 
programmées avec l’enfant participant à l’étude. Ces séances consisteront en une observation de la 
manière dont l’enfant s’exprime lors d’un jeu impliquant un livre avec des images représentant des 
objets ou des animaux familiers. L’ensemble de ces séances d’observation feront l’objet 
d’enregistrements audio et se dérouleront au domicile des familles en présence d’un/des parent(s). 
Les séances auront lieu à intervalles réguliers, tous les quatre mois, durant une période d’un an et 
demi et leur durée sera comprise entre trente minutes et une heure.  
 
L’ensemble des données récoltées feront l’objet d’analyses ultérieures menées à des fins scientifiques, 
en relation directe avec les objectifs de la recherche mentionnés ci-dessus.  
 
Respect de la vie privée 
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Cette étude se soumet aux règles éthiques et déontologiques de la Fédération Belge des Psychologues. 
L’ensemble des données récoltées et les résultats des analyses seront anonymes et nous nous 
engageons à ce qu’ils soient diffusés uniquement dans le cadre de notre étude en respectant les règles 
déontologiques de la communauté scientifique. 

Conditions de participation 

La participation à cette recherche est volontaire et vous êtes libre d’accepter ou de refuser de participer 
à cette étude. Plus précisément, vous êtes libre de décider de remplir les questionnaires demandés 
complètement ou pas, et de consentir à ce que votre enfant participe aux différentes séances 
d’observation ou non.  

Vous pouvez abandonner votre participation et celle de votre enfant à cette étude à tout moment, sans 
qu’il soit nécessaire de justifier votre décision. En outre, vous pouvez, à tout moment et sans devoir 
avancer aucune raison, demander la consultation des différentes données collectées, ainsi que leur 
rectification ou leur suppression de la base de données sans aucun frais.  Enfin, vous pouvez 
également demander à ce que les résultats des analyses vous soient communiqués. 

 

Coordonnées de l’investigateur 

- Nom et prénom : Philippart de Foy Marie (étudiante-doctorante à l’Université de Mons) 

- Adresse e-mail : marie.philippartdefoy@umons.ac.be 

- Téléphone : +32(0)476/91.11.51 

 

Participant 
 
- Je, soussigné(e), ..............................................................................................................., parent de 
....................................................................., déclare avoir lu le formulaire d’information et consens 
de mon plein gré à ce que mon enfant participe aux séances d’observation dans le cadre du mémoire 
et de la thèse de doctorat de Marie Philippart de Foy. 

- Je déclare avoir reçu une explication sur la nature, le but et la durée de l’étude et j’ai eté informé(e) 
sur ce que l’on attend de la part du/des parent(s) et de l’enfant participant à l’étude. 

- J’ai reçu une copie de ce formulaire d’information et de consentement, datée et signée. 

- J’ai compris que je suis libre de participer ou non, de remplir les questionnaires, complètement ou 
non, et d’abandonner ma participation et celle de mon enfant à l’étude à tout moment, sans devoir 
justifier ma décision.  

- J’ai compris que des données concernant ma famille et mon enfant seront récoltées et que 
l’investigateur se porte garant de la confidentialité de ces données. Je suis conscient(e) que je peux à 
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tout moment demander la consultation, rectification ou suppression des données sans devoir avancer 
de raison et sans aucun frais. 

 - J’accepte que les données récoltées fassent l’objet d’analyses ultérieures à des fins scientifiques et, 
si je le souhaite, je peux etre informé(e) des résultats de ces analyses à tout moment. 
 
- J’accepte que les résultats, anonymes et confidentiels, soient diffusés à des fins scientifiques en 
respectant les règles déontologiques de la communauté scientifique. 
 
_________________________________________           ____________________________ 

NOM ET PRENOM            DATE 

________________________________________________ 

SIGNATURE (précédée de la mention « lu et approuvé »)  

 

Investigateur  

 

Je, soussignée, ...................................................................................................., déclare avoir fourni 
oralement les informations nécessaires sur l’étude, avoir répondu à toutes les questions du participant 
et lui avoir donné un exemplaire de ce document. 

 

Je confirme qu’aucune pression n’a été exercée sur le participant pour qu’il/elle accepte de prendre 
part à l’étude et je suis prête à répondre à toutes les questions supplémentaires, le cas échéant.!

