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Abstract: Study 1 compared vowels in Child Directed Speech (CDS; child ages
25-46 months) to vowels in Adult Directed Speech (ADS) in natural conversation in
the Australian Indigenous language Warlpiri, which has three vowels (/i/, /a/, /u).
Study 2 compared the vowels of the child interlocutors from Study 1 to caregiver ADS
and CDS. Study 1 indicates that Warlpiri CDS vowels are characterised by fronting,
/a/-lowering, f,-raising, and increased duration, but not vowel space expansion.
Vowels in CDS nouns, however, show increased between-contrast differentiation and
reduced within-contrast variation, similar to what has been reported for other
languages. We argue that this two-part CDS modification process serves a dual
purpose: Vowel space shifting induces IDS/CDS that sounds more child-like, which
may enhance child attention to speech, while increased between-contrast differen-
tiation and reduced within-contrast variation in nouns may serve didactic purposes
by providing high-quality information about lexical specifications. Study 2 indicates
that Warlpiri CDS vowels are more like child vowels, providing indirect evidence that
aspects of CDS may serve non-linguistic purposes simultaneously with other aspects
serving linguistic-didactic purposes. The studies have novel implications for the way
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CDS vowel modifications are considered and highlight the necessity of naturalistic
data collection, novel analyses, and typological diversity.

Keywords: ADS; CDS; nouns; vowels; Warlpiri

1 Introduction

The use and characteristics of special Infant and Child Directed Speech registers (IDS;
CDS; or in the older literature Baby Talk; Motherese) has been argued to be a sup-
portive strategy adopted by caregivers (mothers, fathers, other caregivers, and older
children) to scaffold language acquisition (Fernald and Mazzie 1991; Gleitman et al.
1988; Hirsh-Pasek et al. 1987; Nelson et al. 1989), assisting emotional regulation and
socialisation (Fernald 1989, 1992; Werker and McLeod 1989), and regulating infant
attention (Fernald and Simon 1984; PapouSek et al. 1990; Stern et al. 1982). Questions
about the universality of IDS/CDS have received significant attention in the litera-
ture, and cross-linguistic research has demonstrated differences across languages/
cultures, and changes in the characteristics of IDS/CDS across development (e.g.,
Buchan and Jones 2014; Kitamura and Burnham 2003; Liu et al. 2009; Ratner 1984).
The present studies add to this literature in two ways. First, we compare the spectral
and temporal characteristics of CDS and ADS vowels in the Indigenous Australian
language Warlpiri, and secondly, we examine the acoustic characteristics of the
vowels produced by the children who participated in the research alongside their
caregivers. The results show that Warlpiri-speaking caregivers modify their vowels
in two ways: firstly, by systematically shifting the vowel space in the F1 and to some
extent F2 dimension, potentially to sound more child-like, and secondly, to ensure
that vowels in nouns are as clear as possible, potentially to scaffold and support
lexical acquisition. In the literature review that follows, we refer to IDS and CDS
relatively interchangeably, reflecting the label of choice in the research that we
review. We assume IDS/CDS is a continuous phenomenon of speech style modifica-
tion to children, changing dynamically in response to child development (with child
age often used as a proxy).

1.1 Characteristics of IDS/CDS

Speech to infants and young children (IDS/CDS) is characterised by a slower speech
rate, higher fundamental frequency, greater pitch variations (Fernald et al. 1989),
longer pauses, often repetitive intonational structures (Katz et al. 1996), and shorter
sentences with a more limited lexicon than Adult Directed Speech (ADS) (Cameron-
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Faulkner et al. 2003). IDS/CDS is also often characterised by hyperarticulation of
speech segments: vowels (and consonants) are often given articulatorily/acoustically
extreme realisations, resulting in an expanded articulatory/acoustic vowel space,
and increased acoustic/articulatory differentiation (see e.g., Burnham et al. 2002;
Kalashnikova et al. 2017; Kitamura and Burnham 2003; Kitamura et al. 2001; Kuhl
et al. 1997; Liu et al. 2003, 2009; Werker et al. 2007).

