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CHAPTER 1

Introduction

An overview of research on prosodic development

Pilar Prieto!? & Nuria Esteve-Gibert3*

nstitucié Catalana de Recerca i Estudis Avancats (ICREA) / 2Universitat
Pompeu Fabra, Department of Translation and Language Sciences / 3Aix
Marseille Université, CNRS, LPL UMR 7309 / “Universitat de Barcelona

Prosody in spoken language, realized through patterns of timing, melody, and
intensity, is used across languages to convey a wide range of language functions,
which are crucial for both structuring information in speech and encoding an
important set of semantico-pragmatic meanings. First and foremost, prosody con-
stitutes the ‘organizational structure of speech’ (Beckman, 1996). We use it to sepa-
rate our speech into chunks of information, thus helping our interlocutor to parse
our discourse into meaningful syntactic units but also sending signals about when
to take turns in our conversation. Secondly, prosody plays a key pragmatic role in
conversation because it can convey a broad panoply of communicative meanings,
ranging from the type of speech act (assertion, question, request, etc.), informa-
tion status (given vs. new information, broad focus vs. narrow focus, contrast),
belief status (or epistemic position of the speaker with respect to the information
exchange), politeness, and affective states, to indexical functions such as gender,
age, and the sociolectal and dialectal status of the speaker (Gussenhoven, 2004;
Ladd, 2008; Nespor & Vogel, 2007; see Prieto, 2015, for a review). Finally, in many
languages of the world, prosody can also encode phonological contrasts at the lexi-
cal level through stress or tonal marking.

These various organizational and semantico-pragmatic functions are mani-
fested by means of prosodic phrasal grouping (via phrasal intonation markers),
intonational prominence, and intonational modulations. While phrasal intonation
markers signal the ends and beginnings of turns, sentences and words, prominence
markers such as pitch accents allow listeners to pinpoint the important informa-
tion in an utterance (for example, contrastive focus in English, in a sentence like It
was MARY, who painted the wall is produced with pitch accent prominence on this
element). For their part, intonational modulations typically play a vital role in the
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pragmatic interpretation of speech (for example, the falling-rising pitch modula-
tions at the end of interrogative sentences can convey an incredulity meaning). As
we will see, given the key nature of these three prosodic elements, at least one them
will be central to every chapter in this book.

Given these tight links between prosody and syntax, pragmatics, and
phonology, the study of how prosody is first acquired by young children consti-
tutes an important and exciting field of research, particularly because it can shed
considerable light on the emergence throughout childhood of linguistic, commu-
nicative, and cognitive skills in general. In fact, the development of the ability to
detect and decode prosody starts in very early infancy, even before birth, and con-
tinues through childhood until early adolescence. Research on early infancy has
highlighted the essential role of prosody in early word segmentation and word-
semantic mapping, as well as its facilitating or ‘bootstrapping’ role in the decoding
of syntactic and pragmatic information (Hohle, 2009, among others). In addition,
the special prosodic patterns often used by caregivers when addressing infants (at
least in Western cultures) — what is known as infant- or child-directed speech -
have been found to facilitate infants’ language learning (Thiessen, Hill, & Saffran,
2005, among others).

Given the multiple functions of prosody in communication as well as its links
to so many other factors, it should be evident that achieving a truly comprehen-
sive picture of this process must require input not only from linguistics but also
fields like developmental psychology, neuroscience, speech therapy, education,
and computation. Indeed, recent decades have begun to see an increasing trend
for collaboration between such disciplines for this purpose, resulting in signifi-
cant advances. The present book is intended to reflect these advances by provid-
ing a comprehensive, interdisciplinary, state-of-the-art overview of the multiple
strains of research exploring the field of prosodic development. Each of the sixteen
chapters that comprise the central part of this volume will provide a particular
disciplinary perspective, with one exploring how prosody is linked with other
communicative resources like gestures, for example, another looking at how it is
acquired by bilinguals and special populations, and so on. In the following section
we will summarize the various broad topics covered in this book, noting after each
summary the specific focus of the chapters that fall within that topic.

Early sensitivity to prosody
A large number of experimental studies have shown that, from a very early age,

infants are acutely sensitive to the prosodic patterns present in human speech.
From around two months after birth, infants have already developed some basic
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knowledge about the way their mother tongue sounds, being able, for example, to
discriminate among languages which differ in their rhythm and intonation pat-
terns. Together with these rhythm discrimination abilities, infants are also able
to distinguish between words with different patterns of lexical stress, or distin-
guish function words (e.g., it, this) from content words (e.g., baby, happy) on the
basis of their acoustic characteristics. This early capacity to perceive prosodic cues
in language lays the foundations for later language learning in domains such as
word segmentation, word mapping, and syntactic development (see Gervain &
Mebhler, 2010, for a review). For example, 6-month-olds can map an auditory word
onto a visual referent only when the words are aligned with phrasal prosodic con-
stituents, a universal structural property of natural languages (see Jusczyk, 1999;
Shukla, White, & Aslin, 2011).

Four chapters in this book deal with the effects of infants’ perception of
prosody as a bootstrapping mechanism for these milestone abilities in language
development. In Chapter 2, “Early perception of phrasal prosody and its role in
syntactic and lexical acquisition”, de Carvalho, Dautriche, Millotte, and Chris-
tophe summarize evidence for newborns’ early sensitivity to prosodic structure
and how they use it for word segmentation in continuous speech between 6
and 12 months of age. By 18 months, toddlers can readily exploit the prosodic
structure of an utterance to access some of its syntactic constituents. Together
with function words, this allows them to build a partial syntactic representation
which can, in some cases, help them to assign a syntactic category (e.g., noun vs.
verb) to a novel word and thus to distinguish objects and actions from speech.
Chapter 3, “Early sensitivity and acquisition of prosodic patterns at the lexical
level”, by Bhatara, Boll-Avetisyan, Hohle, and Nazzi, focuses on infants’ early pref-
erences for particular stress patterns. The authors show that 9-month-old infants
can discriminate between different patterns of lexical stress, lexical pitch contours
and lexical tones if these different patterns are relevant and contrastive in their
ambient language. Between 6 and 9 months of age, infants already prefer the lexi-
cal stress pattern of their ambient language, and they seem to consider duration,
pitch, and intensity as a whole to build their preferences. A section on bilingual
infants is also included, showing that their developmental patterns are similar to
those of their monolingual peers.

Infants’ early sensitivity to prosody for word learning is the focus of two chap-
ters. Chapter 4, “The role of prosody in early word learning: Behavioral evidence”,
by Thorson, provides behavioral evidence of how infants and toddlers use their
early sensitivity to prosody to segment words from the speech stream, identify
discourse referents, and map a word onto its meaning. The author argues for an
integrative approach to word learning, in which prosodic cues work together with
social and cognitive strategies to help infants learn words. Chapter 5, “The role of
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prosody in early speech segmentation and word-referent mapping: Electrophysi-
ological evidence,” by Teixidd, Frangois, Bosch, and Ménnel, approaches the same
issue but from a neural processing point of view. After providing a brief introduc-
tion to the technique of event-related potentials (ERP) in language acquisition,
the authors review electrophysiological studies showing the key role of prosodic
cues in young infants’ abilities to segment words and map words to meaning. The
authors include one section on what ERP studies have shown about the role of
infant-directed speech and also, interestingly, the special melodic properties of
sung speech in infants’ early word segmentation processes.

Infants’ early sensitivity to prosodic cues as seen in early discrimination and
preference patterns is thus crucial for early language learning. Young infants have
been shown to be sensitive to a varied set of phrasal and lexical prosodic cues
(or lexical pitch accents and lexical tones, if they are important in their ambient
language), which they can then use to access lexical and syntactic information in
their ambient language. In this fashion, prosodic cues serve to bootstrap language
acquisition, since it is precisely the ability to perceive the prosodic patterns of their
target language(s) that seems to trigger the infants’ learning of other linguistic
domains.

Learning to produce prosody

The early sensitivity to prosody seen in infants contrasts sharply with their very
limited production capabilities. It is only between 6 and 10 months that chil-
dren start to produce what is called ‘canonical babbling), an early type of syllabic
babbling which resembles consonant and vowel combinations in the ambient
language. During the babbling stage, infants are also in the process of develop-
ing their motor skills, and interesting parallel development can be seen between
babies’ repetitions of sounds and their arm movements. The potential connection
between these two phenomena is discussed in Chapter 6, “Set in time: tempo-
ral coordination of prosody and gesture in the development of spoken language
production”, by Rusiewicz and Esteve-Gibert. This chapter shows the strong link
between prosodic and visual/gestural prominences in both adult speech and infant
development. The authors review the literature that describes the synchronization
between speech and motor activities of young infants before one year of age, and
discuss how babbling and meaningless arm movements begin to give way to more
temporally and linguistically controlled vocal and motor behaviors. For example,
almost as soon as they begin to produce words, children start to properly align the
prominent parts of their gestures with the prosodically prominent parts of speech.
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Interestingly, the authors include a final section where they address the implica-
tions of this research for children with speech disorders.

Evidence of the lag between the development of perception and production
abilities also comes from studies of rhythm development in children. There is
consensus in the literature that, although language-specific perceptual sensitivity
to rhythm emerges very early in infancy, the ability to produce language-specific
rhythmic patterning emerges around the time children have achieved a four-
word vocabulary (around age one) and very gradually develops during the second
year of life. For example, a longitudinal examination of rhythmic production in
young infants from the four-word point to the 25-word point (i.e., between 12 and
17 months) in typologically diverse languages found that the duration patterns
of syllables differed in ways that were consistent with the language-specific input
(De Paolis, Vihman, & Kunnari, 2008). In Chapter 7, “Speech rhythm in develop-
ment: What is the child acquiring?”, a comprehensive review of perception and
production studies related to the production of prosodic rhythm, Payne and Post
discuss how the varying typology of rhythm across languages affects acquisition
by children at different ages, as well as the effect of acquiring multiple linguistic
systems as seen in bilinguals. They highlight the multiple set of language-specific
factors that need to be taken into account to explain the different developmental
paths reported for speech rhythm crosslinguistically.

Another area which shows the delay between perception and production is
intonation. The early ability that infants show with respect to distinguishing pitch
contrasts (for example, they can discriminate between rising and falling intona-
tion patterns between 4 and 9 months of age and several different tonal shapes in
the case of tonal languages; Frota, Butler, & Vigario, 2014; Yeung, Chen, & Werker,
2013) sets the scene for the production of stress contrasts and basic pitch contrasts
around the end of their first year. In Chapter 8, “Early development of intonation:
perception and production’, Frota and Butler summarize findings related to the
development of language-specific intonational phonology from both perception
and production points of view. On the perception side, they describe evidence
showing when children begin to be sensitive to the inventory of pitch accents and
boundary tones (together with the tonal alignment and tonal scaling patterns) that
are present in their ambient language. Language-specific effects emerge very early
on here, suggesting that pitch perception is not simply guided by domain-general
abilities but is subject to underlying cross-linguistic differences. On the produc-
tion side, crosslinguistic evidence carried out within the Autosegmental Metrical
model shows that around the end of the first year infants begin to produce lan-
guage-specific intonational patterns which develop quickly as they learn to map
pragmatic meanings onto prosodic features during their second year.
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Infants’ first words usually appear side by side with babbling, these first words
being sequences of sounds which approximate the phonetic forms of adult words.
A great deal of research has concentrated on analyzing the prosodic forms of the
early words and phrases produced by children, and determining whether we can
predict these early speech forms by the prosodic characteristics of the ambient lan-
guage as well as the frequency with which these structures appear in the input. This
book contains three chapters that complement each other by covering different
aspects of early word and phrase production. Nevertheless, all of them highlight
the fact that prosodic phonology is now the preferred framework for describing
the development of not only early words but also early phrases and even higher
levels of prosodic structure like phonological and intonational phrases. In terms of
prosodic constituents, the prosodic structure of an utterance is hierarchical, in that
all sentences contain intonational phrases, intonational phrases contain phono-
logical phrases, and phonological phrases contain prosodic words which in turn
contain syllables (Nespor & Vogel, 1986). The three chapters review what we know
so far about how infants acquire the prosodic structure of their ambient language,
offering complementary views of the nature of early words and phrases, how they
vary cross-linguistically and the mechanisms that can explain their forms and
order of emergence.

Chapter 9, “Prosodic phonology in acquisition: A focus on children’s early
word productions’, by Kehoe, presents an overview of the body of research car-
ried out on early word production within the framework of prosodic phonology. It
begins with an introduction to the background linguistic theory and then moves to
a discussion of major early accounts of prosodic development, nonprosodic factors,
and more recent findings from a wide range of languages. In order to account for
children’s early speech patterns, while earlier approaches focused almost exclusively
on the constraints imposed by prosodic structure, more recent approaches have
also taken into account segmental factors, as well as frequency, articulatory and
perceptual bias effects. Kehoe argues that it is essential to integrate all these factors
in order to support a cohesive framework of cross-linguistic prosodic development.

In Chapter 10, “The development of prosodic structure: A usage-based
approach’, Vihman proposes that the notion that children have an innate knowl-
edge of universal principles of prosodic structure is of little help in accounting for
the structures found in the early word forms that they produce. Vihman proposes
an alternative view of the development of word prosodic structures, which is sup-
ported by her quantitative analysis of early child word patterns in four typologically
varied languages. Her claim is that the origins of children’s initial word represen-
tations can be traced back to three types of learning mechanisms that increas-
ingly interact over the course of the first years of life: (a) experience of salient/
prominent as well as frequent elements of the input speech stream; (b) constraints
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imposed by the neurophysiology of vocal production; and (c) memory processes
that relate the acoustic patterns children hear in their target language to existing
knowledge based on production.

Chapter 11, by Demuth, is entitled “Understanding the development of pro-
sodic words: The role of the lexicon” Using evidence from cross-linguistic studies,
Demuth argues that the prosodic shape and structure of early child productions is
heavily influenced by the characteristics of the lexicon of the ambient language. The
Chapter also includes an analysis of higher levels of prosodic structure and high-
lights the prosodic restrictions on the development of grammatical morphemes,
articles, and determiners in children’s early productions. The chapter ends by dis-
cussing the implications of these findings for the development of higher levels of
prosodic competence, as well as the need to develop a model of speech planning
and production.

Moving to meaning and interaction: Prosody and pragmatic development

In contrast with the wealth of research exploring the early perception of prosodic
cues by children, and how they use these cues to support their acquisition of lexi-
cal (including both word segmentation and word-meaning mapping) and syn-
tactic skills, research on the relationship between prosody and the acquisition of
sociopragmatic meanings is still sparse. As noted above, an important function
of prosody in language is that of marking pragmatic information ranging from
emotional meanings to epistemic meanings, something which is crucial for com-
municative success in social interactions. Infant’s first vocalizations can be uttered
with prosodic patterns which serve many functions, such as to express comfort or
discontent, to make a request or statement, or to express surprise (Esteve-Gibert
& Prieto, 2013). Prosody is also an important cue to mark the informational status
of an element in the discourse (new vs. given, all new vs. partially new, or contras-
tive) and the timing of social exchanges, especially in signalling turn-taking in
conversation. In essence, the acquisition of the pragmatic uses of prosody, also
called prosody-pragmatics mapping, has not been investigated in detail, especially
in the earliest stages of language development.

During the second half of their first year of life, infants become able to engage
in joint attentional frames where infant and caregiver both attend to the same
external object or event and are mutually aware that they are doing so. In these
contexts, infants begin to communicate intentionally using vocalizations, pointing
gestures or a combination of these two modes. In Chapter 12, “Early development
of the prosody-meaning interface”, Esteve-Gibert and Prieto review the evidence
on how infants aged between 9 and 12 months begin to map the prosodic patterns

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



Pilar Prieto & Nuria Esteve-Gibert

EBSCChost -

of others’ speech with their intended speech acts. Adults use different prosodic
and gesture patterns accompanying actions to signal their speech act motivation,
and one-year-old children can understand the main intentionality of an adult’s
speech act (e.g., a requestive speech act means they are asking for an object, an
expressive speech act means they want to share their interest in an object, and a
declarative speech act means they are offering information about some feature of
an object). Likewise, infants start to signal their intended meaning by controlling
the prosodic patterns of their own speech.

Newborns have a strong interest in social stimuli (such as faces, eye con-
tact, etc.), a ‘social sense’ (Kovacs, Téglds, & Endress, 2010) that sets the stage for
the development of communicative and interaction skills. Towards the sixth or
eighth week of life, babies often produce their first smiles, begin to interact face-
to-face with adults for longer periods and start to exchange emotions with others.
Research has shown that vocal cues are key for young infants to recognize the
emotions of other people in the first half year of life. It has been demonstrated,
for example, that 5-month-olds (but not 3.5-month-olds) can detect, distinguish
among, and match the facial and vocal affective displays of other infants (Vaillant-
Molina, Bahrick, & Flom, 2013).

Three chapters in the volume deal with the development of prosody for the
expression and comprehension of affect, reviewing different ages and levels of
affect information. Though their primary focus is on intentionality, in Chapter 12,
Esteve-Gibert and Prieto also review studies of early infancy and show that, before
the emergence of lexical and grammatical skills, infants can ‘read’ the emotional
states of other people by processing the prosodic cues in a person’s speech, and that
they learn to control prosody in their own production in order to express their own
emotional states. Chapter 13, “Gradual development of focus prosody and affect
prosody comprehension: A proposal for a holistic approach”, by Ito, and Chap-
ter 14, “Children’s development of internal state prosody”, by Armstrong and Hiib-
scher, show that although pre-lexical infants can use and process prosody as a tool
to mark affect, they are still not adult-like in this respect and this ability continues
to develop in later stages of language acquisition. Both chapters review the literature
on preschool and school-age children and stress the fact that the study of children’s
use of prosody to comprehend affective states cannot be isolated from the study of
how infants use prosody to comprehend other pragmatic meanings that involve
complex cognitive skills. In Chapter 13, Ito relates children’s comprehension of
affect meaning with their ability to comprehend other uses of prosodic prominence
like focus marking. In Chapter 14, Armstrong and Hiibscher relate emotional uses
of prosody to the expression of other internal states, like belief states.

As we have noted, prosody - and specifically prosodic prominence - is used
in many languages of the world to encode information status, that is, whether

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



EBSCChost -

Chapter 1. An overview of research on prosodic development

some piece of information is old/new in the discourse or important/unimport-
ant, and even whether it should be assigned a contrastive interpretation (see
Speer & Ito, 2009, for a review). When we assign focus prosody to a given word
within a sentence (e.g., Some BOYS came vs. SOME boys came), we are guiding
the hearer towards the central focus of the utterance’s message. Thus, prosodic
prominence is a strong perceptual highlighter for the location of critical informa-
tion in speech. Two chapters in this volume look at how children understand and
then use prosody to convey information status. In Chapter 13, Ito reviews current
research on how infants develop an ability to comprehend prosodic focus and
highlights the fact that prosodic prominence is used to mark not only informa-
tion status across languages but also attitudinal and affective information. She
calls for an integrative approach that considers the interaction between affect
and focus prosody as a future direction for research on prosodic development
within and across individuals. In Chapter 15, “Get the focus right: Acquisition of
prosodic focus-marking in production”, Chen reviews the sharp cross-linguistic
differences in the ways that children use prosody (and morphosyntax) to mark
focus, and then traces the different paths followed by children as their ability to
produce focus develops. She presents results of studies that analyzed the produc-
tion of broad and narrow focus as well as contrastive focus by children 2 to 11
years of age who were learning to speak typologically distinct first languages,
primarily Dutch, Seoul Korean, Swedish, and Mandarin, but also including Eng-
lish, German, and Finnish. The author proposes a cross-linguistic theory for the
acquisition of prosodic focus according to which the specific means of marking
focus in a particular language and the lexical relevance of pitch will have a pre-
dictable impact on the age at which children are able to produce adult-like focus
prosody and the order in which different prosodic means are acquired.

Prosody (and in particular intonation pitch contours) can be a strong
marker of speaker belief and epistemic states across languages. Speakers use
prosody (often in combination with visual cues like facial cues or body gestures)
to express their (un)certainty, (dis)belief, or (non)surprise about the proposi-
tional content of an utterance. Little work has been carried out on how children
develop the ability to comprehend these epistemic meanings in others’ speech,
and even less on how they learn to use prosody to express such epistemic mean-
ings themselves. In Chapter 14, Armstrong and Hiibscher review the evidence
available so far in this regard, which shows how children’s mastery of prosody
for the expression of belief states interacts with their use of lexical (e.g., modal
verbs), morphosyntactic (e.g., adverbs in specific constructions), or non-verbal
(e.g. facial cues) cues, their acquisition of these skills being tightly linked to
their overall development of their understanding of other’s minds as measured
by Theory of Mind tasks.
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Prosody in bilingualism and in specific populations

Most of the world population speaks more than one language (Grosjean, 2010),
so most children in fact have to learn more than one prosodic system. Several
chapters of the volume include specific sections on the developmental patterns of
bilingual children. In general, bilingual infants seem to be able to extract, general-
ize, and produce the specific prosodic properties of their ambient languages at a
similar age to monolingual infants, although some cues like rhythmic metrics may
take them a bit longer to acquire, and their dominant language will play a larger
role than their less dominant language in the acquisition process. Chapter 16,
“Bilingual children’s prosodic development”, by Lled, looks more closely at a bilin-
gual population. The author presents data on how the different domains of pro-
sodic structure (syllables, metrical feet, stress, intonation and rhythm) develop in
bilingual children, revealing that although the two systems are acquired indepen-
dently, there are cross-linguistic interactions between the systems.

Research describing the development of prosodic skills in children with com-
munication disorders has also progressed. In Chapter 17, “Prosodic development
in atypical populations”, Peppé provides an overview of how conditions such as
autism spectrum disorders, hearing impairment, Down syndrome, Williams
syndrome, and disfluency disorders can affect prosodic abilities in terms of both
perception and expression. She concludes the chapter with a discussion of recent
intervention programs based on prosody.

Directions for future research

The chapters included in this book bring us a step forward in our understanding
of prosodic development in children. One inescapable conclusion to be drawn
from all this work is that prosodic development is closely intertwined with many
other systems of language as well with as the acquisition of social cognition skills
and pragmatic knowledge. Mastering the comprehension and use of prosody is
therefore vitally important for an infant’s development of later linguistic abilities
and general communication skills. Given the complexity of this process as well as
its importance, it is not surprising that a full understanding of prosodic develop-
ment in children constitutes an ongoing challenge for not only linguists but also
developmental psychologists, neuroscientists and speech therapists.

Though the multidisciplinary research reflected in this volume has clearly
yielded a significant body of essential information regarding the acquisition
of prosody, we still lack a comprehensive and widely accepted theory of pro-
sodic development. We need a theory that can not only encompass and explain
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perception and production patterns—which have traditionally been studied sepa-
rately-but also take into account the complex relationships between prosodic abil-
ities and other linguistic, communicative, and cognitive skills. Given the range of
fields involved in such an endeavor, this overarching goal calls for a significantly
high level of interdisciplinary awareness. There are also methodological chal-
lenges ahead, including the need to find more ecologically valid research meth-
ods that combine experimental and computational methods in future studies with
children. For example, for both perception and comprehension, behavioral data
should be complemented by ERP and fMRI studies for a fuller picture of how an
infant’s brain processes prosodic features. On the other hand, recent technologi-
cal developments have greatly facilitated data collection, leading to the creation
of freely accessible, large-scale audio and video corpora from different languages,
such as the PhonBank initiative (Rose & MacWhinney, 2014), which constitute a
potential goldmine of information on the development of prosodic production.
Similarly, acoustic/phonetic tools such as Praat (Boersma & Weenink, 2017) have
had a profound impact on our ability to measure and analyze prosodic data. This
combination of high quality recorded corpora and a tool to automatically code
acoustic cues has proved invaluable to research and must be further exploited, for
it has huge potential to yield important results.

The chapters in this volume have outlined a developmental path along which
a set of prosodic abilities are acquired at different stages in a child’s development.
For example, a child’s initial abilities related to rhythm discrimination give way
to later prosodic skills related to word segmentation and syntactic grouping, and
later still, the ability to comprehend epistemic information in the speech of others.
However, there remains a need to investigate whether certain prosodic abilities
at one stage can act as precursors and even predictors of later linguistic abilities.
While the role of prosody as a syntactic bootstrapper has been explored (see de
Carvalho, Dautriche, Millotte, & Christophe, this volume), the role of prosody as
a pragmatic bootstrapper is still neglected (yet see a recent proposal by Hiibscher,
Esteve-Gibert, Igualada, & Prieto, 2017). Interestingly, researchers interested in
gesture development have found evidence that the use of gesture by children
precedes and predicts changes in language acquisition and learning (see Goldin-
Meadow & Alibali, 2013, for a review). Given the strong semantic co-dependency
between co-speech gestures and pragmatic prosody in languages, we would expect
the learning of prosody to run in tandem with language learning.

Though sometimes neglected, prosody is a robust cue for the conveyance
of essential pragmatic information in communication exchanges. An important
line of investigation that needs to be strengthened is research into the relation-
ship between prosodic development and pragmatic development. Many ques-
tions remain unanswered about the role of prosody in first language acquisition,
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including the mapping between prosody and meaning, and the relationship
between the development of prosody and a child’s social cognition skills and prag-
matic knowledge (see Stephens & Matthews, 2014). Though some of the chapters
in this book have addressed the question of how prosody develops in relation to
the understanding and expression of emotional information, as well as speech
act, focus, and belief state information, much work remains to be carried out in
this area. One of the more important challenges ahead is to unravel how children
acquire pragmatic meanings through prosody using an integrative approach that
considers the interaction between the multidimensional meanings encoded by
prosody (see Ito, this volume), as well as to relate what we know about the devel-
opment of prosody to other linguistic and sociocognitive abilities in children.

Another line of research which warrants further attention is the area of cross-
linguistic comparisons, as well as the interaction of prosody with other types of
grammatical domains. Data from these two directions could work together to
clarify which patterns of prosodic development are universal and which are lan-
guage-specific. As several authors in this volume point out, we still need to have a
full picture of prosodic development across languages (e.g., Demuth, this volume;
Frota & Butler, this volume; Chen, this volume). Only by means of cross-linguistic
findings we will be able to discover the forces that, despite individual differences
and language-specific effects, guide infants in their path to language acquisition.

As a final remark, the research reviewed in this book has important practical
and educational implications which merit further exploration. Given that behav-
ioral studies show that prosodic skills can be precursors and predictors of later
language abilities as well as predictors of communication disorders, prosodic cues
could potentially be put to use as tools to not only facilitate language learning on
the one hand but also diagnose and treat communication disorders on the other.
For example, a lack of sensitivity to pitch or durational contrasts, or emotional
marking in speech, might be a precocious warning of later language delays. This
suggests the need to establish standard profiles of prosodic development (and
therefore universally and easily applicable prosodic assessment tools), which can
be matched to profiles of pragmatic and sociocognitive development to help us
identify children who show signs of non-normative development. By the same
token, there is a need to assess current intervention paradigms which include
prosody (see Peppé, this volume) and see how much farther this approach can
take us. In general, we need to foster closer collaboration with researchers who
are interested in applying this research to new educational and speech therapy
practices and strategies.

Allin all, we hope that this volume will be of interest to both experienced and
novice researchers and will help delineate a road map for a more comprehensive
theory of prosodic development.
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CHAPTER 2

Early perception of phrasal prosody and its
role in syntactic and lexical acquisition
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This chapter will review empirical findings on the perception of phrasal prosody
in very young infants, and how it develops in first language acquisition. The
ability to process phrasal prosody impacts learning of important aspects of
language, specifically word segmentation and syntactic parsing. We will see

that infants are able to perceive crucial aspects of phrasal prosody before the
end of their first year of life, and that a few months later they are able to exploit
the prosodic structure of an utterance to constrain its syntactic analysis, and
therefore, to infer the meaning of unknown words.

Introduction

Infants acquiring language face the challenging task of having to learn by extracting
information directly from the speech stream. Given the complexity of this spoken
input, it is impressive that around the age of two or three years, toddlers already
show a deep knowledge about aspects of the phonology, semantics and syntax of
their native language. How were they able to build this knowledge during the first
steps of language acquisition? In this chapter we will review empirical findings on
the perception and use of a potential cue that is directly accessible from the speech
stream: phrasal prosody. Phrasal prosody reflects the organization of sentences
into prosodic constituents above the word level, and it is conveyed by variations
in pitch, duration, and energy, of speech sounds over the course of an utterance.
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In all the languages of the world, the words and syllables composing the
speech stream are not produced in a monotonous way. Rather, speech is charac-
terized by rhythmic and intonational variations over the course of an utterance:
its prosody. The prosody of a language can be described at different levels (i.e.,
syllables, words, phrases, and whole utterances) and impacts linguistic inter-
pretations in various ways. For example, prosodic information can be used to
convey lexical meaning at the word level through variations in stress pattern or
lexical tone (e.g. ‘beBE’ and ‘BEbe’ are two different words in Spanish, differing
only in their stress patterns). Prosody is also used to mark whether a sentence is
declarative or interrogative (e.g. Zhou, Crain, & Zhan, 2012) and it conveys use-
ful discourse information such as information structure (e.g. focus, new vs. old
information; Hirschberg & Pierrehumbert, 1986; Pierrehumbert & Hirschberg,
1990). Prosody can also be used to change the interpretation of an utterance (e.g.
irony, disbelief, etc.), and it can even reflect the emotional state of the speaker
(Armstrong, Andreu, Esteve-Gibert, & Prieto, 2016; Jun, 2005, 2014; Ladd, 2008).
As for phrasal prosody, the prosodic structure of an utterance can be described
hierarchically, in the sense that utterances contain one or more intonational
phrases, intonational phrases contain one or more phonological phrases, and
phonological phrases contain one or more prosodic words, which in turn contain
syllables (e.g. Nespor & Vogel, 1986). In this chapter, we will focus on the role of
phrasal prosody on speech segmentation and parsing, and its impact on syntactic
and lexical acquisition.

Our interest in this topic stems from the fact that the prosodic boundar-
ies at the phrasal level (i.e., phonological and intonational phrases) always coin-
cide with the boundaries between syntactic constituents in a sentence (Nespor &
Vogel, 1986). Thus, the prosody of an utterance can reflect aspects of the syntactic
structure of a sentence and provide important cues for parsing (e.g., Morgan &
Demuth, 1996; Nespor & Vogel, 1986). For example, a sentence like: “The little
boys run really fast”, tends to be produced as: [the little boys] [run really fast]
(brackets indicate phonological phrases), where the three words “the little boys”
are grouped into one single prosodic unit, corresponding to the noun phrase in
this sentence, and “run really fast” are grouped into a second prosodic unit, cor-
responding to the verb phrase. Although it is not the case that all syntactic con-
stituent boundaries are marked by a prosodic boundary, whenever a prosodic
boundary is perceived in the speech stream, it always coincides with a syntactic
constituent boundary (Nespor & Vogel, 1986). As a result, salient prosodically-
conditioned acoustic information such as phrase-final lengthening, pitch vari-
ations, and pauses, may allow listeners to identify prosodic boundaries which
in turn might be useful to segment the continuous speech stream into relevant
units, such as words and syntactic constituents. In other words, phrasal pros-
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ody might be particularly important for young listeners, who still do not know
much about their native language, because it could represent an important tool
to parse sentences into meaningful constituents and to identify some of the syn-
tactic constituents of a sentence even before infants have acquired an extensive
vocabulary (Christophe, Millotte, Bernal, & Lidz, 2008; Morgan, 1986; Morgan
& Demuth, 1996). In this chapter we will review empirical findings supporting
this hypothesis.

The first section will show that infants are sensitive to prosodic information
from birth onwards and that this cue can help them to learn important aspects of
their native language. The second section will present empirical findings showing
that infants can rely on phrasal prosody to segment the speech stream into words
and constrain lexical access. Finally, in the third section we will present recent
findings suggesting that infants can exploit the relationship between the prosodic
and syntactic structures of sentences to constrain their syntactic analysis — which
in turn would allow them to constrain the acquisition of word meanings.

Early perception of prosodic cues

Considerable work has shown that infants have extensive experience with pros-
ody from their first days of life (Christophe, Mehler, & Sebastian-Gallés, 2001;
Decasper & Spence, 1986; Mehler et al., 1988; Nazzi, Bertoncini, & Mehler, 1998;
Shi, Werker, & Morgan, 1999). An important study conducted by Mehler et al.
(1988) showed that four-day-old infants are already sensitive to prosodic infor-
mation when listening to sentences. Testing French newborns with French and
Russian, and American infants with English and Italian, the authors observed
that infants showed a preference for listening to their native language over a
foreign one. Given that a few days after birth, infants have received very little
postnatal language input, it is possible that prenatal exposure plays a role in this
early preference for native speech (e.g., Decasper & Spence, 1986). Indeed, some
prosodic characteristics from the speech stream, such as rhythm, stress and into-
nation, pass through the skin and uterus to the fetus (Decasper & Spence, 1986).
To test whether newborns’ preference arises from an early knowledge of the pro-
sodic characteristics of their native language, Mehler et al. (1988) tested another
group of French and American infants using low-pass filtered speech samples,
where the prosodic information remained intact while phonetic information was
stripped away. Their results showed that French newborns preferred to listen
to low-pass filtered French speech over filtered Russian speech and American
infants showed the same pattern for filtered English vs. filtered Italian speech.
These results suggest that from birth onwards, infants are already sensitive to
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prosodic information, which helps them to distinguish their native language
from a foreign language.

In a subsequent study, Nazzi et al. (1998), used low-pass filtered sentences
in foreign languages to test infants’ sensitivity to prosody to distinguish between
non-native languages. They showed that French newborns were also able to dis-
criminate foreign languages based on their prosodic patterns. For example, French
newborns were able to discriminate stress-timed English from mora-timed
Japanese, but failed to discriminate between English and Dutch because these lan-
guages share the same rhythmic properties (both stress-timed languages). Taken
together, these results show not only that infants can use prosodic cues to discrim-
inate their native language from a foreign one but also that they can use prosody to
categorize languages based on their rhythmic and intonational properties.

Subsequent studies provided further evidence about the role played by pros-
ody during the first steps of language acquisition, showing in particular that infants
use it to segment the continuous speech stream into chunks. One of the earliest
infant studies on continuous speech perception showed that 7-month-old infants
are able to rely on prosodic information to recognize clauses in the speech stream:
Hirsh-Pasek, Kemler Nelson, Jusczyk, Cassidy, Druss, and Kennedy (1987) showed
that 7-to-10-month-olds are sensitive to the coherence of intonational phrases in
the speech stream. Inserting a one-second pause either at clause boundaries or at
within-clause locations in the speech stream, the authors observed that infants
prefer to listen to speech containing pauses at clause boundaries (i.e., “Cinderella
lived in a great big house-PAUSE-but it was sort of dark-PAUSE-..”) than within
clauses (i.e., “Cinderella lived in a great big house, but it was-PAUSE-sort of dark
because she had-PAUSE-..”; see also Mannel & Friederici, 2009, for similar results
at 5 months with EEG and Teixidd, Francois, Bosch, and Ménnel, this volume, for
a review of the role of prosody in early speech segmentation). Subsequent studies
showed that infants are sensitive to smaller prosodic units, phonological phrases,
that may correspond to noun phrases or parts of verb phrases in a sentence, from
about the age of 6 months (e.g. Gerken, Jusczyk, & Mandel, 1994; Johnson & Seid],
2008; Soderstrom, Seidl, Kemler-Nelson, & Jusczyk, 2003). Moreover, infants
show better memory for units from the speech stream that correspond to whole
prosodic units than for chunks of speech that span prosodic boundaries (Man-
del, Jusczyk, & Nelson, 1994; Nazzi, lakimova, Bertoncini, Frédonie, & Alcantara,
2006). This shows that infants are not only sensitive to prosodic grouping informa-
tion, but that they recognize the prosodic well-formedness of speech chunks, and
find it harder to process chunks of speech that are not well-formed prosodically.

It is important to note that some of the cues that mark prosodic units are the
same in all the world’s languages, especially for larger prosodic units such as into-
national phrases. These tend to be followed by a silent pause, systematically exhibit
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final lengthening, and often show marked pitch excursions (e.g., a decline, or a
rise for questions; note that these boundary cues are also found in other domains
such as musical phrases). However, other cues may vary between languages, so that
infants need to learn some language-specific properties before they can exploit those
cues efficiently, which may explain why sensitivity to smaller prosodic units such as
phonological phrases arises later during development. For instance, the pitch con-
tours typical of smaller prosodic units such as phonological phrases vary between
languages, which means that children need experience with their native language
before they can exploit these cues as reliable boundary markers in their language.
For instance, experimental work suggests that while younger infants (even across
different languages) tend to rely on strong and universal prosodic markers, such as
pauses, older infants can make use of more subtle prosodic cues such as pitch con-
tours and lengthening even in the absence of pauses (Johnson & Seidl, 2008; Seidl,
2007; Wellmann, Holzgrefe, Truckenbrodt, Wartenburger, & Hohle, 2012).
Prosody has also been proposed to help infants discover the word order of
their native language. In fact, many languages differ with respect to the position
of the verb and its object in a sentence, or more generally, the respective position
of heads and complements. Either complements tend to follow their heads, or they
tend to precede them. This organization, in turn, can impact the order of function
words (highly frequent functional morphemes, such as articles, auxiliaries, etc...)
with respect to content words (much less frequent lexical items, such as nouns,
verbs, adjectives, etc...) in a sentence. For example, in VO (Verb-Object) languages
such as English and French, function words typically appear before content words
and at the beginning of phrases (e.g., Le bateau “The boat’; de Paris ‘from Paris’ -
head-initial languages), while in OV languages like Turkish and Japanese, function
words tend to appear after content words and at the end of phrases (e.g., Tokyo kara
“Tokyo from’ - head-final languages; Dryer, 1992). In addition, the head-direction
of a language also determines which element will be more prosodically promi-
nent within phonological phrases: The first one in head-final languages (typically
marked with higher pitch), and the last one in head-initial languages (typically
marked with lengthening; Nespor, Shukla, van der Vijver, Avesani, Schrandolf, &
Donati, 2008). Thus, infants could use both the prosodic cues and the relative posi-
tion of frequent and infrequent elements to infer the basic word order of their
native language (Bernard & Gervain, 2012; Christophe, Nespor, Guasti, & Van
Ooyen, 2003; Gervain, Mehler, Horie, Mazuka, & Nespor, 2008; Gervain & Werker,
2013; Hohle, Weissenborn, Schmitz, & Ischebeck, 2001). For instance, Christophe
et al. (2003) showed that 2-month-old infants were able to distinguish between
two languages that have very similar phonology, but differ in their head-direction:
French (head-initial) versus Turkish (head-final) suggesting that this kind of pro-
sodic information might be used by young listeners to obtain information about

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



22

Alex de Carvalho, Isabelle Dautriche, Séverine Millotte & Anne Christophe

EBSCChost -

the word order in their native language. Additionally, Gervain and colleagues
(2008) showed that 8-month-olds are already sensitive to the typical position in
which frequent and infrequent elements appear in their native language in order
to infer the position of function and content words (e.g., Italian: VO, frequent-
infrequent; or Japanese: OV, infrequent-frequent). Thus, in an artificial grammar
experiment, when exposed to an unsegmented string of syllables in which some
syllables were highly frequent (i.e., playing the role of function words) and others
infrequent (i.e. playing the role of content words), infants segment this continuous
signal such that the position of the frequent elements respects the typical order of
function and content words in their native language (Italian infants prefer to have
the frequent elements in initial position, and Japanese infants in final position).

Interestingly however, in the case of bilingual infants acquiring both VO and
OV languages, frequency alone does not provide enough information about word
order since both frequent-final and frequent-initial phrases occur in their input.
Researchers have proposed that prosodic information could cue word order in
this case. For instance, in a recent experiment, Gervain and Werker (2013) showed
that bilingual 7-month-olds acquiring simultaneously an OV and a VO language
exploit prosodic information to determine the relative order of frequent and infre-
quent elements in an unsegmented string of syllables. When familiarized with
strings of syllables consistent with an OV prosodic pattern (with high-low-high-
low pitch alternations), infants preferred to listen to chunks of syllables with the
frequent elements at the end; in contrast, when familiarized with strings of syl-
lables consistent with a VO prosodic pattern (short-long-short-long), they showed
the reverse preference. These studies suggest that prosody, together with frequency
information, impacts word order acquisition. Taken together, the studies reviewed
in this section show that prosody is indeed an important source of information,
directly accessible from the speech stream, which may promote early language
learning in a variety of ways.

Using phrasal prosody to segment the speech stream into words

Discovering the words composing their language is one of the challenging tasks
faced by language learners. During their development, infants have to extract
the word-forms from the continuous speech stream, and associate the extracted
word-forms with a possible meaning. However, given that in fluent speech there
are no pauses between two consecutive words, how can infants segment the
speech stream into words? Several studies have shown that infants can use a vari-
ety of cues to discover word boundaries; although none of them is sufficient on
its own, together they may allow infants to discover many words in their input
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(see Thorson, this volume). Word segmentation cues that have been proposed
and studied include phonotactic constraints (e.g., Jusczyk, 1997), words heard
in isolation (e.g., Bortfeld, Morgan, Golinkoff, & Rathbun, 2005; Lew-Williams,
Pelucchi, & Saffran, 2011), the statistical structure of the input (e.g., transitional
probabilities; e.g., Saffran, Aslin, & Newport, 1996), word-level prosodic informa-
tion such as typical word stress pattern (e.g., Cutler & Butterfield, 1992; Echols,
1993; Echols & Newport, 1992; Jusczyk, Houston, & Newsome, 1999; see Bhatara,
Boll-Avetisyan, Hohle, & Nazzi, this volume, for a detailed review), as well as
phrasal prosody (e.g., Gout, Christophe, & Morgan, 2004; Johnson, 2008; Shukla,
Nespor, & Mehler, 2007; Shukla, White, & Aslin, 2011).