________________________________________           ____________________________ 

NOM ET PRENOM            DATE 

 

________________________________________________ 

SIGNATURE (précédée de la mention « lu et approuvé »)  
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Appendix 2 

Parental questionnaire 

QUESTIONNAIRE DEVELOPPEMENT ET LANGAGE DESTINE AUX PARENTS 

D’ENFANTS BILINGUES D’AGE PRESCOLAIRE  

Ce questionnaire est basé sur différents questionnaires existants : le questionnaire Alberta Language 
Environnement – ALEQ (Paradis, 2011) et son adaptation française (Laloi, 2015), le questionnaire 
Alberta Language and Development – ALDeQ (Paradis, 2010) et le questionnaire Questionaire for 
parents of bilingual children for infants and toddlers – PaBiQ-IT (Tuller, 2015). 

 

   Nom de l’enfant :  

   Age actuel de l’enfant (années et mois) :                                        Fille / garçon 
(entourez) 

   Date de l’entretien :  

   Personne avec laquelle l’entretien a été réalisé (ex : mère/père de l’enfant) : 

   Personne menant l’entretien (ex : étudiante(e), chercheur) : 

   Si le questionnaire n’a été pas complété dans le cadre d’un entretien, précisez la personne ayant     

   répondu aux questions (ex : mère/père de l’enfant) : 

 

 

SECTION A – QUESTIONS SUR L’ENFANT 

1 – Informations générales sur l’enfant 

1.1.!Date et lieu (ville et pays) de naissance : 

1.2.!Lieu de résidence actuelle (ville et pays) : 

1.3.!Si le lieu de naissance (ville et/ou pays) est différent du lieu de résidence actuelle, précisez la 
date d’arrivée dans le lieu de résidence actuelle :  

1.4.!Si l’enfant a des frères et sœurs, précisez l’ordre de naissance de l’enfant (entourez) :   

1er/ère né(e)     2ème né(e)     3ème né(e)     4ème né(e)     5ème né(e)     6ème né(e) 

 Fratrie (détails) 

Ordre de naissance Prénom Date de naissance Sexe 

1 - ainé(e)    
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2    

3    

4    

 

2 -  Histoire précoce : premiers jalons développementaux 

2.1. Vers quel âge (en mois) votre enfant a-t-il/elle produit son premier mot ?  

Age : ....................................... et précisez la/les langue(s) : ....................................... 

2.2. Votre enfant a-t-il/elle déjà commencé à combiner des mots et/ou à faire des petites 
phrases (même si elles ne sont pas correctes, exemple : encore pain ; a plus gâteau, etc.) ? Si oui, à 
quel âge (en mois) ?  

Age : ....................................... et précisez la/les langue(s) : ....................................... 

2.3. Avez-vous ou avez-vous déjà eu une quelconque inquiétude au sujet du langage de votre enfant ?   

OUI  ou NON ; si oui, précisez la/les langues (entourez):   Français  -  Langue (précisez) : 
......................... 

Et expliquez brièvement : .............................................................................................................. 

................................................................................................................................................................

................................................................................................................................................................ 

2.4.  Lorsque vous pensez à d’autres enfants du même âge que vous connaissez, pensez-vous que 
votre enfant est différent(e) au niveau de l’émergence du langage (entourez la réponse 
correspondante) ? 

Pas différent(e) du tout     –     Un petit peu différent(e)     –      Assez différent(e)     –      Très 
différent(e) 

Si votre enfant est différent(e), pouvez-vous expliquer en quoi ? 
................................................................................................................................................................
........................................................................... 

2.5. Est-ce que votre enfant a ou a eu des problèmes d’audition ou des otites fréquentes ? 

OUI  ou NON 

INSTRUCTION : les réponses aux questions 2.1 à 2.3 ET 2.5 sont à reporter dans le tableau au 
point 1. Indice de non-risque, p. 13. 

2.6. De manière générale, à quel degré votre enfant a-t-il/elle été en contact avec/exposé(e) aux 
différentes langues (cochez les cases correspondantes) : 
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 0 
Jamais 

1 
Rarement/de temps 

en temps 

2 
La moitié du 

temps 

3 
Souvent 

 

4 
Toujours 

Français       

Langue 
(précisez) : 
.............................. 

     

Autre :      

 

2.7. Dans quel(s) contexte(s) et à partir de quel âge (en mois) votre enfant a-t-il/elle été exposé(e) aux 
différentes langues ?  

 

Votre enfant a été exposé(e) à ...   
avec/via ... 

 
 

Français  Langue 
(précisez) : 

...................... 

Autre : 

Oui/non Age  Oui/non Age Oui/non Age 

a. la mère Oui - non Oui - non  Oui - non  Oui - non  

b.!le!père Oui - non Oui - non  Oui - non  Oui - non  

c. les!frères!et!sœurs  Oui - non Oui - non  Oui - non  Oui - non  

d. les grands-parents 
maternels 

Oui - non Oui - non  Oui - non  Oui - non  

e. les grands-parents 
paternels 

Oui - non Oui - non  Oui - non  Oui - non  

f. la nounou/gardienne Oui - non Oui - non  Oui - non  Oui - non  

g. d’autres adultes :  
...................................... 
 