Young infants prefer to listen to IDS over ADS from soon after birth, a phe-
nomenon which has often been argued to be largely carried by differences in pitch
height and range between the registers, and slower speaking rate (Cooper and Aslin
1990; Fernald 1985; Fernald and Kuh11987; Pegg et al. 1992; Werker and McLeod 1989).
Whether this is also a preference that reflects attention to certain linguistic choices is
an open question, and the strong preference for IDS pitch has been argued to reflect
not so much a preference for the pitch patterns/range in itself, but for the affective
salience of IDS (Kitamura and Burnham 1998; Singh et al. 2002). It is possible, though,
that the developmental stage of a child plays a role in determining the reasons for
this preference. For instance, it is possible that infants’ awareness of being a likely
recipient of IDS utterances shapes this preference as research shows that by
12 months of age, infants have learned that IDS is a register used for infants, while
ADS is used for adults (Soley and Sebastian-Galles 2020).

Substantial other research has, however, demonstrated that, in addition to being
a feature of IDS, vowel hyperarticulation is also used in clear speech (Lindblom 1990)
and in Foreigner Directed Speech (FDS: Uther et al. 2007), but not Pet Directed Speech
(PDS: Burnham et al. 2002), unless the pet is a parrot, an animal with well known
ability to copy and produce human speech (Xu et al. 2015). Hyperarticulation is also
reduced or absent in speech to infants with hearing or cognitive impairment
(Kalashnikova et al. 2016; Lam and Kitamura 2010, 2012). The broader applications of
vowel hyperarticulation may suggest that the phenomenon is used as a didactic
strategy in communication with individuals or entities who are perceived to be in the
process of acquiring a language (or at least capable of some language learning).

Other research has suggested that vowel modifications in IDS may be a product
of laryngeal raising in studies where there was no evidence for vowel hyper-
artculation but of higher formant values (see e.g., Kalashnikova et al. 2017). This is
argued to be the effect of a deliberate shortening of the vocal tract, motivated by
caregiver desire to appear less threatening to the infants as higher formant fre-
quencies are associated with smaller (and therefore less threatening) bodies, and low
formant frequencies with larger (and potentially more threatening) bodies. Impor-
tantly (and as the data reported here shows), it is entirely possible for a parent to
raise all their formants to sound smaller (and more child-like) and also hyper-
articulate vowels. These are not mutually exclusive or competing processes.
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IDS vowel modifications, and in particular vowel hyperarticulation, however,
are not uniformly observed in language or for all vowels within a language. Englund
and Behne (2005), for instance, found that Norwegian mothers hypoarticulate back
vowels in IDS, that is, produce them with a higher F2 than for ADS. This observed
hypoarticulation was interpreted by the researchers to make the vowel articulation
more visibly accessible to infants than they are in ADS, and rather than representing
a goal of target undershoot, it thus indicated enhancement in the visual domain (as
opposed to the acoustic), also bringing this finding into line with the interpretation
that IDS is didactic.

IDS/CDS vowel hyperarticulation has been especially highlighted as facilitating
segmental acquisition (the learning of vowels and consonants; see Liu et al. 2003;
Garcia-Sierra et al. 2021 for perception and Marklund et al. 2021a, 2021b for pro-
duction), and in word-learning (Hartman et al. 2017; Ma et al. 2011; Song et al. 2010). In
the first year of life, vowel hyperarticulation has been argued to enhance segmental
learning by providing infants with high-quality, articulatorily extreme, and maxi-
mally differentiated vowel tokens that infants might attend to preferentially,
perhaps due to its prosodic characteristics (Adriaans and Swingley 2017). The effect of
IDS in the first year of life also extends into very early word-learning: IDS has been
found to increase neural activity in 6- and 13-month-old infants compared to ADS,
and this is argued to assist very young word-learners with ‘word spotting’ (Zangl and
Mills 2007) by making individual words ‘stand out’ from the speech stream, a func-
tion of IDS/CSD that may only increase in the second year of life (see below).

