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Atypical neural oscillations in response to speech in infants and children with speech and language impairments: A systematic review

A growing body of evidence suggests that speech perception impairments found in subjects with language deficits could be linked to the atypical neural entrainment of the brain oscillations present in the auditory cortex and oscillating at different frequencies, to the amplitude modulations of speech at different rates (i.e. phrase-level, syllable-level, phonemelevel). In this paper, we conducted a systematic review of the studies investigating the neural synchronization to auditory stimuli, linguistic or non-linguistic, in subjects with or at risk for language impairments. Our systematic research led to thirteen articles. The majority of these studies concerned subjects with dyslexia and are in favor of an overall atypical oscillatory activity of the auditory cortex in response to speech, at different modulation rates, associated with language outcomes. However, this systematic review shows that this research area is at its infancy and that conflicting results on the precise oscillatory mechanisms involved in the impaired speech perception still exist; further research as well as replications of the previous findings are needed to better understand the relationship between atypical neural entrainment to speech and language disorders. In conclusion, we link this systematic review to the prosodic prenatal shaping hypothesis (Nallet & Gervain, 2021) proposing a developmental framework of speech perception linked to the theory of the embedded neural oscillations of the auditory cortex. A better understanding of the development of the neural mechanisms underlying speech perception and how they develop during infancy and childhood, both in typically and atypically developing children, could lead to better and earlier screening of children at risk for Language-Learning Impairment (LLI) and thus earlier and more efficient intervention programs.

Introduction

The capacity of humans to quickly and efficiently process fluent speech has been the focus of a great number of studies for several decades. When we hear someone talking in our native language, we automatically and effortlessly process this auditory stimulation, even though it is highly complex. What are the neural mechanisms underlying this sophisticated perception ability? How do they emerge during development? And how are they modified in speech and language impairments?

In an attempt to answer this question, the current work offers a systematic review of studies examining auditory neural oscillations, a powerful neural mechanism underlying speech perception, in infants and children with speech and language impairments. A better understanding of these neural mechanisms and how they are modified in speech and language disorders may provide valuable insights allowing us to detect and treat these pathologies earlier and more efficiently. Our review thus attempts to synthesize the existing empirical evidence.

We first provide a brief overview of the theory of embedded neural oscillations in healthy adults, then present a systematic review of the literature on the role of oscillations in atypical language development and finally interpret these empirical results in the broader context of the neural mechanisms underlying early language development.

Speech as a modulated carrier signal

Speech is a complex auditory and linguistic signal. It is composed of different linguistic units, hierarchically organized and nested within each other [START_REF] Gervain | Gateway to language: the perception of prosody at birth[END_REF][START_REF] Nespor | Prosodic phonology[END_REF][START_REF] Selkirk | The Prosodic Structure of Function Words[END_REF]. Utterances are composed of phrases, which are in turn composed of words, which are made up of syllables, which themselves are composed of phonemes. These different linguistic units correspond to a nested hierarchy of units in fluent speech known as the prosodic hierarchy (Figure 1).

The question any theory of speech perception needs to answer is how we extract and process those different linguistic units simultaneously as we hear someone speaking?

Figure 1: Prosodic Hierarchy (from [START_REF] Gervain | Gateway to language: the perception of prosody at birth[END_REF] Acoustically, the speech signal can be conceived of as a modulated carrier signal, and can be represented in two ways: spectrally and temporally. The temporal representation is composed of the temporal fine structure and the temporal envelope of speech. The temporal fine structure is defined as the fast frequency modulations of the signal. This serves as the carrier, generated by the vibrations of the vocal cords, and it provides information about the fundamental frequency of the sound and thus its pitch. The temporal envelope, by contrast, corresponds to the slow amplitude modulations of the signal [START_REF] Lorenzi | Les modes de représentation du son[END_REF]. The rhythmic modulations of these two temporal levels, fine structure and temporal envelope, serve as acoustic cues to the different prosodic units contained in speech (Zion Golumbic, [START_REF] Zion Golumbic | Temporal context in speech processing and attentional stream selection: A behavioral and neural perspective[END_REF]. Are we sensitive to these cues? If yes, how do we process them?

