Anne-Sophie Pezzino 
email: annesophie.pezzino@gmail.com
  
Nathalie Marec-Breton 
  
Corentin Gonthier 
  
Agnès Lacroix 
  
  
Factors explaining deficits in reading acquisition: The case of Williams syndrome

Keywords: reading, multidimensional approach, phonological skills, visuospatial skills, Williams syndrome

Purpose: Multiple factors impact reading acquisition in individuals with reading disability, including genetic disorders such as Williams syndrome (WS). Despite a relative strength in oral language, individuals with WS usually have an intellectual disability and tend to display deficits in areas associated with reading. There is substantial variability in their reading skills.

While some authors have postulated that phonological deficits are at the source of their reading deficits, others have suggested that they can be attributed to visuospatial deficits. The present study was the first to undertake an in-depth exploration of reading skills among French-speaking children and adults with WS. We tested the assumption that some factors influence performance on single-word identification among individuals with WS, with a focus on the roles of phonological awareness and visuospatial skills. Method: Participants were 29

French-speaking adults with WS and 192 controls matched for nonverbal mental age and reading level. We administered tests assessing reading (decoding and word recognition), vocabulary (expressive and receptive), phonological and visuospatial skills. We also controlled for chronological age and nonverbal reasoning. Results: Phonemic awareness was the most predictive factor of single-word identification in the WS group. Visuospatial skills also contributed, but not more nor beyond other factors. More broadly, reasoning skills may also have accounted for the variability in single-word identification in WS, but this was not the case for either chronological age or vocabulary. Conclusions: There is considerable heterogeneity among adults with WS, who may be either readers or prereaders. Similar profiles identified among individuals with other specific learning disabilities suggest that high reading variability is not specific to the neuropsychological profile of WS. We discuss a multidimensional approach to the factors involved in reading deficits in WS.

Introduction

Reading is a daily necessity for individuals who want to remain informed or entertained, or who want to use modern technologies for social and communication purposes (functional literacy; see World Literacy Foundation, 2015). Learning to read can be difficult for individuals with intellectual disability, as is the case in genetic disorders such as Williams syndrome (WS). However, studies on French-speaking individuals with intellectual disability are still rare, even though learning to read is more complex for deep orthographies such as French. Deep orthographies (e.g., French and English) are characterized by substantial inconsistencies in the relationships between graphemes and phonemes, whereas shallow orthographies (e.g., Spanish, Italian, and Hungarian) are characterized by more consistent relationships (for a review, see [START_REF] Castles | Ending the reading wars: Reading acquisition from novice to expert[END_REF]. French contains orthographic inconsistencies and complexities, including multiletter graphemes (around 130 graphemes for 37 phonemes), context-dependent rules, irregularities, and morphological effects, but a simple syllabic structure [START_REF] Sprenger-Charolles | Apprendre à lire: Contrôle, automatismes et autoapprentissage[END_REF]. Orthographic depth affects the time it takes to learn spelling-to-sound mapping (for dyslexia, see [START_REF] Paulesu | Dyslexia: Cultural diversity and biological unity[END_REF], but not the factors underlying reading skills (similar across European languages) [START_REF] Caravolas | Common patterns of prediction of literacy development in different alphabetic orthographies[END_REF].

Studying reading skills and their acquisition in French-speaking individuals with WS could help them to gain equal educational and learning opportunities in our society. Although the purpose of reading is ultimately to understand what is being read, the present study focused on single-word reading, which can be regarded as a foundation skill for other abilities, including reading comprehension [START_REF] Sprenger-Charolles | Apprendre à lire: Contrôle, automatismes et autoapprentissage[END_REF]. As word identification is a crucial step in reading acquisition, it is important to verify that it is fully mastered before examining the higher-level processing required for comprehension.

Cognitive and language profile in Williams syndrome

WS is a rare neurodevelopmental disorder with an estimated prevalence of 1 in 7500-20 000, caused by the deletion of 16-28 genes on chromosome 7 (7q11.23) [START_REF] Scherer | Williams-Beuren syndrome[END_REF][START_REF] Strømme | Prevalence estimation of Williams syndrome[END_REF]. Researchers have reported mild-to-moderate intellectual disability in most individuals with WS, with an average intellectual quotient (IQ) between 50 and 60 (for a review, see [START_REF] Martens | Research review: Williams syndrome: A critical review of the cognitive, behavioral, and neuroanatomical phenotype[END_REF]. The cognitive profile of a typical individual with WS is very heterogeneous (for a review, see [START_REF] Pezzino | Neuropsychological profile of people with Williams syndrome (WS). In ???[END_REF]: language production, receptive vocabulary and face recognition skills are considered to be relatively preserved, whereas phonological processing (including phonological awareness1 and auditory-verbal memory) and visuospatial processes (including perceptual abilities, visuoconstructive abilities, visuospatial memory) are severely affected [START_REF] Dessalegn | Consequences of severe visuo-spatial deficits for reading acquisition: Evidence from Williams syndrome[END_REF][START_REF] Menghini | Executive functions in individuals with Williams syndrome[END_REF][START_REF] Pezzino | Neuropsychological profile of people with Williams syndrome (WS). In ???[END_REF] for neuroimaging studies, see [START_REF] Landau | Object recognition with severe spatial deficits in Williams syndrome: Sparing and breakdown[END_REF]. In this section, we focus on language skills and visuospatial skills, which are of particular importance for the acquisition of reading.

Language skills

Vocabulary is not totally preserved in WS: performance is higher for receptive vocabulary than for expressive vocabulary, with 86% of individuals with WS below the 10 th percentile in expressive vocabulary [START_REF] Karmiloff-Smith | Language and Williams syndrome: How intact is "intact[END_REF][START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF][START_REF] Martens | Research review: Williams syndrome: A critical review of the cognitive, behavioral, and neuroanatomical phenotype[END_REF][START_REF] Mervis | Language and literacy development of children with Williams syndrome[END_REF][START_REF] Monnery | A linguistic dissociation in Williams syndrome: Good at gender agreement but poor at lexical retrieval[END_REF][START_REF] Ypsilanti | Expressive and receptive vocabulary in children with Williams and Down syndromes[END_REF]. More broadly, some language skills in individuals with WS have been observed to follow the same pattern found in typical development, but with a delayed developmental trajectory2 . These include lexicosemantic skills, word fluency, syntax, morphosyntax, and semantic skills [START_REF] Karmiloff-Smith | Language and Williams syndrome: How intact is "intact[END_REF][START_REF] Martens | Research review: Williams syndrome: A critical review of the cognitive, behavioral, and neuroanatomical phenotype[END_REF]. Other skills demonstrate an atypical pattern of development, including phonological processing, verbal fluency, morphology, semantic integration, and pragmatic skills (for French speakers, see [START_REF] Monnery | A linguistic dissociation in Williams syndrome: Good at gender agreement but poor at lexical retrieval[END_REF] for Italian speakers, see [START_REF] Bello | Lexical production in children with Williams syndrome: Spontaneous use of gesture in a naming task[END_REF][START_REF] Burani | Word morphology and lexical comprehension in Williams syndrome[END_REF][START_REF] Vicari | Neuropsychological profile of Italians with Williams syndrome: An example of a dissociation between language and cognition[END_REF] for English speakers, see [START_REF] Mervis | Language and literacy development of children with Williams syndrome[END_REF][START_REF] Perovic | Complex grammar in Williams syndrome[END_REF][START_REF] Ring | Distinct patterns of language impairment in Down's syndrome and Williams syndrome: The case of syntactic chains[END_REF][START_REF] Stojanovik | Social interaction deficits and conversational inadequacy in Williams syndrome[END_REF]. These early linguistic specificities contribute to a reduced lexical repertoire [START_REF] Martens | Research review: Williams syndrome: A critical review of the cognitive, behavioral, and neuroanatomical phenotype[END_REF][START_REF] Perovic | Complex grammar in Williams syndrome[END_REF] for the dysphasia profile, see [START_REF] Lahey | Naming errors of children with specific language impairment[END_REF].

Even within impaired language abilities, individuals with WS can display major dissociations. For example, the literature on WS systematically highlights weaknesses in phonological processing. However, in the case of phonological awareness, syllable awareness is intact in individuals with WS (except for syllable suppression), and rime performance is comparable to that of chronological age-matched peers, whereas phonemic awareness is poorer [START_REF] Garayzábal | Aprendizaje de la lectura en los niños con síndrome de Williams[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF]. The source of these deficits is unclear. Phonological deficits have been attributed to auditory-verbal memory deficits, impeding phonological unit manipulation and phonological coding (using the phonological loop) (Garayzabal & Cuetos Vega 2008;[START_REF] Karmiloff-Smith | Language and Williams syndrome: How intact is "intact[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Majerus | An investigation of verbal short-term memory and phonological processing in four children with Williams syndrome[END_REF][START_REF] Menghini | Executive functions in individuals with Williams syndrome[END_REF][START_REF] Rhodes | The extent of working memory deficits associated with Williams syndrome: Exploration of verbal and spatial domains and executively controlled processes[END_REF][START_REF] Temple | Deep dyslexia in Williams syndrome[END_REF] for a review, see [START_REF] Majerus | Le fonctionnement de la mémoire de travail et des fonctions attentionnelles et exécutives dans le syndrome de Williams[END_REF]. Some studies point to an atypical development of the language system in WS, with a detrimental effect of phonological variables on lexicosemantic variables, potentially related to abnormal auditory-perceptual processing [START_REF] Majerus | Evidence for atypical categorical speech perception in Williams syndrome[END_REF]. Other studies also suggest that the phonological deficits could be explained by atypical development of prosody (all oral features of verbal expression; see [START_REF] Catterall | Investigating prosodic ability in Williams syndrome[END_REF] or an excessive cognitive load in phonological tasks [START_REF] Cupples | The efficacy of 'whole word' versus 'analytic' reading instruction for children with Down syndrome[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF].