In the second year of life, vowel hyperarticulation is argued to be particularly
helpful in terms of word-learning with research showing that the degree of vowel
hyperarticulation in the maternal input at 18 months of age is positively correlated
with the size of the receptive and productive language at 24 months of age (Hartman
et al. 2017). Other research has shown that vowel hyperarticulation helps 21-month-
olds learn new words faster unless they already have large vocabularies, while
27-month-old toddlers learn new words in both ADS and IDS/CDS (Ma et al. 2011), and
vowel hyperarticulation (but not an enhanced pitch range) plays an important role in
word recognition for 19-months-old toddlers (Song et al. 2010). Recent work has also
demonstrated that caregivers systematically fine-tune their input to children (also
known as the fine-tuning hypothesis; Snow and Ferguson 1977), both in terms of the
lexicon (Odijk and Gillis 2021), and in terms of vowel hyperarticulation, with one
cleverly designed study showing that caregivers hyperarticulate exactly those words
that the children were beginning to produce (and not vowels in those same words
three months prior or three months after ‘word birth’) (Odijk and Gillis 2022). This
latter observation is particularly relevant to the studies presented here and suggests
that extra clarity in the phonemic specifications of words in CDS supports the



DE GRUYTER Child Directed Speech in Warlpiri =—— 5

acquisition of new vocabulary items, as well as the recognition of already known
words.

While one recent meta study found that vowel hyperarticulation did not change
with age of the infant/child (Cox et al. 2023), other studies have shown that the
acoustic characteristics of IDS, including the degree of vowel hyperarticulation, does
change across early development (Buchan and Jones 2014; Kitamura and Burnham
2003; Liu et al. 2009). This is generally taken as evidence of IDS fine-tuning to the
developmental stage of the child, including its linguistic development, as has also
been argued for other linguistic domains (e.g., Huttenlocher et al. 2007). In a cross-
sectional design, Ratner (1984) showed that the use of vowel space expansion and
vowel target precision in IDS changes from infancy into toddlerhood, such that
vowels are more hyperarticulated to early word-learners than prelingual infants.
Vowels are also more hyperarticulated to young children who are combining words
into short phrases and sentences—in both content words and function words, again
suggesting that vowel hyperarticulation past the first year of life is didactic and tied
to word-teaching or learning.

Longitudinal studies of IDS/CDS have further demonstrated that segmental
modifications, including hyperarticulation, and the avoidance of segmental reduc-
tion patterns found in adult speech, change across early development. In one study,
mothers were found to hyperarticulate vowels to pre-linguistic children (<12 months
of age) much more than to 5-year-old children and to adults (Liu et al. 2009), and
another study shows that mothers’ use of segmental deletion increases between 1;6
and 2;0 years of age only to decrease again between 2;0 and 2;6 years of age (Buchan
and Jones 2014), suggesting deliberate avoidance of deletion in speech to children
during segmental acquisition and again in the early multiword stage of language'
acquisition. It is plausible that these changes in input characteristics reflect a ‘first
wave’ of hyperarticulation to support vowel learning, and a ‘second wave’ to support
rapid word-learning after the second half of the second year of life.

The research findings reported above, however, are predominantly based on
studies undertaken in just a few of the world’s languages (Kidd and Garcia 2022),
leaving large gaps in our knowledge of cross-linguistic IDS/CDS patterns. And while
most studies indicate that caregivers do use special registers with children, and a
recently published mega-study of more than 50,000 individuals from 187 countries
reliably distinguishes IDS/CDS from ADS across a sample from 21 languages/cultures
(none of them Australian) (Hilton et al. 2022), careful study of IDS/CDS in a more
diverse set of cultures and languages is certainly called for.