The theory of embedded neural oscillations in speech processing

Currently, the most influential neuroscientific theory of speech perception [START_REF] Ghitza | Linking Speech Perception and Neurophysiology : Speech Decoding Guided by Cascaded Oscillators Locked to the Input Rhythm[END_REF][START_REF] Giraud | Cortical oscillations and speech processing : Emerging computational principles and operations[END_REF][START_REF] Ghitza | Neuronal oscillations and speech perception : Critical-band temporal envelopes are the essence[END_REF] proposes that a hierarchy of nested neural oscillations in the auditory cortex plays a crucial role in this process. The oscillations operate at different frequency bands: delta (< 3Hz), theta (4-8Hz), beta and low-gamma (>50Hz) [START_REF] Poeppel | The analysis of speech in different temporal integration windows : Cerebral lateralization as 'asymmetric sampling in time[END_REF][START_REF] Poeppel | The neuroanatomic and neurophysiological infrastructure for speech and language[END_REF][START_REF] Giraud | Cortical oscillations and speech processing : Emerging computational principles and operations[END_REF]. The frequencies of these bands match the frequencies of specific linguistic units in fluent speech. Delta oscillations (1-3Hz) match the rate of prosodic phrases (~0.5-1s), the theta band (4-8Hz) matched the syllabic rate (150-250ms) and low-gamma oscillations (30-50Hz) correspond to phonemes and subphonemic units in speech (20-40ms). Importantly, there is an embedding or nesting relationship between the oscillations such that the phase of slower oscillations modulates the amplitude of faster oscillations [START_REF] Schroeder | Dynamics of Active Sensing and perceptual selection[END_REF]. This coupling relationship creates a hierarchical embedding that aligns oscillations and allows the simultaneous processing and integration of different linguistic units, similarly to the prosodic hierarchy in language.

The embedded neural oscillations model has also been evoked to explain the hemispheric lateralization of speech processing often observed in adults. The Asymetric Sampling in Time (AST) model [START_REF] Poeppel | The analysis of speech in different temporal integration windows : Cerebral lateralization as 'asymmetric sampling in time[END_REF][START_REF] Poeppel | The neuroanatomic and neurophysiological infrastructure for speech and language[END_REF] highlights the asymmetrical distribution of the different types of oscillatory frequencies in the auditory cortex across the left and the right hemispheres. According to the model, fast information, corresponding roughly to phonemes, are processed in the left hemisphere or bilaterally, whereas slow modulations, corresponding to prosody, are processed in the right hemisphere. This theory has received ample empirical support, e.g. from MRI studies investigating how stimuli with different temporal modulations are preferentially processed in the two hemispheres (for a summary, see [START_REF] Poeppel | The neuroanatomic and neurophysiological infrastructure for speech and language[END_REF].

However, the role of oscillations in this asymmetry has only recently been investigated. A recent study using intracerebral electrodes confirmed that in the association auditory cortex, but not in the primary and secondary auditory cortices, delta and beta band oscillations were prevalent in the right hemisphere, while theta and gamma bands prevailed in the left hemisphere [START_REF] Giroud | Asymmetric sampling in human auditory cortex reveals spectral processing hierarchy[END_REF].

How do oscillations contribute to speech processing? Oscillations have been shown to naturally entrain to the rhythms of the different units found in speech (Active Sensing: [START_REF] Schroeder | Dynamics of Active Sensing and perceptual selection[END_REF], and this entrainment has been linked to the quality of speech processing and speech comprehension [START_REF] Peelle | Neural Oscillations Carry Speech Rhythm through to Comprehension[END_REF][START_REF] Ghitza | The theta-syllable: a unit of speech information defined by cortical function[END_REF]. In addition to the studies showing a match, i.e. a correlation, between speech and neural responses, recent studies using transcranial alternating current stimulation (tACS) have also provided direct causal evidence showing that the entrainment of the neural oscillations triggered by tACS effectively modulates speech perception [START_REF] Zoefel | Phase Entrainment of Brain Oscillations Causally Modulates Neural Responses to Intelligible Speech[END_REF][START_REF] Van Bree | Sustained neural rhythms reveal endogenous oscillations supporting speech perception[END_REF].

Just as accurate entrainment to the speech signal has been linked to better speech perception, atypical or less accurate entrainment has been associated with speech perception deficits. In adults, this link has been shown for language impairments in Autism Spectrum Disorder (ASD) [START_REF] Jochaut | Atypical coordination of cortical oscillations in response to speech in autism[END_REF] as well as in dyslexia [START_REF] Lehongre | Altered Low-Gamma Sampling in Auditory Cortex Accounts for the Three Main Facets of Dyslexia[END_REF]Hämäläinen et al., 2011;[START_REF] Poelmans | Auditory Steady State Cortical Responses Indicate Deviant Phonemic-Rate Processing in Adults With Dyslexia[END_REF][START_REF] Lehongre | Impaired auditory sampling in dyslexia: further evidence from combined fMRI and EEG[END_REF]Soltèsz et al., 2013;[START_REF] Lizarazu | Developmental evaluation of atypical auditory sampling in dyslexia : Functional and structural evidence[END_REF] and is at the heart of a framework offering a causal explanation of the phonological deficit found in dyslexic subjects (Temporal Sampling Framework;[START_REF] Goswami | A temporal sampling framework for developmental dyslexia[END_REF].