Turning our attention toward the role of phrasal prosody on segmentation
into words, several studies have shown that infants are able to perceive prosodic
phrase boundaries and exploit them to find the boundaries between words from
6 months onwards (Gout et al. , 2004; Johnson, 2008; Millotte et al., 2010; Shukla
et al., 2011). Since prosodic units such as phonological phrases are constructed
by grouping words together, whenever a prosodic boundary is perceived, it has
to correspond to a word boundary (Nespor & Vogel, 1986). Thus, sensitivity to
phrasal prosody might provide cues to speech segmentation and, therefore, con-
strain lexical search. Of course, since most prosodic units contain more than one
word, many word boundaries will not be marked by phrasal prosody - word seg-
mentation within phonological phrases will have to rely on some other cues men-
tioned above. As an illustration of the impact of prosodic boundaries on word
segmentation (1), the sentences below both contain the two syllables pay and per,
however, only the first one contains the word paper:

(1) a. [The college] [with the biggest paper forms] [is best]
b. [The butler] [with the highest pay] [performs the most]

In the second sentence, the prosodic boundary between the syllable ‘pay’ and
the syllable ‘per’ should block lexical access to the word paper: indeed, it has
been shown with adult listeners that prosodic boundaries constrain lexical access
(Christophe, Peperkamp, Pallier, Block, & Mehler, 2004; Endress & Hauser, 2010;
Warner, Otake, & Arai, 2010). To test infants’ ability to use phrasal prosody to
segment the speech stream into words, Gout et al. (2004) used the above sen-
tences (1) in a conditioned head-turn procedure. In a first session, they trained
American 10-month-olds to turn their heads toward a puppet whenever they
heard the word paper (for instance). Then, during a test phase infants were
exposed to full sentences, such as (a) and (b). Their results showed that infants
trained to respond to the word paper turned their head more often when listening
to paper-sentences (a) than to pay#per-sentences (b). In contrast, infants trained
to respond to the target word pay turned equally often for both types of sentences
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(since the syllable pay was present in both sentences, the target word pay might
have been noticed in both sentences). This results show that 10-month-old
American infants can use phrasal prosody to segment the speech stream into
words and, therefore, to constrain their lexical access. Further studies showed
similar results with French 16-month-olds (Millotte et al., 2010) and other exper-
iments in English confirmed these results, showing that 12-month-olds can use
phrasal prosody to constrain lexical access within strings of nonsense syllables
differing in their prosodic structure (Johnson, 2008). Moreover, Shukla et al.
(2011) showed that 6-month-olds were able to better associate a visual referent
to a novel word aligned with a prosodic phrase boundary, than to a novel word
that straddled a prosodic boundary. This suggests that infants are sensitive to
the fact that words are aligned with prosodic phrase boundaries, and exploit this
information to facilitate word learning. Taken together these results highlight the
importance of phrasal prosody for segmenting the speech stream into words and
constraining lexical access and lexical acquisition.

The role of phrasal prosody for syntactic parsing in children

The empirical studies presented above show that phrasal prosody has an impor-
tant role in infant speech perception, allowing them to discriminate between lan-
guages, infer aspects of the word order of their language, and segment the speech
stream into words and clauses. Since the prosodic structure of an utterance par-
tially reflects the syntactic structure of a sentence (Nespor & Vogel, 1986), the
prosodic bootstrapping hypothesis proposes that phrasal prosody could also help
infants to discover the syntactic structure of sentences (e.g., Morgan, 1986; Morgan
& Demuth, 1996). As mentioned above, the relationship between prosodic struc-
ture and syntactic structure is such that prosodic boundaries are aligned with
syntactic constituent boundaries. Thus, prosodic information such as phrase-final
lengthening, pitch variation and pauses can help listeners to identify prosodic
boundaries, and therefore to find some syntactic constituent boundaries. Taking it
into account, prosodic information might facilitate on-line sentence processing in
adults, and might provide a way for infants to identify some of the syntactic con-
stituents of an utterance even before they have acquired an extensive vocabulary.
Supporting this hypothesis, many studies have shown that adults integrate
phrasal prosody online to recover the syntactic structure of sentences (Kjelgaard
& Speer, 1999; Michelas & D’Imperio, 2015; Millotte, René, Wales, & Christophe,
2008; Millotte, Wales, & Christophe, 2007; Snedeker & Trueswell, 2003; Weber,
Grice, & Crocker, 2006). Given the extensive literature we reviewed in this chapter
showing that infants have an early access to phrasal prosody, and are able to exploit
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it for lexical segmentation, one would naturally expect that infants might also be
able to use phrasal prosody, as adults do, to constrain syntactic analysis. However
several studies investigating whether preschoolers can exploit phrasal prosody to
constrain their syntactic analysis have found that children have difficulties using
prosody for syntactic ambiguity resolution in English (Snedeker & Trueswell, 2001,
2003; Vogel & Raimy, 2002) and in Korean (Choi & Mazuka, 2003). Most of these
studies in English used sentences with a prepositional phrase attachment ambigu-
ity, such as “Can you touch the frog with the feather?”, in which the prepositional
phrase “with the feather” can be interpreted either as an instrument of the verb
“touch” or as a modifier of the noun “frog”. In such sentences, the default prosodic
structure is the same for the two possible interpretations (i.e. [Can you touch] [the
frog] [with the feather] — Snedeker & Yuan, 2008), but speakers who are aware of
the ambiguity can intentionally disambiguate by exaggerating one of the prosodic
breaks, in order to favor one interpretation over the other, i.e. “[Can you touch the
frog] [with the feather]?” for the instrument interpretation, vs. “[Can you touch]
[the frog with the feather]?” for the modifier interpretation (Snedeker & Trueswell,
2003). Snedeker and Trueswell (2001) found that children failed to use this kind
of prosodic information when interpreting this kind of sentences. In a subsequent
experiment, which controlled for childrens perseveration biases, Snedeker and
Yuan (2008) observed that children succeeded in this task, when they were pre-
sented with only one kind of sentences: either modifier-only, or instrument-only.
However, when they were presented with both instrument and modifier sentences
across the experiment, as in the previous study, children failed to use prosody to
constrain their syntactic interpretations (Snedeker & Yuan, 2008). Children’s dif-
ficulty using prosody in this kind of sentences might be due to the fact that the
disambiguating prosodic breaks they needed to use are not part of the normal
prosodic structure of these sentences, but these cues are only produced when the
speaker is consciously trying to disambiguate (Snedeker & Trueswell, 2003). Thus,
children may have had difficulties using this kind of optional prosodic information.

To avoid this problem of optional prosodic disambiguation, de Carvalho and
colleagues exploited locally ambiguous sentences featuring noun/verb homo-
phones, in which the default prosodic structure differed between conditions (de
Carvalho, Dautriche, & Christophe, 2016, for French; and de Carvalho, Lidz, Tieu,
Bleam, & Christophe, 2016, for English). For example, the word “watch” is a verb in
the sentence: [Mommies] [watch TV every night], but it is a noun in the sentence:
[Mommy’s watch] [ticks very noisily]. Here, brackets indicate prosodic units,
which reflect the syntactic structure of each sentence. Crucially, in both cases,
there is a prosodic break (marked by phrase-final lengthening and pitch change)
between the subject Noun Phrase and the Verb Phrase: this break falls after the
critical word when it is used as a noun, and before it when it is used as a verb.
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American and French 4-year-olds presented with the beginning of these ambigu-
ous sentences (e.g., “Mommies watch ...”) interpreted the ambiguous target word
as anoun or as a verb depending on the prosodic structure in which it was embed-
ded, as shown by the words they used to complete the sentences in a sentence
completion task (de Carvalho, Dautriche, & Christophe, 2016; de Carvalho, Lidz,
Tieu, Bleam, & Christophe, 2016). These results show that preschoolers can use
prosodic boundaries to infer the presence of a syntactic constituent boundary, and
in turn use that information to figure out the syntactic category of an ambiguous
word. The discrepancy between these recent findings and the previous literature
showing children’s failure to use prosody to constrain syntactic analysis, rests on
the disambiguating prosodic information used. In the recent studies, the prosodic
boundary between the noun phrase and the verb phrase is part of the normal pro-
sodic structure of sentences, and it is present even in non-ambiguous sentences
(e.g. [the little frog] [eats a lot of food]).

The important question then is when do children become able to use phrasal
prosody to constrain their syntactic analysis? Given that infants were shown to
be sensitive to prosodic boundaries very early during development (e.g. Gerken
etal., 1994; Gout et al., 2004; Johnson, 2008; Soderstrom et al., 2003), it is possible
that not only preschoolers but even younger children would be able to exploit
phrasal prosody to constrain syntactic analysis. De Carvalho, Dautriche, Lin, and
Christophe (2017) tested two-year-old French toddlers with the sentences featur-
ing noun/verb homophones described above (e.g., ‘ferme’ in French can be used
as a noun in: [la petite ferme] [est trés jolie] — [the small farm] [is very nice] or asa
verb in: [la petite] [ferme la boite a poupée] — [the little girl] [closes the toy box]).
To test toddlers’ ability to use prosody to disambiguate these sentences, they were
presented with two images displayed side-by-side on a TV screen: one associated
with the noun interpretation of the target word (e.g., a farm) and the other one
with the verb interpretation (e.g., a little girl closing something). At the same time,
toddlers listened to the sentence beginnings pronounced in a noun-prosody or
a verb-prosody condition. Crucially, the end of the sentences was replaced with
babble noise, such that only prosodic information could be used to disambiguate.
The results, depicted in Figure 1, show that toddlers in the noun prosody condi-
tion switched their gaze toward the noun image around the end of the ambigu-
ous word, while toddlers in the verb prosody condition looked more toward the
verb image. Taking into account saccade preparation time (e.g., +/— 300ms:
Allopenna, Magnuson, & Tanenhaus, 1998), this suggests that toddlers computed
the syntactic category of the critical word online, before the word offset.

These results show that two-year-olds, upon hearing the first words of a sen-
tence, exploit its prosodic structure to group words into constituents, and exploit
this constituent structure in their on-line syntactic analysis of spoken sentences.
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Figure 1. Proportion of looks toward the noun image, time-locked to the onset of the ambigu-
ous word (vertical black line), for the noun prosody condition (light gray curve) and the verb
prosody condition (dark gray curve). Error bars represent the standard error of the mean. A
nonparametric cluster-based permutation test (Maris & Oostenveld, 2007) revealed a signifi-
cant difference between the noun prosody and the verb prosody conditions, starting 600 ms
after the onset of the ambiguous target word (gray time-window). Figure adapted from de
Carvalho et al. (2017).

The ability to exploit information from the speech to access the syntactic struc-
ture of sentences can be extremely useful for infants during language acquisi-
tion. As proposed by Gleitman (1990), having access to the syntactic structure of
sentences can help infants to discover the meaning of novel words (the syntactic
bootstrapping hypothesis). For example, in a very recent study, He and Lidz (2017)
showed that 18-month-olds listening to a sentence like “Look, its a doke!” were
able to infer that the novel word ‘doke’ referred to an object (i.e., a penguin), but
when they were listening to sentences like “Look! It’s pratching!”, they inferred that
‘pratching referred to an action (i.e., a spinning action). In this case, the critical
word, ‘doke’ or ‘pratch’, was preceded and/or followed by disambiguating function
morphemes (g, its... -ing). However, in everyday life, not all content words are
immediately preceded by function words, as shown in the earlier examples with
noun/verb homophones (e.g., bears can be either a noun or a verb, in: “The giant
bears...”). In such cases, a representation in terms of syntactic constituent could
be very useful. For example, bears is a noun in: [The giant bears],;, [are very hun-
gryl, and a verb in: [The giant],[bears a heavy load],,,). But can infants exploit
prosodic boundaries together with function words to constrain their syntactic
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analysis of sentences containing novel words? If so, can they use this information
to determine the syntactic nature of these novel words and therefore constrain
their meaning?

To investigate this question, de Carvalho, He, Lidz, and Christophe (2015)
used two novel words in French (e.g., bamoule and doripe) to construct minimal
pairs of sentences that differed only in their prosodic structures. For instance,
the novel word bamoule was used as a noun in the sentence: [Regarde la petite
bamoule]! - [Look at the little bamoule]!, where all the words in this sentence were
grouped together into a single prosodic unit, and the novel word doripe was used
as a verb in the sentence: [Regarde]! [la petite] [doripe]! — [Look]! [The little one]
[is doriping]!, where all the words in the sentence were spread into three different
prosodic units (square brackets indicate prosodic phrase boundaries). Crucially,
note that when doripe was used as a verb there was a prosodic boundary preced-
ing it (i.e., the boundary between the noun phrase and the verb phrase) but, when
bamoule was used as a noun, it was embedded in a single prosodic unit together
with the other words of the sentence, corresponding to the verb ‘look’ and the fol-
lowing noun phrase.

In a Habituation-Switch paradigm (e.g., Werker, Cohen, Lloyd, & Casasola,
1998), 18-month-old monolingual French-learning infants were first habituated!
to two video stimuli showing a penguin doing two different intransitive actions
(e.g., spinning, cartwheeling), one in each video. During the presentation of one
of the videos (e.g., a penguin spinning), infants heard sentences in the Noun-
prosody condition (e.g., [Regarde la petite bamoule!] - Look at the little bamoule!,
where bamoule was a noun, naming an object, here the penguin), and during the
presentation of the other video (e.g., a penguin cartwheeling), they heard sen-
tences in the Verb-prosody condition (e.g., [Regarde],[la petite][doripe!] - Look,
the little
wheeling). Then, to test whether infants were able to correctly interpret these
sentences, during the test phase, the audio tracks of the two videos were switched.
Half of the participants were exposed to the Noun-Switch-condition, that is, they
heard the noun sentence with ‘bamoule’ while seeing the cartwheeling video, and
half were exposed to the Verb-Switch-condition, that is, they heard the verb sen-
tence with “doripe” while seeing the spinning video. If infants have learned, like
adults would, that “bamoule” meant “penguin” and “doripe” meant “cartwheel-
ing’, they should be surprised in the Verb-Switch condition (look longer to the

is doriping, where doripe was a verb, naming an action, here cart-

1. The habituation criterion was reached when an infant’s average looking time during any
block of 3 consecutive trials dropped to less than 65% of the average looking time for the most-
attended block (i.e. the 3-trial block that had the longest total looking time to the video stimuli).
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video), because they are listening to the “doripe” sentence while the penguin is
“spinning” instead of “cartwheeling”. However in the Noun-Switch condition
infants should not be surprised when listening to the sentence with “bamoule”,
since there is still a penguin present in the video, even if it is now doing a differ-
ent action.

The results of this experiment, presented in Figure 2, showed that infants’
looking time toward the videos was significantly longer in the Verb-Switch con-
dition than in the Noun-Switch condition, during the test phase. These results
fit with the idea that the action change was inconsistent with their interpreta-
tion of the novel verb, while it didn’t matter for their interpretation of the novel
noun (a penguin was present in both videos). Thus, we observe that, from 18
months of age, infants can exploit prosodic structure to group words into con-
stituents, and calculate the syntactic structure of sentences, which can then help
them to infer the probable meaning of novel words: mapping nouns to objects
and verbs to actions. Note that since both noun and verb sentences in this experi-
ment were composed of exactly the same words in the same order (regarde-la-
petite-bamoule/doripe), a simple analysis in terms of which words is preceding
bamoule or doripe was not enough to determine the syntactic category of the
novel words, since they are the same in both conditions. Remarkably, in this sit-
uation, toddlers were then able to integrate information coming from phrasal

25
@ habituation

test
20 I

Mean looking time (seconds)

Noun-Switch Verb-Switch
Condition

Figure 2. Mean looking time in seconds toward the videos during the last two trials of the
habituation phase (in dark red) and during the two trials of the test phase (in light red) for par-
ticipants assigned to the Noun-Switch Condition (on the left; N = 24) and to the Verb-Switch
Condition (on the right; N = 24). Error bars represent the standard error of the mean. Each
trial has a maximal duration of 50 seconds. There was a significant interaction between Condi-
tion and Phase (habituation/test). Figure adapted from de Carvalho et al. (2015).
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prosody (that delimits syntactic constituents), together with the function words
(to label these syntactic constituents), in order to access the syntactic category of
unknown words. In other words, putting together phrasal prosody and function
words allows infants to construct a first-pass syntactic structure, which may be
extremely important to constrain the acquisition of word meanings (a syntactic
skeleton, Christophe et al., 2008).

Other recent studies using an artificial language (Hawthorne & Gerken,
2014; Hawthorne, Mazuka, & Gerken, 2015) or jabberwocky sentences (Mas-
sicotte-Laforge & Shi, 2015) have confirmed the idea that phrasal prosody may
help infants organize sentences into syntactic constituents even when they do
not know most of the words. For example, Hawthorne and Gerken (2014) tested
the syntactic organization of sentences composed exclusively of non-words.
For instance, when familiarized with non-word sentences exhibiting the pro-
sodic pattern of two syntactic constituents, such as “[bup div kagi] [feb zaf vot]”,
19-month-olds then preferred to listen to sentences like [feb zaf vot] [bup div
kagi] — where the order of the two constituents is changed - than to sentences
like [zaf vot bup] [div kagi feb] in which words are moved around irrespective
of the constituent structure (whereas in natural languages, only words that are
grouped in the same constituent can ‘move’ together — Hawthorne & Gerken,
2014). Hawthorne et al. (2015) extended these findings to strings of nonwords
with non-native prosody. Testing English- and Japanese- acquiring 19-month-
olds with sentences from an artificial language with a non-native prosodic
contour (i.e., English infants with Japanese prosody and Japanese infants with
English prosody), the authors demonstrated that both groups were able to use
phrasal prosody to parse the speech into cohesive and re-orderable syntactic
constituent-like units. This finding suggests that the cues that marked syntac-
tic constituents boundaries in these experiments (e.g., pauses, pitch variation
and phrase-final lenghthining cues) are important prosodic cues that toddlers
can exploit even in non-native prosody. More generally, since phrasal prosody is
found in all languages (e.g., Shattuck-Hufnagel & Turk, 1996) one would expect
infants to be able to use phrasal prosody to identify word and syntactic boundar-
ies in any language of the world.

Conclusions

This chapter provided an extensive review of empirical findings on the perception
of phrasal prosody during the first steps of language acquisition. We showed that
infants are sensitive to prosodic information from birth. Before their first birthday
they can use phrasal prosody to segment continuous speech into words and they
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can also exploit prosodic information together with other cues (i.e., the position
of function words relative to content words) to infer the typical word order in
their language. A few months later, they readily exploit the prosodic structure of
an utterance to access some of its syntactic constituents. Together with function
words, this allows young children to build a partial syntactic representation,
which can in some cases help them to assign a syntactic category to a novel word
(e.g. noun vs. verb). Taken together, these results demonstrate the important role
played by phrasal prosody during the first steps of language acquisition.
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CHAPTER 3

Early sensitivity and acquisition of prosodic
patterns at the lexical level
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This chapter reviews sensitivity to prosodic information at the lexical level
during the first year of life, considering crosslinguistic data that bear on
both monolingual and bilingual acquisition. First, we discuss infants’ early
ability to discriminate lexical stress, and how this sensitivity changes across
development depending on the native language, reflecting the acquisition of
native prosodic properties. Second, we present data establishing the emergence
of language-specific lexical stress preferences during that same period, also
attesting language-specific acquisition. We then discuss data on the less well
studied perception of lexical pitch accent and tone. Finally, we consider the
role of lexical stress in early word segmentation abilities, and discuss the
representations and processes underlying early prosodic perception at the
lexical level.

Introduction

As one of their first steps in language acquisition, infants have to acquire not
only their native languages’ phoneme inventory, but also their prosodic proper-
ties, such as basic linguistic rhythm or sentence-level intonation, and word level
prosody. In the present chapter, we focus on how infants process word-level pro-
sodic characteristics and then acquire the properties that their native language(s)
use to distinguish between words in the lexicon. There are three different types
of word-level prosodic phenomena that can be distinguished, namely lexical
stress, lexical pitch accent and lexical tone. In languages with contrastive lexi-
cal stress, differences in stress pattern (i.e., differences in prominence marked
by a combination of intensity, pitch and duration associated with stressed and
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unstressed syllables) can change the meaning or the syntactic class of a word
(e.g., in English, /IMport/ is a noun while /imPORT/ is a verb). In languages
with lexical pitch accent, the presence or absence of a pitch accent (marked by a
steep pitch movement, e.g., a pitch fall in Japanese) and the accent’s location in
a word are lexically contrastive (e.g., in Japanese, /HAshi/ with falling contour
has a pitch accent on /HA/ and means “chopsticks,” whereas /haSHI/ with a ris-
ing contour has no pitch accent and means “bridge”). In languages with lexical
tones, each individual syllable carries pitch contour characteristics (e.g., rising,
talling, dipping, level...), and differences in tones change the meaning of a word
(for example, in Mandarin, /ma/ can mean “mother;,” “hemp,” “horse,” or “scold”
depending on the tone). The present chapter will focus on how lexical stress pat-
terns are processed during early infancy as a function of the language(s) in acqui-
sition, illustrating a shift from language-general to language-specific perception.
Additionally, we will also discuss, more briefly, early perception of lexical pitch
accents and lexical tones.

Infants come to life equipped with a specific sensitivity to prosodic information
contained in the speech input. Newborns and a-few-month-old infants can dis-
criminate different prosodic patterns at the sentence/utterance level (Christophe,
Guasti, Nespor, Dupoux, & Van Ooyen, 1997; Guasti, Nespor, Christophe, & van
Ooyen, 2001; Mehler et al., 1988; Nazzi, Bertoncini, & Mehler, 1998). For exam-
ple, infants discriminate and prefer the global prosodic features of their target
language over that of non-native languages, if the languages belong to different
rhythmic classes (Bosch & Sebastian-Gallés, 1997; Mehler et al., 1988; Moon,
Panneton-Cooper, & Fifer, 1993; Nazzi, Jusczyk, & Johnson, 2000). Since some
of these effects are found at birth, they are likely to result from prosodic acquisi-
tion during the last semester of gestation. Prosodic bootstrapping theories have
been proposed (Gleitman, 1990; Morgan & Demuth, 1996; Weissenborn & Hohle,
2001), according to which the processing and acquisition of prosodic information
provides cues to the acquisition of higher levels of the linguistic hierarchy, such as
the lexical and syntactic levels. At present, numerous studies have suggested that
prosodic processing plays a role in discovering syntactic units such as clauses and
phrases (e.g., Hirsh-Pasek et al., 1987; Jusczyk et al., 1992; Méannel, Schipke, &
Friederici, 2013; Nazzi, Kemler Nelson, Jusczyk, & Jusczyk, 2000; Seidl & Cristia,
2008; Soderstrom, Seidl, Kemler Nelson, & Jusczyk, 2003; Wellmann, Holzgrefe,
Truckenbrodt, Wartenburger, & Hohle, 2012) and specifying the position of the
heads of syntactic phrases (e.g., Guasti et al., 2001; Nespor, Guasti, & Christophe,
1996). These studies have shown an early sensitivity to prosodic information that
is related to syntactic phrases and clauses and have demonstrated the usefulness of
such sensitivity for later language learning (for an in-depth discussion of phrasal
prosody in development, see de Carvalho, Dautriche, Millotte, & Christophe, this
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volume). In addition, numerous studies have demonstrated this same sensitivity
and usefulness for prosodic information at the word level, which we discuss below.

From language-general to language-specific processing of lexical stress

In many languages, lexical stress is used contrastively (e.g., English, German,
Spanish). In other languages, stress is fixed, always falling on a particular syllable
position (e.g., the first syllable of the word in Hungarian; van der Hulst, 1999).
Moreover, a few languages do not have any lexical stress (e.g., French: Di Ciristo,
1998; and Korean: Jun, 1996), though some syllables may be more accentuated than
others (in French, accentuation falls on the last syllable of words in phrase-final
positions; Delattre, 1938; Di Cristo, 1998). Importantly, in all of these languages
with fixed or no lexical stress, words cannot be contrasted solely by stress. There-
fore, sensitivity to lexical stress should be relevant for word recognition for infants
learning a language with variable lexical stress, but possibly not for infants learn-
ing fixed-stress or no-stress languages. This idea is supported by adult research
showing less sensitivity to stress cues among listeners of no-stress (French) and
fixed-stress languages (Finnish, Hungarian) when compared with Spanish listeners
(Dupoux, Pallier, Sebastian, & Mehler, 1997; Dupoux, Peperkamp, & Sebastian-
Gallés, 2001; Peperkamp, Vendelin, & Dupoux, 2010). Hence, infants” sensitivity
to lexical stress might follow different developmental trajectories depending on the
specific requirements of their native language(s). Next, we review studies exploring
the acquisition of native lexical stress, and its impact on infant processing.

Discrimination of word-level stress patterns

Studies exploring sensitivity to stress information at the word level have tested
infants in two types of experimental contexts. In the easier contexts, infants are
presented with one or several tokens of a single item (e.g., /gaba/) recorded either
with a stress-initial (trochaic) or stress-final (iambic) pattern. These studies explore
whether infants can discriminate stress patterns using low-level acoustic proper-
ties. In the more challenging contexts, infants are presented with lists of segmen-
tally different items (e.g., /datu/, /sapi/) recorded either with a trochaic or iambic
pattern. These studies investigate whether infants can abstract and discriminate
prosodic patterns over segmental variability.

In the absence of segmental variability, early discrimination of lexical stress
has been found in Italian newborns (Sansavini, Bertoncini, & Giovanelli, 1997),
English-learning 2-month-olds (Jusczyk & Thompson, 1978), German-learning
4-month-olds (ERP data: Friederici, Friedrich, & Christophe, 2007; behavioral
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data: Hohle, Bijeljac-Babic, Herold, Weissenborn, & Nazzi, 2009; Hohle, Pauen,
Hesse, & Weissenborn, 2014) and Spanish-learning 6-month-olds (Skoruppa
et al., 2013). Importantly, it was also found in French-learning infants from 4
to 10 months (Friederici et al., 2007; Hohle et al., 2009; Skoruppa et al., 2009,
2013), even though stress is not used at the lexical level in French. This establishes
the existence of early language-independent stress discrimination abilities in the
absence of segmental variability.

However, by 9/10 months, language-specific reorganization is observed. French-
learning infants’ sensitivity to lexical stress declines, even in the absence of segmen-
tal variation. In familiarization-test experiments, French-learning 9/10-month-olds
discriminated stress patterns following a 2-minute familiarization with one pattern
but failed with a 1-minute familiarization, while French-learning 6-month-olds
succeeded with only 1 minute (Bijeljac-Babic, Serres, Hohle, & Nazzi, 2012; Hohle
et al.,, 2009; Skoruppa et al., 2009). This suggests that French-learning infants need
more time to identify stress patterns at 10 than 6 months, a developmental pattern
consistent with the fact that French does not use stress to contrast words.

Do stress pattern discrimination abilities extend to contexts with segmental
variability, in which infants have to detect a common prosodic pattern over dif-
ferent words? Such ability appears limited in monolingual newborns, since they
can discriminate stress patterns when presented with lists of words varying in
their consonants (Sansavini et al.,, 1997) but not in both their consonants and
vowels (Sansavini, Bertoncini, & Giovanelli, 1994). Moreover, both Spanish- and
French-learning 6-month-olds have difficulties discriminating stress patterns
when presented with lists of segmentally different words (Skoruppa et al., 2013).
Clear evidence of discrimination abilities are nevertheless found in older infants,
in Spanish-learning 9-month-olds and English-learning 8- and 12-month-olds
(Skoruppa, Cristia, Peperkamp, & Seidl, 2011; Skoruppa et al., 2009), while French-
learning 9/10-month-olds fail to discriminate (Abboub, Bijeljac-Babic, Serres, &
Nazzi, 2015; Skoruppa et al., 2009). Taken together, these results suggest that after
8/9 months of age, monolingual infants learning variable-stress languages process
stress efficiently in the presence of segmental variation, while monolingual infants
learning a no-stress language like French show difficulties.

Acquisition of lexical stress patterns

The previous section showed that infants’ sensitivity to lexical stress contrasts
changes during the first year of life, reflecting the probable acquisition of prosodic
properties of words from the native language. These findings are complemented
by studies on the emergence of preferences for predominant stress patterns in lan-
guages that have contrastive stress.
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In contexts of no segmental variability, language-specific developmental
changes are revealed by the emergence of a listening preference for trochaic over
iambic items in German-learning infants between 4 and 6 months of age, reflect-
ing knowledge of the predominance of trochaic words in their input (Hohle et al.,
2009). Since no such bias is found at 6 months in French-learning infants, this
crosslinguistic pattern of preferences is likely to reflect the acquisition of word
level prosodic properties (Hohle et al., 2009).

In the presence of segmental variability, language-specific developmental
changes were first revealed by the emergence of a preference for trochaic over iam-
bic words in English-learning infants between 6 and 9 months, reflecting knowl-
edge of the predominance of trochaic words in English (Jusczyk, Cutler, & Redanz,
1993). Similarly, Hebrew-learning infants, whose language is predominantly iam-
bic, show a preference for iambic over trochaic words at the same age (Segal &
Kishon-Rabin, 2012). Similar research on Spanish partly replicated these effects,
while showing that preferences can be modulated by syllabic structure: Indeed,
the predominance of the trochaic pattern (60%) in Spanish disyllabic words does
not lead to a trochaic preference in Spanish-learning 9-month-olds presented with
CV.CV words. However, when the stimuli contained a heavy (CVC) syllable in
word initial position (CVC.CV), a trochaic preference was found, while an iambic
preference was found in the opposite case (CV.CVC; Pons and Bosch, 2010).

In summary, word-level prosodic properties of the native language start being
acquired by 6 to 10 months, as attested by changes in sensitivity to stress con-
trasts and the emergence of preferences for predominant stress patterns (for fur-
ther discussion of the impact of prosody on word learning in development, see
Thorson, this volume). We next present the results of a study in which we aimed to
specify which of the three acoustic cues that are modulated to create stress (dura-
tion, intensity and pitch) might drive early stress pattern preferences, an issue not
answered by the above studies, as all of these used natural stimuli in which these
cues varied in a natural, hence, uncontrolled manner.

An attempt at dissociating the acoustic correlates of stress

Trochaic words are usually louder and higher-pitched on the initial syllable,
whereas iambic words usually have a longer duration on the final syllable (e.g.,
Hayes, 1995). In all the above-mentioned studies, these three acoustic cues, inten-
sity, pitch (F0), and duration, were co-varying. This leads to the question of what
their separate roles could be in marking stress. Could they have different relevance
in different languages, depending on the realization of prosody in those languages?
In an initial experiment, reported here for the first time, these issues were explored
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by testing stress pattern preference in French- and German-learning monolingual
6-month-olds, presenting dissociated cues (duration, intensity or pitch) and using
the Headturn Preference Procedure (HPP).

As discussed in the previous section, German-learning but not French-
learning 6-month-olds have shown a preference for trochaic words (the pre-
dominant stress pattern in German), that is, a preference for stress patterns
with a louder and/or higher-pitched initial syllable (Héhle et al., 2009). How-
ever, German does have iambic words, in which prominence is mainly marked
by longer duration on the final syllable. French has no lexical stress, but at the
phrasal level and for isolated words, stress is iambic (i.e., marked by longer
duration at the end of the phrase or word). Based on these findings and char-
acteristics of the two languages, we predicted that as opposed to the French-
learning infants, German-learning infants would show a trochaic bias when
pitch or intensity mark stress. Moreover, both the German- and the French-
learning infants might either show an iambic bias or no preference when dura-
tion marks stress.

We tested 31 infants in the duration condition (20 French, 11 German), 31
in the intensity condition (15 French, 16 German), and 27 in the pitch con-
dition (15 French, 12 German). All infants were presented with 2 lists of seg-
mentally varied disyllabic non-words (e.g., /meli bezu lomi .../). The items were
synthesized with MBROLA (Dutoit, Pagel, Pierret, Bataille, & van der Vrecken,
1996), using the fr4 French voice and the de5 German voice. In each condition,
the stimuli in the two lists contrasted in stress pattern (trochaic versus iambic),
which was acoustically realized by varying one of the three acoustic cues (dura-
tion, pitch, or intensity) while the other two were held constant. Half of the
infants in each group heard the German voice and half heard the French voice.
See Table 1 for stimulus characteristics. These particular values were chosen in
order to stay close to the values naturally present in the two languages (as in
Bhatara, Boll-Avetisyan, Unger, Nazzi, & Hohle, 2013) with increased pitch vari-
ation as occurs in infant-directed speech, similar to the values used in Abboub,
Boll-Avetisyan, Bhatara, Hohle, and Nazzi (2016) and Bion, Benavides-Varela,
and Nespor (2011).

Table 1. Acoustic characteristics of unaccented and accented syllables (o) in the bisyllabic
trochaic and iambic stimuli, for the 3 experimental conditions

Duration Intensity Pitch
Unaccented o 260 ms 70 dB 200 Hz
Accented o Duration condition 460 ms 70 dB 200 Hz
Intensity condition 260 ms 78 dB 200 Hz

Pitch condition 260 ms 70 dB 420 Hz
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Preliminary results showed no looking time (LT) preference for any of the pro-
sodic patterns in either the French- nor the German-learning infants (Figure 1,
left panels). This was true for all conditions: duration (M, , =8.99 s versus

trochees = 891 8, p= .82), intensity (M =7.53 s versus M, . =759 s,
p = .88), and pitch (M, 8.16 s, p =.57).

trochees

8.38 s versus M.

trochees = iambs =

= @ lambic

. Trochaic
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Figure 1. Mean orientation times for each stress pattern for the French- and German-learning
infants. Error bars show standard error.

There are at least two possible reasons why infants might have failed to show pref-
erences in the present study, even though German-learning infants of the same
age succeeded with natural stimuli (H6hle et al., 2009). The first one might be that
infants were presented with lists of phonetically-varied stimuli, requiring that they
process the information at a more abstract level than with the natural tokens of a
single pseudoword /gaba/ used by Hohle et al. (2009). Therefore, 20 German- and
19 French-learning 6-month-olds were tested on duration contrasts again, this
time without segmental variability, each infant being tested with a single pseudo-
word (a different pseudoword for each infant) presented in each trial as either a
trochee or iamb. As in the main study, neither the French nor the German group
showed a preference (M =9.17 s, p = .3; Figure 1, sec-
ond panel to the right).

The second reason is that isolated cues might not be strong enough to support
the clear identification of the stress patterns required to induce the trochaic bias
found at 6 months in German. Accordingly, and given the fact that stressed syl-

= 8.81 s versus M.

trochees iambs

lables are marked by a combined increase in both pitch and intensity in German,
we tested 18 German-learning 6-month-olds with a single pseudoword (a different
word for each infant) varying in both pitch and intensity, presented across trials
either with a trochaic or an iambic pattern. Again, the infants showed no prefer-
ence (M =7.88sversus M. . =7.56s, p =.48; Figure 1, right-most panel).

trochees iambs
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Given previous evidence for stress pattern preferences among German-
learning infants at that age (Hohle et al., 2009), these results might suggest that it
is yet too difficult for 6-month-olds to associate single stress cues with a specific
stress pattern (and possibly even some combinations of 2 cues, as done in our
final experiment). This interpretation would be in line with infant studies on the
perception of prosodic phrase boundary cues, which also found that older infants
could discriminate between sentences on the basis of single prosodic cues while
younger ones needed a combination of all cues that naturally co-occur (Seidl,
2007; Seidl & Cristia, 2008; Wellmann et al., 2012). Accordingly, one way to follow
up on the present studies would be to test older infants.

The null-results in the last two experiments may also indicate that our stimuli
may not have been well-adapted. While previous studies had used either multiple
tokens of one pseudoword (Hohle et al., 2009), or multiple naturally recorded
(pseudo)words (Jusczyk et al., 1993; Pons & Bosch, 2010; Segal & Kishon-Rabin,
2012), each infant in the present study was presented with a single token, so
that there was no variation along any acoustic parameter except for that which
determined the stress pattern. As this lack of variability never happens in natural
speech, it would not be surprising if infants have difficulties relating these stimuli
to their linguistic knowledge (see Rost & McMurray, 2009, for a similar argument
made for word learning at 14 months of age). One way to address these issues in
future work would be to manipulate natural speech to leave only pitch or only
duration variation, using multiple tokens to ensure that infants receive enough
variability of input.

Bilingualism and lexical stress

Nowadays, more than half of the world’s population is bilingual (Grosjean, 2010).
Many recent studies have explored how infants growing up in bilingual families,
hearing two languages from birth, detect and rapidly learn the regularities of each
of their languages (Byers-Heinlein, Burns, & Werker, 2010; Weikum et al., 2007).
These studies reveal complex patterns, in which acquisition does not seem to be
slower in bilingual than in monolingual infants (e.g. Bosch & Sebastian-Gallés,
1997), though with respect to phoneme perception, simultaneously learning two
linguistic system has sometimes been found to affect early developmental trajecto-
ries (Bosch & Sebastian-Gallés, 2003a, 2003b; Liu & Kager, 2015; but c.f. Albareda-
Castellot, Pons, & Sebastidn-Gallés, 2010; Sundara, Polka, & Molnar, 2008).
Bilingual infants’ first main task in language acquisition is separating the two
languages to which they are exposed, and there is now evidence that they have the
early capacity to use prosodic information to do so. At birth, as for monolinguals
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(Nazzi, Bertoncini, & Mehler, 1998), this capacity is restricted to languages difter-
ing in rhythmic class for bilingual newborns (Byers-Heinlein et al., 2010). Around
4 months, again as for monolinguals (Butler, Floccia, Goslin, & Panneton, 2011;
Molnar, Lallier, & Carreiras, 2014; Nazzi, Jusczyk, & Johnson, 2000), bilingual
infants can discriminate languages with similar rhythms (Bosch & Sebastian-
Galles, 1997; Molnar, Gervain, & Carreiras, 2013). Thus, at present, apart from
some fine-grained differences (Bosch & Sebastian-Gallés, 1997), bilinguals and
monolinguals appear to have similar language discrimination abilities, using - at
least partially — global prosodic characteristics of the languages in question. How-
ever, what about their processing of prosodic information at the word level?

Bilingual infants’ discrimination of lexical stress patterns

Two studies explored lexical stress pattern discrimination by bilingual infants, in
the absence or presence of segmental variability. In its absence (using the trochaic
and iambic /gaba/ German tokens of Hohle et al., 2009), Bijeljac-Babic et al. (2012)
found that 10-month-old bilinguals learning French and a language that has vari-
able lexical stress can discriminate stress contrasts, and that they do so better than
French-learning monolinguals. This effect was significant only in the subgroup of
infants dominant in the language with variable lexical stress, and was marginal in
the balanced bilinguals. This suggests that learning a language with lexical stress
maintains stress pattern discrimination (depending on language balance).

Do such abilities extend to contexts with segmental variability, in which
bilingual infants have to detect a common prosodic pattern across different
words? Earlier, we presented evidence that such abilities are limited in monolin-
gual infants up to 6 months of age (Sansavini et al., 1994, 1997; Skoruppa et al.,
2013), but improve by the age of 8 to 12 months for infants learning languages
with variable lexical stress (Skoruppa et al., 2009; Skoruppa et al., 2011), but not
for infants learning only French, which lacks lexical stress (Abboub et al., 2015;
Skoruppa et al., 2009). Accordingly, Abboub and colleagues (2015) examined
lexical stress perception in the presence of segmental variation in 10-month-
old bilinguals learning both French and a second language with variable lexical
stress, comparing their performance to that of 10-month-old French-learning
monolinguals. They used the same 1-minute of familiarization HPP procedure as
Bijeljac-Babic et al. (2012) and the stimuli of Skoruppa et al. (2009). Discrimina-
tion was found for the bilingual but not the monolingual infants, with no effect of
language balance (contrary to Bijeljac-Babic et al., 2012; see Figure 2). This indi-
cates that these bilingual infants can not only perceive the acoustic cues for the
prosodic contrasts, but can also extract and generalize the patterns. This is fur-
ther supported by the fact that in both bilingual studies, the stimuli presented to
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the bilinguals were not produced by a speaker of their native language(s), hence
suggesting that these bilingual infants could process lexical stress in a foreign
language, which might mark stress in at least a partially different manner than in
their native language.

@ Familiarized
@ New

*% *%

~N
—

Orientation Time (s)
w Ny v [e)}

N

Monolinguals French-dominant Not-French dominant
bilinguals bilinguals

Figure 2. Mean orientation times (and SEs) to the familiarized versus new stress patterns,
broken down by linguistic group: French-learning monolinguals, French-dominant bilinguals
(60-70% French), and not-French-dominant bilinguals (30-50% French). All bilinguals were
learning a language with variable stress (adapted from Abboub et al., 2015).

Bilingual infants’ preference for native prosodic patterns

The issue of the acquisition of native prosodic patterns in bilinguals has only
been explored so far in the absence of phonetic variation. Bijeljac-Babic, Hohle,
and Nazzi (2016) found a trochaic preference in French-German bilinguals at
6 months, the age at which the effect is first found in German-learning infants
(Hohle et al., 2009). This effect was independent of the proportion of exposure
to the two languages (between 30% and 70% German), suggesting that 30%
German exposure for 6 months is enough to develop a preference for the tro-
chaic pattern predominant in German, at least when presented with German
non-word stimuli.

