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Introduction

» Vowel systems are organized around principles of acoustic and auditory
dispersion (Liljencrants & Lindblom, 1972; de Boer, 2001; Flemming, 2004)

» Are vowel systems also visually or articulatorily dispersed?

» Diehl & Kluender (1989): articulatory dispersion can't predict
prevalence of [i u a] over [y w a]. Both systems are equally dispersed
in articulatory terms; enhancement is primarily auditory

» Listeners are also sensitive to non-auditory perceptual cues,
including vision (McGurk & MacDonald, 1976; McGuire & Babel, 2012)

» Can visual perceptibility predict which articulatory configuration is
preferred in cases where multiple configurations are possible?



The Northern Cities Shift

» Chain shift characterized by raised (/z/), fronted LoT (/a/), and
fronted/lowered THOUGHT (/2/) (Labov et al., 2006)

» Fronted THOUGHT fills the vowel space gap left behind by fronted LoT

» Acoustics can't predict how fronted THOUGHT will be articulated: F2
increase can be achieved by tongue fronting and/or lip unrounding



This Study

» Havenhill & Do (2018): Metro Detroit speakers show a range of
articulatory strategies for maintaining LOT-THOUGHT contrast, but unround
variants of THOUGHT are weaker than round variants in audiovisual
perception

» This study: Investigation of articulatory patterns for Northern
Cities-shifted LoT and THOUGHT among Chicagoans

» Research questions:

» Are round variants of fronted THOUGHT more common than unround
variants, given that they avoid the loss of visual contrast?

» Do speakers actively enhance the LOT-THOUGHT contrast for visual
perceptibility in corrective speech?



Methods
» Fifteen (3 men, 12 women, ages 20 to 77) Chicago natives recruited at
Northwestern University

» Normal speech task: Three repetitions of 123 words containing /ee ad i
u o/, in carrier phrase “say again.”

» Corrective focus task: Subset of words containing LOT and THOUGHT, in
carrier phrase ‘T said target, and target,, not contrast, and contrasty,.”

» “I'said nod and sod, not gnawed and sawed” (words in color were
measured)

» Prompt: “Speak clearly and with as much emphasis as possible, as
though you are correcting someone who misheard you.”

» Simultaneous high-speed ultrasound (84 fps), lip video (60 fps), and audio
recorded in AAA (Articulate Instruments Ltd., 2012)



Acoustic Results
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Figure 1: Pillai score (Hay et al., 2006) by task, all participants.

» Speakers vary in the extent to which LOT-THOUGHT contrast is preserved

» 13 of 15 speakers increase acoustic distance in corrective speech




Articulatory Results: Normal Speech
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Figure 2: Polar SSANOVA (Mielke, 2015) for LoT and THOUGHT with 95% CI. Tongue front is to the left.

» Seven speakers exhibit significant difference in tongue position (like
Speaker 10), while eight do not (Speaker 12)




Articulatory Results: Normal Speech
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Figure 3: Lip spread measurements for LOT and THOUGHT.

» 14 of 15 speakers (incl. Speaker 10) show significant difference between
LOT and THOUGHT in terms of lip spread

» Speaker 13 is the sole exception




Articulatory Results: Corrective Speech
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Figure 4: Lip spread measurements for LOT and THOUGHT in normal and corrective speech.

» In corrective speech, 11 of 15 speakers significantly increase lip spread
distinction between LOT and THOUGHT

» Speaker 13 produces distinction not observed in normal speech




Articulatory Results: Corrective Speech
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Figure 5: Lip spread measurements for LOT and THOUGHT in normal and corrective speech.
» Three speakers increase lip spread distinction with little or no increase in
acoustic distance

» Speaker 18 increases rounding for THOUGHT, while tongue distinction is
lost



Conclusions

» Visual perceptibility drives preference for maintaining lip rounding
distinction in normal speech (cf. Havenhill, 2018; Havenhill & Do, 2018)

» In corrective speech, speakers show a range of articulatory strategies,
but some showed an increase in lip rounding with no accompanying
increase in acoustic distance

» Lip rounding enhancement is not necessarily a byproduct of auditory
enhancement

» Articulatory strategies that preserve or enhance both auditory and visual
contrast are likely to be favored over strategies that improve contrast in
the auditory domain alone
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