Can atypical oscillatory patterns be observed during development? Can they be linked to speech and language disorders? If such results are observed, they may be used as early predictors of disorders and may be the target of interventions. Here, we thus review the developmental literature on neural oscillations in speech and language disorders.

The current study: a systematic review

To conduct this systematic review, we have identified studies investigating the links between neural entrainment to speech/auditory stimuli and speech and language impairments in infants and children, from birth to 15 years of age.

To identify the publications, we searched Google Scholar using the following key words as search terms: infant, children, brain, oscillations, speech, language, auditory, atypical. We restricted our research to articles written in English and published between 2001 and 2021.This search has yielded 5 500 studies. After checking the titles and abstracts, nine studies were retained for the review. Four additional articles were identified by hand within the lists of references cited in the selected studies.

In the studies we identified, two main approaches have been taken. Some studies explored the correlation between resting state oscillatory activity in the frontal and prefrontal areas at an early age and later language outcomes [START_REF] Benasich | Early cognitive and language skills are linked to resting frontal gamma power across the first 3 years[END_REF][START_REF] Gou | Resting frontal gamma power at 16, 24 and 36 months predicts individual differences in language and cognition at 4 and 5 years[END_REF][START_REF] Tierney | Developmental Trajectories of Resting EEG Power : An Endophenotype of Autism Spectrum Disorder[END_REF]. Other studies investigated actual oscillatory entrainment in the auditory cortex to auditory stimuli, both linguistic [START_REF] Power | Neural entrainment to rhythmic speech in children with developmental dyslexia[END_REF][START_REF] Power | Neural encoding of the speech envelope by children with developmental dyslexia[END_REF][START_REF] Molinaro | Out-ofsynchrony speech entrainment in developmental dyslexia : Altered Cortical Speech Tracking in Dyslexia[END_REF][START_REF] Liberto | Atypical cortical entrainment to speech in the right hemisphere underpins phonemic deficits in dyslexia[END_REF] and non-linguistic [START_REF] Heim | Reduced sensory oscillatory activity during rapid auditory processing as a correlate of language-learning impairment[END_REF][START_REF] Vanvooren | Hemispheric Asymmetry in Auditory Processing of Speech Envelope Modulations in Prereading Children[END_REF][START_REF] Lizarazu | Developmental evaluation of atypical auditory sampling in dyslexia : Functional and structural evidence[END_REF]De Vos et al., 2017a;[START_REF] Vos | A longitudinal study investigating neural processing of speech envelope modulation rates in children with (a family risk for) dyslexia[END_REF][START_REF] Cantiani | Reduced left-lateralized pattern of event-related EEG oscillations in infants at familial risk for language and learning impairment[END_REF], in children with speech-language impairments [START_REF] Lizarazu | Developmental evaluation of atypical auditory sampling in dyslexia : Functional and structural evidence[END_REF][START_REF] Power | Neural entrainment to rhythmic speech in children with developmental dyslexia[END_REF][START_REF] Power | Neural encoding of the speech envelope by children with developmental dyslexia[END_REF][START_REF] Heim | Reduced sensory oscillatory activity during rapid auditory processing as a correlate of language-learning impairment[END_REF][START_REF] Molinaro | Out-ofsynchrony speech entrainment in developmental dyslexia : Altered Cortical Speech Tracking in Dyslexia[END_REF]De Vos et al., 2017a;[START_REF] Liberto | Atypical cortical entrainment to speech in the right hemisphere underpins phonemic deficits in dyslexia[END_REF] or at risk for such impairments [START_REF] Vanvooren | Hemispheric Asymmetry in Auditory Processing of Speech Envelope Modulations in Prereading Children[END_REF][START_REF] Vos | A longitudinal study investigating neural processing of speech envelope modulation rates in children with (a family risk for) dyslexia[END_REF][START_REF] Cantiani | Reduced left-lateralized pattern of event-related EEG oscillations in infants at familial risk for language and learning impairment[END_REF]. Our review focuses on the second approach, as we are specifically interested in neural oscillations in responses to speech and auditory stimuli.

The studies our literature search identified mainly investigated children with or at risk for developmental dyslexia or Language-Learning Impairment (LLI), a term that is increasingly used to designate disorders of both language and reading skills. Developmental dyslexia is a language impairment affecting reading and spelling skills in children with normal IQ, no educational deficit or sensory deprivation. In a large majority of dyslexic and LLI children, auditory / phonological representations are impaired [START_REF] Goswami | Perception of patterns of musical beat distribution in phonological developmental dyslexia: Significant longitudinal relations with word reading and reading comprehension[END_REF][START_REF] Mcanally | Auditory Temporal Coding in Dyslexia[END_REF][START_REF] Saksida | Phonological skills, visual attention span, and visual stress in developmental dyslexia[END_REF].

