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INTRODUCTION

Background

• Studies on inter-segmental coordination have amassed substantial 

evidence for the cross-linguistic patterning of consonant clusters ([1]-[23], 

[25]-[27]);

• The approach in the literature hitherto: document patterns of overlap 

between segments and study the dependence of various overlap measures 

on the segmental composition of the cluster;

• Little to no consensus on what overlap measures to use;

• When different measures are used, why some show dependence on the 

conditioning factors and others do not.

Current work

• Use EMA data from German and English stop-lateral clusters to study the 

dependence of 4 overlap measures on the stiffness of C1 opening and C2 

closing movement (two relevant movements in the C1-to-C2 transition);

• The role of the latter has been studied by Roon et al. [23] and Du & Gafos 

[10] but that of the first remains unexplored so far. Yet, it is intuitively clear 

that this parameter should play some role in modulating overlap in C1C2 

clusters: C1 opening stiffness controls temporal properties of the C1 

opening movement which is co-extensive with the transition between C1 

and C2, and thus any measure concerning their overlap.

DATA & MEASUREMENTS

Data

• Electromagnetic articulography (EMA) data from 3 adult German native 

speakers and 3 adult American English native speakers were analyzed;

• The data were collected using the Carstens AG501 at the authors’ 

institution;

• Sensors were attached to tongue dorsum, tongue blade, tongue tip and the 

two lips;

• The corpus was comprised of German and English word-initial stop-lateral 

clusters in which C1 was /p, k/ and C2 was /l/:

o German: Plage, Klage

o English: plight, played, pledge, plead, climb, clip, clean

• German (/English) participants produced ten (/eight) repetitions of each 

stimulus in a carrier phrase;

Measurements

• /p/ measured with the lip sensors, /k/ with the tongue dorsum sensor, /l/ 

with the tongue tip sensor;

• Gestural landmarks in the C1C2 clusters were identified using the Matlab-

based software Mview developed at Haskins Laboratories by Mark Tiede;

• C1 opening and C2 closing stiffness:

𝑠𝑡𝑖𝑓𝑓𝑛𝑒𝑠𝑠 =
𝑃𝑒𝑎𝑘 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦

𝐴𝑚𝑝𝑙𝑖𝑡𝑢𝑑𝑒

• Overlap measures:

Statistical Models

Overlap = C1 opening stiffness × C2 closing stiffness × cluster × language

Interval

1 C1 release to C2 onset
2 C1 release to C2 target (IPI)
3 C1 offset to C2 onset
4 C1 offset to C2 target

RESULTS

Relations between C1 opening stiffness / C2 closing stiffness and the overlap measures

• The main effect of C1 opening 

stiffness was significant on 

overlap 3 (p < 0.001, F-value = 

39.12) and overlap 4 (p < 0.001, 

F-value = 53.42), but not on 

overlap 1 (p = 0.81, F-value = 

0.06 ) and overlap 2 (p = 0.36, F-

value = 0.84);

• The main effect of C2 closing 

stiffness was significant on 

overlap 1 (p < 0.0001, F-value = 

39.35) and overlap 3 (p < 0.001, 

F-value = 38.12), but not on 

overlap 2 (p = 0.44, F-value = 

0.61) and overlap 4 (p = 0.12, F-

value = 2.42);

• Overall, overlap 1 and 4 are 

modulated by C2 closing and C1 

opening stiffness respectively, 

overlap 3 is modulated by both 

stiffnesses, and overlap 2 (IPI) is 

not modulated by either C1 

opening or C2 closing stiffness. 

DISCUSSION

Explanation 1

• Stiffness controls the durational properties of a movement (reciprocal of time);

• The more coextensive (co-temporaneous) the movement controlled by the stiffness parameter 

with the overlap measure in question, the stronger the relation between the two;

• Different overlap measures are coextensive to different degrees with the two relevant 

movements, thus leading to different relations between them.

Explanation 2

Percentage of exclusive 

coextensiveness (PEC)

• a property of a pair of an 

overlap measure (overlap 1, 

2, 3, 4) and a movement (C1 

opening, C2 closing); 

• the proportion of that 

movement that coextends 

the interval delineated by 

the overlap measure.

Overlap 
measure

SD
(across languages)

SD 
(German)

SD
(English)

1 41.211 44.616 29.353
2 (IPI) 27.096 27.463 22.586

3 59.471 57.900 39.657
4 47.283 39.808 38.643

• IPI is a relatively short interval; its variability is limited 

to such an extent that assessing the relation of its 

duration and the value of any of the two stiffness 

parameters becomes infeasible.
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