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Text over timendspace

Google Books Ngram Viewer
Q, Japanese,Korean,Linguistics b4 @

1800 - 2019 ~ English (2019) ~ Case-Insensitive Smoothing -

0.0110% -
0.0100% -
0.0090% -
0.0080% -
0.0070% -
0.0060% -
0.0050% -
- Japanese
0.0040% -

0.0030% -

Korean
0.0000% - ‘ linguistics

I T I 1 I T T T T
1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

(click on line/label for focus)



Some big questions
A5 2Sa WoOyIfAaKQ LIK2YySOAOa

AWhy do the same sounds keep changing and being
used for social meaning, not others?

Ay It AAKY NK2UAOAGET kak O

A

A2 KId RSTAYSa I WaLISSOK C



Huge amounts of Scientific and/or
annotated speech professional user

SEAAUX _ uestions, e.g.
barriers . :

A $$ ££
A How variable

A Software FNBE W9y
sounds across

A Ethics space/time?

Goal: overcome barriers arstale upscientific
study of speech
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http://spade.glasgow.ac.uk/

SPADE

SPeech A s of English

Project goals

Softwarelargescale

speech analysis \
Research

l Q9y3af A&K

over time and
Datafrom ~40 datasey space

(socio)linguistic
surveys



https://spade.glasgow.ac.uk

Datasets the-spadeconsortium/

US and Canada

Ad44 collected: public/private, 4 countries, 115 years
A42 measured: ~8600 speakers, ~2200 hours


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

Ethics and credit

A For private datasetsthicscomplex:
GDPR + US laws

A Data Transfer Agreement
| data use In keeping with original permissions
A Credit
2 KSYy Ll2aarofsSy WYWeKS {t
I Always: cite individual datasets used
A Datasets of measures
I OSF repositonhttps://ostf.io/4|frm/
I Data Guardians



https://osf.io/4jfrm/

SPADE case studies

SibilantS Vowels:

Vowels:

Vowels:
Vowels:

https://spade.glasgow.ac.uk/newsutputs/


https://spade.glasgow.ac.uk/news-outputs/

SPADE case studies

SibilantS Vowels:

Vowels:

Vowels:
Vowels:

https://spade.glasgow.ac.uk/newsutputs/


https://spade.glasgow.ac.uk/news-outputs/

Case study

Highlands, Islands Northern
and Insular
i )/
Gl ’T'\"’),,' Q' Edinburgh/Standard
= 2 9 0 Scottish English
(3 N/ \/ S ”f
o elliZe0
South .
)

What (more) can be learned about Scottish
English using largecale speech corpus analysis?

www.google.com/maps/






Rhoticityin Scottish English

A{O200A4aK 9 ybtca>X@a K (&L
/r/ produced In e.gcar, card, betteqwels 1982)

A coda /r/ weakening began in late ©9
Century IN G'&SQOWtuartSmith/Lawson 2017)

A weak/absent /r/ now typical of workinglass
Central Belt speec3tuartsmith et al 2014)

A contrasts withauditorily-strong /r/ in middle
class speakersawson et al 2018)



Rhotican Scottish English

A taps and trills still used by older Scots
speakers, and between vowels in Scottish

Standard EngliSbohnston, 1997Jauriberryet al 2015;
Meer et al 2019)

AT LILINREAYFY(d w-86 &L
Standard English, and is spreading into
ScotSuohnston, 1997, Lawson et al 2013)

ANBIONRTESE -8 F2dzyR

Highland and Insular dialegt&iner &speite]
1986)



Acoustics of (Scottisimotics

Aapproximants show lowering/low F3
Ataps and trills show high/flat F3

Aweakened taps, alsovularisedvowels, show
high/rising F3Lawson et al 2018)



Research questions

AHow is Scottish worfinal /r/
iInfluenced by linguistic, social, and
dialectal factors?

Als Scottish English wofithal /r/
changing over time?