In order to investigate the neural entrainment to auditory stimuli at the rates of the linguistic units that were assumed to be most relevant for the phonological deficits in dyslexia, different types of stimuli and analyses have been used. In some studies, participants listened to auditory stimuli that were amplitude-modulated at specific frequencies, thereby targeting the neural entrainment of brain oscillations in specific frequency bands known to be involved in speech processing. Lizarazu and colleagues (2015) used amplitude-modulated white noise stimuli at the frequencies of 2, 4, 7, 30 and 60 Hz, targeting the oscillatory activity within the delta (0-2 Hz), theta (4-7 Hz), beta (15-30 Hz) and gamma (> 30 Hz) bands. Focusing on the oscillatory activity in the theta, alpha (8-13 Hz), beta and low-gamma bands, De Vos and colleagues (2017a) made their participants listen to amplitude-modulated speech-weighted noise at 4, 10, 20 and 40 Hz. Other studies [START_REF] Vanvooren | Hemispheric Asymmetry in Auditory Processing of Speech Envelope Modulations in Prereading Children[END_REF][START_REF] Vos | A longitudinal study investigating neural processing of speech envelope modulation rates in children with (a family risk for) dyslexia[END_REF], aiming at investigate the synchronization of neural oscillations on the syllable and phoneme rate modulations, used only two types of speech-weighted noise, modulated at 4 Hz (targeting the syllable rate) and 20 Hz (corresponding to the phoneme rate). For two studies [START_REF] Heim | Reduced sensory oscillatory activity during rapid auditory processing as a correlate of language-learning impairment[END_REF][START_REF] Cantiani | Reduced left-lateralized pattern of event-related EEG oscillations in infants at familial risk for language and learning impairment[END_REF], stimuli were pairs of complex tones presented with an interstimulus interval of 70 ms between two tones constituting a pair, in order to investigate the oscillatory activity in response to rapid auditory changes. The brain responses to these stimuli were then analyzed in specific oscillatory frequency bands in [START_REF] Cantiani | Reduced left-lateralized pattern of event-related EEG oscillations in infants at familial risk for language and learning impairment[END_REF], e.g., the delta/theta frequency band (2-12 Hz) and the gamma frequency band (30-80 Hz), and within a large frequency range in [START_REF] Heim | Reduced sensory oscillatory activity during rapid auditory processing as a correlate of language-learning impairment[END_REF], from 20 to 80 Hz. All these studies used non-linguistic auditory stimuli. In the four remaining studies, on the contrary, speech stimuli were used. Power and colleagues (2013) presented repeated syllables, with a repetition rate of 2 Hz, investigating the brain oscillatory activity linked to the syllabic processing. Seeking to investigate the brain oscillatory responses to speech in a more naturalistic ways, Power and colleagues (2016) and Molinaro and colleagues (2016) recorded brain signal in response to spoken sentences, while Di Liberto and colleagues (2018) recorded the EEG responses to a 9-minutes audio-story. In two studies [START_REF] Molinaro | Out-ofsynchrony speech entrainment in developmental dyslexia : Altered Cortical Speech Tracking in Dyslexia[END_REF][START_REF] Liberto | Atypical cortical entrainment to speech in the right hemisphere underpins phonemic deficits in dyslexia[END_REF], focus was on the brain oscillations within the delta and theta ranges in response to speech. Power and colleagues (2016), using a stimulus reconstruction method, looked at the envelope reconstruction accuracy in five amplitude-modulated frequency bands: 0-2 Hz, 2-4 Hz, 4-6 Hz, 6-8 Hz and 8-10 Hz. The power of the beta frequency (18-22 Hz) was also extracted and the delta-beta phase-amplitude cross-frequency coupling was analyzed.

