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Word-final /r/ in 
Scottish English, 
e.g. car
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Word-final /r/ in 
Scottish English, 
e.g. car

ǘǊƛƭƭǎκǘŀǇǎ ώǊϐ ώ∟ϐ
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retroflex ώ∙ϐ

ΨǿŜŀƪΩ           ΨǎǘǊƻƴƎΩ
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e.g. Lawson/Stuart-Smith 2017
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Scottish word-final /r/ 

ŀǇƛŎŀƭ ǘǊƛƭƭκǘŀǇ ώǊϐ ώ∟ϐ
ǳǾǳƭŀǊ ώ≈ϐ

ǇƻǎǘŀƭǾŜƻƭŀǊ ώ−ϐ

ǊŜǘǊƻŦƭŜȄ ώ∙ϐ

ōǳƴŎƘŜŘ ΨǊΩ

acoustic (F3)       articulatory   
higher value

lower value
Lawson et al (2018);  
Lawson/Stuart-Smith (2021)



Scottish word-final /r/ 

ŀǇƛŎŀƭ ǘŀǇ ώ∟ϐ
ǳǾǳƭŀǊ ώ≈ϐ

ǇƻǎǘŀƭǾŜƻƭŀǊ ώ−ϐ

ǊŜǘǊƻŦƭŜȄ ώ∙ϐ

ōǳƴŎƘŜŘ ΨǊΩ

ΨǿŜŀƪΩ

ΨǎǘǊƻƴƎΩ

auditory           acoustic (F3)       articulatory   
higher value

lower value
Lawson et al (2018);  
Lawson/Stuart-Smith (2021)



How are the acoustics of Scottish word-final /r/ 
influenced by:

o linguistic factors?

o social factors (gender, dialect, ethnicity)?

o time?



Method



West Central    
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Acoustic analysis

Åall instances of word-final /r/ > 49ms

Å21-point formant tracks of segmented /r/:      
F1, F2, F3; B1, B2, B3

Åremoved young children 

Åremoved words with following /r l w/

Åpruned likely erroneous measures with 
reference to max/min hand-measured formants 
Lawson et al (2018)

ü 36,845tokens from 711 speakers
ü (275 unique words)



ΨǿƛǘƘ ǘƘŜ ŘƻƻrŀƴŘΩ(Edinburgh woman)



ΨǿƛǘƘ ǘƘŜ ŘƻƻrŀƴŘΩ(Edinburgh woman)

F3



mean 
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ΨǎǘŀǘƛŎΩ
single point

Soskuthy (2021)
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mean 
2,474 Hz

ΨǎǘŀǘƛŎΩ
single point

Discrete Cosine 
Transformation DCT
ΨŘȅƴŀƳƛŎΩ ςset of 
fixed reference 
points

Soskuthy (2021)

Generalized Additive (Mixed) Model GA(M)M
ΨŘȅƴŀƳƛŎΩ ςset of flexible reference points



Linear mixed effects modelling

Å k0, k1 andk2 DCT coefficients

Fixed factors: 

Å speech Rate (deviation from mean), 
(log)Duration, (log word)Frequency

ÅStress (e.g. car vsbetter), Following context         
(e.g. car #, car could, car and)  

ÅGender; Dialect; Decade of Birth

Å all possible interactions

Random intercepts: Word and Speaker



Linear mixed effects modelling

Å k0, k1 andk2 DCT coefficients

Fixed factors: 

Å speech Rate (deviation from mean), 
(log)Duration, (log word)Frequency

ÅStress (e.g. car vsbetter), Following context         
(e.g. car #, car could, car and)  

ÅGender; Dialect; Decade of Birth

Å all possible interactions

Random intercepts: Word and Speaker

mean



GAMMs (so far)

split dataset into males and females

s(timepoint) + s(timepoint, by=

Å (log)Duration

ÅStress (e.g. car vsbetter), Following context         
(e.g. car #, car could, car and)  

ÅDialect; Decade of Birth

ÅEthnicity (just Glasgow speakers)

no interactions

Random smooths: Word and Speaker



Results



Stress and gender– mean 
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overall, females show higher mean F3 than males
unstressed /r/ is a little higher



Stress and gender - DCT

Female F3                               Male F3
car
better

overall, unstressed /r/ has higher F3, shows more 
slope and more curvature



Stress and gender - GAMM

ref level = 

phrase-final
West Central Scotland
1980-2000

closer up -> unstressed higher across whole trajectory 
in female speakers, who show lower F3 than males)

(? approximant/bunching)



Dialect variation - mean

ÅMeet the SPADE Shiny App!

