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Recent research has shown that auditory rhythmic stimulation improves subsequent syntax processing of speech in children with and without developmental language disorders. Sensitivity to grammatical errors is enhanced after regular rhythmic primes in comparison to irregular ones. Our present study investigated this rhythmic priming effect in healthy adults by using subtle grammatical errors as targets, aiming to \it with the high linguistic level of the participants. We also assessed whether participants' sensitivity to rhythmic priming on syntax processing was related to self-reported rhythmic skills and musical habits. Participants listened to rhythmic regular or irregular primes followed by blocks of six grammatically correct or incorrect sentences. Participants provided grammaticality judgments on each of the sentences, and response accuracy was analyzed. Furthermore, participants \illed out a questionnaire about their musical skills, listening habits and music experience. Results revealed better grammaticality processing after regular rhythmic primes in comparison to irregular ones in healthy adults. Moreover, self-reported individual characteristics related to (1) rhythmic processing and synchronization, (2) amount of daily exposure to music, and (3) social bonding, contributed to signi\icantly predict the rhythmic priming effect. Our \indings con\irm the in\luence of temporal regularities of musical primes on subsequent syntax processing, even when syntax processing is automatized (as in healthy young adults), and they point to inter-individual differences modulating the strength of this priming effect. We discuss results within the framework of the Dynamic Attending Theory suggesting that regular rhythms orient attentional resources over time, improving the processing of event structures, including for speech.

INTRODUCTION

Rhythm has been de\ined as the temporal patterning of event durations in an auditory sequence (e.g., [START_REF] Large | Perceiving temporal regularity in music[END_REF]. In music, the rhythmic patterns allow for the abstraction of an underlying beat (i.e., a regular isochronous pulse). These temporal regularities facilitate the processing of musical events: rhythms with regular temporal structures (i.e., beat-based or metric rhythms) are better discriminated and reproduced than are irregular rhythms (i.e., non-metric rhythms) [START_REF] Essens | Metrical and nonmetrical representations of temporal patterns[END_REF][START_REF] Grahn | See what I hear? Beat perception in auditory and visual rhythms[END_REF][START_REF] Grahn | Rhythm and beat perception in motor areas of the brain[END_REF][START_REF] Grahn | Individual differences in rhythmic ability: Behavioral and neuroimaging investigations[END_REF]. Similarly, in language, temporal regularities in the speech signal in\luence syntax processing: a rhythmically regular sentence facilitates syntactic ambiguity processing (Roncaglia-Denissen, Schmidt-Kassow, & Kotz, 2013) and temporal intervals modulate the latency of syntactic error processing [START_REF] Schmidt-Kassow | Entrainment of syntactic processing? ERP-responses to predictable time intervals during syntactic reanalysis[END_REF].

As music and speech signals have temporal regularities, it has been suggested that music and speech processing share cognitive resources and mechanisms (e.g., [START_REF] Patel | Music, language and the brain[END_REF]. Several studies have reported a link between rhythmic musical abilities and linguistic abilities in children, notably related to grammar skills [START_REF] Gordon | Musical rhythm discrimination explains individual differences in grammar skills in children[END_REF], phonological awareness [START_REF] Woodruff Carr | Beat synchronization predicts neural speech encoding and reading readiness in preschoolers[END_REF] and reading skills [START_REF] Flaugnacco | Rhythm perception and production predict reading abilities in developmental dyslexia[END_REF]. The links between rhythmic musical and linguistic processing have been observed both in case of de\icits and expertise. For instance, children with developmental language disorders (i.e., dyslexia and Speci\ic Language Impairment) have been shown to present also impaired rhythmic processing of non-speech material, and these impaired performance levels are related to language performance levels [START_REF] Colling | Neural entrainment and sensorimotor synchronization to the beat in children with developmental dyslexia: An EEG study[END_REF][START_REF] Corriveau | Rhythmic motor entrainment in children with speech and language impairments: Tapping to the beat[END_REF][START_REF] Thomson | Rhythmic processing in children with developmental dyslexia: Auditory and motor rhythms link to reading and spelling[END_REF]). For healthy individuals, numerous studies have shown enhanced speech processing for musicians compared to non-musicians (e.g., syntax processing: [START_REF] Jentschke | Musical training modulates the development of syntax processing in children[END_REF]; early sensory encoding of speech: [START_REF] Musacchia | Musicians have enhanced subcortical auditory and audiovisual processing of speech and music[END_REF]. Converging evidence has been provided by musical training studies focusing on rhythmic processing. Experimentally implemented musical training programs improved not only rhythmic abilities, but also phonological and reading skills in dyslexic children [START_REF] Flaugnacco | Music training increases phonological awareness and reading skills in developmental dyslexia: A randomized control trial[END_REF][START_REF] Overy | Dyslexia, temporal processing and music: The potential of music as an early learning aid for dyslexic children[END_REF].

