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Vowel duration, the VE and the SVLR

Example
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8.21 syl/sec

bint_09 (s2)

Vowel duration

# phrasal position
 final syllables tend to be longer

than non-final syllables
(i.e Oller 1973, Umeda 1974, Rathcke & Stuart-

Smith 2016)

# polysyllabic shortening
 vowels tend to be shorter
the more syllables in a word

(i.e Barnwell 1971; Klatt 1973; Windmann et al. 2015)

# intrasyllabic compression 
vowels tend to be shorter

the more phones in a syllable
(i.e Maddieson 1985; Munhall et al. 1992; Katz 2012)

# frequency
more frequent words tend to be

shorter than less frequent words
(i.e Jurafsky et al. 2001; Bybee 2002; Gahl 2008; Bell 

et al. 2009; Priva 2017)

# vowel height
 high vowels tend to be shorter than low

vowels (intrinsic vowel duration)
(i.e House and Fairbanks 1953; Lisker 1974; Tauberer & 

Evanini 2009; Solé & Ohala 2010)

# tempo 
 the faster the speech, the

shorter the vowels
(i.e Crystal & House 1988, 1990; Schötz 

2007)

# stress 
 stressed syllables tend to be longer

than unstressed syllables
(i.e Crystal & House 1990; Turk & White 1999; 

Rathcke & Stuart-Smith 2016; Chevalier 2019)

3.93 syl/sec

btal_4418_Alba

bdis_14 (s2)

MRIs by Janet Beck for /i/ and /a/. Seeing Speech Project of the University of Glasgow.
/i/  60 ms

btal_29

/i/  182 ms

btal_37

/i:/  60 ms /i:/  116 ms

18_Alba btal_19
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feet feed

vowel duration: 
~ 130 ms

vowel duration: 
~ 300 ms

 vowels tend to be longer before voiced consonants than before voiceless consonants
(i.e Sweet 1877; Heffner 1937; House and Fairbanks 1953; Peterson & Lehiste 1960; Chen 1970; Tauberer & Evanini 2009; Tanner et al. 2020)

The Voicing Effect
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The Scottish Vowel Length Rule / Aitken‘s Law:

“All vowels and diphthongs are long in stressed open 
syllables, before voiced fricatives and /r/, and before
morpheme boundaries and short elsewhere; with the two
exceptions of /ɪ/ and /ʌ/ which are invariably short.“ (McClure 1977) Adam Jack Aitken (1921-1998)

- Scottish lexicographer
- scholar of the Scots language

- formulator of the SVLR
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Vowel duration in Scottish English
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SSE SSBE

bead

bean

broom

bead

bean

broom

[i]

[i]

[ʉ]

[i:]

[i:]

[u:]

(Retrieved from: Rathcke and Stuart-Smith 2016: 406)
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Vowel duration in Scottish English
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The Past
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Murray 1873

Grant & Dixon 1921 | Watson 1923 | Grant 1931 | Dieth 1932 | Wölck 1965 | Lodge 1984 
Aitken 1962, 1977, 1981 

Andreas Weilinghoff 

The Past: Impressionistic accounts
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The dialect of the Southern 
Counties of Scotland 

(Murray 1873) (Murray 1873: 97)

(Murray 1873: 99)

The Past: Impressionistic accounts
Murray (1873)
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A Handbook of Phonetics
(Sweet 1877)

(Sweet 1877: 59)

The Past: Impressionistic accounts
Sweet (1877)

Henry Sweet 
(1845 - 1912)
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Sir James Murray (1837-1915)

- impressionistic reports of regional 
pronunciation in Scotland

- no empirical basis
(e.g. phonograph only invented in 1877)

Very early recording by A. G. Bell in 1885:
“This record has been made by Alexander Graham Bell in the presence of
Dr. Chichester A. Bell on the 15th of April 1885 at the Volta laboratory, 
1221 Connecticut Avenue, Washington, DC. In the witness whereof HEAR 
MY VOICE; Alexander Graham Bell“

- different approaches to transcription
(IPA only formed after 1886)

Scottish Lowland Dialects
(Ellis and Murray 1890)

The Past: Impressionistic accounts
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The Past

Kymograph recording by Daniel Jones 
(probably before 1914)