Indeed, our current understanding reflects insights primarily from a group of
languages that are, in fact, atypical. A survey of the vowel inventories of the 451 lan-
guages in the UPSID database (https://phoible.org/contributors/UPSID#tinventories) re-
veals, for instance, that the vowel profile of languages like English, French and German
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are the odd ones out: According to the UPSID database, the Mean number of vowels in the
451 languages included is 8.5 (a number skewed by typologically very unusual languages
such as !Xu with 46 vowels), a Median number of vowels of seven, and a Mode of just five
vowels. More than 50 % of the languages in the database have seven or fewer vowels,
and 23 of the languages in the database, like Warlpiri, have only three vowels. Languages
of 11 or more vowels fall in the fourth quartile.

We need to study typologically diverse languages to fully understand the role,
characteristics and prevalence of vowel hyperarticulation. This is particularly so
given that some studies have found that caregivers do not hyperarticulate vowels at
all to 18-month-old Danish children (Bohn 2013) or to two Nungon children aged 2;2
and 3;2 respectively, in a preliminary study (Sarvasy et al. 2019), though the CDS and
ADS compared in the latter study came from different speakers. Likewise, cross-
linguistic comparisons have demonstrated differences in the implementation or
degree of hyperarticulation and pitch raising across different languages, when
hyperarticulation is present (e.g., Kitamura et al. 2001). The prosodic system of the
target adult language has also been found to influence the prosodic modifications
made in IDS (Igarashi et al. 2013), as do sociolinguistic considerations (Bernstein
Ratner and Pye 1984; Pye 1986). This suggests that the ‘shape’ of IDS/CDS in each
language is subject to significant variability and reflects linguistic and sociolinguistic
demands outside of the caregiver-child interaction and the developmental charac-
teristics of the child.

1.2 IDS/CDS in Warlpiri

Warlpiri is a Pama-Nyungan language spoken by approximately 2,624 people (ABS
2021 Census), mostly in the remote communities of Yuendumu, Lajamanu, Nyirrpi,
and Willowra, and in regional towns and cities, including Alice Springs and Darwin,
in the Northern Territory of Australia (see Figure 1). Although endangered, Warlpiri
continues to be learned by children as their primary language in Yuendumu, Nyirrpi,
and Willowra, and as one of their first languages in Lajamanu. The families in this
study were recorded while in Alice Springs and Yuendumu.

Phonologically, Warlpiri is characterized by a single series of stops /p t { c k/ with
five main places of articulation. This is repeated in the nasal series /m n n n n/, and
Warlpiri further has three laterals /1 | 4/, two approximants /w j/, and two or three
rhotic phonemes; trill /r/ approximant /j/, and a retroflex flap /r/, though the
phoneme status of the latter has been recently questioned (Bundgaard-Nielsen and
O’Shannessy 2021). In terms of vowels, Warlpiri has only three: /i/, /a/, and /u/, with a
phonemic length contrast (a very limited set of words are reported to have long
vowels but no long vowels were included in the study here). The Warlpiri formant
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Figure 1: Map of Warlpiri communities, Northern Territory, Australia. © Brenda Thornley 2019.

space is compact, with a relatively compressed F1 range: Butcher (1994) reports the
F1/F2 values of a single female Warlpiri speaker, indicating an F1 range of appx.
470-600 Hz (/i/ and /u/ vs /a/), and an F2 range of 1,200-2,400 Hz (/u/ vs /i/). Such a
compressed vowel system is typical of Australian Indigenous languages, as they are
often characterised by ‘corner vowels’ that are less peripheral than in, for instance,
English (see Fletcher and Butcher 2014 for discussion). The three Warlpiri vowels are
distributed unevenly in the lexicon according to a vowel count of all entries in
PanLex online dictionary (https://vocab.panlex.org), with /a/ contributing 45 % of
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vowels, /i/ vowels contributing 33 %, and /u/ only 22 %, making /u/ only half as
frequent as /a/. This is also typical for many Australian Indigenous languages (Bushy
1979; p. 79).

