Social factors in Southern US Speech: Acoustic analysis of a large-scale legacy corpus
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Vowel shifts in Southern US speech

• Vowels in the Southern US speech vary within the region and across racial and social groups.
• What are the effects and interactions of these factors, measured in a large acoustic corpus?
Southern Vowel Shift
• lowering and backing of tense /i eɪ/, and
raising and fronting of lax /ɪ ɛ æ/
• /oʊ u/ fronting (Clopper, Pisoni, and De Jong 2005)
• dynamic changes like diphthongization,
even triphthongization (Thomas 2005)
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Results

High Front Vowels
Swapping of /i ɪ/ increases with birth year

Model: pillai(i,ɪ) ~ yob_z + sex * eth + dur
yob_z: β = –0.002, SE = 0.0007, t = –2.533, p < 0.05 *

/e/

/o/

[a:]

EA speakers swap /eɪ ɛ/ more than AA speakers.
/ɛ/

AAVS

/æ/

Low Vowels
Vector length of /æ/ increases with birth year
and in women

/ɔ/ is more diphthongal in younger speakers

Model: VL(ɔ) ~ yob_z + sex * eth + dur
yob_z: β = –0.0021, SE = 0.0010, t = 2.0242, p < 0.05 *

Model: VL(æ) ~ yob_z + sex * eth + dur
yob_z: β = –0.0017, SE = 0.0008, t = –2.271, p < 0.05 *
sex: β = –0.17, SE = 0.0064, t = –2.754, p < 0.01 **

Swapping of /eɪ ɛ/ increases with birth year

Model: pillai(eɪ,ɛ) ~ yob_z + sex * eth + dur
yob_z: β = –0.0018, SE = 0.0006, t = –3.179, p < 0.01 **

Dynamic Methods (Fox & Jacewicz 2009; Farrington et al. 2018)
Vector length (VL)
(F1%& − F1(& )% +(F2 %& − F2 (& )%

VL =

• Longer VL = more diphthongal vowel
Trajectory length (TL)
TL =

Static Methods
• Pillai scores quantify the relative overlap
between vowel pairs (Hay, Warren & Drager 2006)

Model: pillai(eɪ,ɛ) ~ yob_z + sex * eth + dur
yob_z: β = –0.174, SE = 0.043, t = –4.081, p < 0.001 ***

/a/

• A 64-speaker subset of LAGS (Pederson et al. 1986; Kretzschmar et al. 2013)
• 30 women, 34 men
• 18 African Americans, 46 European Americans
• Speakers born born 1886–1965; recorded 1970–1983
• Transcribed and processed at UGA (Olsen et al. 2017)
• Forced alignment and vowel formant
measurement by DARLA (Reddy & Stanford 2015)
• This study includes 626,669 vowel tokens
• See the Gazetteer of Southern Vowels (Stanley et al. 2018)

Data Processing
• Stressed vowels only
• Removed 5% of tokens based on
Mahalanobis Distance from means
• Normalized with Lobanov transformation
• Birth year reset to “years since 1886”

(F1%& − F1,& )% +(F2 %& − F2 ,& )% +
(F1,& − F1(& )% +(F2 ,& − F2 (& )%
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Conclusions

Vowels’ acoustics vary by race, sex and age
• European American speakers have greater /eɪ ɛ/ swapping than African Americans, supporting
Thomas’ (2007) characterization of the African American Vowel Shift
• Women have a more diphthongal realization of front /ɛ æ/ than men
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• We calculate these using measurements
from vowel midpoints

1.1

(Bates et al. 2015)
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Statistical Analysis
• Linear mixed-effects model using lme4
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From Farrington, Kendall, & Fridland (2018:196)

• Separate models for each measure and for
each vowel or pair of vowels
• In all models, speaker was included as a
random intercept

Model: pillai(u,i) ~ yob_z + sex * eth + dur
yob_z: β = –0.0016, SE = 0.0008, t = –2.093, p < 0.05 *

/ɪ/

/aɪ/

Digital Archive of Southern Speech (DASS)

Methods

Model: VL(ɛ) ~ yob_z + sex * eth + dur
sex: β = –0.2001, SE = 0.0661, t = –3.027, p < 0.01 **

Model: ROC(ɛ) ~ yob_z + sex * eth + dur
sex: β = –3.587, SE = 1.595, t = –2.249, p < 0.05 *

/ɛ/

African American Vowel Shift
• /ɑ/-fronting, and raising and fronting of /æ ɛ ɪ/
• Less back-vowel fronting than the SVS,
as well as less /eɪ ɛ/ “swapping” (Thomas 2007)

