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Grgel: S c/)n/e of the few Iatnt?]uagesl to a”O]:N / f_/ 'S;[Otp - Previous work in English has shown that the place of . . S— H—= ogtoar . — . *Different places of articulation for the adjacent stop influence the
=l Sefp-e SEEliEntss Sl iniee [pleloss O elriietliziion ' articulation of a stop after an /s/ is signaled by modulation of the o . spectra of /s/ in different ways, and are an important cue for speech
(bilabial, dental, velar) in word-initial position. This : perception.

: . . . noise spectrum for /s/ as the stop closure is made (e.g., | .
study measured the coarticulation of /s/ with the . Stevens, 1998). .+ These effects are similar for /s/-stop and stop-/s/ sequences in
. word-initial position:
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prgcedlr,mg or foIIOWIng stop mlnatlve Greek-speaking .« These transitional cues are reported to resemble the cues for ! T R N
chﬂdre_n S ar_md adults’ productions of real wc_>rds . " the stops next to vowels, and to proceed upward before /t/, > The centroid trajectories associated with labial stops are lower
beginning with /sp/, /st/, /sk, /ps, /ts/, /ks/, in a variety . straight before /k/, and downward before /p/. In word-final stop- in frequency than those associated with dental stops. |
of vowel contexts. The aim was to determine whether ' /s/ clusters the transitions during the beginning part of the i »Initial /s/-stop sequences (/sp/ and /st/) are significantly
slopipiaceletiesiarcisignalecienective yiiniine ' frication are reported to be the mirror image of the transitions : : ; — . different at offset of frication.

spectrum of adjacent /s/ in both types of consonant ' observed during /s/-stop clusters (e.g., Malécot & Chermak, i P . »Initial stop-/s/ sequences (/ps/ and /ts/) are significantly
sequences attested in Greek. FFT spectra were . 1966). N different at onset of frication. i
calc.ula.ted for overlapplng 10. mS W.meWS from the . »The centroid trajectories of /s/-stop and stop-/s/ sequences are
beginning to the end of fricative noise and spectral i
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»However, considerably less is known about the effect of a

t fod H window. Svstemat , stop’s release on an /s/ in consonant sequences at syllable = | R L “| 1 mirror images of each other. ;
g?fc;men y W.erethco][r!put.e n eaf[: win c]>cw. t_ys eT’?hIC i onset. | B » These patterns are strikingly similar to those that have been i
Ifferences in the fricative spectra as a function of the - . : | T3 33 s n G s o o : .
adiacent stob consonant wepre observed in the ! »Moreover, limited work has been done in other languages | reported for English. |
J P . . . : to examine whether such coarticulatory effects are : Scaled frames of analysis windows '+ Children and adults show a similar pattern in centroid trajectories, !
/s/+stop sequence (as in English) and also in the | . I : ' thouah there i iabilit hild K :
. . . universal or language-specific. . . e ] ] . L y ' though there is variability among child speakers. .
StOp+/S/ sequence (Where the differences in the . _ _ _ i Figure 1. Centroid trajectories of Greek /s/-stop (top) and stop-/s/ sequences (bottom) elicited at word-initial position by 3 Greek adult . . _ |
: . i » Furthermore, little is known about children’s development i speakers. The abscissa represents the scaled 20 frames of analysis windows arranged in time sequence, and the ordinate represents the - However, it is not until the age of about 3;5 (years; months) that |
pOI’tIOﬂ after the StOp burst proper rmrrored the | | of consonant-consonant coarticulation. i centroid fre_quencies (first spectral moment). Each solid trajec’Fory line shows the smoothed_mgan values of the cen_troid fre_quencies ' Greek children begin to show contrastive use of coarticulatory StOp !
patterns at the end of the fricative in the clusters in the : . _ _ | measured in the /s/-stop and stop-/s/ sequences. The dotted lines below and above the solid line are the 95% confidence intervals. ! : : : : .
other order). Coarticulation was comparable across | »(Greek is an excellent language in which to test these : . place cues in the fricative noise of /s/-stop and stop-/s/ sequences.
' thouah th tp —bility i ! effects, given that it contrasts all three places of stop : HES“I.TS' c““.nnEN . *Centroids for /k/ showed no distinct pattern. This is most likely |
! . . . . ! n l . . l
ag_?dgrotjps, ad otgg ere Was greater variabiiity in ; articulation both before and after /s/ in the same prosodic . related to the bimodal peaks that characterize velar spectra on a ;
chiiaren's proguctions. l position. | - - - - - . linear scale. '
; ] ] ) ) ] ] . g _ ¥ 5bE23m = 4at07m = 3bt23m g _ ¥ 3at11f g @ 2at07m ! . . !

.+ This study aimed to examine the coarticulation of /s/ with the ! g g g g g | » We plan to use a psychoacoustic analysis to better
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characterize the transitions observed in /sk/ and /ks/ clusters.

