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Coarticulation resistance
guantification in several Scottish
English phonemes
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This study

e quantified the extent to which several
Scottish English phonemes coarticulate
with neighbouring sounds

e tongue contours of the same phoneme
In different phonetic contexts

* the extent to which the tongue posture
differed across contexts — a phoneme's
susceptibility to coarticulation
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Background

e most previous research along these lines
— within the theory of

COARTICULATION RESISTANCE
(Bladon & Al-Bamerni, 1976):

 measuring the extent to which a sound
retains its phonetic character across
different environments
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Background

e Quantifying Coarticulation Resistance (CR):
Degree of Articulatory Constraint model
(Recasens et al. 1997; Recasens 2002, 2004)

 CR value of a sound — degree of tongue
dorsum constraint during Iits production

e three CR values (min to max constraint)
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Background
* Intermediate CR value - tongue dorsum
iIndirectly involved: e.qg. /n/ and /a/
* whole tongue contour — different picture:

e alveolars — stricture at dentoalveolar
region, the rest of the tongue varies

e / /| —whole tongue constrained
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Background

e vOowels vs consonants: similar constraints
with respect to lingual coarticulation

e recent confirmation: an ultrasound study

 lingual CR of two Southern British
English phonemes, /t/ and / /

o [t/ significantly less resistant than / /
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AlmsS
e to quantify the extent to which tongue
surface outline during several Scottish
English consonants and vowels differs

according to the identity of the
neighbouring sound

e to compare V-on-C and C-on-V effects

e to suggest CR values for these
phonemes based directly on whole
tongue contour measurement
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Method

e ultrasound synchronised with acoustics

e dynamic imaging of the tongue surface,
synchronised with the audio sighal —
arguably the best data for measuring
lingual coarticulation

* whole tongue contour data particularly
valuable when visualising vowels
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Data collection

e 2 subjects, Standard Scottish English
o Stimuli: /C,V #C,V,/ e.qg. /ki#ki/
e.g. “My brother Keigh keeps his secrets”
» /V,#C,/ sequence — target for analysis
Consonants: /p, f, t, s, k, |, 1/
Vowels: /a, I/
e 5 repetitions of each sentence
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Data collection

e Concept M6 Digital Ultrasonic Diagnostic
Imaging System

 electronic endocavity transducer type
65EC10EA, sector of 120 degrees

 transducer frequency 6.5 MHz

o frame rate: 30 frames per second

o “Articulate Assistant Advanced” 2.05
* Audiotechnica ATM10a microphone
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e.g.
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Analysis

e 2 frames from each VC sequence:
mid-V and mid-C (mid-closure for stops)
 gridline superimposed on US screen
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Analysis

e Each curve defined as a series of xy
poINts

e Imported into Matlab



Nearest neighbour distance:
the shortest distance from
the given point on curve A

to curve B




Nearest neighbour distance:
the shortest distance from

the given point

to curve B




Nearest neighbour distance:
the shortest distance from

tgggh/%point

to(curve
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Analysis

e nearest neighbour calculations for

comparing sets of curves

Nearest neighbour distances to curve B
calculated for each point on curve A;

The mean of Nearest neighbour
distances is the measure of the distance

between the two curves



/t/ from /it/
/t/ from /at/

AcCross-context
variation

Within-context
O ™ variation

O



/t/ from /it/
/t/ from /at/

ACross-context:

25 mean NN distances



/t/ from /it/
/t/ from /at/

Within-context:

O

O 10 mean NN distances



/t/ from /it/
/t/ from /at/

One-Way

Univariate
ANOVA 1 across-context
(25 NN distances)
O " 2 within-context (10 NN

O distances in each set)



Hypotheses

e V-on-Ceffect(Cin/C/vsCin/ C/)

e C-on-V effect (V In a pair of consonant
environments)

e V-on-C greater than C-on-V
(different constraints for V and C production)



Analysis

e V-on-C effect — 7 different consonants: /p, f, t,
s, k, |, r/; context: /a/-/l/

e C-on-V effect — 2 vowels: /a, I/; contexts: 21
different consonant pairs

Effect size = across-context distance



Results

V-on-C coarticulation



V-on-C coarticulation

p 13.38 t 761

C from /iC/
C from /aC/

12.64 6.74 S



V-on-C coarticulation

C from /iC/
C from /aC/

6.19 1093 I

significant V-on-C

effect for all the

consonants in both
2.2 subjects (p < 0.001)