In all these studies, in an attempt to investigate the presence of a deficit in neural entrainment at frequency bands that are important for brain processing of speech in children with language impairments, the brain responses to stimuli of a group of infants/children or adolescents with or at risk for LLI were compared to those of a control group of age-matched and/or reading level-matched peers. Investigating the slow oscillations, Power and colleagues (2013) showed atypical entrainment of the delta band (2Hz) in children with developmental dyslexia. A significant correlation was observed between delta entrainment, on the one hand, and reading skills as well as phoneme deletion, a task that requires accurate auditory sampling and phoneme perception, on the other hand. Using magnetoencephalography (MEG), Molinaro and colleagues (2016) measured oscillatory activity in the auditory regions of dyslexic children and adults, as well as control participants, while they were listening to ~10s-long sentences. Compared to baseline, two frequency bands showed enhanced power in both groups: delta (0.5-1Hz) and theta (5.8-6.3Hz). However, in the dyslexic group, both for children and adults, neural entrainment to the stimuli was reduced in the delta band. The atypical oscillatory pattern found in dyslexic participants was correlated with reading skills and phonological awareness, which were significantly poorer than those of the control participants. A second study by Power and colleagues (2016) again found impaired sampling in the 0-2Hz frequency range in response to sentences in children with dyslexia as compared to control children of the same age and to younger children matched in reading-level. Di Liberto and colleagues (2018) found an atypical low-frequency tracking (within the 1-8 Hz range) in the dyslexic participants, involving thus the brain responses in the delta and theta ranges. However, a deficit of the theta oscillatory activity in response to auditory stimuli in dyslexic participants was not found in all the studies. While they found a reduced neural entrainment in the delta band in the dyslexic group, Molinaro and colleagues (2016) did not find any group effect concerning the theta band. In the same way, De Vos and colleagues (2017a) did not find any deficit in the theta brain activity in response to amplitude modulated weighted speech noise at 4 Hz. Nevertheless, in this study, the dyslexic participants showed overall significant smaller brain response amplitudes at 10 Hz, which correspond to the alpha band. The authors suggest that the impaired syllabic encoding found in dyslexic subjects could come from a deficit in neural synchronization within the alpha band, rather than the theta band. Taken together, these studies suggest that the processing of slow modulations is impaired in developmental dyslexia, revealing a potential neural substrate of the linguistic deficits found in this disorder. The precise oscillatory mechanisms underlying this impaired processing of slow modulations are still unclear, as shown by the conflicting results concerning the brain entrainment in the theta and alpha bands.

Other studies have also found atypical sampling of fast auditory information, sometimes in addition to impairments in the slow ranges [START_REF] Lizarazu | Developmental evaluation of atypical auditory sampling in dyslexia : Functional and structural evidence[END_REF][START_REF] Cantiani | Reduced left-lateralized pattern of event-related EEG oscillations in infants at familial risk for language and learning impairment[END_REF]. Heim and colleagues (2012) In an attempt to identify early biomarkers, Cantiani and colleagues (2019) investigated the oscillatory dynamics in response to auditory stimuli in 6-month-old infants at familial risk for LLI. A previous study [START_REF] Cantiani | Auditory discrimination predicts linguistic outcome in Italian infants with and without familial risk for language learning impairment[END_REF] has shown impaired Rapid-Auditory Processing (RAP) in this population by measuring the Event-Related Potentials (ERP) in response to rapid auditory changes in frequency and duration. The results showed overall impaired RAP skills in the at risk group and the EEG measures were correlated with language scores at 20 months (expressive vocabulary). RAP is the ability to process successive, rapidly occurring and changing auditory stimuli and this capacity has been suggested to be crucial for language development [START_REF] Benasich | The importance of rapid auditory processing abilities to early language development : Evidence from converging methodologies: Importance of Rapid Auditory Processing Abilities[END_REF]. By exploring the neural substrates of this impaired RAP, Cantiani and colleagues (2019), in a subsequent study, found perturbed oscillatory dynamics already in 6-month-old infants at familial risk for LLI in response to rapid auditory changes in both frequency and duration. They investigated the theta and gamma bands. In both the control and the at-risk infants, the auditory stimuli enhanced theta and gamma power. However, gamma power in the left auditory cortex was reduced in the infants at risk as compared to controls, suggesting difficulties with processing fast auditory information. The results should be taken with caution as the statistical tests were not corrected for multiple comparisons. However, to our knowledge, it is the only study investigating infants at risk, and the results suggest that oscillatory mechanisms may already be atypical in infants at risk for language impairment before the production of the first words.

