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In previous research:

suprasegmental aspects of speech production affect the production of individual speech sounds (Fougeron & 
Keating 1997; Byrd 1996, 2000; Breen et al. 2010; Byrd & Choi 2010; Krivokapić 2014), e.g.:

− syllable structure (e.g. Browman & Goldstein 1988, 2000; Gafos & Goldstein 2012; Gibson et al. 2019; 
Hermes et al. 2012), 

 e.g. less overlap between consonants in cluster in onset than in coda

− prosodic structure:

• proximity to strong prosodic boundary

• accentuation
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Prosodic strengthening of vowel:

‒ proximity to strong prosodic boundary (e.g. IU boundary), e.g.

• domain-final lengthening (e.g. Edwards et al. 1991; Wightman et al. 1992) 

• domain-final vowels produced with greater articulatory magnitude → greater V-to-C displacement
(e.g. Fougeron & Keating 1997; Cho 2002)

• domain-initial strengthening, e.g. consonants in IU-initial position produced with more constriction 
than in middle of IU (e.g. Fougeron & Keating 1997; Cho & Keating 2009), greater intensity (Cho & 
Keating 2009)
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Prosodic strengthening of vowel:

‒ accentuation
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Two models of prosodic transcription

‒ ToBI (e.g. Pierrehumbert & Hirschberg 1990; Silverman et al. 1992)

‒ nuclear tone approach (e.g. Halliday 1967; Tench 1996)
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London Lund Corpus of Spoken English: 

‒ spontaneous conversations

‒ mostly educated Londoners (unaware of being recorded)

‒ audiomaterial and transcriptions (in nuclear tone approach)
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Sample of 150 vowels:

‒ checked monophthongs

‒ closed syllable with fortis coda (i.e. fortis fricative, plosive or affricate)

‒ monosyllabic words (↔ polysyllabic shortening)

‒ 29 speakers (mean utterance per speaker = 5.172414): 

• 13 female: mean utterance per speaker = 5

• 16 male: mean utterance per speaker = 5.3125
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Sample of 150 vowels:

‒ equal distribution of primary accentuation (red),
secondary accentuation (yellow) and 
non-accentuation (green)

‒ equal distribution (per accentuation status) of
syllables preceding IU boundaries (light) and
non-IU boundaries (dark)
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Sample of 150 vowels: distribution of vowel types

42 43 27 19 19

KIT STRUT TRAP DRESS LOT
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χ²(8) = 5.6422, p = 0.69
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χ²(4) = 6.4852, p = 0.17
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Multivariate regression analysis in R

dependent variable vowel length (measured instrumentally in Praat)

independent variables linguistic proximity to IU boundary (in n° of syllables)

boundary strength: IU vs. non-IU boundary

accentuation status: ‒ primary (tonic) accent
‒ secondary (non-tonic) accent
‒ unaccented

vowel type: KIT, STRUT, TRAP, DRESS, LOT

non-linguistic speaker

sex
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Inter-rater reliability

Pearson’s correlation test

correlation coefficient = 0.7699107
t = 5.9105
p-value < 0.001 

= individual measurements significantly correlated → sufficient inter-rater agreement
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Multivariate linear regression

model_1 = lm(Length_vowel ~ Accentuation + Boundary + Proximity + VowelType + Participant + Sex)

df Sum Sq Mean Sq F Value Pr (>F)

Accentuation 2 0.150821 0.075411 47.9901 8.19E-16 ***

Boundary 1 0.04691 0.04691 29.8526 2.81E-07 ***

Proximity 1 0.004639 0.004639 2.9524 0.088489 .

VowelType 4 0.022175 0.005544 3.528 0.009421 **

Speaker 27 0.105891 0.003922 2.4958 0.000431 ***

Sex 1 0.000734 0.000734 0.4674 0.495593

Residuals 113 0.177566 0.001571

→ insignificant

→ insignificant

+ high VIF scores for Speaker = suggests collinearity with other factor(s) 
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Multivariate linear regression

model_2 = lm(Length_vowel ~ Accentuation + Boundary + Proximity + VowelType)

df Sum Sq Mean Sq F Value Pr (>F)

Accentuation 2 0.150821 0.075411 37.4146 9.23E-14***
Boundary 1 0.04691 0.04691 23.274 3.60E-06***
Proximity 1 0.004639 0.004639 2.3018 0.13146
VowelType 4 0.022175 0.005544 2.7505 0.03056*
Residuals 141 0.284192 0.002016

Residual standard error: 0.04489 on 141 degrees of freedom
Multiple R-squared:  0.4414,    Adjusted R-squared:  0.4097 
F-statistic: 13.93 on 8 and 141 DF,  p-value: 8.556e-15
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Tukey post-hoc test, based on ANOVA for accentuation status
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Moreover, in subsets of syllables before non-IU vs. IU boundary, effect of accentuation status remains:

Before IU boundary

df Sum Sq Mean Sq F Value Pr (>F)

Accentuation 2 0.0558 0.027899 1.12E+01 5.88E-05***

Residuals 72 0.1796 0.002494

Before non-IU boundary

df Sum Sq Mean Sq F Value Pr (>F)

Accentuation 2 0.0558 0.027899 1.12E+01 5.88E-05***

Residuals 72 0.1796 0.002494
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But: Tukey post-hoc tests

Before IU boundary

Before non-IU boundary
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But: Tukey post-hoc tests

‒ before non-IU boundaries, significant differences between all accentuation statuses

‒ before IU boundaries:

• clear difference between primary accented and unaccented syllables (p < 0.001)

• smaller but significant difference between primary and secondary accented syllables (p = 0.03976)

• no difference between secondary accented and unaccented syllables (p = 0.07)
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No significant result, but trend for vowel length to 
decrease further away from (next) IU boundary

But:

‒ few datapoints for vowels removed further than 
4 syllables from IU boundary

‒ results for syllables at 1-3 syllables from IU 
boundary relatively similar (cf. dashed line)
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Tukey post-hoc test, based on ANOVA for vowel type

BAD-LAD split: /æ/-lengthening ?
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Tukey post-hoc test for participant actually revealed no significant differences between individual speakers, 
despite overall significance

Lowest p-value between two individual speakers: 0.057057
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Convincing findings for both accentuation status and boundary strength:

‒ Accentuation: three-way distinction between primary accentuation, secondary accentuation and non-
accentuation is reflected phonetically in vowel production

→ clearest difference before non-IU boundaries

→ before IU boundary, smaller difference between primary and secondary accented syllables + 
difference between secondary accented and non-accented syllables disappears

‒ Boundary: vowels in IU-final syllable phonetically more salient than vowels in non-IU-final position
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Inconclusive findings for more fine-grained levels of proximity to IU boundary:

‒ insignificant result in regression model, but possibly due to scarcity of data points for syllables at further 
distances from IU-final boundary

‒ alternatively, phonetic strengthening effect immediately before IU boundary rather than gradual trend

No sustained effect for different vowel types:

significant difference only between STRUT (shortest) and TRAP (longest) vowels: possibly due to /æ/-lengthening
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Implications

Importance of distinguishing not just between pitch accented vs. unaccented syllables (ToBI), but also between 
primary and secondary pitch accented syllables (nuclear tone approach)
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