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R 3 Ways
Capturing variability in word-
final /r/ in Scottish English
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Word-final /r/ In
Scottish English,
e.g.car
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e.g. Grant 1931, Johnston 1997,
Jauriberryet al 2015, Meer et al 2021



https://www.deadlinenews.co.uk/wp-content/uploads/2012/05/Sunny-Scotland-1.jpg

Word-final /r/ In
Scottish English,
e.g.car
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Mather & Speite] 1986
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Word-final /r/ In
Scottish English,
e.g.car

LJZ2 a

retroflex w -

uns/S0/2T0Z/speojan/iusquoTM/HN 03 SMmauaul|pesp MMMW//:SaNY

Y5 § 10
working (?new) middle
class class

e.g. Lawson/Stuarmith 2017
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Scottish word-final /r/

acoustic (F3)  articulatory
higher value

A F LIAOFE GNAREf kO

dz&ddzf | NJ w= 8

LI2adGFf gS2f 1 NJ w

NEGNRTESE - 6

v

lower value
Lawson et al (2018);

Lawson/StuadSmith (2021)



Scottish word-final /r/

auditory acoustic (F3)  articulatory
higher value

) A FLIAOIFf G L) oL8
WgSIk 1 Q

dz&ddzf | NJ w= 8

LI2adGFf gS2f 1 NJ w

NEGNRTESE - 6

WéGNEVHQV

lower value

Lawson et al (2018);
Lawson/StuadSmith (2021)



How are the acoustics of Scottish wdmal /r/
Influenced by:

o linguistic factors?
0 social factors (gender, dialect, ethnicity)?
0 time?
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Scottish Dialect
(from 12 corpora)

SPADE

Highlands & Islands (from 1 corpus)

(from 3 corpora) 8- 2m. 6f: Northern

(from 4 corpora)

24: 14m, 10f;
6270bs 1680bs gy 8L 37m, 44f; 1048bs
4 A “) (, \?
West Central % vA Q East Central
(from 7 corpora) y i (from 3 corpora)
304: 128m, 176f; 18186bs | ¢ ' 88: 37m, 51f 1728bs
| w L/ \)X\%
Standard Scottish English Southern
(from 5 corpora) (from 4 corpora)
173: 101m, 72f; 4156bs 33: 18m, 15f; 1502bs

711 speakers

36,845 observations  htps://spade.glasgow.ac.uk/thepadeconsortium/
275 unique words www.google.com/maps/



https://spade.glasgow.ac.uk/the-spade-consortium/

Scottish Dialect

(from 12 corpora)

SPADE

; Insular
Highlands & Islands (from 1 corpus)
(from 3 corpora) 8: 2m. 6f Northern
24 14m, 10f; 1680bs (fr(?m 4 corp?ra)
6270bs it 81: 37m, 44f; 1048dbs
/| East Central

West Central Ethnicity ¢ ?
y 9 (from 3 corpora)

(from 7 corpora) e
304: 128m, 176f; 18186bs | ' \“57 88: 37m, 51f; 1728bs
v. SietY.

Standard Scottish Englis Southern
(from 5 corpora) (from 4 corpora)
173: 101m, 72f; 4156bs 33: 18m, 15f; 1502bs

711 speakers

36,845 observations  hitns://spade.glasgow.ac.uk/thepadeconsortium/
275 unique words www.google.com/maps/
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Acoustic analysis

Aall instances of wordinal /r/ > 49ms

A21-point formant tracks of segmented /r/:
F1, F2[3; B1, B2, B3

Aremoved young children
Aremoved words with following /r | w/

Apruned likely erroneous measures with
reference to max/min haneneasured formants
Lawson et al (2018)

U 36,845tokens from 711 speakers
U (275 unique words)
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Linear mixed effects modelling

A KO, k1 andk2 DCT coefficients
Fixed factors:

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

A Stress (e.gcarvsbetter), Following context
(e.g.car #, car could, car ahd

A Gender; Dialect; Decade of Birth
A all possible interactions
Random intercepts: Word and Speaker



Linear mixed effects modelling

mean
A KO, k1 andk2 DCT coefficients

Fixed factors:

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

A Stress (e.gcarvsbetter), Following context
(e.g.car #, car could, car ahd

A Gender; Dialect; Decade of Birth
A all possible interactions
Random intercepts: Word and Speaker



GAMMs (so far)

split dataset into males and females
s(timepoint) + s(timepoint, by=
A (log)Duration

A Stress (e.gcarvsbetter), Following context
(e.g.car #, car could, car ahd

A Dialect; Decade of Birth

A Ethnicity (just Glasgow speakers)
no interactions

Random smooths: Word and Speaker
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Stress and gender— mean

— car
— Detter

3000 -

00000

female male

overall, females show higher mean F3 than males
unstressed /r/ is a little higher



Stress and gender - DCT

Female F3 Male F3
—Car

— Dbetter

frequency (Hz)
2000 2200 2400 2600 2800 3000
frequency (Hz)

2000 2200 2400 2600 2800 300(

| —v
| | | | | | | | | |
0 5 10 15 20 0 5 10 15 20

timepoint timepoint

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



Stress and gender - GAMM

female male

3000

2800+

26001 ref level =

| \\/ M phrasefinal

West Central Scotland
1980-2000

F3 (Hz)

2200+

2000+

00 02 04 06 08 1000 02 04 06 08 1.0
time

closer up-> unstressed higher across whole trajectory
In female speakers, who show lower F3 than males)
(? approximant/bunching)



Dialect variation - mean

AMeet the SPADE Shiny App!