SPADE SCOTS corpus only (for nc

Highlands, Islands and Northern
Insular +{21:10m, 11f; 1208bs
15: 5m, 10f; 73bbs )
o Salalc
~ /' '|Edinburgh
Glasgow | fy@] -/ 31: 13m, 18f; 2126bs
25: 11m, 14f; 1612bs )
South
%? 12: 7/m, 5f; 138@®bs
\ \/ ( i/
| % | 7(\()
i \
104 speakers
Decades of birth: 7052 tokens
19101990

www.google.com/maps/



Integrated Speech CorpégNalysigISCAN)

McAuliffe et alProc.ICPh&019

Import guerying export
Datasets
Set of

(speech S Data file
corpora, ~> Database - linguistic - (CSV)

lexicons) objects

add measures & structure

Implementation
APython AP
AGraphical User Interface

Michael McAuliffe



Data analysis using Integrated
Speech CorpusNalysigISCAN)

Aformant tracks taken using ISCANmas et a
2019)

Aspeed of this scaledp automated analysis is
Impressive:
the 10'#hour SCOTS corpus took < 1 hour to
extract formant tracks for 10,477 tokens
from 135 speakers



Acoustic analysis

Aall instances of wordinal /r/ > 49ms

A21-point tracks of segmented /r/ for
F1, F2F3 B1, B2, B3

Aremoved likely erroneous measures with
reference to max/min hangneasured
fOrmantS(Lawson et al 2018)

U 7052 tokens from 104 speakers
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Discrete Cosine Transformation

(DCT)

A21-point F3 track compressed into three DCT
coefficients:

AF3KO, ref
AF3k1, ref

ecting theneanvalue for the track
ecting the degree and direction of the

slopeof the track

AF3k2, ref

ecting theurvature of the trajectory



. Discrete Cosine Transformation (D
Ir/ in door

door door
g 4

1
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L ]
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I
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F3 (Hz)

original F3 Hz track

|

500 1000 1500 2000 2500 3000

awk2:81Hz

0
I

time
door

T - - o— — _— —

F3 (Hz)

| DCT kO/k1/k3 DCT smoothed track

(over original Hz track)

0 500 1000 1500 2000 2500 3000
500 1000 1500 2000 2500 3000

0
I
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time



Linear mixed effectmnodellingof kO, k1, k2
DCT coefficientsn R

Fixed factors:

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

A Stress, Following context

A Gender; Dialect; Decade of Birth

A all possible interactions

Random intercepts: Word and Speaker
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F3: Following context and gender

Female Male
—car #

|

frequency (Hz)

2000 2200 2400 2600 2800 3000

_/

freq y (Hz)
2000 2200 2400 2600 2800 3000

0 5 10 15 20 0 5 10 15 20

timepoint timepoint

female speakers show higher mean F3 trajectory tha
males



F3: Following context and gender

frequency (Hz)
2000 2200 2400 2600 2800 3000

Female

0 5 10 15 20

timepoint

frequency (Hz)

2000 2200 2400 2600 2800 3000

Male

0 5 10 15 20

timepoint

— car#

- — = car could

rising F3 trajectory foprepausalndpreconsonantal

context



F3: Following context and gender

Female Male
8 S —_—car #
2 b
- — = carand
3 3
2 2 - .= carand
(9] o
$ 38 L 8
=~ & =~ &
(&) (@]
T o T o
35 o - o
g 3 g 3
o o
(=] o
o o
(o] (o]
o o
o o
o o
N o~
0 5 10 15 20 0 5 10 15 20

timepoint timepoint

but flatter trajectory for prevocalic context especially
for male speakers



F3: Following context and gender

Female Male
S 8 —_— car#
2 b
- — = carand
3 3
S - S - - .= carand
(9] (o]
$ 8 8
~ & =~ &
(8] [&]
T o T o
35 o _| 3 o _|
g 3 g 3
o o
o _| o _|
o N
(o] (o]
o o
o _] o _|
o o
™~ I | [ | [ N I I [ [ [
0 5 10 15 20 0 5 10 15 20
timepoint timepoint

U flattening of the F3 trajectory, if also high, Is
consistent with taps, and also with weakened,
and/or uvularised tap gestures



F3: Dialect area by stress and gende

Female Male

Stressed  _ :
e.g.car, g __———| Glasgow ——
door i .