Oui - non Oui - non  Oui - non  Oui - non  

h. le personnel de la 
crèche 

Oui - non Oui - non  Oui - non  Oui - non  

i. des comptines/des 
chansons/des histoires 
 

Oui - non Oui - non  Oui - non  Oui - non  

j. la télévision Oui - non Oui - non  Oui - non  Oui - non  

Age du 1er contact        
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Total oui/non T A  B  C  

Taux d’exposition à chaque 
langue : Nombre de contextes dans 
une langue (A, B, C) sur nombre!de!

contextes!total!(T) 

A/T  

 

B/T C/T 

 

INSTRUCTION : les réponses aux questions 2.6. et 2.7. sont à reporter dans le tableau au point       
n° 2. Exposition précoce pour chaque langue – quantité et qualité,  p. 14. 

2.8 A quel âge votre enfant a-t-il/elle commencé à être exposé(e) de façon importante et régulière à 
chacune des langues ?  

Remarque : de façon importante et régulière = au moins-minimum 3 jours complets/24h par semaine 

  
Age d’exposition (en mois) 

Français   

Langue (précisez) : 
.............................. 
 

 

Autre :  

 

INSTRUCTION : les réponses à la question 2.8. sont à reporter dans le tableau au point n° 3. 
Durée d’exposition pour chaque langue, p. 14. 

3 -  Capacités actuelles  

3.1. Dans quelle(s) langue(s) votre enfant parle-t-il/elle ou produit-il/elle actuellement des mots 
isolés ? 

................................................................................................................................................................ 

Selon vous, dans quelle langue se sent-il/elle le plus à l’aise ? 
...................................................................... 

3.2. Dans le tableau ci-dessous, estimez les capacités actuelles de votre enfant pour chaque langue : 
Vous pouvez choisir d’évaluer votre enfant par rapport à d’autres enfants monolingues ou bilingues 
OU les deux, selon les points de comparaison dont vous disposez dans votre entourage. 
INSTRUCTION : les réponses à la question 3.2. sont à reporter dans le tableau au point 4. 
Capacités actuelles, p. 14. 

 Français Langue 
(précisez) 

Autre : 
.................. 
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.................. 

Au moyen de l’échelle suivante : 0 = pas 
très bien, 1 = un peu moins bien, 2 = pareil, 
3 = très bien, mieux 

Comparé à d’autres enfants monolingues du 
même âge, comment pensez-vous que votre 
enfant 

a.! s’exprime en ?                                                        
b.! prononce les mots en ? 

   

 
 

  

 
 

  

Au moyen de l’échelle suivante : 0 = pas 
très bien, 1 = un peu moins bien, 2 = pareil, 
3 = très bien, mieux 

Comparé à d’autres enfants bilingues du 
même âge, comment pensez-vous que votre 
enfant 

a.! s’exprime en ? 
b.! prononce les mots en ? 

   

 

 

   

Au moyen de l’échelle suivante : 0 = pas 
autant, 1 = un peu moins, 2 = autant, 3 = 
plus 

c.! Comparé à d’autres enfants 
monolingues du même âge, pensez-
vous que votre enfant connaît 
autant de mots en ? 

   

Au moyen de l’échelle suivante : 0 = pas 
autant, 1 = un peu moins, 2 = autant, 3 = 
plus 

d.! Comparé à d’autres enfants bilingues 
du même âge, pensez-vous que votre 
enfant connaît autant de mots en ? 

   

Au moyen de l’échelle suivante : 0 = 
beaucoup de difficultés,           1 = quelques 
difficultés, 2 = pareil, 3 = pas de 
difficulté/mieux 

e.! Comparé à d’autres enfants 
monolingues du même âge, pensez-
vous que votre enfant a des difficultés 
à mettre des mots ensemble pour faire 
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des petites phrases (même 
incorrectes) ?  

Au moyen de l’échelle suivante : 0 = 
beaucoup de difficultés,           1 = quelques 
difficultés, 2 = pareil, 3 = pas de 
difficulté/mieux 

f.! Comparé à d’autres enfants bilingues 
du même âge, pensez-vous que votre 
enfant a des difficultés à mettre des 
mots ensemble pour faire des petites 
phrases (même incorrectes) ?  

