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boundary at which point a stimulus is judged to
belong to the short or long category.
Vowel formant characteristics affect vowel length
categorisation in, for example, Thai [1,16,21] and
Swedish [6,11]. Whereas, f0 is a secondary cue in
vowel length perception for Japanese listeners such
that falling f0 was perceived as ‘long’ earlier in the
continuum than stimuli with a level f0 contour [14,16]
(c.f. German [16,23]).
In other perception research, the immediate
phonetic context has been found to provide cues to
phonemic category [20,24]. Considering vowel length
perception, an example of a context effect is found in
Thai for which longer post-vocalic nasal duration
conditioned a higher proportion of short-vowel
responses than did nasals with shorter duration [21].
The present paper reports on a preliminary study
investigating the perceptual categorisation of vowel
length in Djambarrpuyŋu, an Australian Indigenous
language of northeast Arnhem Land, spoken by
~4,300 people [2].

ABSTRACT
Australian Indigenous languages are often reported to
have compensatory lengthening of consonants after
phonemically short vowels. There have, however,
been very few perception studies of these languages,
and none, to date, focused on vowels. This paper aims
to determine whether Djambarrpuyŋu listeners use
consonantal lengthening as a cue to vowel length. A
forced-choice categorisation task investigated how 19
Djambarrpuyŋu listeners (9M, 10F) use segmental
duration in their processing of words minimally
distinguished by vowel length. Results show that
listeners rely primarily on vowel duration in their
categorisation behaviour. However, when the
vowel’s duration was ambiguous, that is, between the
duration ranges of short and long, phonetically long
nasals affected the cross-over point of word
categorisation. This study supports the primacy of the
phonemic vowel length contrast for listeners and also
shows that durational context can expand the range of
vowel length categories.

1.1. Vowels in Djambarrpuyŋu: Phonetics and
phonology
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Like many Australian Indigenous languages,
Djambarrpuyŋu has a three vowel quality system,
triangular in shape, with a length contrast, resulting in
six vowels /ɪ, ɪː, ɐ, ɐː, ʊ, ʊː/ [25].1 Vowel length is
contrastive only in the initial syllable of words which
is putatively the location of primary stress [25]. This
restriction of the contrast to the initial syllable is
observed in many Australian languages that have
contrastive vowel length [4,9,10].
Vowel phonemes in Australian languages
typically display a large degree of allophonic
variation, often attributed to coarticulation with
neighbouring consonants [10]. Further to this, vowel
spectral information is found to covary only
minimally with length in many languages, often
showing a great deal of overlap between categories.
This is the case for Djambarrpuyŋu; long and short
vowels have very similar spectral characteristics [13].
Consonantal lengthening is reported to occur
following phonemically short vowels in open, wordinitial syllables in a number of Australian languages
[4]. Similar types of inverse duration relationships are
observed in, for example, Icelandic, Norwegian and

1. INTRODUCTION
The categorisation of a phone in speech is the result
of a constellation of phonetic cues contributing to the
overall perception by the listener [19]. There is often
a primary cue which listeners rely on, but there may
be other secondary cues which contribute to a
listener’s perception [20]. In languages that have
phonemically contrastive vowel length, the duration
of the vowel is cross-linguistically found to be the
primary cue used by listeners in categorising vowels
as one of the relevant length categories [6,15,16].
Other secondary cues to vowel length, such as
spectral information and fundamental frequency (f0),
are utilised differently across languages in vowel
length perception, as they are in production [16].
Crucially, it is often found that the cues exploited by
listeners in perception are those that covary with
length category in production. These secondary cues
may affect a listener’s perception, shifting the
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Swedish (as discussed in [15]). In some formal
phonological accounts of Australian languages, this
lengthening is attributed to the necessity for stressed
syllables to be bimoraic [3,4]. Phonetically,
lengthening may contribute to the encoding of
accentual prominence [8]. A claim about the reasons
for consonantal lengthening is not proposed here. In
Djambarrpuyŋu, some consonants following short
vowels have been found to have longer duration than
consonants following long vowels [12], and this
effect is seen most strongly for consonants following
short vowels in open syllables [13].

As shown in Figure 1, duration of the intervocalic
nasal covaries with vowel length in this pair of words.
Figure 1: Duration values (ms) of vowels /ɐː/ and
/ɐ/ and following nasal /ŋ/ in the Djambarrpuyŋu
words /wɐŋɐ/ (grey) and /wɐːŋɐ/ (white).