The existing literature on the characteristics of ‘Baby Talk’ in Warlpiri (and the
limited literature on IDS/CDS in other Australian languages; see Davidson et al. 2023)
has focused on consonants and changes to adult wordforms: Laughren (1984) iden-
tifies patterns of substitution of coronal consonants (stops /t {/, nasals /n 1/, and
laminals /1]/) with the corresponding lamino-palatal consonants (/c i A), and the use
of special IDS/CDS wordforms, for instance, ‘apa’ for ‘ngapa’ (water). Such segmental
modifications are very common cross-linguistically in IDS and in children’s speech
development.

1.3 The present studies

In the following, we report first on a study of the acoustic characteristics of vowels in
Warlpiri CDS and, secondly on a study (Study 2) of vowels produced by the young
Warlpiri-acquiring children whose caregivers participated in the CDS study. The CDS
study (Study 1) examines CDS to young Warlpiri-acquiring children by comparing
ADS and CDS vowel quality, quantity, and pitch within a group of four adult speakers.
The study provides a first comparison of vowel space size and f, in CDS versus ADS
vowels in a three-vowel system, where pressures for contrast enhancement might
differ from those in languages with more crowded vowel inventories, such as En-
glish, and vowel systems (such as Japanese) where vowel duration is phonemic
(vowel length is contrastive in only a very restricted set of words in Warlpiri: Butcher
and Anderson 2008). We further compare the degree of acoustic overlap between
vowels in CDS and ADS, addressing the question of whether vowel space expansion is
(necessarily) associated with improved acoustic differentiation (less category over-
lap), as is sometimes assumed to be the case (Werker et al. 2007). This aspect of our
study has typological ramifications, given the fact that we examine the acoustic
characteristics in a three-vowel system, which is subject to different constraints in
terms of contrast maintenance than the larger vowel systems found in most of the
world’s other languages, and indeed, in the predominantly European languages that
have been the focus of IDS/CDS research to date. Finally, we examine the charac-
teristics of vowels in CDS nouns relative to vowels from other parts of speech in CDS,
testing the hypothesis that CDS is (at least in part) a didactic strategy for scaffolding
vocabulary development in young word-learners. This is consistent with the ob-
servations of Odijk and Gillis (2021, 2022) that adult noun usage peaks at the time of
‘word birth’ (i.e., productive acquisition). This aspect of our study is also of meth-
odological import given that lab-based IDS/CDS vowel studies tend to make use of
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more restricted materials (typically nouns labelling toys provided in the laboratory
setting) than the general CDS material examined here. By taking this methodological
approach, our study allows for a better understanding of whether the typically
observed vowel hyperarticulation is particular to the materials included (nouns).

This comparison provides an opportunity to test the idea that IDS involves
phonetic convergence, a hypothesis raised by Polka and Ruan (2021), and Kalashni-
kova et al. (2017) by comparing the acoustic characteristics of ADS and CDS vowel
production to the vowel productions of the children who are the addressees of the
CDS. This comparison tests the hypothesis that CDS modifications exploit child
listening preferences to voices with similar F1 and F2 acoustic properties as their own
(Polka et al. 2022), in addition to reflecting a preference for higher f, (pitch), a
modification that has been argued to serve the purpose of emotional and social
regulation, rather than linguistic scaffolding.

2 Study 1: Warlpiri CDS

Study 1 examines the acoustic properties of vowels in Warlpiri CDS and ADS and, to
our knowledge, provides the first systematic examination of the characteristics of
CDS vowels in an Indigenous Australian language, as well as in any language with a
three-vowel system.