Kymograph measurements of Scottish vowels
by Dieth (1932: 62)
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Empirical studies in controlled speech

McKenna 1988

Agutter 1988

McMahon 1991

Hewlett, Matthews and Scobbie 1999

Watt and Ingham 2000

van Leyden 2002

Scobbie 2005

Pukli 2006

Watt and Yurkova 2007

Scobbie et al. 1999

Milroy 1995

Llamas et al. 2011

Andreas Weilinghoff 

The Past:
Empirical studies
in controlled
speech
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Vowel duration in a 
Scottish accent
(McClure 1977)

Derrick McClure at the
University of Aberdeen

- Investigation of most vowels of the Basic Scottish Vowel
System in SVLR long and short contexts

- Word list and carrier sentence readings
“I say [word] sometimes“

- used a four-channel electric kymograph for the durational
measurements
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The Past: Empirical studies in controlled speech
McClure (1977)

Word list by McClure (1977)
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Derrick McClure at the
University of Aberdeen

andreas-weilinghoff.com                                                16

The Past: Empirical studies in controlled speech
Average vowel durations by McClure (1977)



andreas-weilinghoff.com                                                17

Andreas Weilinghoff 

The Present



Empirical studies in controlled speech

McKenna 1988

Agutter 1988

McMahon 1991

Hewlett, Matthews and Scobbie 1999

Watt and Ingham 2000

van Leyden 2002

Scobbie 2005

Pukli 2006

Watt and Yurkova 2007

Scobbie et al. 1999

Milroy 1995

Llamas et al. 2011

Andreas Weilinghoff 

The Present:
Empirical studies
in uncontrolled
speech
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Empirical studies in uncontrolled speech

Stuart-Smith and Rathcke 2016

Warren 2018

Chevalier 2019

Stuart-Smith et al 2019

Weilinghoff fc. 2023



- investigation of /i/, /u/ and /a/ in spontaneous
Glaswegian Scots from the Sounds of the City corpus

- data taken from 1970s and 2000s (diachronic
perspective of the SVLR), only male speakers

- Statistical analysis applies linear mixed-effects
modelling with a backward fitting procedure

- force-aligned speech data
Jane Stuart-Smith me On the tail of the Scottish Vowel

Length Rule in Glasgow 
(Rathcke and Stuart-Smith 2016)

The Present: Empirical studies in uncontrolled speech
Rathcke and Stuart-Smith (2016)

Andreas Weilinghoff 
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- SVLR applies most consistently in the vowels

- Anti-Voicing Effect reported by SPADE study (Stuart-Smith et al. 2019)

/i/
McClure 1977
McKenna 1988
McMahon 1991  
Hewlett et al. 1999  
Scobbie et al. 1999 
Watt & Ingham 2000
van Leyden 2002
Scobbie 2005
Pukli 2006
Llamas et al. 2011
Rathcke & Stuart-Smith 2016
Chevalier 2019
Stuart-Smith et al. 2019 

McClure 1977
McKenna 1988
Hewlett et al. 1999  
Scobbie et al. 1999 
Watt & Ingham 2000
Scobbie 2005
Pukli 2006
Llamas et al. 2011
Rathcke & Stuart-Smith 2016
Chevalier 2019
Stuart-Smith et al. 2019 

Agutter 1988 
McMahon 1991
Milroy 1995
Scobbie et al. 1999 Watt & 
Ingham 2000
Pukli 2006
Llamas et al. 2011 

/u/ /aɪ/

Previous findings

Andreas Weilinghoff 
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 geographical scope of the SVLR? 
(e.g. McClure 1977 | Aitken 1981) vs. (Lodge 1984 | Agutter 1988 | Watt & Yurkova 2007 | Warren 2018)

 age-related variation? 
(Agutter 1988 | Milroy 1995 | Watt and Ingham 2000 | Warren 2018) vs. (Scobbie et al. 1999; Llamas et al. 2011)

 gender-related variation? 
(Agutter 1988 | Watt and Ingham 2000 | Stuart-Smith and Rathcke 2016; Chevalier 2019)

 SVLR in naturally spoken SSE?   emerging VE patterns in SSE?

Previous findings – remaining issues
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PhD thesis



RQ1: Which vowels are affected by Aitken’s Law / the VE in 21st century spoken SSE?