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

SPADE

SPeech Across Dialects of English


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

Dialect variation - DCT

Stressed, e.qar

—  \West Central
—— East Central

frequency (Hz)
l

2000 2200 2400 2600 2800 3000

|
0 5 10 15 20

timepoint

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



Dialect variation - DCT

Stressed, e.qar

West Central
East Central

South
— — Highland/Island
—— Insular

frequency (Hz)

2000 2200 2400 2600 2800 3000

|
0 5 10 15 20

timepoint

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




Dialect variation - DCT

Stressed, e.qar

West Central
East Central

£ g South
2 — — Highland/Island
s § 11—V — —— Insular

| —— North

2000 2200 2400 2600 2800 3000

|
0 5 10 15 20

timepoint

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



Dialect variation - DCT

Stressed, e.qar

West Central
East Central

South
———— Highland/Island

Insular

|

frequency (Hz)

|

— North

2000 2200 2400 2600 2800 3000

Scottish
- Standard
English

|
0 5 10 15 20

timepoint

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



Dialect variation - GAMM

female male

30001

2800+ West Central
East Central

| | South
\/ Highland/Island

2600 A

2400 A

— Insular
ref level =
22001 — NOI’th
phrasefinal
stressed Scottish
19802000 OO0 - Standard
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0 .
time English

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



Ethnicity in Glasgow T acotioh Polish

—  Glaswasian

— 000+
—] 800+

— 6001

\/ \ N

] 000+

! ! ! ! ! 00 02 04 06 08 10

0 5 10 15 20 fime

Scottish Polish speakers pattern with Glasgow
Glaswasiad LIS { SNA &aK2g OSNE

frequency (Hz)

2000 2200 2400 2600 2800 3000




Decade of Birth and gender - mean

3500 -

OOOOO

§ Gender
o 2 | N female
L - male
3

1850 1900 1950 2000

female speakers lead a shift to lower F3 in 1980s



Decade of Birth and gender - DCT

Female F3 Male F3
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timepoint timepoint

female speakers at earliest period show higher F3



Gender and Decade of Birth - DCT

Female F3 Male F35

— 18301900
— 191061940

|
frequency (Hz)

frequency (Hz)

2000 2200 2400 2600 2800 3000

|

2000 2200 2400 2600 2800 3000
|

timepoint timepoint

male trajectory during/after World War | rises



Gender and Decade of Birth - DCT

Female F3 Male F33

S S —— 18301900

g | g —— 19101940
O O — 19501970
= é _\/ < § ]
- & \\/ > o
o S | % S _y

§ i | [ | [ ‘8\' i [ [ [ [

timepoint timepoint

pattern remains similar after World War |l



Gender and Decade of Birth - DCT

Female F3 Male F_33

— 18301900
— 191061940
— 195061970
— 198062000

frequency (Hz)

|
|

2000 2200 2400 2600 2800 3000
L |
frequency (Hz)
2000 2200 2400 2600 2800 3000
l

| | | I I I
0 5 10 15 20 0 5 10 15 20

timepoint timepoint

female speakers drop substantially and trajectory dips
O Ko dzy OKS |



Decade of Birth and gender - GAMM

female

3000+

2800+ — 1830-1900
— 19101940
d 970
) : z — 19802000
ref level = - 2400+ \/
u
phrasefinal oo
stressed

West Central

2000 1

00 02 04 06 08 1000 02 04 06 08 10
time

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



Scaling up Scottish word-final /r/

At E ydzYoSNJ 2F &LIJSI { SN& X
Alncreased coverage for regional and ethnic variation

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

A stress ~ auditory strengthening/weakening of rhotic



Scaling up Scottish word-final /r/

At E ydzYoSNJ 2F &LISI { SN& X
Alncreased coverage for regional and ethnic variation

-> confirmed acoustic patterns for regional/social
factors

ACentral dialects group togetherwith Standard
Scottish EnglisQ and differ from more
geographically peripheral dialects

ANorthern dialect emerges as distinct
AVariation by ethnicity in Glasgow



Scaling up Scottish word-final /r/

At E ydzYoSNJ 2F &LIJSI { SN& X
Alncreased coverage for regional and ethnic variation

-> confirmed acoustic change in /r/ over®26entury:
Afrom early 1980s, female speakers lead change
cfrise of the New Middle ClagBickson/HalLew 2017)



Scottish /r/
3 Ways?

-----



Thank you!

Thanks to Wolf Fruh for help with DCT
Marton Soskuthy/Stefano Correta/Morgan
Sonderegger for help with GAMMSs

Jetf Mielke, Natasha and Lynsey for Shiny App
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