This lone study exploring native prosodic pattern acquisition in bilingual
infants, suggesting a similar acquisition pattern as in monolinguals, leaves many
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avenues open to explore. For example, the bilingual infants in Bijeljac-Babic
etal. (2016) show a trochaic bias when hearing stimuli in the language for which
it is appropriate (German), but we do not know whether this bias is language-
specific, or whether it extends to the processing of stimuli in their other language
(French), even though it would not be appropriate in that case (at least from a
monolingual perspective). Second, it would be useful to explore this question
in infants learning other language pairs, perhaps two languages that have dif-
ferent lexical stress patterns. We anticipate different developmental trajectories,
depending on the relation between the lexical stress systems of the two native
languages.

Beyond lexical stress: Lexical pitch accents and lexical tones

Although the present chapter focuses on the processing and acquisition of lexical
stress patterns, among the languages of the world, there are other ways to prosodi-
cally contrast words, by either varying the pitch contour applied to the word (as in
Japanese), or using different lexical tones (as in Chinese languages). In the follow-
ing, we more briefly evaluate what we know regarding the processing and acquisi-
tion of these prosodic properties in infancy depending on the native language.

Lexical pitch accents

Processing of lexical pitch accents has only been studied in one language, Japa-
nese. Sensitivity to lexical pitch accents is present at least from birth, even in
newborns who do not hear a language with lexical pitch accents in their envi-
ronment, establishing the language-independence of this early ability (Nazzi,
Floccia, & Bertoncini, 1998). Evidence suggesting linguistic specialization in
discrimination of lexical pitch accent comes from a study exploring 4- and
10-month-old Japanese-learning infants, using both a behavioral method and a
brain imaging technique (Near Infra-Red Spectroscopy, NIRS; Sato, Sogabe, &
Mazuka, 2010). While infants at both ages could discriminate the pitch accents
behaviorally, the NIRS data revealed developmental changes, with left hemi-
spheric lateralization for speech but not pure tone stimuli found only at 10
months, a pattern similar to what is found for adult speakers of Japanese dia-
lects that use pitch accents (Sato, Utsugi, Yamane, Koizumi, & Mazuka, 2013).
Future studies on the linguistic specialization of pitch accent perception should
be conducted cross-linguistically, keeping in mind that pitch accents, while not
used at the lexical level in many languages, are used at higher levels of the pro-
sodic structure.
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Lexical tones

The study of lexical tone perception in infancy has been the focus of many recent
studies, following the seminal paper of Mattock and Burnham (2006) examin-
ing tone perception in Chinese- and English-learning infants. Tone discrimina-
tion was found in Chinese-learning infants (Mandarin or Cantonese) starting
at 4 months and beyond (Mattock & Burnham, 2006; Mattock, Molnar, Polka,
& Burnham, 2008; Yeung, Chen, & Werker, 2013). In infants learning non-tone
languages, several studies established early tone discrimination: between 4 and
6 months in English-learning infants (Mattock & Burnham, 2006; Mattock et al.,
2008; Yeung et al., 2013), by 6 months in French-learning infants (Cabrera et al.,
2015; Mattock et al., 2008), and between 6 and 18 months in Dutch-learning
infants (Liu & Kager, 2014). This establishes that young infants are able to dis-
criminate tone contrasts whether or not they are learning a language with tones.

Many of these same studies further show that tone perception later changes as
a result of linguistic experience, resulting in a decrease in sensitivity. For infants
learning a tone language (Cantonese or Mandarin), it appears that the acquisition
of the native tonal system has started by 4 months of age (Yeung et al., 2013). For
infants learning non-tone languages, a decline in lexical tone discrimination was
found between 6 and 9 months in English-, French- and Dutch-learning infants
(Liu & Kager, 2014; Mattock & Burnham, 2006; Mattock et al., 2008; Yeung et al.,
2013). However, the study by Liu and Kager (2014), showing a U-shaped trajec-
tory in tone discrimination (with best performance in the 6-month-olds and the
18-month-olds), suggests that the shared use of pitch variation to mark tonal
information in tone languages, and intonation across all languages, coupled with
the acquisition of the native intonation system, might allow infants learning a
non-tonal language to regain some sensitivity to tone contrasts.

There is evidence also that simultaneously learning a non-tone language with
a tone language may affect developmental trajectories in both languages. Bilin-
gual Mandarin-English-learning infants at three ages (7.5, 9, and 11 months)
were tested on their ability to recognize words in both English and Mandarin that
either matched or did not match the pitch of previously presented words (Singh
& Foong, 2012). Infants began with an exact-matching strategy in both languages,
but by 11 months, they showed language-specific strategies, assigning importance
to pitch only in Mandarin.

In summary, the above studies show early language-independent sensitivity
to tone contrasts that starts to become language-specific between 4 and 9 months
of age. This general developmental trajectory will require some further refine-
ment given emerging evidence that changes in tone sensitivity might not be iden-
tical across all tone pairs (e.g., Chen & Kager, 2016). Hence, studies adopting a
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crosslinguistic approach and a more systematic and controlled use of different
tone pairs will be needed to distinguish general features of tone perception and
acquisition versus idiosyncratic effects linked to a specific tone pair.

Lexical stress and word form segmentation

One prerequisite to establish a lexicon is for infants to identify the word forms that,
attached to a meaning, will constitute words in their native language. This process
appears to be non-trivial, as both adult- and infant-directed speech is mostly con-
stituted of sentences rather than isolated words (e.g., Brent & Siskind, 2001). This
means that infants will have to extract word forms from fluent speech, an issue
known as the segmentation problem. While no single cue exists that systemati-
cally marks word boundaries in fluent speech, a number of cues have been identi-
fied and found to be used early in development in different languages (including
statistical, prosodic, and phonotactic cues), and word segmentation abilities have
been found to emerge around 6 to 8 months of age in several languages, including
American and Canadian English, German, Dutch, and European and Canadian
French. Although a complete review of this topic is beyond the scope of the pres-
ent chapter (for a recent review, see Goyet, Millotte, Christophe, & Nazzi, 2016,
and for a discussion of delay in British English see Floccia et al., 2016), we discuss
below how lexical stress, the topic of the present chapter, has been found to be
used as an early cue to word form segmentation.

The capacity to use lexical stress for speech segmentation appears early in
development, and seems language-specific. By 7 to 10 months, infants whose
native language is stress-timed with words being predominantly trochaic
(strong-weak; including American English, Canadian English and Dutch) can
segment words with a trochaic stress pattern from speech (behavioral HPP
studies: Houston, Jusczyk, Kuijpers, Coolen, & Cutler, 2000; Jusczyk, Houston,
& Newsome, 1999; Polka & Sundara, 2012; ERP studies: Kooijman, Hagoort, &
Cutler, 2005). English-learning infants can also use this prosodic knowledge for
segmenting trochaic words from non-native speech (Houston et al., 2000), includ-
ing Italian, a syllable-timed language (Pelucchi, Hay, & Saffran, 2009), and for
segmenting words from nonsense syllable strings (Curtin, Mintz, & Christiansen,
2005; Echols, Crowhurst, & Childers, 1997). Even earlier, at 6 months, English-
learning infants can segment trochaic words if the words coincide with utterance
boundaries (Johnson, Seidl, & Tyler, 2014).

Importantly though, Dutch- and English-learning infants’ ability to segment
words with an iambic pattern (the non-predominant stress pattern in these lan-
guages) is developed somewhat later, beginning at the age of 10 months (Jusczyk
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et al., 1999; Kooijman, Hagoort, & Cutler, 2009). This difference in the ability to
segment trochaic versus iambic words, mirroring the stress pattern properties of
their native language, suggests that the prosodic cues for speech segmentation are
acquired from the input language (although studies on languages with a predomi-
nant iambic patterns, such as Hebrew, would be needed to confirm this hypothesis).

One interpretation of the above findings is that, at least in stress-based lan-
guages with predominant trochaic stress, infants, by 7 to 10 months of age, start
using stressed syllables as word onsets (Jusczyk et al., 1999). Alternatively, it has
been proposed that this segmentation pattern might result from the fact that by this
age, English- and Dutch-learning infants have started using the rhythmic unit of
their native language (the trochaic foot) as a segmentation unit (Nazzi, lakimova,
Bertoncini, Frédonie, & Alcantara, 2006). This second hypothesis makes the addi-
tional prediction that infants learning syllable-based languages such as French
should show a different segmentation pattern, because they would rely on a differ-
ent rhythmic unit, the syllable, which is the rhythmic unit of French (which is also
a language without lexical stress).

Evidence for the “early rhythmic segmentation” hypothesis comes from sev-
eral studies with European French-learning infants, which converge in showing
an advantage of syllabic over bisyllabic word segmentation. In a first study using
HPP, French-learning infants, familiarized with isolated words and tested on pas-
sages that either did or did not contain the target words, did not segment bisyllabic
words until the age of 16 months. However, earlier, at 12 months, they segmented
the individual syllables of the bisyllabic words, which supports the view that
they use the syllable, the rhythmic unit of French, as an earlier segmentation cue
(Nazzi et al., 2006). While later studies (Nazzi, Mersad, Sundara, Iakimova, &
Polka, 2014; Nishibayashi, Goyet, & Nazzi, 2015) revealed that French-learning
infants, in fact, start segmenting bisyllabic words between 6 and 8 months when
familiarized with passages and tested on their recognition of the target words (that
is, reversing the order used by Nazzi et al., 2006), it was also found that both 6-
and 8-month-olds could segment monosyllabic words, or syllables embedded in
bisyllabic words (Goyet, Nishibayashi, & Nazzi, 2013; Nishibayashi et al., 2015).
This pattern supports the precedence of syllabic segmentation in the emergence
of segmentation abilities in European French. Moreover, ERP paradigms revealed
infants’ segmentation of bisyllabic words at 12 months when using a procedure
of familiarizing infants with isolated words and testing them on text passages
(Goyet, de Schonen, & Nazzi, 2010). Lastly, a related study by Polka and Sundara
(2012) conducted with Canadian French infants showed that, when familiarized
with target bisyllabic words or their initial/final syllables, and then tested on pas-
sages containing or not the target words (as in Nazzi et al., 2006), 8-month-olds
recognized both the bisyllabic targets and their individual syllables (significant
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effect for initial syllable; marginal effect for final syllables). These studies not only
reveal cross-dialect differences in early word segmentation in European and Cana-
dian French, they also suggest that these Canadian French infants have access to
syllabic units while segmenting fluent speech, as predicted by the early rhythmic
segmentation hypothesis.

In sum, the evidence thus far suggests that the way infants use prosodic cues
to extract word forms from fluent speech (i.e., word segmentation) is at least
partly related to the acquisition of the predominant lexical stress pattern, which
might itself be related to the acquisition of the rhythmic unit of the native lan-
guage. In the future, it will be important to test the prediction from this hypoth-
esis that infants learning a language in which words are predominantly iambic,
such as Hebrew, will have an initial advantage at segmenting iambic over trochaic
words. Future studies should also explore the role of lexical pitch contour and
lexical tone in the early word segmentation in languages in which predominant
patterns would exist.

Concluding remarks

In the present chapter, we reviewed evidence regarding the early processing and
acquisition of prosodic properties at the lexical level. While our focus was on
lexical stress patterns, we also briefly reviewed evidence for lexical pitch contours
and lexical tones. Overall, the findings suggest that infants come equipped with
sensitivity to prosodic information that allows them to be sensitive to (most)
prosodic variation used phonologically at the lexical level across languages of
the world. We also showed that these early sensitivities rapidly change (as early
as 4 months, no later than 9 months), attesting the acquisition of the prosodic
properties of the native language(s). We discussed some factors that have been
found to play a role in the pattern of performance observed (e.g., the processing
of the stimuli at the acoustic versus phonological level; language predominance
in the case of bilingual infants), and offered some avenues for future research,
in particular the need to conduct direct crosslinguistic studies including more
diverse languages and to look at the use of specific acoustic dimensions (given
differences across languages in how a given property, e.g. lexical stress, is instan-
tiated acoustically).

Finally, note that some studies have started exploring the implications of
these prosodic acquisitions on other linguistic abilities. For example, we reviewed
studies exploring the role of lexical prosody in early word form segmentation.
Similarly, recent studies explored principles guiding the grouping of syllables
into larger chunks based on variation intensity, duration and pitch (the Iambic-
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Trochaic Law: Hayes, 1995). Results establish that the ITL is modulated both in
adulthood (Bhatara, Yeung, & Nazzi, 2015; Bhatara et al., 2013; Boll-Avetisyan,
Bhatara, Unger, Nazzi, & Hohle, 2016; Iversen, Patel, & Ohgushi, 2008; Molnar,
Carreiras, & Gervain, 2016) and in infancy (Abboub et al., 2016; Bion et al., 2011;
Hay & Saffran, 2012; Molnar et al., 2014; Yoshida et al., 2010), and it has been pro-
posed that this modulation might be related to the acquisition of native prosodic
properties either at the phrase level (e.g., Iversen et al., 2008; Molnar et al., 2016)
or the lexical level (e.g., Bhatara et al., 2013). Future studies will have to continue
exploring how the early acquisition of word-level prosody has cascading effects on
the acquisition of higher levels of the linguistic structure.
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CHAPTER 4

The role of prosody in early word learning

Behavioral evidence

Jill C. Thorson

University of New Hampshire

Successful word learning in first language acquisition requires three components:
segmentation of words from a continuous speech stream, identification of real-
word referents or concepts, and mapping of linguistic label to meaning. This
review presents behavioral evidence for how prosody is integral to each of these
processes, with particular prosodic structures creating optimal word learning
environments. Different prosodic strategies aid the three facets of word learning,
with rhythm, stress, intonation, and phrasing interacting to facilitate learning.
For example, recent behavioral work shows that word learning is enhanced
when words appear at prosodic phrase boundaries and when new words carry a
more prominent pitch accent. Finally, an integrative account of word learning is
discussed in light of these findings.

Introduction

Most people can tell you what their first word was, or at least what their parents
told them it was (mine was some form of the word grapes). As adults we give
little thought to the processes that occur both in the mind and in the environ-
ment to make early word learning successful. Words are one of the most basic
elements in language that carry meaning, forming the building blocks for com-
munication. The process of word (or sign) learning is not a trivial task, yet nearly
every infant successfully overcomes this challenge and learns the fundamental
elements of their native language(s). If thought of as a unified process, word
learning is a daunting and mysterious part of development. Even as adults, when
you hear a foreign language it is difficult to know what a word is, with the gaps
in speech not necessarily correlating with the gaps that we see in written form.
Beyond the challenge of knowing where a word begins and ends, Quine (1960)
aptly describes the difficulty of identifying the referent of a new and foreign
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word. In his example, a native guide exclaims gavagai in an unknown language
while pointing to a nearby rabbit. The task of the non-native speaker in this
exchange is to determine the meaning of this word. While some interpretations
of gavagai are more likely than others (e.g., rabbit, look), the actual possibilities
of meanings are infinite (e.g., that, white, over there, dinner, etc.), making the
word to meaning mapping task far from simple. In first language acquisition,
where this process occurs without overt or explicit instruction, it is useful to
consider word learning in terms of smaller, simultaneously-learned components
coming together to facilitate learning. The infant must be able to extract sounds
from the speech signal (word segmentation), identify real-word referents and
actions (identification), and map sound sequences onto meaning (mapping).
These three components of segmentation, identification, and creating the map-
ping between words and meaning are not sequential but rather they simultane-
ously build off one another, each playing an important role in the overall task of
infant word learning.

What processes and mechanisms aid infants and toddlers in acquiring their
first words? A variety of factors from the linguistic, cognitive, and social domains
contribute to early word learning and affect an infant’s ability to learn the names of
objects and actions in their environment, setting the groundwork for the acquisi-
tion of syntax and grammar. These unique mechanisms impact word learning to
different degrees, with particular strategies or mechanisms becoming differentially
weighted over the course of development (e.g., the role of infant-directed speech).
An integrative account of word learning is necessary to account for how each of
these factors comes to together to promote infant word learning (Diesendruck,
2009). One critical aspect of speech and language that integrates with linguistic,
social, and cognitive factors alike is prosody (see Waxman & Lidz, 2006, for a
thorough review on how linguistic, conceptual, and social processes interact to
support early word learning).

Prosody is the rhythm and melody (i.e., cadence, intonation) of speech,
including patterns of tone, stress, and intonation. Prosodic features are supra-
segmental-properties of speech units that are larger than an individual pho-
netic segment-and typically associate to the syllable (or mora) unit or to higher
levels in the prosodic hierarchy (Beckman & Pierrehumbert, 1986; Nespor &
Vogel, 1986; Pierrehumbert & Beckman, 1988; Selkirk, 1978, 1986). Prosody is
an essential part of successful communication as it conveys lexical, semantic,
pragmatic, and affective information (Ladd, 1996). In speech, prosodic variation
is signaled by changes in pitch (fundamental frequency or F), length of sounds
(duration), loudness (intensity), and segmental quality and reduction (spec-
tral characteristics) (Bolinger, 1989; Lehiste, 1970; Shattuck-Hufnagel & Turk,
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1996).! From these variations in the acoustics, prosody communicates essential
information regarding lexical distinctions, meaning, context, and emotion to
the listener.

The goal of this chapter is to disentangle the specific role of prosody during early
word learning from other co-occurring social and cognitive processes. However,
since prosody expresses pragmatic intent and semantic meaning, it naturally extends
into non-linguistic mechanisms that influence early word learning. Accordingly, a
theoretical account of word learning that includes prosody is naturally integrative.
Prosody plays an essential role in this process by aiding the infant in each compo-
nent of word learning. In this chapter, the three primary sections will demonstrate
how rhythm and stress affect word segmentation, how intonation aids with refer-
ent identification, and how intonation and phrasal boundaries facilitate the word to
meaning mapping. All evidence presented will be exclusively from behavioral (and
eye-tracking) studies (for a review of electrophysiological evidence that supports the
role of prosody in word segmentation and learning, see Teixidd, Frangois, Bosch, &
Minnel, this volume). While a truly integrative theoretical account of word learning
acknowledges that there are other linguistic, social, and cognitive mechanisms at
work during this developmental period, the objective of this chapter is to identify
how prosody affects the learning process and to uncover how the infant learner is
able to complete the tasks necessary for successful word learning.

Word learning components and the role of prosody

As mentioned, successful word learning is dependent on three primary compo-
nents that occur simultaneously over development: (1) segmentation of the word
from the speech stream, (2) identification of the real-world referent, and (3)
mapping of the linguistic form (i.e., word) to the real-world referent or meaning
(action, concept, etc.) (Waxman & Lidz, 2006). The following sections explore the
role that prosody plays during each of these early word learning processes.

Segmentation

The breaks or pauses that occur in written language are not present in continu-
ous speech. If looking at a speech waveform, any visible pauses do not necessarily

1. How prosody influences language learning in signed languages is outside the scope of
this chapter. See recent work by Brentariand colleagues for a discussion on how prosody is
acquired inAmerican Sign Language (Brentari, Falk, & Wolford, 2015).
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correspond with the beginnings and ends of words, but rather can be word-inter-
nal articulation pauses created by particular consonants (e.g., plosives). Addition-
ally, the actual word boundaries may not be signaled with a pause at all, and most
words in fluent speech exhibit no acoustic separation with the previous or fol-
lowing word. Since pauses do not reliably signal the beginning and ends of words
in fluent speech, how is the infant able to begin to segment speech into units?
The infant must use accessible perceptual information to segment a multi-word
stream of speech. Linguistic structures begin to emerge, with linguistic and cog-
nitive mechanisms interacting and giving rise to the infant being able to deter-
mine where the word boundaries exist. As these processes develop, the once fluent
speech unit becomes more detailed and native-language specific in the perception
of the infant learner.

An early sensitivity to prosody sets the foundation for its role in later word
segmentation and learning. Rhythmic and fundamental frequency information
are transmitted in utero, making prosody one of the first facets of language to
which the infant is exposed. This early exposure is demonstrated by newborn
infants’” preference for listening to their mother’s voice versus the voice of an unfa-
miliar woman (DeCasper & Fifer, 1980) and for a familiar story read to them in
the womb over an unfamiliar story (DeCasper & Spence, 1986). Infants as young
as two days old are sensitive to both native language rhythm and pitch patterns.
For example, they can discriminate languages by their broad rhythmic class pat-
terns (Moon, Panneton-Cooper, & Fifer, 1993; Nazzi, Bertoncini, & Mehler, 1998).
That is, a newborn infant is able to distinguish a syllable-timed language such as
French from a stress-timed language like English or a mora-timed language like
Japanese. Additionally, young infants can also differentiate low-high from high-
low pitch contours, and strong-weak from weak-strong disyllabic words (Jusczyk
& Thompson, 1978; Nazzi, Floccia, & Bertoncini, 1998). These early perceptual
sensitivities to prosody are important for assisting the infant learner in segment-
ing the speech stream into meaningful units (Werker & Yeung, 2005). Debate still
surrounds what types of cues are most influential and primarily utilized for word
extraction in infancy-prosodic cues (Johnson & Seidl, 2009) or domain-general
mechanisms based on frequency and distributional information (e.g., statistical
learning, Aslin, Saffran, & Newport, 1998; Lew-Williams & Saffran, 2012; Saffran,
Aslin, & Newport, 1996).

Early sensitivities to stress, rhythm, and melody of language (i.e., prosody) aid
the infant in detecting word boundaries. One of the broadest prosodic elements
to aid word segmentation is the final boundary, indicated by final lengthening and
a clear phrase boundary. For example, research from both French and English
shows that a word at the end of a phrase is more easily recognized and also seg-
mented (Johnson, Seidl, & Tyler, 2014; Seidl & Johnson, 2006; for more on how
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phrasal prosody aids in word segmentation, see de Carvalho, Dautriche, Millotte,
& Christophe, this volume). Languages also differ from one another in how they
lexically stress words, with patterns varying in the placement of strong and weak
speech units (e.g., foot or syllable) (for more on the processing and acquisition
of lexical stress across languages, see Bhatara, Boll-Avestisyan, Hohle, & Nazzi,
this volume). A disyllable that has a strong-weak stress pattern is called a trochee
(e.g., happy, cuddle), while a weak-strong stress pattern is an iamb (e.g., awake,
return). Even though languages often contain both types, one pattern usually pre-
dominates. In English, the dominant pattern is to place linguistic stress on the first
syllable, with 90% of multisyllabic words displaying this type of pattern (Cutler &
Carter, 1987). Infants between six and nine months use rhythmic information as
a means to group pairs of syllables (Morgan, 1994; Morgan & Saffran, 1995). By
nine-months-old, English-learning infants demonstrate a rhythmic bias for famil-
iar and novel trochaic disyllables (Jusczyk, Cutler, & Redanz, 1993; Morgan, 1996).

Typical prosodic patterns and words with predictable stress patterns are more
readily segmented. Like adults, English-acquiring nine-month-olds listen longer
to stimuli where syllables form strong-weak patterns, demonstrating a prefer-
ence for strong syllable onsets (Cutler & Butterfield, 1992; Cutler & Norris, 1988;
Echols, Crowhurst, & Childers, 1997). Jusczyk, Houston, and Newsome (1999)
show that 7.5-month-old infants correctly segment disyllabic words that have a
trochaic pattern in English, but not words that are iambic until several months
later. In this study, they familiarized infants with isolated repetitions of two words
that were either trochaic or iambic (Jusczyk et al., 1999). At test, the infants were
played passages that either did or did not include the familiarized disyllabic pat-
tern. Average listening time to the familiarized item versus the test item was mea-
sured. Infants listened longer to the trochaic patterns, showing that they were able
to segment trochaic disyllables from the speech stream. Follow up experiments
were conducted to find out if preference was driven by the strong syllable alone.
These experiments showed that the disyllabic strong-weak pattern-not the initial
strong syllable alone-guides infant behavior, and that trochaic patterns are pre-
ferred even when across word boundaries (e.g., “guitar is”). In this case, infants
segment the sequence “taris” not “guitar”, preferring the trochaic foot to the whole
word iamb. By nine months, infants use lexical stress to start detailing the struc-
ture of their language.

Languages vary in their rhythmic patterns and distributions (Saffran, New-
port, & Aslin, 1996), making the trochaic preference found in English and also
German a learned process developing over the first nine months of life (Hohle,
Bijeljac-Babic, Herold, Weissenborn, & Nazzi, 2009; Thiessen & Saffran, 2007).
Segmentation abilities continue to improve over development. By 10 months,
English-acquiring infants can also segment iambs in a similar manner as trochees
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(Gerken & Aslin, 2005). Cross-linguistic research illuminates how other languages
take advantage of the rhythmic properties of speech. For example, languages can
have fixed stress, such as Finnish and Polish where stress almost always falls on
the first syllable of a word, or Czech and Quechua where stress is typically on
the penultimate syllable (Jusczyk, 1999). Infants learning these languages have
access to predictable patterns that guide perception and segmentation. In the case
of French, which is considered to have no lexical stress, there is consistent phrase
final accentuation. Following this pattern, French-acquiring infants are shown to
segment iambs more readily from the speech stream due to this phrase final accent
(Polka, Sundara, & Blue, 2002). Other languages that exhibit less predictable lexi-
cal stress (e.g., Cantonese, Spanish) do not provide rhythmic cues to infants in
the same way. In these cases, processes related to native phonotactics, transitional
probabilities between segments, or syllable weight may provide more productive
strategies or interact with prosody in a distinct manner (Pons & Bosch, 2010).
Cross-linguistic research is still limited and there is no clear evidence as to which
mechanisms are most influential (see Goyet, Millotte, Christophe, & Nazzi, 2016,
for a recent review of the role of rhythm and word form segmentation; see also
Bhatara, Boll-Avestisyan, Hohle, & Nazzi, this volume). Future work needs to fill
in the gaps for how infants use the features of their native language to facilitate
early word segmentation, and how these may change over development. Overall,
researchers agree that while particular strategies may be more influential than oth-
ers, there is no one single factor that is sufficient to explain how word segmenta-
tion is achieved.

Beyond stress and accentuation patterns that give rise to rhythmic prefer-
ences and later word segmentation cues, other aspects of prosody are useful in
early word learning. The speech used by caregivers to infants is known as infant-
directed speech (IDS) and exhibits unique prosodic characteristics in comparison
to typical adult-directed speech (ADS) prosody. IDS has been identified as hav-
ing an increase in overall pitch, pitch range, segmental and pause duration (i.e.,
slower speaking rate), and intensity, and is preferred over ADS by young children
(Fernald, 1985; Fernald, 1989; Fernald & Simon, 1984). Additionally, IDS has an
increased use of specific intonational contours such as the bitonal rising pitch
movement-L+H* pitch accent in the ToBI transcription system-used to express
focus in English (Yu, Khan, & Sundara, 2014), which is more prominent than a
monotonal pitch accent (Baumann & Roth, 2014; Turnbull, Royer, Ito, & Speer,
2014). Fernald and Mazzie (1991) show that these focus-type accents are exagger-
ated in IDS and may facilitate speech processing for the infant. The slower speak-
ing rate of IDS also has been shown to improve word recognition at 19 months
(Song, Demuth, & Morgan, 2010). These types of cues present in IDS aid seven-
month-olds’ word segmentation in comparison to adult-directed speech prosody
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(Thiessen, Hill, & Saffran, 2005). In this study, seven-month-olds were familiarized
with novel words that were produced in either adult-directed or infant-directed
speech. For each type, the stimuli had prosodic characteristics representative of
that register. At test, infants listened longer to words over part words in the IDS
condition, but exhibited no difference in listening in the ADS condition. Results
indicate that infants can more easily segment whole words from the speech stream
when they are produced with IDS prosody.

Interacting with prosody, there are other factors that are involved in early word
segmentation. As the infant begins to fill in phonetic information of their native
language, they are able to segment words using the phonotactics—permissible com-
bination of sounds or phonemes-of their native language as early as 7.5-months-
old (Jusczyk & Aslin, 1995) as well as the phonotactics and prosody together
(Mattys & Jusczyk, 2001; Mattys, Jusczyk, Luce, & Morgan, 1999; Morgan, 1996).
Also, highly familiar words such as ‘mommy’ or the child’s own name serve as
anchors for segmentation (Bortfeld, Morgan, Golinkoff, & Rathbun, 2005). An
important breakthrough with regard to how language is acquired is found in the
statistical regularity of language. Adjacent transitional probabilities within and
between words support word segmentation. Eight-month-old infants use the sta-
tistical structure of a synthetic language to form basic word-like units from the
syllables, which only vary in the transitional probabilities between syllables (Aslin
et al,, 1998; Saffran, Aslin, & Newport, 1996). Expectations about word length
also interact with statistical regularities and aid the infant in word segmentation
(Lew-Williams & Saffran, 2012). Finally, segmentation is not necessary for words
produced in isolation. These words are prosodically distinct elements with clear
boundaries demarcated by silence that are more readily learned (Brent & Siskind,
2001). How prosody interacts with word segmentation across languages is still
being explored, with cross-linguistic research beginning to fill in valuable infor-
mation about the ways in which infants employ the unique sets of cues needed for
segmenting words.

In finding the right methodology to explore a research question, there is a
push and pull between data collected in a natural setting versus data collected in
a controlled laboratory experiment. In word segmentation studies, the need for
control over stimuli and data collection is essential. Many studies often employ
novel words or artificial languages as the source of stimuli because they can be
more closely controlled to test for specific effects. While this allows researchers to
pinpoint particular mechanisms that influence word segmentation, it encourages
future studies to more closely approximate real-life language contexts and interac-
tions. Since languages differ in their prosodic structures, cross-linguistic research
has offered, and continues to offer, approaches in which to uncover alternative
strategies and cues that are used in early word segmentation.

EBSCChost - printed on 2/10/2023 6:37 AMvia . All use subject to https://ww.ebsco. confterns-of -use



66

Jill C. Thorson

EBSCChost -

Referent/object identification

Matching meaning to a linguistic label is the ultimate goal of word learning. Ref-
erent (and/or object) identification is a key component to this process. In a live
context, nouns may refer to an overt referent (and verbs to an action being per-
formed by a referent). An infant must be able to locate the referent (or action)
in their environment to create the successful mapping from the linguistic label
to its real-world meaning. As with word segmentation, linguistic, conceptual,
and social processes all aid in the identification of real-world referents. Along-
side prosody, joint attention, eye gaze, and gesture (e.g., pointing) are some of the
ways in which a caregiver can help an infant in locating and identifying objects in
their environment (Brooks & Meltzoff, 2002; Moore, Angelopoulos, & Bennett,
1999; Samuelson & Smith, 1998; Woodward, 2003). In the case of prosody, even
intonation alone can assist in directing the attention of an infant and guide them
to the correct referent of a word in their environment. This section will address
the role of prosody in referent and object identification and will primarily present
data from toddlers and young children (18 months to 5 years). While the ages in
this section are generally older than the ones discussed in the word segmentation
section, this does not imply that these processes are sequential. Rather, the young
language learner is simultaneously being exposed to and learning each facet of
word learning.

In adult speech processing, intonation is one aspect of the speech stream that
can be used to identify referents in discourse. Adult listeners are able to make
use of the accentuation of a noun to determine its referent (Dahan, Tanenhaus,
& Chambers, 2002; Tanenhaus, Spivey-Knowlton, Eberhard, & Sedivy, 1995). For
example, specific pitch accents can speed up processing in contextually appropri-
ate environments. Weber, Braun, and Crocker (2006) show that German adult lis-
teners are able to rapidly take advantage of prosodic information to determine
the referent of an adjective-noun combination. Results revealed faster looking to
a referent in a contrastive setting when the linguistic label carried a contrastive
pitch accent over no pitch accent at all. Like adults, infants are also able to exploit
prosodic information to support referent identification.

Young children make use of accented and deaccented lexical information to
determine reference. Arnold (2008) looked at the interpretation of accented and
deaccented noun phrases by adults and four- and five-year-old children using an
eye-tracking paradigm. The primary goal was to observe how children compre-
hend referential expressions online in comparison to adults. In the experiment,
they presented participants with a screen displaying four items, two of which
were linguistic cohort competitors that overlapped in their initial segments (e.g.,
bagel/bacon). During the test phase, the subject heard an utterance such as ‘Put
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the bagel above the star. Now put the bagel (it) on the square.’ Since new information
is typically accented, and given information deaccented, this experiment manipu-
lated the accentuation of the second (given) production of a target word. This study
showed that both adults and four- and five-year-olds exhibit a bias to the previ-
ously mentioned object when the target in the second utterance was an unaccented
noun phrase or pronoun (Arnold, 2008). Accented words in the second utterance
did not show any observable bias. Arnold (2008) shows that four- and five-year-
olds process deaccented words as identifying previously established referents. By
the age of four or five, word learning has already become a more automatic process
and referent identification is more accessible. It is important to assess the extent to
which prosody interacts with referent identification while the child is still in the
early stages of word learning and has had less linguistic experience.

Grassmann and Tomasello (2010) investigated how word stress (i.e., accentua-
tion) interacts with contextually new referents to guide the attention of German-
acquiring two-year-olds. The experiment analyzed toddler looking time responses
in one of three experimental conditions designed to pull apart the effect of stress
and newness. The three conditions were newness only, stress only, and newness
and stress combined, with target words presented in short sentences (e.g., The
duck has the apple.). For the newness only condition, a picture of a duck would
be presented on screen with the phrase “Look a duck. Look the duck” In a fol-
lowing screen the child would hear “The duck has the apple” (with neither noun
accented) and a final picture would appear of a duck and an apple. In the newness
only case, the apple was visually new to the context but unaccented. For the stress
only condition, both the first and second screen would depict the duck and the
apple (“Look the duck and the apple”). For the second picture, the corresponding
utterance would accent the word apple (“The duck has the APPLE”). Here, the
apple is visually given information in the second screen but it carries an accent.
Finally, for the newness and stress condition, the apple was both visually new to
the context in the second picture as well as accented (“The duck has the APPLE”).
There was no condition that presented the apple as visually given material as well
as deaccented. Grassmann and Tomasello (2010) showed that toddlers could be
reliably guided to a new target in a scene, but only when the accompanying speech
placed a pitch accent on the referenced word. Thus, toddlers only reliably looked
at the apple in the newness and stress condition. In an effort to be more ecologi-
cally valid, a live experimenter produced the stimuli to the toddler. Although this
method may create a more natural setting, one important drawback is that even
with training, there is a considerable amount of variability introduced into the
stimuli and data. This is true particularly for intonation-based studies, where vary-
ing pitch realizations may influence attention. Also, the results contradict studies
in visual attention by not showing a novelty bias in the newness only condition.
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Typically, by two years old a child will attend to a novel pattern or object (Fantz,
1964; Rose, Gottfried, Melloy-Carminar, & Bridger, 1982). Still, Grassmann and
Tomasello (2010) is one of the first studies to look at how both stress and newness
of a lexical item influence toddler referent identification in a discourse context. If
the presence of prosodic stress impacts this aspect of word learning, a next step is
to explore how specific types of contours and pitch accents affect this process. One
hypothesis that emerges from this line of inquiry is that pragmatically appropriate
pitch accents aid word learning by facilitating word segmentation and condition-
ing expectations for referent identification.

Recent work by Thorson and Morgan (2014) shows that specific pitch contours
interact with new and given information to affect referent resolution. In this study,
18-month-old American English-acquiring toddlers were presented with an online
eye-tracking task where the linguistic label of a referent varied in its pitch structure.
The familiar word was presented in running speech (in either utterance-medial or
-final position) and carried a simple monotonal pitch peak, a bitonal pitch move-
ment, or no pitch excursion. The referential status of the word was either new or given
to the discourse context. In contrast to Grassmann and Tomasello (2010), results
showed that 18-month-olds’ attention to a referent during discourse was driven by
the presence of either a pitch movement on the target word or the discourse newness
of the referent. Critically, there was increased attention to the referent when it was
both contextually new and received a pitch accent, demonstrating how information
status and prosody interact to boost attention. Thorson and Morgan (2014) argue
that toddlers are more easily able to identify the referent of a word that is more
prominent or salient in the context, with intonation increasing salience.

An infant’s ability to identify a referent in their environment is an impor-
tant part of creating the word-to-meaning mapping. Building on research in adult
speech processing, recent work with young children demonstrates that there exists
an interaction between the prosody of a linguistically labeled referent and its iden-
tification in context. More prominent prosodic patterns, such as bitonal pitch
accents and IDS prosodic properties, aid in guiding toddler attention to a referent.
While other contextual factors are simultaneously helping the infant parse their
environment, prosody functions as a way for the caregiver to direct and engage the
infant with their surroundings.

Mapping linguistic form to meaning

Beyond making the initial connection between a word and its referent, the ulti-
mate objective of a learner is to create an enduring link between the word and its
meaning. Words come in many grammatical varieties and can refer not only to
objects, but also to actions or concepts. The infant learner must use multiple cues
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and mechanisms to determine these connections and create the mapping neces-
sary for successful learning. Since prosody critically interacts with the pragmatics
of a social scene (the optimal environment for wording learning to occur), it is
important to consider how social-pragmatics affects the word-to-meaning map-
ping. Tomasello and Akhtar (1995) investigated how the social-pragmatics of a
specific context affects word-to-object or word-to-action mapping. This experi-
ment showed that a 27-month-old child exhibits a bias for mapping novel words to
objects (over actions), but that this effect could be manipulated by altering the dis-
course setting (Akhtar, Carpenter, & Tomasello, 1996; Tomasello & Akhtar, 1995).
One way in which they manipulated the discourse setting in the second study
of Tomasello and Akhtar (1995) was by varying how the experimenter engaged
with a nameless object during free-play with the child. In the Action-Highlighted
condition the experimenter would repeatedly demonstrate a nameless action with
a novel object while saying the novel word (“Widget, Jason, widget” while pro-
ducing the action). In contrast, the action was only produced once in the Object-
Highlighted condition as verbal labeling of the object continued. The children
mapped the novel word with the either the verb (Action-Highlighted) or the noun
(Object-Highlighted) depending on the context. With respect to intonation, these
studies did not address in what manner the utterances were spoken to the partici-
pants. Also, since these were live play sessions, a substantial amount of acoustic
variability is naturally introduced into the data. This demonstrates the ongoing
challenge of striking a balance between ecological validity and experimental con-
trol. These studies on novel word learning and social-pragmatics demonstrate
that young children are sensitive to changes in discourse newness when assigning
meaning to a word. Importantly, substantial research shows that prosody is used
to express discourse newness as well as to shape cognitive and social expectations.
Accordingly, by looking at how prosody varies within a discourse context and how
these variations change patterns of learning, we can better understand the role of
prosody in the creation of word-to-meaning mappings.

Like in referent identification, the accentuation of specific words aids a young
child during novel word learning. Grassmann and Tomasello (2007) tested two-
year-olds’ word learning abilities by manipulating the accentuation of novel words
during a learning phase. Four conditions were created to test the interacting roles
of sentence stress (on either the noun or the verb) and discourse newness (either
the object or the action is new to the discourse, as demonstrated by the experi-
menter). The stimuli were a set of sentences that each consisted of a German deter-
miner followed by a nonce noun and then a nonce verb. Earlier studies have shown
that children ‘fast map’ novel names with novel nouns (Golinkoff, Hirsh-Pasek,
Bailey, & Wenger, 1992; Mervis & Bertrand, 1994). This study took one step fur-
ther and empirically demonstrated that children can use prosodic highlighting
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(i.e., accentuation) of new material to match a novel word with a new referent in a
live discourse setting (Grassmann & Tomasello, 2007). Another noteworthy aspect
of this study is that toddlers were able to match the novel word with the new object
when the noun was accented, but they were unable to match an accented novel
verb label with a new action. Why this particular inability occurs in this experi-
ment is debatable and may be partly due to the ways in which verb comprehension
is tested. Since the earlier studies by Akhtar and colleagues did not take into con-
sideration prosodic highlighting as a factor, the goal of Grassmann and Tomasello
(2007) was to analyze the role that prosody plays in relaying intonational cues to
what is given and/or new information in a discourse context.

In addition to accentuation, lexical stress influences the association between
novel word forms and meaning. In English, switching between trochaic and iambic
stress patterns differentiates a certain set of nouns from verbs (e.g., récord-noun,
record-verb). Curtin, Campbell, and Hufnagle (2012) exploited this alternation
and predicted that 16-month-olds would more readily map iambic novel words to
actions over objects, and trochaic novel words to objects. Their predictions were
confirmed and they showed that toddlers have developed a bias for iambic disyl-
lables mapping onto actions by 16 months of age. Graf Estes and Bowen (2013)
explored the interaction of lexical stress and phonotactics on early word learning.
In their study, 19-month-olds were presented with two objects and a correspond-
ing label that varied in its stress (trochaic or iambic) and its phonotactic prob-
ability (low or high). Like previous findings, they found that infants only learned
words that had trochaic stress, but they additionally showed that the words must
also have high phonotactic probabilities. lambic words were not learned, nor were
words with low phonotactic probabilities (Graf Estes & Bowen, 2013).

Aspects of prosodic phrasing also support the process of extracting a word
from the speech signal and mapping it to the appropriate referent. Shukla, White,
and Aslin (2011) showed that infants as young as six months are able to segment a
word from the speech stream and map it with a visual referent if speech is prosodi-
cally organized. In their study, infants were only able to map a word to its referent if
the word form was aligned with a prosodic phrase boundary (Shukla et al., 2011).
Learning was facilitated by the more complex context of producing a word form in
continuous speech, showing that infants prefer this prosodically structured input.