   

Au moyen de l’échelle suivante : 0= pas du 
tout/très peu satisfait(e), 1 = moyennement 
satisfait(e), 2 = assez satisfait(e),       3 = 
très satisfait(e) 

g.! Etes-vous satisfait(e) des capacités de 
votre enfant à comprendre en  ? 

h.! Etes-vous satisfait(e) des capacités de 
votre enfants à s’exprimer en  ? 
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3.3.  Comment définiriez-vous globalement le langage de votre enfant ?                                               
        (Veuillez ne remplir qu’une seule case par langue)  
 

 Français Langue 
(précisez) : 

....................... 
 

Autre : 

Il/elle ne comprend pas et ne parle pas :    

Il/elle comprend un peu et parle difficilement :    

Il/elle comprend bien mais parle difficilement :    

Il/elle comprend et parle facilement :    

 

3.4. Vous a-t-on déjà conseillé de ne parler qu’une seule langue avec votre enfant ? 

OUI  ou  NON ; si oui, 
pourquoi ?................................................................................................................... 

 

4 – Utilisation des langues au sein de la famille  

Remarque : dans les différents tableaux qui suivent, veillez à ce que les proportions d’utilisation des 
différentes langues soient cohérentes les unes par rapport aux autres, ex : ne pas cocher la case 
« Toujours » pour plusieurs langues. 

4.1. Avec les parents 

Quelle(s) langue(s) utilise la mère avec l’enfant ? 

Quelle(s) langue(s) utilise l’enfant avec sa mère ? 

Mère => Enfant Enfant => Mère 

 0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 

0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 
Français           

Langue 
(précisez) 
.......................
.... 
 

          

Autre :           
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 Quelle(s) langue(s) utilise le père avec l’enfant ? 

Quelle(s) langue(s) utilise l’enfant avec son père ? 

Père => Enfant Enfant => Père 

 0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 

0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 
Français           

Langue 
(précisez) 
.......................
.... 
 

          

Autre :           

 

4.2. Y a-t-il un autre adulte qui prend soin de votre enfant à la maison (ex : grands-parents, nounou, 
etc.) ?  OUI  ou  NON ; si oui, précisez 
qui :.................................................................................................. 

 (Utilisez les tableaux additionnels en annexe p.12 si d’autres adultes s’occupent régulièrement de 
l’enfant.) 

 
Quelle(s) langue(s) utilise l’autre adulte avec l’enfant ?                  Quelle(s) langue(s) utilise l’enfant avec 
l’autre adulte ? 

Autre adulte => Enfant Enfant => Autre adulte 

 0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 

0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 
Français           

Langue 
(précisez) 
.......................
.... 
 

          

Autre :           

 

4.3. Avec les frères et sœurs ; indiquez les frères et sœurs par ordre décroissant d’âge (du plus âgé - 
Frère/sœur 1 => au plus jeune Frère/sœur 3). 
 
(Utilisez les tableaux additionnels en annexe p.12 si l’enfant a plus de trois frères/sœurs). 
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Quelle(s) langue(s) utilise le frère/sœur 1 avec l’enfant ?                       Quelle(s) langue(s) utilise l’enfant avec 
le frère/sœur 1 ? 

Frère/sœur 1 => Enfant Enfant => Frère/sœur 1 

 0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 

0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 
Français           

Langue 
(précisez) 
.......................
.... 
 

          

Autre :           

 

 

Quelle(s) langue(s) utilise le frère/sœur 2 avec l’enfant ?                       Quelle(s) langue(s) utilise l’enfant avec 
le frère/sœur 2 ? 

Frère/sœur 2 => Enfant Enfant => Frère/sœur 2 

 0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 

0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 
Français           

Langue 
(précisez) 
.......................
.... 
 

          

Autre :           

 

Quelle(s) langue(s) utilise le frère/sœur 3 avec l’enfant ?                       Quelle(s) langue(s) utilise 
l’enfant avec le frère/sœur 3 ? 

Frère/sœur 3 => Enfant Enfant => Frère/sœur 3 

 0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 

0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 
Français           
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Langue 
(précisez) 
.......................
.... 
 

          

Autre :           

 

4.4. Entre les parents 

Quelle(s) langue(s) utilise la mère avec le père ?                                       Quelle(s) langue(s) utilise le père avec 
la mère ? 

Mère => Père Père => Mère 

 0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 

0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 
Français           

Langue 
(précisez) 
.......................
.... 
 

          

Autre :           

INSTRUCTION : les réponses aux questions 4.1. à 4.4. sont à reporter dans le tableau au 
point 5. Score d’utilisation de chacune des langues au sein de la famille, p. 15. 

