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Acoustic characterization of coarticulation in stop-vowel sequences by French speaking children: method and preliminary results Bénédicte Grandon, GIPSA-lab, CNRS UMR 5216 & Grenoble University, France



Background Following a study by Lindblom (1963), locus equation has been described and used in several acoustic studies as an indicator of place of articulation and as an index of anticipatory coarticulation (among others Sussman and Shore (1996) and Fowler (1994), Iskarous(2010)): locus equation in CV-sequences is a x-y linear regression with second formant (F2) value taken at the onset of the vowel (on the y-axis) and at the mid-point of the vowel (on the xaxis). The slope of the regression line gives information about place of articulation (slopes of bilabial, alveolar and velar stops are different; in adult speech, /gV/ has the steepest slope, followed by /bV/ and /dV/ has the shallowest slope) while the degree of the slope gives information about the degree of coarticulation (slopes with a value of 1 are said to have the highest degree of coarticulation, while slopes with a value close to 0 are said to have the lowest degree of coarticulation). Acoustic and articulatory studies of child speech have used locus equations to describe the realization of stop-vowel sequences in the process of L1 acquisition (among others Turnbaugh et al. (1985), Sussman et al. (1999), Nittrouer (1993), Gibson and Ohde (2007)). Data on locus equations in children seem to have varying results, either consistent with adult data or differing in the order of slope values (for example in the study by Gibson and Ohde (2007), toddlers have a /bV/>/gV/>/dV/ pattern). Age appears to be a factor in the order of slope values for each CV sequence. In this paper, we present the preliminary results of a study on coarticulation in French speaking children and adults, using locus equations as an acoustic criterion of L1 acquisition. Since it has been argued (among others Hazan and Barrett (2000)) that production and perception of speech has not fully stabilized until teenage years, we hypothesize that the realization of stops by children aged 5-7 years is different from the realization by adults. Method Participants are 3 male adults (mean age 32;11 (12;0) yrs), 3 female adults (mean age 31;3 (7;10) yrs), and 3 female children (mean age 6;9 (0;11) yrs). All participants passed a hearing test. All adult participants are monolingual native speakers of French, who had been living in the Grenoble (France) area for several years prior to the recordings. All the children are monolingual native speakers of French, they were born and raised in the Grenoble area. French spoken in Grenoble is a standard variety of French, similar to standard Parisian French, as far as segmental and suprasegmental features are concerned. The experiment was a picture-naming task (which is part of a bigger study and follows a word-repetition task used as a training session for the picture-naming task). All words were simple words, from the children’s everyday life. We chose 15 words with a CV sequence in word-initial position. The CV sequences are voiced bilabial /b/, alveolar /d/ and velar /g/ stops followed by five vowels /a, e, i, u, o/. Two repetitions of each word were recorded. Recordings were done in a sound-proofed room, using a Marantz PMD digital recorder and an external microphone; pictures were presented on a laptop. Acoustic analyses were done on Praat: F2 values were automatically extracted and manually checked, F2 was extracted at mid-point of the vowel (as in Fowler (1994)), and at vowel onset (on the 1st glottal pulse after burst). Results and Discussion: Statistical analyses were done on the R software: linear regressions were run for each speaker and each place of articulation and we ran an ANOVA to compare slope values (fig. 1 and fig.2) of the two groups (children and adults).



Mean slope values are ordered similarly in adults and children: /gV/ > /bV/ > /dV/. The ANOVA on slope~place*group shows a significant difference between the three places of articulation (F(2, 21)= 49.645, p= 1.1e-08 ***), but no significant difference between groups and no interaction between group and place of articulation. However t-tests for each place of articulation did not show significant differences between adults and children for any place of articulation.



Slope



1.5



group adult child



1.0



0.5



BIL



ALV



VEL



Place of articulation fig. 1: slope values for each place of articulation by subject (left) and fig.2 (right): mean slope values for each group and each place of articulation



These preliminary results on order of slopes give a first indication that children between 5 and 7 years may have already acquired adult-like patterns, which are consistent with the literature on adult speech (velar stops have the steepest slope, and alveolar stops have the shallowest). The non-significant difference observed between adults and children might be due to the limited number of participants in this preliminary study. We intend to collect more data with a wider range of children ages, in order to better understand the acquisition process in consonant production over time. References: Boersma, P. & Weenink, D. (2013). “Praat: doing phonetics by computer” [Computer program]. Version 5.3.59, retrieved 20 November 2013 from http://www.praat.org Fowler, C. A. (1994), Invariants, specifiers, cues: An investigation of locus equations as information for place of articulation, Perception & Psychophysics, Springer, 55, 597-610 Gibson, T. & Ohde, R. N. (2007), F2 locus equations: Phonetic descriptors of coarticulation in 17-to 22-month-old children, Journal of Speech, Language, and Hearing Research, 50, 97-108 Hazan, V. & Barrett, S. (2000), The development of phonemic categorization in children aged 6— 12, Journal of Phonetics, Elsevier, 28, 377-396 Iskarous, K., Fowler, C. A., & Whalen, D. H. (2010). Locus equations are an acoustic expression of articulator synergy. The Journal of the Acoustical Society of America, 128(4), 2021-2032. Lindblom, B. (1963), Spectrographic study of vowel reduction, The Journal of the Acoustical Society of America, Acoustical Society of America, 35, 1773-1781 Nittrouer, S. (1993), The emergence of mature gestural patterns is not uniform: Evidence from an acoustic study, Journal of Speech and Hearing Research, 36, 959-972 R Development Core Team (2012). R: A language and environment for statistical computing. R, Foundation for Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.Rproject.org/. Sussman, H. M.; Duder, C.; Dalston, E. & Cacciatore, A. (1999), An acoustic analysis of the development of CV coarticulation: A case study, Journal of Speech, Language, and Hearing Research, 42, 1080 Sussman, H. M. & Shore, J. (1996), Locus equations as phonetic descriptors of consonantal place of articulation, Perception & Psychophysics, Springer, 58, 936-946 Turnbaugh, K. R.; Hoffman, P. R.; Daniloff, R. G. & Absher, R. (1985), Stop-vowel coarticulation in 3-year-old, 5-year-old, and adult speakers, The Journal of the Acoustical Society of America, Acoustical Society of America, 77, 1256-1257 Funding for this project was provided by a grant from La Région Rhône-Alpes.
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