Other studies have investigated the neural oscillatory mechanisms underlying speech perception in pre-reading children at risk for dyslexia [START_REF] Vanvooren | Hemispheric Asymmetry in Auditory Processing of Speech Envelope Modulations in Prereading Children[END_REF][START_REF] Vos | A longitudinal study investigating neural processing of speech envelope modulation rates in children with (a family risk for) dyslexia[END_REF]. Vanvooren and colleagues (2014) tested the auditory steady-state responses (ASSRs) to continuous amplitude-modulated speech-weighted noise at 4 and 20 Hz in eighty-seven 5year-old children at high (44 participants) and low (43 control participants) hereditary risk for dyslexia. They did not find any effect of group for either 4 and 20 Hz amplitude-modulated stimuli. The authors pointed out that "at risk" means approximately 50% of risk to effectively develop dyslexia, thus the absence of group differences could be explained by the heterogeneity of the samples. Also comparing children at high vs low hereditary risk of dyslexia, De Vos and colleagues (2017b) tested sixty-eight children and followed them longitudinally. Children were tested at three time-points: pre-readers (5-years-old), beginning readers (7-years-old) and more advanced readers (9-years-old). At the pre-reading stage, thirty-six children were assigned to the at risk group. Later, a retrospective classification of the sixty-eight participants led to only fourteen dyslexic children and fifty-four typical readers, showing how a group of children at risk for LLI might be heterogeneous. As in [START_REF] Vanvooren | Hemispheric Asymmetry in Auditory Processing of Speech Envelope Modulations in Prereading Children[END_REF], De Vos and colleagues (2017b) did not find any effect of the family risk on the neural responses amplitudes to 4 and 20 Hz modulated auditory stimuli.

Interestingly, an atypical synchronization to phoneme rates (20 Hz) appeared after one year of reading instruction in children who developed dyslexia and this atypical oscillatory activity was persistent after 3 years of reading instruction. Dyslexic children showed significantly larger responses to phoneme-rate modulations, i.e. over-synchronization, which is linked to poorer phonological and reading skills. The authors interpret the evolution of the phonemerate modulations processing in dyslexic children (from normal at the pre-reading stage to atypical after the beginning of reading instruction) as an evidence that impaired fast modulations processing would be a consequence rather than the underlying cause of reading impairments in dyslexia.

In summary, the existing literature on the links between atypical neural entrainment to acoustic stimuli and disrupted speech perception or reading abilities highlights the role of auditory brain oscillations in the sampling and decoding of auditory information, which feed into speech perception and phonological representations. Atypical oscillatory responses may result in sampling and processing speech at levels of granularity (too fine-grained or insufficiently detailed) that are ill-suited for building phonological representations necessary for appropriate language or reading skills. The existing studies, albeit not yet numerous, suggest that this atypical functioning of neural oscillations may be observed very early in development, potentially opening up the way for novel screening and diagnostic methods.

More studies are needed to build a more clear view of the specific oscillatory mechanisms that underlie language impairments. Indeed, this systematic review has shown that there are evidences for an atypical oscillatory activity in response to auditory both non-linguistic and linguistic stimuli in children with or at risk for LLI. However, conflicting results persist on the precise oscillatory mechanisms that could lead to the impaired phonological and reading skills found in this population. These conflicting results could be linked to methodological differences between the different studies: non-linguistic vs linguistic stimuli, degree of naturalness of the linguistic stimuli (repetition of syllables vs sentences or audio-story), age of the participants and degree of reading instruction, children at risk vs effectively diagnosed with LLI, recording techniques (functional Magnetic Resonance Imaging, Electroencephalography or Magnetoencephalography), types of analyses (i.e., computation of the power spectrum of the brain oscillations at specific frequency range or speech envelope reconstruction), etc. In a very recent study, Lizarazu and colleagues (2021) tried to replicate previous findings on neural entrainment in dyslexic adults. Their results were only weakly consistent with the pre-existing literature on this topic and they failed to replicate the main findings concerning an atypical neural entrainment in the dyslexic participants in delta, theta and gamma frequency bands. As said previously, studies on this research area are not yet numerous and more research are needed to clarify the still conflicting points. However, if a link between atypical oscillatory entrainment to speech modulations and language impairments is more clearly established, it can allow more precocious diagnosis of children impacted by LLI and thus earlier interventions program that could lead to better outcomes. Indeed, in an interesting study (2013), the results of Heim and colleagues suggest that an audio-visual training could ameliorate the neural entrainment to speech in children with LLI.

The prenatal prosodic shaping hypothesis

The existing studies discussed above with children having or at risk for language impairments suggest that neural oscillations may show atypical auditory processing already very early, before productive language begins and many years before reading difficulties are observed at the behavioral level. Appropriate measures of neural oscillations may thus one day be used as early biomarkers or predictors of language disorders, which is of high importance for clinical practice. But for these methods to be maximally efficient and to contribute to interventions and therapeutic options, we also need a causal understanding of the broader developmental trajectory of neural mechanisms underlying language development, and how atypical processes may be corrected or rehabilitated. This is particularly relevant for language as it is a critical period phenomenon, i.e. appropriate experience with language has a particularly important role in language development early in life [START_REF] Werker | Critical periods in speech perception: New directions[END_REF]. Past the critical period, experience and thus interventions have more limited leverage to improve developmental outcomes. It is, therefore, important to understand the developmental origins and role of neural oscillations and their relation to language experience in a broader context.