5 - Utilisation des langues dans d’autres contextes  

5.1. Quelle(s) langue(s) parle votre enfant avec les autres enfants avec lesquels il/elle joue 
régulièrement ? (Veillez à ce que les proportions des différentes langues soient cohérentes les unes 
par rapport aux autres) 

5.1.1. Avec les autres enfants de la famille (ex : cousins/cousines) : 

 0 
Jamais 

1 
Rarement 

2 
Parfois 

3 
Souvent 

4 
Toujours 

Français      

Langue 
(précisez) : 
............................ 

     

Autre :      
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5.1.2. Avec les enfants d’amis :  

 0 
Jamais 

1 
Rarement 

2 
Parfois 

3 
Souvent 

4 
Toujours 

Français      

Langue 
(précisez) : 
............................ 

     

Autre :      

 

5.1.3. Avec les enfants de la crèche :  

 0 
Jamais 

1 
Rarement 

2 
Parfois 

3 
Souvent 

4 
Toujours 

Français      

Langue 
(précisez) : 
............................ 

     

Autre :      

 

5.2. Les amis de la famille (personnes adultes) qui viennent régulièrement chez vous utilisent 
quelle(s) langue(s) ? 

 0 
Jamais 

1 
Rarement 

2 
Parfois 

3 
Souvent 

4 
Toujours 

Français      

Langue 
(précisez) : 
............................ 

     

Autre :      

 

 

5.3. Si votre enfant va à la crèche, quelle(s) langue(s) utilise le personnel de la crèche ? 

 0 
Jamais 

1 
Rarement 

2 
Parfois 

3 
Souvent 

4 
Toujours 

Français      
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Langue 
(précisez) : 
............................ 

     

Autre :      

 

5.4. Quelles activités l’enfant fait-il/elle actuellement chaque semaine et dans quelle(s) langue(s) ? 
Remarque : la lecture = lecture faite à l’enfant, activité de regarder un livre avec lui/elle ou de le lui 
raconter. 

 Français Langue (précisez) : 
............................ 

Autre : 

Activités 2 
Tou
s les 
jour

s 

1 
Au 

moins 
une 

fois par 
semain

e 

0 
Presqu

e 
jamais 

ou 
jamais 

2 
Tou
s les 
jour

s 

1 
Au 

moins 
une 

fois par 
semain

e 

0 
Presqu

e 
jamais 

ou 
jamais 

2 
Tou
s les 
jour

s 

1 
Au 

moins 
une 

fois par 
semain

e 

0 
Presqu

e 
jamais 

ou 
jamais 

a. 
Lecture/histoire
s 

         

b.Télévision 
et/ou dessins 
animés 

         

c. Chansons/ 
comptines 

         

Total                   
(par colonne) 

         

Total                    
(par langue) 

/6 /6 /6 

 

INSTRUCTION : les réponses aux questions 5.1. à 5.3. sont à reporter dans le tableau au 
point 6. Score d’utilisation de chacune des langues dans d’autres contextes (Richesse 
linguistique), p. 15. 

SECTION B – QUESTIONS SUR LES PARENTS 

6 - Informations sur la mère  

6.1. Dans quel pays êtes-vous née ? 

6.2. Depuis combien d’années êtes-vous en Belgique ? 



!

! 282!

6.3. Travaillez-vous/ou étudiez-vous actuellement en dehors de la maison ? Si oui, quelle est votre 
profession/quelles sont vos études ? 

6.4. Quelle(s) langue(s) utilisez-vous sur votre lieu de travail/d’études ? 

 0 
Jamais 

1 
Rarement 

2 
Parfois 

3 
Souvent 

4 
Toujours 

Français      

Langue (précisez) : 
............................ 

     

Autre :      

 

6.5. Combien d’années d’études/formation avez-vous fait (dans le pays d’origine et/ou en 
Belgique) ? 

  Nombre d’années Informations supplémentaires 

Ecole primaire Oui / non   

Ecole secondaire Oui / non   

Enseignement 
supérieur/université 

Oui / non   

Formation 
professionnelle 

Oui / non   

 

6.6. Quel est votre niveau dans les langues suivantes 

 0 
Maximum 
quelques 

mots (Pas de 
maîtrise)  

1 
Pratique 
limitée 
(Faible) 

2 
Se débrouille, 

pratique 
presque 
courante 
(Moyen) 

3 
Est à l’aise, 

pratique 
courante  

(Bon) 

4 
 Pratique 

totalement 
courante 

(Excellent) 

Français      

Langue (précisez) : 
............................ 