Visuospatial skills

Regarding visuospatial skills, studies report the preservation of visuoperceptual skills requiring intermediate or late perceptual processing (shape, object and face recognition; for reviews, see [START_REF] Heiz | Compétences visuo-spatiales des personnes avec syndrome de Williams: Revue de la littérature[END_REF]. Deficits in early perceptual processing (line orientation judgement) and visuoconstructive skills (copying, drawing and constructing cube patterns; [START_REF] Heiz | Compétences visuo-spatiales des personnes avec syndrome de Williams: Revue de la littérature[END_REF][START_REF] Martens | Research review: Williams syndrome: A critical review of the cognitive, behavioral, and neuroanatomical phenotype[END_REF] seem to stem from difficulty with simultaneous local and global processing (i.e. processing of details versus the broader pattern; [START_REF] Farran | Divided attention, selective attention and drawing: Processing preferences in Williams syndrome are dependent on the task administered[END_REF][START_REF] Heiz | Visual-motor integration, visual perception and motor coordination in a population with Williams syndrome and in typically developing children[END_REF], as well as from difficulty with mental manipulation of visuospatial representations (as involved for example in the block design task; see [START_REF] Farran | Divided attention, selective attention and drawing: Processing preferences in Williams syndrome are dependent on the task administered[END_REF] for neuroimaging studies, see [START_REF] Landau | Object recognition with severe spatial deficits in Williams syndrome: Sparing and breakdown[END_REF][START_REF] Rondan | Global and local processing in Williams syndrome: Drawing versus perceiving[END_REF]. Visuomotor integration skills demonstrates a typical pattern of development, but with a delayed trajectory, marked by deficits in visuomotor perceptual integration and motor coordination in graphic production tasks [START_REF] Heiz | Compétences visuo-spatiales des personnes avec syndrome de Williams: Revue de la littérature[END_REF][START_REF] Heiz | Visual-motor integration, visual perception and motor coordination in a population with Williams syndrome and in typically developing children[END_REF][START_REF] Wuang | Sensorimotor and visual perceptual functioning in schoolaged children with Williams syndrome[END_REF]. Individuals with WS also have visuospatial working memory deficits (difficulty with maintaining and recalling serial information; for a review, see [START_REF] Majerus | Working memory treatment in aphasia: A theoretical and quantitative review[END_REF][START_REF] Majerus | Le fonctionnement de la mémoire de travail et des fonctions attentionnelles et exécutives dans le syndrome de Williams[END_REF]. However, studies suggest more difficulties with spatial structuring and visual exploration than with short-term storage [START_REF] Rhodes | The extent of working memory deficits associated with Williams syndrome: Exploration of verbal and spatial domains and executively controlled processes[END_REF]. [START_REF] Hoffman | Spatial breakdown in spatial construction: Evidence from eye movements in children with Williams syndrome[END_REF] described it as a cascade effect combining executive deficits. More broadly, the nature of the task may affect the choice of local/global processing and help to explain the visuospatial performance of individuals with WS (D 'Souza et al., 2016).

Reading ability in Williams syndrome

Reading comprehension, the overarching goal of all reading activities, is the multiplicative product of written word recognition (which requires explicit teaching before it is automatized) and verbal comprehension (a natural process requiring no explicit teaching; for a review, see [START_REF] Sprenger-Charolles | Apprendre à lire: Contrôle, automatismes et autoapprentissage[END_REF]. By the time they start learning to read, learners already have relatively sophisticated spoken-language skills, including knowledge of the meaning of many spoken words [START_REF] Casalis | How language affects children's use of derivational morphology in visual word and pseudoword processing: Evidence from a cross-language study[END_REF]. Written word recognition, however, is another matter.

Lexical quality (the quality of stored mental representations specifying the form and meaning of each word) is determined mainly by exposure to printed words [START_REF] Perfetti | Reading ability: Lexical quality to comprehension[END_REF]. It affects the development of orthographic representations and, consequently, single-word and sentence reading performance [START_REF] Casalis | How language affects children's use of derivational morphology in visual word and pseudoword processing: Evidence from a cross-language study[END_REF]. If lexical quality is low, some of the reader's limited cognitive resources have to be directed to word recognition (a low-level process), meaning that comprehension (a high-level process) is compromised (for a review, see [START_REF] Castles | Ending the reading wars: Reading acquisition from novice to expert[END_REF]. The act of decoding words provides an opportunity to acquire orthographic knowledge, which remains available for future encounters with the word (see self-teaching hypothesis; [START_REF] Share | Orthographic learning at a glance: On the time course and developmental onset of self-teaching[END_REF]. Once the alphabetic code (phoneme-to-grapheme transcription) has been learned and understood, prereaders (i.e., individuals who are beginning to learn how to read, and exhibit some basic decoding skills) can decode most printed words, enabling them to access their pronunciation and vocabulary, and hence their meaning, if the words are familiar in their oral form [START_REF] Ehri | Orthographic mapping and literacy development revisited[END_REF]; for a review, see [START_REF] Castles | Ending the reading wars: Reading acquisition from novice to expert[END_REF]. As a result of the self-teaching process during independent reading, less attention has to be paid to the words' orthographic and phonological characteristics, enabling individuals to focus on their meaning (Sprenger-Charolles & Ziegler, 2019).

In the case of WS, studies have shown delayed reading development from the early stages onwards, compared with typically developing children matched on reading age [START_REF] Steele | Learning to read in Williams syndrome and Down syndrome: Syndrome-specific precursors and developmental trajectories[END_REF]. The mean reading age of adult individuals with WS ranges from 6 to 8 years [START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Udwin | A longitudinal study of cognitive abilities and educational attainment in Williams syndrome[END_REF]. The results of most studies of reading skills in WS are consistent with the dual-route theory, which distinguishes between two cognitive processes: visual word recognition and reading aloud (for computational models, see [START_REF] Coltheart | DRC: A dual route cascaded model of visual words recognition and reading aloud[END_REF]Perry et al., 2010). The first route involves decoding words by translating a word's spelling into its sound, thereby accessing its meaning. This makes it possible for new and unfamiliar words to be read, based on alphabetic decoding. The second route involves word recognition by gaining access to meaning directly from the spelling, without having to decode its phonology. This allows for the reading of familiar words, where there is direct access to meaning.

Research findings on the abilities involved in reading skills in WS seem to depend on which language system is being studied. In the case of shallow orthographies, studies have highlighted decoding deficits in Italian speakers, compared with mental and lexical agematched controls [START_REF] Barca | Lexical-semantic reading in a shallow orthography: Evidence from a girl with Williams syndrome[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF], and word recognition deficits in Spanish speakers, compared with mental age-matched controls [START_REF] Garayzábal | Aprendizaje de la lectura en los niños con síndrome de Williams[END_REF].

By contrast, in deep orthographies such as English, research has highlighted deficits in both routes [START_REF] Conners | Reading skills and cognitive abilities of individuals with mental retardation[END_REF][START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Temple | Deep dyslexia in Williams syndrome[END_REF]. Given this variability in findings for WS, single-case studies and case series form an important aspect of the evidence base in reading. For instance, a single-case study [START_REF] Temple | Deep dyslexia in Williams syndrome[END_REF] of a 13-yearold English-speaking girl with WS indicated both an inability to read pseudowords (PW) and nonwords, highlighting a difficulty in word decoding, and semantic errors when reading frequent words, highlighting a difficulty in word recognition. It has been suggested that the reading profile in this deep orthographic system is similar to that observed in profound dyslexia. [START_REF] Barca | Lexical-semantic reading in a shallow orthography: Evidence from a girl with Williams syndrome[END_REF] reported the case of an Italian-speaking girl with WS aged 13 years and 8 months. In this shallow orthographic system, the teenager suffered a relative weakness in decoding words, compared with recognizing words. In contrast to these cases with decoding difficulties, [START_REF] Garayzábal | Aprendizaje de la lectura en los niños con síndrome de Williams[END_REF] reported that 12 Spanish-speaking children with WS (mean age: 12 years and 5 months) performed similarly to mental agematched controls on nonword reading (word decoding), whereas their word reading (word recognition) was impaired. A study of two English-speaking teenagers with WS who had similar general cognitive profiles further supported the presence of intra-individual differences in reading skills: one performed 8 years below chronological age on all word reading, whereas the other was only 3 years below chronological age on word reading, and was 2 years above chronological age on nonword reading [START_REF] Dessalegn | Consequences of severe visuo-spatial deficits for reading acquisition: Evidence from Williams syndrome[END_REF]. Some studies have reported nonword reading skills comparable to those of controls matched for reading age and receptive vocabulary [START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF] or mental age [START_REF] Garayzábal | Aprendizaje de la lectura en los niños con síndrome de Williams[END_REF], whereas other studies have found lower nonword reading skills than those of mental age-matched controls [START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF]. Reading skills (word identification) can therefore be considered as relatively preserved in some individuals with WS, but impaired in others. A consensus has nonetheless been reached on the existence of a lack of automatization of reading processes [START_REF] Barca | Lexical-semantic reading in a shallow orthography: Evidence from a girl with Williams syndrome[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Steele | Learning to read in Williams syndrome and Down syndrome: Syndrome-specific precursors and developmental trajectories[END_REF].