Beyond mid-and long-term effects of musical or rhythmic training on language processing, the link between rhythm and speech processing has been shown with short-term rhythmic priming studies, which also allows for studying pathological populations and open for perspectives of training and rehabilitation. Listening to a musical sequence with a strongly regular underlying beat improves syntax processing for subsequently presented sentences in typically developing children as well as children with developmental language disorders [START_REF] Bedoin | Temporally regular musical primes facilitate subsequent syntax processing in children with Speci\ic Language Impairment[END_REF][START_REF] Canette | Rhythmic and textural musical sequences differently in\luence syntax and semantic processing in children[END_REF][START_REF] Chern | New evidence of a rhythmic priming effect that enhances grammaticality judgments in children[END_REF][START_REF] Przybylski | Rhythmic auditory stimulation in\luences syntactic processing in children with developmental language disorders[END_REF]. Rhythmic priming studies have also been conducted in adult patients with basal ganglia lesions or Parkinson's disease while measuring EEG. Listening to a rhythmically regular stimulus before listening to sentences restored the late positivity in response to grammatical violations (i.e., the P600) [START_REF] Kotz | Can rhythmic auditory cuing remediate language-related de\icits in Parkinson's disease?[END_REF][START_REF] Kotz | The basal ganglia are receptive to rhythmic compensating during auditory syntactic processing: ERP patient data[END_REF], which had been reported previously as missing in basal ganglia patients [START_REF] Kotz | Syntactic language processing: ERP lesion data on the role of the basal ganglia[END_REF]. It also increased the P600 amplitude in response to grammatical errors listened by dyslexic and non-dyslexic adults (Canette et al., 2020a).

These studies can be understood within the framework of the Dynamic Attending Theory [START_REF] Jones | Time, our lost dimension: Toward a new theory of perception, attention and memory[END_REF][START_REF] Jones | Time will tell: A theory of dynamic attending[END_REF][START_REF] Jones | Dynamic attending and responses to time[END_REF]. According to this framework, internal oscillators (i.e., internal attending rhythms; [START_REF] Drake | The development of rhythmic attending in auditory sequences: Attunement, referent period, focal attending[END_REF] tend to synchronize with external regularities. Thanks to this synchronization, perceivers develop expectations about the temporal occurrence of next events, which then facilitates processing, segmentation and integration. At a neural level, cerebral rhythms have been shown to entrain with the temporal regularities of external stimuli and in\luence event processing (e.g., [START_REF] Ding | Cortical entrainment to continuous speech: Functional roles and interpretations[END_REF][START_REF] Fujioka | Internalized timing of isochronous sounds is represented in neuromagnetic beta oscillations[END_REF][START_REF] Giraud | Cortical oscillations and speech processing: Emerging computational principles and operations[END_REF][START_REF] Large | Pulse and meter as neural resonance[END_REF]. Dynamic attending can be applied both to music [START_REF] Large | Neural networks for beat perception in musical rhythm[END_REF][START_REF] Large | Perceiving temporal regularity in music[END_REF] and speech perception [START_REF] Kotz | Cortical speech processing unplugged: A timely subcorticocortical framework[END_REF]; framed as the "Attentional Bounce Hypothesis" by [START_REF] Pitt | The use of rhythm in attending to speech[END_REF]. For example, listeners are more accurate in judging the pitch of rhythmically expected tones than unexpected ones [START_REF] Jones | Temporal aspects of stimulusdriven attending in dynamic arrays[END_REF], and more accurate in spoken word perception when presented with a regular than an irregular inter-stress interval [START_REF] Quené | Effects of timing regularity and metrical expectancy on spokenword perception[END_REF]. In the rhythmic priming paradigm, the hypothesis is that the regular events in the musical prime entrain internal oscillators. After the musical prime, this then facilitates entrainment to the less regular speech signal, and consequently favors the processing of the speech signal and its syntactic structure [START_REF] Przybylski | Rhythmic auditory stimulation in\luences syntactic processing in children with developmental language disorders[END_REF][START_REF] Schön | Short-and long-term rhythmic interventions: Perspectives for language rehabilitation[END_REF].

Previous research has shown that rhythmic abilities vary strongly between healthy individuals [START_REF] Repp | Sensorimotor synchronization and perception of timing: Effects of music training and task experience[END_REF][START_REF] Sowinski | Poor synchronization to the beat may result from de\icient auditory-motor mapping[END_REF] and are in\luenced by musical training [START_REF] Grahn | Individual differences in rhythmic ability: Behavioral and neuroimaging investigations[END_REF][START_REF] Repp | Sensorimotor synchronization and perception of timing: Effects of music training and task experience[END_REF]. Interestingly, inter-individual variabilities in rhythmic skills have been shown to contribute to explain the variability in the ef\icacy of a rhythmic intervention for patients with Parkinson's disease (i.e., gait improvement via rhythmic auditory stimulation) (Dalla Bella et al., 2017a). These \indings outline the need for considering individual differences also in rhythmic priming studies for syntax processing.

