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Preface
Mother-infant interactions are a crucial part of the early environment of an infant and they
facilitate healthy development and wellbeing (Goldberg, 1988). During these reciprocal
interactions, mothers and their infants influence each other in terms of their attention, affect
and activity (Katz et al., 1996). Mother-infant interactions serve a socio-communicative
purpose, teaching the infant how to interact with others, which is mediated via the mother’s
infant-directed speech (IDS). IDS is the universal speech register used by humans when
interacting with infants (for a review, see Soderstrom, 2007). Extensive research has
characterised the components of IDS (e.g. higher pitch). In addition, the impact of maternal
characteristics such as mental health on IDS has been explored (Kaplan et al., 2015).
However, relatively little attention has been given to how the infant’s characteristics during
these interactions impact a speaker’s IDS use. This thesis focusses on the relationships
between infant characteristics – specifically, temperament and early symptoms of Autism
Spectrum Disorder (autism), and a component of maternal IDS; pitch contours.
Infant temperament, which refers to an infant’s behavioural reactivity and regulation
style, has been thought to have a profound influence on the mother-infant interaction
(Rothbart & Bates, 2006). In the current thesis, it is posited that infant temperament can
influence the way mothers speak to their infants. Further, as IDS facilitates infant sociocommunicative and language development, the inter-relationship between IDS, infant
temperament and infant socio-communication and language development is important to
understand. Autism Spectrum Disorder (autism) is related to significant socio-communication
and language impairment, thus early symptoms of autism in infancy are posited to influence
the way mothers interact with their infant through their use of IDS.
The first chapter outlines the literature on mother-infant interactions, and how this
important relationship relates to infant development. This chapter also defines IDS, and pitch
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contours, and explains how they are important for infant language learning, emotional and
social development. Chapter 2 outlines the infant characteristics explored in this thesis. The
literature exploring the construct of infant temperament is summarized, particularly in
relation to mother-infant interactions, and how this construct is likely to relate to maternal
pitch contours. Autism and early symptoms of autism in infancy are then defined, and
background literature regarding the interaction difficulties experienced by infants with autism
symptoms is explained, which led to one of the research questions.
Chapter 3 is a scoping review of literature investigating what characterises IDS used
with infants and young children either already diagnosed with autism or later diagnosed with
autism. This is the first review to investigate IDS characteristics within this population, and
the results of the study are discussed. Chapter 4 then outlines the gaps in the literature, which
stem from the previous chapters. The research questions and aims of the thesis are also
presented in chapter 4.
Chapter 5 outlines the methods used for this study, including participants, procedures
used, apparatus and materials, and the data analysis procedures used. Chapters 6, 7 and 8
report the results of the study. Chapter 6 describes the study sample, the mother’s IDS, and
compares the infant’s temperament profiles and symptoms of autism with normative data.
Chapter 7 outlines the findings on how maternal pitch contours relate to infant temperament.
Chapter 8 outlines the findings pertaining to the relationship of maternal pitch contours and
infant autism symptoms. In Chapter 9, I discuss the results relating to maternal pitch contours
and infant temperament. Followed by, Chapter 10 in which I discuss the results regarding
maternal pitch contours and infant autism symptoms. To conclude, Chapter 11 includes a
broad discussion of the entire study, including limitations, future recommendations,
implications and general conclusions.
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Abstract
Mother-infant interactions during the first year of life are crucial to healthy infant
development. The communication that occurs during these interactions involves infantdirected speech (IDS), which contributes to infant language learning, social communication,
and emotional development. One aspect that is useful in encouraging infant development, and
arguably the most salient aspect of IDS for infants early on, is the prosodic characteristic
known as pitch contours. Pitch contours relate to the trajectory of pitch. There are
prototypical contours used in IDS which serve different functions like increasing infant
arousal or communicating the speaker’s affect. The functions of pitch contours are well
known in the literature. It is less known how infant characteristics influence the use of pitch
contours by mothers. Two infant characteristics known to influence mother-infant
interactions are the infant’s temperament and whether the infant is displaying symptoms of
Autism Spectrum Disorder (autism). The aim of the current thesis was to investigate whether
infant temperament and early symptoms of autism in young infants (12-months of age) were
related to the pitch contours mothers used with them during an interaction.
First, a scoping review of the literature was conducted to determine if parents speak
differently to infants and children who are diagnosed, or not currently but later diagnosed,
with autism. Twenty-seven studies were identified as relevant, and across these studies it was
concluded that infants and children diagnosed or later diagnosed with autism do not hear
either more or less speech than neurotypical infants. The speech that they do hear, however,
may be different in that some studies suggested parents speaking to these infants use more
exaggerated acoustic features, use more directive speech, and use more attention-bids during
their speech. This scoping review demonstrated the heterogeneity of methodology and results
with studies investigating IDS with infants displaying autism features, and recommended
more research be undertaken in this arena, which supported the work in this thesis.
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Second, in a primary study investigating maternal IDS, infant temperament and infant
autism symptoms, 109 mother-infant dyads were recruited from three infant development
studies at the University of Newcastle Babylab. Infant temperament was assessed via a
parent-report questionnaire, the Toddler Temperament Scale (TTS; Fullard et al., 1984),
given to the mothers on the day of the appointment. The TTS provided nine domain scores
for the infants (activity, rhythmicity, approach, adaptability, mood, intensity, persistence,
distractibility, and threshold) as well as a clinical profile (easy, intermediate low,
intermediate high, and difficult). Infant autism symptoms were assessed using a parent-report
questionnaire, the First Year Inventory (FYI; Reznick et al., 2007). A subset of infants (n=26)
also received the observation-based Autism Detection in Early Childhood assessment
(ADEC; Young, 2007). Infants received a FYI and ADEC total risk score, as well as a FYI
social-communication and FYI sensory regulation score. The mothers’ pitch contours were
measured via a recorded 15-minute dyadic play interaction. 36,128 maternal pitch contours
were classified into one of nine contour types (rising, bell-shaped, sinusoidal, u-shaped, flat,
complex, rapidly-falling, rapidly-rising, and slowly-falling). Spearman’s correlation
coefficient was conducted to determine any relationships between maternal pitch contours
and infant temperament and infant autism scores. Backwards elimination regressions analyses
were conducted on the key variables including known covariates (infant cognitive and
language skills, maternal depressive symptoms).
Infant temperament was related to maternal pitch contours. Infants rated as having a
more negative mood had mothers who used more bell-shaped (! ! =.22, p=.04), rapidly-falling
(! ! =.27, p=.01), and rapidly-rising contours (! ! =.24, p=.02). Infant distractibility was related
to mothers using fewer flat contours (! ! =.22, p=.04). Less infant activity was related to
mothers using more slowly-falling contours (! ! =.29, p=.008). Several models of prediction
also emerged to explain variance in infant temperament scores. Infant activity scores were
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predicted by the mother’s use of bell-shaped, complex and slowly-falling contours, "! =.09,
F(3, 81)= 3.74, p=.01. Infant rhythmicity scores were predicted via the mother’s depressive
symptoms and sinusoidal contours, as well as the number of days the infant was born
preterm, "! =.19, F(3, 74)= 4.94, p=.004. Infant adaptability was predicted by the mother’s
depression symptoms, and her use of sinusoidal and rapidly-falling contours, "! = .12, F(3,
44)= 3.04, p=.04. Infant intensity scores were predicted by the number of days the infant was
born preterm and the mother’s use sinusoidal contours. Finally, the infants’ mood scores were
predicted by the number of days preterm the infant was and also the mother’s use of rapidlyfalling contours, "! =.12, F(2, 85)= 6.91, p=.002.
Infant autism symptoms were also related to maternal pitch contours. Mothers used
fewer sinusoidal contours when their infant displayed more autism symptoms (! ! =-.30,
p=.004) and more autism-related sensory regulation issues (! ! =-.31, p=.001). Mothers also
used fewer flat contours if their infant displayed more autism symptoms (! ! =-.39, p=.04).
Again, several models of prediction emerged from the key study variables that explained
variance in infant autism symptoms. Infant FYI total score was predicted via the mother’s
depression symptoms and number of utterances she used during the interaction, as well as the
infant’s cognitive score on a developmental assessment, "! =. 34 F(3, 47)= 9.58, p<.0001.
Infant social communication score on the FYI was predicted by the mother’s depression score
as well as the number of utterances she spoke and her use of flat contours, "! =.28 F(3, 47)=
7.46, p=.0003. Infant sensory regulation score on the FYI was predicted by the mother’s
depressive symptoms, and her rising and sinusoidal contours as well as the infant’s cognitive
score on a developmental assessment, "! =.20 F(4, 46)= 4.22, p=.005. Finally, the infants’
score on the ADEC was predicted by the mother’s rising, bell-shaped, flat and complex
contours as well as the infant’s language skills, "! =.70 F(5, 20)= 12.48, p<.0001.
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This thesis provides the first evidence that maternal pitch contours are related to
infant temperament and early autism symptoms in infancy. The functions thought to underpin
the relationships between the infant characteristics and the maternal pitch contours are
discussed in detail. These results support the theory that mother-infant interactions are
bidirectional, with both the mother and the infant playing active roles. Further research into
mother-infant interactions, IDS, pitch contours and the influence of infant characteristics is
recommended. These results could inform or support early parent-training interventions
involving the use of IDS to target early relationship, language, socio-communication
difficulties, as well as improving the outcomes of infants displaying autism symptoms.
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Table 1. Abbreviations as they appear in the thesis
Relating to infant
characteristics
IDS

