Development of phonetic complexity in 4 languages: Berber, English, French and Tunisian-Arabic (children's productions, targets, and 50 randomly selected words in the adult language)

Frédérique Gayraud, Melissa Barkat-Defradas, Mohamed Lahrouchi, Mahé Ben Hamed Children typically produce their first words around 12 months of age. However, the full mastery of an adult-like sound system is not achieved before 8 [START_REF] Sander | When are speech sounds learned?[END_REF] or even 10-12 years of age [START_REF] Smith | Articulatory movement characteristics of labial consonant productions by children and adults[END_REF]. This extended period required to master the speech sound system of the adult language is due to the fact that young children are neither endowed initially with an adult-like vocal tract configuration nor with the neuromuscular control for producing the range of sounds of their ambient language [START_REF] Green | The sequential development of jaw and lip control for speech[END_REF][START_REF] Stoel-Gammon | Phonological development[END_REF]. These anatomical and neurophysiological constraints result in a restriction of children's early phonetic inventories [START_REF] Green | Some organization principles in early speech development[END_REF][START_REF] Nip | Early speech motor development: Cognitive and linguistic considerations[END_REF]. Initially, children's phonetic inventory is composed of sounds produced primarily by the jaw (MacNeilage, [START_REF] Macneilage | The motor core of speech: A comparison of serial organization patterns in infants and languages[END_REF], on which they have a better control compared to lips and tongue movements [START_REF] Green | The sequential development of jaw and lip control for speech[END_REF]. As a consequence of these biological universal constraints, children acquiring different languages show a similar restricted inventory of sounds [START_REF] Locke | Phonological acquisition and change[END_REF][START_REF] Locke | The child's path to spoken language[END_REF]. Indeed, babbling and first words productions demonstrate universal patterns: children show a preference for labials and coronals, stops, nasals and glides, open syllables, short utterances, few consonant clusters (and if any, they tend to be homorganic), and they use more reduplication than variegation [START_REF] Macneilage | Origin of serial-output complexity in speech[END_REF][START_REF] Oller | Speech-like vocalizations in infancy: An evaluation of potential risk factors[END_REF][START_REF] Vihman | From babbling to speech: A re-assessment of the continuity issue[END_REF]. Furthermore, these preferences have been shown to influence the words that children select to produce. Indeed, the inventory of children's early vocabulary is not composed of randomly selected words. It has been suggested that children select words with phonetic characteristics that are already present in their own phonological systems [START_REF] Ferguson | Words and sounds in early language acquisition[END_REF][START_REF] Schwartz | Attempted sounds are sometimes not: An expanded view of phonological selection and avoidance[END_REF][START_REF] Vihman | From babbling to speech: A re-assessment of the continuity issue[END_REF]. Other 'lexical selectivity' studies showed that children attempt more complex words targets according to age (Dobrich & Scarborough, 1992). An Index of Phonetic Complexity (henceforth IPC), which is based on the phonetic regularities observed in the babbling and the first words period was proposed to assess children's phonetic development [START_REF] Jakielski | A new method for measuring articulatory complexity[END_REF][START_REF] Jakielski | Quantifying phonetic complexity in words: An experimental index[END_REF][START_REF] Jakielski | Acquisition of phonetic complexity in children 12-36 months of age[END_REF]. This measure, which considers as more complex the productions composed of the less preferred segments and segments associations, permits to measure the development of phonetic complexity in both targeted and produced words by children. By measuring the phonetic complexity of targeted words, [START_REF] Ward | Measuring word target and production articulatory complexity in children 12-24 months of age[END_REF] documented a lexical selectivity bias in children aged 16 to 24 months. In addition, it was shown that IPC scores at age 12 months predicted speech and language skills at 18 months [START_REF] Furey | The growth of early phonological and lexical development: A longitudinal investigation[END_REF]. Both biomechanical constraints of the production system [START_REF] Macneilage | Acquisition of speech production: Frames, then content[END_REF]) and lexical selectivity are universal tendencies.