T T I I I § I I T I I

0 5 10 15 20 0 5 10 15 20
Unstressed g
e.g.better - — o

0 5 10 15 20 ) 0 5 10 15 20

timepoint timepoint

Glasgow unstressed shows slightly flatter F3 trajectot



F3: Dialect area by stress and gende

Female Male
Stressed _ A
e.g.car, oo — 8 § e Glasgow ——
door i 1T Southern — . —
h T T [ I [ § [ | I [ [
0 5 10 15 20 0 5 10 15 20
Unstressed g
e.g.better — o
0 5 10 15 20 N 0 5 10 15 20
timepoint timepoint

Southern F3 trajectory low rising more for males than
females



F3: Dialect area by stress and gende

Female Male
Stressed 8
_’ﬁ o
e.g.car, S __/_;;_:/,____———— Glasgow ——
door e — Southern = =
T T T T T § T T T T T Northern —
0 5 10 15 20 0 5 10 15 20
Unstressed - g
e.g.better e 8
| ST/
0 5 10 15 20 N 0 5 10 15 20
timepoint timepoint

Northern males also show more low rising F3
trajectories than females



F3: Dialect area by stress and gende

Stressed
e.g.car,
door

Unstressed
e.g.better

timepoint

Female Male
b=
o0
™~
- (=]
o
g
o
b=
I T [ [ N [ | T [ [
0 5 10 15 20 0 5 10 15 20
o
— o
o0
(Y]
:—-/-‘:: o
- o
- <t
— — N
o
o
o
o~
0 5 10 15 20 0 5 10 15 20

timepoint

Glasgow
Southern = . =
Northern
Edinburgh . — —

Edinburgh males show higher, rising F3 trajectory tha
females, and males from other dialect areas



F3: Dialecarea by stress and gender

Female Male
Stressed ] o .
== -
€.g.cal, . g %— Glasgow = ——
door e — Southern — . —
| T T T 8 T T T T Northern ——
0 5 10 15 20 0 5 10 15 20 Edlnburgh o -
High/lslins ——
Unstressed A g -
e.g.better i r/‘é—-‘: .- =
=== S m—m—m—m
0 5 10 15 20 N 0 5 10 15 20
timepoint timepoint

HighlandislandHebrides females show higher F3
trajectories than females from other dialect areas



F3: Dialecarea by stress and gender

Female Male
Stressed ] o .
== -
€.g.cal, . g %— Glasgow = ——
door e — Southern — . —
| T T T 8 T T T T Northern ——
0 5 10 15 20 0 5 10 15 20 Edlnburgh o -
High/lslins ——
Unstressed A g -
e.g.better i r/‘é—-‘: .- =
=== S m—m—m—m
0 5 10 15 20 N 0 5 10 15 20
timepoint timepoint

U subtle differences in articulation by dialect
U and differentrhotic gestures arising from different
Implementation of stress by dialect



Decade of Birth and gender

F3

male F3

female F3

— 19101940

I

000€ 008C 009¢ O00vZ 002Z¢ 0002

(zH) Aouanbaly

000€ 008Z 009¢ 00¥C 002 0002
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15 20

10

15 20

10
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F3: Decade of Birth and gender

frequency (Hz)
2000 2200 2400 2600 2800 3000

female F3

|
\

\
frequency (Hz)

2000 2200 2400 2600 2800 3000

male F3

|

timepoint

— 19101940

- = = 19501970

Speakers born after World War |l show similar F3

trajectory to those born after World War |



F3: Decade of Birth and gender

female F3 male F3

— 19101940
- = = 19501970
- . = 19801990

frequency (Hz)
|
\
\
|
frequency (Hz)

|
\
\
\

2000 2200 2400 2600 2800 3000

2000 2200 2400 2600 2800 3000

timepoint timepoint

Speakers born most recently show lower/rising F3
trajectories, especially the females



F3: Decade of Birth and gender

female F3 male F3

— 19101940
- = = 19501970
- . = 19801990

|
\
frequency (Hz)

|

\

\

\

y
2000 2200 2400 2600 2800 3000

2000 2200 2400 2600 2800 3000

timepoint timepoint

U shift in Scottish English from trills/taps (higher F3)
more approximants (lower F3) over the century,
especially in females (Johnston 1997)



What do we learn (so far) from a
large corpus perspective on
Scottish Englisihotics?