Our present study investigated the effect of listening to regular rhythmic primes (in comparison to irregular primes) on subsequent syntax processing in healthy young adults. Our aim was to test whether the fully mature syntax processing system still bene\its from the regularity of musical primes, and to assess the potential inter-individual differences in the strength of the rhythmic priming effect. In contrast to previous studies in children, we used more subtle and varied grammatical errors adapted to the linguistic and educational level of the participants, as well as a larger set of musical primes (not just one pair as in [START_REF] Przybylski | Rhythmic auditory stimulation in\luences syntactic processing in children with developmental language disorders[END_REF][START_REF] Chern | New evidence of a rhythmic priming effect that enhances grammaticality judgments in children[END_REF]. Based on the results reported for children [START_REF] Bedoin | Temporally regular musical primes facilitate subsequent syntax processing in children with Speci\ic Language Impairment[END_REF][START_REF] Chern | New evidence of a rhythmic priming effect that enhances grammaticality judgments in children[END_REF][START_REF] Przybylski | Rhythmic auditory stimulation in\luences syntactic processing in children with developmental language disorders[END_REF], we predicted better performance in the grammaticality judgment task after regular primes than after irregular primes. Using questionnaires, we further investigated whether inter-individual differences related to musical skills, listening habits and music experience might in\luence the strength of the rhythmic priming effect on syntax processing in young healthy adults. Music and dance experience as well as self-reported rhythmic processing skills were expected to in\luence participants' potential sensitivity to the rhythmic regularity of the prime, as shown by differences in grammaticality judgments after regular and irregular primes.

MATERIALS AND METHODS

Participants

Twenty-\ive native French-speaking adults participated in the study (mean = 21.2 years, SD = 1.76, range = 19-26). The study was performed in an educational context, in which students took part in a noninvasive laboratory experiment in exchange for course credit. They participated naïvely, and after the recording of the data, they could ask the experimenter about the purpose of the study to further their understanding of experimental psychology. Informed verbal consent was obtained from all participants prior to taking part in the experiment. The study was anonymous and fully respected the Helsinki Declaration, Convention of the Council of Europe on Human Rights and Biomedicine.

Material

Musical Stimuli

Four rhythmically regular sequences and four irregular sequences were used. The four regular sequences were constructed on the basis of a 4/4 meter and a 120 BPM tempo, that is with an underlying inter-beat-interval of 500 ms (i.e., 2 Hz). These sequences were formed by 4 layers of rhythmic patterns, each based on different inter-beat-intervals, leading to a four-level rhythmic hierarchy. To vary and characterize the sequences in timbres, each layer was played by one (sometime two) percussion instrument(s) (i.e., bass drum, snare drum, tom-tom, and cymbal). All sequences were based on MIDI VST instruments timbres. Four of the sequences also contained some samples of electronic sounds. Each sequence was composed of one cycle of 16 beats that was repeated identically four times, thus leading to a duration of 32 seconds. To create a feeling of completion at the end of the sequence, the \irst beat of the cycle was added again at the end, thus extending the sequence for 2 seconds with a short reverberation effect, leading to the total duration of 34 seconds. Note that a short rhythmic pattern or a percussion sound was added at the end of a cycle to reinforce the sensation of formal periodicity.

The four rhythmically irregular sequences were derived from the four rhythmically regular ones. The layers, the percussion sounds, the total duration as well as the duration of each event were identical. In each layer, the number of percussive events was the same as for the regular sequences, but reordered to obtain a maximum of rhythmic irregularity. In this way, it was impossible to extract perceptively an underlying pulse or a regular metric. In addition, the process of reordering the percussive impacts was made across the entire sequence. Thus, the rhythmically irregular sequences were not characterized by repeated cycles of 16 beats.

All sequences were recorded with Cubase 4 and Kontakt 3 VST instruments. They were exported in 16 bits/48 000 Hz mono wav \iles and normalized in loudness (dBA). See supplemental material for examples.

Linguistic Stimuli

The linguistic material was composed of 96 sentences, which were either grammatically correct (48) or not (48) (see Appendix A). We \irst created 48 correct sentences and derived an incorrect sentence from each correct sentence. Incorrect sentences contained subtle morpho-syntactic errors (aiming to avoid ceiling performance) covering errors regarding tense, prepositions, and person agreement. Sentences were separated into two lists (List A and List B) of 48 sentences (24 correct sentences and 24 incorrect sentences) to avoid participants listening to a same sentence in its correct and incorrect versions. Each correct sentence of List A was matched in number of words, number of syllables, and word's lexical frequency (Lexique 3; [START_REF] New | Une base de données lexicales du français contemporain sur internet: LEXIQUE TM[END_REF] to a correct sentence of List B. The mean number of words per sentence was 10.33 (SD = 1.83, range = 6 to 15) in list A and 10.35 (SD = 1.80, range = 6 to 15) in list B. The mean number of syllables was 13.67 (SD = 1.75, range = 10 to 18) in list A and 13.75 (SD = 1.72, range = 10 to 17) in list B. Half of the participants heard the correct sentences of List A and the incorrect sentences of List B, and the reverse was done for the other half of the participants. Overall the 96 sentences, the mean number of words per sentence was 10.34 (SD = 1.81, range = 6 to 15) and the mean number of syllables per sentence was 13.71 (SD = 1.73, range = 10 to 18). Sentences were spoken by a female native speaker of French at a natural speed of production, and were normalized in loudness. The mean duration of sentences was 2574 ms (SD = 379, range = 1676 to 3466), with 2569 ms (SD = 403, range = 1825 to 3466) in list A and 2579 ms (SD = 359, range = 1676 to 3389) in list B.