Recent EEG studies suggest that newborns are already able to track the speech envelope, i.e. the syllabic rate of speech (Ortiz Barajas, Guevara Erra and Gervain, 2021;[START_REF] Cabrera | Speech Perception at Birth: The Brain Encodes Fast and Slow Temporal Information[END_REF]. Less is known about the earliest development of the full range of auditory oscillations during the first years of life. How does the oscillatory hierarchy emerge and get fine-tuned to the modulations of the language heard? In a recently formulated hypothesis [START_REF] Nallet | Neurodevelopmental Preparedness for Language in the Neonatal Brain[END_REF], we propose that the hierarchy of auditory oscillations supporting speech perception starts to get fine-tuned to the rhythm of speech already prenatally and the nesting relationship between oscillations may emerge as a consequence of the chronology of infants' experience with speech, following the developmental sequence of first experiencing speech pre-natally, then post-natally. This is relevant, because the pre-and post-natally experienced speech signals are acoustically very different. Specifically, during the last trimester of pregnancy, the auditory system is operational (starting from the 24 th -28 th week of gestation; [START_REF] Eggermont | Morphological and Functional Development of the Auditory Nervous System[END_REF] and the fetus starts to experience speech that arrives to his/her ears. However, in the womb, the speech signal is low-pass filtered by maternal tissues and the amniotic fluid. This low-pass filtering only preserves the slow modulations of speech (estimated to be below 400Hz or 800Hz), which correspond to prosody, i.e. the rhythm and melody of language. In contrast, finer acoustic information, specifically the higher frequencies necessary for the identification of individual speech sounds, are drastically reduced and are to a large extent imperceptible to the fetus. After birth, newborns get exposed to the full-band speech signal, which carries detailed information for the identification of phonemes. We argue that this chronological sequence of experience is what shapes the oscillatory activity in the auditory cortex. Prenatal experience with the native language, which is mainly prosodic, shapes slow oscillations (delta and theta), which thus get fine-tuned to the syllabic rhythm and main prosodic structures to the language heard in utero. After several months of exposure to the full-band speech signal, the faster oscillations (low-gamma) corresponding to phonemic sampling, get in turn finetuned to the native language and enter into a nesting relation with the already fine-tuned slower ones (Figure 2).

Since the oscillatory hierarchy supports the simultaneous processing and alignment of the various linguistic units constituting the speech stream, it lays the foundations for language development, providing the infant with neural mechanisms on which to build linguistic representations. As prosodic units are aligned with syntactic and semantic units, appropriate prosodic processing contributes to normal language growth, while an atypical neural substrate would hinder the emergence of appropriate linguistic representations. [START_REF] Nallet | Neurodevelopmental Preparedness for Language in the Neonatal Brain[END_REF] If this hypothesis is confirmed, then this implies that the prenatal and early postnatal periods are fundamental for the development of the neural mechanisms underlying speech perception. This hypothesis also has implications for atypical language development. If, for instance, prenatal experience is atypical, e.g. as is the case for preterm infants and infants with hearing impairment already present during pregnancy, the oscillatory hierarchy may not develop appropriately, failing to fine-tune to the native language or failing to establish the appropriate coupling relations.

Preterm infants miss the prosodic prenatal experience and are exposed prematurely to the full-band speech signal. The chronological sequence of experiences is thus disrupted. This reduced prosodic prenatal experience could perturb the tuning of the slow oscillations and consequently the whole hierarchy of oscillations. This atypical oscillatory activity could then have consequences for further language development. Indeed, it has been shown that children who were born preterm are at higher risk for language impairments (Barre et al., 2010;[START_REF] Putnick | Long-Term Stability of Language Performance in Very Preterm, Moderate-Late Preterm, and Term Children[END_REF], often leading to educational delays [START_REF] Pritchard | Identifying Very Preterm Children at Educational Risk Using a School Readiness Framework[END_REF]. Moreover, several studies have investigated more specifically the speech perception abilities in infants 24 th -28 th week the and children born preterm and found impaired word stress sensitivity and frequency change detection [START_REF] Herold | Impaired word stress pattern discrimination in very-low-birthweight infants during the first 6 months of life[END_REF][START_REF] Bisiacchi | Cortical auditory processing in preterm newborns : An ERP study[END_REF][START_REF] Ragó | Effect of maturation on suprasegmental speech processing in full-and preterm infants : A mismatch negativity study[END_REF][START_REF] Varga | Disrupted or delayed? Stress discrimination among preterm as compared to full-term infants during the first year of life[END_REF]. Some studies show preserved phoneme change detection [START_REF] Ragó | Effect of maturation on suprasegmental speech processing in full-and preterm infants : A mismatch negativity study[END_REF]. However, the study of Jansson-Verkasalo and colleagues (2010) suggests that the developmental trajectory of phoneme perception may nevertheless be atypical in preterm infants. Perceptual narrowing, i.e. the developmental phenomenon whereby, during the first year of life, infants lose the ability to discriminate non-native phonemic contrast while they become fine-tuned to the phonemic repertoire of their native(s) language(s), has been found to be delayed. The results suggest that preterm infants show an atypical trajectory as they continue to show the ability to discriminate non-native phonemes even when their control peers no longer do, and this was correlated with poorer language abilities at two years of age.