Infant-directed speech

Autism

Autism Spectrum Disorder

ASD

Autism Spectrum Disorder

HR

High-risk

LR

Low-risk

LDA

Later diagnosed with autism

CDS

Child-directed speech

ADS

Adult-directed speech

TD

Typically-developing

Experimental
NYLS

New York longitudinal study

CTS

Carey Temperament Scales

PVR

Parental verbal responsiveness

MLU

Mean length of utterance

F0

Fundamental frequency (pitch)

dB

Decibel

HSJE

Higher level supported joint engagement

LSJE

Lower level supported joint engagement

BLT-ID

Breathing for life – infant development study

BLT

Breathing for life trial

BM

BabyMinds
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SDPrem

Sensory modulation in preterm infants’ study

RCT

Randomised control trial

HMRI

Hunter Medical Research Institute

JHCH

John Hunter Children’s Hospital

NICU

Neonatal Intensive Care Unit

CAP

Clinical applications portal

TTS

Toddler Temperament Scale

ADEC

Autism Detection in Early Childhood

FYI

First Year Inventory

ADOS

Autism Diagnostic Observation Schedule

EPDS

Edinburgh Post-Natal Depression Scale

BSID-III

Bayley Scales of Infant and Toddler Development – Third Edition

Hz

Hertz

SE

Standard error
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