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Introduction

� Project on articulation of consonant 
sequences in Australian languages

� Electropalatography, aerometry, spectral 
anayses

� EPG corpus: Kune (1 speaker), Warlpiri (1 
speaker), Iwaidja (2 speakers)

� Warlpiri

Background

� Coarticulation  - “phonological segment is not 
realized identically in all environments but often 
apparently varies to become more like an adjacent 
of nearby segment” (Kühnhert & Nolan 1999:7)

� predominantly anticipatory in many languages, i.e. 
in a VC1#C2V sequence, place of articulation of C1
is more likely to be modified by  C2 than vice versa 
e.g. English: “fat boy” ����������� � 	��
������

� auditory explanation: C2 syllable-initial consonants 
more salient than C1 syllable-final consonants so 
they can  mask perceptually the C1 place of 
articulation ( e.g. Ohala and Kawasaki 1984, Ohala 
1990)

“Incomplete” vs complete assimilation

� Cambridge EPG experiments (e.g. Barry 
1991,Kerswill 1986, Wright and Kerswill 1989, 
Nolan 1992)  

� Place of articulation assimilation – anticipatory 
coarticulation /nk/ -> [� k]
“hand-grenade” vs “hang-glider”

“the road collapsed” vs “the rogue collapsed”
� Continuum of contact patterns at “assimilation 

sites” i.e. in syllable-final alveolars
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� Incomplete assimilations  - no evidence of 
complete alveolar closure, but sides of tongue 
make contact further forward along sides of the 
palate

� Greater extent of co-production (i.e. temporal co-
occurrence or overlap) of  dorsal gesture and 
tongue tip gestures at faster rates of speech

� Even extreme cases of alveolar-to-velar 
assimilation show some evidence of  the 
supposedly deleted alveolar - a residual tongue-tip 
gesture  

� Latter cases perceived by naïve listeners as 
different lexical item,  from items ending with “true 
velar” (Nolan 1992)
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“HAND-GRENADE”

n g

Velar gesture

Also..

� Similar results reported in EPG studies of 
German (Kühnert 1993), but to a much lesser 
extent in Russian (Barry 1992) – not as gradient 
across languages, not universal

� “discrete phonological modelling” of assimilation 
processes  (e.g. node switching) vs gestural
approaches

� Inter-speaker variability ( Ellis & Hardcastle
2002) and dialect variability (e.g. Wright and 
Kerswill 1989)

� What about other place of articulation 
combinations? 
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Carryover coarticulation or progressive 
assimilation

� (Dorso-) palatals exert prominent carryover 
coarticulatory effects - Recasens (2004) –
“highly resistant” consonants

� Coronals are also likely to be overtaken by 
dorso-palatals in Russian clusters (e.g. Barry 
1992)

� What would be likely to happen where palatals 
are NOT dorsal, but lamino-palatal in the case of 
Australian languages?

Australian languages

� Avoidance of synchronic anticipatory coarticulation, 
mirroring stability of coronal/peripheral sequences 
historically  - “Tolerance of heterorganic 
sequences” (see Evans 2006 for recent summary)

� “place of articulation” imperative (e.g Butcher 2006, 
Tabain et al. 2004) – i.e. “output constraints” –
restrictions on coarticulatory variation 

� Syllable onset position not so privileged in word 
and prosodic phrase initial contexts – sites for 
neutralization, or consonant loss – VC  is a 
“protected site”?

Examples from connected speech (after 
Butcher 2006)

� Heterorganic nasal + stop clusters in 
Australian languages in contemporary 
connected speech show no assimilation of 
place of articulation Warlpiri: 
/�
� �|
���� ���
���� � ��������������	�
 �Y�� �Y� BUT: 
[�
�Y�|� �Y] 
��� �������� ���� ��� � ��������������	� ��!"#�� BUT: 	�
��� �j#��

Aims of study

� further investigation of whether synchronic 
anticipatory coarticulation in V1C1C2V1 contexts 
is totally avoided in Warlpiri,  looking at and 
beyond combinations of coronal/peripheral 
segments

� If anticipatory coarticulation  is avoided, will 
there be more evidence of carryover  
coarticulation of C1 on C2, i.e. residual spatial 
modification in C2 due to influence of C1? 

� Investigation of temporal overlap or co-
production of gestures

� Effects of V1 and V2
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Phoneme  inventory for Warlpiri (after Breen “Sounds of Warlpiri”–
IAD wordlist)

Consonants
peripheral apical laminal

labial velar alveolar postalv palatal

���
� 
 � � $ 

������ � ! � % &
�������� � ' (
� ���
� � )
���*�� + , �

-�+���
����� ��
�

 �� �s �s� �“ �“�
��+ ������

Phonotactics of Warlpiri (after Nash 1986)

� most words are minimally CVCV  where medial C is one 
or two consonants

� e.g. CVCV, CVCCV, CVCVCVCV, CVCCVCCV, 
CVCVCCV

� All consonant phonemes are possible in VCV. 
� In word-initial position, some contrasts, particularly  

within the apical set, are neutralised.
� (Medial) CC clusters can be heterorganic or homorganic
e.g.
Heterorganic: / �� &� '
 /  Homorganic: /nt mp/)

Methodology

� EPG (Electropalatograph - Reading EPG 
version3) and acoustic recordings 
recorded by Andy Butcher in Alice Springs 
using Articulate Assistant