2. AIMS AND HYPOTHESES
It is not yet known how the phonemic vowel length
categories of long and short align with phonetic
duration of a vowel in perception for any Australian
Indigenous language. Further, it is not known to what
extent listeners use the vowel-consonant durational
complementarity in categorising vowels as to their
length category.
This paper aims to establish how Djambarrpuyŋu
listeners use duration of vowels and that of the
following consonant in categorising vowel length.
Specifically investigated is how listeners categorise a
word as being the short- or long-vowel member of a
pair of words phonemically distinguished by vowel
length alone.
It is hypothesised that Djambarrpuyŋu listeners’
perception of vowel length is categorical. Further,
vowel duration is predicted to be the primary cue
listeners rely on in their categorisation of vowel
length. However, it is expected that consonant
duration is exploited in the durationally ambiguous
region of the vowel continuum—that is, when a
vowel is durationally between the ranges of the short
and long categories. It is hypothesised that in those
cases, a following consonant with shorter duration
will result in the vowel being perceived as ‘long’,
whereas when a consonant has longer duration the
vowel will be perceived as ‘short’. This will be
reflected in the listeners’ word choice. In this regard,
it is hypothesised that consonant duration will
influence listener judgement of category boundaries.
The perceptual category boundary is hypothesised to
occur in the durational region between the vowel
length categories observed in production.

Stimuli were created by manipulating in Praat [7]
(using tailored Praat scripts) the duration of the vowel
and following nasal in a single token of /wɐŋɐ/,
spoken by a Djambarrpuyŋu man, 39 years of age.
The duration of the steady-state portions of the first
vowel and the following nasal were manipulated
along a seven-point continuum which encompassed
the durational range observed in the production of
those segments in the words /wɐŋɐ/ and /wɐːŋɐ/ in a
dataset of seven speakers (plotted in Fig. 1). Steps
were evenly spaced along the continua. The
durational values of stimuli steps for the vowel and
nasal are provided in Table 1. These values represent
the duration of the entire segment including the
manipulated steady state portion and transitional
periods. It is predicted that the category boundary in
perception will be between vowel steps 3 and 4 (i.e.,
160ms-185ms).
Table 1: Durations (ms) for vowel (V) and nasal (N)
steps in stimuli (full factorial design: 7*7 = 49).
Step
1
2
3
4
5
6
7

V (ms)
110
135
160
185
210
235
260

N (ms)
90
108
127
145
163
182
200

3.2. Participants

Nineteen first language Djambarrpuyŋu speakers
from Yurrwi (Milingimbi), Northern Territory,
Australia, participated in the task (10 women, 9 men;
age range = 25–61 years, mean age = 41 years).
Participants were compensated for their time.
Hearing loss is not an uncommon issue for people
in remote communities in Australia; five participants
reported having hearing difficulties in one or both of

3. METHOD
3.1. Stimuli

The minimal pair waŋa /wɐŋɐ/ “talk” and wäŋa
/wɐːŋɐ/ “home” was selected for investigation in a
two-alternative forced-choice categorisation task.
These items are comparably frequent in daily speech.
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3.4. Statistical analysis

their ears. The effects that this may have on their
speech perception is not investigated here.
Participants are representative of their community in
terms of age, linguistic repertoire, and hearing.

Generalised Linear Mixed Models were used to
statistically test the data using the glmer() function
from the lme4 package [5] in R [18,22]. Response
(/wɐŋɐ/-/wɐːŋɐ/) was the dependent variable, fixed
factors were vowel step (seven levels), nasal step
(seven levels), block (four levels), as well as an
interaction between vowel step and block. The random
effects structure included intercepts for participant
(19 levels), and by-participant random slopes for the
effect of vowel step. The best fitting model was
selected using likelihood ratio tests. Selected results
of Tukey’s post-hoc tests are presented. Results are
considered significant if p < 0.05.

3.3. Experiment design and procedure

The experiment was constructed and presented in
OpenSesame (v.3.1) [17] using a laptop computer, in
situ. Participants undertook the task at their homes,
either inside or outside. The experiment was full
factorial in its design, i.e., included all combinations
of manipulated vowel and nasal duration. Stimuli
were presented in randomised order in four blocks.
Each block consisted of 49 trials (i.e., all vowel
step/nasal step combinations). Therefore, each
participant completed a total of 196 trials.
Instructions were presented in Djambarrpuyŋu
and English onscreen. The researcher discussed the
task with each participant. Participants were told the
researcher wanted to learn about how Yolŋu (people
of northeast Arnhem Land) listened to sounds in
words. Participants were instructed to listen carefully
and respond thoughtfully but were told that the task
was not a test with right answers.
Participants listened to audio stimuli through
Philips SHL3060BK over-ear headphones. In each
trial, a stimulus was played once. The words /wɐŋɐ/
and /wɐːŋɐ/ were represented visually on screen as
two images (Fig. 2). To indicate their choice,
participants selected the LEFT SHIFT or RIGHT
SHIFT keyboard buttons corresponding to the images
on screen. Image and button order remained the same
over all trials and blocks. Between blocks, a pause
screen invited participants to take a break if they
needed. The experiment took approximately 20
minutes to complete, including preliminary
discussion and breaks. Background noise and
distractions during the experiment existed for all
participants. The researcher could pass a trial if the
participant was not able to respond. While response
times were collected, they are not presented here.

