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Introduction. English and French both have rounded vowels. However, they differ in the fact that English has phonetic
lip rounding on back vowels, while French has phonologically contrastive front rounded vowels. So, the difference
between these languages in this regard is that French has phonological specification (Dresher, 2009) of a rounding feature
for front vowels. The purpose of this study is to examine how the difference in the hypothesized feature specification
affects the perception of anticipatory lip rounding.

In English and French anticipatory lip rounding can be both extensive in nature and extremely variable by speaker (Bell-

Berti & Harris, 1982; Vaxelaire, Bonnot, & Keller, 1999; Roy, 2005; Noiray et al., 2010; Howson et al., 2021) and both
English and French listeners make in principle use of this information to decode the incoming speech signal (Redford et
al., 2018; Sock, Hecker, & Cathiard, 1999; Hirsch et al., 2003). This suggests that English and French language users
make use of the incoming phonetic information about lip rounding despite differences in the phonological nature of lip
rounding in their languages for front vowels. Linguists have long postulated that phonological contrast in one’s language
enhances perception (e.g., Trubetzkoy, 1939; Boomershine et al., 2008). Therefore, the presence of phonological contrast
for roundedness for front vowels in French but not in English opens up the possibility that anticipatory coarticulation for
lip rounding is utilized differently for listeners of each language.
Methods. 22 English and 16 French adult participants were recruited for an eyetracking experiment on the basis that their
L1 was either American English or Metropolitan French (hereafter, French). Production data were recorded for all
participants. To track the lip shape, we used an adapted version of the “blue lip” technique (Lallouache, 1991).
Measurements of lip spread were calculated as the distance between the lip corners (Noiray et al., 2011) and temporal
differences were quantified using a sigmoid method (Lo et al., 2023). We chose two degrees of anticipatory coarticulation
to measure sensitivity to different amounts of anticipatory lip rounding. Tokens were binned into two groups (“extensive”
for relatively longer distance coarticulation and “constrained” for relatively shorter distance coarticulation) based on the
distribution of the temporal span of coarticulation in the production data. The stimuli for the perception experiment were
chosen from a subset of the production data such that the same speakers contributed to both the extensive and constrained
coarticulatory conditions. For English and French, 24 & 29 tokens from the “extensive" (1 quartile) and 24 & 29 tokens
from the "constrained” (4™ quartile) ends of the distribution were chosen for each language respectively. The mean onset
of anticipatory lip rounding preceded the vowel target in English by 402 ms for the extensive category and 136 ms for
the constrained category. For French, the extensive category mean preceded the target by 288 ms and by 110 ms for
constrained.

During the eyetracking experiment, participants saw a minimal pair of words on the screen which had either an
unrounded or rounded target vowel (e.g., English: heed / who’d; French: scie / su) and were instructed to click on the
target word as soon as they recognized it. Stimuli were presented in the carrier phrase in which they were produced, since
anticipatory coarticulation in the production data was quantified over the entire utterance (English: But Tessa had said
target pleasantly; French: Mais elle déclarait target par hazard). English target stimuli had the vowel pairs /i:/ vs. /u:/, ///
vs. /u/, /er/ vsl vs. /ou/. French target stimuli had /e/ vs. /al, /e/ vs. /ce/, lel vs. [0, /e/ vs. /a/, and /il vs. Iyl.

Incorrect answers were discarded (< 1% of the data) from analysis and looks to the target or competitor were binned at
5ms intervals. Growth Curve Analysis (Mirman et al. 2008) was used to compute the proportion of fixations on the target.
The model included a fixed effect for coarticulation (2 levels: extensive, constrained) and functions for time (time", n =
[1,7]) The interaction between Coarticulation and Time was also included. Random intercepts were included for
participant, speaker, and pair (i.e., the pair of words on the screen). We computed one model for English and one for
French. To determine differences in growth curves for extensive and constrained conditions, we computed a smoothing
spline for each model by randomly sampling participants from each condition and fitting a smoothing curve to their data.
This was done 1000 times to generate a distribution and obtain 95% confidence intervals (Wendt et al., 2014).

Results. The results of the GCA for English revealed that there was an increase in target fixations at approximately 75
ms after the onset of the target segment, but no significant difference for the interaction between coarticulation and
functions of time (time": p > 0.05; Figure 1). Given that eye movement planning and execution lags the input stimuli by
approximately 200 ms (Travis, 1936), we added 200 ms to the spike in fixations observed in the results to estimate when
word recognition took place. English listeners utilized coarticulation at approximately 125 ms before the target vowel
onset. The analysis of French, on the other hand, did reveal a significant difference for the interaction between



coarticulation and functions of time (time™ p < 0.05, except time®: p = 0.82) and revealed an increase in fixations towards
the target 50 ms before the onset of the critical target in the extensive condition and 110 ms after the onset of the target
stimuli in the constrained condition (Figure 1). French listeners had a rapid increase in looks to the target at roughly 200
ms after the onset of coarticulation in both conditions. When taking saccade lag time into account (~200 ms), this suggests
listeners recognized the target at approximately 250 ms (extensive condition) and 90 ms (constrained condition) before
target vowel onset. This indicates that French listeners use the coarticulation related to lip rounding as soon as it is
available in the speech stream, whether that is extensive or more constrained anticipatory coarticulation.
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Figure 1 (left): Growth curve analysis for extensive (red) and constrained (blue) for English (left) and French (right).
The mean Proportion of Fixations for extensive (opaque red) and constrained (opaque blue) with +1 SE are also
presented. Vertical lines indicate estimated point of increase in fixations on the target for extensive (solid) and
constrained (dashed) coarticulation. Figure 1 (right): divergence plots comparing the difference between extensive and
constrained for English (left) and French (right). Red indicates, in the right-hand graph, a significant difference
between contours. 0 ms indicates the onset of the critical segment ((un)rounded vowel).

Discussion. The results indicated English listeners start to recognize anticipatory lip rounding at around 125 ms before
the target vowel onset. The French listeners on the other hand recognize upcoming lip rounding as far back as
250 ms before the target onsets and displayed sensitivity to differences in extensive and constrained coarticulation. The
difference in perception contrasts with the differences in the stimuli: English had a mean coarticulatory onset of 402 ms
(extensive) and 136 ms (constrained) before the target vowel, while French had a mean onset of 288 ms (extensive) and
110 ms (constrained) before the target vowel. So, despite the availability of coarticulatory information earlier in the speech
stream for English than in French, English listeners did not show any differences between their perception of extensive
and constrained coarticulation. Additionally, English listeners did not demonstrate an increase in fixations as early as
French listeners. The reason for this is possibly due to the phonological status of lip rounding in French. The data thus
supports the notion that the presence of a phonological contrast improves sensitivity to subtle differences in coarticulation
related to the acoustic-phonetic cues to that contrast. Whether French listeners are equally sensitive to rounding in front-
back vowel pairs will have to be addressed in future research.
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