Procedure

The 48 sentences were presented by blocks of six sentences (three grammatical sentences, three ungrammatical sentences). Sentence distribution in the blocks and sentence order in each block were randomized for each participant. The experiment consisted in 8 blocks, each preceded by a musical prime. Half of the blocks were preceded by a regular prime and half by an irregular prime. Primes were arranged in a pseudo-randomized order. Two consecutive blocks were presented with the same rhythmic prime type (regular or irregular), but with two different musical prime sequences. Then, the two following blocks changed to the other priming condition. A given prime did not follow its matched regular or irregular version. Half of the participants started with regular rhythmic primes and half with irregular primes.

Participants were asked to listen to the music and to perform the grammaticality judgment task on each sentence. They triggered each prime and each sentence by pressing the space bar and judged each sentence for grammaticality by pressing one of two response buttons. Response choices were indicated on the keyboard as well as on the computer screen by the words "grammatical" and "ungrammatical" associated with the colors green and red. There was a break in the middle of the experiment. Participants were tested individually in a testing room. The experiment was run using the software OpenSesame [START_REF] Mathôt | OpenSesame: An open-source, graphical experiment builder for the social sciences[END_REF], and stimuli were presented via headphones at a comfortable loudness level, which could be adapted if requested by the participant.

At the end of the experimental session, participants completed a questionnaire about their musical skills and listening habits. This questionnaire was partly based on [START_REF] Peretz | On-line identi\ication of congenital amusia[END_REF] and was composed of various items investigating music and dance practice as well as music in everyday life (i.e., open questions, yes/no questions and \ive-point scales). Participants also completed the BMRQ (Barcelona Music Reward Questionnaire) (Mas-Herrero, Marco-Pallares, Lorenzo-Seva, Zatorre, & Rodriguez-Fornells, 2013; see [START_REF] Saliba | French validation of the Barcelona music reward questionnaire[END_REF] for the French version used here). The BMRQ investigates \ive main facets of musical reward experience in individuals: musical seeking, emotion evocation, mood regulation, social reward and sensory-motor. For a total of 20 questions, it contains four items for each of the \ive facets. Participants indicated the level of agreement with each item by using a \ive-point scale ranging from "fully disagree" (1) to "fully agree" (5).

Data Analyses

Performance was analyzed with signal detection theory calculating discrimination sensitivity with d' and response bias with c for each participant and for each prime condition . Based on 1 previous data leading to predict better performance after regular primes, performance (d') was analyzed by one-sided paired t-tests, with either participants (t1) or sentences (t 2 ) as the random variable. In addition, potential differences in response bias c were assessed with twosided paired t-tests and participants as the random variable. We reported effect sizes in terms of dz or d using G*Power software [START_REF] Faul | G*power 3: A \lexible statistical power analysis program for the social, behavioral, and biomedical sciences[END_REF], with the following proposed categories for interpretation: small = 0.20, medium = 0.50, large = 0.80 [START_REF] Cohen | Statistical power analysis for the behavioral sciences[END_REF].

These analyses are based on the proportions of hits (i.e., proportion of correct responses for 1 ungrammatical sentences, p[hits]) and false alarms (i.e., errors for grammatical sentences, p[FAs]) after regular and irregular primes. D' is de\ined as z(p[hits]) -z(p[FAs]), and response bias c as -0.5[z(p[hits]) + z(p[FAs])]; see [START_REF] Macmillan | Detection theory: A user's guide[END_REF] for more details. The correction of the d' and c measures used 0.01 for cases without false alarms and 0.99 for the maximum number of hits.

Aiming to predict the difference between performance (d') after regular primes and performance after irregular primes, we ran multiple regression analyses (forward stepwise) with participants' responses in the questionnaire as predictors. The questions were separated into three subsets (see Appendix B) and analyzed with three regression analyses: (1) number of years of music training and of dance training (i.e., two questions), (2) 17 questions about "music in everyday life" related to pitch and rhythm processing as well as to musical exposure, and (3) items of the BMRQ (i.e., 20 questions). We performed supplementary regression analyses on each of the \ive BMRQ subscales (i.e., four questions each) aiming to con\irm results of the regression on all BMRQ items.

RESULTS

Grammaticality Judgments

Participants' performance was better after regular primes (mean d' = 2.42, SD = 0.76) than after irregular primes (mean d' = 2.08, SD = 0.86), t1(24) = -1.82, p = .041, dz = 0.37. Analysis on sentences con\irmed this signi\icant difference, t 2 (47) = -1.97, p = .027, dz = 0.28.

Bias c did not differ between the two prime conditions, p = .397. Response bias c was signi\icantly above 0 (i.e., bias to respond "grammatical") for both the regular condition (mean c = 0.54, SD = 0.45), t(24) = 15.91, p < .001, d = 1.14, and the irregular condition (mean c = 0.45, SD = 0.42), t(24) = 12.10, p < .001, d = 0.97.

To further investigate whether the priming effect changed across the experimental session, performance was calculated separately for the \irst part and for the second part of the experiment (i.e., before and after the break in the middle of the experiment). In the \irst part of the experiment, the difference between the two prime conditions did not reach signi\icance (mean regular d' = 2.23, mean irregular d' = 2.14), p = .358. In the second part of the experiment, performance was better after regular primes (mean d' = 3.00) than after irregular primes (mean d' = 2.50), t1(24) = -2.26, p = .017, dz = 0.45. Performance for irregular primes did not differ signi\icantly between the two parts of the experiment (mean d' difference = 0.36), p = .152, whereas performance after regular primes improved signi\icantly in the second part (mean d' difference = 0.77), t1(24) = -3.30, p = .003, dz = 0.67.

Regression Analyses

The \irst regression analysis with number of years of music and dance training did not result in a signi\icant regression model (no predictor ended up in the regression equation).

The second regression analysis with questions about "music in everyday life" resulted in a signi\icant regression model, R2 = 0.46, F(4, 20) = 4.31, p = .011. The item about the amount of music listening ("How many hours do you listen to music per day?") was a signi\icant positive predictor (beta = 0.30, t(20) = 2.28, p = .033). The item about the incapacity to follow music rhythm ("Indicate whether this sentence applies to you: I don't manage to follow music rhythm") just fell short of signi\icance as a negative predictor (beta = -0.88, t(20) = -1.89, p = .074).

The third regression analysis with all items of the BMRQ led to a signi\icant regression model , R 2 = .74, F(6, 17) = 8.17, p < .001. Two BMRQ items predicted positively the priming 2 effect: "When I hear a tune I like a lot I can't help tapping or moving to its beat" (beta = 0.57, t(17) = 3.82, p = .001) and "Music makes me bond with other people" (beta = 0.44, t(17) = Note that for this analysis we removed one participant who used one scale incongruently with 3.54, p = .003). Moreover, two BMRQ items predicted negatively the priming effect: "I sometimes feel chills when I hear a melody that I like" (beta = -0.37, t(17) = -3.06, p = .007), and "I can't help humming or singing along to music that I like" (beta = -0.40, t(17) = -2.37, p = .030). Finally, the BMRQ item "In my free time I hardly listen to music" just fell short of signi\icance (beta = 0.34, t(17) = 2.01, p = .060), but was not signi\icant in the additional regression model run separately on the subscale musical seeking (regression model was not signi\icant, no predictor ended up in the regression equation). In contrast, the other four items were con\irmed as signi\icant predictors in the regressions focusing on their respective subscales (sensory-motor, social reward, emotion evocation). See Table 1 for more details.

Table 1. Mean, standard deviation, minimum and maximum for each signi\icant question in the regression analyses. Items 1 and 2 are in the second regression analysis, items 3 to 7 are in the third regression analysis.

DISCUSSION

Previous behavioral studies conducted in children [START_REF] Bedoin | Temporally regular musical primes facilitate subsequent syntax processing in children with Speci\ic Language Impairment[END_REF][START_REF] Chern | New evidence of a rhythmic priming effect that enhances grammaticality judgments in children[END_REF][START_REF] Przybylski | Rhythmic auditory stimulation in\luences syntactic processing in children with developmental language disorders[END_REF] and electrophysiological studies in adult patients (Basal ganglia lesions: [START_REF] Kotz | The basal ganglia are receptive to rhythmic compensating during auditory syntactic processing: ERP patient data[END_REF]; Parkinson disease: Kotz & Gunter, 2015; dyslexia in adults: Canette et al., 2020a) have reported a bene\icial effect of a regular rhythm on subsequent syntax processing. Our study extends this \inding to healthy adults by measuring their performance in a grammaticality judgment task with a dif\iculty level adapted to their linguistic and educational level (University students). The results suggest that the auditory perception of rhythmic regularities immediately before speech perception can be ef\icient even in the case of highly automatized and non-impaired linguistic skills, at least regarding syntax processing in healthy young adults. Moreover, additional analyses showed that the bene\it of the regular rhythmic prime built up over the experimental session (see below for further discussion).

The rhythmic priming effect can be interpreted within the framework of the Dynamic Attending Theory [START_REF] Jones | Time, our lost dimension: Toward a new theory of perception, attention and memory[END_REF][START_REF] Jones | Time will tell: A theory of dynamic attending[END_REF][START_REF] Jones | Dynamic attending and responses to time[END_REF]. The regular events in the musical prime provide predictable cues that may allow boosting and entraining internal oscillators. Temporal expectations are assumed to develop over time following the strong metrical structure of the primes. This ongoing entrainment might then bene\it to the entrainment to the subsequent speech signal and in particular its syntax processing, notably as speech and syntax processing also requires entrainment and temporal attention [START_REF] Gordon | Perspectives on the rhythmgrammar link and its implications for typical and atypical language development[END_REF][START_REF] Kotz | Cortical speech processing unplugged: A timely subcorticocortical framework[END_REF][START_REF] Port | Meter and speech[END_REF][START_REF] Quené | Effects of timing regularity and metrical expectancy on spokenword perception[END_REF][START_REF] Schmidt-Kassow | Entrainment of syntactic processing? ERP-responses to predictable time intervals during syntactic reanalysis[END_REF]. The present results showed that even the healthy adult brain can bene\it from the modulation of temporal attention by regular rhythmic primes. It is relevant to note that the used tempo of 2 Hz for the regular rhythmic primes corresponds approximately to the rate of stressed syllables in speech [START_REF] Arvaniti | Rhythm, timing and the timing of rhythm[END_REF][START_REF] Dauer | Stress-timing and syllable-timing reanalyzed[END_REF], and is close to the preferred spontaneous tempo in young adults [START_REF] Mcauley | The time of our lives: Life span development of timing and event tracking[END_REF]. Future research should now investigate how speci\ic the effect is to the 2 Hz rate related to either the speech rate or the preferred tempo, and/or how \lexible it is to extend to slower or faster tempi as well as to potential mismatch between speech rate and preferred tempo.

In contrast to an explanation in terms of dynamic attending and rhythmic processing, it might be argued that the bene\icial effect of the rhythmic regular prime could operate via increased arousal level and the induction of positive mood, as suggested by the arousal-andmood-hypothesis (e.g., [START_REF] Schellenberg | Music and cognitive abilities[END_REF]. This hypothesis would suggest that the rhythmic priming effect is a general effect rather than a speci\ic effect on sequencing or syntax processing in particular. However, recent studies have reported that the rhythmic priming effect does not extend to tasks that do not require sequencing and segmentation, such as nonlinguistic control tasks requiring mathematical and visuo-spatial processing [START_REF] Chern | New evidence of a rhythmic priming effect that enhances grammaticality judgments in children[END_REF], as well as a semantic evocation task, for which textural sound sequences (judged as sadder than regular sequences) were more ef\icient [START_REF] Canette | Rhythmic and textural musical sequences differently in\luence syntax and semantic processing in children[END_REF]. While these studies were conducted with children, it seems plausible to expect a similar pattern in adults, even though future research needs to further investigate this.

In the present study, the comparison between regular and irregular sequences shows a relative facilitation effect, and it does not yet allow for disentangling whether the difference is due to a bene\it of the regular prime or a cost of the irregular prime (or both). The comparison of regular and irregular rhythmic sequences is a \irst step in priming approaches, which has then been followed by the investigation of costs and bene\its (despite the dif\iculty of de\ining appropriate baseline conditions) in psycholinguistics (see [START_REF] Jonides | On the cost and bene\it of cost and bene\it[END_REF], music cognition (see [START_REF] Tillmann | The costs and bene\its of tonal centers for chord processing[END_REF] as well as in the investigation of the rhythmic priming effect on syntax processing in children. For this later one, the \irst studies only compared regular versus irregular primes [START_REF] Chern | New evidence of a rhythmic priming effect that enhances grammaticality judgments in children[END_REF][START_REF] Przybylski | Rhythmic auditory stimulation in\luences syntactic processing in children with developmental language disorders[END_REF] and subsequent studies have provided evidence for the bene\it of the regular prime over more neutral baseline primes or a silent condition [START_REF] Bedoin | Temporally regular musical primes facilitate subsequent syntax processing in children with Speci\ic Language Impairment[END_REF][START_REF] Canette | Rhythmic and textural musical sequences differently in\luence syntax and semantic processing in children[END_REF]. Future research needs now to further investigate this more speci\ic comparison also in adult listeners, but our additional analyses over the course of the experimental session provide some \irst response in favor of a bene\icial effect of the regular prime.

The rhythmic priming effect (i.e., the difference between regular and irregular primes) became stronger in the second part of the experiment, mainly because performance after regular primes increased from the \irst to the second part of the experiment. This result is in agreement with the interpretation of a bene\icial effect of regular primes rather than a disturbing effect of irregular primes. It is also in agreement with previous rhythmic priming studies in children, showing a bene\it provided by regular rhythmic primes on syntax processing in comparison to neutral baseline conditions (environmental sounds: [START_REF] Bedoin | Temporally regular musical primes facilitate subsequent syntax processing in children with Speci\ic Language Impairment[END_REF]textural sounds and silence: Canette et al., 2020b), therefore excluding an alternative explanation solely invoking a cost of processing due to irregular primes. In the present study, participants bene\ited more strongly from regular primes over the time course of the experiment, possibly also because the increased familiarity with the musical sequences might have helped extracting the underlying 2 Hz beat and synchronizing to the primes. To explore this hypothesis, future research could investigate whether a familiarization phase before the experiment could reinforce the priming effect. For example, participants could listen to the primes or synchronize to them with externalized tapping, as it has been shown that body movement facilitates the extraction of temporal structures and pulse (e.g., [START_REF] Su | Body movement enhances the extraction of temporal structures in auditory sequences[END_REF]. A general musical rhythmic training session could also be proposed before the experiment (as for example in [START_REF] Hidalgo | Speak on time! Effects of a musical rhythmic training on children with hearing loss[END_REF], with hearing-impaired children), aiming to strengthen the priming effect. These future extensions of the rhythmic priming implementation in adults are particularly interesting as the effect size measured for the entire experiment does not seem to be as strong as previously reported effect sizes for typically developing children as well as dyslexic and SLI children [START_REF] Bedoin | Temporally regular musical primes facilitate subsequent syntax processing in children with Speci\ic Language Impairment[END_REF][START_REF] Chern | New evidence of a rhythmic priming effect that enhances grammaticality judgments in children[END_REF][START_REF] Przybylski | Rhythmic auditory stimulation in\luences syntactic processing in children with developmental language disorders[END_REF] . Interestingly, for the adults, the effect emerged over the 3 experimental session. These \indings suggest that the here implemented rhythmic priming effect for syntax might be more ef\icient in a developmental or a pathological context, and/or with increased familiarization to the material .

4

Our results further revealed that inter-individual differences regarding self-reported musical skills and listening habits contributed to the strength of the rhythmic priming effect. Speci\ically, multiple regression analyses showed that items related to (1) rhythmic processing and synchronization, (2) amount of daily exposure to music, and (3) feeling of social bonding through music, contributed to predict the rhythmic priming effect.

Although beat tracking and synchronization skills are general human characteristics, they vary across the general population [START_REF] Repp | Sensorimotor synchronization and perception of timing: Effects of music training and task experience[END_REF][START_REF] Sowinski | Poor synchronization to the beat may result from de\icient auditory-motor mapping[END_REF]. Using regression analyses, we pointed out a link between the rhythmic priming effect on syntax processing and self-reported rhythmic interest and abilities: the desire to move and synchronize with music predicted positively the rhythmic priming effect, and the incapacity to follow musical rhythm tended to be a negative predictor of the rhythmic priming effect. In other words, the more the participants reported to be sensitive to rhythm, the more strongly the difference between the two priming conditions favored regular primes over irregular primes. The item about the desire to move and to synchronize with music can be linked to the concept of "groove". It has been de\ined as a cognitive temporal phenomenon characterized by beat perception and synchronized body responses [START_REF] Pressing | Black atlantic rhythm: Its computational and transcultural foundations[END_REF] and also by the desire to move with music [START_REF] Madison | Experiencing groove induced by music: Consistency and phenomenology[END_REF]. Some studies have shown that synchronization performance is enhanced by high beat saliency [START_REF] Tranchant | Keeping the beat: A large sample study of bouncing and clapping to music[END_REF] and more generally by high-groove music [START_REF] Leow | Individual differences in beat perception affect gait responses to low-and high-groove music[END_REF]. Various musical features, such as repetitive rhythm, syncopation, and beat salience have been proposed to contribute to groove [START_REF] Stupacher | Audio features underlying perceived groove and sensorimotor synchronization in music[END_REF]. The regular rhythmic primes in the present experiment included these various musical features contributing to groove and improving synchronization. The synchronization might favor signal sequencing and anticipation, which are central for syntax processing. To further understand the potential link between rhythmic abilities and the rhythmic priming effect, future research should go beyond self-reported responses and measure inter-individual differences in beat perception and synchronization with objective evaluation tools for perception (e.g., Beat Alignment Test, [START_REF] Iversen | The Beat Alignment Test (BAT): Surveying beat processing abilities in the general population[END_REF]Pro\ile of Music Perception Skills, Law & Zentner, 2012) and production (e.g., Battery for the Assessment of Auditory Sensorimotor and Timing Abilities, Dalla Bella et al., 2017b).

For children, the following effect sizes have been reported: Chern et al.: d = 0.57;Przybylski et al.: 3 partial eta2 = 0.34 and 0.14 for SLI and dyslexia children, respectively; Bedoin et al.: partial eta2 = 0.14. Power analyses con\irmed that the effect was weaker for healthy adults than for children. Indeed, in

In contrast to questionnaire items relative to rhythm processing, items relative to pitch processing and those that have been reported as indicative for congenital amusia (Peretz et 5 al., 2008) did not emerge as positive predictors for the rhythmic priming effect. This speci\ic predictive capacity of rhythm-related items in comparison to pitch-related items is in agreement with a recent rhythmic priming study measuring Evoked Related Potentials (ERPs) for words with a stress pattern that either matched or mismatched the preceding prime (Fotidzis, Moon, Steel, & Magne, 2018). Beyond observing an increased negativity for words with mismatching stress pattern, this study reported a correlation between speech rhythm sensitivity (i.e., the ERP difference between match and mismatch conditions) and musical rhythm aptitude, but failed to found any correlation with tonal abilities (both rhythmic and tonal abilities were objectively assessed with a comparison task on melody pairs). Converging evidence can also be found in the bene\icial effect of rhythmic cues on gait in patients with Parkinson disease: even though patients show an overall bene\icial effect of the rhythmic cue on gait, inter-individual differences in the extent of the effect of the rhythmic stimulation were reported (Dalla Bella, Dotov, Bardy, & Cochen de Cock, 2018). One explanation for these differences was related to inter-individual differences in rhythmic skills: relatively spared abilities to track the beat favored a positive response to rhythmic cueing (Cochen de Cock et al., 2018;Dalla Bella et al., 2017a, 2018).