RQ2: What is the effect of regional, age- and gender-related variation on Aitken’s Law / the VE in 21st

century spoken SSE?

RQ3: Which prosodic factors have an influence on Aitken’s Law / the VE in 21st century spoken SSE?

 all vowels of the Basic Scottish Vowel System (Abercrombie 1979)

 representativeness for the whole of the country in terms of age, gender and regional background

 accounting for all possible prosodic factors, implementing scripted and unscripted speech

PhD Project – RQs and aims

Andreas Weilinghoff 
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 Two data sources:                                                 +

- 130 (64 f) speakers from 3 age groups & 6 dialect regions

 150995 words

(Schützler et al. 2017)

ICE Scotland

Variable Level Number of words 

Regional 
background

East-Mid 27199
HHE 23604

Insular 26147
Northeast 18007

South 24412
West-Mid 31626

Gender female 67726
male 83269

Age group
old (60+) 33165

middle (31-60) 94683
young (18-30) 23147

Style scripted 85044
unscripted 65951

Total 150995

Self-collected data

PhD Project – Dataset

Andreas Weilinghoff 
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- How to precisely measure the vocalic durations?

- What should be the transcription format?

- How to identify the vowels and postvocalic contexts?

- How to account for all relevant segmental and suprasegmental factors?

- How to analyse the data? 

Large speech dataset

PhD Project – Data preparation

Andreas Weilinghoff 
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Solution: 
Human          +         Technology

Transcription software: 

Praat ELAN

Forced aligners:

WebMAUS MFA 2.0

Data preparation

Python R

Statistical analysis

R

Other tools:
Watson STT

ProsoBox

PhD Project – Data preparation

Andreas Weilinghoff 
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https://clarin.phonetik.uni-muenchen.de/BASWebServices/interface
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Semi-automatic data 
preparation using 
Praat (Boersma and Weenink 2019) and 
Python (Python Software Foundation 2022) 

scripts with the textgrids
library (Nieminen 2019)

- deletion of idealized 
transcription tier

- boundary alignment
- creation of utterance tier 

and phoneme code tier
- syllable and word stress 

information 
implementation via 
WebMAUS (Kisler et al. 2017)

Step 1:

Praat Python

- Creation of syllable 
structure tier

- Creation of syllable 
position tier

- implementation of word 
stress tier based on the 
stress symbols retrieved 
from WebMAUS (Kisler et al. 2017)

Step 2:

- Identification of accented 
and nuclear stressed 
syllables with the Praat
Plugin Prosobox (Goldman and 

Simon 2020) and 
implementation into 
prosodic stress tier

Step 3:

- conversion into .csv 
format (one line each 
phoneme) and extraction 
of duration, phonemic 
context, number of 
phones in syllable and 
number of syllables in 
word, SVLR and VE 
contexts

Step 4:
datas

et
file

name
phone
label

phone
xmin

phone
xmax

phone
duration

phone 
code

syl
structur

e

syl
label

+ other 
columns

ICE btal_10 m 1.433 1.495 0.062 C CVC mEm …

ICE btal_10 E 1.495 1.550 0.05 V CVC mEm …

ICE btal_10 m 1.550 1.647 0.097 C CVC mEm …

ICE btal_10 b 1.647 1.664 0.017 C CVC b@z …

ICE btal_10 @ 1.664 1.694 0.03 V CVC b@z …

ICE btal_10 z 1.694 1.772 0.078 C CVC b@z …

ICE btal_10 @ 1.772 1.79 0.018 V VC @v …

ICE btal_10 v 1.79 1.824 0.034 C VC @v …

ICE btal_10 D 1.824 1.85 0.026 C CV D@ …

ICE btal_10 @ 1.85 1.882 0.032 V CV D@ …

ICE btal_10 s 1.882 1.959 0.077 C CCV skO …

ICE btal_10 k 1.959 2.037 0.078 C CCV skO …

+ 
other 
rows

… … … … … … … … …

- adding of relevant 
sociodemographic data in 
R (R Core Team 2021) 

- proper noun, function 
word and weak form 
identification

- lexical frequency count 
from SUBTLEX-UK (van Heuven
et al. 2014)

- morphological parsing 
information from CELEX 
(Baayen et al. 1995)

- calculation of articulation 
rate 

Step 5:

R

PhD Project – Data preparation
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- Broad orthographic 
utterance transcription via 
ELAN

- Forced-alignment with 
WebMAUS (Kisler et al. 2017) and 
MFA 2.0 (McAuliffe et al. 2017)

Syllable and word stress 
information via WebMAUS

Stronger alignment via MFA 2.0 
(Gonzalez et al. 2020)

Algorithm adapting the 
WebMAUS boundaries to the 
stronger MFA 2.0 alignment 

Step 1:

MFA 2.0

WebMAUS

WebMAUS MFA 2.0

ELAN

Praat Python R

- identical to the data 
preparation procedure of 
ICE Scotland

Subsequent steps:

PhD Project – Own data preparation

https://clarin.phonetik.uni-muenchen.de/BASWebServices/interface
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- Linear mixed effects modelling on log-transformed vowel duration with
lme4 and lmerTest packages (Bates et al., 2015; Kuznetsova et al., 2017)

Random factors: speaker, word 
Fixed factors: SVLR / VE categorization, phrasal position, stress, word frequency, local articulation rate, 
syllable phone count, word syllable count, style, age, gender, region  + all possible interactions

 stepwise regression with backward selection (AIC | R2) & subsampling technique PrInDT for automatic 
model generation for the sample including all vowels (Weihs & Buschfeld 2021; Weihs & Weilinghoff forthcoming)

- vowels analyzed collectively and independently; different models for different 
SVLR and VE classification schemes  avoid collinearity

PhD Project – statistical analysis
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Vowel(s) Lexical Set Type Tokens
Mean 

duration 
(ms)

Standard 
deviation 

(ms)
/ɪ/ KIT Short monophthong 44382 64.71 41.14
/ʌ/ STRUT Short monophthong 6467 71.72 35.70
/ɛ/ DRESS Short monophthong 13714 91.76 47.27
/u/ GOOSE Long monophthong 6351 92.33 55.55
/i/ FLEECE Long monophthong 9146 100.42 53.91
/ɔ/ THOUGHT Long monophthong 7762 112.64 55.79

/ʌʊ/ MOUTH Diphthong 9394 114.90 56.95
/e/ FACE Long monophthong 6708 113.00 57.34
/o/ GOAT Long monophthong 10868 119.10 70.32
/a/ CAT Long monophthong 2992 119.71 51.23

/ʌɪ/  /ae/ PRICE Diphthong 9540 125.02 60.52
/ɔe/ CHOICE Diphthong 480 140.74 59.09

Findings – vowel overview
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Phonological 
SVLR:

freeze vs. feed

Moprhological SVLR:
agreed vs. greed

VE
feed vs. feet

Findings – all vowels
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# pre-pausal / phrase-final 
lengthening

# nuclear stress # the faster the speech, the
shorter the vowels

# the older the speaker, the
slower the speech

Findings – all vowels
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# intrasyllabic compression? # polysyllabic
shortening?

# word category effects? # word frequency effects?

Findings – all vowels
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# extralinguistic variables?

Findings – all vowels
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Lexical Set Vowel(s) Aitken’s (1981) SVLR 
status

Phon 
SVLR Morph SVLR VE VE (plosive 

contexts)
Highest 
cond. R2 Other important observation

KIT /ɪ/ no no no no no 0.36 shortest before nasals
STRUT /ʌ/ no no no opposite opposite 0.42 shortest before nasals, anti-VE
DRESS /ɛ/ yes opposite no opposite no 0.42 shortest before voiced fricatives

GOOSE /u/ yes yes yes yes no 0.40 VE1 significant but not VE2; shortest 
before nasals

FLEECE /i/ yes yes yes yes yes 0.49 shortest before nasals
THOUGHT /ɔ/ regional variation weak weak opposite no 0.53 shortest before nasals; anti-VE

FACE /e/ yes yes yes yes yes 0.49 shortest before laterals

GOAT /o/ regional variation yes yes yes yes 0.41 shortest before voiceless fricatives

CAT /a/ yes no weak no yes 0.48 shortest before voiced fricatives
MOUTH /ʌʊ/ yes yes no opposite no 0.47 shortest before nasals

PRICE /ʌɪ/  /ae/ yes yes yes yes yes 0.46 shortest before voiceless fricatives

CHOICE /ɔe/ yes / regional 
variation no no opposite unclear 0.61 shortest before nasals