Crosslinguistic studies hence provide support for a strong determination of early phonetic inventories by biological constraints. However, they do not rule out an influence of the ambient language. Languages differ to a large extent in terms of their phonological inventories and phonotactics, making the input more or less difficult to acquire for children. Cross linguistic analysis of diverse languages permits the distinction of potentially universal patterns from language and/or language specific patterns (Stoel Gammon, 2012). Indeed, previous analysis have shown that segmental development, namely word shapes and CV co-occurrences, are influenced by input frequency in the ambient language [START_REF] Saffran | Incidental language learning: Listening (and learning) out of the corner of your ear[END_REF] as well as by the functional load of segment in the language (i.e. how much use a language makes of its available contrasts) [START_REF] Stokes | Articulatory complexity, ambient frequency, and functional load as predictors of consonant development in children[END_REF]. As languages vary on those parameters, previous findings suggest that some languages may be acquired earlier than others. For instance, [START_REF] So | The acquisition of phonology by Cantonese-speaking children[END_REF] showed that Cantonese children acquire phonology at a faster rate than English-speaking children.

Similarly, [START_REF] Loatman | Phonological patterns of two-year-old monolingual Mexican-American Spanish speakers[END_REF] showed that the Spanish words produced by Spanish children are more complex than those found for Cantonese. [START_REF] Caselli | A crosslinguistic study of early lexical development[END_REF] also observed that Italian children were slower in vocabulary acquisition compared to English-speaking children between 8 and 16 months of age. Another cross linguistic study comparing vocabulary growth between 16 and 30 months of age found that Galician children produce fewer words than Basque, French and Mexican-Spanish-learning children [START_REF] Pérez-Pereira | Crosslinguistic comparisons between Basque and Galician[END_REF]. In brief, phonetic development seems to be strongly influenced by universal biological constraints but also by the characteristics of the ambient language.

When considering the ambient language however, one has to keep in mind that the type of language to which children are exposed (referred to as Child Directed Speech, henceforth CDS) differs in several important ways from the adult language. When addressing children, caregivers adjust their language by simplifying and clarifying the linguistic material [START_REF] Ferguson | Baby talk in six languages[END_REF] in order to engage children's attention and facilitate language acquisition [START_REF] Snow | Mothers' speech research: From input to interaction[END_REF][START_REF] Werker | Infant-directed speech supports phonetic category learning in English and Japanese[END_REF]. CDS is characterized by simplified syntax, shorter utterances, restricted vocabulary, repetitions, phonetic modifications [START_REF] Kuhl | A new view of language acquisition[END_REF] increased variations in fundamental frequency and longer pauses [START_REF] Albin | Stressed and word-final syllables in infant-directed speech[END_REF][START_REF] Andruski | The acoustic structure of vowels in mothers' speech to infants and adults[END_REF] [START_REF] Ferguson | Baby talk as a simplified register[END_REF][START_REF] Papoušek | The meanings of melodies in motherese in tone and stress languages[END_REF].

Moreover, this specific register used by parents to promote infants' language learning has been shown to be almost universal [START_REF] Ferguson | Baby talk in six languages[END_REF][START_REF] Kitamura | Universality and specificity in infant-directed speech: Pitch modifications as a function of infant age and sex in a tonal and non-tonal language[END_REF][START_REF] Kuhl | Cross-language analysis of phonetic units in language addressed to infants[END_REF][START_REF] Monnot | Function of infant-directed speech[END_REF].

The current study aims at examining the phonetic complexity of words produced by children acquiring different languages: Arabic (Tunisian vernacular), Berber (Tashlhiyt variety), English (American) and French. These languages show different phonetic and phonological characteristics of interest for early language development, such as word length, word complexity (syllable types, consonant clusters) as well as phonemic inventory diversity. For example, Arabic lexicon, which is largely derived from basic consonantal roots, displays a lot of polysyllabic words. Concerning syllable types, French shows a strong preference for open syllables (76%); English exhibits largely closed syllables (60%) (Delattre, 1965) and Tunisian displays 23% of closed vs. 33% of open syllables (Hamdi, Ghazali & Barkat-Defradas, 2005). These languages also differ in consonant cluster requirements: in Tashlhiyt, consonant clusters are very common and not restricted to word-initial position. They occur in any position within the word or the syllable while in Tunisian Arabic, they are hardly found in word final position. In French both positions are permitted but a bias towards word initial position is attested. Phonemic inventories are also quite diverse. Indeed, when computing the consonant/vowel ratio, two groups emerge: Tashlhiyt and Tunisian Arabic are highly consonantal languages [START_REF] Fougeron | Schwa elements in Tashlhiyt word-initial clusters[END_REF]Hamdi, Ghazali & Barkat-Defradas, 2002) whereas in French and, to a lesser extent English, vowels are more represented. Tashlhiyt and Tunisian display an important proportion of fricatives as compared to the two other languages. Moreover Tunisian and Tashlhiyt phonological inventories put forward a large number of back consonants (i.e. uvulars, pharyngeals and glottals) that are known to be acquired rather late [START_REF] Omar | The acquisition of Egyptian Arabic as a native language[END_REF].