V-on-C

S1 S2
13.38  |abials most 9.29
* 1064  affected ™ 3 03
* *
10.93 /f\ 7 75
927 avg-~38.5mm /;\ 7 50
7.61 \s/ 7.40
6.74 |/ 6.96
/k/ least N
6.19 « affected =~ k  4.68



Results

C-on-V coarticulation



S1,/al| S2,/al| S1, /il | S2, /il
Ip—1f/ | 0.94 — — —
Ip—-t/ | 1.32 - 1.27 —
If—t/ 1.23 - - —
Ip-s/ | 1.10 - 1.56 -
ff—sl | 1.24 | 1.20 | 1.09 | 1.11
It—s/ | 1.16 - 1.00 —
lp—-kl | 223 | 225 | 1.70 —
If—klI | 256 | 2.53 - —
It—kl | 242 | 2.47 - —
Is—kl | 252 | 1.95 — 1.28
Ip =1/ 1.57 1.73 2.61 2.50
ff—1/ 1.20 | 1.86 | 2.05 | 2.56
It—1/ 1.36 | 1.55 | 1.90 | 2.26
Is—I/ | 1.20 - 1.46 | 2.18
k=1 | 3.06 | 1.98 | 1.93 | 2.46
Ip—rl | 1.20 - 2.29 —
If—rl 1.45 - 1.92 | 1.75
It—rl — — 1.88 | 1.80
Is—r/ | 1.15 — 1.80 | 1.98
k=1l | 207 | 227 | 241 | 1.85
IN—rl 1.73 | 140 | 3.04 | 2.12

C-on-V coarticulation

e smaller than V-on-C

(avg ~ 1.8 mm)



S1,/al| S2,/al| S1, /il | S2, /il
Ip—1f/ | 0.94 — — —
Ip—-t/ | 1.32 - 1.27 -
If—t/ 1.23 - - -
Ip-s/ | 1.10 - 1.56 -
ff—sl | 1.24 | 1.20 | 1.09 | 1.11
It—s/ | 1.16 - 1.00 —
lp—-kl | 223 | 225 | 1.70 —
If—klI | 256 | 2.53 - —
It—kl | 242 | 2.47 - —
Is—kl | 252 | 1.95 — 1.28
Ip =1/ 1.57 1.73 2.61 2.50
ff—1/ 1.20 | 1.86 | 2.05 | 2.56
It—1/ 1.36 | 1.55 | 1.90 | 2.26
Is—I/ | 1.20 - 1.46 | 2.18
k=1 | 3.06 | 1.98 | 1.93 | 2.46
Ip—rl | 1.20 - 2.29 -
If—rl 1.45 - 1.92 | 1.75
It—rl — — 1.88 | 1.80
Is—r/ | 1.15 — 1.80 | 1.98
k=1l | 207 | 227 | 241 | 1.85
IN—rl 1.73 | 140 | 3.04 | 2.12

C-on-V coarticulation

e sometimes no effect
(especially in consonant
contexts including labials)



S1,/al| S2,/al| S1, /il | S2, /il
Ip—1f/ | 0.94 — — —
Ip—-t/ | 1.32 - 1.27 —
If—t/ 1.23 - - —
Ip-s/ | 1.10 - 1.56 -
ff—sl | 1.24 | 1.20 | 1.09 | 1.11
It—s/ | 1.16 - 1.00 —
lp-kl | 223 | 225 | 1.70 —
If—klI | 256 | 2.53 - —
It—kl | 242 | 2.47 - —
Is—kl | 252 | 1.95 — 1.28
Ip =1/ 1.57 1.73 2.61 2.50
ff—1/ 1.20 | 1.86 | 2.05 | 2.56
It—1/ 1.36 | 1.55 | 1.90 | 2.26
Is—I/ | 1.20 - 1.46 | 2.18
k=1 | 3.06 [ 1.98 | 1.93 | 2.46
Ip—rl | 1.20 - 2.29 —
If—rl 1.45 - 1.92 | 1.75
It—rl — — 1.88 | 1.80
Is—r/ | 1.15 — 1.80 | 1.98
k=1l | 207 | 227 | 241 | 1.85
IN—rl 1.73 | 140 | 3.04 | 2.12