Predictors of reading ability in Williams syndrome

The variability in reading skills raises the question of the specificity of the neuropsychological profile of WS. For those individuals who can read, it is important to understand the factors underlying their reading skills. Measuring an individual's reading comprehension does not make it possible to identify problems emerging in the course of reading acquisition (e.g., difficulties with the lexicon, word identification, implementation of high-level processing or working memory). It is therefore essential to start by checking whether word identification and the underlying skills are correctly acquired.

Reading acquisition requires the coordination and interaction of a number of cognitive processes and mechanisms, such as oral language, phonological awareness, auditory-verbal memory, and both auditory and visual perception (see Frith's cognitive model;[START_REF] Frith | What framework should we use for understanding developmental disorders[END_REF].

For instance, to master the alphabetic code, prereaders need to segment phonemes explicitly into spoken words and recognize the previously learned graphic symbols that correspond to the identified sounds. The metalinguistic skills of phonemic awareness (extracting the relevant phonemic units from the continuous stream of speech heard) and visual analysis skills are thus essential to reading acquisition (for a review, see [START_REF] Castles | Ending the reading wars: Reading acquisition from novice to expert[END_REF].

Mastering the decoding of grapheme-to-phoneme relationships enables printed words to be translated into spoken language, thereby accessing information about meaning. If prereaders have difficulty with symbol-sound mapping, reading acquisition will be limited to memorizing the meanings of printed words, and it is unlikely that this strategy can be scaled up to a full vocabulary (for a review, see [START_REF] Marinus | Precursors to reading: Phonological awareness and letter knowledge[END_REF]. Building an orthographic lexicon is therefore fundamental for lightening readers' mental load, enabling them to establish a higher level of processing.

In WS, three hypotheses have been put forward to explain reading variability: one general assumption relating to intellectual functioning [START_REF] Garayzábal | Aprendizaje de la lectura en los niños con síndrome de Williams[END_REF][START_REF] Howlin | Cognitive functioning in adults with Williams syndrome[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF], and two specific hypotheses regarding phonological and visuospatial skills [START_REF] Brawn | Functional basic reading skills in Williams syndrome[END_REF][START_REF] Dessalegn | Consequences of severe visuo-spatial deficits for reading acquisition: Evidence from Williams syndrome[END_REF][START_REF] Garayzábal | Aprendizaje de la lectura en los niños con síndrome de Williams[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF]. It should be noted that these hypotheses are not incompatible: deficits in phonological and visual skills may exacerbate reading deficits attributable to an intellectual deficit.

General intellectual functioning factors and reading skills

Results indicate that a minimum threshold of reasoning skills is required in order to access reading in WS [START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Mervis | Language and literacy development of children with Williams syndrome[END_REF]. For instance, [START_REF] Howlin | Cognitive functioning in adults with Williams syndrome[END_REF] reported that the nonreaders in their sample had a significantly lower full score IQ, verbal IQ and perceptual IQ than the group who was able to read. More broadly, adults with WS who have mild-to-moderate intellectual disability (IQ between 35 and 70) have the reading skills of 7-to 9-year-old children [START_REF] Garayzábal | Aprendizaje de la lectura en los niños con síndrome de Williams[END_REF][START_REF] Howlin | Cognitive functioning in adults with Williams syndrome[END_REF]. [START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF] found that individuals with an IQ above 70 read within the low-to-average range, whereas those with a full-score IQ of 50-70 read at their IQ level. In individuals with a severe-to-profound intellectual deficit (IQ ≤ 34), [START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF] found a reading level equivalent to a verbal mental age of 4 years and 7 months. We can therefore conclude that in individuals with WS, word identification (word and nonword reading) is significantly correlated with IQ, suggesting that a low IQ can explain poor reading skills [START_REF] Levy | Word reading and reading-related skills in Hebrew-speaking adolescents with Williams syndrome[END_REF]. Nevertheless, a unitary view of overall intellectual functioning is not enough to understand the reading variability in WS -or indeed in typical development [START_REF] Conners | Reading skills and cognitive abilities of individuals with mental retardation[END_REF].

Phonological awareness factors and reading skills

Phonological awareness of phonemes or syllables allows individuals to analyze and manipulate sounds in words (by segmenting and blending sounds). These oral language skills are considered to be the most predictive for word reading in French children with typical development [START_REF] Schuele | Phonological awareness intervention: Beyond the basics[END_REF]. Specific decoding deficits or dyslexia can be caused by deficits in phonological and/or auditory processing [START_REF] Nithart | Reading disabilities in SLI and dyslexia result from distinct phonological impairments[END_REF]. For instance, poor readers have deficits in the retention of verbal material and use of phonological codes (related to a lack of subvocal rehearsal in auditory-verbal memory; [START_REF] Dufva | The role of short-term auditory-verbal memory, words recognition, and comprehension skills in reading development: From preschool to grade 2[END_REF] for a neuroimaging study, see [START_REF] Pugh | The relationship between phonological and auditory processing and brain organization in beginning readers[END_REF]. However, there is no definitive evidence that phonological awareness skills precede reading acquisition [START_REF] Castles | Early orthographic influences on phonemic awareness tasks: Evidence from a preschool training study[END_REF]. Moreover, authors recognize that some phonological awareness tasks may place too many demands on metacognitive abilities in the context of intellectual disability [START_REF] Cupples | The efficacy of 'whole word' versus 'analytic' reading instruction for children with Down syndrome[END_REF].

In WS, some studies have identified a relationship between reading skills and phonological processing, including phonemic awareness and auditory-verbal memory [START_REF] Brawn | Functional basic reading skills in Williams syndrome[END_REF][START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Majerus | An investigation of verbal short-term memory and phonological processing in four children with Williams syndrome[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF][START_REF] Temple | Deep dyslexia in Williams syndrome[END_REF]. Studies have reported a correlation between word reading and performance on some phonological tasks in WS (syllable deletion, rime detection, phonemic awareness), compared with groups matched on mental age [START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF] or reading age [START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF]. Reading variability in WS therefore appears to be related to a lack of phonological awareness. However, some weaknesses in phonological coding also seem to stem from auditory-verbal memory deficits [START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Majerus | An investigation of verbal short-term memory and phonological processing in four children with Williams syndrome[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF][START_REF] Temple | Deep dyslexia in Williams syndrome[END_REF]. This variability can thus be explained by deficits in phonological processes, in the area of metalinguistic and/or executive skills and, more broadly, in the categorical perception of speech sounds (phonetic recognition) [START_REF] Catterall | Investigating prosodic ability in Williams syndrome[END_REF][START_REF] Majerus | Evidence for atypical categorical speech perception in Williams syndrome[END_REF]. By contrast, phonological awareness did not seem to be a significant longitudinal predictor of reading growth when early reading development was explored in 26 children with WS aged 4-8 years [START_REF] Steele | Learning to read in Williams syndrome and Down syndrome: Syndrome-specific precursors and developmental trajectories[END_REF].

Visuospatial factor and reading skills

Visual and perceptual skills are involved in the sequential processing of written words, from identifying the letters, graphemes and whole words (size, general shape, orientation) to coding their position in words or sentences (spatial relationships between letter strokes, letters' position in the word) [START_REF] Frey | Perceptual span, visual span, and visual attention span: Three potential ways to quantify limits on visual processing during reading[END_REF][START_REF] Frith | What framework should we use for understanding developmental disorders[END_REF][START_REF] Habib | Bases neurologiques des troubles spécifiques d'apprentissage[END_REF][START_REF] Sprenger-Charolles | Apprendre à lire: Contrôle, automatismes et autoapprentissage[END_REF]. Furthermore, a visual attention window is activated during the analytical (letter, syllable or grapheme) or global processing of the written word (for computational models, see [START_REF] Ans | A connectionist multiple-trace memory model for polysyllabic word reading[END_REF][START_REF] Bosse | Developmental dyslexia: The visual attention span deficit hypothesis[END_REF]. More broadly, the identification of orthographic irregularities also depends on visual analysis skills [START_REF] Bosse | Developmental dyslexia: The visual attention span deficit hypothesis[END_REF][START_REF] Castles | Ending the reading wars: Reading acquisition from novice to expert[END_REF]. Neuroimaging studies featuring a written exposure task have confirmed the involvement of visual skills, by pointing out the activation of the visual word form area (VWFA) in the occipitotemporal ventral visual area [START_REF] Dehaene | How learning to read changes the cortical networks for vision and language[END_REF].