Our study also uses the CDS data to investigate the hypothesis that CDS is a
dynamic didactic modification, suited to the developmental needs of an infant/child,
and we consequently separated the CDS data into two word classes: CDS Nouns (all
concrete), and CDS Non-Nouns, which consisted of a large proportion of verbs (often
imperatives), adjectives (often colours, sizes; these words are syntactically nominals
in Warlpiri, with the semantics of attributes), pronouns and demonstratives (‘that
one’, ‘this one’). In the present study, three of the children were in the early multi-
word stage of language acquisition, and one child a little older, and we hypothesise
that caregiver CDS modifications may (among other things) be particularly targeted
to scaffold word learning, and perhaps in particular to the teaching of ‘names for
things’, in line with the persuasive results from Odijk and Gillis (2021, 2022). We also
base this speculation on the supportive effect that CDS has been demonstrated to
have on toddlers’ word learning and word recognition (Hartman et al. 2017; Ma et al.
2011; Song et al. 2010; Zangl and Mills 2007), and the typical developmental stage of
children around the age of 24 months, who are becoming expert word-learners. If
that is the case, we would expect vowel hyperarticulation and temporal expansion to
be at least partially driven by the hyperarticulated characteristics of nouns rather
than reflecting hyperarticulation in CDS in general.
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2.1 Methods
2.1.1 Participants

We report on data from three Warlpiri-speaking women (RA03, RA06, RA07) and
one Warlpiri-speaking man (RA05). At the time of the recordings, RA03 was a
grandmother in her 50s, and RA06 was a mother of appx. 30 years of age, RA0O7 was
a 60+ grandmother, and RAO5 (the male participant) was a 50+ years old grand-
father.! The adult Warlpiri participants were recorded interacting with four
Warlpiri-acquiring children: RA03, RA06 and RAQ7 interacted with various con-
stellations of RCO1 (boy; 28 months), RC11 (boy; 30 months), and RC15 (boy;
25 months), while RAO5 primarily interacted with RC10 (girl; 46 months). These
children are included in the second study (Section 3).

All four participants were L1 speakers of Warlpiri, and additionally spoke one or
more varieties of English. One caregiver also spoke Yankunytjatjara and Western
Arrarnta, and one understood Western Arrarnta. The participants (and the children
in Study 2) were recruited by two of the authors through personal relationships, as
part of the Little Kids Learning Languages project.” Adult caregivers completed an
informed consent process and were compensated with a $AUD50 supermarket
voucher after each recording session. All participants were recorded (video, audio) at
their homes in either Alice Springs or Yuendumu, in the Northern Territory (NT) of
Australia.

2.1.2 Materials

The three female participants were recorded interacting with each other and other
female community members, and three of the young children (RC01, RC11, and RC15)
in various social constellations in three different recording sessions. During the
sessions, the women and children took part in play, story-telling (from picture book
stimuli; O’Shannessy 2004) and discussion activities, centred on day-to-day child-
rearing activities and interactions with the children, who ranged in age from 25 to
30 months. The male participant (RA05) was likewise recorded while taking part in a
story-telling activity with the fourth young child (RC10; 46 months) in the company of

1 Child rearing in Indigenous communities in Australia is often communal, with grandmothers and
aunties (biological or classificatory) in particular, playing significant roles, and sometimes taking the
role of main caregiver for extended periods.

2 ARC Future Fellowship project #FT190100243, awarded to Dr. Carmel O’Shannessy: https://little-
kids-learning-languages.net/. In this project the authors are Aboriginal and non-Aboriginal re-
searchers. Collaboration of this kind is an important aspect of working with languages spoken in
Aboriginal families in Australia.
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the child’s mother and other relatives. The recording sessions differ from the typical
one-on-one setup in IDS research, as multiple adults were present and the children
were relatively free to come and go as they pleased, and other children likewise free
to join the play, in accordance with the cultural practices of the community. Non-
participating adults also occasionally joined the groups, but interactions with
‘visiting’ children and adults were not included in the study.

Except for RAO5, a Sennheiser EW112 PG4-GB Portable Wireless Lapel
Microphone System and Zoom Q8 camera with a microphone extension were used
to record. For RAO5, only a Sony 4K FDR-AX33 handycam camera was used. Par-
ticipants sat on a blanket or an outdoor bench in their yard. During each
recording session, the camera was placed near the participants so that all of them
were visible, the lapel microphone was positioned on the collar of an adult’s
clothing, and the Zoom Q8 extended microphone was placed near the partici-
pants. In addition, RA06 wore a Rode lavelier microphone connected to a H2 zoom
recorder.