     

Autre :      
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7 - Informations sur le père  

7.1. Dans quel pays êtes-vous né ? 

7.2. Depuis combien d’années êtes-vous en Belgique ? 

7.3. Travaillez-vous/ou étudiez-vous actuellement en dehors de la maison ? Si oui, quelle est votre 
profession/quelles sont vos études ? 

7.4. Quelle(s) langue(s) utilisez-vous sur votre lieu de travail/d’études ? 

 0 
Jamais 

1 
Rarement 

2 
Parfois 

3 
Souvent 

4 
Toujours 

Français      

Langue (précisez) : 
............................ 

     

Autre :      

 

7.5. Combien d’années d’études/formation avez-vous fait (dans le pays d’origine et/ou en Belgique) ? 

  Nombre d’années Informations supplémentaires 

Ecole primaire Oui / non   

Ecole secondaire Oui / non   

Enseignement 
supérieur/université 

Oui / non   

Formation 
professionnelle 

Oui / non   

 

7.6. Quel est votre niveau dans les langues suivantes 

 0 
Maximum 
quelques 

mots (Pas de 
maîtrise)  

1 
Pratique 
limitée 
(Faible) 

2 
Se débrouille, 

pratique 
presque 
courante 
(Moyen) 

3 
Est à l’aise, 

pratique 
courante  

(Bon) 

4 
 Pratique 

totalement 
courante 

(Excellent) 

Français      

Langue (précisez) : 
............................ 
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Autre :      

 

8 – Histoire familiale – difficultés langagières  

8.1. Pour chaque case, indiquez OUI (1 point) ou NON (0 point) : 

                Membre(s) de la famille  

Difficultés  

Frère(s)/
sœur(s) 

Mère Père 

Difficultés au niveau de la lecture et/ou de 
l’orthographe (dans votre langue maternelle). 

1 1 1 

Difficultés à comprendre les autres quand ils 
parlent (dans votre langue maternelle). 

1 1 1 

Difficultés à s’exprimer à l’oral : problèmes de 
prononciation/bégaiement, difficultés à trouver 
ses mots (problème de vocabulaire) et/ou à 
former des phrases, etc. (dans votre langue 
maternelle). 

1 1 1 

Total /3 /3 /3 

Total difficultés pour toute la famille /9 

 

Pour l’expression orale, précisez le type de difficultés : 
.............................................................................. 

Si d’autres types de difficultés langagières sont présentes, précisez : 
......................................................... 

INSTRUCTION : les réponses à la question 8.1. sont à reporter dans le tableau au point 
1. Indice de non risque, p. 13. 
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SYSTEME DE NOTATION – INDICE ET SCORES 

1. Indice de non-risque 

Questions Réponse Attribution points Points 

s 1er mot 15 mois ou plus jeune 6 points  
 
/6 
 

16-24 mois 4 points 

25 mois ou plus vieux 0 point 

2.2 1ères combinaisons de mots 24 mois ou plus jeune 6 points  

/6 24-30 4 points 

31 mois ou plus vieux 0 point 

2.3 Inquiétude parentale Non 2 points /2 

Oui 0 point 

2.5 Otites fréquentes Non 3 points /3 

Oui 0 point 

Total développement précoce (additionner les points ci-dessus) /17 

8.1 Difficultés familiales Soustraction : 9 – [total des difficultés 
familiales] => au moins il y a eu de 
difficultés, au plus l’indice sera élevé. 

/9 

INDICE DE NON RISQUE (additionner total développement précoce /17 et 
difficultés familiales /9) 

/26 

 

2. Exposition précoce pour chaque langue – quantité et qualité 

Questions Français Langue 
(précisez) 
.............. 

Autre 

2.6 Fréquence d’exposition 
Reporter fréquence pour chaque 
langue 

   

2.7 Age du premier contact 
Reporter l’âge le plus jeune pour 
chaque langue 

mois mois mois 

2.7 Variété de contextes 
d’exposition 
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Reporter nombre total de contextes 
pour chaque langue 

2.7 Taux d’exposition 
Convertir en % (ex : (A/T) x 100) 

% % % 

 

3. Durée d’exposition pour chaque langue (question 2.8.)  

 Age du début de 
l’exposition 

importante et 
régulière 

 

Nombre de mois d’exposition 

(1)! convertir l’Age d’exposition en mois 

(2)! convertir l’Age au test en mois 

(3)! soustraire Age au test – Age d’exposition 

Français   

Langue 
(précisez) 
.............. 

  

Autre   

 

4. Capacités actuelles 

=> Le total peut être de /18 ou de /30, en fonction de la façon dont les parents répondent : soit ils 
comparent leur enfant à d’autres enfants monolingues ou bilingues (total = 18), ou aux deux (total = 
30). 