Knowledge about letters, including perceptual invariance, sensitivity to letter combinations and orthographic patterns, indeed appears to be clustered in the VWFA [START_REF] Dehaene | How learning to read changes the cortical networks for vision and language[END_REF].

Studies report that visuospatial and executive deficits, such as deficits in visual attention, are partly responsible for the reading disorders observed in some cases of developmental dyslexia [START_REF] Bosse | Developmental dyslexia: The visual attention span deficit hypothesis[END_REF][START_REF] Lallier | Visual attentional blink in dyslexic children: Parameterizing the deficit[END_REF][START_REF] Peyrin | Superior parietal lobule dysfunction in a homogeneous group of dyslexic children with a visual attention span disorder[END_REF]. In the neurobiological model of developmental dyslexia [START_REF] Ramus | Neurobiology of dyslexia: A reinterpretation of the data[END_REF], reading disorders stem from a left perisylvian brain abnormality that gives rise to phonological deficits affecting phonological awareness, short-term verbal memory, and access to the phonological lexicon.

Through a snowball effect, these deficits can induce dysfunctions of the magnocellular system that contribute to auditory and visual deficits and, subsequently, to disturbances in the posterior parietal cortex, reinforcing the visual deficits. Phonological deficits can therefore also induce auditory and visual specificities. This assumption seems to be supported by neuroimaging studies showing that early deficits in phonemic representations (temporal planum) cause atypical visual word form area development in children with dyslexia [START_REF] Monzalvo | Cortical networks for vision and language in dyslexic and normal children of variable socioeconomic status[END_REF].

In WS, reading deficits may be related to deficits in the visual processing of words [START_REF] Brawn | Functional basic reading skills in Williams syndrome[END_REF][START_REF] Dessalegn | Consequences of severe visuo-spatial deficits for reading acquisition: Evidence from Williams syndrome[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF]. [START_REF] Dessalegn | Consequences of severe visuo-spatial deficits for reading acquisition: Evidence from Williams syndrome[END_REF] found that two 16-year-olds with WS (BMP and HFK) differed by more than five grade levels on reading skills, despite having similar cognitive profiles (reasoning skills and phonological awareness). HFK had equivalent performance on nonword and word reading, whereas BMP performed better on nonword than word reading. Furthermore, BMP performed better on letter processing, object orientations (perceiving or remembering), and ordering tasks than HFK. The authors suggested that HFK's poor reading skills were coming from visuospatial processing deficits [START_REF] Dessalegn | Consequences of severe visuo-spatial deficits for reading acquisition: Evidence from Williams syndrome[END_REF]. Other researchers have suggested that reading deficits are induced by deficits in eye saccades, such as poor saccadic control and shorter adaptation saccades [START_REF] Van Herwegen | Williams syndrome and its cognitive profile: The importance of eye movements[END_REF]. Reading deficits in WS may therefore be explained by weaknesses in visual and visuomotor skills [START_REF] Dessalegn | Consequences of severe visuo-spatial deficits for reading acquisition: Evidence from Williams syndrome[END_REF].

Objectives of the current study and hypotheses

The present study was the first to explore the variability of reading skills, and especially its predictors, among French-speaking children and adults with WS. Based on work in other languages, we assumed that some factors are involved in reading development in WS.

Accordingly, several factors, rather than just one, probably contribute to the variability in single-word identification [START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF]. We assessed two major predictors of reading skills: phonological awareness and visuospatial skills; and we also controlled for nonverbal mental age (or nonverbal reasoning), reading skills (decoding and word recognition), and oral language. The WS group was compared to two control groups matched on sex and either nonverbal mental age (CM) or reading level (CR) (e.g. [START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF].

Our first objective was to clarify the nature of similarities and/or differences in reading skills, as well as phonological and visuospatial skills, between the WS group and the two control groups [START_REF] Dessalegn | Consequences of severe visuo-spatial deficits for reading acquisition: Evidence from Williams syndrome[END_REF][START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Majerus | An investigation of verbal short-term memory and phonological processing in four children with Williams syndrome[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF][START_REF] Van Herwegen | Williams syndrome and its cognitive profile: The importance of eye movements[END_REF]. Our second objective was to explore how phonological and visual differences are related to reading efficiency (word identification), after controlling for chronological age, nonverbal mental age and vocabulary (receptive and expressive). Variability in reading efficiency may or may not be solely dependent on either phonological or visuospatial skills (e.g., [START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF][START_REF] Temple | Deep dyslexia in Williams syndrome[END_REF]. We tested for two predictions: the phonological and visuospatial performance of the WS group would be similar to or higher than that of the CM group and lower than that of the CR group (H1); and this performance would be related to reading skills in the WS group (H2).

Given the paucity of results regarding visuospatial skills in the literature, we expected phonological awareness to be a better predictor of word identification than visuospatial skills in the WS group, as well as in both control groups. We also explored whether the links between phonological or visuospatial performance and reading skills were similar for the WS group and for matched controls.

Method

Participants

We recruited 28 French-speaking individuals with WS (14 females and 15 males; mean age = 15.70 years, SD = 8.10, range = 7.07-36.10). All participants had been diagnosed with WS based on genetic (fluorescence in situ hybridization (FISH) method), clinical and physical examinations (facial dysmorphology, cardiovascular and musculoskeletal system anomalies).

As WS is rare, samples are traditionally small and the age distribution wide (e.g., [START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF][START_REF] Steele | Learning to read in Williams syndrome and Down syndrome: Syndrome-specific precursors and developmental trajectories[END_REF]. We recruited our participants with WS via the Autour des Williams association, Williams France federation, and genetic centers. We used the Assessment of Cognitive Functions and Learning [START_REF] Billard | L'EDA: Évaluation es fonctions cognitives et apprentissages[END_REF] to control for a number of parameters that may be involved in reading profile variability, beyond socio-economic and contextual factors: nonverbal reasoning (nonverbal mental age), print exposure, vocabulary (receptive and expressive), reading skills (word identification), and type of schooling. According to the parents' and participants' answers, all individuals with WS had a medium socio-economic status, were (or had been) schooled in France, and were monolingual. Just 10% received standard schooling with a special needs teaching assistant (person helping them follow courses), while 45% divided their time between traditional and specialized schooling, 14% were in a specialized educational structure, and 31% were in a specialized vocational structure. Most participants with WS performed below the 5th percentile on Raven's colored progressive matrices (using norms for the closest age group), and would thus be considered as having an intellectual disability. Two participants performed at the 10th percentile, two performed around the 50th percentile, and one performed around the 75th percentile.

To examine differences in the involvement of phonological and visuospatial skills in word identification (H1 & H2), participants with WS were matched with control groups on sex and either nonverbal mental age (CM) or reading level (CR). Mental age was measured using Raven's Colored Progressive Matrices, and reading level was measured using the frequent word (FW) reading and PW reading subtests of the Assessment Battery of Written Language (described in Section 2.2). Participants with WS were matched with CM on performance ± 1 point on Raven's matrices, and with CR participants on performance ± 3 points on both frequent word reading and pseudoword reading.

A total of 518 control participants were tested for this study, and those who matched a participant with WS were kept in the final sample. The CM group comprised 90 typically developing children (42 girls and 48 boys; mean age = 5.41 years, SD = 1.17, range = 3.06-8.04). The CR group comprised 102 typically developing children (42 girls and 60 boys; mean age = 6.84 years, SD = 1.30, range = 5.07-11.09 years). All participants with WS had at least one matched control in both the CM group and the CR group; the median number of controls was three per participant with WS per control group. In other words, the median participant with WS had six matched controls in total.

All controls were typically developing French-speaking children, recruited from schools in the French city of Rennes. They had the same socio-economic and contextual characteristics as the WS group. All control participants were in mainstream schooling and none had repeated a grade. Controls whose mental age differed from their chronological age by more than 12 months were excluded (this is one of the screening criteria for intellectual disability in France; INSERM, 2016).

The individuals with WS had been exposed to print for 3-18 years (M = 9.4 years, SD = 4.6). Children in the CM group had 1-2 years of print exposure (M = 1.38 years, SD = 0.47), and children in the CR group had 1-6 years of print exposure (M = 1.99, SD = 0.92). The data regarding print exposure in the three groups are summarized in Table 1. All participants in all groups had learned or were learning to read using the syllabic breakdown method. All participants with WS were either readers or prereaders (decoders), as measured with the BELEC [START_REF] Mousty | BELEC. Batterie d'évaluation du langage écrit et de ses troubles [Battery of assessment of written language and its disorders[END_REF]; see next section). Few of the CM participants were readers (14%) or prereaders/decoders (23%). Fewer than half the CR participants were readers (44%), but 37% were prereaders or decoders. On average, participants had no difficulty processing sound units (PPVT-R; [START_REF] Dunn | French adaptation of Peabody Picture Vocabulary Test[END_REF]; see next section).

