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While the acoustic characteristics of the Northern Cities Vowel Shift (NCVS) are well
documented, research on the articulatory components of this shift is comparatively limited. This
study employs video analysis and ultrasound tongue imaging to examine the relative contributions
of lip configuration and tongue position to maintenance of the contrast between /ɑ/ and /ɔ/. It is
found that speakers with acoustically similar vowel spaces differ in articulatory strategy.
Early stage NCVS includes the fronting of /ɑ/ and /ɔ/ (an F2 increase), and the lowering of
/ɔ/ (an F1 increase). Despite this shift, /ɑ/ and /ɔ/ remain acoustically distinct. These increased
formant values may be associated with tongue-fronting or lip-unrounding, both of which shorten
the vocal tract. Majors & Gordon (2008) use video analysis to examine lip rounding among St.
Louis speakers with NCVS-like low back vowels. They find that rounding is preserved in /ɔ/,
suggesting that /ɔ/-fronting and lowering may be accomplished through tongue position alone.
Harrington et al. (2011) demonstrate that /u/-fronting in Southern Standard British is the result of
tongue-fronting, and similarly conclude that that /i/ and fronted /u/ are distinguished only through
lip rounding.
This study expands on the video analysis methodology of Majors & Gordon (2008) by
examining speakers from Detroit, a prototypical NCVS city, and by incorporating ultrasound
tongue imaging to simultaneously observe lip and tongue configuration. Two 22–23 year-old
female speakers from Metro Detroit produced a list of 100 monosyllabic words embedded in a
carrier phrase, with each word containing /i/, /u/, /æ/, /ɑ/, or /ɔ/. Audio, video, and ultrasound data
were synchronized and measured at a single point. F1, F2, and F3 were measured and normalized
following the technique of Labov et al. (2006). Vertical lip openness and horizontal lip spread
were calculated from the number of pixels between the top and bottom lips and between the lip
corners. Tongue contours were tracked using EdgeTrak (Li et al., 2005) and modeled with
smoothing spline ANOVA (Davidson, 2006; Gu, 2002).
Both speakers’ productions are characteristic of the NCVS, exhibiting mean F1 values for
/æ/ of less than 700 Hz, and mean F2 values for /ɑ/ between 1350 and 1500 Hz. Acoustically, /ɑ/
and /ɔ/ differ significantly in F1, but not in F2. For Speaker 1, the differences between the
smoothing splines for /ɑ/ and /ɔ/ are not significant. However, these vowels differ significantly in
lip openness, which may account for the observed difference in F1. For Speaker 2, the opposite is
true: /ɑ/ and /ɔ/ do not differ significantly in lip openness or spread. However, the difference
between the smoothing splines for these vowels is significant, suggesting that Speaker 2 maintains
this contrast through tongue position.
These results demonstrate the value of articulatory analysis in sociophonetics, by revealing
interspeaker differences not observable in the acoustic signal. In this study, both speakers maintain
a contrast between /ɑ/ and /ɔ/; however, one does so through lip configuration, and the other
through tongue position, suggesting that speakers may take differing paths in achieving sound
change.
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