Questions Français Langue 
(précisez) 
.............. 

Autre 

3.2 Total des capacités actuelles pour 
chaque langue                                           
Reporter total par langue  sur total de 
18 ou de 30 
 

/18 ou /30 /18 ou /30 /18 ou /30 
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5. Score d’utilisation de chacune des langues au sein de la famille 

Situation Score Situation Score 

Français  Langue 
(précisez) 
.............. 

Autre Français  Langue 
(précisez) 
.............. 

Autre 

Mère => 
enfant 
(Question 4.1) 

Ex : 1   Enfant => 
Mère              
(Question'4.1) 

Ex : 3   

Père => enfant  
(Question 4.1) 

Ex : 1   Enfant => 
Père        
(Question'4.1) 

Ex : 3   

Autre adulte 
=> enfant 
(Question 4.2) 

/   Enfant => 
Autre adulte 
(Question 4.2) 

/   

Frère/sœur 1 
=> enfant 
(Question 4.3) 

Ex : 3   Enfant => 
Frère/sœur 1 
(Question 4.3) 

Ex : 4   

Frère/sœur 2 
=> enfant 
(Question 4.3) 

Ex : 3   Enfant => 
Frère/sœur 2 
(Question 4.3) 

Ex : 4   

Frère/sœur 3 
=> enfant 
(Question 4.3) 

/   Enfant=> 
Frère/sœur!3!
(Question 4.3) 

/   

Mère => Père 
(Question 4.4) 

Ex : 1   Père => Mère 
(Question 4.4) 

Ex : 1   

Total : 
       Total des 
scores   
Nombre de 
score * 4 

9/5x4 
 
 

   15/5x4 
 

  

Grand total  
d’utilisation 
 

Additionnez les totaux et divisez pour obtenir un score de proportion 

Ex : calcul du score pour le français => 9/20 + 15/20 = 24/40 = 0,6 
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6. Score d’utilisation de chacune des langues dans d’autres contextes 
(Richesse linguistique)  

Questions Français Langue 
(précisez) 
.............. 

Autre 

5.1.1. Avec les autres enfants de la 
famille 

/4 /4 /4 

5.1.2. Avec les enfants d’amis /4 /4 /4 

5.1.3. Avec les enfants de la crèche /4 /4 /4 

5.2. Les amis de la famille /4 /4 /4 

5.3. Le personnel de la crèche /4 /4 /4 

5.4. Activités chaque semaine /8 /8 /8 

Total utilisation de chaque langue  /28 /28 /28 

 

ANNEXES 

Autre adulte => Enfant Enfant => Autre adulte 

 0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 

0 
Jamai

s 

1 
Rareme

nt 

2    
50
% 

3 
Souve

nt 

4 
Toujou

rs 
Français           

Langue 
(précisez) 
.......................
.... 
 

          

Autre :           

 

!

!

!

!

!
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Appendix 3 

French adaptation of MBCDI 
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Appendix 4 

Italian adaptation of MBCDI 
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Appendix 5 

Mandarin adaptation of MBCDI 
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Appendix 6 

Vocabulary checklists for Moroccan and Standard Arabic. 

MOROCCAN ARABIC 

 

 



!

! 318!
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STANDARD ARABIC 
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Appendix 7 

List of all the items of the naming task with the item’s age of acquisition and the source of the picture 
(where AoA stands for age of acquisition, DB stands for lexical database and CDI for parental report). 

Items 
 

AoA (in months) 
 

Source of the picture 

Lit 32,5 (DB) Moreno-Martinez & Montoro, 2012 

Bébé  30,6 (DB) Google 

Bateau  23,4 (DB) Moreno-Martinez & Montoro, 2012 

Maya / Google 

Oui-Oui / Google 

Feuille 38,5 (DB) Brodeur et al., 2012 

Pomme 32,5 (DB) Moreno-Martinez & Montoro, 2012 

Robe 36,5 (DB) Google 

Chaise 32,5 (DB) Moreno-Martinez & Montoro, 2012 

Peigne 56,5 (DB) Brodeur et al., 2012 

Vache  50,5 (DB) Brodeur et al., 2012 

Langue 8-16 (CDI) Google 

Doigt 38,5 (DB) Google 

Chien 32,5 (DB) Brodeur et al., 2012 

Bras  62,5 (DB) Brodeur et al., 2012 

Train 50,5 (DB) Google 

Fleur 32,5 (DB) Brodeur et al., 2012 

Cloche 44,5 (DB) Google 

Glace 16-30 (CDI) Google 

Porte 32,5 (DB) Google 

Parc 59,16 (DB) Google  

Livre 32,5 (DB) Google 

Zèbre 50,5 (DB) Brodeur et al., 2012 

Arbre 38,5 (DB) Brodeur et al., 2012 

Coucou 8-16 (CDI) Google 

Cadeau 36 (DB) Brodeur et al., 2012 

Souris 32,5 (DB) Google 

Cheveux  8-16 (CDI) Google 

Poisson 32,5 (DB) Google 

Panier 38,5 (DB) Brodeur et al., 2012 

Pingouin 68,5 (DB) Google 
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Items 