Given these phonetic and phonological characteristics, the following hypotheses deserve to be tested:

H1. The different languages should display different degrees of complexity. The dictionary words in Berber and Arabic, which are highly consonantal languages, should have higher complexity scores compared to English and to French, which are more vocalic.

The following IPC parameters are of special interest for our cross linguistic analysis:

-Place of articulation: Arabic, which contains many back (i.e. dorsal) consonants and French in which /ʁ/ is rather frequent [START_REF] Gromer | Apprendre à lire -Armand Colin (T1)[END_REF]) should display more complexity on this parameter.

-Clusters: Berber and Arabic in which clusters are more frequent should be more complex on that parameter.

-Complex articulation 1 should contribute as a factor of complexity in Berber and Arabic.

-Word length: Arabic, which shows many polysyllabic words because of vocalic patterns and affixes that are interweaved to the root for lexical derivation, should display more complexity on this parameter specifically.

1 When a consonant articulation occurs at the same time as another articulation is being made at a different place in the vocal tract, the consonant is said to form a complex articulation.

-Final Consonant: French, which shows a preference for open syllables should be less complex compared to the other languages.

-Variegation: in Arabic the non-homorganic consonantal rule which constraints the rootskeleton leads to expect this language will attest more variegation than the others.

-Rhoticity 2 will contribute to complexity in American English only.

H2. In each language, we expect the words that mothers use when addressing their children (child directed speech) to be less complex than the words from the "adult" language (i.e. represented here through different dictionary words).

H3. According to the lexical selectivity hypothesis, children should attempt words that are less complex to produce than the adult language's words.

H4. Given the biomechanical constraint hypothesis, we expect children's actual productions to be less complex than the targets they attempt.

H5. However, we expect an effect of the ambient language: children acquiring a phonologically more complex language should target and produce more complex forms. Hence, we expect Tunisian and Berber children's IPC scores to be higher than those observed for English and French.

H6. More generally, if a complex parameter is frequent in the ambient language, children should use it or attempt it more often than if it is not present in the ambient language.

Method

Participants

Sixteen children from four linguistic communities: Arabic (Tunisian vernacular), Berber (Tashlhiyt variety), American English and French were included in the study. The Arabic and Berber data are 2 Rhoticity in English refers to the situations in which English speakers pronounce the historical rhotic consonant /r/, and is one of the most prominent distinctions by which English varieties can be classified. Here we studied the acquisition of American English, which belongs to the rhotic varieties.

part of The PREMs Project 3 (Principal Investigator: Sophie Kern). The French data are part of the French Kern corpus [START_REF] Kern | From babbling to first words in four languages: Common trends across languages and individual differences[END_REF], and the English data comes from the Providence Corpus [START_REF] Demuth | Word-minimality, epenthesis and coda licensing in the early acquisition of English[END_REF]. The children were recorded in natural settings at home in interaction with their mother. The recording sessions took place twice a month from the onset of first word production until a few months after lexical spurt. Four lists of words were analyzed for each language: (i) the words actually produced by children (hereafter referred to as Actual), (ii) the targets corresponding to these words, (iii) 50 words extracted from CDS and (iv) 50 words from the adult language randomly selected from dictionaries (See APPENDIX 1 to 4 for an illustration). For each list, an adaptation of the Index of Phonetic Complexity [START_REF] Jakielski | Quantifying phonetic complexity in words: An experimental index[END_REF] was computed. IPC is based on the phonetic regularities observed during the babbling and the first-words periods. The IPC rates as more complex those vocal outputs that are composed of the less preferred segments (or segments associations) in early development. It allows measuring the development of phonetic complexity in both word targets and words actually produced by children. The IPC consists of eight parameters: consonants and vowels by place and manner classes, word shape and word length (in syllable type and number), singleton consonants by place variegation, contiguous consonants and cluster by type (i.e. homo vs. hetero organic). However, this measure was initially designed to capture the phonetic complexity of English and therefore, needed to be adapted for cross-linguistic comparison in order to account for other determining features of phonetic complexity exhibited in the 4 languages under examination.