C-on-V coarticulation

e consonant pairs
iIncluding /k/ —
greatest effect on /a/



S1,/al| S2,/al| S1, /il | S2, /il
Ip—1f/ | 0.94 — — —
Ip—-t/ | 1.32 - 1.27 —
If—t/ 1.23 - - —
Ip-s/ | 1.10 - 1.56 -
ff—sl | 1.24 | 1.20 | 1.09 | 1.11
It—s/ | 1.16 - 1.00 —
lp—-kl | 223 | 225 | 1.70 —
If—klI | 256 | 2.53 - —
It—kl | 242 | 2.47 - —
Is—kl | 252 | 1.95 — 1.28
Ip =1/ 1.57 1.73 2.61 2.50
ff—1/ 1.20 | 1.86 | 2.05 | 2.56
It—1/ 1.36 | 1.55 [ 1.90 | 2.26
Is—I/ | 1.20 - 1.46 | 2.18
k=1 | 3.06 | 1.98 | 1.93 | 2.46
Ip—rl | 1.20 - 2.29 —
If—rl 1.45 - 1.92 | 1.75
It—rl — — 1.88 | 1.80
Is—r/ | 1.15 — 1.80 | 1.98
k=1l | 207 | 227 | 241 | 1.85
IN—rl 1.73 | 140 | 3.04 | 2.12

C-on-V coarticulation

e consonant pairs
iIncluding /I/ —
greatest effect on /i/



C-on-V coarticulation

a from /ak/

a from /al/

>1 3.06

| from /il/

| from /ip/

Sl 261

a from /ak/

a from /at/

S2 2.47

| from /il/

| from /if/

S2 2.56



Comparing V-on-C and C-on-V
coarticulation

V-on-C C-on-V
S 9.54 mm 1.74 mm
S2: 7.51 mm 1.96 mm

V-on-C greater than C-on-V, p < 0.001



Hypothesis 1 confirmed (V-on-C)
Hypothesis 2: C-on-V effect depends on C
Hypothesis 3 confirmed (V-on-C > C-on-V)



Quantifying coarticulation resistance

e coarticulation resistance — how little the
sound adapts to context

e adaptation to context — the distance
between the target sound and the two
different contexts

 [Imit of adaptability — the distance between
tongue positions of the two sounds
providing the conditioning environments



Measuring coarticulation resistance
_ (P-Rp+(Q-Ro)
P-Q

R — target sound; P and Q — conditioning
context phonemes

Formula: CRz

e NnuMerator — deviation from context

« denominator — limit of adaptability



CR of consonants



S1

CR of consonants

0.12
0.19
0.33
0.50
0.60
0.65
0.67

labials —
min CR

average
CR =0.49

Ikl — max CR

g
:

K

*

*

S2

0.35
0.36
0.49
0.53
0.59
0.59
0.92



CR of vowels



e Max=4.77
G Avg = 1.93>

e Higher CR
values In
pairs of
homorganic
consonants:

/sr, ts, pf, Ir,
tl, tr, sl/




Comparing CR In
consonants and vowels

consonants vowels
S1: 0.44 1.56
S2: 0.55 2.30

CR of vowels greater than CR of
consonants, p < 0.001



Discussion

* In our study, both V-on-C and C-on-V
significant effects were observed

e both vowels and consonants coarticulate

e consonants have a much greater potential
for coarticulation than vowels

e this Is not In Recasens’ CR classification



Discussion

e consonants vs vowels in speech
production theories — e.g., Ohman 1967;
Perkell 1969; Fowler 1980

o Keating et al. 1994: V-on-C significant,
C-on-V only a trend towards significance

e OUr results: consonants and vowels
affect each other



Discussion

 measuring CR — ratio — a way of
normalisation, allows for comparison
across speakers and groups of
speakers

e future work: children vs adults



Thank you!