Åhttps://shiny.chass.ncsu.edu/spade/latest/

https://shiny.chass.ncsu.edu/spade/latest/


Dialect variation - DCT 

Stressed, e.g. car Unstressed , e.g. better

Central Belt speakers show similar trajectories         
East are flatter                              (~ weakening?)

West Central
East Central



Dialect variation - DCT

South and Highland/Island speakers show higher, 
dipping, trajectories                        (~ retroflexion/tap?)
Insular are high flat                               (~ tap/trill?) 

Stressed, e.g. car Unstressed , e.g. better

West Central
East Central

South
Highland/Island
Insular



Dialect variation - DCT

Stressed F3                        Unstressed F3Stressed, e.g. car Unstressed , e.g. better

West Central
East Central

South
Highland/Island
Insular

North

North lower, rising trajectory 
(~ different kind of retroflexion?)



Dialect variation - DCT

Stressed F3                        Unstressed F3Stressed, e.g. car Unstressed , e.g. better

West Central
East Central

South
Highland/Island
Insular

North

Scottish 
Standard 
English

Scottish Standard English looks like a dipping version 
of Central Belt                             (~ more approximant?)



Dialect variation - GAMM

West Central
East Central

South
Highland/Island
Insular

North

Scottish 
Standard 
English

female speakers show more variation by dialect than males
Northern speakers are distinct from other dialects

ref level = 

phrase-final
stressed
1980-2000



Ethnicity in Glasgow Glasgow
Scottish Polish
Glaswasian

Scottish Polish speakers pattern with Glasgow
GlaswasianǎǇŜŀƪŜǊǎ ǎƘƻǿ ǾŜǊȅ ƭƻǿ Cо       όϤ ōǳƴŎƘŜŘ ΨǊΩύ



Decade of  Birth and gender - mean
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1850          1900            1950            2000                  

female speakers lead a shift to lower F3 in 1980s                                



Decade of Birth and gender - DCT

1830-1900

Female F3                               Male F3
Female F3                               Male F3

female speakers at earliest period show higher F3



Gender and Decade of Birth - DCT

1830-1900
1910-1940

Female F3                               Male F3Female F3                               Male F3

male trajectory during/after World War I rises



Gender and Decade of Birth - DCT

Female F3                               Male F3

1830-1900
1910-1940
1950-1970

Female F3                               Male F3

pattern remains similar after World War II



Gender and Decade of Birth - DCT

Female F3                               Male F3Female F3                               Male F3

female speakers drop substantially and trajectory dips               
όΚōǳƴŎƘŜŘ ΨǊΩύ

1830-1900
1910-1940
1950-1970
1980-2000



Decade of Birth and gender - GAMM

1830-1900
1910-1940
1950-1970
1980-2000

confirms the shift in mean F3 and trajectory over time, 
and refines changes in trajectory shape 

ref level = 

phrase-final
stressed
West Central



Scaling up Scottish word-final /r/

Åт Ȅ ƴǳƳōŜǊ ƻŦ ǎǇŜŀƪŜǊǎΧ

ÅIncreased coverage for regional and ethnic variation

-> confirmed acoustic patterns for linguistic, 
regional/social factors

Åstress ~ auditory strengthening/weakening of rhotic 



Scaling up Scottish word-final /r/

Åт Ȅ ƴǳƳōŜǊ ƻŦ ǎǇŜŀƪŜǊǎΧ

ÅIncreased coverage for regional and ethnic variation

-> confirmed acoustic patterns for regional/social 
factors 

ÅCentral dialects group together ςwith Standard 
Scottish English ςand differ from more 
geographically peripheral dialects

ÅNorthern dialect emerges as distinct 

ÅVariation by ethnicity in Glasgow



Scaling up Scottish word-final /r/

Åт Ȅ ƴǳƳōŜǊ ƻŦ ǎǇŜŀƪŜǊǎΧ

ÅIncreased coverage for regional and ethnic variation

-> confirmed acoustic change in /r/ over 20th century:

Åfrom early 1980s, female speakers lead change

cf rise of the New Middle Class (Dickson/Hall-Lew 2017)



Scottish /r/  
3 Ways?



Thank you!

Thanks to Wolf Fruh for help with DCT
Marton Soskuthy/Stefano Correta/Morgan 
Sonderegger for help with GAMMs
Jeff Mielke, Natasha and Lynsey for Shiny App

http://spade.glasgow.ac.uk/

http://spade.glasgow.ac.uk/
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