3 http://www.ddl.ish-lyon.cnrs.fr/projets/prems/index.asp?Langue=EN&Page=Presentation

Adaptation

In order to take into consideration the typological peculiarities of our linguistic sample, we first had to integrate to the original IPC model a new parameter relative to consonantal articulation, which we labeled Consonant by articulation class in reference to Jakielski,'s first two parameters (i.e.

Consonant by articulation class and Consonant by place class). This new parameter has been added in order to discriminate between simple vs. complex articulations. Indeed, when a consonant articulation occurs at the same time as another articulation is being made at a different place in the vocal tract, the consonant is said to form a secondary (or complex) articulation. In Arabic and Berber two types of secondary articulation are phonemically attested: pharyngealization (both in Arabic and Berber) and labialization (in Berber only). Basically, during the realization of a pharyngealized consonant (for example [t ʕ , d ʕ , ð ʕ ]), the pharynx is constricted and the root of the tongue is retracted.

Such consonants, which require a skillful control of the back of the vocal tract (Barkat-Defradas & Embarki, 2009), are acquired very tardily [START_REF] Omar | The Acquisition of Egyptian Arabic as a Native Language[END_REF]; that is why we added 1 point for such complex segments that are typical of Afro-asiatic languages [START_REF] Hetzron | The Semitic Languages[END_REF]. The same rationale was applied for labialization, which consists in adding lip rounding to the principal articulation. As for consonant by place class, we considered radical consonants (i.e. pharyngeals) as particularly complex since they are, on the one hand, even more posterior than dorsals -that are themselves considered as complex in the original IPC model -and, on the other hand, since the mastery of production for these consonants is reported to occur rather late [START_REF] Amrayeh | A normative study of the acquisition of consonant sounds in Arabic[END_REF]Amrayeh & Dyson, 1998). Lastly, considering the fact that under the influence of Berber, consonantal clusters are frequent in the Western varieties of colloquial Arabic and can be very long, we decided to add up to 2 points when two or more consonantal segments are contiguous. Our purpose is to compare cross-linguistically the total phonetic complexity of children's production, but also the contribution of each of the parameters accounting for it. Translating each word into a phonetic sequence in which each element is described as a vowel, a consonant, or a secondary articulation, with consonants being identified in terms of place and mode of articulation, we can identify and compute each parameter, and the IPC as their total sum. Table 3 provides an example of ICP scoring for four dictionary words in each language. 

Results

The dictionary sample is a window on the expected mean word phonetic complexity of the languages under study. The sample being rather small, we also computed the confidence interval of the mean with a 5% type I error by bootstrapping the sample to estimate the interval of values for the mean phonetic complexity for the dictionary as a whole. Figure 1 shows that the 4 languages have indeed different mean word IPCs, with a decreasing cline from Arabic > Berber > English > French. As expected given the sample size, the 95% confidence intervals are large, but they still support this complexity cline. The IPC being computed as the sum of 10 phonetic parameters, depending on the language, this overall complexity can be attributed to different parameters. Figure 2 shows the individual contribution of each parameter to the overall IPC for the dictionary sample. Contributions are computed as the difference between the proportions of the overall complexity (that is the IPC), the parameter actually accounts for, and what would be expected from a uniform contribution of all parameters. Since there are ten of those, the uniform contribution null hypothesis would set each parameter's contribution at 10 %. Specific parameter contributions will thus vary between -0,1 and 0,9. Values range from -0,1 to 0,9 for each of the 10 parameters composing the IPC.