[Insert Table 1 approximately here]

Measures

All tasks were administered individually to each participant. The instructions and the experimental context were identical for all participants. All participants (or the legal guardians for the participants under 18) gave their informed consent.

Reading skills

A measure of word identification (decoding and recognition) was used both to match control participants on reading skills in the CR group, and to test our second hypothesis regarding how phonological awareness and visuospatial skills predict reading. Word identification was assessed with subtests drawn from the Assessment Battery of Written Language (BELEC; [START_REF] Mousty | BELEC. Batterie d'évaluation du langage écrit et de ses troubles [Battery of assessment of written language and its disorders[END_REF] for its psychometric qualities, see [START_REF] Bouchard | Analyse psychométrique d'outils d'évaluation utilisés auprès des enfants francophones[END_REF]. The Word Identification Mechanisms (MIM) Series A subtest is composed of 12 training items and 72 experimental items (24 FW, 24 PW, and 24 rare words) divided into 12 lists (6 words per list). We only retained reading accuracy for FW and PW, which respectively reflect the word recognition and decoding routes. The words' main characteristics were length (short: 5 letters; long: 9-12 letters) and orthographic complexity (complex words contained more letters per syllable than simple ones). For each lexical category (FW/PW), we used lists of words containing short and simple (e.g., /image/ or /fumal/), short and complex (e.g., /brune/ or /piète/), long and simple (e.g., /littérature/ or /panacillane/), or long and complex (e.g., /merveilleux/ or /obyptienne/) words. In the FW lists, 14 were nouns (6 concrete, 8 abstract, and 1 gender inflection), six were adjectives (all abstract with no inflection), and four were verbs (3 concrete, 1 abstract with no inflection).

Participants had to read the words aloud as quickly as possible. We counted the number of words that were correctly read (/24 points for each category).

Covariates

Mental age (nonverbal reasoning)

We used Raven's Colored Progressive Matrices test [START_REF] Raven | Progressive matrices standard (PM38)[END_REF] to match participants with controls on nonverbal mental age in the CM group. This test was standardized on a typical French population aged 4-11.5 years (for its psychometric qualities, see [START_REF] Matthews | Raven's Matrices in the identification of giftedness[END_REF]. It comprises three sequences (A, Ab and B) of 12 items of increasing complexity: Sequence A is perceptual, Sequence Ab is figurative, and Sequence B is conceptual. For each item, an incomplete matrix has to be completed by the participant with one of six options. We calculated the number of correct answers (/36 points).

Receptive and expressive vocabulary

Receptive vocabulary was evaluated with the French adaptation of the Peabody Picture Vocabulary Test-Revised (PPVT-R; [START_REF] Dunn | French adaptation of Peabody Picture Vocabulary Test[END_REF] for its psychometric qualities, see [START_REF] Bouchard | Analyse psychométrique d'outils d'évaluation utilisés auprès des enfants francophones[END_REF]. Form A is composed of five training items and 170 experimental items of increasing difficulty. Participants are shown four black-and-white images, and have to pick the one that corresponds to a French word read out by the experimenter. The test stops when the participant fails on six out of eight consecutive items (/170 points).

Expressive vocabulary was evaluated with the Picture Naming subtest of the Oral Language, Written Language, Memory and Attentional Skills battery (L2MA2; Chevrie-Muller et al., 2010; for its psychometric qualities, see [START_REF] Bouchard | Analyse psychométrique d'outils d'évaluation utilisés auprès des enfants francophones[END_REF].

Participants have to name images presented one by one by the experimenter. If a participant does not respond within 4 seconds or responds incorrectly, the experimenter has to provide a strictly phonetic cue (e.g., saying /j/ to evoke the word /joue/). This subtest is composed of 54 color images divided into four main categories: body parts (/7), geometric shapes (/7), objects/animals (/30), and general (/10). Only the first three categories (/44 points) are used to gauge oral production skills.

Determinants of reading acquisition: phonological and visuospatial skills 2.2.3.1. Phonological awareness

Phonological awareness was evaluated with seven subtests from the L2MA2 (Chevrie-Muller et al., 2010; for its psychometric qualities, see [START_REF] Bouchard | Analyse psychométrique d'outils d'évaluation utilisés auprès des enfants francophones[END_REF]. Syllable awareness was tested with two subtests: syllable segmentation (pronouncing all the syllables in a PW; e.g., /bilu/), and deletion (deleting the first or last syllable of a PW; e.g., /kinu/). Phonemic awareness was measured with five subtests: initial and median phoneme identification (identifying the first or middle sound of a PW; e.g., /poub/ or /panr/), phoneme segmentation (identifying all the sounds of a PW; e.g., /pal/), and initial and median phoneme substitution (replacing the first or middle letter of a PW; e.g., /vour/ or /kat/). We counted the numbers of correct answers for the syllable (/10 points) and phonemic (/35 points) awareness subtests.

Visuospatial abilities

We used the Geometric Figure Copy subtest (GFC) of the L2MA2 (Chevrie-Muller et al., 2010; for its psychometric qualities, see [START_REF] Bouchard | Analyse psychométrique d'outils d'évaluation utilisés auprès des enfants francophones[END_REF] to assess visuoconstructive skills. Participants had to reproduce 15 geometric figures. We counted the number of correctly reproduced figures (/46 points: the first 14 on 3 points, and the last one on 4 points).

Data Analysis

To analyze differences in mean performance between groups (H1), we tested the effect of group as a categorical independent variable on performance. If the effect was significant when we simultaneously analyzed the three groups, we performed two follow-up analyses comparing the WS and CM groups and the WS and CR groups. To look for differential relations between reading skills and their predictors (phonological awareness and visuospatial abilities) in the three groups (H2), we tested the interaction between group (categorical variable) and each predictor of reading skills (continuous variable), which enabled us to see whether the effect of predictors of reading skills varied significantly as a function of group.

Inspection of descriptive statistics revealed that phonological awareness for syllables and phonemes, as well as for FW reading and PW reading, had non-normally distributed residuals. These variables were rank-transformed prior to data analysis (all results were comparable when retaining the non-transformed variables; inspection of the residuals confirmed that rank-transforming the variables substantially improved normality). For the test of mean differences between groups (H1), FW reading and PW reading were considered separately. For the test of predictors of reading skills (H2), because these two variables were very highly correlated (r = .88-.97 in the three groups), they were averaged to form a single reading skills composite variable which was then rank-transformed (all results were comparable when these two variables were analyzed separately).

Statistical analyses were performed using mixed linear modeling: this is equivalent to classic regressions and analyses of variances, except that the analysis takes clustering of participants into account. In the context of our design, where each participant with WS was matched to multiple controls, this was the only solution that avoided violating the assumption of independence between all participants. This was achieved by defining 28 clusters of participants, with each cluster comprising one participant with WS and their matched controls. This resulted in clusters of variable size, with the median cluster for a given participant with WS including three controls matched on nonverbal mental age and three controls matched on reading level. All analyses then included a random intercept specific to each cluster of participants, thus accounting for non-independence between the matched participants. All analyses also included group (WS, CM or CR) as a fixed effect. Models with and without the parameter of interest were compared using chi-square tests. All analyses were performed using the lme4 package for R [START_REF] Bates | Fitting linear mixed-effects models using lme4[END_REF].

Results

Descriptive statistics for mean performance in the three groups are displayed in Table 2. A first series of analyses examined significant differences between groups for each variable, by comparing a model including group as a fixed effect to a model not including group. The results are displayed in Table 3. Overall, participants with WS were significantly older than both CM and CR. Their nonverbal reasoning performance was significantly lower than that of the CR group, whereas their reading skills were significantly higher than those of the CM group, for both FW and PW reading. The receptive vocabulary of participants with WS was significantly higher than that of the CM group, but comparable to that of the CR group. Conversely, their expressive vocabulary was comparable to that of the CM group, but significantly below that of the CR group.

[Insert Table 2 approximately here] Our first hypothesis predicted that participants with WS would exhibit specificities in terms of the predictors of reading skills considered here, namely phonological awareness for phonemes and syllables, and visuospatial ability. The statistical tests summarized in Table 3 showed that this was indeed the case. Participants with WS scored significantly higher than the CM group for phonological awareness of both phonemes and syllables. They scored significantly below the CR group for phonological awareness of phonemes, but had similar performance for phonological awareness of syllables. As for visuospatial ability, participants with WS were comparable to the CM group, but scored significantly lower than the CR group.

[Insert Table 3 approximately here]

Our second hypothesis predicted that phonological awareness and visuospatial ability would be related to reading skills in the WS group, and possibly to a greater extent than in the CM and CR groups. We first explored the relations between the various measures and reading skills using bivariate correlations, which are summarized in Table 4. Consistent with our hypothesis, phonological awareness for both phonemes and syllables, as well as visuospatial ability, were all related to reading performance in the WS group. This was also the case for the two groups of matched controls. As for the other measures, chronological age predicted reading skills in the two control groups, but not in the WS group. This was expected, given these participants' lifelong learning of reading. Nonverbal reasoning was strongly predictive of reading skills in all three groups. Receptive and expressive vocabulary scores were poorer predictors of reading skills in the WS group than in the two control groups. Receptive vocabulary in particular was a good predictor of reading skills in the CR group, but not in the WS group.