4. RESULTS
Of the 3,724 total responses, 6 responses were
“passed”, 1,378 of the responses were /wɐŋɐ/, and
2,340 of the responses were /wɐːŋɐ/. Responses,
therefore, are skewed towards /wɐːŋɐ/ (63%).
Figure 3 shows the proportion of /wɐːŋɐ/
responses as a function of vowel step (1 having the
shortest duration, 7 having the longest duration).
Individual speaker response frequencies are plotted
by points. There is an s-curve across the seven steps
in the vowel duration continuum. This confirms the
categorical perception of these words by vowel length
for these Djambarrpuyŋu listeners. Vowel step had a
significant effect on response, χ2(24, N = 3718) =
82.47, p < 0.001. Comparisons of steps 1~2, 4~7, 5~6,
5~7 and 6~7 were not significant. All other
comparisons were significant; steps 4~5 and 4~6
p < 0.05; rest p < 0.001. Based on vowel duration, the
category boundary (50% cross-over) for these
Djambarrpuyŋu listeners is around vowel step 3.
Figure 3: Proportion of /wɐːŋɐ/ responses for all
data across all trials as a function of vowel step.

Figure 2: Visual representations of /wɐŋɐ/ “talk”
(left) and /wɐːŋɐ/ “home” (right).

Considering the proportion of /wɐːŋɐ/ responses as
a function of nasal duration (Fig. 4), it is clear there is
not a categorical shift in perception due to nasal step
across the data, though nasal step had a significant
effect on response, χ2(6, N = 3718) = 55.47,
p < 0.001. There is a slight decrease in /wɐːŋɐ/
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Figure 6: Proportion of /wɐːŋɐ/ responses for nasal
step 1 data (full line) and nasal step 7 data (dashed
line) as well as across all data (thin line) as a
function of vowel step.

responses when the nasal duration is at the longest
point in the continuum.
Figure 4: Proportion of /wɐːŋɐ/ responses for all
data across all trials as a function of nasal step.

Figure 5 presents /wɐːŋɐ/ responses as a
function of nasal step for stimuli containing a
vowel at step 1, step 3 and step 7. Comparing the
responses for stimuli which include vowels at the
extremes of the vowel step continuum, listeners
reliably selected /wɐŋɐ/ when presented with a
stimulus containing a step 1 vowel, and conversely
/wɐːŋɐ/ when presented with a stimulus containing
a step 7 vowel, irrespective of nasal step. Step 3
vowel data, as anticipated, represent the
“ambiguous” region in the vowel duration
continuum. In vowel step 3 data, nasal step
significantly influenced listeners’ categorisation,
χ2(6, N = 531) = 27.98, p < 0.001. Post-hoc tests
showed nasal steps 6 and 7 conditioned fewer
/wɐːŋɐ/ responses; 1~7 p < 0.05, 1~6, 3~6, 3~7
p < 0.01.

5. SUMMARY AND DISCUSSION
The aim of this study was to explore how vowel
duration and that of the following consonant are used
in the categorisation of Djambarrpuyŋu words which
contrast minimally by vowel length. Results show
that the categorisation of words as /wɐŋɐ/ or /wɐːŋɐ/
by Djambarrpuyŋu listeners was based primarily on
the duration of the vowel. Overall, the category
boundary in perception appears to be aligned with the
production categories for these vowels [13]. Nasal
duration influenced the categorisation of stimuli
when the vowel was between the durational regions
of the short and long categories. For those stimuli,
nasals with longer duration conditioned more /wɐŋɐ/
(short vowel) responses. This finding concords with
previous research for which additional features or
secondary cues (i.e., nasal duration in the present
study), “are largely ignored unless the primary feature
is impaired in some way” [24]. These results support
the analysis of vowel length in Djambarrpuyŋu being
phonological, while also showing that listeners’
perception is influenced by the duration of the
following consonant.
To better understand the extent to which the postvocalic consonant duration context influences listener
perception, a further experiment could be undertaken
using stimuli created by manipulating a token of
/wɐːŋɐ/. Other questions raised by this exploratory
experiment include: what other cues might listeners
be attuning to in their perception? It is hypothesised
that the alignment of f0 contour may play an
important role as it appears to in production [13]. Do
other vowel-consonant sequences behave similarly,
or is this behaviour limited to a subset of vowels and
consonants? It is clear that further perception research
will be fruitful in ongoing descriptive work on the
phonetics and phonology of the Djambarrpuyŋu
language.

Figure 5: Proportion of /wɐːŋɐ/ responses for vowel
step 1 data (full line), vowel step 3 data (dashed
line), and vowel step 7 data (dotted line) as a
function of nasal step.

Figure 6 presents /wɐːŋɐ/ responses as a function
of vowel step for stimuli containing a step 1 nasal,
step 7 nasal, and across all data. Compared with all
data, stimuli including step 1 nasals resulted in the
category boundary occurring ~0.3 steps earlier than
across all the data, whereas stimuli including step 7
nasals resulted in the category boundary occurring
~0.3 steps later.
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1
Accompanying these vowels there are 25 phonemic
consonants; six places of articulation for stops (two series)
and nasals, as well as two glides, two rhotics, two lateral
approximants, and a glottal stop.
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