The video/audio recordings of the four adult participants (RA03, RA05, RAO06,
RA07) were transcribed, glossed, and translated into English, and coded for the
intended addressee (CDS or ADS on the basis of close viewing of the video recordings)
in ELAN 6.3. We further coded all CDS vowels from concrete nouns in the CDS of the
four speakers, creating two subsets of CDS vowel data: Vowels from concrete nouns
(CDS Nouns) and vowels from everywhere else (CDS Non-Nouns). No abstract nouns
occurred in the dataset.

Target vowels were then hand-segmented and labelled in Praat 6.2.12. Vowels
degraded by environmental noise, overlapping talkers, etc., were excluded from
the dataset, and vowel duration, f,, F1, and F2 extracted using an automatic script
(Kroos et al. 2010). Unusual and missing values were checked by hand. In all
individual datasets, /a/ was much more frequent than /i/ and /u/, consistent with
the general distribution in Warlpiri. We extracted target measurements from as
many CDS vowels as possible from each of the female participants, as well as a
roughly matching number of ADS vowels. The male participant provided 247 CDS
vowels in his recording but had only one brief ADS interaction during the
recording session, providing just nine /i/, /a/, and /u/ tokens. In total, we extracted
1,599 vowel tokens from the four speakers. The male voice was not treated
differently to the female voices in our analyses as the male speaker’s f, F1 and F2
values were intermediate to the women’s ranges. We acknowledge that this is not
standard practice (separating male and female speakers is typically done), but we
do not find it necessary for the present data set. We did not normalise the data.
The number of vowels from each participant is presented in Appendix 1.
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2.2 Warlpiri CDS results
2.2.1 Warlpiri vowels in ADS and CDS

The combined data points from each of the four speakers (RA03, RA05, RA06, RA07)
by speech style (ADS vs CDS) are presented in Figure 2 as scatter plots and estimated
(/1/, /al, lu)) vowel ellipses, the latter with superimposed vowel triangles defined by
the /i/, /a/, and /u/ vowel centroids. Individual descriptive statistics are found in
Appendix 2. Mean values are presented in Table 3: these values are relatively
consistent with the values reported by Butcher for a single speaker of Warlpiri
(Butcher 1994).

Scatter plots
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Figure 2: Spectral characteristics of Warlpiri vowels in adult-directed speech (ADS) and child-directed
speech (CDS). (A) Scatter plots of individual tokens. (B) Estimated vowel ellipses from the same dataset.
Black triangles represent the centroids of the ellipses, i.e., mean values of F1/F2.
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In order to test whether the four Warlpiri speakers produce CDS vowels differing
from ADS in the spectral quality (F1 and F2), and f, (fundamental frequency), we first
built a linear mixed-effects model (LMM, fixed effects: Vowel [/i/, /a/, /u/] and Speech
Style [ADS vs CDS]; random effect: Speaker), see Table 1. We checked the model using
a Wald Chi-squared test, which (unsurprisingly) revealed a significant main effect of
Vowel in terms of F1, F2, and in Duration. We also observed a significant main effect
of Speech Style in terms of F1, F2, Duration and f,, and a significant Vowel x Speech
Style interaction in terms of F1, F2 and f,. We further analysed the effect of Vowel and
Speech Style by carrying out a series of post-hoc tests (see Table 2). The summarised
results in Table 3 indicate clearly that Warlpiri CDS is characterised by higher F2
values (vowel fronting) for /i/, /a/ and /u/, while CDS /a/ also has a higher F1 (indicating
vowel lowering). The results also indicate that CDS is characterised by longer vowel
durations (12 ms on average) and higher f, (21 Hz on average) than ADS.

Given consistent reports of vowel space expansion in CDS (e.g., Burnham et al.
2002; Kalashnikova et al