. preceding or following stop in Greek children’s and adults’
productions of initial consonant sequences.
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m ll|3||5||7||9||1|1|1|3|1|5|1|7|1|9| 1||3||5||7|’|9||1|1|1|3|1|5|1|7"|1|9| 1||3||5||7|’|9||1|1|1|3|1|5|1|7"|1|9| llI3I|5||7||5|l|1|1|1|3|1|5|1|7"|1|9| : = u L] !
MET"““ et .« In future studies, we plan to perform an auditory-based analysis to
e . quantify the effect of velar place of articulation on the adjacent 5
i ° Pa r’t|C|pa ntS i é é_ B £5bt23m %‘ _n e4at07m %‘ _n £3bt23m é_ B e3at11f é_ —n g2at07m i frICatlve SpeCtra i
> Forty children (10 children at each of the following ages: q N S 2| 1 . *We also plan to examine children’s coarticulation patterns in |
| 2-, 3-, 4-, and 5-years), and ten young adults (age range: ; . | o | 4 " Incorrect productions for target /s/-stop and stop-/s/ sequences, ;
i 20-35 years). | ' such as reductions to [s], as well as [s]-stop, and stop-[s] ;
. > All participants were monolingual native speakers of ) i’ N P N A 1IN \| 1 substitutions. i
i Greek, with normal hearing and speech/language ! T | 1+ * Moreover, we will examine whether naive adult listeners can |
i development. : 1I | 3| | SI | 7| | 9| Illl | 1|3 | 1|5 | 1|7 | 1|9 | 1| | 3| | 5| | ’:’ | 9| | lll | 1|3 | 1|5 | 1|7" | 1|9 | 1| | 3| | 5| | ’:’ | 9| | lll | 1|3 | 1|5 | 1|7" | 1|9 | 1I | 3| | SI | 7| | 9| Illl | 1|3 | 1|5 | 1|7 | 1|9 | 1I | 3| | SI | ’Jl" | EII | lll | 1|3 | 1|5 | 1|7" | 1|9 | i predict the preceding Or fOIIOWing place Of artiCUIation Of the Stop i
'« Stimuli: : . . on the sole basis of acoustic information contained in the fricative
| | Scaled frames of analysis windows | |
. » Consonant sequences /spl, Ist/, Isk/, Ips/, Itsl, ks/ placed ! . [s] segment. These analyses are currently under way. :
| In word-initial position in familiar real words in the i Figure 2. Centroid trajectories of Greek /s/-stop (top) and stop-/s/ sequences (bottom) elicited at word-initial position by Greek child speakers. | _ o o o o :
i : : ! The abscissa represents the scaled 20 frames of analysis windows arranged in time sequence, and the ordinate represents the centroid
! foIIowmg vowel contexts /a, €, 1, 0, u/. : frequencies (first spectral moment). Each solid trajectory line shows the smoothed mean values of the centroid frequencies measured in the
! > All stimuli judged as correct by a Greek native i /s/-stop and stop-/s/ sequences. The dotted lines below and above the solid line are the 95% confidence intervals. HEFEHENGES
i speaker/phonetician (the first author). |
. » Word repetition task: Participants asked to repeat each | r ;i 7 T S T T T TS
i word, given auditory prompt. . -iny /s{ clusters with /p/ and /t/ were analyzed. Centroids for /k/ showed no clear pattern (see .| Boersma, P., & Weenink, D. (2001). Praat, a system for doing phonetics by :
'+ Analysis: Discussion). .1+ computer. Glot International, 5, 341-345. |
» Using Praat (Boersma & Weenink, 2001), we generated : '+ There was a significant effect of place: .1 Davidson, L. (2006). Comparing tongue shapes from ultrasound imaging using |
| Fast Fourier Transforms (FFT) for each token, from the ! | > Th i ¢ diff _ troids for /s/-st {4 4 of the traiect . 1+ smoothing spline analysis of variance. Journal of Acoustical Society of
: . T . ] L ere was a significant difference in centroids for /s/-stop sequences at the end of the trajectory. : - ) |
cﬂﬂﬂlﬂ' : beginning to the end of fricative noise, using 10 ms ! J PS4 J Y- -1 1 America, 120 (1), 407-415. ;
i overlapping Hanning windows. .+ » There was a significant difference in centroids for stop-/s/ sequences at the beginning of the .1 Malécot, A., & Chermak, A. (1966). Place cues for /ptk/ in lower cut-off i
Asiming Svrik . » We calculated the spectral center of gravity (centroid) in | | trajectory. .1 frequency shifts of contiguous /s/. Language & Speech, 9 (3), 162-169. i
SliEl el | each window (e.g., Munson, 2004) L . ' Munson, B. (2004). Variability i jion in chi . Evi |
U : i -9- ; ) 0. : : : - L , B. . y in /s/ production in children and adults: Evidence
Department of Communicative Disorders : > The centroid trajectories with different number of analysis | | There was a relatively consistent pattern among adults and children, such that lower centroids were 1 & "~ TR [TEssues o Soseial mean, Joume] of Seeedh, | SrauEse :

University of Wisconsin-Madison produced for /s/ in the context of bilabials as opposed to that of dentals. U and Hearing Research, 47, 58-69. :

Y . | windows were then adjusted to have the same number of ! . o
E-mail: w | i frames using a smoothing spline method (SS-ANOVA) : | »However, the direction of the transition varied considerably among the younger children, .| Stevens, K. N. (1998). Acoustic phonetics. Cambridge: MIT Press.
Website: http://www.ling.ohio-state.edu/~edwards/ (e.g., Davidson, 2006) .| particularly for the stop-/s/ sequences. .
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