More recently, Thorson (2015) investigated the role that specific pitch accents
(monotonal H* and bitonal L + H*) play in novel word learning. In an eye-track-
ing task, two-year-olds were exposed to contexts that presented novel words
paired with novel animals. The novel word-referent pair was presented in either a
contrastive or noncontrastive setting (i.e., directly in contrast (or not) to a previ-
ously presented referent), and was uttered with no pitch accent, a monotonal H*
pitch accent, or a bitonal L + H* pitch accent. Learning occurred for both of the
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pitch accent conditions (H* and L + H*). Interestingly, there was increased look-
ing to the novel animal during the test phase-indicating word to object mapping-
when the word was learned with a bitonal pitch accent and during a contrastive
situation. This study made use of the L + H* pitch accent, but did not use IDS like
many other novel word learning experiments (Thorson, 2015). Still, the contras-
tive and bitonal L + H* condition proved to be the most salient learning condi-
tion, creating a more optimal environment for linking a novel word to a referent.
Future work needs to further tease apart the role of contextually appropriate pitch
accent usage and how this impacts the early word learning process.

Infant-directed speech (IDS) prosody has been shown to facilitate not only
word segmentation, but also the mapping of linguistic labels to meaning. Recent
work claims that 21-month-olds more readily learn object labels from IDS than
ADS, even if the label was produced in a sentence during learning rather than in
isolation (Ma, Golinkoff, Houston, & Hirsh-Pasek, 2011). By 27 months, children
were able to learn the novel object label from ADS in addition to IDS (Ma et al.,
2011). This demonstrates changes in how children learn across development, with
IDS being a preferred strategy at a younger age. In a habituation-based word learn-
ing paradigm, Graf Estes and Hurley (2013) tested how 17-month-old toddlers
mapped novel words onto novel objects when the novel words were presented
in isolation. They found that children only learned the word-to-meaning map-
ping when stimuli were produced in IDS and where there was prosodic variation
across tokens. In the case where prosodically identical IDS tokens were used dur-
ing habituation, the infants failed to learn the association. Graf Estes and Hurley
(2013) illustrates how prosodic variation and salient IDS contours aid the infant
learner in creating the word-to-meaning mappings.

Novel word learning tasks reveal how lexical stress and intonation affect the
word-to-meaning mapping for young toddlers. Language-dominant lexical pat-
terns, prosodic characteristics of IDS, and prominent accentuation movements all
aid in the learning process. The extent to which each strategy is influential and at
what point in development each occurs is still under investigation. Future work
needs to continue to explore which mechanisms and strategies are most critical
at different phases of development, with an emphasis on cross-linguistic study. It
is important to look at languages that have differing structures in order to reveal
which mechanisms may be universal and which may be language specific.

Integrative approaches to word learning

There are a number of different theoretical approaches and mechanisms that
aim to explain how infants and young children acquire words. These accounts
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are based in the cognitive, linguistic, and social domains, with researchers posit-
ing unique descriptions and rationales for how language acquisition occurs, in an
effort to demystify word learning. In addition, there are accounts that pull from
cognitive, linguistic, and social theories. These integrative theories recognize the
complex nature of early word learning and combine different mechanisms into
more unified accounts (e.g., Diesendruck, 2009; Yu & Ballard, 2007).

Unique cognitive, social, and linguistic processes and mechanisms influence
the way in which children learn words. In the cognitive domain, some argue that
attention and memory lie at the root of successful word learning (Samuelson and
Smith, 1998). On the linguistic side, others have argued that the manner in which
children receive speech input is essential to the fundamental language process,
such as the role of discourse novelty (Diesendruck, Markson, Akhtar, & Reudor,
2004) or word accentuation (Grassmann & Tomasello, 2007). Meanwhile, a social-
pragmatic account relies on sensitivity to mental states and describes how a child
learns words in communicative contexts and follows referential and speaker
intent. This theory follows a theory of mind type argument, where the child must
be able to relate to the mental state of the speaker during the learning of a novel
word (Akhtar et al., 1996). While each of these mechanisms explains a part of
the word learning process, integrative accounts attempt to incorporate multiple
mechanisms into one overall theoretical approach.

Word learning entails association of linguistic labels with real-world refer-
ents, and it combines linguistic, social, and cognitive processes to guide early word
recognition and learning. In approaches such as the emergentist coalition model
(Hirsh-Pasek, Golinkoff, & Hollich, 2000) and Bloom’s (2000) mind, concepts, and
syntax theory, each approach involves multiple mechanisms that must combine
to create an environment for successful word learning. Prosody integrates with
multiple elements within the linguistic domain as well as the social and cognitive
domains. It relays semantic, pragmatic, and affective information and naturally
crosses cognitive, social, and linguistic mechanistic boundaries. As demonstrated
by its role in word segmentation, referent identification, and the mapping of lin-
guistic form to meaning, the inclusion of prosody into the study of early word
learning bolsters an integrative theoretical approach to word learning.
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This chapter reviews electrophysiological studies on early word-form
segmentation and word-referent mapping, with a focus on the role of prosody

in these early abilities closely related to vocabulary acquisition. First, we will
review event-related brain potential (ERP) studies on word segmentation showing
the impact of lexical stress cues, infant-directed speech (IDS) properties and
melodic information on word-form extraction. Then, we will review research

on word-referent mapping, revealing the scarcity of ERP studies specifically
exploring the contribution of prosody in this domain. Throughout the chapter

we will emphasize how electrophysiological methods offer a more fine-grained
perspective of the brain processes supporting segmentation and mapping abilities,
often revealing infants’ sensitivities to auditory input before overt responses from
behavioral methods can be obtained.

Introduction

Early in development, infants face the twin problems of segmenting the speech
stream to extract linguistically relevant units and mapping these possible word-
forms to their referents, the objects and events in the surrounding world. Devel-
opmental research has demonstrated the pivotal role of prosody in this process.
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Prosodic features, such as language rhythm, intonation and lexical stress patterns,
can provide infants with a starting point in early word learning (see Jusczyk, 1999;
Goyet, Millotte, Christophe, & Nazzi, 2016; for reviews). Following the seminal
work by Jusczyk and Aslin (1995), a large number of behavioral studies have
revealed infants’ gradually refined abilities to exploit prosodic cues, as well as
other available cues from the input, to successfully segment the speech stream and
build their first vocabulary.

Behavioral research methods involve overt attentional measures from video-
recordings or eye-tracking procedures. In contrast, neuroimaging techniques,
such as event-related brain potentials (ERPs), can register brain responses under-
lying early acquisition processes and even reveal infants’ abilities where behav-
ioral methods might not be sensitive enough. Following a brief introduction on
the ERP methodology, this chapter offers an overview of infant ERP studies on
the role of prosody in early word segmentation and word-referent mapping. More
specifically, we will focus, in turn, on lexical stress patterns, some properties of
infant-directed speech (IDS) such as accentuation and repetition, and melodic
information, as cues to early word segmentation. Then, we will review word-ref-
erent mapping studies, pointing to the scarcity of ERP data specifically exploring
the role of prosody in this domain. Throughout the sections of this chapter, we
will emphasize how ERP data significantly extend our knowledge gathered from
behavioral language acquisition research.

The method of event-related brain potentials (ERPs) in language
acquisition research

Behavior-independent neuroimaging techniques, like the ERP methodology
based on electroencephalography (EEG), offer insights into the mechanisms driv-
ing infants’ behavior and their developmental progression. The ERP methodology
has largely contributed to our understanding of early language acquisition pro-
cesses and continues to be used as a powerful research tool complementing behav-
ioral techniques (for an overview, see Conboy, Rivera-Gaxiola, Silva-Pereyra, &
Kuhl, 2008; Friederici, 2005; Friederici & Mannel, 2013; Kuhl, 2010; Mannel &
Friederici, 2008).

The human brain constantly produces electrical activity. EEG captures this
brain activity by recording ongoing scalp-level voltage fluctuations that originate
from neurons’ postsynaptic potentials. Electrophysiological research relies on the
fact that external stimulation modulates EEG data. However, the effect of a single
stimulation represents only a small part of the ongoing brain activity, such that
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the event-related portion of EEG recordings associated with a stimulus of interest
needs to be extracted. Repeated stimulation and subsequent averaging across stim-
ulus-time-locked EEG-epochs result in stable ERPs representing average stimulus
processing and ruling out non-relevant brain activity.

The schematic ERP waveform in Figure 1 displays a sequence of positive- and
negative-going stimulus-triggered voltage changes. The labeling of the different
ERP components indicates their polarity and the latency of maximum amplitude
relative to the onset of the stimulation. The N1(00) component, for example, refers
to a negativity that can be observed around 100 ms after stimulus onset. In general,
ERP components occurring early after stimulus onset (around 50-200 ms) are
mainly modulated by sensory input features, while those occurring later (after 300
ms) reflect cognitive processes to a much larger degree.

SuV
Event-
Related
— — Potential
(ERP)
+5uv 4

Onset of stimulus
of interest

Figure 1. Schematic ERP waveform representing the average response to a class of stimuli.
Positive- and negative-going voltage changes are labeled according to their amplitude polarity
and latency from stimulus onset (adapted from Ménnel, 2008).

Different ERP paradigms have been developed to study early language acquisi-
tion during passive listening. For example, the Mismatch Negativity paradigm
tests auditory discrimination of short stimuli, such as tones, phonemes or syl-
lables, and involves the unexpected presentation of deviant stimuli in a series of
repeated, standard stimuli. Familiarization-test paradigms are more suitable when
longer or more complex stimuli are of interest, as is the case in word segmentation
studies. The latter usually include a familiarization or learning phase, followed
by a test phase with familiar and non-familiar elements, so that brain responses
time-locked to the onset of the target stimuli can reveal familiarity recognition
indicating successful word-form segmentation. Comparing ERPs elicited by dif-
ferent stimuli allows for inferences about the effect of experimental manipulations
(Kutas, van Petten, & Kluender, 2006). Differences in amplitude can be the result
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of variations in processing demands or efficiency across experimental conditions,
whereas latency differences can indicate the slowing down or speeding up of cog-
nitive processing.

The ERP methodology, as a non-invasive and highly infant-suitable neuro-
imaging technique, has been successfully applied in early word segmentation and
word-mapping studies. While its spatial resolution is weak, compared to hemody-
namic techniques such as functional near-infrared spectroscopy (fNIRS), it has an
excellent temporal resolution, comparable to whole-head magneto-encephalog-
raphy (MEG). Thus, complementing behavioral data, ERP data have largely con-
tributed to a better understanding of the time course of early word segmentation
and mapping. The following sections will review available data from ERP studies,
with a focus on research specifically exploring the role of prosodic factors on these
crucial abilities for language acquisition.

Word segmentation

Finding the words in fluent speech is a fundamental ability in early language acqui-
sition, linked to later vocabulary outcomes (Junge, Kooijman, Hagoort, & Cutler,
2012; Newman, Ratner, Jusczyk, Jusczyk, & Dow, 2006; Singh, Steven Reznick,
& Xuehua, 2012). Although single-word utterances are not exceptional in the
input to children, most words do not occur in isolation (Brent & Siskind, 2001).
Infants thus need to segment the speech stream to extract the individual word-
forms, exploiting any possible cues to word boundaries present in the speech input
(see Thorson, this volume; de Carvalho, Dautriche, Millotte, & Christophe, this
volume, for reviews). Behavioral studies indicate that word segmentation ability
is present at around 7 to 10 months of age (Houston, Jusczyk, Kuijpers, Coolen,
& Cutler, 2000; Jusczyk, Houston, & Newsome 1999; Polka & Sundara, 2012).
Word segmentation can be observed even earlier, by 6 months of age, for mono-
syllabic word-forms (Bosch, Figueras, Teixid6, & Ramon-Casas, 2013; Hohle &
Weissenborn, 2003), and for words following an already familiar name or anchor
word (Bortfeld, Morgan, Golinkoff, & Rathbun, 2005). In this context, ERP stud-
ies have provided relevant information on the segmentation process, not only by
tracking the online processing, but also by offering a direct measure of the factors
favoring or constraining early word-form segmentation. In the next sections, we
first describe the electrophysiological indicators of word-form segmentation, fol-
lowed by a review of ERP studies addressing (a) the role of lexical stress patterns
in speech segmentation, (b) the effect of specific features of IDS in modulating the
developmental onset of this ability, and (c) the contribution of melodic informa-
tion (song) to the word segmentation process.
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ERP indicators of word segmentation

Kooijman, Hagoort, and Cutler (2005) designed the first ERP study on word
segmentation with Dutch-learning 10-month-olds. They adapted the behavioral
paradigm from Jusczyk and Aslin (1995), familiarizing infants with repetitions of
strong-weak words and testing them on passages containing either the familiar-
ized or novel words. Infants’ ERPs in the familiarization phase showed a negative-
going effect, with more negative ERP responses to the last repetitions compared
to the first ones. This “familiarity” or repetition effect appeared from 200-500 ms
post word onset at fronto-central recording sites. At test, a negative ERP effect over
the left hemisphere was found from 350-500 ms, with larger amplitudes for famil-
iarized target words than unfamiliarized words. The authors concluded that these
negative ERP components (later termed N200-500, see Figure 2) were related to
word-form familiarity through repetition, and recognition of the familiarized
words, thus, indicating that segmentation of the target word-forms embedded in
sentences had occurred.

N200-500

5l ¥ 1 wees Familiarized words

LC T RC — Unfamiliarized words

Figure 2. ERP responses of 12-month-olds to familiarized and unfamiliarized test words in
a familiarization-test paradigm (modified from Ménnel & Friederici, 2013). L/RF = left/right
frontal region, L/RC = left/right central region, L/RP = left/right posterior region.

Comparable negative-going ERP responses have been reported in studies on
word recognition in older infants, both for known words (Mills, Coffey-Corina,
& Neville, 1993, 1997; Thierry, Vihman, & Roberts, 2003) and for repetitions of
pseudowords (von Koss Torkildsen et al., 2009). The N200-500 component can
thus be taken as an ERP indicator of word segmentation. In the next sections, we
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review ERP evidence of the impact of different prosodic factors on infants’ word
segmentation abilities.

Language-specific prosodic cues to word segmentation: lexical stress patterns

Behavioral evidence has revealed that differences in the predominant stress pat-
tern of languages may be responsible for the variation in the onset and the robust-
ness of early word segmentation abilities (see Bhatara, Boll-Avetisyan, Hohle, &
Nazzi, this volume). For instance, the metrical segmentation strategy, derived
from the lexical stress properties of Dutch as the native language, would predict no
difficulties in extracting disyllabic word-forms following the predominant stress
pattern (e.g., strong-weak in Dutch) and less successful segmentation for the less
frequent, weak-strong pattern. But behavioral evidence had failed to yield posi-
tive evidence of the expected strong-weak segmentation in 7.5-month-old Dutch-
learning infants (Kuijpers, Coolen, Houston, & Cutler, 1998). A follow-up ERP
study, however, adopting the same familiarization-test paradigm previously used
with 10-month-olds (Kooijman et al., 2005), clarified this issue and confirmed
successful segmentation of strong-weak words in 7-month-olds (Kooijman, Junge,
Johnson, Hagoort, & Cutler, 2013). Here, the N200-500 component emerged dur-
ing familiarization, and, in addition, two different ERP patterns indicating famil-
iarity recognition appeared at test. Some infants showed a right-frontal positive
ERP effect at 350-450 ms to familiarized versus unfamiliarized words, while oth-
ers showed a left-posterior negative ERP effect at 430-530 ms. When children’s
language outcomes were followed up at 3 years, those previously showing a neg-
ative-going ERP response obtained higher scores in vocabulary measures. Thus,
polarity differences in the ERP could be taken to reflect different strategies under-
lying infants’ word segmentation, linked to maturational variation and related to
later vocabulary outcomes.

Evaluating the effect of lexical stress on word segmentation, Kooijman,
Hagoort and Cutler (2009) examined whether Dutch-learning 10-month-olds
would also be able to segment words that did not follow the predominant stress
pattern, namely weak-strong words. ERPs of the familiarization revealed similar
N200-500 effects as reported by Kooijman et al. (2005), a familiarity effect that
started while infants were still hearing the weak (first) syllable. Results of the test
phase revealed a more variable pattern linked to the strong syllables of the target
words. While infants were able to recognize repetitions of whole words occurring
in isolation, they still relied on the strong syllable in more complex sentence con-
texts, failing to correctly segment the weak-strong words. These results thus differ
from the ones obtained by Kooijman et al. (2005), showing that 10-month-old
infants recognized the whole strong-weak word and not only the strong syllable.
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Together, these findings highlight the important role of the predominant lexical-
stress pattern of the native language in facilitating word segmentation.

We now turn to cross-linguistic differences in word segmentation, looking
at French as a syllable-timed language that does not show word-initial stress, but
phrase-final lengthening. Goyet, Schonen, and Nazzi (2010) ran an ERP study to
further evaluate the delayed disyllabic weak-strong word segmentation reported
in a previous behavioral study with French 12-month-olds (Nazzi, Iakimova,
Bertoncini, Frédonie, & Alcantara, 2006). Again, 12-month-old infants were
familiarized with weak-strong words and then tested on sentences containing
familiarized and novel words. Results from the familiarization phase showed an
enhanced N200-500 occurring at 300-450 ms post word onset for later repeti-
tions. Similar results were found at test, with the N200-500 effects of word-form
familiarity resembling the ones previously reported by Kooijman et al. (2005).
Importantly, however, here they indicate successful word segmentation of weak-
strong words by French-learning infants, while the 10-month-old Dutch-learning
infants in Kooijman et al. (2009) had failed at segmenting words with this specific
stress pattern. While confirming French-learning infants’ ability to segment disyl-
labic weak-strong words at the tested age of 12 months, it remains to be shown
whether similar results (i.e., whole-word disyllabic segmentation and no indepen-
dent final-syllable segmentation) can be found at an earlier age. Moreover, ERP
data from infants acquiring other syllable-timed languages with variable lexical
stress patterns (e.g., Catalan and Spanish) are still missing, limiting the overall
conclusions about the function of cross-linguistically different prosodic features
in infants’ emerging segmentation abilities.

In summary, the described ERP studies show that word-level prosody affects
early word segmentation in several significant ways. First, the fact that the lan-
guage of interest has a more or less predominant word-stress structure seems to
affect the onset of word segmentation. Second, words following the predominant
pattern of a given language are segmented earlier than words that do not follow
this pattern. Third, cross-linguistic rhythm differences can set some constraints on
infants’ ability to segment words longer than the smallest, monosyllabic elements.
Beyond any cross-linguistic differences reported in the literature on infant word
segmentation, it is important to highlight that 10-month-old infants show stable
ERP responses indicating successful word segmentation; the N200-500 compo-
nent, which has been previously reported for word-form familiarity. This finding
suggests that infants at this early age are able to build up word-form representa-
tions from only a few word repetitions in the speech input. Moreover, ERP stud-
ies have identified a developmental transition between 7 and 10 months of age,
from a positive-going to a negative-going familiarity effect in the ERP, suggesting
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different underlying mechanisms modulated by advancing brain maturation and
sustained language exposure.

Properties of infant-directed speech (IDS) supporting word segmentation:
Prosodic emphasis on sentence-embedded words

Across languages, adults have been shown to use infant-directed speech (IDS)
when communicating with infants (Fernald et al., 1989). IDS is described as a
speech register with especially salient prosodic features, such as more exagger-
ated pitch contours and emphasis on specific words, produced with higher pitch
and intensity levels and longer duration. Moreover, IDS features a slower speech
rate, shorter mean length of utterance, more prosodic repetition, higher frequency
of specific words and syntactic patterns, and simpler grammatical structures
(Fernald, 1992). The specific acoustic features of IDS have been found to facili-
tate language acquisition, and, importantly, word segmentation (Thiessen, Hill, &
Saffran, 2005; see also Cristia, 2013; Soderstrom, 2007, for reviews).

While infants show an initial strong preference for IDS over ADS, this pref-
erence for prosodically enhanced speech seems to reduce during the first year of
life (Newman & Hussain, 2006). Moreover, parents have been shown to adjust
their IDS register to infants’ age, such that IDS features are especially pronounced
during infants’ first months of life, but become less salient later on (Kitamura
& Burnham, 2003; Stern, Spieker, Barnett, & MacKain, 1983). Thus, it seems
that both infants” use of IDS in language learning and IDS features provided in
the speech input change as a function of infants’ age. In this context, Mannel
and Friederici (2010, 2013), using electrophysiological measures, systematically
explored the age-dependent role of different speech cues that are typically used by
caregivers in word-learning situations: prosodic accentuation and repetition (see
Aslin, Woodward, LaMendola, & Bever, 1996; Bernstein-Ratner, 1996; Fernald &
Mazzie, 1991; Fernald & Morikawa, 1993). The authors tested German-learning
infants at 6, 9 and 12 months of age in a familiarization-test paradigm and manip-
ulated the degree of prosodic modulation and number of repetitions of sentence-
embedded target words. Infants were first familiarized with different sentences
containing the same target word, presented with or without an additional, natu-
rally produced prosodic emphasis (for acoustic analyses, see Mannel & Friederici,
2013). The test phase consisted of tokens of the familiar target word and an unfa-
miliar control word. ERP responses to sentence-embedded targets collected
during familiarization differed depending on infants’ age. At 6 months, infants
showed a fronto-central positive shift at 200-400 ms post word onset for accentu-
ated versus unaccentuated words, but no effect of repetition. At 9 months, infants
also showed an early occurring positive-going ERP effect of prosodic realization
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and, in addition, an N200-500 word repetition effect. Finally, 12-month-old
infants did not show an effect of prosodic realization on target word process-
ing, but a sustained N200-500 as an effect of repetition. These results suggest
that at younger ages, prosodic input cues drive infants’ word processing, while
with increasing age repetition takes more effect. When infants were subsequently
tested on their word recognition, ERP responses to familiarized and unfamiliar-
ized words were compared as a function of prosodic realization during famil-
iarization. As displayed in Figure 3, test results revealed that 6-month-olds were
only able to recognize words that had received an additional prosodic emphasis
during familiarization, showing a positive-going familiarity response in the ERP,
starting at around 500 ms post word onset. Nine-month-old infants showed two
familiarity effects in the ERP: an N200-500 to familiarized versus unfamiliar-
ized words independently of previous prosodic realization; and a late negativ-
ity, only for words that were accentuated in the familiarization phase. Finally,
12-month-old infants also showed a sustained N200-500 effect that occurred
for all familiarized compared to unfamiliarized words, independently of accen-
tuation. Taken together, these data suggest that infants recognize familiar words,
relying on different speech input cues provided by the speaker when teaching
infants new words. While younger infants primarily benefit from the additional
prosodic emphasis on sentence-embedded words, older infants primarily rely on
word repetition, and recognize familiar words independently of their prosodic
realization during the learning situation.

6 months 9 months 12 months

Late Negativity
N200-500 / N200-500

RF *

Familiarity Positivity

\
0 0% --- Familiarized with prosodic emphasis

RP RC
R, +sss«  Familiarized without prosodic emphasis

— Unfamiliarized
Figure 3. Developmental changes of ERP responses indicating word-form recognition as a

function of prosodic manipulation during familiarization (adapted from Ménnel & Friederici,
2013). RF = right frontal region.
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The ERP study by Médnnel and Friederici (2013) further contributes to the idea that
prosodic information in the speech input enables infants initial word segmenta-
tion, and confirms previous behavioral research showing that infants at 6 months of
age make use of prosodic cues aligned with word boundaries to segment disyllabic
words (Shukla, White, & Aslin, 2011). Moreover, Minnel and Friederici (2013)
observed a developmental positivity-negativity transition in the ERP responses
indicating word recognition, with the latter indicating a more mature process (see
also Kooijman et al., 2013; Kooijman et al., 2005). This transition in the ERP mark-
ers of infant word segmentation can be attributed to infants’ growing linguistic
experience and parallel brain maturation. More specifically, at around 6 months
of age, myelination and neurogenesis of the auditory cortex undergo tremendous
changes (Moore & Guan, 2001; Moore & Linthicum, 2007) that can influence the
latency and polarity of early sensory ERP components (see Eggermont & Moore,
2012). These maturational changes may also affect the polarity of infants’ word
recognition responses. Thus, the current example demonstrates how ERP studies
additionally deliver information about the underlying brain mechanisms that trig-
ger infants’ word segmentation abilities.

From IDS to song: How early can melodic cues contribute to word
segmentation?

Very early in life, infants are exposed to both language and music (Brandt, Gebrian,
& Slevc, 2012), and both domains share important similarities in terms of struc-
tural information and involved cerebral resources (Heffner & Slevc, 2015; Patel,
2008). But, is music, and specifically song, relevant for speech segmentation and
word learning? Song and IDS registers exhibit several similar acoustic and struc-
tural characteristics (Fernald, 1992; Papousek, Papousek, & Bornstein, 1985). For
example, many of the IDS features, such as exaggerated pitch contours, empha-
sis on specific words, higher pitch and intensity levels, longer duration, slower
rate, shorter utterances and repetition, are also found in songs for infants. Infants
show a clear preference for ID songs over AD songs (Unyk, Trehub, Trainor, &
Schellenberg, 1992), and ID melodic information has been shown to specifically
benefit speech processing as well as language acquisition (Gervain & Werker, 2013;
Lebedeva & Kuhl, 2010; Schon et al., 2008; Thiessen & Saffran, 2009).

Assessing a beneficial effect of song on word segmentation, Schén and col-
leagues (2008) compared segmentation of a spoken, flat-contour stream and a
sung stream in adults. While the level of performance was at chance after expo-
sure to the spoken stream, successful word recognition was observed following
exposure to the sung stream. These results suggest that redundancy in statistical
musical and linguistic structures benefits segmentation. Based on these findings
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in adults (Schon et al., 2008) and evidence showing that prosodic cues facilitate
segmentation in 7-month-old infants (Thiessen et al., 2005) and even neonates
(Bosseler, Teinonen, Tervaniemi, & Huotilainen, 2016), it has been recently
tested whether melodic information of ID song may benefit speech segmenta-
tion in newborns (Francois et al., 2017). The authors recorded EEG in a group
of 2-day-old sleeping neonates during a familiarization-test paradigm with con-
tinuous artificial speech streams that were either spoken or sung. In the spoken
condition, the continuous streams consisted of 100 repetitions of four pseudo-
words, with transitional probabilities between adjacent syllables as the only cues
to word boundaries. In the sung condition, the language streams were identical
except that each syllable had a unique pitch from the diatonic scale. Therefore,
the resulting sung streams contained two types of overlapping cues signaling
word boundaries: the statistical cues (drop in transitional probabilities between
adjacent syllables) together with the pitch interval changes that systematically
occurred at word boundaries only. In each condition, spoken and sung, new-
borns were first exposed to a 3.5 min familiarization stream followed by a test
phase in which test items that violated the statistically-defined syllabic order of
the words were inserted at random positions allowing for an evaluation of the
implicit detection of structural violations.

During familiarization, a comparison between the ERPs of the first and the sec-
ond half revealed the presence of a fronto-central negative deflection at 400-600 ms
post word onset in both spoken and sung conditions. However, while in the spo-
ken condition the fronto-central negativity reached maximum amplitude during
the second half, its amplitude was already at maximum during the first half in the
sung condition, suggesting a faster segmentation process. To determine whether
familiarization was sufficient to establish pseudoword representations and detect
violations of syllabic order in the test phase, ERPs to the newly learned pseudo-
words were compared to those elicited by the violation items. Evidence of success-
tul detection of structural violations was found in the sung condition, but not in the
spoken condition. Compared to the newly learned pseudowords, test items violat-
ing the syllabic structure elicited an early positivity in the 250-400 ms time window.
This positivity resembled the mismatch response consistently observed in infants
for speech and non-speech stimuli (see Cheour-Luhtanen et al., 1995; Mueller,
Friederici, & Mdnnel, 2012; Stefanics et al., 2009). Thus, the test results suggest that
sung streams facilitated the building of robust word-form memory traces and trig-
gered strong enough expectations to correctly detect online structural violations. In
addition, these results confirm the importance of the fast-emerging fronto-central
negativity during the learning phase for subsequent word-form recognition, as
neonates were sensitive to structural violations in the sung condition, but not in the
spoken one. These results provide direct evidence of the benefit of songs during the
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initial steps of language acquisition, thus highlighting the relevance of both speech
prosody and melodic information to break the speech code and begin identify-
ing basic linguistic units. Moreover, the benefit of song on speech segmentation
supports the idea that musical interventions might be a powerful tool to facilitate
language acquisition (Flaugnacco et al., 2015; Frangois, Grau-Sanchez, Duarte, &
Rodriguez-Fornells, 2015; Zhao & Kuhl, 2016).

Word-referent mapping

So far, we have focused on research evaluating how infants extract word-forms from
fluent speech, greatly aided by prosodic cues. Word learning, however, goes beyond
word segmentation, because newly segmented word-forms will eventually become
labels for objects, people, and events in children’s environment. Thus, establish-
ing word-referent associations and storing these as memory representations are
crucial steps children have to accomplish in building a first receptive vocabulary.
Behavioral studies have shown that starting at 6-8 months of age, infants are able
to successfully establish word-to-world mappings in laboratory settings (Gogate,
Bolzani, & Betancourt, 2006; Matatyaho & Gogate, 2008), and even at 2 months of
age when presented with distinct syllable-object motion pairings (Gogate, Prince,
& Matatyaho, 2009). Regarding semantic representations, Bergelson and Swing-
ley (2012) even found that 6-month-old infants already know the meaning of very
frequent words, having established some word-object associations from their daily
experience. These abilities have also been explored with the ERP method in infants
at different ages, offering further insight into the underlying brain mechanisms and
their developmental progression. In the following sections, we will first review ERP
evidence of infants” early word knowledge and their ability to establish novel word-
object associations. We will then turn to the discussion of the role of prosody in
infants’ word-referent mapping skills, revealing the scarcity of ERP studies in this
field and the need for further neuroimaging research.

ERP indicators of word-referent mapping

Friedrich and Friederici (2004) were the first to investigate infants’ brain mecha-
nisms underlying the processing of words in meaningful contexts. To tackle the
link between words and their referents by means of ERPs, the authors used a cross-
modal picture-word priming paradigm with German-speaking 19-month-olds
and adults (see also Friedrich & Friederici 2005a, 2005b, 2008, 2011, 2015; for
review, see Ménnel, 2008). Participants were presented with pictures of objects
and accompanying IDS words that correctly or incorrectly labeled the objects.
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Crucially, the objects’ presentation preceded the label onset, such that the picture
content could prime subsequent word processing. Thus, if participants knew the
objects (from previous experimental familiarization or existing memory represen-
tations), this knowledge could trigger the expectation of the corresponding word
and thus ease phonological word-form processing and lexical-semantic process-
ing upon the label’s presentation.

The adult ERP data collected in the picture-word priming paradigm revealed
two processes indicating successful word processing by priming from the preced-
ing picture context (Friedrich & Friederici, 2004): First, facilitated phonological
word-form processing as reflected in a frontal N200-500 effect (i.e., word-form
familiarity) for picture-matching words compared to non-matching ones, prov-
ing established word-object associations. And second, successful lexical-seman-
tic word comprehension as reflected in an N400 effect (i.e., semantic integration
efforts) for words not matching the picture compared to matching ones, due to
semantic expectancy violations given referential connections between words and
the semantic picture context. The N400 describes a negativity that occurs at around
400 ms relative to stimulus onset and is more pronounced the more semantically
unfamiliar, unexpected, or non-matching an event is, given the current semantic
context or semantic knowledge (see Holcomb, 1993). Evidence of the N400 in
infancy research would thus be a valid indicator of infants’ emerging ability to
understand the referential meaning of words. It is important to note that although
both N200-500 and N400 effects are partly overlapping in their time of occur-
rence, they can still be differentiated based on their different scalp distributions:
The N200-500 typically occurs fronto-centrally, while the N400 occurs broadly
distributed over the scalp, with a centro-parietal focus.

Crucially, using the same cross-modal picture-word priming paradigm in
19-month-olds, Friedrich and Friederici (2004) observed comparable ERP effects
in infants as reported for adults. Infants did not only show ERP indicators of word-
form familiarity from cross-modal phonological priming (N200-500), but also the
establishment of referential meaning (N400) (Figure 4). When analyzing these ERP
effects in light of children’s lexical knowledge (as reported by their parents), there
was no correlation of children’s receptive vocabulary and the N200-500 effect, but a
correlation with the N400-like effect. In other words, only infants with higher com-
prehension abilities showed an N400 similar to the one found in adults, confirming
the interpretation of this infant ERP component as indicating referential processes.

Following this seminal work, Friedrich and colleagues conducted a series
of ERP experiments in German exploring the developmental progression of the
emerging ability to form referential connections during early infancy. In these fol-
low-up ERP studies, the authors were able to show that even 14-month-olds dis-
played recognition of word-forms (N200-500) and were able to form referential
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Figure 4. ERP responses for word processing in a cross-modal picture-word priming para-
digm at electrodes F7 and PZ (adapted from Friederici, 2005; Friedrich & Friederici 2004;
Friedrich & Friederici, 2005a, 2005b).

connections between objects and labels (N400) similarly to older infants and
adults (Friedrich & Friederici, 2005b, 2008; Figure 4). However, younger infants at
12 and 6 months of age, while initiating word-object associations both phonologi-
cally (N200-500) and semantically (N400) during the familiarization phase, only
showed phonologically-driven associations (N200-500) when tested later, sug-
gesting memory limitations preventing full mapping representations (Friedrich
& Friederici, 2005a, 2011; Figure 4). Finally, 3-month-old infants were found to
generate word-form representations during familiarization (N200-500), as well
as an early perceptually-driven form of association between objects and words
(Friedrich & Friederici, 2015). The latter ERP effect appeared as centro-parietal
negativity at 500-1000 ms post word onset to matching versus non-matching
picture-word pairs. This late centro-parietal negativity might indicate a precursor
learning mechanism that enables infants to establish first connections between the
perceptual representations of objects and words, forming their first proto-words
(see Nazzi & Bertoncini, 2003). However, 3-month-olds did not reveal any sign
of retention of these associations when tested one day later, making evident the
difficulties infants at this age have in retaining this information beyond the imme-
diate encoding stage. Together, these results suggest that the neural mechanisms
underlying the building of a first vocabulary are present from early on, while the
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capacity for creating full referential connections and their successful retention is
still highly constrained below 14 months of age.

In summary, the existing ERP studies on word-referent mapping across
infancy have reliably revealed two ERP components: First, a fronto-centrally
distributed N200-500 that indicates word-form familiarity and evidences word-
object associations at a phonological level. Second, a centro-parietal N400 that
indicates semantic integration efforts and evidences word-object mapping at a
semantic level. Importantly, the association and reference processes underlying
these components seem to work semi-independently, and show a different devel-
opmental onset. Thus, the reported findings impressively illustrate how the use
of electrophysiological measures at early ages not only enables us to successfully
delineate the developmental onset and progression of infants’ mapping abilities,
but also to differentiate the underlying processes.

The contribution of prosody to word-referent mapping: From behavioral to
ERP studies

Comparable to behavioral research exploring the role of prosodic features in infants’
successful word segmentation, there are an impressive number of behavioral stud-
ies addressing the effect of prosody in word-object mapping. Factors such as accen-
tuation (Grassmann & Tomasello, 2007, 2010), lexical stress (Curtin, Campbell,
& Hufnagle, 2012; Graf-Estes & Bowen, 2013), specific pitch accents (Thorson &
Morgan, 2015), and the role of IDS (Graf-Estes & Hurley, 2013; Ma, Golinkoff,
Houston, & Hirsh-Pasek, 2011) have been analyzed and connected to word map-
ping abilities (see Thorson, this volume). For example, Graf-Estes and Hurley
(2013) examined whether the pronounced prosodic features of IDS would enhance
word-object associations in 17.5-month-olds. The authors habituated infants to
pairs of novel objects and novel words, either in IDS or ADS. Looking-time mea-
sures revealed that infants were only able to map words onto objects for labels pro-
duced in IDS, but not in ADS. Crucially, the advantage of IDS only took effect
when the realization of IDS labels involved prosodic variability. Focusing on a dif-
ferent prosodic property, Curtin et al. (2012) found that lexical stress cues can also
guide label-referent associations. In their study, English-learning 16-month-olds
were already showing a bias to associate weak-strong patterns with action labels,
a language-specific bias consistent with the stress pattern properties of their native
language. Thus, behavioral research has delivered significant indications of pro-
sodic cues also driving infants initial word mapping skills. However, a systematic
examination of how prosodic input features affect referential processes by means
of electrophysiological measures is still missing. As exemplified above, ERP studies
on infants’ word-referent mapping have used IDS material (Friedrich & Friederici,
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2004, 2005a, 2005b, 2006, 2008, 2011). Yet, these studies have never directly con-
trasted the effect of IDS and ADS, or manipulated other prosodic speech input fea-
tures, despite promising behavioral evidence. Thus, ERP studies aiming at exploring
the impact of prosody on infants’ developing mapping skills are clearly needed.

Another line of ERP research that needs to be strengthened is the investigation
of word segmentation and mapping as a joint process, also assessing the impact of
speech input features. Naturally, when infants start to segment word-forms from
fluent speech, they eventually conceive them as labels to referents in their sur-
rounding world. Recent behavioral research has shown that from an early age,
infants can simultaneously segment and map simple, statistically defined word-
forms, but only if prosody favors this process (Shukla et al., 2011). Investigating
simultaneous segmentation and mapping in a more ecological learning situation,
Teixidé and Bosch (2014) tested 4-, 6- and 9-month-old infants on natural lan-
guage stimuli. Interestingly, the authors observed successful word segmentation
and mapping only for infants at 9 months, but not at younger ages. Here, a follow-
up ERP study has set out to explore the underlying neural mechanisms driving
the success (or failure) of infants’ segmentation and mapping skills at young ages
(Ménnel, Teixidd, Bosch, Friederici, & Friedrich, 2017). Importantly, this study
manipulated the prosodic realization of target words by placing them at different
sentence positions. Preliminary ERP results indicate that while positioning did
not affect infants’ segmentation ability, it impacted on infants’ mapping success,
because only targets at prosodically salient edge positions enabled mapping. This
ERP study represents a relevant first research step, yet there are clearly more stud-
ies needed that assess the neural mechanisms supporting infants’ emerging map-
ping skills and the role played by prosody at different developmental stages.

Conclusions

In this chapter, we have reviewed the role of prosody in infants’ word learning,
evaluating their emerging abilities of word segmentation and word-referent map-
ping. Here we have focused on electrophysiological studies that capture the under-
lying neural mechanisms of infants’ emerging abilities, accessible from an early
age, when behavioral assessments can be challenging. Current evidence from ERP
studies suggests that there are at least two different electrophysiological indicators
related to infant word learning. First, an N200-500 component, that is, a word-
form familiarity effect characterized by a fronto-lateral negativity in the ERP at
200-500 ms post word onset, elicited when a given phonological sequence is famil-
iar. Second, an N400 component, that is, a semantic (violation) effect characterized
by a centro-parietal negativity at around 400 ms post word onset, elicited when the
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meaning of a word does not match the semantic (picture) context. Importantly, the
developmental onset and the amplitude of these two ERP components can predict
later language development, particularly children’s vocabulary. Crucial for devel-
opmental research, both ERP components can be utilized as indicators of infants’
emerging word learning abilities to draw a more fined-grained picture of the pro-
gression of word-form segmentation and the establishment of referential meaning
across infancy. Over and above the illustration of infants’ advancing word learning
skills by means of ERPs, the data presented here have highlighted the idea that
prosody is a key factor in getting infants started on detecting word forms in fluent
speech and conceiving them as referents to their surrounding world.
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CHAPTER 6

Set in time

Temporal coordination of prosody and gesture in
the development of spoken language production

Heather Leavy Rusiewicz! & Nuria Esteve-Gibert>3

"Duquesne University / 2Aix Marseille Université, CNRS, LPL UMR7309 /
3Universitat de Barcelona

The purpose of this chapter is to discuss the relationship between prosody,
gesture, and spoken language production from a developmental perspective. The
coordination of prosody and manual movements from theoretical, behavioral
and neuroanatomical perspectives will be explored. We focus on how gesture
landmarks coordinate with prosodic prominence from infants to school-aged
children, and we compare these results with adult patterns. The reviewed
literature shows that gesture movements, prosody, and speech abilities in general,
develop in a parallel and dynamic way, the emergence of a specific ability in

one modality entraining the emergence of a parallel ability in another modality.
Lastly, implications of the coordination of prosody and gesture for children with
communication disorders will be explored.

Introduction

Prosodic characteristics of speech are essential not only for the production and
flow of spoken language, but also for the perception and processing of speech
and language. This chapter focuses mainly on prosodic prominence (i.e., stress
and accent) and its relationship to manual movements in the developing sys-
tem. Certainly, the interactions between gestures and spoken language are vast
and varied. The empirical study of the interactive nature of speech and gesture
continues to illuminate many interesting features in children’s early years, such
as the impact of gesture on early word learning (e.g., Capone & McGregor, 2005;
Goodwyn, Acredolo, & Brown, 2000) and later mathematical concepts (e.g.,
Cook, Dufty, & Fenn, 2013). Gesture use can predict language milestones (e.g.,
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Butcher & Goldin-Meadow, 2000) and language impairments (e.g., Crais, Watson,
& Baranek, 2009; Sauer, Levine, & Goldin-Meadow, 2010). Yet, the majority of
these developmental relationships are focused on the cognitive-linguistic function
of gestures, not the temporal linkages of the speech and manual systems from a
motor behavior perspective. It is now well established that speech and gesture are
tightly aligned in time, and that prosodically prominent events are the anchoring
point for these synchronized movements. Exploring the alignment and interactive
nature of prosodic stress and manual movements can offer insight into the devel-
opment of both motor control (i.e., movements involved in communication) and
the linguistic abilities that infants and children use to communicate with others in
a meaningful way.