[Insert Table 4 approximately here] Bivariate correlations suffer from two major issues in this context: they do not account for potential covariates such as age, reasoning ability or vocabulary, which could inflate correlations between variables; and they do not test whether the relation between variables is significantly different across groups. To further explore these results, we thus tested the contributions of vocabulary to reading skills when controlling for chronological age and reasoning ability as covariates, and the contributions of phonological awareness and visuospatial ability to reading skills when controlling for chronological age, reasoning ability, and vocabulary as covariates. We also tested whether these contributions differed as a function of group by testing whether there was a significant interaction between these predictors and the group variable, indicating significantly different slopes between groups. In other words, the following analyses tested the effect of possible predictors on reading skills in models including predictors, group, the interaction between the two, and select covariates that could artificially inflate effects, using mixed linear models.

The results of these analyses are summarized in Table 5. Phonological awareness for phonemes was the single best predictor of reading skills in the three groups when controlling for other variables. There were no significant differences between groups. Phonological awareness for syllables was not a significant predictor for either the WS group or the CR group; it was however a significant predictor in the CM group. A marginally significant interaction with group confirmed that phonological awareness was a marginally better predictor in the CM group. A similar pattern emerged for visuospatial ability: it was not a significant predictor for either the WS or the CR group, but it was a significant predictor in the CM group, and the interaction with group was significant. Vocabulary was a poor predictor of reading skills in all three groups when controlling for age and reasoning ability. There was a significant difference between groups for receptive vocabulary, driven by a somewhat higher correlation in the two control groups, but all correlations were nonsignificant.

[Insert Table 5 approximately here]

Discussion and perspectives

There is considerable heterogeneity between readers and prereaders with WS. To explain this variability, it is important to study word identification skills before examining comprehension skills. Phonological and visuospatial contributions were also considered simultaneously in the study of [START_REF] Dessalegn | Consequences of severe visuo-spatial deficits for reading acquisition: Evidence from Williams syndrome[END_REF] among English-speaking participants with WS, but no study had previously been conducted in French, another language with a deep orthographic system. The present study was the first to explore variability in single-word reading among French-speaking children and adults with WS, and to compare the results with those of two control groups matched for nonverbal mental age and reading level (under the reasoning that comparisons with reading level rather than mental age may be more relevant when studying the factors contributing to reading variability; e.g., [START_REF] Karmiloff-Smith | Language and Williams syndrome: How intact is "intact[END_REF]. By controlling for a number of developmental variables (chronological age, nonverbal mental age, receptive and expressive lexicon) we were able to pinpoint some of the factors responsible for differences in the mastery of reading skills for single-word identification by individuals with WS. In this discussion, we focus on four aspects of the results: patterns of reading skills in individuals with WS; the role of phonological skills; the role of spatial skills; and the role of vocabulary.

Single-word identification skills in WS

Our results show that French-speaking individuals with WS are able to learn to read with the appropriate teaching. From a cross-linguistic perspective, some differences became clearer. Unlike young Spanish and Italian speakers who showed deficits in word recognition (e.g., [START_REF] Garayzábal | Aprendizaje de la lectura en los niños con síndrome de Williams[END_REF] and decoding (e.g., [START_REF] Barca | Lexical-semantic reading in a shallow orthography: Evidence from a girl with Williams syndrome[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF], respectively, our sample's French speakers with WS exhibited word identification skills (word recognition and decoding skills) appropriate for their nonverbal mental age, despite French being an opaque orthographic system.

To clarify the characterization of reading procedures in French WS speakers, we observed the lexicality, length and complexity effects. First, in the WS and CR groups, reading performance was lower for PW than for FW, in contrast to the CM group (see Table 3). This points to a relatively typical development of single-word identification skills in French speakers with WS, as PW reading is typically more difficult than FW reading, owing to the gradual implementation of the self-teaching mechanism (e.g., [START_REF] Castles | Ending the reading wars: Reading acquisition from novice to expert[END_REF][START_REF] Share | Orthographic learning at a glance: On the time course and developmental onset of self-teaching[END_REF][START_REF] Sprenger-Charolles | Apprendre à lire: Contrôle, automatismes et autoapprentissage[END_REF]. This observation means that there is a lexicality effect among individuals with WS, who found FW easier to read than PW, as did the CR group. Second, qualitative results indicated greater difficulty reading long and complex words than short and simple words. This reflected the presence of length and complexity effects in the WS group, as in the CR group. These results show the ongoing automatization of decoding in WS, as well as in typically developing children matched on reading level (e.g., [START_REF] Barca | Lexical-semantic reading in a shallow orthography: Evidence from a girl with Williams syndrome[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Steele | Learning to read in Williams syndrome and Down syndrome: Syndrome-specific precursors and developmental trajectories[END_REF].

Overall, the level of single-word reading in the WS group was well above their level of reasoning skills and single-word recognition appeared to be a relative strength despite a lower nonverbal mental age than the CR group (difference of 6.56 points or 2 years). We noted differences in PW reading between the WS and CR groups, with the WS group performed worse than the CR group. The use of two matching criteria to constitute the CR group, namely FW and PW reading, may explain this difference (see Table 3), as the groups were matched on performance ± 3 points on both FW and PW reading, possibly contributing to the 2-points difference on PW reading.

Consistent with the literature, we also found a positive correlational link between singleword identification and nonverbal reasoning in the WS group, as in both control groups (see Table 4) (e.g., [START_REF] Brawn | Functional basic reading skills in Williams syndrome[END_REF][START_REF] Howlin | Cognitive functioning in adults with Williams syndrome[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Mervis | Language and literacy development of children with Williams syndrome[END_REF].

However, no effect of chronological age was observed in the WS group, unlike the two control groups. Although the reading skills of individuals with WS improve with age and schooling, they do not correspond to their chronological age and their print exposure (e.g., [START_REF] Conners | Reading skills and cognitive abilities of individuals with mental retardation[END_REF][START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF]. These findings suggest that individuals with WS exhibit delayed rather than atypical development of single-word identification.

To better understand the factors involved in the reading accuracy in the WS group, we examined four types of reading errors: (1) no semantic errors (semantic relationship between target and response), but (2) visual errors (responses shared the first letter or 50% of letters with the target) in the form of substitutions (e.g., 'stire→'strie') or omissions (e.g., 'tonil'→ 'toni'), (3) visuosemantic errors resulting mainly in a change of the final phoneme (e.g., 'gentillesse'→'gentil'), and (4) decoding errors (e.g., 'image'→'imague') (for reading errors, see [START_REF] Dessalegn | Consequences of severe visuo-spatial deficits for reading acquisition: Evidence from Williams syndrome[END_REF][START_REF] Temple | Deep dyslexia in Williams syndrome[END_REF]. All errors were made at an equal rate during PW reading, whereas only visuosemantic and decoding errors were made during FW reading in the WS group. These qualitative observations point to the implication of phonological factors (decoding errors) and visual factors (visual and visuosemantic errors) during single-word recognition, despite executive factors (visuomotor and/or phono-articulatory coordination).

Overall, proficient single-word identification in French-speaking individuals with WS may be more consistent with the results of English case studies suggesting a reading profile similar to that of profound dyslexia, including greater reading deficits for FW vs. PW [START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Temple | Deep dyslexia in Williams syndrome[END_REF]. Further studies focusing more specifically on word identification in French-speaking individuals with WS are needed. Our first qualitative observations of reading errors in the WS group confirm the involvement of phonological and visual factors, and probably executive factors. Deficits of these factors may explain lower reading skills in WS.

Phonological contribution to learning to read in WS

Phonemic awareness was the best predictor of single-word reading in the WS group after controlling for developmental determinants (chronological age, nonverbal reasoning, vocabulary), as was also the case in the CR group (see Table 5). It was also an excellent predictor in the CM group, though visuospatial skills were slightly more predictive. In contrast to the English-language longitudinal study by [START_REF] Steele | Learning to read in Williams syndrome and Down syndrome: Syndrome-specific precursors and developmental trajectories[END_REF], who found that phonemic awareness did not appear to be a significant longitudinal predictor of reading growth in WS, our results indicated that typical and atypical French-speaking readers share a similar profile with phonemic awareness being predictive of reading skills (e.g., [START_REF] Castles | Early orthographic influences on phonemic awareness tasks: Evidence from a preschool training study[END_REF] for research on dyslexia, see [START_REF] Nithart | Reading disabilities in SLI and dyslexia result from distinct phonological impairments[END_REF][START_REF] Ramus | Neurobiology of dyslexia: A reinterpretation of the data[END_REF]). The differences between these studies may be contingent on the phonological task used by the authors (Steele's study tests epi-phonology rather than metaphonology), but also on the variability in the phonological factors involved in learning to read depending on the depth of the reference orthographic system, even for two opaque languages (English and French). In French typical development, phonemic awareness is fundamental to understanding the alphabetic principle, which is the first step toward automatizing decoding (e.g., [START_REF] Sprenger-Charolles | Apprendre à lire: Contrôle, automatismes et autoapprentissage[END_REF]. During development, phonological deficits may be reinforced by reading disorders, in addition to being considered as risk factors (e.g., for typical development, see [START_REF] Castles | Early orthographic influences on phonemic awareness tasks: Evidence from a preschool training study[END_REF]; for dyslexia, see [START_REF] Nithart | Reading disabilities in SLI and dyslexia result from distinct phonological impairments[END_REF][START_REF] Ramus | Neurobiology of dyslexia: A reinterpretation of the data[END_REF].

