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ABSTRACT

This paper presents a study of the sources of
cross-linguistic variation in anticipatory labial
coarticulation. We collected audiovisual data
from speakers of German and American English,
two languages distinguished by the presence of
phonological rounding contrast for vowels, to
examine (i) how patterns of coarticulation differ in
these languages and (ii) to what extent such patterns
are speaker-specific.
Our results indicate that anticipatory labial

coarticulation is temporally extensive in both
German and English. While our data demonstrate
that in both languages there is considerable
variability between speakers in their individual
degree of coarticulation, there is nonetheless
an overarching influence of language on the
patterns of coarticulation. In particular, anticipatory
coarticulation is less extensive and more constrained
in German than in English. These findings
contribute to our understanding of the roles of
phonological contrast and speaker variability in the
temporal organization of anticipatory coarticulation.
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1. INTRODUCTION

In speech, the production of individual sound
units is influenced by, and in turn influences,
their surrounding contexts, as gestures required to
articulate successive sounds overlap and interact
with each other. The anticipatory initiation of
articulatory movement, such as lip protrusion before
rounded vowels, provides important articulatory
and acoustic cues that are useful for perception in
advance of the target sound itself [16]. Anticipatory
lip movement in relation to rounding, the focus of
this study, is particularly known to be temporally

far-reaching, easily extending up to hundreds of
milliseconds [10].
The temporal dynamics of anticipatory

coarticulation are known to exhibit much cross-
linguistic variation [2, 4, 20], but the source of
such variation remains debated. Language-specific
sound systems and contrasts have been argued
to be influential factors governing the degree
of coarticulation [12], in that the maintenance
of phonological contrasts is expected to restrict
the freedom employed by coarticulatory gestures
[5, 17]. Yet, evidence for such a claim from various
types of coarticulatory phenomena has thus far
been mixed (e.g. [13, 18]). In particular, speakers
of Swedish, in which rounding is phonologically
contrastive, have been found to initiate anticipatory
lip protrusion earlier, not later, than speakers of
American English, which has no rounding contrast
[11]. Even within individual languages, there
is substantial speaker variability in the extent of
coarticulation (e.g. [7, 19]), casting further doubt
on the role of phonological contrast in the temporal
organization of coarticulation.
In a cross-linguistic comparison of American

English and Canadian French, Noiray et al. [14]
examined the initiation of rounding movement
in progressively longer [i]-Cn-[u] sequences and
showed that the onset of lip constriction extended in
proportion to the possible window of coarticulation
at a speaker-specific rate. With no evidence of
systematic patterns by language, they concluded that
the implementation of anticipatory lip rounding is
chiefly speaker-dependent.
In this study, we pursue the issue of the sources

of cross-linguistic variation in coarticulation.
Specifically, we investigate anticipatory labial
coarticulation in German, which has phonological
rounding contrast, and North American English,
which does not, by tracking the dynamic movement
of the lips. We examine how the temporal extent



of coarticulation differs between German and
English, and address the question of whether
patterns of coarticulation are predominantly driven
by language-level variation or speaker variability.

2. METHODOLOGY

2.1. Materials

Stimuli consisted of a list of (near-)minimal pairs,
wherein the target vowel differed by rounding (e.g.
German Sehne–Sºhne /zenә/-/zønә/). Each target
word was embedded in a carrier sentence (German:
Aber Elsa legt gern __ beiseite; English: But Tessa
had said __ pleasantly), designed to be maximally
permissible for anticipatory labial coarticulation.
This environment, demarcated by the bilabial anchor
/b/ (in Aber and But) and the onset of the target
vowel, formed our region of interest (ROI). Table
1 lists the vowel pairs tested, but the German
pairs involving /E/ were excluded from the present
analysis so that pairs were matched by phonological
vowel height across languages. Three repetitions of
the list were elicited in randomized blocks, yielding
144 utterances in German and 174 utterances in
English per speaker.

Language Vowel pairs
German i–u, i–y, e–o, e–ł

I–U, I–Y, (E–O)*, (E–÷)*
English i–u, e–o, I–U

Table 1: Vowel pairs in German and English.
Pairs marked * were excluded from analysis.

2.2. Data collection

We collected recordings from 30 native speakers
each of German and North American English, using
an adapted version of the “blue lip” technique
developed by Lallouache [9] to track lip movement.
Two video cameras were placed at right angles to
capture frontal and side views of the speaker’s blue-
painted lips at 50 frames per second. Speakers
were shown the stimuli on a computer monitor
and prompted for production one at a time using
SpeechRecorder [6], which simultaneously collected
audio recordings. Utterances where prosodic breaks
were identified immediately before the target word,
or where the target word involved mispronunciation
or false starts, were excluded from further analysis.

2.3. Measuring lip rounding & coarticulation

In line with previous research [14], we used the
area of constriction between the lips (aperture) as
a reliable indication of lip rounding. Within each
utterance, we processed each frame from the front
camera in Julia [1], first applying thresholding in
HSV (hue, saturation, value) to isolate the blue lip
and reference components, then fitting an ellipse to
the area bounded by the inner edges of the upper
and lower lips. We took the area of the ellipse to
be the aperture and scaled it from pixels to mm2. At
this stage, data from one German and two English
speakers were excluded due to technical difficulties
with lip tracking. We smoothed the time-varying
aperture signals by means of Hampel and Savitzky-
Golay filters, and removed any trials with remaining
erroneous measurements. A total of 4,074 trials in
German and 4,726 trials in English remained.
To determine the onset of coarticulation, we

analysed lip aperture in the rounded condition in
relation to that in the unrounded condition and
considered their point of divergence in time. We
calculated the time-varying distance between the
aperture of each utterance in the rounded condition
and the mean aperture of all utterances in the
unrounded condition by the same speaker in the
corresponding word pair, within a fixed window
of up to 500 ms before the acoustic onset of the
target vowel. We then fitted sigmoid curves to
each of the resulting difference curves (using the
sicegar package [3] in R [15]), taking the point
where the tangent line with the maximum slope
intersected with the minimum asymptote as the onset
of coarticulation. The example item in Fig. 1
illustrates this derivation. We excluded poor fits
whose RMS error was amongst the highest 5% of
each language, leaving 4,139 items in total. For
the purposes of reporting and statistical analysis, we
used the absolute value of the timing (and henceforth
refer to onset of coarticulation as such), such that a
higher positive value corresponds to an earlier onset
of coarticulation.

2.4. Statistical analysis

To evaluate the effect of language on coarticulation,
we fitted a linear mixed-effects model to the onsets
of coarticulation obtained above (using the lmerTest
package [8]). The main predictor of interest,
language, was included as a sum-coded fixed effect.
As controls, we also included phonological vowel
height (sum-coded), ROI duration (mean-centred,
as proxy for speech rate) and their interactions
with language as fixed effects. To account for