Theoretical underpinnings

Take a moment to view a speaker on the television/computer or a conversational
partner. Observe their gestures while they speak. Regardless of the frequency or
type of gestures that they are using or the content of their speech, do you notice
any patterns in the way that their hand movements and speech units synchronize?
You certainly may notice that the two systems line up according to the meaning
of the gesture and the meaning of the words. However, what you will also likely
notice is that manual gestures coordinate in time with the points of prosodic stress
within the speaker’s utterances.

Some theories suggest that spoken language and gesture align as a function of
linguistic processes, such as lexical access (e.g., de Ruiter 1998, 2000; Krauss, Chen,
& Gottesman, 2000). Others have theorized that speech and gesture are aligned as a
function of underlying motoric pulses (Iverson & Thelen, 1999; McNeill, 1992; Port,
2003; Rusiewicz, 2011; Tuite, 1993). According to this latter group, movements are
entrained (i.e., coordinated) as a function of the peaks (i.e., pulses) of an ongoing
rhythm (Merker, Madison, & Eckerdal, 2009). Pulse-based entrainment is rooted in
dynamic systems theory (DST) and is frequently applied in many human behaviors,
as in the performance of music or perception and attentional processes (Ito, 2012;
Large & Jones, 1999). Thus, a stressed syllable can draw in the movement of the
hands or even other body parts, such as the torso and eyebrows. According to the
Theory of Entrained Manual and Speech Systems (TEMSS), the analogous pulse of
movement in the speech stream (i.e., a syllable produced with increased physiologic
and acoustic efforts) entrains the pulse of other body movements in both space and
time (Rusiewicz, 2011). As illustrated in Figure 1, the more automatic and proximal
pulse of the speech system (i.e., prosodic prominence) “pulls in” and entrains other
body movements both in time and space. The TEMSS also proposes that the body
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movements can impact the magnitude, timing, and spatial properties of the speech
movements (e.g., wide open hand shapes will lead to more open mouth configura-
tions than closed fist shapes). Thus, the TEMSS proposes that body movements and
the movement in the speech stream influence and impact each other. Though the
TEMSS does not overtly predict developmental differences compared to an adult
system, the basic tenets of this theory regarding entrained speech and manual move-
ments remain applicable for children.

Head Nods/Head
Movements

Deictic Gestures

Temporal
and Spatial
Parameters

Beat Gestures of:

Speech

Eyebrow Facial Moyement
Movements Expressions
=" Entrainment—
of prominent
pulses
Gesture
Movement

Figure 1. Representation of the spatiotemporal entrainment of speech and other body move-
ments aligning with prosodically prominent points within the speech stream as a function of
underlying, internal, pulse-based entrainment. The hypothesized degree of entrainment and
subsequent synchronization of body movements with prosodic prominence is illustrated by
darker shading for more automatic, proximal, and robust degrees of entrainment. The tempo-
ral alignment of theses pulses is illustrated on the right.

What does it mean to be temporally coordinated?

It has long been observed that body movements such as hand gestures and the
suprasegmental properties of speech temporally align in adults (e.g., Birdwhistell,
1952; Dittman & Llewellyn, 1969; Kendon, 1980). Speech and manual movements
are coordinated as a function of prosodically prominent syllables, which act as

EBSCChost - printed on 2/10/2023 6:37 AMvia . All use subject to https://wwm. ebsco. conlterns-of - use



106

Heather Leavy Rusiewicz & Nuria Esteve-Gibert

EBSCChost -

the anchoring point in speech with which the specific events in the gesture move-
ment align. Thus, the prominent phases in the gesture movement (the ‘gesture
stroke!” or the ‘gesture apex?) occur within the limits of the stressed syllables in
speech (see Figure 2). The evidence for this tight temporal coordination comes
from studies using different elicitation methodologies and data analysis systems
(e.g. De Ruiter, 1998; Esteve-Gibert & Prieto, 2013; Leonard & Cummins, 2011;
Rochet-Capellan, Laboissiérre, Galvan, & Schwartz, 2008; Rusiewicz, Shaiman,
Iverson, & Szuminsky, 2013; Rusiewicz, Shaiman, Iverson, & Szuminsky, 2014).
Leonard and Cummins (2011), for instance, asked adults to read a story and ana-
lyzed the gesture-speech alignment patterns using a 3-D motion tracking system.
They found that the apex of beat manual gestures (the point in time in which the
hand changes its direction in the vertical or lateral movement) always occurred
within the stressed syllables. In a study conducted by Rusiewicz et al. (2013), par-
ticipants produced sentences that could have words with and without contrastive
stress (e.g., No, the LIFEguard/lifeGUARD is above the square) while they produced
a pointing gesture. Data were obtained using a modified Theremin that measured
voltage as the hand approximated the capacitance sensors. Results showed that
prosodic stress and its position affected the time of pointing gesture onset and
the time required to reach the apex of the pointing gesture movement produced
with and without contrastive stress. Interestingly, recent evidence suggests that the
position of prosodic edges (intonational phrase boundaries) contribute to defining
the specific alignment of the apex within the accented syllable. These results show
that the gesture apex is retracted (occurring earlier than expected) when a gesture
movement is coordinated with a stressed syllable that is immediately followed by
a phrase boundary, since otherwise the speaker would not have time to accom-
modate the rest of the gesture movement within the limits of the speech signal
(Esteve-Gibert, Borras-Comes, Asor, Swerts, & Prieto, 2017; Krivokapi¢, Tyede,
Tirone, & Goldenberg, 2016). Thus, the position of prosodic prominence is an
anchoring point in speech for gesture prominence coordination, but its specific
alignment seems to depend also on the position of prosodic edges.

Not only do speech and manual pulses align, but the spatiotemporal param-
eters of one system can alter the spatiotemporal parameters of the second system.

1. Iniconic and metaphoric gestures, the gesture stroke is the movement that actually depicts
the object or the action; in deictic gestures it is the interval of time that determines the ref-
erent; in beat gestures, it is the interval that goes from the movement transition point to the
end of the rest position.

2. The apex is defined as the specific temporal point in which the gesture reaches its kinetic
goal. In deictic gestures, for instance, it occurs when the arm and the finger are maximally
extended.
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stroke
preparation retraction

Take the GOLDEN one

Figure 2. Schematic representation depicting the temporal alignment of prosodic and gesture
landmarks. In the sentence, capital letters indicate the target word, and bold letters indicate the
accented syllable.

For instance, Rusiewicz et al. (2014) again used voltage traces measured by capaci-
tance to demonstrate that as speech (i.e., syllables within short phrases with and
without contrastive stress) was lengthened due to delayed auditory feedback
(DAF) perturbations (i.e., hearing one’s own speech with a 200 ms delay), the
corresponding pointing gesture was also lengthened. This finding mirrors earlier
work by McNeill (1992) in which DAF resulted in perturbations of both the speech
and gesture systems in adults. Additional support for the effect of pulses in one
system affecting the timing and magnitude of movements in the second system
comes from an intriguing series of experiments by Krahmer and Swerts (2007).
Participants were instructed to either stress Amanda or Malta in sentences like
Amanda went to Malta (in Dutch in the original experiment), while at the same
time producing a manual beat gesture, an eyebrow movement, or a head nod. As
one would expect, the perception of prominence was enhanced when a visual beat
occurred on the target syllable. However, the production of a beat changed the
acoustic parameters of syllables, even when the speaker was consciously attempt-
ing to produce the vowel as unstressed. These data provide motivation to continue
the reflection and investigation of visual prosody in the form of hand gestures,
facial expressions, head nods, etc. in both adults and children.

Developmental sequence of gestures
While the emergence of the prosodic-meaning patterns is detailed in Esteve-Gib-
ert and Prieto (this volume) and Frota and Butler (this volume), the aim of this

section is to lay a foundation for understanding how different types of gestures

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



108 Heather Leavy Rusiewicz & Nuria Esteve-Gibert

SUOI}RUIqUIOD
yoaads-Sunurod ur

spiom orposoid
padTewUN, d1SEq /

UONEOUNI) PIOM
/ 98e3s prom-auo /Surmayd

s30e yooads
Jo douddIourd
/ To1ARYdq

S[qe[IAS PIssaIls o) YIIM uoneuojur ySnoIy) woIy paysm3unsIp [BUOUUT SIS0 sypuour
poulie xode Sunutog  passardxa sjoe yosadg sa1m)sa3 o1uoo1 A[1RY [OBAI SJUSWAAOW Me[  9U} Jo Suruosedy ST-¥1
S9[qe[[As passansun
pUe passans usomlaq sadrowrd
UOT)OUTISIP ) JO (suorouny (a1m3sa8/08enSuey)
‘(owm ur SUrIM550-00  2dUSIAWA / UONRUOIUT  dANSaNbar pue aAneIe[dap) SPIOM 1SI1J JO doudGIoWD sar3ajens
jou) suononpoid yoaads pue ySnouiyy passardxa sarmnysad Sunurod o13o19p / J9SUO MO[[O] SPIOM ISITf  JATIEITUNUTIOD syuouwr
Sunurod jo 3urdnos-uoN 30 yooads Apreq / S9UNNOI [eINISID) Suriqqeq pajeSorrep  Jo asn [EUOTIUIU] $1-8
SPIOM JWOS uonuje
Surqqeq reoruoued suonjow aAagedau spuejszopun Ajpandasar jurof / suonoe
UM pawny sjudwasow  pue aanisod Surssaxdxe  SurSueq puey orwyidyz pue / Surjqqeq [eoruoued payoaa1p-eos / sypuow
puey (e Yy $oNd o1posoId  Suraem orwIAyI ‘Suryoeay sruryAyr Aefd punog aureu 03 spuodsay 8-9
Surdxo pue suorssaxdxa 108JU0D
Sur00o ym safrourd [BI0®J QATIEOTUNTIUIOD soS1owa ur00o ‘spunos a£s paduofoxd sypuowr
sadexqur] yynowr 0} puepy UOTBLIBA UONIBUOIUT -uou/Surdsesd aarxopey  dane3aSea Guiknd Gunpng ‘SO[IWS [BI00G  9-UIOQMIN
u01PUIPI00I Aposoiq a4njson 110Q/Y222dS soypwdvid a3y
aunysag-Aposoid / UOIIDITUNUIILO))

(0T0T *949S F00T “UZePZ

39 WS 900 ‘SOSLID) X [9ed ‘600T ‘UOIKRIF X [9Jed ‘6661 ‘UYL, 3§ UOSIIA] (T ‘PTeMOH 23 Kaye NMH TO0T A[[19Y 23 QIOOI ‘U215
000C 9A921S X3 ‘BMENISESIH] DQI0OTA “UIIID) QWN[OA ST} I[N 23 BIOL] DWIN[OA SIY) 0IATIJ 2§ }12qQID-2A3)ST TO0T “eerese]n 3 LI ownjoa
SIY) “YINUWR(T ‘7007 OI 2@ saleq woij wwmmEou UOTJBULIOJUT) SIUO)SI[IUL u:uomoa pue nuﬁm_smn__ .aumwmm .ﬁﬁammm jo uostredwon) 1 9[qey,

Al use subject to https://ww. ebsco. conterns-of -use

- printed on 2/10/2023 6:37 AMvia .

EBSCChost



Chapter 6. Set in time: Prosody-Gesture coordination 109

SOATJELIRU
ur yoaads ym AesturyiAyr
pawm sarnysad jeag

SIUAD
[oaads pazi[eso] yim pawn
sjuawaAOW Apoq pue pea

SOLIJOW
WAy 2{-INpe /
(s3o119q-JO-IseNU0D)
s3urueowr xordwod
Gurssaxdxs uoneuoiu]

(snoog "a1)
2INJONIIS UOTJRULIOJUT
Surreudis uoneuojuy

spiom o1posoid

a3e jo sreak
1 e [013U0 J0jour [paads

sarnsad [eorroydelowr  AI[-)Mpe / SIS ISINOISIP

/ $91n)533 Jeag pue aanerreu padofpadg

[o13u0d
1030w Yd2ads 3y Jo Jururyar
/ $31103 1I0YS [[3) 01 A[qe/
aseaur Apea1sd Lyxoduwos

sa1n3sa8 1eag pue y)3uo] 20ueIdN

suraped

suoneyuasadax (s1£ 11-9)
Ja1[2q IapI10 UAIPTIYO
-puodag  a8e-jooydg
S[[Bys Sunye)
-uIny aYI[-y[npe
/ Surpueiszopun (s1£ —¢)

Jo1[0q-asye a8e-[ooydsaIg

uorjeurIojul dwes oy} dyroads-ofenJuef / souoy I0JOW NI J[NPe pIemo)}  suorjejuasaidar
Surssaxdxos sanrepow yroq  Lrepunoq pue syuadde SAOW SUIWSAOWE ME( / [eyudw pue syuowr
‘013598 o1u0o1 Yooads-0)  yoid Jo L1ojuaAut [ng s21Mm)$33 o1U00] SUOT}BUIUIOD PIOM-OM], orjoquuAs $7-81
U0YUIPL00I Apososq 24n3san) 1p10/Yy292ds soypwdvid a3y

aunysag-Aposoid / UOLIDITUNUIO))

(panuyuo)) 1 91qel,

Al use subject to https://ww. ebsco. conterns-of -use

- printed on 2/10/2023 6:37 AMvia .

EBSCChost



110

Heather Leavy Rusiewicz & Nuria Esteve-Gibert

EBSCChost -

emerge across different stages of development, a crucial pre-requisite to under-
standing how these gestures are later combined with speech.

From a format point of view, all gestures are very similar, and require similar
motor accuracy. However, they differ greatly in function, and the more complex
the pragmatic dimension represented by the gesture, the later it is observed in
development. Crucially, the types of gestures that infants are able to produce in
each developmental stage are strongly related to the prosodic and speech patterns
with which they will be aligned. Thus, the emergence pattern of the different ges-
ture types seems to depend on the child’s linguistic, communicative, and cognitive
development (see Table 1 for a comparison of the emergence of the different com-
municative, speech, and gesture milestones across development).

Only some days after being born, young infants can produce facial expres-
sions that caregivers interpret as having emotional value (e.g. Barrett & Campos,
1987). Very young infants signal changes in their states through facial activity,
and these facial patterns become specific expressions of emotions, because adults
link these patterns with emotions during the course of infant-caregiver social
interactions (Cole & Moore, 2015). Then, during the first year of life, infants pro-
duce hand actions (during play/rest activities, while manipulating objects, that
are directed to adults, and that have some form of iconicity) that seem to develop
dynamically. Mathew and Manjula (2015) examined the hand actions of nine 3- to
12-month-old infants and found that most of the hand actions follow a non-linear
developmental pattern. Thus, only those hand actions that were observed already
at 3 months of age develop in a linear way (e.g., ‘spread;, ‘grasp, and ‘reach’), and,
for most of the actions involving manipulation of an object, there was an explicit
age within the developmental period in which their frequency rate significantly
increased or decreased.

Deictic gestures are the first communicative gestures that infants produce.
Deictic gestures locate objects or events in space, the location being concrete
or abstract (normally performed by extending the index finger, although other
body parts like the head, chin or nose can be used). These gestures are first
observed at around 9-10 months of age, are one of the clearest signs that infants
have developed the ability to engage in referential intentional communication
(Esteve-Gibert & Prieto, this volume), and can take the form of showing, giving,
and pointing gestures. At an early stage, infants point in order to use the adult as
ameans to obtain a desired object or event (proto-imperative pointing), or to use
the object as a means to obtain the desired adult’s attention (proto-declarative
pointing) (Bates, Camaioni, & Volterra, 1975; Volterra, Caselli, Capirci, &
Pizzuto, 2005). Around 12 months of age infants are found to point with an
imperative function (to request an object from the adult), an expressive func-
tion (to share their interest about an object with the adult), and an informative
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tunction (Tomasello, Carpenter, & Liszkowski, 2007). In fact, the infants” prag-
matic development determines the functions that infants can express through
pointing gestures. Thus, at earlier stages, the most basic speech action functions
will be observed, and these will be more complex as they become more prag-
matically skilled (see Esteve-Gibert and Prieto, this volume, for a review on the
prosody-pragmatics interface). The infants’ production of deictic gestures to
refer to objects and events is found to precede their use of words to refer to these
same objects and events. Deictic gestures thus seem to bootstrap the acquisition
of nouns in the speech modality (Iverson & Goldin-Meadow, 2005; Ozgaliskan
& Goldin-Meadow, 2005).

The next gestures to emerge are representational gestures, which can be
iconic (depicting concrete objects or events) or metaphoric (depicting con-
cepts and ideas in an abstract way). Earlier forms of representational gestures
emerge around 15 months of age, like the no-gesture, the bye-bye gesture, a
gesture representing tall, or drinking from a cup (Acredolo & Goodwyn, 1988;
Iverson, Capirci, & Caselli, 1994). The rate and type of representational gestures
are found to increase significantly as children become more advanced in their
lexical and cognitive development, i.e., around 26 months of age (Ozcaliskan,
Gentner, & Goldin-Meadow, 2013; Ozc¢aliskan & Goldin-Meadow, 2011). Again,
the emergence of representational gestures signals the development of paral-
lel linguistic and grammatical skills. This pattern, however, seems to differ in
iconic gestures compared to deictic gestures: while in deictic gestures, the use
of gesture for reference precedes the use of speech, the use of iconic gestures to
refer to verbs seems to be preceded by the use of speech for the same purpose
(Ozcaligkan et al., 2013).

The last gestures to emerge ontogenetically are beat gestures. Beat gestures are
bi-phasic, rhythmic, co-speech movements that highlight items in the discourse
and that bear no semantic relation to speech. There is very little research on when
and how children start producing these gestures (Colletta et al., 2015; Mathew,
Yuen, Shattuck-Hufnagel, Ren, & Demuth, 2014; Nicoladis, Mayberry, & Genesee,
1999), although it seems that their rhythmic skills need to be quite advanced.
Nicoladis et al. (1999) found that the children’s mean length of utterance needs
to be at least 2.5 morphemes, while some studies suggest that it is not only until
much later (6-10 years of age) that beat gestures accompany explanations and nar-
rations in an adult-like way (Colletta et al., 2015; Mathew et al., 2017). Adult-like
rhythmic prosodic skills seem to emerge quite late in development (Post & Payne,
this volume), and the children’s production of beat gestures seems to parallel this
pattern. However, to date, and as far as we know, it is still unknown whether beat
gestures pave the way for the emergence of prosodic rhythm, or whether the devel-
opment of prosodic rhythm is a prerequisite for beat gestures to emerge.
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Temporal coordination of prosody and gesture in development

Iverson and Thelen (1999) offer the sole theoretical model that explicitly consid-
ers the interplay of prosody and gestures during development. Like others, their
postulation relies upon the assumption that speech and gesture are aligned in time
and that these behaviors are coordinated as specified in DST. The authors stated it is
“through rhythmical activity, and later through gesture, the arms gradually entrain
the activity of the vocal apparatus [...] this mutual activation increases as vocal
communication through words and phrases becomes more practiced, leading to a
tight synchrony of speech and gesture in common communicative intent” (p. 36).

Iverson and Thelen propose four phases in the dynamics of gesture-speech
entrainment in infants. During the first months of life, infants show initial linkages
between oral and manual systems: they bring their hands to the facial area and
introduce their fingers into their mouth, they open their mouth when a pressure
is applied to their palms (the so-called Babkin reflex), and at around 2 months of
age they start bringing objects to their mouth. At around 3-4 months of age, and
especially from 6 months onwards, they show emerging control between the two
systems: infants start producing rhythmical movements of the hands and arms
that are timed together with vocal cooing and babbling. Later (at 10-11 months),
infants show flexible coupling of gesture and speech, controlling and using the
two modalities asymmetrically to convey the intended meaning (gestures being
more frequent than speech). Finally, synchronization coupling emerges, and infants
coordinate both modalities for intentional communication in an adult-like way
(i.e., coordinating the most prominent part in gesture with the most prominent
part in speech).

Iverson and Thelen’s (1999) proposal presents a tantalizing postulation for the
coordination of speech and gestures in the earliest years of development (before
the age of two). This emphasis on infancy/toddlerhood mirrors the empirical lit-
erature on this topic, which offers a relative dearth of information on preschool
and school-aged children compared to children between birth to two and adults.
Theoretically, it is quite certain that the “changing patterns of coordination of
mouth and hand in the first years” (p. 36) remain in a state of flux throughout the
refinement of speech, language, and other motor behaviors throughout childhood
and even adulthood, especially for those with communication disorders. In other
words, as children acquire and master new language forms (e.g., increased utter-
ance length and complexity, mastery of narratives and discourse, etc.) the entrain-
ment, synchronization, and mutual influence of pulses with the speech stream
and hand movements will also go through dynamic fluctuations (see Table 1). In
this area, research points to a predictable and tight unity of prosodic stress and
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gestures in both adults and children, as well as the need to continue this line of
theoretical and empirical work for those with typical spoken language skills and
those with communication deficits.

Vocal-motor entrainment in early infancy

There is consistent evidence that infants increase their rate of upper limb rhyth-
mic movements when they start babbling canonically (e.g. Ejiri & Masataka, 2001;
Iverson & Fagan, 2004). The canonical babbling period emerges in the middle
of the first year of life and consists of combinations of consonant-vowel syllables
that are well-formed and have adult-like spectral and temporal properties (Kent
& Bauer, 1985; Oller, Wieman, Doyle, & Ross, 1976). This is a crucial stage in
development, because it provides the raw material for the production of early
words (Vihman, this volume). Ejiri and Masataka (2001) videotaped 4 Japanese
infants from 6 to 11 months of age while interacting with their mothers. They ana-
lyzed the video recordings in order to examine and analyze the temporal overlap
between vocalizations and rhythmic activities of the limbs during the babbling
stage. The authors found that vocalizations frequently co-occurred with rhythmic
actions; these coordinated behaviors increased immediately before and during the
month in which canonical babbling was initiated, and babbling vocalizations were
more adult-like (shorter syllables and shorter duration of formant-frequency tran-
sitions) when they were accompanied by rhythmic manual movements.

The early coordinated vocal-limbic rhythmic movements seem to be the pre-
cursors of an integrated gesture-speech system in which gesture prominences
align with prosodic prominences. Iverson and Fagan (2004) arrived at this conclu-
sion after analyzing the video-recordings of 47 infants between the ages of 6 and
9 months and observing that: (1) infants coordinated vocalizations with single-
arm rhythmic movements more often than with both-arm movements; (2) the
proportion of coordinated right-arm movements was higher than that of left-arm
movements, paralleling adult-like behaviors; and (3) infants’ motor activities were
synchronous with or slightly anticipated vocalization onsets. At this age, young
infants have not started producing communicative gestures yet (i.e. pointing ges-
tures), nor have they entered the single-word period. However, this early tight
entrainment between vocal and motor systems suggests that gesture and speech
develop in a parallel way and might form an integrated system from the very
beginning of language and communicative development. Infants produce oral
rhythmic movements coordinated with manual rhythmic movements, and this is
taken as the emergence of the pulse-entrainment rules that will govern the coordi-
nation between prosodic and gestural prominences.
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Prosodic-gestural coordination in infancy and toddlerhood

As previously explained in this chapter, gesture and speech are temporally coordi-
nated because the timing of the gesture movement is determined by the prosodic
structure in speech (the position of the accented syllables and of intonational
boundaries). In development, the first instances of adult-like temporal coordi-
nation of prosodic and gesture landmarks are observed with the emergence of
pointing gestures. It should be noted that the first pointing gestures that infants
produce are not combined with vocalizations (i.e. they do not co-occur with
babbling or word-like vocalizations). It is around 12-15 months of age, when
children enter the one-word stage, that infants combine pointing gestures with
meaningful speech (Butcher & Goldin-Meadow, 2000; Esteve-Gibert & Prieto,
2014; Igualada, Bosch, & Prieto, 2015; Murillo & Belinchén, 2012; Murillo &
Capilla, 2016).

As soon as infants combine pointing gestures with meaningful speech
(intentional vocalizations, word-like sounds, or words that refer intentionally
to objects or events), these pointing-speech combinations already show adult-
like pulse-entrainment rules. Butcher and Goldin-Meadow (2000) analyzed the
spontaneous pointing gesture and speech productions of six English-learning
infants when they were at the one-word period and until they started produc-
ing two-word combinations. Their results show that infants combined pointing
gestures with speech at the end of the one-word period, although it was not
until the two-word period that infants temporally aligned the gesture stroke,
i.e., the interval of prominence in the pointing movement, with the correspond-
ing word in speech.

More recent analyses of the temporal patterns of the early pointing-speech
coordination suggest that there is evidence of prosody-gesture coordination in
infants already at the single-word period. Esteve-Gibert and Prieto (2014) exam-
ined infants from the babbling period to the two-word period to see the tempo-
ral alignment patterns of pointing-speech combinations. They recorded 11- to
19-month-old infants while interacting naturally with their caregivers. Four tem-
poral measures were annotated: (a) the distance between the gesture onset and
the onset of the vocalization or word, (b) the distance between the stroke onset
and the beginning of vocalization or word, (c) the distance between the stroke
onset and the onset of the accented syllable, and (d) the position of the gesture
apex with respect of the accented syllable. The results of the analyses showed that
infants produced fine temporal alignment of gesture-prosodic prominent events
from the onset of pointing-speech combinations. More precisely, when infants
combined a pointing gesture with a vocalization or a word, the onset of the ges-
ture movement preceded the onset of the corresponding speech. This happened
at all ages analyzed, although the variability and temporal distance between one
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event and the other became more adult-like as infants were older. Also, at all
ages, the onset of the stroke phase in pointing gestures coincided very precisely
with the onset of the accented syllable in the corresponding vocalization or word
(and since most of the words were monosyllabic, the stroke onsets coincided with
vocalization or word onsets). Finally, and interestingly, infants produced the apex
of the pointing gesture before the end of the corresponding accented syllable, and
they did so at all ages, although the variability and the temporal distance between
one event and the other was more adult-like when infants were more advanced in
their language development.

There are several studies indicating that the infants’ production of tempo-
rally aligned pointing-speech combinations is not incidental or independent of
linguistic purposes. First, it has been observed that 9-month-old infants (and well
before the emergence of pointing-speech combinations) are sensitive to the tem-
poral alignment between the pointing gesture movements and the prosodically
prominent events in speech. Using a habituation/test paradigm, Esteve-Gibert,
Prieto, and Pons (2015) found that 9-month-olds can perceive if a pointing ges-
ture is temporally aligned with a disyllabic word in an adult-like way (the apex of
the pointing gesture occurring within the limits of the accented syllable). Second,
Igualada et al. (2015) observed that 12-month-old infants control the production
of pointing-speech combinations as a function of the communicative needs of the
situational context. These researchers observed that infants aligned a pointing ges-
ture with speech more often when they needed to attract the attention of an adult
towards an object. This study showed that the infants’ rate of pointing-speech
combinations is higher when the situation is more demanding from a communi-
cative and attentional point of view.

Despite these recent findings, one important caveat needs to be made. The
influence of the prosodic structure on the timing of the gesture movements can-
not be evaluated at this early stage as it is in adulthood. At the early stages of word
production, the nature of the prosodic words, prosodic structure, and prosodic
phonology rules differ widely from those of adults (Demuth, this volume; Kehoe,
this volume; Vihman, this volume). Consequently, the anchoring points in speech
where gestures movements can align are also different. Further studies should
examine the alignment patters of pointing gestures with speech in later stages of
the children’s prosodic development, especially when the production of adult-like
prosodic structure units are more developed.

The preschool years and beyond

The development of the prosodic-gesture coordination after the early toddler years
is less clear and less often studied. Yet, it is particularly interesting to study the
developmental sequence of beat gestures, discourse skills, and prosodic modulation
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in the preschool years and beyond. As reviewed earlier and summarized with other
phases of development in Table 1, beat gestures are the last form of gesture to be
developed. Though studies have investigated the coordination of many gesture
types, manual movements, and other body movements with prosodic prominence,
beat gestures arguably share the most obvious and potentially strongest link with
prosody. Traditionally, beat gestures (i.e., batons) are defined as marking the rhyth-
mic timing of spoken language without conveying semantic information. Beat
gestures are used to organize information in discourse and to mark prominent ele-
ments in the utterances. Adult listeners use the alignment of manual beat gestures
with speech to process sentences in which the position of the phrase boundary
is key to disambiguate the meaning in sentences, such as in Italian sentences like
[Canta solo] [se é felice] vs. [Canta] [solo se é felice] ‘He sings alone if he is happy’
vs. ‘He sings only if he is happy’ (Guellai, Langus, & Nespor, 2014). Also, speakers
mark contrastively focused elements in an utterance by means of prosodic cues but
also through beat gestures produced with the head (Esteve-Gibert et al., 2017; Kim,
Cvejic, & Davis, 2014).

At preschool ages, children seem to process the highlighting function of beat
gestures, since they recall words better if they are accompanied by a beat gesture
(Igualada, Esteve-Gibert, & Prieto, 2017). In production, beat gestures seem to
emerge consistently between the ages of 5 and 7 years (Capone & McGregor, 2004;
Colletta et al., 2015; Igualada, Wray, Prieto, & Norbury, 2016; Mathew et al., 2014;
McNeill, 1992; Tellier, 2008), though they are still used to a lesser degree than
other gesture types at this age (Iverson & Braddock, 2011). Mathew et al. (2014)
analyzed the rate of beat gestures that 6-year-old children produced, along with
the rhythmic marking of speech. Interestingly, the authors compared a narration
task (a story-retelling activity) with an explanation task (child and mother plan-
ning a trip), and took into account two types of beat gestures: those that were
‘independent’ (with non-propositional hand shape) and those that were ‘embed-
ded’ (with propositional hand shape; for instance, integrated within an iconic ges-
ture). Results showed that 6-year-old children produced more beat gestures in the
explanation task and that they followed the adult-like temporal alignment pat-
terns. The production of beat gestures in narratives seems to be observed later in
development. Colletta et al. (2015) examined the gestures produced within a story
retell task of a cartoon that was under 3 minutes in length, in 5- and 10-year old
French-, American English- and Italian-speaking children. As expected, children
increased the length and complexity of narratives with increased age. Interestingly,
the amount of gesture use did not differ for 5 and 10 year olds. However, what did
change with age, in relation to gesture production, was the number of beat gestures
that accented the narrative, such that the 10-year-old children produced signifi-
cantly more beat gestures compared to the 5-year-old children.
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When examining prosodic and language development at these ages, prosodic
control stabilizes (Patel & Brayton, 2009; Patel & Grigos, 2006), discourse and nar-
rative skills increase (Owens, 2016), and metalinguistic awareness expands signifi-
cantly (Bernstein, 1989). Indeed, similarly to the developmental parallels between
early motoric, speech, and language milestones, the overlay of higher-level lan-
guage development, prosodic stabilization, and the emergence of rhythmic beat
gestures is not unexpected. Additional support for the continued development and
refinement of gestures in later stages of spoken language development is evident
in the literature on individuals speaking a second language (L2). Beat gestures are
more frequently used by individuals who are more fluent in their L2 compared to
individuals who are less fluent in their L2 (Nicoladis et al., 1999). Likewise, beat
gestures were found to align with prosodically prominent syllables in L2 research
(e.g., McCafferty, 2006). Nicoladis et al. (1999) speculated that children increase
their use of beat gestures in their L2 when their mean length of utterance and over-
all prosodic variation increases. Thus, the entrainment of prosodic stress and other
body movements for children in later stages of development, for bilingual speakers
and for those with communication disorders and in disordered systems, remains a
ripe area for future empirical work.

Implications for children with speech sound disorders

Despite increased interest in the patterns of gesture and speech combinations
in children with language impairments and autism spectrum disorders (e.g., De
Marchena & Eigsti, 2010; Ellawadi & Weismer, 2014; Evans, Alibali, & McNeill,
2001; Igualada et al., 2016; Iverson & Braddock, 2011; Mainela-Arnold, Ali-
bali, Hostetter, & Evans, 2006), few researchers have investigated the interac-
tion of speech and manual movements within disordered populations from a
motoric perspective of entrainment (Corriveau & Goswami, 2009). Yet, spa-
tiotemporal entrainment of speech and manual systems exhibited in typical
populations (e.g., Kelso, Tuller, & Harris, 1983) may be at the foundation of
anecdotal reports of interventions capitalizing on manual movements for the
clinical management of individuals with childhood apraxia of speech (e.g.,
DeThorne, Johnson, Walder, & Mahurin-Smith, 2009; Rusiewicz & Rivera,
2017). In fact, manual gestures are frequently and seamlessly integrated into
treatment routines for speech sound disorders, both for pacing rate of speech
(e.g., slow tapping leads to slower speech) and for cueing more accurate speech
production (e.g., releasing the fingers from a fist outward to mimic the spatio-
temporal properties of /p/). It is also noteworthy that prosody may be an area
of relative strength for individuals with severe motor speech disorders and low
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intelligibility (e.g., Patel, 2004) and that eliciting prosodic prominence may lead
to greater intelligibility (e.g., Connaghan & Patel, 2013). Peppé (this volume)
presents information about the role of prosody in disordered communication.
Likewise, the continued study of the coordination of prosody with gesture may
offer possible therapeutic benefits for individuals with communication disor-
ders. In fact, Fujii and Wan’s (2014) sound envelope processing (SEP) hypoth-
esis posits that rhythmic, pulse-based entrainment and synchronization may
stimulate cortical and subcortical networks, facilitating speech and language
processing and subsequent rehabilitation. For instance, the use of hand gestures
to enhance the prosodic characteristics of speech, specifically emphatic stress
and rate of speech, for children with speech sound disorders may then also
lead to greater communicative success due to improved speech sound accuracy
and overall intelligibility. Additionally, continued work in this area may eluci-
date the specific impact of movement within music and rhythmic approaches
to speech and language interventions for children with severe communication
deficits. Such approaches include Melodic Intonation Therapy, which exag-
gerates the prosodic characteristics of speech by overlaying singing for simple
phrases while tapping with one’s hand at the same time (Albert, Sparks, & Helm,
1973) and méthode verbo tonale, which capitalizes on the relationship of body
movements and intonation to improve the ability to perceive, distinguish, and
produce speech sounds for individuals who are deaf and hard-of-hearing (e.g.,
Renard, 1979). In short, continued exploitation of entrained prosodic promi-
nence and gesture movements will likely lead to meaningful clinical change for
children with communication disorders.

Conclusions

The last 20 years have seen a tremendous surge of interest in gestures. As we con-
tinue to increase our understanding of the underlying mechanism, which inter-
connects gestures and spoken language production, the essential role of prosody is
once again affirmed. The investigation of the coordination of prosodic character-
istics of speech and body movements, such as hand gestures, will provide funda-
mental information about the dynamic nature of linguistic and motoric processes
in typically developing children, as well as extend to better diagnosis and interven-
tion for children with speech and other communication disorders.

Dittmann and Llewellyn’s (1969) comment from almost 50 years ago, “the
really interesting question which this research has raised are those of why body
movements should be located as they are in the rhythmic stream of speech”
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(p. 104), still remains of high interest to this day. This interest spans beyond
theoretical conjecture to various studies of the shared neurological, behavioral,
and even evolutionary substrates of the speech and manual systems. Indeed, there
is much evidence that cortical areas share activation for both observation and pro-
duction of mouth and hand movements (see Yang, Andric, & Mathew, 2015, for
a complete review). Although the precise neurological connections of prosodic
structure and hand movements are unknown to date, it can be conjectured that the
fundamental motoric pulse shared between prosodically prominent speech ges-
tures and manual gestures likely is rooted in shared neurological substrates. For
instance, the significance of hand-mouth connections in human mirror neuron
systems is found in Gentilucci and colleagues’ research that concluded that grasp-
ing different size objects affects the kinematic and acoustic magnitude of syllables
produced by both adults and children (e.g., Gentilucci & Dalla Volta, 2007; Genti-
lucci, Santunione, Roy, & Stefanini, 2004).

The prosodic and gesture systems develop in a parallel and dynamic way,
and this is reflected in how these systems are temporally coordinated throughout
development. Pre-lexical infants show pulse-entrainment rules regulating the pro-
sodic-gesture coordination, and at the one-word stage, infants control the align-
ment of prosodic and gesture prominences. The prosodic-gesture entrainment
continues to develop in later stages, beat gestures being produced rhythmically
with speech in order to organize and highlight information in the discourse when
children are around 5-7 years of age. Thus, continued study of the underlying
mechanism of the coordination of prosody and gesture will support our under-
standing of the dynamic nature of prosody in both developmental and disordered
processes.
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CHAPTER 7

Speech rhythm in development
What is the child acquiring?

Brechtje Post & Elinor Payne
University of Cambridge / University of Oxford

Perception and production studies of speech rhythm development in infants

and children paint a complex picture of a universal early perceptual sensitivity
to — and production mastery of — cues to rhythm, while the rate of acquisition of
rhythmic properties across and within languages appears to be typologically and
structurally determined. In this chapter we provide a critical and comprehensive
review of the literature that has led to these insights. We then explore how

child rhythm development can be accommodated in an integrated approach to
speech rhythm in which various structural and performance aspects interact to
determine developmental trajectories in rhythm acquisition.

Introduction

Despite the large body of research devoted to it, speech rhythm remains an elu-
sive and controversial phenomenon. Debates over its nature and provenance, and
indeed even over its very existence, have surfaced repeatedly in the literature over
the last few decades, and continue to this day (e.g. Arvaniti, 2012; Cummins, 2015;
Nolan & Jeon, 2014; White, 2014). Attempts to define or pin down speech rhythm
have invariably invited some form of dissent from other scholars, and the diverg-
ing views on rhythm have also brought different methodological approaches. Nev-
ertheless, for those unfamiliar with the literature, and as a reasonable heuristic
for understanding the frame of reference of this body of work, the phenomenon
referred to as rhythm in connected speech can, without too much controversy we
believe, be understood to refer to the organization and contrast of a sequence of
repeated events. An example of such an event could be, for instance, syllable stress,
occurring as it does repeatedly and, for example in English, in contrastive alterna-
tion with lack of stress, and in specific ways. Scholars may disagree as to the nature
of these events and their co-ordination (apparent or otherwise), whether they are
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planned or not, which factors shape the patterning, and whether their rhythmic
alternation is perceived or has physical reality.

We briefly review the evolution of the debate on speech rhythm in the first sec-
tion, highlighting some of the main positions, with a condensed sketch of our own
approach. This serves as a backdrop to the principal purpose of this chapter, which
is a critical review of research investigating rhythm in developmental speech, be
that in perception (Section “Perception”), production (Section “Production”), or
bilingual children (Section “Bilingual production”). The scope of this chapter is
limited to research on rhythm in a ‘holistic’ sense, and does not seek to provide an
account of the development of individual prosodic properties (e.g. Bhatara, Boll-
Avetisyan, Hohle, & Nazzi, this volume), though the research we review assumes
that language-specific differences in those properties almost certainly play a role
in rhythm development. In the last section we discuss how these previous strands
of research can be brought together within our integrated approach to speech
rhythm, and we explore implications for future avenues of research.

Background: Rhythm research and methodology

The observation that languages vary in their rhythmic organization - or at least
are perceived as doing so — has a long history (see Armstrong, 1932; Lloyd James,
1940, for early discussion), and was traditionally explained as being rooted in
languages privileging different phonological units (mora, syllable or foot). Early
attempts to identify the acoustic basis of the percept that arises include Abercrom-
bie (1967), Pike (1945), and Ladefoged (1975) and focus on timing, with the claim
that languages tend towards isochrony in the particular unit that they privilege.
Thus, in what can be thought of as the first wave of speech rhythm research, the
rhythm percept was famously described as being classed accordingly as ‘stress-
timed;, ‘syllable-timed; or ‘mora-timed. Exhaustive acoustic investigation failed to
find conclusive evidence of syllable, mora or foot isochrony in speech production
(see Cutler, 1991, for a review); nevertheless, the percept of a difference of some
sort is strong and supported by subsequent psycholinguistic research, including in
infants (Nazzi, Bertoncini, & Mehler, 1998; Nazzi, Jusczyk, & Johnson, 2000; cf.
Bhatara, Boll-Avetisyan, Hohle, & Nazzi, this volume).!

1. We retain the terms ‘stress-timed’ and ‘syllable-timed’ since they are the prevailing terms
in the literature for what are, we would argue, the endpoints of a gradiently varying rhythmic
continuum (or continua) in perception and production. This does not imply that we believe
that languages uniformly show isochronous timing, nor that they can be categorically classified.
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In a second wave of speech rhythm research, alternative explanations for
the source of perceived rhythmic difference were put forward (Bertinetto, 1981;
Dasher & Bolinger, 1982; Dauer, 1983, 1987; Roach, 1982). In particular, it was
proposed that the rhythm percept emerges from distinct language-specific sets of
phonological and phonetic properties, including — but not limited to - the com-
plexity of syllable structure and the presence versus absence of vowel reduction.
Thus, so-called ‘stress-timed’ languages such as English have a greater range of
syllable structures, a propensity for heavier syllables to attract stress, and a ten-
dency towards reduction of unstressed vowels, while in so-called ‘syllable-timed’
languages such as French, open syllables are far more common and vowel reduc-
tion is less evident. So even while isochrony had by this point been rejected, the
idea of rhythm classification persisted and the search for possible class correlates
was cast more widely.