� One female speaker
� Two separate recordings – first recording 

session

EPG

alveolar

postalveolar

palatal

velar
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Materials

� series of /N+k/, /N+t/ & /N+c/ sequences  
in words in focal position in a carrier 
phrase

� E.g.
� “Pinti wangkaya”

� Part of larger corpus includes lateral/stop 
clusters and nasal sequences

� 4 – 5 repetitions

Extract from corpus
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* no contrast ��
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�

EPG parameters

� Conventional sets of measures in Emu
(Harrington, forthcoming)

� COG – Centre of Gravity – main 
concentration of activated electrodes –
higher values -> anterior rows of palate

� AI – Anteriority index: degree of contact in 
rows 1:5

� DI – Dorsopalatal index: degree of contact 
in rows 6:8

2050 2060 2070 2080

2090 2100 2110 2120

2130 2140 2150 2160

2170 2180 2190

Acoustic onset of /k/

/nk/ cluster – palatograms – 10 ms intervals ( kinki , 
3rd repetition)

Total 
overlap 
/nk/
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/nK/ 10ms after onset of nasal (kinki)

2 4 6 8

8
6

4
2

/nK/ 50ms after onset of nasal (kinki)

2 4 6 8

8
6

4
2

/nK/ 100ms after onset of nasal (kinki)

2 4 6 8

8
6

4
2

/nK/ 150ms after onset of nasal (kinki)

2 4 6 8

8
6

4
2

/nK/ 10ms after onset of stop (kinki)

2 4 6 8

8
6

4
2

/nK/ 50ms after onset of stop (kinki)

2 4 6 8

8
6

4
2

Palatograms of five tokens plotted at various intervals 
during cluster – high variability – grey shaded areas

/nk/ cluster ( wanka , 1st repetition)

720 730 740 750

760 770 780 790

800 810 820 830

840 850 860 870

Acoustic onset 
of /k/

Speaker has very back 
velars in low vowel env.

/nK/ 10ms after onset of nasal (wanka)

2 4 6 8

8
6

4
2

/nK/ 50ms after onset of nasal (wanka)

2 4 6 8

8
6

4
2

/nK/ 100ms after onset of nasal (wanka)

2 4 6 8

8
6

4
2

/nK/ 150ms after onset of nasal (wanka)

2 4 6 8

8
6

4
2

/nK/ 10ms after onset of stop (wanka)

2 4 6 8

8
6

4
2

/nK/ 50ms after onset of stop (wanka)

2 4 6 8

8
6

4
2

Palatograms of five tokens

Complete assimilation – “wanka”
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“Incomplete” assimilation – “wanka”
/nt/ cluster ( wanta , 4th repetition)

750 760 770

780 790 800

810 820 830

Acoustic onset 
of /t/

Centre of Gravity & Anteriority Indices –
ALVEOLAR NASALS

• Greater 
variability in 
/nk/ 
environments 
including one 
complete 
assimilation 
“wanka”

• More 
consistently 
anterior 
coronal 
gesture in /nt/ 
and /nc/ 
sequences

i-nC-i environments

Similar pattern 
in close vowel 
environments 
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2920 2930 2940

2950 2960 2970

2980 2990 3000

/nc/ cluster ( manja , 4th repetition)

Acoustic onset of /c/

“ wanyja” 2nd repetition)

750 760 770

780 790 800

810 820 830

840

Acoustic onset of /c/

Identical  pattern of palate contact 
confirming lack of contrast /nc/ & 
/&&&&
/ in this vowel environment

/nyk/ cluster ( tiinyki , 1st repetition)

1320 1330 1340 1350

1360 1370 1380 1390

1400 1410 1420 1430

1440 1450 1460 1470

1480 1490 1500 1510

onset of /k/

/nyK/ 10ms after onset of nasal (tiinyki)

2 4 6 8

8
6

4
2

/nyK/ 50ms after onset of nasal (tiinyki)

2 4 6 8

8
6

4
2

/nyK/ 100ms after onset of nasal (tiinyki)

2 4 6 8

8
6

4
2

/nyK/ 150ms after onset of nasal (tiinyki)

2 4 6 8

8
6

4
2

/nyK/ 10ms after onset of stop (tiinyki)

2 4 6 8

8
6

4
2

/nyK/ 50ms after onset of stop (tiinyki)

2 4 6 8

8
6

4
2



9

Palatal velar  vs alveolar velar 
clusters

� evidence of 
carry-over 
coarticulation 
from preceding 
lamino-palatal 
nasal 

� velar less 
posterior

NASAL

STOP

Homorganic Velar cluster vs Palatal velar 
cluster (in close front vowel environments)

STOP
NASAL

STOP

Strong 
carryover 
coarticulation 
due to 
preceding 
lamino-
palatals

Discussion
� Clear evidence of co-production – i.e. temporal 

overlap of coronal / dorsal gestures in 
alveolar/velar and palatal/velar sequences

� Evidence of “incomplete” assimilation,  and 
“complete” assimilation of alveolar to following 
velar in some tokens e.g. “wanka”

� Strong evidence of  carryover coarticulation of 
lamino- palatals on following velar stops as 
predicted in literature for dorso-palatals in 
Catalan, for example

� Also strong vowel environment effects  e.g. 
close front vowels

CONCLUSION

� Gradient process rather than categorical, but 
there is anticipatory coarticulation in some 
heterorganic clusters in Warlpiri

� Need to investigate other heterorganic and 
homorganic sequences in corpus,  including 
post-alveolars, and also lateral/stop clusters

� Extend study to other Australian languages
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