 
AoA (in months) 

 
Source of the picture 

Oiseau 32,5 (DB) Moreno-Martinez & Montoro, 2012 

Crayon 32,5 (DB) Brodeur et al., 2012 

Grenouille 38,5 (DB) Google 

Tortue  32,5 (DB) Brodeur et al., 2012 

Fourmi 68,5 (DB) Brodeur et al., 2012 

Banane 38,5 (DB) Brodeur et al., 2012 

Carotte 38,5 (DB) Brodeur et al., 2012 

Chaussure 32,5 (DB) Google 

Girafe 32,5 (DB) Brodeur et al., 2012 

Cuillère 32,5 (DB) Brodeur et al., 2012 

Fromage 55,2 (DB) Google 

Étoile 32,5 (DB) Google 

Nombril 8-16 (CDI) Google 

Yaourt 16-30 (CDI) Google 

Echarpe 8-16 (CDI) Google 

Pantalon 32,5 (DB) Moreno-Martinez & Montoro, 2012 

Pyjama 8-16 (CDI) Google 

Champignon 38,5 (DB) Google 

Éléphant 32,5 (DB) Brodeur et al., 2012 

Parapluie 32,5 (DB) Google 

Escalier  37,8 (DB) Google 

Téléphone 32,5 (DB) Google 
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Appendix 8 

List of all the items of the naming task with the items’ phonological complexity and lexical frequency. 

Items 
Complexity 
index value 

Complexity 
category 

Lexical 
frequency 

Frequency 
category 

bébé 0.00 1 65.79 2 
lit 0.00 1 69.32 2 
bateau 0.17 1 62.8 2 
coucou 0.00 1 53.49 1 
langue 0.06 1 60.56 1 
cheveux 0.28 2 65.03 2 
nombril 0.33 2 35.77 1 
pyjama 0.44 2 58.64 1 
écharpe 0.61 3 55.5 1 
pomme 0.00 1 66.68 2 
robe 0.00 1 64.1 2 
glace 0.11 1 65.22 2 
souris 0.17 1 67.11 2 
livre 0.22 1 67.85 2 
yaourt 0.39 2 57.36 1 
fleur 0.11 1 63.12 2 
cadeau 0.17 1 62.78 2 
porte 0.22 1 67.36 2 
tortue 0.28 2 67.12 2 
poisson 0.33 2 68.65 2 
étoile 0.39 2 62.37 2 
oiseau 0.28 2 66.5 2 
chaussures 0.28 2 53.88 1 
chaise 0.33 2 61.54 2 
crayon 0.33 2 60.36 1 
pantalon 0.44 2 61.12 1 
éléphant 0.50 2 64.2 2 
chien 0.28 2 68.95 2 
cuillère 0.28 2 56.41 1 
girafe 0.28 2 59.93 1 
téléphone 0.33 2 63.31 2 

parapluie 0.56 3 60.36 1 
escalier 0.67 3 59.75 1 
feuille 0.00 1 63.91 2 
doigt 0.11 1 58.57 1 
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Items 
Complexity 
index value-

Complexity 
category 

Lexical 
frequency-

Frequency 
category 

banane 0.17 1 59.86 1 
panier 0.28 2 62.92 2 
grenouille 0.28 2 61.11 1 
arbre 0.44 2 66 2 
train 0.17 1 65.52 2 
vache 0.22 1 62.46 2 
carotte 0.28 2 45.71 1 
zèbre 0.33 2 60.8 1 
cloche 0.50 2 57.7 1 
champignon 0.56 3 60.46 1 
peigne 0.00 1 58.88 1 
bras 0.11 1 63.85 2 
parc 0.22 1 59.14 1 
fourmi 0.28 2 58.1 1 
pingouin 0.39 2 54 1 
fromage 0.56 3 64.66 2 

 

 

 

 

 

 

 

 

 

 

 

 



!

! 347!

Appendix 9 

Adapted decomposition into distinctive features and cost matrix for PDAP-IS. 

!
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