This hypothesis, which has been referred to as the ‘phonology-derived’ hypoth-
esis, in effect attempts to capture differences in the degree to which languages
use duration to convey prosodic organization and prominence. The hypothesis
inspired the formulation of various types of ‘thythm metrics’ designed to quantify
the claimed greater variability of duration in vocalic and consonantal intervals and
the claimed smaller overall amount of vocalic material in ‘stress-timed’ languages.
The interval measures developed by Ramus and colleagues (Ramus & Mehler,
1999; Ramus, Nespor, & Mehler, 1999) were also motivated and validated by the
discovery that infants attend to rhythmic differences from birth (Nazzi et al,
1998), indicating that the differences can be captured objectively from the acoustic
stream, i.e. before lexical or phonological analysis is available to the infant. From
this, Ramus et al. (1999: 270) argue that “the infant primarily perceives speech as
a succession of vowels of variable durations and intensities, alternating with peri-
ods of unanalysed noise (i.e., consonants)”. This insight led Ramus et al. (1999)
to develop three measures of utterance rhythm which can be extracted purely on
acoustic grounds, on the basis of vocalic and consonantal intervals: (i) the stan-
dard deviation of vocalic intervals (AV); (ii) the standard deviation of intervocalic
(i.e., consonantal) intervals (AC); and (iii) the proportion of total utterance dura-
tion which comprises vocalic intervals (% V). Ramus, Dupoux, and Mehler (2003)
showed similar patterns of adult between-language discrimination to those found
for young infants.

Independently, and around the same time, Grabe and colleagues (Grabe
& Low, 2002; Low, Grabe, & Nolan, 2000) developed the Pairwise Variability
Index (PVI), which, while also based on vocalic and consonantal intervals, has
the added factor of characterising the variability in sequential pairs. Rather than
taking a global measure of the amount and variability in vocalic material, the
PVI attempts to capture sequential differences in vocalic interval duration, and
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specifically between stressed and unstressed syllables. The motivation for looking
at the sequential nature of the contrast is that prosodic prominence depends on
syntagmatic contrast: on this view, the critical comparison is with what has gone
immediately before and with what lies immediately ahead. The PVI is calculated
as the mean of differences between successive intervals, and is normalized (nPVTI)
for variability of speech rate by dividing by the sum of intervals.

Over the last 15 years or so, the methodology developed in this second wave of
speech rhythm research has generated a large body of research that has applied the
metrics in different linguistic contexts. It has also attracted close, and often criti-
cal, scrutiny of the value and legitimacy of metrics in capturing rhythm: metric
scores are noted to vary widely over different types of elicitation, different material
within a single language, different speakers and speech contexts, with the result
that nothing like robustly predictable scores for languages, let alone for rhythm
classes, can be established. The reported inconsistency in the results produced by
metrics has led to what may be called a third wave of research, with several schol-
ars (e.g. Arvaniti, 2012; Rathcke & Smith, 2015) questioning or even rejecting the
use of interval-based metrics, either as lacking in explanatory power, or indeed,
more fundamentally, as simply mistaken in approach. However, some of this criti-
cism of metrics arises from an implicit, but unnecessary, assumption that the met-
rics are intrinsically tied to the rhythm class hypothesis. As a consequence, since
the idea of rhythm classification itself has been discredited, the metrics themselves
also appear to have been discredited by association.

Instead, we argue that the metrics should be seen, in substance, as a neu-
tral tool for comparing holistic timing characteristics, many or all of which may
contribute to linguistic discrimination by both adults and infants. Their use does
not imply, or plead for, the existence of robust, invariable categories in either the
speech stream itself or how this is perceived. Nor does it imply that discrimina-
tion is made on the basis of durational correlates alone. The rhythm metrics can
provide a lens for examining some aspects of the rhythm percept, just as any other
acoustic metric used to examine the percept of a given phenomenon in speech
(e.g. Voice Onset Time for different language-specific categories of stop conso-
nants). The differing patterns of findings are to be considered within this con-
text, rather than thrown out with the proverbial bathwater just because they fail to
deliver a single robust and fixed measure.

Other third wave critics questioned the narrowness of the earlier waves,
arguing that the notion of speech rhythm needs to be conceptualized in a much
broader framework, either by taking into account other biological as well as non-
biological phenomena involving regularly recurring events (e.g. music, Hawkins,
Cross, & Ogden, 2013), or questioning that the notion of a rhythm percept is truly
meaningful with regard to speech (e.g. Hawkins, 2014; Nolan & Jeon, 2014; White,
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2014). Although the development of many of these other types of rhythm has been
studied quite extensively (e.g. Phillips-Silver & Trainor, 2005), to our knowledge,
none of the third wave insights have been explored in the study of child speech.
Our own approach seeks to reconcile the apparently conflicting waves by
incorporating their key insights into an integrated account of speech rhythm
(Payne, Post, Astruc, Prieto, & Vanrell, 2010; Payne, Post, Prieto, Vanrell, & Astruc,
2012). We take a holistic view in which the rhythmic ‘experience’ is an experience
of the temporal® organization of a sequence of similar events or objects, and of
other parameters defining the relationship between these events/objects, i.e. con-
trastive properties — also in speech. In seeking the source of the speech rhythm
percept in production we must then identify all potential sources of organization
and contrast. These lie not solely in the handful of structural properties identified
in the first and second waves of speech rhythm research, but in a much broader
set of phonological and prosodic structures (Prieto, Vanrell, Astruc, Payne, & Post,
2012), as well as non-linguistic factors that shape the (variable) implementation
of those structures (e.g. speaking style), all of which are underpinned by neuro-
logical constraints that shape our experience of rhythm. Thus, on our interpreta-
tion, speech rhythm is multi-systemic, since it involves the complex interaction of
structural properties of linguistic systems; it is multi-componential, since it encom-
passes the linguistic component as well as (neuro)biological and performance
components (e.g. adaptation in child-directed speech, Payne et al., 2010); but it is
also multi-parametric, since the organization and contrasting of rhythmic events
in time is signaled by multiple acoustic parameters, including duration, but also
fundamental frequency and intensity. We will explore the general implications of
such an approach for child rhythm research in the last section of this chapter.

Perception

Although more recent studies (cf. White, Delle Luche, & Floccia, 2016) have since
contested certain findings and interpretations, much of the groundwork in the
perception of rhythm in language development was laid down by a series of psy-
cholinguistic studies in the late 1990s and early 2000s (see in particular Nazzi et al.,
1998, 2000; Nazzi & Ramus, 2003; Ramus, 2002; also Bhatara, Boll-Avetisyan,
Hohle, & Nazzi, this volume). Arguably the main purpose of this body of work
was not to examine the acquisition of rhythm per se, but rather to investigate the
role of rhythm in facilitating language learning overall. As such, it continues a vein

2. Or perhaps spatial, if we extend the notion to the visual domain.
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of research into the ‘prosodic bootstrapping’ hypothesis (see de Carvalho, Dau-
triche, Millotte, & Christophe, this volume). Rhythm was proposed early on as a
possible means by which the infant is introduced to pre-lexical phonology, that is,
to the representation of the speech signal that is best suited to her native language.
Initial studies examined the influence of rhythmic structure of a language on the
process of spoken word recognition and thus of word formation and lexical access,
with evidence suggesting that listeners are guided by the assumption that word
boundaries typically coincide with the boundaries of the privileged rhythmic units
of their native language (as shown by Cutler and colleagues for adults; e.g. Cutler,
1991). Infants were shown to exploit rhythmic cues to segmentation at an earlier
developmental stage than other cues (Echols, Crowhurst, & Childers, 1997; John-
son & Jusczyk, 2001; Jusczyk, 1997, 1999; Jusczyk, Houston, & Newsome, 1999),
prompting the claim that rhythm is key to building a lexicon and going on to
acquire syntax (Morgan, 1986).

Subsequent studies also began to investigate infants’ sensitivity to rhythm in
a more holistic way (i.e. not focusing on specific word-level properties like stress
or word boundaries, but sentence-level recurring rhythmic patterns). In a series of
studies on French newborns, Nazzi et al. (1998) establish that very young infants
can discriminate between languages on the basis of prosodic information alone
(also de Carvalho, Dautriche, Millotte, & Christophe, this volume). The infants dis-
criminated between supposed rhythm classes (e.g. between ‘stress-timed” English
and Dutch on the one hand and ‘syllable-timed’ Italian and Spanish), but failed to
discriminate within a class. In a further study, Nazzi et al. (2000) showed similar
discrimination patterns at 5 months, but additionally found that discrimination
between two languages within the same rhythm class was possible provided one of
the languages was the infants’ native language. Interestingly, Ramus (2002) estab-
lished that discrimination was facilitated for newborns when they could exploit
pitch cues in addition to purely durational rhythmic cues, supporting our multi-
parametric view of rhythm development (Payne et al., 2012; cf. Frota & Butler, this
volume, for intonation).

There is a running, more or less implicit, assumption of a classificatory basis to
this series of studies, reflected in a reworked version of the prosodic bootstrapping
hypothesis (see especially Nazzi & Ramus, 2003), whereby the emergence in infancy
of speech segmentation procedures — deemed crucial for word acquisition - is spe-
cific to the so-called classes of speech rhythm. The idea of neat rhythm classes is
compatible with a UG framework, with the setting of parameters determining the
grammatical properties of the language and directing the infant on a subsequent
guided pathway. However, the claim that speech rhythm falls into neat classes is
highly contentious; not only is the cross-study, cross-speaker evidence in speech
production weak, recent research by White et al. (2016) has critically undermined
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the rhythm class hypothesis also in perception. In a study employing similar age
profile and methodology to those used by Nazzi et al. (2000) but selecting different
pairs of languages, they show that, contra the rhythm class hypothesis, 5-month-
old English-ambient infants discriminate between intact Spanish and French (i.e.
within class), but not between Finnish and French, or between Finnish and Span-
ish (i.e. also within class). These findings suggest that infants do not discriminate
on the basis of rhythm class membership, but on a variety of other parameters (cf.
White et al., 2016). One such parameter is likely to be sensitivity to final lengthen-
ing, as shown for infants by White, Floccia, Goslin, and Butler (2014) and specific
durational cues more generally, as shown for adults in White, Mattys, and Wiget
(2012). Interestingly, in a further, as yet unpublished, experiment, they found that,
unlike 5-month-olds, 8-month-olds did discriminate between Finnish and Spanish,
a finding that is worthy of more investigation since it suggests that discriminatory
sensitivity for rhythm may itself evolve with development.

However, the discrediting of rhythm classes does not negate the possibility of
systematic variability in a global rhythmic percept, formed from multiple timing
(and potentially other) factors. Thus, the seminal findings on infant sensitivity
to global rhythmic properties, and that these properties differ cross-linguistically,
remain significant. The possibility that these sensitivities assist infants in their
learning about the structures of their language also remains. If one takes the view
that rhythm is a holistic prosodic phenomenon that emerges from multiple, com-
plex factors (Payne et al., 2010, 2012), then it follows that an infant exposed to a
particular rhythm may be able to extract (and thus reverse engineer) information
about the language that contributed to the generation of that particular rhythm in
the first place.

Moreover, the significance of the evidence for an early sensitivity to rhythm
does not hinge on the nativist angle, nor does it necessarily lead to a nativist con-
clusion. Ramus, Mehler, Morris, Miller, and Hauser (2000: 349) suggest that, while
it may be that humans alone make meaningful use of spoken language, the man-
ner in which human newborns tune into these critical properties of speech relies
on general processes of the primate auditory system rather than a “unique constel-
lation of perceptual and neurobiological mechanisms”. They present evidence for
this from experiments showing the ability in both human newborns and cotton-
top tamarin monkeys to discriminate unfamiliar languages. This combined body
of evidence fits comfortably with a constructionist account, and in fact, construc-
tionist/emergentist accounts have long stressed the importance of rhythm by sug-
gesting that it may provide a basic grid for the acquisition of language as such (e.g.
Vihman, Davis, & DePaolis, 1995).

In sum, perception studies of rhythm development have shown that even neo-
nates are sensitive to the rhythm of their native language, that they use multiple
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acoustic cues in rhythm perception, and that rhythm may be exploited in the seg-
mentation of speech, hence allowing for the possibility that it plays a crucial role in
bootstrapping the acquisition of lexical, syntactic, and other linguistic knowledge.

Production

The pivotal role attributed to rhythm for prosodic bootstrapping through percep-
tion finds a strong precursor in much earlier production work on rhythm develop-
ment (Allen, 1983; Allen & Hawkins, 1978, 1980). Crucially, Allen and Hawkins
(1980) claimed that rhythm confers predictability which can be exploited in child
speech development. More specifically, they viewed rhythm as the result of “a
number of concurrent phonological processes, involving not just the timing of
intervals between syllables and stresses [...] as well as a host of other phenomena”
such as phonological vowel length, phonological voice, pre-final lengthening, and
accentuation (Allen & Hawkins, 1980: 229). They argued that these ‘phonological
processes’ give rise to predictability of the temporal-sequential shape of the utter-
ance which is used to facilitate speech comprehension — much as Cutler and others
had already claimed for stress (Cutler, 1976; Cutler & Foss, 1977; Huggins, 1972;
Shields, McHugh, & Martin, 1974) - in early language acquisition.

Allen and Hawkins arrived at this conceptualisation of rhythm through
a series of production studies in which they explored the acquisition of certain
phonological phenomena. For instance, they established that vowel reduction
and accentuation are difficult for children to master (1978, 1980). In taking this
approach, their work pre-echoes the second wave ‘phonology-derived” approach,
at least in spirit, and it is also akin to the multi-systemic aspect of our approach
(Payne et al., 2010, 2012). However, they did not attempt to directly relate the
development they observed for individual phenomena to the overall development
of speech rhythm in young infants and children, nor to the rhythm class hypoth-
esis that held sway at the time, other than to suggest that child speech appears to
be more ’syllable-timed’ (Allen & Hawkins, 1980).

After a prolonged gap in child rhythm production research, Konopczynski
(1995) took up Allen and Hawkins' notion of a ‘phonological rhythm’ in the
first study to examine the developmental trajectory of rhythm acquisition cross-
linguistically, which she operationalised in terms of syllable durations.> She

3. Her primary objective was in fact to chart universal tendencies in the development of
stress in typologically different systems, but we would argue that her choice of measure does
not allow her to relate her findings directly to the development of stress.
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confirmed that there is indeed an early universal tendency towards ‘syllable-
timing), but the infants then proceeded to produce adult-like patterns at differ-
ent ages depending on rhythm class, with ‘syllable-timed’ French and Hungarian
acquired in the first half of the second year, ‘in-between-timed’ Spanish early in the
third year, and ‘stress-timed’ English and Portuguese in the course of the third year.

These findings align well with Allen (1983) who concludes that two-year-olds
“speak with French prosody a substantial part of the time”, and Hallé, de Boys-
son-Bardies, and Vihman (1991), who showed that Japanese and French children
produced different durational patterns, both in babbling and one-word utter-
ances, by about 18 months (see also Frota & Butler, this volume). Konopczynski
accounts for the later development of English and Portuguese in terms of syllable
structure, the “naturalness of final lengthening” and the predictability of stress,
echoing work by Vihman et al. (1995) who pointed out that the English trochaic
strong-weak patterns are not easily mastered, and that the different components
of rhythmic prominence may develop at different speeds in acquisition (see also
Vihman, this volume).

Focusing on four-year old French, English, and German children, Grabe,
Watson, and Post (1999) and Grabe, Gut, Post, and Watson (2001) looked at
slightly older children, and applied the newly developed rhythm metrics for the
first time to child speech data. Using the vocalic normalised Pairwise Variabil-
ity Index (nPVI-V),* Grabe et al. (1999) found that the rhythmic patterns pro-
duced by French children did not differ significantly from those produced by their
mothers, which suggests that adult-like durational patterning is achieved well
before age 4 in French. The English children, by contrast, still showed much more
even-timed rhythmic patterning than their mothers. This places the end-point of
the acquisition process for English at a considerably later age than suggested by
Konopczynski (1995).

Grabe et al. (1999: 1204) accounted for their findings in terms of the “greater
complexity” of rhythmic structure in English as compared to French, where ‘com-
plexity’ refers to properties like the predictability of accent placement, the pho-
netic parameters involved in cueing accents, and the need to compress or lengthen
syllables in the context of a ‘stress-timed’ language. They concluded that children
acquire speech rhythm moving from a structurally less variable ‘syllable-timed’
to an increasingly variable ‘stress-timed” rhythmic pattern (cf. Li & Post, 2014;
Ordin & Polyanskaya, 2014, for L2 rhythm acquisition). However, the comparison
with German in Grabe et al. (2001) suggested that it is not just the presence of the
properties that affects the rate of acquisition, but also the degree to which they

4. Note that this study predates the advent of other vocalic and consonantal rhythm metrics.
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are present. ‘Stress-timed’ German rhythm was found to be in place at 4, unlike
English, even though it shares the properties that have been claimed to contribute
to the percept of ‘stress-timing’ for English. However, in many respects, German
has those properties to a lesser extent (e.g. less vowel reduction and less final and
accentual lengthening; Delattre, 1966, 1969).

Vihman and colleagues (DePaolis, Vihman, & Kunnari, 2008; Vihman, Nakai,
& DePaolis, 2006) examined rhythm development longitudinally and cross-
linguistically in young infants (10-18 months, including English, Welsh, French,
and Finnish). Perhaps unsurprisingly, they confirmed the earlier findings of Allen
(1983), Hallé et al. (1991), and Konopczynski (1995) that French infants are already
on target by age 2, unlike English 2-year-olds, but they also found that Finnish
infants have better control in their production of prosodic cues (measured in fun-
damental frequency, intensity and amplitude in DePaolis et al. (2008)). In fact, the
Finnish data suggest that rhythmic separation between languages begins as early as
the four-word point (around 1;0). They propose that the greater rhythmic variabil-
ity that is inherent to ‘stress-timing’ is phonetically more challenging than ‘syllable-
timing), since the child needs to acquire more phonotactically complex and less
frequent sequences and segments (Vihman et al., 2006). This meshes neatly with
the complexity hypothesis of Grabe and colleagues (Grabe et al., 1999, 2001).

Payne et al. (2012) shed new light on this hypothesis by showing that early
child speech is not necessarily categorically more ‘syllable-timed’ than adult
speech, using interval-based rhythm metrics on data from English, Spanish and
Catalan 2-, 4- and 6-year-olds. Although they found that child speech is indeed
overall ‘more vocalic’ (higher %V) and - as has been found in all previous studies —
less variable in vocalic interval duration (both characteristic of ‘syllable-timing’),
by contrast, consonantal intervals are much more variable, and can still be off tar-
get even at age 6. This implies that ‘syllable-timing’ — or what is loosely associated
with this percept - is not an across-the-board intrinsic property of all aspects of
early productions. Unexpectedly, they also found that the English children lagged
behind the Spanish and Catalan children at all three ages, and had not yet fully
mastered adult-like rhythm even at age 6.

Thus, Payne et al. (2012) painted a much more refined picture of emerging
language-dependent rhythmic properties which do not develop in a synchronised
or cumulative fashion either cross-linguistically, or within one and the same lan-
guage. They suggested that vocalic interval variability could largely be a skill to
be mastered as the relevant phonological knowledge develops, while consonant
interval variability must at least in part be an artefact of immature articulatory
co-ordination skills (interacting with language-specific phonotactics). The com-
plexity of rhythm development, then, arises from the competing demands that are
placed on the child’s developing abilities (cf. Vihman et al., 2006). They concluded
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that a proper understanding of rhythm development requires a closer examination
of the multiple phonetic and/or phonological sources that underlie it, requiring an
analysis of the various prosodic factors involved (cf. Prieto et al., 2012), as well as
segmental and syllable structures and their phonetic implementation.

In sum, children start out with more ‘even-timed’ rhythm (as quantified in
syllabic and vocalic intervals), and produce more vocalic than consonantal mate-
rial in their utterances overall, but language-specific rhythmic patterning starts
to emerge from as early as 12 months. By contrast, consonantal material is more
‘uneven’ timed, with control being mastered later, and variability diminishing as
the child gets older. The rate of acquisition depends on typological factors, with
adult-like patterning as early as age 2 in more ‘syllable-timed’ languages, and off-
target production still present at age 6 in ‘stress-timed’ English.

Bilingual production

Interestingly, there are just as many studies of the development of speech rhythm in
simultaneous bilingual children as of monolinguals, but they all used rhythm met-
rics as their quantification method. In the bilingual literature, there are remarkable
commonalities between the monolingual and bilingual groups that were compared
in the experiments: early even-timing (in vocalic material) and divergent develop-
mental paths related to rhythm typology. However, rhythmic separation between
the two languages of the bilingual child occurred a little later than the emergence
of language-specific rhythmic patterns in the monolingual data would suggest:
between the ages of 3 and 4 (Bunta & Ingram, 2007; Kehoe, Lle6, & Rakow, 2011;
Schmidt & Post, 2015a), and the languages were rhythmically more similar than in
monolinguals. Kehoe et al. (2011) account for this ‘intermediate’ bilingual rhyth-
mic patterning in terms of phonetic compromise.

Further evidence for typological effects was found in the asymmetrical influ-
ence of the ambient language on the developmental paths of the two languages in
bilinguals (Bunta & Ingram, 2007; Lled, Rakow, & Kehoe, 2007; Mok, 2011, 2013;
Schmidt & Post, 2015a; Whitworth, 2002). For instance, in Mok (2011, 2013),
bilingual Cantonese was comparable with monolingual Cantonese, while bilin-
gual English was less variable and simpler in structure than monolingual English.
This reflects the vulnerability of phonological features that are more challenging
phonetically, according to Mok (2013), which appears to put bilinguals at a relative
disadvantage. By contrast, when the effects of ambient language were factored out,
the language interaction in bilinguals was found to confer an advantage, which
was reflected in a faster mastery of consonantal timing (Schmidt & Post 2015a, cf.
Kehoe et al., 2011).
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Thus, the bilingual rhythm data confirm that typological factors play a key
role in determining the rate of acquisition, and also suggest that rhythmic proper-
ties may not develop in a cumulative, or synchronised, fashion (cf. Payne et al.,
2012).

The integrated approach to rhythm development

The perception and production studies reviewed in the previous sections have
shown that language-specific rhythm emerges very early. This lends plausibility
to the hypothesis that rhythm plays an important part in ‘bootstrapping’ lan-
guage acquisition, since its early availability means that it can be exploited in the
segmentation of speech. The literature also shows consistently that typological
factors play a crucial role in the rate of rhythm acquisition. Although there is
a widely attested early universal tendency towards ‘syllable-timing’ (at least in
terms of the vocalic material produced by infants), children who are acquiring
‘stress-timed’ languages take much longer to fully master native-like rhythm. This
finding has variably been accounted for in terms of the greater structural com-
plexity of ‘syllable-timed’ languages (Grabe et al., 1999), the degree to which such
structural properties occur in the language (Grabe et al., 2001), and the phonetic
challenge they pose to the child (Mok, 2013; Vihman et al., 2006). The third main
conclusion that can be drawn from the literature is that rhythm development is
complex, and does not proceed in a linear, synchronised, or cumulative fashion,
since vocalic and consonantal variability develop at different rates within as well
as across languages. In Payne et al. (2012), we suggest that multiple different pho-
netic and phonological sources are likely to underlie the development of vocalic
and consonantal variation.

How would our integrated approach (Payne et al., 2010, 2012) in which multiple
systemic, componential, and parametric factors function as sources for the rhythm
percept (Section “Background: Rhythm research and methodology”), account for
the development of speech rhythm? What is it, precisely, that the child is acquiring?

We would contend, firstly, that the child needs to master a considerable num-
ber of different phonological and prosodic structural properties such as segmental
properties, syllable structure types, metrical structure, lexical tone, pitch accent
types, and boundary tones. As is well-known, these properties have their own
developmental paths (Bhatara, Boll-Avetisyan, Hohle, & Nazzi, this volume). For
instance, a number of studies have shown that the full set of intonational primi-
tives (i.e. pitch accents and boundary tones) is in place by age 2 (e.g. Chen &
Fikkert, 2007, for Dutch; and for Catalan, Prieto & Vanrell, 2009, and Prieto et al.,
2012), while syllable structure is still not always fully acquired by age 4 (Payne
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etal., 2012). We predict that these differential rates of acquisition for the individual
properties should be reflected in the development of the child’s speech rhythm (cf.
Frota & Butler, this volume, for intonation development).

It is also well-known that the developmental trajectory for each of the prop-
erties is language-specific. For instance, whether falling or rising intonation is
acquired first is determined by the language’s prosodic typology (e.g. Hallé et al.,
1991; Whalen, Levitt, & Wang, 1991). The relative complexity of syllable struc-
tures is also reflected in cross-linguistic differences in the number and types of
production errors (omission, insertion, or substitution) at different ages, and in
the structures that are attempted at earlier ages. Such typological differences pose
a greater challenge to integrating segmental and prosodic aspects of utterances
(e.g. Vihman, 2014) in the structurally more complex language (cf. Grabe et al.,
1999; Grabe et al., 2001; Schmidt & Post, 2015b). We predict that cross-linguistic
differences of this type should be reflected in child rhythm as language-specific
developmental paths, with more divergent paths for languages that are rhythmi-
cally more dissimilar from one another. As is clear from the discussion above, this
has also been a common assumption in the child rhythm literature, though the
assumption has not been tested.

However, in addition to the structural properties themselves, knowledge of
the phonological, morphological, syntactic, pragmatic, discourse and other lin-
guistic structural factors that determine the choice of primitives and their place-
ment in connected speech will need to be acquired by the child. That is, apart
from the type of phonological/prosodic language-specific properties mentioned
above, the properties of other parts of the language system, as well as the inter-
faces between them, will determine how, for instance, pitch accent type and accent
placement are determined at the sentence level in a specific language (that has
them). For instance, Snow (1994) found that children start to control pre-final
lengthening after the onset of the multi-word stage (1;5-2;0), but then sometimes
show a regression a few months later, which could potentially be due to the child
being required to integrate more complex syntactic structure with previous expe-
rience of one-word utterances.

Language-specific combinatory restrictions will also constrain how the primi-
tives pertaining to the different parts of the system can be strung together in con-
nected speech (e.g. phonotactics and tonotactics, but also phrase structure rules,
devices signaling functions in turn-taking, etc). The child will need to learn how to
combine the elements (or how to deconstruct them in perception).

Another implication of our approach is that the child will need to learn the
language-specific acoustic/perceptual exponents of the phonological and prosodic
properties, and how integrating them in connected speech affects them in terms of
their linguistic-phonetic implementation. This is in addition to the many ways in
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which the durational parameters combine with other phonetic parameters to mark
these properties in language-specific ways (the complex “pattern of correspon-
dence” between the “rhythmic structure” of the utterance and its measurable corre-
lates in Allen & Hawkins 1980: 230). Thus, young children reach tonal targets with
remarkable precision from a very early age (e.g. by age 2 years in Astruc, Payne,
Post, Prieto, & Vanrell, 2013), while the durational marking of heads and edges
(accentual and pre-final lengthening) is not necessarily acquired even by age 6.

We tested our prediction that rhythm development as quantified by rhythm
metrics can be traced back directly to systemic and componential (including per-
formance) factors (only one parameter — duration — was included in the analyses).
The focus was on identifying the likely systemic sources for the common findings
in the child rhythm literature (of early even timing in terms of syllable isochrony
and less vocalic variability, more uneven timing in terms of consonantal variabil-
ity, increasing divergence between languages with a different rhythmic typology
from a common developmental point of divergence around 2 years of age, and
incomplete acquisition in typologically ‘more complex’ languages even at age 6).

For monolinguals, the results confirmed that the early bias towards ‘syllable-
timing’ for vocalic duration is primarily rooted in the immature mastery of the
complex multi-systemic and multi-componential factors that govern head- and
edge-marking in connected speech, both in structural terms, and in the phonetic
implementation; but also in a relative lack of durational differentiation between dif-
ferent syllable types. Consonantal variability, by contrast, was found to be directly
related to the number of phones and syllables and their complexity (including
types of errors within syllables) produced by the children at different ages in the
different languages, as predicted by our approach.

For bilinguals, Schmidt and Post (2015b) found a relative advantage in their
rate of rhythm development over monolingual peers, especially in the structur-
ally more complex language (English as opposed to Spanish, in this study), which
was mirrored in their more adult-like durational marking of heads and edges
(i.e. accentual and phrase-final lengthening; Schmidt & Post, 2015b). They sug-
gested that this can perhaps be explained in terms of the bilinguals’ dual language
input. This exposes them to a greater variety of structures and language-specific
phonetic implementations which could result in more developed motor control
(Davis, MacNeilage, & Matyear, 2002), and/or in better developed representations
for the relevant linguistic structures. This could be due to transfer of structures
between the two languages (Paradis, 2001) and the need to consistently differenti-
ate between the two languages, or to an increase in executive function (Bialystok,
Luk, Peets, & Yang, 2010).

We conclude that rhythm development can be fruitfully accounted for in
an integrated approach in which the emergence of speech rhythm is driven by
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the closely interrelated development of language-specific and domain-general
structural properties and mapping relations, and an increasing knowledge and
mastery of linguistic-phonetic and performance-driven implementation. The
findings to date suggest a number of future avenues for research which remain to
be explored, including the many (neuro)biological and performance components
that mould the development of speech rhythm (cf. Payne et al., 2010, 2012).
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CHAPTER 8

Early development of intonation

Perception and production

Sénia Frota & Joseph Butler

Universidade de Lisboa

This chapter focuses on early development of intonation. Together with a
precocious sensitivity to prosody documented in the literature, recent research
has shown that infants’ early perception of pitch-based categories is already
language-specific by 4-5 months, and that their discrimination abilities differ not
only according to ambient language but also as a function of pitch properties (e.g.,
pitch direction, or pitch alignment). On the production side, and focusing on
studies within the Autosegmental-Metrical framework, findings suggest that key
landmarks in intonational development precede and constrain the acquisition of
other aspects of grammar (e.g., word and phrase size, and combinatorial speech).
Both from a perception and production point of view, language specific effects
emerge very early on in development, underlying cross-linguistic differences.

Introduction

A precocious sensitivity to prosody is by now a well-established fact in early
language development. Newborn infants have been shown to be sensitive to the
global rhythmic properties that distinguish between languages (Nazzi, Bertoncini,
& Mehler, 1998), to word-level rhythm, that is, to different patterns of lexical stress
(Sansavini, Bertoncini, & Giovanelli, 1997), to the contrast between function
words, which are unstressed, and content words, which bear stress (Shi, Werker,
& Mogan, 1999), to the prosodic cues, pitch included, that signal boundaries
between words (Christophe, Dupoux, Bertoncini, & Mehler, 1994), and to the dif-
ferences in pitch contours that result from contrasting lexical pitch accents (Nazzi,
Floccia, & Bertoncini, 1998). Furthermore, newborns were found to rely more
on vowels than on consonants when recognizing words, unlike adults and tod-
dlers (Benavides-Varela, Hochmann, Macagno, Nespor, & Mehler, 2012). This is
consistent with a precocious sensitivity to prosody, given that vowels are the main
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carriers of prosody. Although these studies suggest that newborns’ sensitivity to
prosody may not depend on language experience, they leave open the possibility
that this early sensitivity may evolve differently according to the language-specific
prosodic features of the ambient language. In this chapter, we focus on early devel-
opment of intonation drawing on recent findings for several languages from per-
ception and production in infants and young children.

Studies into the early perception of prosody have mostly examined the acqui-
sition of lexical prosodic contrasts, namely word stress and lexical pitch (on word
stress, Bhatara, Boll-Avetisyan, Hohle, & Nazzi, this volume). For lexical pitch,
it has been shown that learners of tone languages (e.g., Mandarin), unlike learn-
ers of non-tone languages (e.g., English), show stable discrimination of distinct
lexical tones throughout the first year of life, and as early as 4-5 months (Mattock
& Burnham, 2006; Mattock, Molnar, Polka, & Burnham, 2008; Yeung, Chen, &
Werker, 2013). Similarly, learners of pitch accent languages (e.g., Japanese) are
able to discriminate native pitch accent contrasts from as early as 4 months (Sato,
Sogabe, & Mazuka, 2009). Interestingly, phonetic variability seems to hinder the
discrimination of native lexical tones (Shi, 2010, using variable tone contexts),
whereas the perception of native pitch accent is not affected (Sato et al., 2009,
using segmental variation). Much less is known about how the perception of into-
nation develops, and whether parallels may be found with lexical pitch, or lexical
prosody in general. This topic only very recently has gained researchers’ attention.
The second section of the present chapter is devoted to early perception of intona-
tion and its developmental path. We review the recent growing body of literature,
and discuss the findings as evidence for general perceptual abilities for pitch-based
contrasts and/or for the early role played by language experience.

Unlike perception, studies on intonational development from the viewpoint
of production have been around for nearly three decades. Most of these studies
followed a contour-based approach to the development of intonation, focusing on
overall shapes and acoustic measures of pitch over the whole utterance or its ter-
minal contour (e.g., DePaolis, Vihman, & Kunnari, 2008; Esteve-Gibert & Prieto,
2013; Hallé, Boysson-Bardies, & Vihman, 1991; Frota & Vigario, 1995; Snow, 1994,
2002, 2006; see Snow & Balog, 2002, for a review). They have revealed cross-lin-
guistic differences in the type of contours (falling or rising) first produced by the
child, consistent with communicative intentions and intonational differences in
the ambient languages. However, the contour-based approach is not very infor-
mative about the structural properties of intonation, such as the types of nuclear
pitch accent and boundary tone, the distribution of pitch events, or the ways in
which the tune aligns with the text. These properties are known to be crucial to the
description of any intonational system (Gussenhoven, 2007; Ladd, 2008), and it is
thus critical to understand how they are acquired. In the Autosegmental-Metrical
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(AM) framework, currently the most widely used approach to intonation (e.g.,
Frota & Prieto, 2015a; Jun, 2014a), these properties are at the core of intonational
description and analysis. Studies of early intonation within the AM framework are
however rare. In the third section of this chapter, we focus on these studies, review
the results reported, and discuss similarities and differences across languages in
the path of intonational development and its relation to other aspects of gram-
matical development.

The AM framework allows for the distinction between a phonological and a
phonetic level in intonation, and the comparison across languages at both levels.
Within this model, the intonation contour is formed by a string of high and low
tonal events that associate with lexically stressed syllables or with prosodic phrase
edges. The former are known as pitch accents and the latter as boundary tones,
and either can be single-tone (high or low, e.g., H* or L% respectively for a pitch
accent and a boundary tone) or some combination of high and low (e.g., H + L*
or LH%). Recent work on early child intonation has shown that this model is ade-
quate to investigate the development of intonation in perception and production.
Therefore, our review mostly focuses on work that has used the AM approach to
understand the developmental path of intonation in infancy and early childhood.

Given the only recent research focus on early development of intonation, it
is not surprising that our understanding of how intonation is acquired, based on
evidence from both perception and production, and using a full-fledged phono-
logical framework such as the AM model, is still fragmentary. Understanding the
developmental path of intonation towards a full adult-like competence will impact
on our knowledge of the acquisition of other linguistic categories and structures, as
intonation might help the infant and young child to bootstrap aspects of the gram-
matical organization of the native language (Hohle, 2009; Jusczyk, 1997). It will also
contribute towards tracing the development of communication and social interac-
tion, and potentially signal language impairments (Filipe, Branco, Frota, Castro,
& Vicente, 2014; Koegel, Koegel, Green-Hopkins, & Barnes, 2010). Both old and
new methods and techniques to examine language processing in infants and tod-
dlers can be explored to further study early intonation. These potential avenues for
research, and their implications, are discussed in the final section of this chapter.

Early perception of intonation
It has already been established that infants show a preference for rising con-
tours, high pitch and expanded melodies from birth, and that they are sensitive

to changes in melodic contours (e.g. Papousek, Bornstein, Nuzzo, Papousek, &
Symmes, 1990; Trehub, Bull, & Thorpe, 1984), however grammatically relevant
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intonation contrasts have only recently begun to be examined. Intonation is
a prosodic dimension that varies across languages and impacts upon meaning,
similarly to lexical stress, lexical tone and lexical pitch accent, but, differently, into-
nation conveys phrasal meanings, such as sentence type distinctions and prag-
matic meaning, rather than word level meanings.

Perception of native intonation

Of the few studies that have investigated early intonation perception, most have
focused on perception relating to sentence type distinctions. Best, Levitt, and
McRoberts (1991) were the first to address this issue. They asked whether the
perception of intonation followed the general developmental change reported for
the acquisition of segments and lexical tone, known as perceptual narrowing or
perceptual attunement, whereby discrimination of non-native contrasts declines
in the second half of the infants’ first year of life giving way to discrimination abili-
ties attuned to the native language. To this end, they examined both native and
non-native discrimination of exclamations and wh-questions by English-learning
infants. They found that at 6-8 months infants were able to discriminate both
native and non-native (Spanish) contrasts, however at 10-12 months they failed
to discriminate either. Although these findings appear to contradict the view that
discrimination abilities are refined through native language exposure, their stim-
uli contained both word order (inversion in wh-questions) and lexical proper-
ties (presence of wh-word), in addition to (highly variable) prosodic cues, which
may have impacted on infants’ discrimination performance. Similarly, Geffen and
Mintz (2011) also investigated discrimination of the statement/yes-no question
contrast, using stimuli that included word order cues as well as intonation cues,
utilizing a modified version of the Headturn Preference Procedure (HPP). Intona-
tion cues were described as larger mean pitch changes for questions. They found
that English-learning infants at 7 months successfully discriminated this contrast,
but, as in Best et al’s (1991) study, it is not clear whether infants attended to intona-
tion cues or the lexical/word order cues also present. A recent study by Geften and
Mintz (2015), again using the modified version of the HPP, found that English-
learning infants at 12 months were able to distinguish between declarative and
interrogative sentence types when prosodic cues were removed, leaving only the
lexical distribution patterns, thus suggesting a sensitivity to word order cues.

Two studies have also investigated sentence type distinctions, using stimuli
that differ only in intonation cues. Soderstrom, Ko, and Nevzorova (2011), using
a Visual Habituation paradigm, utilized multiword, uninverted yes-no question
and statement sentences, therefore neutralizing the word order cue to questions
in English. Overall, they found a preference for questions but no direct evidence
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of discrimination. These findings could possibly indicate a general preference for
high/rising pitch (Papousek et al., 1990; Trehub et al., 1984). However, the large
age range used in this study (4.5 to 24 months) makes it difficult to draw conclu-
sions about the developmental trajectory of perceptual abilities from this data.
Additionally, the intonation used within each sentence type in their stimuli was
very variable (e.g., declarative sentences ending with either flat, falling or bell
shaped contours) and may have impacted on infants’ perception of the contours.
Frota, Butler, and Vigario (2014) used single prosodic word utterances differing
in prosodic cues related to the statement/yes-no question contrast in a language,
European Portuguese (EP), where this contrast is marked by prosodic cues (differ-
ently to English, in EP the yes-no question counterpart of Ele gosta da Maria ‘He
likes Mary’ is Ele gosta da Maria? with the same word order as the statement, but
not Gosta ele da Maria?, ‘Does he like Mary?’). Using a similar Visual Habituation
paradigm, they found that, at both 5-6 and 8-9 months, EP-learning infants were
able to discriminate the prosodic contrast, despite segmental variability. In con-
trast with Soderstrom et al’s (2011) study, Frota et al. (2014) used intonation con-
tours consistently; a falling pattern for the declarative and a falling-rising pattern
for the interrogative. To our knowledge, this was the first study to demonstrate
successful infant discrimination of an intonation contrast, suggesting precocious
discrimination abilities for intonation in the presence of segmental variability sim-
ilar to those reported for lexical pitch accent.

Following on from this study, Butler, Vigario, and Frota (2016) investigated
a further prosodic contrast in EP that cues the difference between all-new infor-
mation (broad focus) and the highlighting of a particular word (narrow/contras-
tive focus). This distinction is primarily marked in declarative utterances by the
timing of the pitch fall, which is timed early with respect to the stressed syllable
of the nuclear word in broad focus and late in narrow/contrastive focus. Differ-
ently to previous studies into intonation contrasts, which have mostly focused on
pitch height/direction contrasts, this study addressed a pitch timing distinction.
Using the Visual Habituation paradigm, Butler et al. (2016) found that EP learning
infants discriminated this contrast at 12 months, but not at 7 months, deviating
from previous findings of a precocious ability to perceive pitch distinctions. These
findings suggest that there may be different developmental trajectories of the per-
ception of different prosodic contrasts (namely, pitch height/direction and pitch
timing), and underlines the importance of the nature of the prosodic cues signal-
ing a given contrast in a given language.