Back Vowels
Younger speakers have more /u/-fronting

Model: TL(ɛ) ~ yob_z + sex * eth + dur
sex: β = –0.2536, SE = 0.1002, t = –2.531, p < 0.05 *

/ɪ/

SVS

Mid Front Vowels
Women diphthongize /ɛ/ more than men

While useful, vector length underestimates the amount of dynamic frequency change across a vowel’s duration by not accounting for nonlinear
change. As many vowel trajectories display curves rather than straight vectors
(e.g., curved or U-shaped trajectories such as that in figure 2), vector length
does not capture such differences, which may yet be important acoustic cues
to listeners. In other words, it may not simply be the length of the glide, but
the shape of the glide that varies across vowels and dialects.
Trajectory length provides a more precise sense of vowel dynamicity.
Recall that trajectory length calculates frequency change at multiple points
temporally within a vowel and then sums those values. In the current study,
we calculate a three-point trajectory length measure from each vowel by
adding two vector segments, the onset vector length (from 20% point to
50% point) and the offset vector length (from 50% point to 80% point).

Spectral Rate of Change (ROC)

TL
ROC =
0.6 × duration
• Higher ROC = more dynamic movement

Active divergence of Southern speech from other varieties
• In this historical dataset, younger speakers lead Southern shifting: they have more “swapping”
of /i ɪ/and /eɪ ɛ/, more back-vowel fronting, and more dynamic /æ/ and /ɔ/ vowels
• Older speakers are more conservative both in vowels’ relative positioning, and their dynamics
/eɪ ɛ/ are the nexus of shifting in DASS
• These vowels vary across sexes, races and age groups, in their relative positions and dynamics
• Younger, European American women have the “most Southern” treatment of /eɪ ɛ/
Methodological variety reveals Southern vowel shifting
• Neither static nor dynamic measures alone capture all these sources of significant variation

References

Bates, Douglas, Martin Maechler, Ben
Bolker & Steve Walker. 2015. Fitting
Linear Mixed-Effects Models Using lme4.
Journal of Statistical Software 67(1). 1–48.
Clopper, Cynthia G., David B. Pisoni &
Kenneth de Jong. 2005. Acoustic
characteristics of the vowel systems of six
regional varieties of American English. The
Journal of the Acoustical Society of America
118(3). 1661–1676.
Farrington, Charlie, Tyler Kendall & Valerie
Fridland. 2018. Vowel Dynamics in the
Southern Vowel Shift. American Speech
93(2). 186–222.
Fox, Robert Allen & Ewa Jacewicz. 2009.
Cross-dialectal variation in formant
dynamics of American English vowels. The
Journal of the Acoustical Society of America
126(5). 2603–2618.

Hay, Jennifer, Paul Warren & Katie Drager.
2006. Factors influencing speech perception in the context of a merger-inprogress. Journal of Phonetics 34(4). 458–
484.
Kretzschmar Jr., William A., Paulina
Bounds, Jacqueline Hettel, Lee Pederson,
Ilkka Jusso, Lisa Lena Opas-Hänninen &
Tapio Seppänen. 2013. The Digital Archive
of Southern Speech (DASS). Southern
Journal of Linguistics 27(2). 17–38.
Olsen, Rachel M., Michael Olsen, Joseph A.
Stanley, Margaret E. L. Renwick, &
William A. Kreztschmar, Jr. (2017). Methods for transcription and forced alignment
of a legacy speech corpus. Proceedings of
Meetings on Acoustics 30, 060001.
Pederson, L., McDaniel, S. L., and Adams,
C. M. (Eds.) (1986). Linguistic Atlas of the
Gulf States, University of Georgia Press,
Athens, Georgia, Vols. 1–7.

joeystan@uga.edu
joeystanley.com

Reddy, Sravana, and James N. Stanford.
Toward Completely Automated Vowel
Extraction: Introducing DARLA. Linguistics Vanguard, 2015.
Stanley, Joseph A., Margaret E. L. Renwick,
William A. Kretzschmar, Rachel M. Olsen,
and Michael Olsen. The Gazetteer of
Southern Vowels. Annual Meeting of the
American Dialect Society, Salt Lake City,
UT, January 4, 2018.
Thomas, Erik R. (2005). Rural white
Southern accents. In E. W. Schneider
(ed.), Varieties of English: The Americas and
the Caribbean, 87–114. Berlin: Mouton de
Gruyter.
Thomas, Erik R. 2007. Phonological and
Phonetic Characteristics of African American Vernacular English. Language and
Linguistics Compass 1(5). 450–475.

mrenwick@uga.edu

Equation 2. Calculating Trajectory Length
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that they used a five-point (four segment) trajectory length, with points every
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