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Acoustic distance and auditory distinctiveness are known to play an important role in the
organization of vowel systems [1–3] as well as in sound change [4, 5]. Although speech perception is
also influenced by non-auditory cues, such as vision [6], it has not widely been considered whether
non-auditory perception influences vowel inventories or patterns of sound change (but see [7, 8]).
This study tests the hypothesis that vowel systems are organized around principles of both auditory
and visual dispersion using articulatory and acoustic data from the Chicago variety of English.

The Chicago vowel system is characterized by the Northern Cities Shift, a chain shift involving
the raising of /æ/ and the fronting of /ɑ/, followed by the fronting of /ɔ/ [9]. Although acoustic
theories of vowel dispersion can explain why /ɔ/ undergoes fronting (to fill the gap in the vowel space
left behind by /ɑ/), they offer no prediction as to how fronted /ɔ/ will be articulated. Both tongue
fronting and lip unrounding shorten the front cavity of the vocal tract (thereby raising F2), so either
strategy is predicted to be possible on a purely acoustic basis. On the other hand, tongue fronting is
predicted to be favored on an audiovisual basis; if fronted /ɔ/ retains its lip rounding gesture, it will
remain both auditorily and visually distinct from /ɑ/. Two specific research questions are addressed
here. First, are round variants of fronted /ɔ/ more common than unround variants, given that they
avoid the loss of visual contrastiveness? Second, do speakers actively enhance the /ɑ/-/ɔ/ contrast
for visual perceptibility by hyperarticulating lip rounding gestures in a corrective speech task?

Fifteen adult Chicagoans (3 men, 12 women) participated in the study. Each participant com-
pleted two speech production tasks, which were recorded using synchronized audio, lip video, and
ultrasound tongue data. Ultrasound data were captured at 84 frames per second (fps) with the
transducer held in place by a stabilizing headset [10]. Sagittal lip video was recorded at 60 fps with a
camera mounted to the headset. In the normal speech task, participants produced a list of 123 mostly
monosyllabic words containing the vowels /i æ ɑ ɔ o u/, embedded in in the carrier phrase “say
again.” Each phrase was repeated three times in succession. In the corrective focus task, participants
produced minimally contrastive words containing the vowels /ɑ/ and /ɔ/ in the carrier phrase “I said
target𝑥 and target𝑦, not contrast𝑎 and contrast𝑏,” e.g., “I said nod and sod, not gnawed and sawed.”
Ultrasound tongue contours were analyzed using polar SS ANOVA [11], indicating for each speaker
whether /ɑ/ and /ɔ/ exhibit significantly different tongue positions. Horizontal lip spread was taken
as a measure of lip rounding and analyzed using one-way ANOVA with Tukey post hoc tests for
pairwise comparison. Acoustic distance between /ɑ/ and /ɔ/ was quantified using Pillai scores [12].

In the normal speech task, 14 of the 15 speakers produced a significant (𝑝 < 0.01) difference
between /ɑ/ and /ɔ/ in terms of lip spread. Of these 14, seven speakers also produced /ɑ/ and /ɔ/

with significantly different tongue positions (Fig. 1a), while seven contrasted /ɔ/ from /ɑ/ through
lip rounding alone. This finding supports the prediction that round variants of /ɔ/ are preferred.
Consistent with recent articulatory studies of Lombard speech [13–15], participants showed a
range of strategies in the corrective focus task, but a large majority (11 of 15) showed a significant
(𝑝 < 0.05) increase in the lip rounding distinction between /ɑ/ and /ɔ/ (Fig. 1b). Three of these
speakers showed an increase in lip rounding with no accompanying increase in acoustic distance,
suggesting that increased lip rounding is not necessarily a byproduct of auditory enhancement. These
results demonstrate that articulatory strategies that preserve or enhance both auditory and visual
contrast are favored over strategies that improve contrast only in the auditory domain. Considering
visual perceptibility will strengthen predictions of how vowel systems develop as they undergo
change.
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Figure 1: Representative articulatory data for one Chicago speaker. For SS ANOVA, tongue front
is to the left. Shading indicates 95% confidence interval; overlap indicates no significant difference
in tongue contours. For lip spread, smaller values indicate increased rounding.
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