Unlike other studies, Frota et al. (2014) and Butler et al. (2016) provide a
description of the contours that characterize the materials used, following the
AM model. Given the intonational account of the contrasts, we can describe the
pitch height/direction sentence type distinction as manifested by the pitch event

EBSCChost - printed on 2/10/2023 6:37 AMvia . All use subject to https://ww.ebsco. confterns-of -use



150 Sénia Frota & Joseph Butler

at the right edge of the utterance, that is as a boundary tone contrast where L% in
statements and LH% in questions follow the falling pitch in the nuclear word, as
shown in Figure 1. The focus-related pitch timing contrast, on the other hand, is
manifested by the way the peak aligns with the text in the nuclear pitch fall. The
temporal coordination of the pitch fall with the stressed syllable yields a peak just
before this syllable in the broad focus case (H + L*), whereas in the narrow/con-
trastive focus case the peak occurs on the stressed syllable (Figure 2). In either case
the melody at the right edge of the utterance is low.

o5 1 15 2 z»sls 35 4 45 5 55 6 6

! AT
380 " ﬂ”,
- o
Sao]
£ 240
170
100
H+L* LH% H+L*LH% H+L*LH% H+L*LH%

mola milo rina lamo luma lamo norro rina

mol6 milu Rin6 16mul lumé 1omu nORu Riné

Figure 1. Intonation contours of illustrative statement (left panel) and question (right panel)
stimuli, with prosodic labelling and orthographic and phonetic transcription (in SAMPA),
from Frota et al. (2014).

FO (Hz)

H+L*

silamo quimola silamo quimola

si'lému ki'mol6 si'lému ki'mol6

Figure 2. Intonation contours of broad (left two examples) and narrow (right two examples)
focus, with prosodic labelling and orthographic and phonetic transcription (in SAMPA), from
Butler et al. (2016).

If different prosodic contrasts have different developmental trajectories, as the

perception findings suggest, this has potential implications for the acquisition
of linguistic categories marked with different prosodic features. The perception/
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discrimination of a given contrast is a pre-requisite, which allows the acquisition
of the grammar and pragmatics that the contrast conveys in a given language. In
the case of EP, an advantage of pitch direction over pitch timing may suggest an
advantage for the acquisition of the sentence type distinction over the focus dis-
tinction. In a language like Neapolitan Italian, however, the statement/question
distinction is cued by pitch timing (the pitch rise is timed later in questions than in
statements, D’Imperio, 2002). The potential impact for language acquisition of the
presence or absence of early discrimination abilities related to a specific intona-
tion contrast that cues a given linguistic distinction, within and across languages,
remains to be investigated.

The precocious discrimination abilities for lexical pitch accent and some types
of intonation contrasts reported in the literature are in line with infants’ sensitivity
to, and ability to utilise, pitch from a very early age. For example, infants are able
to use pitch, and other prosodic cues, to infer and express affective and pragmatic
meaning (Esteve-Gibert & Prieto, this volume). Infants have also been shown to
be able to use differences in pitch level or pitch shape as a cue to segment clauses
and as a cue to prosodic phrase boundaries in order to guide word segmentation
(de Carvalho, Dautriche, Milotte, & Christophe, this volume; Seidl, 2007; Shukla,
White, & Aslin, 2011). German 9-month-old infants have been shown to utilise
pitch in order to aid segmentation, demonstrating segmentation only when high
pitch aligns with the stressed syllable, and not when high pitch precedes or follows
the stressed syllable (Zahner, Schonhuber, & Braun, 2015). Although infants do
not necessarily always use pitch cues in an adult-like fashion, they are sensitive to,
and able to use linguistically, pitch cues very early in development.

Perception of Non-native Intonation

Recent work has begun to focus on non-native perception of intonation, to attempt
to shed further light on developing perceptual abilities for intonation. Sundara,
Molnar, and Frota (2015) tested English- and Basque-learning infants’ ability to
discriminate the statement/yes-no question contrast, using the stimuli prepared
by Frota et al. (2014) and the same type of visual habituation procedure. The rea-
son for using the EP stimuli with English- learning infants was twofold. Firstly,
using stimuli that differed only in prosodic cues would allow further explanation
for previous findings of a failure to discriminate statement vs. question contrast
by English-learning infants (see Soderstrom et al., 2011, and Section “Perception
of Native Intonation” above). Secondly, the authors wanted to confirm that EP
learning infants’ ability to discriminate the pitch contrast in this sentence type dis-
tinction, in the face of segmental variability, was the result of their language expe-
rience. Furthermore, Basque-learning infants were also tested, because in Basque,
unlike in English, yes-no questions and statements can be segmentally identical
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and differ only in their intonation, like in EP. In Basque, statements typically end
in a fall (L%), but only questions have a high pitch immediately before the fall
(HL% - Elordieta & Hualde, 2014). Sundara et al. (2015) found that English-
learning infants at 4 months failed to discriminate the statement/question con-
trast using EP stimuli with segmental variability, however Basque-learning infants
succeeded in this task. Importantly, English-learning infants also failed when the
intonation contrast was presented without segmental variability, using the same
phonetic sequence with a final fall or rise (i.e., the same bisyllabic word with either
H+L* L% or H+ L* LH%). The English-learning infants only succeeded when
absence of segmental variability was combined with a more stringent habituation
criterion. These findings suggest that English-learning infants have a limited abil-
ity to differentiate boundary tones, unlike EP and Basque-learning infants, and
that intonation perception is already language-specific by 4-5 months.

Frota, Butler, Lu, and Vigario (2016) also investigated non-native intonation
perception in EP-learning infants, again using the visual habituation paradigm.
In this study, the authors utilised a segmentally varied non-native contrast, i.e.,
the distinction between Mandarin Chinese Tone 1 + Tone 4 and Tone 1 + Tone
2. This contrast provides overall similar contour shapes to the statement/yes-no
question prosodic contrast in EP, although with a different implementation of the
falling/rising patterns throughout the segmental string. The similarity to the EP
native contours resides in the final pitch height and direction features, with Tone
1 + Tone 4 showing a final fall and Tone 1 + Tone 2 a final rise preceded by a fall,
like in EP statements and questions, respectively. The differences from the EP con-
tours arise from the difference in nature of tune versus tone. In EP, the falling pitch
of the nuclear pitch accent (H + L*) in statements and questions is already in the
first syllable, whereas in Mandarin the first syllable always has high pitch due to
Tone 1. Additionally, in EP the contrast between the two contours is manifested
by a low (L%) and rising pitch (LH%) in the second syllable; in Mandarin the
second syllable bears falling pitch due to Tone 4 or a falling-rising contour due
to the transition between Tone 1 and Tone 2. In other words, the melody in EP
spreads over the nuclear word, whereas in Mandarin the domain of the contour is
the syllable. In contrast with the findings for the native contrast (Frota et al., 2014),
EP-learning infants at both 5-6 months and 8-9 months failed to discriminate this
non-native contrast. These findings provide further evidence for language specific
pitch perception, suggesting that intonation and lexical tone are already differenti-
ated at 5-6 months.

In sum, work so far into early intonation suggests that there are different
developmental trajectories for different types of intonation contrasts. The state-
ment/yes-no question distinction characterized by pitch height/direction acoustic
cues appears to be more salient, and thus perceived earlier, than the broad/narrow
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focus contrast that is defined by a pitch timing cue. These findings highlight the
importance of the nature of the cues that signal a given contrast, and may be
modulated by language experience. Recent work into non-native perception of
intonation suggests that infants’ perception is indeed influenced by language expe-
rience, and that language-specific perception for pitch, and for the tone/intonation
distinction, emerges as early as 4-5 months of age. The findings related to the
perception of intonation patterns in the presence of segmental variability show an
influence of language experience earlier in development than for the perception of
vowels, consonants, or even lexical tone.

Further work is required in order to better understand how the developmen-
tal trajectories of different intonation contrasts proceed. To date, only two types
of intonation contrasts have been studied, and more work is needed to examine
these and other intonation contrasts conveying phrasal meaning distinctions in
other languages. Additionally, more work is needed to better define the aspects of
infants’ particular language experience behind precocious sensitivity to pitch dif-
ferences across languages.

Emerging intonation in production

Previous studies on intonational development from the viewpoint of production
have followed a contour-based approach, describing the overall shapes (e.g., fall-
ing, rising, level) of the contours first produced by the child (see Snow & Balog,
2002, for a review). Studies of early intonation within the AM framework are
recent. These studies address the structural properties of the melodies produced,
and ask when and how young children acquire the intonational system of their
ambient language. The acquisition of the intonational system involves mastering
the phonology and phonetics of intonation: the former relates to the phonological
inventory of pitch accents and boundary tones, and their respective meanings in
language grammar and use; the latter concerns the realization of tonal patterns
or their phonetic implementation, namely the alignment of pitch events with the
text as well as their scaling properties. Both the phonology and the phonetics of
intonation may vary in language-specific ways. In some languages, for example,
alignment and/or scaling features are used phonologically as part of the system of
intonation contrasts that contribute to meaning (as in the case of the focus-related
pitch timing contrast in EP, described in Section “Perception of native intonation”).

In this section, we review the results reported in studies of the acquisition of
the intonational system, and discuss similarities and differences across languages
in the path of early intonational development and its relation to other aspects of
grammatical development.
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Acquiring the phonological inventory of tonal events

The use of the same framework of intonational analysis in various studies and
for different languages allows for cross-linguistic comparison of early intonation
patterns in relation to the adult intonation system. Results from several languages
show that the phonological inventory of nuclear pitch accents and boundary tones
is acquired early in development.

Chen and Fikkert (2007), using spontaneous speech data of three Dutch-
learning children between 16 and 25 months, report that the full set of Dutch
nuclear pitch accents and boundary tones is mastered by 24 months, but not
before the onset of the two-word stage. Although intonational development seems
to be evident relatively early in Dutch, findings for Catalan, European Portuguese
and Spanish show an even earlier development of intonation. Studies on these lan-
guages, also using longitudinal corpora of spontaneous speech, all reported that
children display an adult-like use of the distinct nuclear contours of their native
language from the onset of speech, and appropriately use the different tunes for
specific pragmatic meanings (Prieto & Vanrell, 2007, and Prieto, Estrella, Thor-
son, & Vanrell, 2012, for Spanish and Catalan; Frota & Vigario, 2008, and Frota,
Cruz, Matos, & Vigario, 2016, for European Portuguese). For example, the same
segmental word can be produced as a one-word utterance expressing a request,
an order, or a question, depending on the tune used (Figure 3). Early intonational
development in these languages was thus found to be unrelated to the onset of
combinatorial speech.
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Figure 3. Intonation contours of the utterance Dd (‘Give’) produced by an EP-learning child at
105, as a request and a question, in the left panel, and as a command, in the right panel, show-
ing a target-like use of nuclear contours (from Frota & Vigario, 2008).

Yes-no questions have been shown to be among the sentence types that display
a high degree of variation in nuclear contours, across languages and language
varieties (e.g., Frota & Prieto, 2015b; Savino, 2012). In addition to cross-linguistic
variation in the intonation of yes-no questions that convey a similar pragmatic
meaning, yes-no questions also display a wealth of pragmatic meanings that may
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be encoded intonationally in language-specific ways (such as information-seek-
ing, confirmation-seeking, or echo questions). In a study on the development of
interrogative intonation in Catalan and Spanish-learning children between 17 and
28 months, Thorson, Borras-Comes, Crespo-Sendra, Vanrell and Prieto (2014)
found that children before the two-word stage produce several types of interroga-
tives, and do so already reflecting the adult inventory patterns. Furthermore, there
is a relationship between the type of nuclear pitch configuration produced and the
pragmatic meaning of the question that agrees with the adult-like form-mean-
ing relationships. These findings are in line with cross-linguistic evidence on the
early production of the language-specific phonological inventory of nuclear pitch
accents and boundary tones, and their respective meanings. They also confirm
that this early development of the intonational system of the ambient language
occurs regardless of the onset of combinatorial speech.

Further steps in the development of the intonational system are related with
the use of prenuclear pitch accents, that is, the pitch accents that precede the nuclear
contours in two-word and multiword utterances. Again, languages may differ in
the types and distribution of pre-nuclear pitch accents (Frota & Prieto, 2015b; Jun,
2014b). In Dutch-learning children, the use of prenuclear pitch accents is not yet
adult-like by the age of two, showing a later acquisition than nuclear pitch accents
and boundary tones (Chen & Fikkert, 2007). Similar findings are reported for
German and Spanish monolinguals, who show adult-like patterns by 36 months
(Lled, 2016; Lleod, Rakow, & Kehoe, 2004).

The placement of pitch accents, including the nuclear pitch accent, is a further
aspect that needs to be acquired. In some languages, like English or Dutch, pitch
accent placement is strongly governed by semantics and information status, and
thus words may show deaccenting (or absence of pitch accent) depending on their
semantic properties and on discourse context (Ladd, 2008). That is not the case
in European Portuguese, for example, a language characterized by a sparse pitch
accent distribution, with very few prenuclear accents, and where nuclear accent
placement is final in broad focus utterances (Frota, 2014). The use of pitch accent
placement by Dutch-learning two-year olds is not yet target-like, with children
typically pitch-accenting both words in two-word utterances (Chen & Fikkert,
2007). In European Portuguese, a language with different pitch accent placement
rules from Dutch, a tendency to pitch accent every word was also found before
24 months (Frota, Cruz, Matos, & Vigario, 2016). This tendency was interpreted
as a stage in the development of prosodic phrasing, where each word forms a
phrase, as also shown by other prosodic cues such as pitch reset and pause distri-
bution. Words become integrated within the same prosodic phrase just before 24
months, and in the case of the EP-learning children studied, well before the onset

EBSCChost - printed on 2/10/2023 6:37 AMvia . All use subject to https://ww.ebsco. confterns-of -use



156

Sénia Frota & Joseph Butler

EBSCChost -

of combinatorial speech. The findings from Dutch and European Portuguese may
suggest a common cross-linguistic pattern in the development of prosodic phras-
ing, which constrains pitch accent distribution independently of the language-
specific rules that govern accent placement.

By and large, the findings available point to a precocious development of the
intonational system of the ambient language (albeit with differences across lan-
guages): the inventory of nuclear pitch accents and boundary tones is adult-like
close to the beginning of speech, together with the form-meaning relationships
of the distinct tunes, and further developments in the use of prenuclear accents
and pitch accent distribution evolve quickly and seem to be in place by the end
of the second year of life. Notably, there is convergent cross-linguistic evidence
that emerging intonation and its early development are independent of the onset
of combinatorial speech. In Section “Early perception of intonation’, it was shown
that infants are sensitive to aspects of the intonation of their ambient language from
4-5 months of age, and that they are able to linguistically use pitch cues from 6
months, for example to guide word segmentation. Moreover, infants’ perception
of a given intonation contrast is a pre-requisite for the acquisition of the gram-
mar and pragmatics it conveys. Thus, findings on infants’ perception revealed abili-
ties of prosodic analysis of the speech signal that might help the infant to acquire
the lexicon and to bootstrap aspects of the grammatical organization of the native
language. It is therefore not surprising that key aspects of the intonational system
develop so early in child speech. Like for perception, the findings from production
are compatible with the hypothesis that prosody precedes and might promote (fur-
ther) grammatical development.

Acquiring the phonetics of intonation

The early mastering of crucial aspects of the phonology of intonation does not
necessarily entail that their phonetics is also acquired. Indeed, results from differ-
ent languages support the view that the phonological patterns are in place before
the phonetics of tonal alignment and tonal scaling become target-like. Differences
across languages in the acquisition of the phonetics of intonation have also been
reported, suggesting that the discrepancies between adult and early child lan-
guage are not simply due to neuromotor constraints on early speech production
(DePaolis et al., 2008).

Chen and Fikkert (2007) reported differences in tonal alignment of falling pitch
accents (namely, H*L) between early child Dutch (from 16 to 25 months) and adult
Dutch. Similarly, findings from European Portuguese show a tendency towards late
peak alignment in falling nuclear accents in the beginnings of child speech, which
is especially evident in the case of the H + L* pitch accent (Frota, Cruz, Matos, &

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



Chapter 8. Early development of intonation 157

Vigario, 2016). In EP, tonal alignment approached the adult-like pattern around
21 months. The fine-grained realization of alignment patterns in this language is
important given the phonological use of tonal alignment in the H + L*/H* + L pitch
accent contrast which underlies the distinction between broad focus and narrow
focus in statements (see Section “Perception of native intonation”). Children have
the ability to produce the difference in association and alignment between the two
bitonal accents as early as 21 months, and thus well before the onset of combinato-
rial speech. Unlike for Dutch and EP, Spanish- and Catalan-learning children have
been reported to master tune-text alignment from the beginning of speech (Prieto
etal., 2012). Differently from previous studies that were based on spontaneous child
speech, Astruc, Payne, Post, Vanrell, and Prieto (2013) designed a study to exam-
ine the phonetic detail of the realization of tonal targets between 24 months and
six years of age in three different languages — Spanish, Catalan and English, using
materials elicited by means of a controlled naming task. Their results show precise
realization of tonal targets from an early age, together with differences across lan-
guages: Spanish-learning children already displayed adult-like alignment, especially
of high targets, by 24 months, and earlier than Catalan- and English-learning chil-
dren whose alignment patterns became increasingly target-like as they grow older.
The differences across languages that have emerged in these studies strongly suggest
an effect of the ambient language on the acquisition of tonal alignment patterns.
Like tonal alignment, tonal scaling was also measured in early child speech
with different results across languages. The scaling of nuclear contours was not ini-
tially adult-like in Catalan, Spanish, and European Portuguese children, with the
low boundary tone of statements (L%) first produced as a kind of mid tone (Frota,
Cruz, Matos, & Vigario, 2016; Prieto et al.,, 2012). Results from EP show a rapid
development of scaling: by 18 months, the scaling of L% is already target-like, with
other boundary tones (such as !H%) becoming target-like in their scaling between
20 and 22 months. Thus, a fine control of scaling seems to begin to evolve very early,
even before alignment. The development of scaling, however, seems to succeed the
mastering of alignment in Spanish and Catalan (Lle6 et al., 2004; Prieto et al., 2012).
Spanish-learning children do not show target-like scaling of nuclear and prenuclear
accents in statements and yes-no questions before 36 months (Lle6 & Rakow, 2011),
whereas alignment is close to the adult-target much earlier. Nevertheless, Spanish,
Catalan and English 24 month-olds have been shown to be able to control pitch scal-
ing across words with different stress patterns, thus adjusting to the space available
for the tonal movement to unfold (Astruc et al., 2013). Thus, we need to conclude
that overall the phonetics of intonation is acquired early, and detailed prosodic infor-
mation precedes fine-grained segmental information in acquisition, given that the
phonetics is already close to the adult model when children still use truncation, sim-
plification, or metathesis to deal with challenging segmental and word structures.
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The language-specific properties that may influence the acquisition of the
phonetics of intonation have yet to be examined. For example, in EP, the intona-
tional grammar of scaling is simpler than the grammar of alignment, as scaling
differences are not explored and encoded in the intonation system, unlike align-
ment differences (Frota, 2014). By contrast, in Spanish and Catalan the intona-
tional grammar of scaling is more complex than in EP, with a variety of nuclear
pitch accents that contrast precisely in the scaling of the peak (H + L* and {H + L*,
L + H* and L + {H*), as well more complex scaling contrasts in boundary tones
(e.g., LH% and L'H% — Hualde & Prieto, 2015; Prieto, 2014). This seems to suggest
that phonological complexity impacts on the acquisition of tonal implementation,
with more complex tonal dimensions being acquired later than simpler ones. This
suggestion is in line with findings about the prosodic marking of focus in child
speech in languages like Dutch and Swedish. In Dutch, prosodic focus marking
involves the use of accent placement, deaccenting, choice of pitch accent type, and
the particular phonetics of focal accents (Chen, 2011). In Swedish, it involves the
interaction between lexical pitch accents and phrasal intonation, namely a promi-
nence-marking high tone (Bruce, 2007). In both languages, using semi-spontane-
ous productions elicited by means of a picture-matching game, the phonology of
prosodic focus was found to be about right by four-five years of age, with the pho-
netics of focus marking developing later than the phonology (Chen, 2011; Chen,
this volume; Romeren & Chen, 2015). These studies of focus marking in child
language provide further support for results on the development of intonation in
the first years of life, showing that the phonological patterns are in place before the
phonetics matches the adult language.

Conclusion

This chapter focuses on early development of intonation, drawing on recent find-
ings from perception and production, for several languages. Most of the stud-
ies reviewed have used the AM framework of intonational analysis, allowing for
cross-linguistic comparison of early intonation patterns in relation to the adult
intonation system.

The recent growing body of literature on infants’ perception of intonation has
shown that discrimination abilities differ as a function of the types of intonation con-
trasts (manifested as pitch direction, pitch height, or pitch alignment distinctions),
and according to the ambient language. The first finding revealed the importance of
the cues that signal a given contrast, and the potential impact for language acquisition
of the presence or absence of early discrimination abilities related to a specific intona-
tion contrast that cues a given linguistic distinction (e.g., sentence types, information
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structure, phrasing). The second finding highlighted that, alongside a well-docu-
mented precocious sensitivity to prosody, there is an effect of language experience in
the perception of intonation patterns earlier in development than for the perception
of vowels, consonants, or even lexical tone. These precocious perception abilities in
the first year of life, and their attunement to the ambient language, set the stage for
emerging intonation in production throughout the second year.

On the production side, cross-linguistic evidence points to an early develop-
ment of the intonational system of the ambient language (albeit with differences
across languages in relation to the developmental path): the phonological inven-
tory of nuclear contours is adult-like close to the onset of speech, together with
the form-meaning relationships of the distinct tunes, and further developments
in the use of prenuclear accents and pitch accent distribution evolve quickly and
seem to be in place by the end of the second year of life. Although the acquisition
of the phonetics of tonal alignment and tonal scaling lags behind that of phono-
logical patterns, several aspects of the phonetics of intonation are also acquired by
24 months, preceding fine-grained segmental information. Furthermore, there is
convergent cross-linguistic evidence that emerging intonation, and its early devel-
opment, are independent from the onset of combinatorial speech.

Findings from early perception and production of intonation suggest a link
between the two, that supports precocious development. Infants’ perception
revealed abilities of prosodic analysis of the speech signal that might help the
infant to acquire the lexicon and to bootstrap aspects of the grammar of the native
language. It is therefore not surprising that key aspects of the intonational system
develop early in child speech. As for perception, the findings from production are
compatible with the hypothesis that prosody precedes and might promote (fur-
ther) grammatical development. There are aspects of intonational development,
however, that are acquired later than the first years of life, as in the case of focus
development (Section “Acquiring the phonetics of intonation”; Chen, this volume;
Ito, this volume), or the relationship between speaker belief states and prosody
(Armstrong & Hiibscher, this volume). Even if intonational development naturally
proceeds with age, the perception and production abilities acquired early are cru-
cial to foster further language development (see also, Bhatara et al., this volume;
de Carvalho et al., this volume).

The overall finding of differences across languages in the developmental tra-
jectories of early intonational acquisition suggests that perception is not simply
guided by (domain-general) abilities, and early production is not only driven by
neuromotor constraints, which would entail similar paths. However, more work is
needed to better define the language-specific properties that may influence infants’
sensitivity to pitch differences across languages, as well as differences in the acqui-
sition of the phonology and phonetics of intonation revealed in production.
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Despite recent advances, the current understanding of how intonation is
acquired is still fragmentary. The AM framework of intonation analysis has offered
an useful tool to investigate the development of intonation in perception and pro-
duction, but only a few languages have been examined so far. The fact that, in the
languages covered, only a handful of intonation contrasts, and their realizations,
have been investigated is a further limitation. It is also important to note that all
studies to date that have examined infants’ perceptual abilities are discrimination
studies. The lack of identification studies in this area, although probably moti-
vated by the young ages observed, is a particularly relevant issue that needs to be
acknowledged and addressed in future research. Clearly, more data and, in par-
ticular, more controlled experiments are needed. These could take advantage of
‘old” behavioral methods in combination with newer techniques, such as event-
related potentials (ERPs), near infrared spectroscophy (NIRS), or eye-tracking, all
of which may be used to assess early stages in development and hold the promise
to offer new insights in this exciting field of research.

Understanding the developmental path of intonation towards a full adult-
like competence will not only impact on our knowledge of intonation itself,
but contribute to our understanding of the acquisition of other linguistic cat-
egories and structures, given the potentially bootstrapping role of intonational
cues (Hohle, 2009). Furthermore, as a lack of sensitivity to intonation, together
with its atypical production, may indicate low social skills and developmental
disorders (Koegel et al., 2010; Peppé, this volume), it will also contribute towards
tracing the development of communication and social interaction, and signal
language impairments.
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CHAPTER 9

Prosodic phonology in acquisition

A focus on children’s early word productions

Margaret Kehoe

University of Geneva

This chapter investigates how the theory of prosodic phonology has been applied
to child language data, focusing on children’s early words. First, we consider

early accounts of prosodic structure development in which the tools of prosodic
phonology were used to explain the shape of children’s word productions. We then
go on to consider later accounts in which factors apart from prosodic structure,
such as the frequency of input forms, perceptual bias, and segmental factors,

have been integrated into recent models. Referring to findings on a wide range of
languages (e.g., Spanish, Catalan, Portuguese, Hebrew, Greek, and Japanese) we
examine support for the minimal word, a bimoraic constraint on word production,
and compare prosodic structure development across different groups of languages.

Introduction

The theory of prosodic phonology assumes that an abstract organizational struc-
ture divides speech into prosodic units of various sizes. These units are arranged
in a hierarchy that extends from moras and syllables at the bottom to intonational
phrases at the top (Nespor & Vogel, 1996). Many studies in phonological acquisi-
tion have explored the relationship between these linguistic structural units and
their manifestation in child speech. Some studies have asked questions about how
the hierarchy is acquired — whether children have access to all units at the beginning
or whether they acquire units in a bottom-up versus top-down fashion. Other stud-
ies have examined children’s development of prosodic structure over time. The aim
of this chapter is to investigate the ways in which the theory of prosodic phonology
has been applied to the field of phonological acquisition, focusing on children’s
early word productions (see also Demuth, this volume). Thus, we put the emphasis
on prosodic structure approaches involving the foot and the prosodic word. For an
alternate prosodic account of early word production according to a usage-based
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approach, see Vihman (this volume) and for information on the role of prosody in
speech segmentation and word learning see Teixidd, Frangois, Bosch, and Minnel
(this volume) and Thorson (this volume). We start by providing a background to
the theory and then proceed to examine its application to child language.

Theory of prosodic phonology

The theory of prosodic phonology developed out of a series of studies published in
the mid-seventies through to the nineties of the last century (Clements & Keyser,
1983; Halle & Vergnaud, 1980; Liberman & Prince, 1977; Nespor & Vogel, 1986; Sel-
kirk, 1980), the aim of which was to account for important sound patterns by refer-
ence to structure above the phonological segment. As such, the approach was allied
to the general movement of non-linear, metrical, and auto-segmental phonology.
Two of the earliest proponents of this approach, Liberman and Prince (1977), rec-
ognized the usefulness of a hierarchy of phonological constituents to capture promi-
nence relationships among words and syllables in a sentence. Selkirk (1980) went
on to enrich Liberman and Prince’s (1977) conception of suprasegmental structure
by positing the existence of a set of prosodic categories, that is, “isolable subunits of
prosodic structure” (Selkirk, 1980: 565), which allowed a straightforward solution to
the problems of English stress and rhythm. Probably the most standard resource on
Prosodic Phonology is Nespor and Vogel’s (1986) book Prosodic Phonology, which
provides further evidence for a “theory that organizes a given string of language
into a series of hierarchically arranged constituents that in turn form the contexts
within which phonological rules apply” (Nespor & Vogel, 1986: 6). Nespor and
Vogel (1986) outline the general principles of the theory as well as offer internal and
external evidence for each of the constituents of the prosodic hierarchy. Accord-
ing to the authors, these constituents allow a better characterization of phonologi-
cal rules which govern segments (e.g., American English flapping, British English
r-insertion) as well as rules which govern intonational, rhythmic and phrasing pat-
terns, all of which have proven difficult to account for by syntactic structure alone.

Different versions of the prosodic hierarchy have been proposed over the
years. An adaptation of Nespor and Vogel’s (1986) version of the prosodic hierar-
chy is shown in (1).

(1) Utterance (U)
Intonation Phrase (IP)
Phonological Phrase (PhP)
Prosodic Word (w)
Foot (E, ¢)
Syllable (o)
Mora (p)
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The higher level constituents, the intonational and phonological phrase, have an
important role in formalizing intonation and boundary effects. These units are
integral to the syntax-phonology interface, although it is generally acknowledged
that there is no clear relationship between prosodic and syntactic constituents.
Minimality constraints, phonotactic generalizations, and the application of pho-
nological processes support the domain of the prosodic word (Hall & Kleinhenz,
1999; Peperkamp, 1997) whereas rhythm generalizations support the domain of
the foot (Hayes, 1995). The foot is also the unit of stress assignment. There are
two main types of feet: trochaic and iambic. A trochee or trochaic foot has the
head syllable on the left. An jamb or iambic foot has the head syllable on the
right. The syllable is the locus of phonotactic generalizations relating to the Sonor-
ity Sequencing Principle (Blevins, 1995). Finally, phenomena such as compensa-
tory lengthening and closed syllable shortening support the constituent of a mora
which is a unit of syllable weight (Ota, 2001).

Prosodic phonology in acquisition

Many authors have appealed to the prosodic units, the mora, the syllable, the foot,
and the prosodic word, to explain a number of phenomena in child phonology.
In particular, one set of findings has revolved around the central idea that there
is a shape constraint in early acquisition such that children’s word productions
conform to a consistent size and rhythmic pattern (Demuth & Fee, 1995; Fik-
kert, 1994; Pater, 1997). Depending upon the approach, this constraint has taken
the form of a bimoraic minimum or maximum, referred to as the minimal word
constraint (Demuth & Fee, 1995; Ota, 2001). It has taken the form of a universal
constraint on production (and perception), the trochaic bias (Allen & Hawkins,
1980), or a language-specific constraint implicated in theories of stress develop-
ment such as a trochaic foot template (Fikkert, 1994). Early accounts of prosodic
development which appealed to these constraints include Gerken’s (1991, 1994)
Strong (Weak) (S(W)) production template, Fikkert’s (1994) account of stress
acquisition in Dutch, and Demuth and Fee’s (1995) account of prosodic develop-
ment based on the units of the prosodic hierarchy.

Early accounts of prosodic structure development

Gerken’s S(W) production template

Drawing on Allen and Hawkin’s (1980) notion of a trochaic template, Gerken
(1991, 1994) accounted for children’s unstressed syllable deletions in multisyllabic
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words on the basis of a S(W) production template. Gerken (1991, 1994) pro-
posed that children align a trochaic S(W) metrical constraint at the beginning
of an intended word. Weak syllables that do not fit the template are omitted. For
example, Gerken showed that when children were asked to imitate a four-syllable
word with the metrical pattern WSWS such as paZAMKaSIS, children omitted
the first unstressed syllable more frequently than the second; in ZAMpakaSIS,
children deleted the second weak syllable more frequently than the first, presum-
ably because in both situations, the weak syllable did not slot into the trochaic
template (see (2)).

(2)  Gerken’s (1991, 1994) production-based metrical constraint

S w S (w)

oo (B) o

Fikkert’s (1994) model of stress acquisition

One of the first authors to consider stress acquisition in terms of the development
of prosodic structure was Fikkert (1994). She noted that several phenomena pro-
vide insight into the acquisition of stress. The most obvious one was stress shift but
others include the deletion and addition of syllables. Fikkert (1994) framed syllable
deletion in terms of the linguistic phenomena of truncation, which involves “map-
ping of a melody to a specified template” (Fikkert, 1994: 199). Thus, she linked
syllable deletion to foot structure in a similar way to that of Allen and Hawkin’s
(1980) and Gerken (1991, 1994).

Focusing on the phenomena of stress errors, truncation, and syllable epenthe-
sis, she documented four stages of stress development in Dutch. Her interpretation
of results appealed to theoretical devices within the theory of prosodic morphol-
ogy (McCarthy & Prince, 1986, 1990), such as prosodic circumscription and tem-
plate mapping, and was formulated within the principles-and-parameters view of
language development (Dresher & Kaye, 1990). Transition from one developmen-
tal stage to the next involved the setting of metrical parameters or the extension
of the child’s prosodic template. Stages of stress development for the word konijn
“rabbit” a two syllable word with final stress, an exceptional form in Dutch, are
illustrated in (3).
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(3) Stages of stress acquisition in two-syllable words with final stress (e.g.,
konijn) according to Fikkert (1994)

Stage 1 Prosodic circumscription and mapping to trochaic template
konijn /kor'nein/  [nei], [lein] ‘rabbit’ Tom 1;5.14

Stage 2 Circumscription of an additional syllable and mapping to a
trochaic template

konijn /kor'nein/  [kuila] ‘rabbit’ Tom 1;7.23
Stage 3 Template expands to two feet.

konijn /kornein/  ['ko'lei], ['ko'nein]  ‘rabbit’ Tom 1;7.23
Stage 4 Acquisition of the main stress rule

konijn /kor'nein/  [ko:'lein] ‘rabbit’ Tom 1;8.6

At the first stage, the child extracts or circumscribes the rightmost stressed syllable
of the target form and maps it onto a trochaic template, resulting in a monosyl-
labic output. At the second stage, the child extracts the leftmost syllable of the tar-
get, adds it to his/her production, and maps this onto the trochaic template. This
results in stress shift because the unstressed syllable of the target form receives
the primary stress. At the third stage, the template expands from one to two feet,
leading to forms with level stress. At the final stage, the child sets stress parameters
such as the main stress rule, thus allowing target-like forms (forms with one pri-
mary stress) to emerge.

Demuth and Fee’s (1995) prosodic hierarchy account

Following closely behind Fikkerts (1994) model of stress acquisition, Demuth and
Fee (1995; see also Demuth, 1996a, 1996b) developed a prosodic structure account
of children’s early word productions. On the basis of English and Dutch data, they
proposed that children’s earliest words take the form of linguistically motivated
units of the prosodic hierarchy: Children first have access to syllables (o), then,
to feet (F) and then later again, to prosodic words (PrWd) (as shown in (4)). In
between the development of feet and prosodic words, moraic units (p) become
important.

(4) Stages of Prosodic Representations (adapted from Demuth and Fee, 1995: 20)
Stagel > Stage2a > Stage2b,c > Stage3
o F u Prwd

The most well-known aspect of Demuth and Fee’s (1995) account is the minimal
word stage (see Section Minimal Word Constraint), whereby they claim that children
pass through a stage in which words are minimally and maximally bimoraic. Chil-
dren first realize minimal words as disyllabic forms, but later as monosyllabic forms,
when coda consonants and vowel length contrasts emerge. Following the minimal
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word stage, words progress from a single foot to two-feet and then later include
unfooted syllables, indicative of children’ abilities to realize phonological (i.e., pro-
sodic) words. During the stress-feet stage, children initially place equal stress on
both stressed syllables but gradually acquire the ability to produce one primary stress
per prosodic word. Demuth and Fee’s (1995) stages of development are shown in (5).

(5) Demuth and Fee’s (1995) stages in the development of prosodic structure

Stage 1. Core syllables - CV
No vowel length distinctions
Stage 2. Minimal words
a. Core syllables - (C)VCV
b. Closed syllables - (C)VC
c. Vowel length distinctions - (C)VV
Stage 3.  Stress Feet
a. One Stress-Foot
b. Two Stress-Feet — each with primary stress
c. Feet - one primary stress per word

Stage 4. Phonological Words
Extrametrical syllables permitted

Demuth and Fee (1995) consider two reasons as to why children display restricted
word shapes in early phonological development. The first is that children do not
have access to the full prosodic hierarchy. Children’s forms are first made up of a
syllable and then later of more articulated prosodic structures. This approach is
akin to maturational accounts, which assume that linguistic structure develops
over time (Borer & Wexler, 1987). The second is the possibility that children have
access to all units but only display evidence of some of them due to high rank-
ing constraints which yield unmarked prosodic structure. This latter explanation
is consistent with optimality theoretical accounts of phonological development.
While much of recent work in phonological acquisition seems to support the sec-
ond view, some researchers uphold the position that children begin acquisition
without the full set of prosodic constituents (Goad, 2016; Goad & Brannen, 2003).
Goad (2016), for example, argues that a constraint-based account cannot derive
a stage in which CV or core syllables are optimal, suggesting that, at this point of
time, foot structure has not been projected.

Later accounts of prosodic structure development
Since the publication of these earlier accounts, an accumulation of data has
accrued on prosodic development in a diverse range of languages. Whereas the

original studies focused on prosodic development in Dutch and English, there are
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now studies on the development of prosodic structure in German (Grimm, 2007),
Greek (Tzakosta, 2004), Spanish (Lled, 2002, 2006; Prieto, 2006), Brazilian Por-
tuguese (Santos, 2005, 2006), European Portuguese (Correia, 2009; Vigario, Frei-
tas, & Frota, 2006), French (Braud & Wauquier-Gravelines, 2004, April; Goad &
Buckley, 2006; Paradis, Petitclerc, & Genesee, 1997; Rose, 2000; Vihman, DePaolis,
& Davis, 1998), Japanese (Ota, 2001), Hebrew (Adam & Bat-El, 2008a, 2009; Ben-
David, 2012), and Finnish (Saaristo-Helin, Kunnari, & Savinainen-Makkonen,
2011). The study of different languages has led to observations that cannot be eas-
ily incorporated into earlier models of prosodic development. In addition, earlier
approaches placed most of the emphasis on the theoretical tools of prosodic pho-
nology, whereas later approaches have recognized the need to integrate factors,
apart from prosodic structure, into their models. These factors include frequency
of input forms, perceptual bias, and segmental factors. In the following sections,
we summarize the findings of these later studies in terms of four main themes: fac-
tors influencing word shape apart from prosodic structure; the minimal word con-
straint; prosodic structure development (i.e., following the minimal word period);
and top-down versus bottom-up development.

Factors influencing word shape apart from prosodic structure

Frequency of input forms

Frequency of input forms has been identified as an important factor influencing
word shapes. Children produce monosyllables for a longer period of time in lan-
guages which contain high percentages of monosyllables such as English and Cat-
alan (Prieto, 2006; Roark & Demuth, 2000). They produce words of three or more
syllables early in languages that are characterized by high percentages of multi-
syllabic words, such as Finnish and Spanish (Lled, 2006; Savinainen-Makkonen,
2000). They produce words with initial unstressed syllables early in Spanish most
likely due to the high frequency of WS and WSW words in the target language
(Lle6 & Demuth, 1999).

Vigério et al. (2006) conducted analyses of the statistical properties of adult
input and child output and found that adult speech provided a close match to the
prosodic word shapes in child speech. That is, the proportions of monosyllabic
CV and tri-syllabic forms in child speech were directly correlated to those in
the adult input. In sum, any account of children’s prosodic word shapes needs to
integrate both grammar (i.e., prosodic structure) and input frequency (Vigario
et al., 2006).

Perceptual bias or acoustic prominence

Before prosodic structure accounts were proposed, investigators accounted for chil-
dren’s syllable deletion or truncation patterns on the basis of perceptual salience or
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acoustic prominence (Blasdell & Jensen, 1970; Echols & Newport, 1992). Authors
observed that the syllables most likely to be produced in multisyllabic words were
the ones that received acoustic prominence, because of their position in the word
and the application of stress. Echols and Newport’s (1992) study of English-speak-
ing children’s multisyllabic productions demonstrated that stressed and word-final
unstressed syllables were more frequently and accurately produced than non-final
unstressed syllables. Similar observations were reported later by Kehoe and Stoel-
Gammon (1997b), Pater (1997), and Snow (1998). In SWW words (e.g., animal,
elephant), a metrical template account (Gerken, 1991, 1994) would predict that the
first weak syllable is preserved but the findings of these authors revealed that it was
the second or word-final weak syllable that was most often preserved in English.
Optimality theoretical (OT) approaches to truncation have offered a way of
reconciling prosodic structure with perceptual bias (Pater & Paradis, 1996; Pater,
1997). Pater and Paradis (1996) dissect truncation into two main components: (a)
the size restriction and (b) content preservation. Essentially, prosodic structure
is reflected by the size restriction and perceptual bias by content preservation. To
achieve the pattern of stressed and word-final syllable preservation, Pater and Par-
adis (1996) employ two faithfulness constraints: STREsSFAITH and RIGHTANCHOR.
These constraints grant special status to the heads and edges of domains and are
grounded in the functional importance of word edges and acoustic salience.

Segmental factors

Another factor that may influence syllable deletion and, consequently, prosodic
shape is the segmental content of the target word. Kehoe and Stoel-Gammon
(1997b) observed that weak syllables with obstruent onsets were preserved more
frequently than weak syllables with sonorant onsets in English-speaking children’s
productions of real and nonsense words. Taelman (2004), as well as observing
this effect in Dutch-speaking children, documented other segmental factors that
accounted for a considerable percentage of children’s truncations. These included:
(a) vowel type (e.g., full vowel quality vs. schwa), (b) syllable structure (e.g., the
presence or absence of a coda consonant), and (c) the occurrence of two redupli-
cating onset consonants (e.g., papagai / papa'gaj/). Savinainen-Makkonen (2000)
reported that the presence of a stop consonant influenced whether syllables
were retained in Finnish-speaking childrens productions. Ota (2001) observed
consistent syllable deletion by Japanese-speaking children when target syllables
contained devoiced vowels or had flap onsets. Finally, Adam and Bat-El (2008b)
report that some Hebrew-speaking children preferentially select syllables with /a/
at the early stages of development (see also Tzakosta, 2004, for Greek). In sum,
studies on different languages indicate that segmental factors influence children’s
syllable deletion or truncation patterns. This factor needs to be integrated into
models of prosodic word shape.
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Minimal word constraint

Following Demuth and Fee’s (1995) proposal of a minimal word period in early child
speech, numerous studies have sought support for this period in the productions of
children speaking different languages. Studies by Kehoe and Stoel-Gammon (2001),
Demuth, Culbertson, and Alter (2006), and more recently by Miles, Yuen, Cox, and
Demuth (2016) show that English-speaking children produce codas more frequently
after short than long vowels, thus, offering further support for a bimoraic maximum
in English. Compelling evidence for a minimal word period comes from Japanese
as well (Ota, 2001). Although Japanese may contain monomoraic lexical items,
Japanese children frequently lengthen the vowels in these words, as shown in (6).