Findings – individual vowels
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- consistent SVLR patterns in GOOSE, FLEECE, PRICE, FACE, GOAT 
(/u/, /i/, /aɪ/, /e/ and /o/)

- Aitken’s Law does not operate in KIT, STRUT, DRESS, THOUGHT or CHOICE 
(/ɪ/ /ʌ/ /ɛ/ /ɔ/ /ɔe/)

- SVLR patterns less stable in the Highlands and Southern Scotland

- weak influence of age and genders

Findings – individual vowels
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- all vowels are significantly influenced by tempo, stress and phrasal position

- strong interactions between Aitken‘s Law and the factors stress and phrasal position

 SVLR is amplified in prominent prosodic contexts

- Anti-voicing effect (Stuart-Smith et al. 2019) found in STRUT, DRESS, THOUGHT, MOUTH, CHOICE

 strong shortening before nasals

Findings – individual vowels
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- SVLR operates in 21st century Scottish Standard English

 stable across genders and age groups

 slight regional differentiation (weaker in Highlands and South)

 Relatively stable phenomenon across
GOOSE, FLEECE, PRICE, FACE, GOAT

 Strong shortening before nasals

Percentage of population born in England

Discussion
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- Strong influence of prosodic factors

 General patterns than can be observed in controlled speech are heavily influenced by
prosody in spontaneous speech

- Anti-Voicing effect corroborated in many vowels

 contradicts established phonological classifications (House and Fairbanks 1953)

Vowel durational patterns differ in controlled and uncontrolled speech settings.

Discussion
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Tech Demonstration



Basic architecture of ASR systems 

(Yu and Deng 2015:  4)
I n @ w i k @ n d i S @ n

Acoustic model Language model

inner week condition

in a weak condition

in a week condition
More info

Andreas Weilinghoff 
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Conventional Automatic Speech Recognition
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... the higher the audio quality

… the better
... the more structured the speech

... the more ‘standard‘ the speech

... the less speakers involved
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ASR Performance

(Jurafsky and Martin 2023: 331)
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Waveform

Spectogram

Broad transcription

Forced
aligner

G2P conversion

Acoustic model

The automatic
identification and  
segmentation of
phones based on the
input audio and a 
corresponding broad
transcription.

Forced alignment
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- ‚state-of-the-art‘ commercial ASR service

- in-time and long sound file speech recognition possible

- relatively good timestamps and word alignment

- different language models for AusE, BrE and AmEIBM 2022

Example: IBM Watson on two sound files

Andreas Weilinghoff 
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Testfile 1 Testfile 2

My python script for
Watson STT
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A possible future?
The increasing strength of AI
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Current breakthroughs in speech recognition
Conventional speech recognition architecture:

End-to-end speech recognition:

Acoustic model Language model

Output words

Filtering and 
feature 

extraction Pronunciation
dictionary

Hypothesis 
search

Speech input (Yu and Deng 2015:  4)

Output words

Filtering and 
feature 

extraction
ENCODER

Speech input (Jurafsky and Martin 
2023:  336 f.)

DECODER



- Latest and arguably strongest research ASR model
(Radford et al. 2022: 9)

- End-to-end architecture with encoder and decoder blocks

- trained on 680,000 hours of speech, unsupervised learning

- free and open source models
(larger model = better accuracy but slower performance)

- Multilingual ASR in 96 languages, machine translation to
English, punctuation and capitalization

Radford et al. 2022

Example: OpenAI Whisper

Andreas Weilinghoff 
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My python script for
OpenAI Whisper



Radford et al. 2022

Example: OpenAI Whisper

Andreas Weilinghoff 
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My python script for
OpenAI Whisper



Radford et al. 2022

Example: OpenAI Whisper

Andreas Weilinghoff 
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My python script for
OpenAI Whisper

Testfile 2 Scouse Swiss






 Transcription work will become much easier in the near future

 Speech recognition, machine translation, grammar checkers and chatbot services (e.g. ChatGPT) 
will become much stronger in the near future powerful tools

 Great potential for data preparation and data processing

 Reevaluation of written/digital university examinations
(e.g. term papers, essays, translation work, etc.)

Looking ahead and implications for research and teaching

Andreas Weilinghoff 
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