Our results seem to be consistent with the notion of typical but delayed development of reading skills in the WS group, possibly related to early weaknesses in the alphabetic principle implementation. Theses weaknesses may be induced by phonemic awareness deficits (i.e., phoneme identification, segmentation and substitution performance) in the WS group compared to CR group, (see Table 3) (see, for example, [START_REF] Brawn | Functional basic reading skills in Williams syndrome[END_REF][START_REF] Garayzábal | Aprendizaje de la lectura en los niños con síndrome de Williams[END_REF][START_REF] Levy | Word reading and reading-related skills in adolescents with Williams syndrome[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF]. By contrast, syllable awareness appeared to be a strength in the WS group (e.g., [START_REF] Garayzábal | Aprendizaje de la lectura en los niños con síndrome de Williams[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF][START_REF] Rhodes | The extent of working memory deficits associated with Williams syndrome: Exploration of verbal and spatial domains and executively controlled processes[END_REF]. In addition, reading skills were positively correlated with phonemic awareness (see Tables 4 and5). Thus, phonemic awareness deficits seem to be both the cause and the consequence of reading disability in the WS group. Deficits in phonetic contrast perception of speech sounds (allophonic perception) can lead to weak phonemic discrimination and, therefore, exacerbate these phonological deficits (phonemic awareness) (e.g., [START_REF] Catterall | Investigating prosodic ability in Williams syndrome[END_REF][START_REF] Majerus | Evidence for atypical categorical speech perception in Williams syndrome[END_REF]. Incorrect detection or use of phonemic information therefore results in incomplete and unstructured phonological representations in individuals with WS (e.g., Garayzabal & Cuetos, 2008;[START_REF] Karmiloff-Smith | Language and Williams syndrome: How intact is "intact[END_REF][START_REF] Majerus | Le fonctionnement de la mémoire de travail et des fonctions attentionnelles et exécutives dans le syndrome de Williams[END_REF]. In line with the neurobiological model [START_REF] Ramus | Neurobiology of dyslexia: A reinterpretation of the data[END_REF], the literature on WS reports general deficits in phonological processing, such as auditory-verbal memory (e.g., articulatory loop deficits; see [START_REF] Majerus | An investigation of verbal short-term memory and phonological processing in four children with Williams syndrome[END_REF][START_REF] Menghini | Reading and phonological awareness in Williams syndrome[END_REF] and slow lexical retrieval [START_REF] Monnery | A linguistic dissociation in Williams syndrome: Good at gender agreement but poor at lexical retrieval[END_REF]. All these phonological deficits (phonemic awareness, auditory-verbal memory and lexical retrieval) prevent phonological unit manipulation, phonological coding and the construction of stable phonological representations in individuals with WS.

Our results regarding receptive vocabulary (preserved in the WS group) and expressive vocabulary (altered in the WS group; see Table 3) are respectively consistent with a preservation of phonological and phono-semantic representations, and a deficit of phonoarticulatory coordination (e.g., [START_REF] Mervis | Language and literacy development of children with Williams syndrome[END_REF][START_REF] Monnery | A linguistic dissociation in Williams syndrome: Good at gender agreement but poor at lexical retrieval[END_REF][START_REF] Ypsilanti | Expressive and receptive vocabulary in children with Williams and Down syndromes[END_REF].

Thus, we suggest that in the WS group there may be executive deficits involved in the slowdown of lexical retrieval (especially phonological), and not in the phonological representation's alterations, as is also the case in certain profiles of dyslexia (e.g., [START_REF] Ramus | Neurobiology of dyslexia: A reinterpretation of the data[END_REF] and in dysphasia (e.g., [START_REF] Lahey | Naming errors of children with specific language impairment[END_REF]. This is also broadly consistent with studies indicating delayed lexicosemantic development in WS, but no alteration in lexicosemantic representations (e.g., [START_REF] Bello | Lexical production in children with Williams syndrome: Spontaneous use of gesture in a naming task[END_REF][START_REF] Martens | Research review: Williams syndrome: A critical review of the cognitive, behavioral, and neuroanatomical phenotype[END_REF][START_REF] Mervis | Language and literacy development of children with Williams syndrome[END_REF].

The phonological processing specificities (phonemic awareness and auditory-verbal memory deficits, and slow lexical retrieval) of individuals with WS, associated with larger executive deficits, may therefore hinder the implementation of decoding, and thus prevent the self-teaching of reading (e.g., on dyslexia see [START_REF] Ramus | Neurobiology of dyslexia: A reinterpretation of the data[END_REF]. At a higher level, phonological deficits may reflect atypical development in the perceptual processing of phonological units in WS. Longitudinal studies should be conducted to investigate the links between phonological skills and perceptual processing. For example, phonological deficits are the main cause of a specific reading disorder (dyslexia), although they can lead to perceptual processing (auditory and visual) impairments that are secondarily involved in other reading disorders (e.g., neurobiological model; see [START_REF] Ramus | Neurobiology of dyslexia: A reinterpretation of the data[END_REF].

Visuospatial contribution to learning to read in WS

Our measure of visuospatial and especially visuo-constructive skills correlated with reading skills in all three groups (e.g. [START_REF] Brawn | Functional basic reading skills in Williams syndrome[END_REF], but did not predict any variance in single-word reading in the WS and CR groups after controlling for developmental determinants (chronological age, nonverbal reasoning, vocabulary), contrary to the CM group (see Table 5). Based on the control groups results, we suggest that during development the visuospatial factors involvement in single-words reading could change from a cause / consequence link to a consequence only link. In WS, altered visuospatial skills may be the consequence rather than the cause of reading disability, in line with research on dyslexia (e.g., [START_REF] Ramus | Neurobiology of dyslexia: A reinterpretation of the data[END_REF]. As with some dyslexia profiles, participants with WS may have specificities in the visual processing of written words (e.g., for dyslexia, see [START_REF] Bosse | Developmental dyslexia: The visual attention span deficit hypothesis[END_REF][START_REF] Lallier | Visual attentional blink in dyslexic children: Parameterizing the deficit[END_REF][START_REF] Peyrin | Superior parietal lobule dysfunction in a homogeneous group of dyslexic children with a visual attention span disorder[END_REF]. According to the literature, copying performance is lower for children with WS than for typical 5-year-olds (e.g., [START_REF] Heiz | Compétences visuo-spatiales des personnes avec syndrome de Williams: Revue de la littérature[END_REF]. We found that visuospatial performance in the WS group was poorer than that of the CR group, but similar to that of the CM group (e.g., [START_REF] Heiz | Visual-motor integration, visual perception and motor coordination in a population with Williams syndrome and in typically developing children[END_REF][START_REF] Martens | Research review: Williams syndrome: A critical review of the cognitive, behavioral, and neuroanatomical phenotype[END_REF]. The evidence points to delayed visuospatial development in WS, rather than atypical development (e.g., [START_REF] Heiz | Visual-motor integration, visual perception and motor coordination in a population with Williams syndrome and in typically developing children[END_REF][START_REF] Martens | Research review: Williams syndrome: A critical review of the cognitive, behavioral, and neuroanatomical phenotype[END_REF].

The precise nature of the visuospatial deficits (deficit of visuospatial representation, and/or deficit of general processes such as planning and motor programming) has yet to be ascertained (e.g., [START_REF] Heiz | Visual-motor integration, visual perception and motor coordination in a population with Williams syndrome and in typically developing children[END_REF]. In our study, we have assessed visuoconstructive abilities in WS, but not elementary visual abilities. Regarding graphomotor skills, qualitative analyses of GFC performance in the WS group revealed 1) thick, discontinuous, and imprecise lines indicating poor motor coordination (e.g., [START_REF] Wuang | Sensorimotor and visual perceptual functioning in schoolaged children with Williams syndrome[END_REF], 2) difficulty with graphic production (proportions, orientations, locations, intersections between lines, parallel and perpendicular lines, details) (e.g., D 'Souza et al., 2016;[START_REF] Heiz | Visual-motor integration, visual perception and motor coordination in a population with Williams syndrome and in typically developing children[END_REF][START_REF] Rondan | Global and local processing in Williams syndrome: Drawing versus perceiving[END_REF], and 3) difficulty copying complex shapes (integration of two or more simple shapes), but not simple ones (lines, crosses, squares and triangles), in contrast to both control groups (e.g., [START_REF] Heiz | Visual-motor integration, visual perception and motor coordination in a population with Williams syndrome and in typically developing children[END_REF]. The poor GFC performance of the WS group may thus be explained by graphomotor deficits, impaired perceptual integration (poor comprehension of spatial relations between different pattern elements), as well as by deficits in both early perceptual processing (processing of patterns' elementary characteristics: size, orientation or slope) and intermediate-to-late perceptual processing (simultaneous local and global processing) (e.g., [START_REF] Heiz | Compétences visuo-spatiales des personnes avec syndrome de Williams: Revue de la littérature[END_REF]. Deficits in all these dimensions of visuo-constructive skills -motor, visuoperceptual and perceptual integration -may therefore be the consequence of the reading disorder in WS, with the defect in visual strategy caused by the reading disorder leading to impaired development of perceptual systems (e.g., for dyslexia, see [START_REF] Habib | Bases neurologiques des troubles spécifiques d'apprentissage[END_REF].