(6) Lengthening of monomoraic targets by Japanese-speaking children
(adapted from Ota, 2001: 86)
/me/ [me:] Hiromi 1;9.11 “eye”
/ki/ [ki:] Hiromi 1;9.28 “tree”

An analysis of pitch accent is consistent with the fact that these output forms con-
form to bimoraic structure. In Japanese, a HL pitch accent is realized on accented
bimoraic words but not on monomoraic words. Ota (2001) observed that when
monomoraic targets underwent lengthening, they displayed the HL contour typi-
cal of target bimoraic forms.

In contrast, limited support for a minimal word period has been reported in lan-
guages such as French, Catalan, Portuguese, and Hebrew (Ben-David, 2012; Demuth
& Johnson, 2003; Prieto, 2006; Prieto & Bosch-Baliarda, 2006; Vigario et al., 2006).
Demuth and Johnson (2003) document high numbers of sub-minimal forms in a
French-speaking child’s early words, consistent with the prosodic structure of French
which may contain monomoraic lexical items. Prieto and Bosch-Balliarda (2006)
also found that Catalan-speaking children produced sub-minimal forms and did
not augment them by lengthening the vowel (see also Ben-David’s, 2012, study of
Hebrew-speaking children). Similarly, Vigério et al. (2006) found proportions of sub-
minimal and supra-minimal forms in the outputs of Portuguese-speaking children in
comparable proportions to those found in the ambient language. Thus, it seems that
the minimal word constraint is not universal but may be active in certain languages
such as English and Japanese, which are quantity sensitive or moraic (Prieto, 2006).

Prosodic structure development

Accounts by Fikkert (1994) and Demuth and Fee (1995) viewed development as
involving the expansion of prosodic structure from one stress-foot, to two stress-
feet and, finally, to a stage in which extrametrical or unfooted syllables could be
permitted. The stress foot was a trochaic one consistent with the language-specific
stress patterns of Dutch and English. We summarize these stages in (7).
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(7) Development of prosodic structure in English and Dutch according to prosodic
structure accounts by Demuth and Fee (1995) and Fikkert (1994)

Stage 1 Stage 2 Stage 3
PW  PW PW PW
/\
lit Ilt Ft Ft Ft
IS I I ™
Oup  Os Ow o o o o o o o

We now consider more recent studies on prosodic structure development in
Dutch, English, and German and in other languages such as Portuguese, Span-
ish, Catalan, French, and Hebrew. The stages depicted in (7) through to (10) are
assumed to be descriptions of the phonological representations available to the
child at a given stage of development.

Findings on Germanic languages

Subsequent studies in Dutch and English were not able to replicate all aspects of
Fikkert’s (1994) and Demuth and Fe€’s (1995) models (Kehoe, 1999/2000; Kehoe &
Stoel-Gammon, 1997a, 1997b; Taelman, 2004; Wijnen, Krikhaar, & Den Os, 1994).
Taelman (2004), employing a dense data-base of a single Dutch-speaking child
(Maarten database) as well as Fikkert’s own database of Dutch-speaking children
(CLPF database), did not find evidence for a S(w) (i.e., one foot) template that gave
way to a S(w)S(w) (i.e., two feet) template. Instead, she found evidence for a mono-
syllabic S template that gave way to a variety of prosodic shapes, including wS and
sSw. In other words, truncations did not always lead to optimal prosodic shapes.

Kehoe (1999/2000) also queried the frequency of shape restrictions in the
prosodic development of English. In her analysis of the multisyllabic productions
of 39 children, aged 1;10 to 2;10, she found shape uniformity to be less pervasive
than what has generally been claimed for English. The majority of two-year-olds
in her study (10 out of 12 children) produced output forms greater than one foot,
and only one child (aged 2;4 years) produced output forms consistent with two
feet. Instead, there was a strong correlation between the prosodic shape of the tar-
get word and the child’s output. Kehoe articulated an account of the later stages of
prosodic acquisition in terms of expanding prosodic (and segmental) faithfulness
between input and output.

Grimm’s (2007) study of prosodic development in German showed stronger
support for Fikkerts (1994) (and Demuth & Fee’s, 1995) stages of development,
in that children truncated words to a single foot and produced outputs consistent
with two feet. One of the four German children, however, displayed an intermedi-
ate stage, in which she produced two syllable forms with final stress, forms that
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would not be consistent with Fikkert’s (1994) model but would be with Kehoe’s
(1999/2000) and Taelman’s (2004) accounts.

Findings on “Romance and other” languages

Recent findings in Romance languages and other languages such as Hebrew,
Greek, and Japanese suggest clear differences in prosodic development from those
in Germanic languages. One difference is that multisyllabic output forms are more
frequent (Lle6 & Demuth, 1999; Vigario et al., 2006). Another difference is that
unstressed syllables appear earlier in word-initial position. These forms may stem
from the correct production of iambic target forms or from the addition of a syl-
lable in word-initial position. We divide these studies into those that document an
initial stage of trochaic forms and those that find evidence for both trochaic and
iambic forms early on.

Trochaic forms first. Catalan and Hebrew are languages in which monosyl-
lables and trochaic forms appear before iambic forms. For example, Prieto (2006)
and Ben-David (2012) indicate that there is a phase in which WS and WSW targets
are produced as S and SW forms respectively. This is somewhat unexpected in
Hebrew since it is a language with word-final stress leading some authors to argue
that the findings in Hebrew acquisition are consistent with a universal trochaic
bias (Adam & Bat-El, 2009). Following the production of trochaic forms, Hebrew-
and Catalan-speaking children produce WS targets as WS but reduce WSW tar-
gets to SW. Later, they are able to produce WSW forms in which the initial syllable
is unfooted. According to Prieto (2006), the results in Catalan can be explained
by two maximality constraints. At the first stage, prosodic words are maximally
moraic trochees (two moras or a bisyllabic trochac form). At the next stage, they
are maximally bisyllabic (either trochaic or iambic). Stages of prosodic structure
development in Hebrew and Catalan are shown in (8).

(8) Development of prosodic structure in Catalan and Hebrew

Stage 1 Stage 2 Stage 3 Stage 4
PW PW PW PW PW

Ft Ft Ft Ft Ft FT

o O Ow Ow Og o o o o o o
Spanish is similar to Catalan and Hebrew in that bisyllabic trochaic forms are
present early on. Lleé (2006), however, reports that word-initial unstressed syl-

lables appear quickly after this, resulting in either WS or WSW forms; only later
do monosyllabic forms appear. The late appearance of monosyllables is most

EBSCChost - printed on 2/10/2023 6:37 AMvia . All use subject to https://ww.ebsco. confterns-of -use



176

Margaret Kehoe

EBSCChost -

likely due to the low frequency of monosyllables in Spanish. Prosodic structure
development in Spanish according to Lle6 (2006) is shown in (9). In contrast to
Lle6 (2006), Prieto (2006) observes that WSW targets are truncated for a longer
period than WS targets in Spanish, suggesting two substages for stage 2: a. (¢'0)
b. o('00).

(9) Development of prosodic structure in Spanish

Stage 1 Stage 2 Stage 3 Stage 4
PW PW PW PW PW

/\

Ft Ft Ft Ft Ft FT
>~ I N
Og Ow Ow Og fof o} o o o o

o

Iambic and trochaic forms early on. Studies in Portuguese (Correira, 2009;
Santos, 2005, 2006; Vigério et al., 2006) find no clear word shape at the begin-
ning or find a predominance of iambic forms. Santos (2005, 2006), reporting on
two Brazilian Portuguese children’s word productions, argues for an iambic bias
in Brazilian Portuguese: iambs are realized correctly before trochees; trochees
undergo truncation to monosyllables but iambs do not, and WSW words are trun-
cated to both WS and SW forms. Correias (2009) study of prosodic development
in European Portuguese corroborates Santos’ (2006) findings, although primarily
for the early stages. She observed an initial stage (Stage 1) characterized by mono-
syllables or by WS forms in which the monosyllable was reduplicated or in which
a syllable was epenthesized at the left edge of the word. Following this, there was
a period in which both trochaic and iambic forms were equally present. Finally, a
definitive trochaic pattern emerged which is consistent with the fact that Portu-
guese is a trochaic language.

Tzakosta (2004) also reports that Greek-speaking children do not display
any strong metrical preferences at the beginning. For example, a WSW target
form can be produced either as an iambic or as a trochaic output. Similarly, stress
errors create both trochaic and iambic outputs. One other interesting observa-
tion of Tzakosta’s (2004) study was that she was not able to delineate clear stages
of acquisition due to a great deal of within- and between-subject variability of
her participants, leading her to argue that children may adopt multiple gram-
mars at any one time. Thus, the enterprise started by Fikkert (1994) and Demuth
and Fee (1995) in which stage-like development of prosodic structure was pro-

posed may be a useful generalization but may not represent the reality of vari-
able child data.
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Japanese is not a stress language like Portuguese and Greek; however Ota’s
(2001) analysis of prosodic structure development in Japanese shows similarities
with Portuguese and Greek. At the same time as children augment monomoraic
target forms to bimoraic, they also produce disyllabic forms. They rarely truncate
target disyllabic forms regardless of whether the accent is on the initial or final
syllable, whereas they frequently reduce target forms of three-syllables or longer.
Thus, the output forms are maximally disyllabic, although they may be iambic- or
trochaic-like in form.

A simplified illustration of prosodic structure development is given in (10) for
Portuguese, Greek and Japanese. At the earliest stage, monosyllables and disyllabic
feet appear at the same time. We do not show moraic structure for monosyllables as
they may be monomoraic or bimoraic in Portuguese but bimoraic only in Japanese.
In addition, we show the feet as being iambic in form, although analyses in Portu-
guese suggest that the initial unstressed syllable may be attached to higher prosodic
domains (Correira, 2009; Santos, 2006). Due to differences between languages, we
do not dwell on the later stages. Correiras (2009) findings on European Portuguese
and Tzakosta’s (2004) findings on Greek indicate that WSW forms emerge before
SWW and WWS forms. Thus, we show this structure at stage 2 in (10).

(10) Development of prosodic structure in Portuguese, Greek, and Japanese

Stage 1 Stage 2
PW PW  PW PW

Ow Og Os

Ft
o Ow g 0"\0~
Another language in which iambic forms are present from the beginning is French.
French, is not a lexical stress language. Stress is assigned to the last syllable of a
phonological phrase (Dell, 1984) but an accent, which has been interpreted as
secondary stress or as intonation, may also be assigned to the initial syllable. This
accent is cued by pitch, whereas the final accent is cued by duration.

Studies, which have focused on prosodic development in French, reveal that
French-speaking children produce monosyllables and iambic forms at the begin-
ning (Demuth & Johnson, 2003; Goad & Buckley, 2006; Rose, 2000; Vihman et al.,
1998). Beyond the two-syllable stage, Goad and Buckley (2006) interpret children’s
productions as showing evidence of either unfooted syllables or two-feet structure,
the latter suggesting that children have developed awareness of the word-initial
accent. Examples of one foot, unfooted and two feet outputs are given in (11a,b,c)
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respectively. In essence, Goad and Buckley (2006) outline a developmental path,
in which productions develop from one to two stress feet not unlike what has been
posited for English and Dutch, however, the prosodic structure is in keeping with
the language-specific one of French.

(11)  Three-syllable word patterns in French (adapted from Goad & Buckley,
2006: 134)

a. 000> (0'o)
papillon /papi’j3/ [ba'par] Clara 1;4 “butterfly”
b. coo>0(0'0)
apricot /abki'ko/ [pupae'ko:] Clara 1;7-1;10 “apricot”
c. 000>(0)(0'o)
Clementine /klemdtsin/ [aet&!fj3] Clara 1;7-1;10 “Clementine”

Braud and Wauquier-Graveline’s (2004, April) study on truncation in French pro-
vides support for a three-syllable template, in which the first and the final syllables
are anchor points, as shown in (12). These two syllables are respectively filled by
a functional element (e.g., a determiner) and by the final accented syllable of the
lexical item. The internal syllables, represented as (o)  are more fragile and subject
to omission. This representation is similar to the one posited by Goad and Buckley
(2006) in (11c), though, in Braud and Wauquier-Graveline’s (2004, April) account,
no foot structure is assumed. Indeed, they contest linguistic approaches that have
tried to enforce metrical devices from other languages onto French. Thus, they
offer an alternate account of prosodic structure development in French.

(12) [0 (0),'d]

Prosodic structure development: Final word

The above groupings of languages do not conform to any obvious typological cat-
egories so we may wonder whether there is any basis - linguistic or otherwise - to
them. In keeping with our previous discussion on factors influencing word shape,
the frequency of word shapes in the input may underlie some of the consisten-
cies in the above groupings. Romance languages are characterized by a higher fre-
quency of multisyllabic words than Germanic languages and by word shapes in
which stress (particularly primary stress) is removed from word-initial position
(Lleo, 2002; Lleé & Demuth, 1999; Prieto, 2006; Vigario et al., 2006). These char-
acteristics are also true of Greek and Japanese (Ota, 2006; Tzakosta, 2004). Hebrew
does not contain a high percentage of multisyllabic words in child-directed speech,
but disyllabic words are predominantly iambic, and trisyllabic words have stress
on the penult or final syllable (Segal, Nir-Sagiv, Kishon-Rabin, & Ravid, 2009). In
contrast, most words in English start with stressed or strong syllables (Cutler &
Carter, 1987) and disyllabic iambic forms are infrequent (Roark & Demuth, 2000),
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as they are in German as well (Bartels, Darcy, & Hohle, 2009). These input tenden-
cies may explain the earlier production of longer forms and the earlier appearance
of unstressed syllables in word-initial position in “Romance and other” languages.
The nature of unstressed syllables, whether they are reduced or unreduced, may
play a role in some of the differences as well. The high percentages of schwa syl-
lables in English and to some extent in Dutch may underlie the slow appearance
of unstressed syllables in the Germanic languages (Kehoe, 1999/2000; Taelman,
2004). Whether the distinction between reduced versus unreduced can explain all
of the above findings remains tentative, however, since Catalan, Portuguese, and
Hebrew also contain reduced or schwa syllables and unstressed syllables emerge
early in these languages.

As to why WS forms appear particularly early in Portuguese and Greek (also
Japanese), we cannot exclude the possibility that methodological factors underlie
some of the apparent trends. Baia and Santos (2011) observed different prosodic
tendencies in Brazilian Portuguese children’s productions depending upon whether
naturalistic or experimental data were utilized. Trochaic outputs were more preva-
lent in the experimental study whereas iambic outputs were more prevalent in the
naturalistic data. These differences reflected whether clitic forms, or nouns and
verbs versus nouns only were included. Vihman et al. (1998) also reported a high
presence of iambic forms in English children’s naturalistic productions when the
data included both word and phrasal patterns. Thus, closer attention to the nature
of the data (naturalistic or experimental) and whether phrasal productions (or
clitic forms) and different word classes (nouns vs. verbs) were included would be
needed in order to confirm the reality of the above prosodic representations and
the apparent differences across languages.

Top-down versus bottom-up development

Scanning across the different accounts of prosodic development, one can observe
that two main approaches have been articulated: top-down versus bottom-up.
Approaches based on Germanic languages (e.g., Demuth & Fee, 1995; Fikkert,
1994) posit that children start off producing syllables and then produce feet and
prosodic words in accordance with the units of the prosodic hierarchy (Syllable
> Feet > Prosodic Word). This is referred to as a bottom-up model. Alternatively,
certain authors who have analyzed Romance languages suggest that children’s ini-
tial productions reflect a top-down model. According to Santos (2005), children
start off producing intonational or phonological phrases and, only later, syllables
or feet. As was mentioned in the preceding review, Portuguese-speaking children
rarely produce monosyllables at the beginning. They produce multisyllabic utter-
ances or, if they produce monosyllables, they reduplicate them or add filler syllables
(Correira, 2009; Santos, 2006). Spanish-speaking children produce three-syllable
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prosodic words containing initial unfooted syllables before they produce mono-
syllables (Lleo, 2006). These findings question the notion that acquiring prosodic
structure necessarily proceeds in a bottom-up direction.

Conclusion

This chapter summarized approaches to prosodic development, which stem from
the theoretical tenets of prosodic phonology, focusing on children’s early word pro-
ductions. When one compares earlier and later approaches, one observes that ear-
lier approaches were theoretically united in claiming the importance of prosodic
structure, whereas latter approaches have been more eclectic in their orientation,
integrating frequency, perceptual bias, and segmental aspects into their accounts.
These later studies have shown that prosodic structure on its own cannot account for
children’s early speech patterns; however, they have not shown how it works together
with other factors to provide a better explanatory account. Our attempt to summa-
rize findings across studies has led to the random grouping of languages which defy
any linguistic typological links (e.g., Catalan and Hebrew; Portuguese and Greek),
and more work is needed to explain why children speaking certain languages (e.g.,
Catalan and Hebrew) produce trochaic before iambic forms whereas children speak-
ing other languages (e.g., Portuguese and Greek) produce trochaic and iambic forms
ataround the same time. The goal of future research is to integrate the findings from
these varied studies into a unified model, which acknowledges the importance of
prosodic structure when working in tandem with other linguistic factors.
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CHAPTER 10

The development of prosodic structure

A usage-based approach

Marilyn May Vihman
University of York

Scholarly views are divided as to the source of children’s knowledge of prosodic
structure. Within the framework of a usage-based approach, this chapter
compares prosodic structures in children learning four languages at the end of the
single-word period in order to identify sources of both similarities and differences
between children, within and across language groups. The similarities can
generally be traced back to common constraints on the neurophysiology of infant
vocal production, while the differences between language groups reflect ambient
language accentual patterning and dominant word shapes. Individual differences
within and across groups additionally relate to differing child mappings of input
forms to familiar production patterns.

Introduction

Scholarly views are divided as to the source of children’s knowledge of prosodic
structure. Reflecting one prominent view, Selkirk (1996:201) refers to ‘innate
knowledge of ... universal constraints. However, since the arguments for infant
foreknowledge of linguistic principles remain more logical than empirical, oth-
ers find it implausible and unnecessary to invoke innate knowledge. Instead, a
usage-based approach (Bybee, 2001, 2010; Munson, Edwards, & Beckman, 2012;
Pierrehumbert, 2003) to the acquisition of prosodic structure appeals to learning
based on both initial perceptual biases of possible evolutionary origin (Kuhl, 1987)
and infants’ experience, along with neurophysiological maturation, of vocal pro-
duction practice (Vihman & Croft, 2007; Vihman, 2014).

Kehoe (2013, this volume) has described the theory of Prosodic Phonology
and various attempts to test it as an account of development in different languages
(see also Demuth, this volume; Vihman, 2014, Chapter 9). This chapter pro-
poses an alternative account of prosodic development, supported by quantitative
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analysis of early child word structures in four languages. The claim is that instead
of positing innate knowledge, it is possible to trace the origins of children’s initial
representations of prosodic structure to three types of learning that increasingly
interact over the course of the first years of life: (i) experience of salient elements
of the input speech stream, (ii) constraints imposed by the neurophysiology of
vocal production, and (iii) memory processes that relate heard patterns to exist-
ing knowledge based on production. This approach is in accord with usage-based
accounts of adult phonology (and sound change) that argue that ‘inherent biases
in production, perception, and learning operate continually to influence the range
of variants that arise ... The synchronic properties of a given phonological system
arise in part through these processes’ (Hall, Hume, Jaeger, & Wedel, 2016, p. 57).
Furthermore, as will be evident in what follows, the analyses proposed here draw
on much the same principles as are outlined by these authors with reference to
adults: ‘(i) linguistic categories maintain some record of experienced variation
rather than being fully abstract...and (ii) experiencing a particular category vari-
ant influences future production and perception behavior not only for that cat-
egory, but also for similar categories’ (p. 57£.).

As regards perception, ample experimental evidence has demonstrated infant
sensitivity to the rhythms of the ambient language from birth, initially gained from
‘listening’ in the womb (e.g., Mehler et al., 1988; see Post & Payne, this volume).
Over the course of the first year of life, infant attraction to what is prosodically
salient in a given language further shapes the child’s emergent representations of
speech. For example, Fernald (1991) described the effects on language development
of prosodic modulation in infant-directed speech; Jusczyk (1993, 1997) modelled
advances over the first year in the grouping of prominent acoustic features such as
syllables with higher or more dynamic pitch pattern or longer duration.

As regards production, it is widely acknowledged that the first adult-like syl-
lables are simple sequences of ‘mandibular oscillation’ (jaw opening and closing:
Davis & MacNeilage, 2000), or < CV >, <CVCV >, <VCV > . These vocaliza-
tions, which Oller (1980) termed ‘canonical babbling) are reliably first observed
from about the middle of the first year. Little if any cross-linguistic variation has
been reported in the phonetics of these first adult-like syllables, which appear to
be largely maturationally based, given typical auditory and vocal capacities (Oller
& Eilers, 1988).

How might adult-like vocal production practice serve to orient the child to the
prosodic structures of input speech? Although babbling sometimes involves long
sequences of repeated or variegated syllables, it more often takes the form of one-
and two-syllable strings — and the first words in most of the languages that have been
analysed for early lexical and phonological learning are similarly constrained to one
or two syllables. Accordingly, it has been proposed that infants respond differently
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to speech once they have begun to gain stable control of a small number of adult
speech sounds (Vihman, 1993, 1996; for experimental support, see DePaolis, Keren-
Portnoy, & Vihman, 2016; DePaolis, Vihman, & Keren-Portnoy, 2011; DePaolis,
Vihman, & Nakai, 2013; Majorano, Vihman, & DePaolis, 2014). In the prelinguis-
tic period, then, experience with vocal production can be taken to create a sample
of known patterns to which novel word forms can be mapped. This in turn leads
to more robust representations of such forms as they are fleetingly but repeatedly
heard in ambient speech (see studies of ‘the production effect in memory’ in both
adults and older children, e.g., MacLeod, Gopie, Hourihan, Neary, & Ozubko, 2010;
Icht & Mama, 2015; Zamuner, Morin-Lessard, Strahm, & Page, 2016).

Thus, in this approach, accentual prominence initially attracts and shapes
infant attention to speech (Teixidd, Frangois, Bosch, & Ménnel, this volume) and
vocal production further supports retention of certain repeatedly heard patterns.
In addition, the relatively infrequent but readily recognized words produced in
isolation in the everyday routines of infant life have been found to play a dispro-
portionate role in the choice of first words to produce (Brent & Siskind, 2001;
Vihman, in press). All of these factors are critical elements in the construction of
phonological memory, or the ability to retain novel phonological strings (Keren-
Portnoy, Vihman, DePaolis, Whitaker, & Williams, 2010), a key element in word
learning (Gathercole & Baddeley, 1989). It is thus likely that the gradual process
of construction of memory for speech, based on vocal practice, is one reason for
the delay between first adult-like vocal production, almost always observed in the
middle of the first year, and first word use, typically identified only toward the end
of the first year at the earliest.

The term ‘prosodic structure’ can be used in a number of different ways. It
may refer to the accentual pattern of words (trochaic, or strong-weak, vs. iam-
bic, or weak-strong stress on disyllables, for example; see Bhatara, Boll-Avetisyan,
Hohle, & Nazzi, this volume), the overall rhythmic pattern of a language (e.g.,
Mehler et al., 1988; Mehler, Dupoux, Nazzi, & Dehaene-Lambertz, 1996; Ramus,
Nespor, & Mehler, 1999) or, more specifically, the units of the prosodic hierar-
chy proposed by Selkirk (Selkirk, 1978, 1980; see also Nespor & Vogel, 1986).
‘Prosodic structure’ is also used to refer to units below the phonological or pro-
sodic word level, the lowest level in the prosodic hierarchy (Fikkert, 1994; Kehoe,
2013). This chapter will focus on word-shapes consisting of syllable sequences of
different lengths and organization, such as the universally occurring <CV >,
disyllabic < CVCV >, onsetless < VCV > or the final-consonant-bearing struc-
tures < CVC >, < CVCVC >. In this usage, ‘prosodic structure’ is similar to the
skeleton of autosegmental phonology (Goldsmith, 1990).

The prosodic structures that will be the focus of interest here are based on
early word forms observable in data from children learning one of four languages.
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These structures can be taken to reflect infant experience with the most frequent
accentual patterns in the input, their own production of adult-like vocalizations
and their growing ability to map input word forms onto their existing vocal pat-
terns. The analyses reported here will make it possible to identify similarities and
differences in the types of early structures produced. After the findings have been
presented and illustrated, the likely sources of children’s early prosodic structures
will be more broadly considered, including aspects of input speech, constraints on
vocal production and the interaction of the two.

A developmental perspective on early prosodic structures

The ‘accuracy’ of children’s first words, first noted by Ferguson and Farwell (1975),
is largely due to children’s (unconscious) ‘selection’ of the word targets that are
the most accessible, given their limited production skills. As illustrated with the
first few words identified for 48 children learning 10 languages (Menn & Vihman,
2011, App. 1), target words are seldom more than one or two syllables in length
and word length is usually matched by the child forms. The target words are lim-
ited to a single supraglottal consonant type per word about half the time and to
stops, nasals, glottals and glides somewhat more often; this also supports relatively
accurate production, as these are the consonants that are well practiced in bab-
bling. Finally, although word-final consonants are generally omitted and heteroge-
neous clusters reduced, diphthongs are often matched. This is the starting point of
word production: Children are sensitive to target forms for which they may have
a rough vocal match in repertoire and their first identifiable words are similarly
constrained cross-linguistically.

Children’s production skills advance only quite slowly; what changes with the
onset of word production is child familiarity, through on-going experience with
production and the acoustic output that accompanies it, with a growing number of
phonological forms related to often-heard input forms. For the purposes of under-
standing the formation of preferred prosodic structures a key point is that the tim-
ing of this development is highly variable, differing from one child to the next, but
that persistent production of words of a particular prosodic structure is typically
seen only after a period of early word use. An initial data sample, leading to a few
well-developed word-production routines, needs to develop first. This accounts for
the typical lack of systematicity, or relatively rare re-use of particular word shapes,
syllables or features, in the first few recorded words (Menn & Vihman, 2011).

Individual phonological templates have been defined as idiosyncratic patterns
or prosodic structures used by a given child, sometimes based on ‘overselecting’
of a particular structure compared to other children learning the same language
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but more often based on adaptation, or modification of target word forms to fit the
particular structure (Vihman, 2014). Vihman and Velleman (2000) introduced the
terms ‘select’ and ‘adapt’ to characterize words that differ in this way in their rela-
tionship to the child’s template; the terms are applied here to prosodic structures
that are not further segmentally specified.

Data analysis

To gain an idea of cross-linguistic similarity or differences, comparably complete
data are taken for analysis from one recording session for each of 44 children
learning one of four languages: American or British English, French, Italian and
Finnish. The data derive from the end of the single-word period, when children
can be observed to be producing a small set of preferred prosodic structures, some
of which may come to serve as templates, or more fully specified attractors for new
word forms. Actual word forms produced by children in each group are amply
illustrated, to demonstrate how children pursue individual developmental paths,
each of them in their own way mapping more or less well-suited adult target forms
to the prosodic structures that the child has mastered.

All of the data analysed were recorded while the children were in interac-
tion with one or more family members in the presence of a familiar investiga-
tor, for 20-30 minutes of unstructured play. Table 1 lists the number of children
in each group, their age range (year; month) and the mean number of different
target words produced in the session analysed. Imitations as well as spontaneous
word forms and variant prosodic shapes that fit distinct structures were included
in the analysis to assure sufficient material, at as early an age as possible, to identify
favoured prosodic structures and allow for cross-linguistic comparative analysis.

Table 1. Language groups, ages and mean number of words attempted (‘target words’)
Data sources: Boysson-Bardies & Vihman, 1991; Kunnari, 2000; Veneziano & Sinclair,

2000; Vihman, 1993, 1996, 2010, 2014; Vihman, Keren-Portnoy, Khattab, & Wauquier,

2011, July; Vihman & Kunnari, 2006; Vihman & Majorano, 2017; Vihman & Velleman,
1989; Vihman, Velleman, & McCune, 1994b; Wauquier & Yamaguchi, 2013.

Language group Number of children Age-range Mean target words
English US6, UK 4 US 1;4-1;5, US 35, UK 41
UK 1;5-1;11
Finnish 6 1;3-1;11 30
French 13 1;2-1;10 35
Italian 15 (1;3, 1;9) 41
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For all but the Italian data the first recording in which about 25 different word
types were produced spontaneously was analysed. The Italian data are drawn from
a study of 30 children recorded twice, at 1 year and 3 months, and at 1 year and 9
months (Vihman & Majorano, 2017); only the 15 children who produced, at either
age, between 30 and 60 words in the recorded sessions are included here, in order
to provide a comparable level of prosodic variants and structural diversity to that
seen in the other groups.

For each child, more than a single variant word shape (token) of any word
type was included in the prosodic structure analysis only if those variants fall into
distinct structures (see Vihman, 2016). To focus in on the main prosodic struc-
tures used in each group, only those that accounted for 20% or more of a child’s
variants are listed. None of the structures are specified as to segmental content for
any slot, distinguishing the ‘generic’ prosodic structures from the more specified
‘templates’ described elsewhere. (For example, a melodic template may be speci-
fied to include constraints on place of articulation - e.g., Cl is labial, C2 is coronal
or velar, Macken, 1979, or a particular segment may be specified, like medial yod,
in Priestly, 1977, or medial [1], in Vihman, 1993.)

English

Table 2 provides an overview of the structures most used by the 10 children acquir-
ing English.

Table 2. Prosodic structures in English.

Number of children with over Mean proportion of all

Structure 20% use of structure variants (and range)
cv 6 31 (.23-.44)

CV1V2 2 .24 (.21-.26)

CV and CVV combined’ 3 .31 (.26-.35)

CVC, CV? 5 .34 (.23-.44)

C,vC,V 3 30 (.28-31)
C,VC,V(C) 3 25 (.22-.26)

C,VC,vC 1 A1

* ‘Combined’ figures refer to children whose use reaches 20% only when two structures are combined
that, for other children, reach that level independently; cf. also Table 14, Finnish.

The hallmark of the English profile is monosyllabic production, often with a coda.
Note that just one child makes criterial use (i.e., at least 20% of the structures
produced by that child) of the more challenging structure, disyllabic variants with
coda (< CVCVC >).

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



EBSCChost -

Chapter 10. Development of prosodic structure 191

English: Selected and adapted variants

By the end of the single word point, when the first word combinations can be
observed, most children are beginning to fit more difficult target words into their
favored structures. Tables 3 and 4 provide examples to illustrate the effect of a
child’s preferred production patterns on their phonological advances, drawing on
the children with the highest proportion of a given structure. Selected words are
defined as accurate within the limits of the child’s resources: coda omission is disre-
garded, for example, if the child is not yet producing codas. Adapted words reflect
changes to fit the structure, such as truncation (Emily, apple, button) or metathesis
(Timmy, sun, Sean, Ian). Note that some children preferentially select words of a
particular structure but do not show adaptation (e.g., Geoff, for < CVC > ).

Table 3. < CV(V) > Note that vowel length, which is not contrastive in English, is disre-

garded in allocating forms to this structure. (im. ‘imitation, *N ‘number of tokens of same
form’, if more than one)

Select Adapt

Emily (.53: 24/45)
beads pi(*2) all gone (im.) ka:
box pta: apple br: (*2, im.)
more mo button ba:
Timmy (.40: 14/43)
ball bae:: balloon be::
car ka, ga sun na
Sean (.40: 14/43)
blocks ba (2) bug Baz
blue bwe:, bu", dog dav, tag
mama ma, ma: (3), mo: Ian (im.) ni
quack 20:: mouse may, ma:
Table4. <CVC>

Select
Geoff (.44: 17/45)
cars K'a:f
dog guig
pig pik"
sheep p'itp"
toys [SRIGOH
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French

Table 5 provides an overview of the most-used structures in French. Overall, the
children produce a higher proportion of disyllabic than monosyllabic structures,
the reverse of the English distribution. Furthermore, one of the two most-often used
French structures is the onsetless disyllable (VCV), which is not found in English.

Table 5. Prosodic structures in French

Number of children with over Mean proportion of all
Structure 20%use of structure variants (and range)
cv 10 32 (22-.54)
CvC 1 .26
VeV 8 37 (21-.64)
C,VC,V (including 9 .31 (.22-.42)
Reduplication)
C,VC,V 2 31(.23-.38)

French: Selected and adapted variants

Tables 6 to 9 illustrate French structures. Table 6 again shows adaptations that
include not only truncation but also metathesis (Camille, musique, Julien, pique).
Whereas the English < CV(V) > adaptations are generally based on the initial
(stressed) syllable of the target word, in French both the initial (Camille, couver-
cle, Julien canard) and final syllables (Camille, attends, chercher; Julien araignée,
encore, lapin) provide a basis for the child forms.

Table 6. <CV >

Select Adapt
Camille (.54: 25/46)
chat ‘cat’ Ja attends ‘wait!’ ta
main ‘hand’ mé chercher ‘look for’ fe
plus ‘[no] more’ py couvercle lid’ ku

musique ‘music’ ki

Julien (.50: 20/40)
cou ‘neck’ ku araignée ‘spider’ ne (*3)
plein ‘full’ pE encore ‘again, more’ k3
thé ‘ted te (*3), ke (*3) lapin ‘rabbit’ pE
trois ‘three’ ka (*4) pique ‘stings’ ki (*8), ke, ti
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Table 6. (Continued)

Select Adapt
Basile (.36: 21/59)
bottes ‘boots’ bo (*2) bisou ‘kiss’ bu
¢a ‘that’ 3a (*10) livre ‘book’ Is (*3)
Adeline (.34: 13/38)
lave ‘wash’ la (*4) au revoir ‘goodbye’ bwa
moi ‘me ma lave ‘wash’ ko

As can be seen in Table 7, Beryl, who makes especially heavy use of the < VCV >
structure, also shows instances of metathesis (crapeau, perhaps also nuage).

Table 7. <VCV >

Select Adapt
Beryl (.64: 46/72)
encore ‘again, more’ ako I¢léphant ‘the elephant’ ab>
étoile ‘star’ ata crapeau ‘toad’ ako (*2)
hibou ‘owl’ abu micro ‘microphone’ axo (*13)
un coeur ‘a heart’ ako nyas ‘cloud’ aca
Charles (.44: 14/32)
allo ‘hello’ ald cest bon ‘it’s good’ habo
attends! ‘wait’ ate garcon ‘boy’ hazce (*3)
au revoir ‘byebye’ avwa va pas ‘doesn’t go’ apa (*3)
Adeline (.42: 16/38)
au revoir ‘goodbye’ ova, opa bisou ‘kiss’ atu
trois ‘three ka chapeau ‘hat’ apo (*4)
brosse ‘brush’ 3 gKd voiture ‘car’ atu (*2)
Vincent (.41: 19/46)
allé ‘hello (telephone)’ al> (*2) bravo avo (*4), awo
essaye ‘try!’ ece caché ‘hidden’ ace
ici ‘here’ isi marche pas ‘doesn’t work’ afpa (*6)
Gaél (.37: 18/49)
écrit ‘written’ exri cest ¢a ‘that’s it’ esa (*11)
ici ‘here’ isi chercher ‘to look for’ afe
ouvrir ‘to opery oxri. uvxri (*2) grelot ‘rattle, bell’ exo
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French children who use harmony generally have a large number of reduplicated
forms as well (Table 8).

Table 8. Consonant harmony (and reduplication)

Select Adapt
Carole (.42: 16/38)
Babar baba (x3) chapeau ‘hat’ papo: (x3)
bébé ‘baby’ be:be fromage ‘cheese’ momee
Mimi mimi (2) lapin ‘rabbit’ pa:pa
Laurent (.41: 13/32)
bébé ‘baby’ baba chapeau ‘hat’ bobo (x5)
coucou ‘peek-a-boo’ kuku chausettes/chaussures ‘socks/  [ofy

shoes’

dodo ‘sleep (BT)’ dod> gateau ‘cake’ tato (x3)

One French child makes use of a < C,VC,V > structure in over a third of his
variants, with medial [1] in all 12 forms (see Vihman, 1993, who shows Laurent’s
attraction to medial [1] already in his first word forms).

Table9. <C VC,V >

Select Adapt
Laurent (.38: 12/32)
ballon ‘big ball pal5 (la) brosse ‘brush’ bala
de leau ‘some water’ dalo (le) canard ‘duck kola
voila ‘here you are’ wal:a (le) chapeau ‘hat’ bolo (x2)

It is evident here that word forms with more than a single supraglottal consonant
are especially challenging for the children and that different children deal differ-
ently with the difficulty. Certain aspects of French structure appear to affect these
pre-grammatical word productions. First, phrase-final lengthening may draw
attention away from the word-initial consonant (Vihman, Nakai, DePaolis, &
Hallé, 2004), resulting in some children making (unconscious or implicit) recourse
to <VCV >, which removes the problem. Second, the fact that French nouns
are typically labelled with an article (le chien, la brosse, un coeur, de leau) may
help account for the strong preference for disyllables over monosyllables in the
French children’s production (Wauquier & Yamaguchi, 2013). More specifically,
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the definite articles and pronouns in /1V.../ (le ‘the, m’, la ‘the, £, les ‘the, pl; lui ‘to
hin, leur ‘their’) may have shaped Laurent’s attraction to medial [I], with the rou-
tine use of a fixed sequence < CVIV > providing another solution to the memory
and planning issues posed by within-word consonant change.

Ttalian

Table 10 provides an overview of the most-used structures in Italian. The mini-
mal <CV(V)> structure occurs only rarely. Italian content words are seldom
monosyllabic; two of the three monosyllables produced by several children each
are deictics (qua ‘there, qui ‘here’).

Table 10. Prosodic structures in Italian. (C_ indicates optional consonant: i.e., forms with
and without medial clusters are included)

Number of children with over Mean proportion of all
Structure 20% use of structure variants (and range)
VCC,V 7 27 (21-.36)
C,VC,V (including 8 27 (.22-.36)
Reduplication)
CVCCV 14 29 (.22-.38)
C,VC,V(CV) 6 26 (:21-.29)
Longer words C.L. .25 (13/51)

Another Italian characteristic is the wider distribution of variants in differing
structures: No structures account, on average, for as much as one-third of the vari-
ants produced. This may be due to the fact that so many children often produce
the geminate < CVCCV > structure that the analysis set it apart from the cor-
responding medial-singleton structure, < C, VC,V >. This latter structure, often
with a within-word change of place of articulation, occurs rarely in English and
French child forms, mainly as part of a more specified template. No such templatic
specialization is seen in these cases in Italian.

Italian: Selected and adapted variants

As in French, many Italian children make use of the onsetless disyllabic pattern,
omitting word-initial consonants that are well within their repertoire in other
positions (Table 11).

Use of consonant harmony (Table 12) is seen in about half of the Italian chil-
dren, with some forms showing full reduplication, usually in accurate replication
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Table 11. < VCV > (m. ‘masculine’)

Select Adapt

G.A. (.36: 12/33)

aqua ‘water’ ak:a grazie ‘thank you’ at:fe (6)
ecco ‘here it is’ ek:o (2) latte ‘milk’ at:e
occhio ‘eye’ ok:o quello ‘that, m’ el:o (2)
M.G. (.30: 14/46)

apri ‘open (it)? api (5) basta ‘enough, stop’ at:a (3)
ecco ‘here it is’ ek:o (12) grazie ‘thank you’ atze (5)
uva ‘grape’ uva (5) questo ‘this, m! et:0 (2)

of the target. G.C’s harmony structure includes about equal numbers of simple
harmony and reduplication, with far more selected than adapted variants and
none suggesting adaptation to create a reduplicative pattern.

Table 12. Consonant harmony (C1VC1V)

Select Adapt
G.C. (.33:11/33)
mamma ‘mama’ mam:a (3) latte ‘milk’ tat:e (2)
nanna ‘to sleep (BT)’ nan:a

Table 13 illustrates the large number of Italian children’s variants with non-har-
monic two and three-syllable words with medial geminate. These words all involve
change of place and/or manner of articulation. Note that adaptation here involves
truncation — and many children, like A.P,, simply ‘select’ these words, producing
them accurately.

Table 13. Non-harmonic multisyllabic words with medial geminates

Select Adapt

A.B. (.38: 15/40)

bolle ‘bubble’ bol:e aspetta ‘wait!’ pet:a (2)
grazie ‘thank you’ gat:fe (5) bistecca ‘steak’ tek:a (2)
scarpe ‘shoe’ kap:e piselli ‘peas’ peli
A.F (.36: 16/45)

bello ‘beautiful, nice, m’ bel:o padella ‘pan’ pelia
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Table 13. (Continued)

Select Adapt
grosso ‘fat, m! g08:0 bottiglia bottle bot:ja
metti ‘put’ met:i coperchio ‘lid, cover’ pek:o
A.D.1(.35: 15/43)
bimba baby, f! bimba (3) capretta ‘little goat’ pet:a
forte ‘strong’ fot:e (3) Emilio miljo
freddo ‘cold’ fed:o
A.P. (.33:11/34)
basta bat:a
brucia bu'tfa (3)

Finnish

Table 14 provides an overview of the most-used structures of the six Finnish
children.

Table 14. