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Children anticipate vowels earlier in repeated than in read aloud speech

The present study investigates German-speaking children's anticipatory coarticulation in read aloud compared to heard and repeated speech. Reading and repetition tasks have both often been used to elicit speech material for studies on coarticulation (e.g.,(1); (2)). However, the effect the input modality (i.e., visual or auditory input) may have on coarticulation has barely been addressed, although it may provide valuable insights into both the speech production mechanism as well as literacy acquisition. When children learn to read a transparent and consistent orthography like the one of German, they start out converting individual graphemes to phonemes (e.g., [START_REF] Ziegler | Reading acquisition, developmental dyslexia, and skilled reading across languages: A psycholinguistic grain size theory[END_REF]). This leads to early reading accuracy but protracts fluency compared to other languages [START_REF] Aro | Learning to read: English in comparison to six more regular orthographies[END_REF]. We expect that this lack of reading fluency is detectable in the measure of anticipatory coarticulation even in overtly fluent utterances, with lower coarticulation in read aloud than in repeated speech of children in their 2 nd and 3 rd year of formal reading instruction.

We recorded 32 monolingual German children (16f, 16m) aged between 7;03 (Y;MM) and 9;05 enrolled in the 2nd or 3rd grade of primary school. Age and nonword reading skill as assessed with SLRT-II (5) did not correlate significantly across participants (r(30) = 0.11, p = 0.56), hence, all children were pooled together in the present analysis. In a child-friendly recording platform (6), we collected acoustic, video, and ultrasound tongue imaging data simultaneously. The stimuli consisted of the article /aɪnə/ and a following C1VC2ǝ pseudoword (C = /b/, /d/, /g/, V = /i/, /u/, C1 ≠ C2). The target vowels /i/ and /u/ were chosen because they represent the largest horizontal distance in the German vowel space. In consecutive blocks, children were asked to first read aloud the written stimuli off a screen, and subsequently repeat prerecorded stimuli after a model speaker. We used generalized additive models (GAM; [START_REF] Wood | Generalized additive models: introduction with R[END_REF]), which are especially suitable for dynamic data, to model the movement trajectories of the highest point of the tongue dorsum on the basis of five frames within each speech segment from /aɪ/ to V. The difference between the trajectories of stimuli involving /i/ and those involving /u/ was compared between the reading and the repetition condition.

Figure 1 illustrates how the tongue movement trajectories of /i/-and /u/-stimuli are initially very similar and then diverge as the tongue moves forward for /i/-stimuli and backwards for /u/-stimuli. In both the reading and the repetition condition, the smooths representing the movement trajectories for /i/-and /u/-stimuli differ significantly (p < 0.05). As displayed on the right-hand side of the figure, they start to diverge later in reading (top plot) than in repetition (bottom plot). Using a single binary difference smooth, we confirmed that the difference between the reading and the repetition condition in the i/u contrast is significant (p < 0.01).

Our results suggest that the input modality affects beginning readers' anticipatory coarticulation. Vowel-induced coarticulation begins earlier in the utterance when the stimulus is presented auditorily (i.e., repetition) than when it is presented visually (i.e., reading). This leads us to conclude that even in overtly fluent utterances, beginning readers decode small portions of a stimulus (here a pseudoword) from left to right. The same analysis in 16 adults did not provide evidence for a modality difference (p = 0.837), suggesting that with practice, decoding is automatized and therefore coarticulation in reading resembles that in repetition. Furthermore, the modality effect at hand provides evidence that anticipatory coarticulation is not a stable parameter of one's speech production but is variable. Changes in coarticulation across childhood can therefore not be addressed to speech motor control maturation only but result from an interaction of different linguistic and motoric skills. 
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 1 Figure 1. Left: non-linear smooths for /i/-(blue) and /u/-stimuli (pink) displayed as the position of the highest point of the tongue dorsum (peakx) over time. The according acoustic segment boundaries are indicated on the x-axes. Right: differences between the /i/-and /u/-smooths. Significant time windows are indicated in red.