In typical development, elementary visual and visuoperceptual skills are necessary to recover visual linguistic elements (size, general shape and orientation of graphemes) and their visuospatial relationships, allowing for the subsequent identification and coding of their position in a word or a sentence through visuo-attentional processing (e.g., [START_REF] Ans | A connectionist multiple-trace memory model for polysyllabic word reading[END_REF][START_REF] Frey | Perceptual span, visual span, and visual attention span: Three potential ways to quantify limits on visual processing during reading[END_REF][START_REF] Frith | What framework should we use for understanding developmental disorders[END_REF][START_REF] Sprenger-Charolles | Apprendre à lire: Contrôle, automatismes et autoapprentissage[END_REF]. However, visuo-attentional processing skills are recognized to be a visual cause of reading disorder (e.g., [START_REF] Bosse | Developmental dyslexia: The visual attention span deficit hypothesis[END_REF]. This suggests that visuoperceptual and perceptual integration specificities in WS may reduce the visuo-attentional window during reading and, consequently, hamper the processes and mechanisms of letter and word identification (e.g., for typical development, see [START_REF] Frey | Perceptual span, visual span, and visual attention span: Three potential ways to quantify limits on visual processing during reading[END_REF]. This hypothesis can be related to research highlighting a deficit in the strategies of alternating between global and local processing of visuospatial information in WS [START_REF] Rondan | Global and local processing in Williams syndrome: Drawing versus perceiving[END_REF]. These visuospatial processing peculiarities may result from a deficit in attentional disengagement in WS, at the same time giving weight to the hypothesis of the cascade effect of executive deficits developed by [START_REF] Hoffman | Spatial breakdown in spatial construction: Evidence from eye movements in children with Williams syndrome[END_REF].

Phonemic awareness therefore seems to be the best predictor of single-word reading in the present study, but elementary visual factors and attentional engagement need to be explored further in WS. As in some forms of dyslexia, cerebral specificities (left perisylvian abnormalities) can lead to phonological deficits in WS, which may give rise to other brain dysfunctions, inducing auditory and visuoperceptual deficits (e.g., for WS, see Van Herwegen, 2015; for dyslexia, see [START_REF] Monzalvo | Cortical networks for vision and language in dyslexic and normal children of variable socioeconomic status[END_REF]. This assumption will need to be tested in future studies exploring early perceptual processing and neural networks during reading in WS. Furthermore, mental rotation deficits in complex perceptual situations or ones that concern subtle differences between two elements may induces imprecise orthographic representations (e.g., [START_REF] Farran | Divided attention, selective attention and drawing: Processing preferences in Williams syndrome are dependent on the task administered[END_REF]. Again, longitudinal studies are needed to examine the development of orthographic representations in individuals with WS.

Lexical contribution to learning to read in WS

Despite support for the hypothesis that expressive vocabulary deficits are a consequence of the learning disability rather than a cause, the issue of the role of vocabulary remains unresolved in WS (e.g., [START_REF] Martens | Research review: Williams syndrome: A critical review of the cognitive, behavioral, and neuroanatomical phenotype[END_REF][START_REF] Monnery | A linguistic dissociation in Williams syndrome: Good at gender agreement but poor at lexical retrieval[END_REF][START_REF] Ypsilanti | Expressive and receptive vocabulary in children with Williams and Down syndromes[END_REF] for research on dyslexia, see [START_REF] Ramus | Neurobiology of dyslexia: A reinterpretation of the data[END_REF]. Our results showed no effect of vocabulary (receptive and expressive) on the variability of single-word identification in the WS group, and no effect in the two control groups (see Table 5) when controlling for select covariates.

The reading level of participants with WS seemed to be lower than their receptive vocabulary level (9.2 years), compared with both the CR group (8.10 years) and the CM group (8.1 years) (see Table 3) (e.g., [START_REF] Barca | Lexical-semantic reading in a shallow orthography: Evidence from a girl with Williams syndrome[END_REF][START_REF] Laing | Learning to read in Williams syndrome: Looking beneath the surface of atypical reading development[END_REF]. Learning to read appeared to have an effect on increasing vocabulary level in the two control groups; there is a consequential link between reading and lexical level.

We hypothesize that individuals with WS exhibit rapid planning deficits between the phonological form of the chosen word in long-term memory and its articulation (see section 4.2). These specificities may induce a lexical retrieval which is much too slow during reading.

The literature supports this hypothesis, by showing that the reduced lexical access in WS hinders the linguistic development (morphology, syntax, semantic and pragmatic) that determines access to reading comprehension regardless of orthographic system depth: transparent in Italian [START_REF] Bello | Lexical production in children with Williams syndrome: Spontaneous use of gesture in a naming task[END_REF][START_REF] Burani | Word morphology and lexical comprehension in Williams syndrome[END_REF][START_REF] Vicari | Neuropsychological profile of Italians with Williams syndrome: An example of a dissociation between language and cognition[END_REF] and opaque in English [START_REF] Mervis | Language and literacy development of children with Williams syndrome[END_REF][START_REF] Perovic | Complex grammar in Williams syndrome[END_REF][START_REF] Ring | Distinct patterns of language impairment in Down's syndrome and Williams syndrome: The case of syntactic chains[END_REF][START_REF] Stojanovik | Social interaction deficits and conversational inadequacy in Williams syndrome[END_REF] and French [START_REF] Monnery | A linguistic dissociation in Williams syndrome: Good at gender agreement but poor at lexical retrieval[END_REF]. Thus, as the single-word reading tasks are timed, it is possible that participants with WS did not take the time to rely on their lexical knowledge during their reading; this type of task is very time-consuming for them. Longitudinal studies are needed to better understand the nature of lexical determinants involved in learning to read in WS.

Conclusion

The unique neuropsychological profile of people with WS may provide a better understanding of the causes and consequences of reading disorders: it is possible that both phonological and visuospatial weaknesses, associated with larger executive deficits, hinder the implementation of decoding, and thus prevent the self-teaching of reading in WS. Our study among French-speaking readers, confirms that phonemic awareness is the best predictor of single-word identification. Variability in single-word identification in the WS group may thus be explained by the interaction between the various phonological deficits (phonemic awareness, auditory-verbal memory and lexical access). We suggest that learning to read exacerbates early phonological deficits in WS, or at least makes them more salient.

Visuospatial deficits do not appear to contribute to variability of reading skills within the WS group when controlling for other variables, and may be a consequence of the reading disorder rather than their cause.

Our study controlled for some developmental variables (chronological age, nonverbal reasoning, vocabulary), but these results need to be reinforced by longitudinal studies, in order to clarify the developmental trajectories of the factors that contribute to written language acquisition. Although it is difficult to control some dimensions, including the extent of print exposure or age span, results show that it is better to compare the performance of individuals with WS with that of controls matched on reading level rather than either chronological age or nonverbal mental age. This method can also be applied to many other populations with intellectual disabilities. Despite their atypical intellectual functioning, French-speaking individuals with WS are able to learn to read with the appropriate teaching.

A better understanding of phonological and visual risk factors, as well as the impact of a reading disorder on these factors, would enable us to tailor literacy instruction to individual specificities. Reading remediation must become widespread to improve functioning in many aspects of individuals' everyday lives. 

Table 4 .

 4 Bivariate correlations between reading skills and their predictors for the three groups WS group (n = 28) CM group (n = 89) CR group (n = 87) Note. * p < .05. ** p < .01. *** p < .001.

	Chronological age	-.07	.68 ***	.69 ***
	Nonverbal reasoning	.59 ***	.53 ***	.44 ***
	Receptive vocabulary	.30	.23 *	.60 ***
	Expressive vocabulary	.28	.47 ***	.39 ***
	Phonological awareness -phonemes .72 ***	.65 ***	.65 ***
	Phonological awareness -syllables	.39 *	.57 ***	.38 ***
	Visuospatial ability	.60 *	.62 ***	.44 ***

Phonological awareness (or metaphonological) is a meta-cognitive skill allows one to attend to, discriminate, remember, and manipulate sounds at the sentence, word and oral units (syllable and phonemes) level.

This notion is developed in the neuroconstructivism approach of Karmiloff-Smith (1998), whereby some skills may be relatively preserved despite atypical development. When performance of individuals with WS is similar to or better than that of individuals matched on nonverbal mental age, it can be concluded that the development of the relevant skills is delayed but not atypical. In other words, development can show a typical pattern, but with a level equivalent to that of a child with a lower chronological age but the same mental age.
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ANNEXES

Table 1. Print exposure (years) and number of participants (n) for each of the three groups (WS, CM, CR).