Infants with congenital deafness or hearing impairment also miss part or the totality of the prenatal experience with language. However, they are born full-term and have thus the same maturational stage as control full-term infants, whereas, in the case of prematurity, language delays or impairments can also be partly attributed to maturational factors [START_REF] Peña | Language acquisition in premature and full-term infants[END_REF][START_REF] Ragó | Effect of maturation on suprasegmental speech processing in full-and preterm infants : A mismatch negativity study[END_REF]. Infants with congenital deafness have no experience with speech or other auditory stimuli. As a result, oscillations may not get fine-tuned to the speech input. This may have important implications for the success of hearing aid and especially cochlear implantation. Cochlear implants are indicated in patients with severe to profound deafness: a sound processor placed behind the ear captures the sound signals and send them as electrical information to electrodes implanted in the cochlea (inner ear), which in turn transmit the information to the brain via the auditory nerve. The cochlear implants aim at restoring the perception and discrimination of speech sounds but, still, a high inter-individual variability in the success of the cochlear implantation on speech perception is highlighted in the literature [START_REF] Niparko | Spoken language develop-ment in children following cochlear implantation[END_REF] and the factors underlying this variability are still unclear [START_REF] Prince | Neural correlates of visual stimulus encoding and verbal working memory differ between cochlear implant users and normal-hearing controls[END_REF]. Better understand the development of the brain oscillations' hierarchy of the auditory cortex, the role of experience in its shaping, as well as its precise contribution to speech perception may also help understand the speech perception outcomes in deaf children with cochlear implants and allow the development of more precise and efficient guidances of these children in the discovery of speech and language.

Conclusion

We have presented the theory of embedded neural oscillations and reviewed the existing experimental literature on how oscillations may be impacted in atypical language development, in particular in dyslexia and LLI. A better understanding of the developmental dynamics of neural oscillations opens new perspectives in the screening and therapeutic options of speech and language disorders. This field is still in its infancy. Further neurophysiological research with newborn and infant populations is needed to uncover the causal links between speech exposure, oscillations of the auditory cortex, speech perception and language development, both typical and impaired. New results on this topic could provide insight into the neural architecture supporting language as well as into the role of speech experience in language development. Furthermore, a better understanding of the neural correlates of speech perception in atypically developing infants can have clinically important applications for the early screening and intervention in infants at risk for disrupted language development [START_REF] Ladányi | Is atypical rhythm a risk factor for developmental speech and language disorders?[END_REF].

  investigated brain oscillations in the gamma range in response to tone doublets with pitch change in children with LLI in comparison with control participants. They found significantly reduced gamma amplitude and phase-locking in response to rapidly changing stimuli in the LLI group.Lizarazu and colleagues (2015) compared brain synchronization in dyslexic and typical control children at both the syllabicrate, as well as at the faster phonemic-rate, using white noise modulated at different frequencies. The results highlighted impaired neural entrainment in the dyslexic participants at both rates: dyslexic participants showed an atypical pattern of neural activity in response to slow and fast modulations. Contrary to the expected lateralization found in the control group, i.e. processing of slow modulations in the right auditory cortex and fast modulations bilaterally, dyslexic participants demonstrated an atypical pattern, with an absence of significant rightward lateralization for low frequencies (4Hz), while high frequency (30Hz) modulations were right-lateralized. De Vos and colleagues (2017a) investigated the phonemic and syllabic tracking by targeting the oscillatory activity in response to amplitude modulated speech-weighted noise at four frequencies: 4 and 10 Hz linked to the syllabic parsing and 20 and 40 Hz associated with phonemic tracking. The results did not show any deficit in the brain synchronization at the theta (4 Hz) and low-gamma (40 Hz) activities in the dyslexic participants. In contrast, reduced synchronized alpha activity (10 Hz), as discussed in the previous paragraph, and greater beta activity (20 Hz) were found in dyslexic readers.
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