Beyond the items related to rhythmic processing and synchronization, our analyses revealed that an item about social bonding (i.e., considering music as a way to create social links) was a positive predictor for the rhythmic priming effect. Relations between social bonding and temporal processing have been documented previously: experimental studies showed that joint music making, singing and dancing enhance prosocial behavior in children [START_REF] Kirschner | Joint music making promotes prosocial behavior in 4year-old children[END_REF], and that moving together in synchrony increases cooperation and af\iliation between adults [START_REF] Hove | It's all in the timing: Interpersonal synchrony increases af\iliation[END_REF][START_REF] Valdesolo | The rhythm of joint action: Synchrony promotes cooperative ability[END_REF][START_REF] Wiltermuth | Synchrony and cooperation[END_REF].

Finally, our analyses also revealed the amount of self-reported daily exposure to music as a positive predictor for the rhythmic priming effect. In contrast, we did not \ind a signi\icant contribution of music and dance training as measured by years of formal training. This might be linked to the fact that the range of music and dance training in our study was not systematically manipulated; we tested a mixed group of students and did not select highly trained musicians or dancers, for example. A more intense practice of music and dance (i.e., as professional musicians or dancers) or the age at beginning of musical practice (early trained musicians are better at reproducing the temporal structure or rhythms; Bailey & Penhune, 2010) could be considered in future studies.

While the rhythmic priming effects and the regression results discussed up to here have been rather expected based on previously reported \indings, our analyses revealed two less-expected results: two items related to emotion and singing predicted negatively the rhythmic priming effect on syntax processing. A possible explanation is that the tendency to engage in a listening attitude mostly guided by emotion or oriented to emotional aspects as well as focusing on the pitch dimension when listening to the musical primes could have disturbed the bene\it of the regular rhythm and its effect on sequencing and segmentation, which are required in syntax processing. There are different forms of musical engagement during listening, and two networks have been distinguished: a network for external engagement (e.g., rhythm processing) and a network for internal engagement (e.g., emotional processes) [START_REF] Janata | Music and the self[END_REF]. Even though both networks are involved in music listening, it might be that listeners differ in the potential asymmetry of the involvement of these networks. Assigning disproportionate importance to pitch and/or emotional processing might draw For example: I hardly recognize tunes without the help of lyrics; I rarely detect when someone signs attention away from the prime rhythm and meter and contribute to also reduce the potential in\luence of the rhythmic regularity of the prime.

CONCLUSION

Our study has shown that auditory rhythmic stimulation of syntax processing can be observed in healthy adults required to judge subtle grammatical manipulations. This result shows that syntax processing can be improved via previously heard musical regularities, even when it is an unimpaired and automatized capacity. Furthermore, our results suggest that the strength of the rhythmic priming effect might be related to some individual characteristics about rhythmic synchronization, social bonding in musical contexts, and daily exposure to music. Taken together, they provide perspectives to potentially increase rhythmic priming effects via rhythmic training, enhanced music listening or motor synchronization activities in both healthy and clinical populations. (2) Questions about "music in everyday life", related to pitch, rhythm, musical exposure and amusia

Item

Response options 1. Do you sing in private? (in the car, in the shower, etc.).

From 1 (never) to 5 (very often)

2. Do you sing in public? (with friends, karaoke, etc.) From 1 (never) to 5 (very often)

3. Do you think you sing in tune? Yes/No 4. I have dif\iculties recognizing a song without lyrics. From 1 (fully disagree) to 5 (fully agree) 5. I am rarely able to notice when someone sings out of tune.

From 1 (fully disagree) to 5 (fully agree)

6. Do you dance? From 1 (never) to 5 (very often) 7. Do you intentionally listen to music? From 1 (never) to 5 (very often) 8. How many hours do you listen to music per day?

9. Do you think you have the "sense of rhythm"? From 1 (not at all) to 5 (a lot) 10. Is it easy for you to follow the rhythm of a song? From 1 (not easy) to 5 (very easy) 

  of years of music training and of dance training 1. Do you play or have you ever played (a) music instrument(s)? If yes, what kind of music instrument and for how long? 2. Do you take or have you ever taken dancing classes? If yes, what kind of dance and for how long?

  Indicate whether this sentence applies to you: 12. A relative, a friend or a teacher told me that I do not have a musical ear. 13. I don't manage to follow music rhythm. 14. I have dif\iculties reproducing by singing tones played on the piano. 15. For me, music is like noise. 16. Music is like speech in a foreign language. 17. I \ind most music irritating.

	11. Could you notice when someone produces a wrong	Yes/No
	note?	
		Yes/No
		Yes/No
		Yes/No
		Yes/No
		Yes/No
		Yes/No

another response (she indicated listening rarely to music with 1 -out of 5 -while indicating 6 hours of daily music listening in the open question).

[START_REF] Canette | Rhythmic and textural musical sequences differently in\luence syntax and semantic processing in children[END_REF] for example, with N = 16 and dz = 0.62, the power was 0.76, and in the present study with N = 25 and dz = 0.37, we reached a power of 0.56 (with alpha = 0.05, one-tailed tests). For a power of 0.80, with the same effect size (dz = 0.37), 47 participants would be needed (calculated with G*Power).

out-of-tune.

BLes parents nourrissent leur enfant et lui apprennent à marcher / Les parents nourrissent et apprennent à marcher à leur enfant.
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APPENDIX A