As expected, Arabic and French display a greater contribution of place of articulation, and French exhibits less complexity than all three other languages as to word shape due to preferential open final syllables. However, contrary to our assumptions about consonantal clusters, only Berber displays them as significant contributors to the overall phonetic complexity, whereas Arabic and English scale the same, in only slight excess of the 10 % contribution baseline, while French is slightly in deficit for this specific complexity component. The number of syllables does not behave according to our expectations either. Having distinguished monophtongs and diphtongs in our data description, word length is computed as the number of vowels -assumed to act as syllabic nuclei (except for Berber, where, additionally, syllabic consonants were identified using (Dell & Elmedlaoui, 2002)'s syllabification algorithm.

Complexity measures on the dictionary samples provide the baseline against which children's production and lexical selectivity, but also Child Directed Speech (CDS) can be analyzed. Figure 3 shows the mean IPC values for the different lists in the different languages.

Figure 3. Mean word IPC and 95M confidence intervals for the Dictionary/adult language, CDS, actual child production and target for Arabic, Berber, English and French

Although the general tendency is that of a decreasing complexity cline from Dictionary/adult language to CDS to Target to Actual child productions, major differences exist between languages.

For instance, Arabic and English Child Directed Speech show the highest complexity compared to the dictionary sample, but Berber, while showing a lower mean IPC for CDS, also exhibits comparable levels of phonetic complexity between the CDS and the targets selected by children for production.

Moreover, Arabic and Berber show similar Target complexity and Actual-to-Target complexity differential. But while English and French display lower Target complexity, they also display larger Actual-to-Target complexity differentials, with lower achieved complexity in children's actual production, especially for French.

However, these Actual-to-Target complexity differentials do not necessary translate into Actual-to-Target accuracy. Given that the individual parameters focus primarily on consonants, we computed the Actual-to-Target accuracy in the realization of consonants for the 4 languages (Figure 4). These results suggest that typological characteristics of the language play indeed a role in the acquisition process and call for a detailed examination of the individual contribution of each parameter to the overall IPC score of children's actual production, as compared to the language (dictionary) parameter contribution landscape.

Figure 5 shows that not all parameters contribute in the same way to the mean IPC of the actual production of the child, depending on the language, with respect to how they contribute in the other samples, and especially, the Dictionary. A tendency that appears common to all languages, however, is the enhanced contribution of manner of articulation in CDS with respect to Dictionary, that translates for Arabic and Berber in the Target selected by children for production, while French, where this is not the case, displays an enhanced contribution of manner in the Actual production of the children. Place of articulation also displays a trend common to all languages, with enhanced contributions in Actual production, irrespective of their contribution in the other samples. However, whereas place and manner contribute the most in French, their variegation contributes the least, contrary to all three other languages.

Discussion

Using an adaptation of Jakielski, (2000) Index of Phonetic Complexity (IPC), we carried out an analysis to assess phonetic complexity of children's early vocabulary in four languages: Arabic, Berber, English and French. Globally, we hypothesized that children's early productions would be shaped by universal articulatory constraints, but also by the language they are exposed to, depending on its phonological complexity.

A first subset of our hypotheses (H2, H3 & H4) relates to universal aspects of phonetic development.

First, our findings are in line with previous work underlying the universal tendency for caregivers to modify their speech when addressing children [START_REF] Ferguson | Baby talk in six languages[END_REF][START_REF] Ferguson | Talking to Children: A search for universals[END_REF][START_REF] Kitamura | Universality and specificity in infant-directed speech: Pitch modifications as a function of infant age and sex in a tonal and non-tonal language[END_REF][START_REF] Kuhl | Cross-language analysis of phonetic units in language addressed to infants[END_REF][START_REF] Monnot | Function of infant-directed speech[END_REF]. Some studies had investigated motherese in Arabic and Berber and cultural differences have been documented in the range of modifications of CDS [START_REF] Ferguson | Arabic Baby Talk, For Roman Jackobson[END_REF], Gumperz & Hymes, 1964[START_REF] Bynon | Berber nursery language[END_REF][START_REF] Omar | The Acquisition of Egyptian Arabic as a Native Language[END_REF][START_REF] Haggan | Self Reports and Self Delusion regarding the use of Motherese: implications from Kuwaiti adults[END_REF][START_REF] Al-Shatty | Differentiating between the interactive styles of two types of caregiver with 11-21 months kuwaiti children[END_REF][START_REF] Ferguson | Talking to Children: a search for Universals. First Language Acquisition: the Essential readings[END_REF] and the fact that caregivers use a special register to address young children remains undisputable crosslinguistically. The vast majority of CDS studies are focused on semantic, syntactic or prosodic characteristics. Fewer address the issue of CDS phonetic characteristics, but [START_REF] Kuhl | Cross-language analysis of phonetic units in language addressed to infants[END_REF] for instance showed that in different languages (American English, Russian and Swedish), mothers addressing their young children produce vowels that are acoustically more extreme, thus providing information about the sound system of the infant's native language in an exaggerated form. It thus promotes language learning by separating sounds into contrasting categories. The present study did not focus on potential modifications of segments in CDS but our findings show that caregivers use words that are less complex than in the adult language. It suggests that there is a lexical selectivity in CDS just like a lexical selectivity is hypothesized in children's productions. By doing so, one can assume that caregivers reduce the gap between children's restricted articulatory capacities and the necessary capacities to produce phonetically complex words of the adult language.

As predicted, children also seem to select the words they produce or attempt to produce depending on their phonetic complexity [START_REF] Ferguson | Words and sounds in early language acquisition[END_REF][START_REF] Schwartz | Attempted sounds are sometimes not: An expanded view of phonological selection and avoidance[END_REF][START_REF] Vihman | From babbling to speech: A re-assessment of the continuity issue[END_REF].

Indeed, in the four languages under study, we observed that words attempted or produced by children have lower complexity scores than CDS or adult words. Finally, the fact that in all the four languages actual productions show reduced complexity compared to attempted (and obviously CDS or adult) words illustrates the fact that during this early period of first word productions, children's early phonetic inventories are strongly limited by anatomical and neurophysiological constraints [START_REF] Green | Some organization principles in early speech development[END_REF][START_REF] Green | Some organization principles in early speech development[END_REF][START_REF] Macneilage | The motor core of speech: A comparison of serial organization patterns in infants and languages[END_REF][START_REF] Stoel-Gammon | Phonological development[END_REF].

Turning to language specific aspects, we observed that as hypothesized, some languages of our samples, namely Arabic and Berber show higher IPC scores than English and especially French. The different IPC parameters contribute differently to complexity. Manner and place of articulation contribute significantly to complexity in the four languages. In other words, children in these languages do not systematically avoid fricatives or liquids, which are frequent in the ambient language. Similarly for Place of articulation, although children prefer labials and coronals to dorsals in the early period of production, they are able to produce posterior consonants (like dorsals and/or pharyngeals) when required by the ambient language (i.e. typically in Arabic and Berber where they are rather frequent). However, some parameters clearly differ across languages. Clusters are significant contributors to phonetic complexity in Berber, and, to a lesser extent, in Arabic and English. As for final consonant, French differs from other languages as being easier, as expected. By contrast some other parameters expected to play a role in the global complexity scores, in particular word length and complex articulation, do not seem to contribute significantly to the global complexity score. In sum, we found a decreasing complexity from Berber to Arabic to English and French. We hypothesized that these differences in phonetic complexity in the adult languages would influence phonetic development in children acquiring these languages. An obvious assumption is that a phonetically complex language such as Berber would take longer to acquire, and would be more challenging to reach accuracy. Nevertheless, our findings suggest that it is not the case. Although our sample is too small to draw solid conclusions, Berber infants are not delayed in the timing of first words production, as first words are produced as early as 7 months of age in one of our subjects.

Similarly, children acquiring Arabic and Berber show the best accuracy scores compared to the a priori easier languages, English and French. Looking at the detailed parameters that children either produce or avoid depending on the language, our findings show a mixed influence of language specificity and neurophysiological constraints. Globally children's actual productions tend to reflect the tendencies displayed in adult productions for place and manner of articulation. The fact that Arabic children's use of closed syllables mirrors the adult language (dictionary words) but not targets nor CDS remains to be to explained. However clusters, which are strong contributors of complexity in Berber (and to a lesser extent in Arabic and English), seem to be avoided by children acquiring these languages. This finding is not surprising, as consonant clusters appear to be especially challenging for children. Indeed, they are not produced before age 2 and their acquisition is one of the longestlasting aspects of speech acquisition in normally developing children [START_REF] Mcleod | Normal acquisition of consonant clusters[END_REF]. In sum, the different IPC parameters are not equally complex to produce by children: while some such as producing fricatives or dorsals can be overcome by children even at a very early age in spite of biological constraints, others such as consonant clusters need more time to master.
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Figure 1 .

 1 Figure 1. Mean word IPC showing a decreasing cline from Arabic > Berber > English > Vertical bars show the 95% confidence interval for the means for the dictionary as a whole.

Figure 2 :

 2 Figure 2: Specific parameter contribution with respect to the uniform contribution null hypothesis.Values range from -0,1 to 0,9 for each of the 10 parameters composing the IPC.

Figure 4 .

 4 Figure 4. Mean Actual-to-Target accuracy in consonant production for Arabic, Berber, English and French. Vertical bars display the 95% confidence interval

Figure 5 .

 5 Figure5. Mean parameter contribution by sample (Dictionary, CDS, Target and Actual) and by language(Arabic, Berber, English, French) 

  

Table 1 .

 1 Participants' demographic information

	Language	n	Sex	Age range
	Arabic	4	2M-2F	8;09 -24;06
	Berber	4	2M-2F	7;21 -18;12
	English	4	2M-2F	11;27 -20;05
	French	4	3M-1F	9;09 -22;22

Table 2

 2 

	recapitulates the different parameters

Table 2 .

 2 Adapted Index of Phonetic Complexity Scoring Scheme (based on[START_REF] Jakielski | Quantifying phonetic complexity in words: An experimental index[END_REF].

	Parameter	No points for:	One point each for:	Maximum possible points:
	Consonant by articulation class	Simple	Complex	1 point each
	Consonant by place class	Labials, Coronals, Glottals	Dorsals Pharyngeals	1 point each
	Consonant by manner class	Stops, Nasals, Glides	Fricatives, Affricates, Liquids	1 point each
	Vowel by class	Monophtongs Diphtongs	Rhotics	1 point each
	Word shape	Word ending in a vowel	Word ending in a consonant	1 point each
	Word length in syllables	Monosyllabic and dissylabic words	Tri+ syllabic words	1 point each
	Consonants by			
	place	Reduplicated	Variegated	1 point each
	variegation			
	Consonants by			
	manner	Reduplicated	Variegated	
	variegation			
	Contiguous	Words without a	Words with consonant clusters CC = 1 point
	consonants	cluster		> 2C = 2 points
	10 Cluster by type Homorganic clusters	Heterorganic clusters	1 point each

Table 3 .

 3 Index of Phonetic Complexity Scoring for 4 words in each language

	Language	Item	IPA	Transcription	Consonant by	articulation	class	Consonant by	place class	Consonant by	manner class	class Vowel by	class	Word shape	class	Word length	in syllables	Consonants	by place	variegation Consonants	by manner	variegation Contiguous	consonants	Cluster by	type	Total IPC
	French fork	fuʁʃɛt		0			1		1		1		0		0		1		1		1		1	7	
	English mixture mɪkstʃər	0			1		3		1		1		0		1		1		2		1	11	
	Berber girl		tafruxt	0			1		2		0		1		1		1		1		2		2	11	
	Arabic he fell	sqətˤ		1			1		1		0		1		0		1		1		1		1	8	

  1. Examples of ARABIC data

		kuja	ːufːuʔ nɔːne	xuja sfːuʁt sʌn koksinɛl	My brother nχabbiːh get him out sun sit ladybird tabl	I hide ħaħ:a table.	Boho / cut seat peje	stəχbər afunas ˈsaednəs	pay	be informed bull sadness
	45	Actual IPA Target IPA Translation ku: qu:m Get up ! fːufːu ifːuʁ he went out CDS IPA ħsˤɑːn 46 fwi θriː three spəˈgɛti d:aħ:ati Translation horse Hit (me) spaghetti aneː fɛʁme close aspiʁatoeʁ Vacuum cleaner sɛ̃	Dictionary IPA ʒəʕʕada ajdi snaep saint	Translation spatula dog snap
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		mae mae tʃtiʃk bɑk teteː	mae: juʃkad bo-ʊt tete	water he came boat sucking	tħutˤ dɑ̃	place timimit ˈʤaekət in	Mouth jacket	da-ijəb amdlu ˈmɛntəl səkwe	shake	melting cloud mental
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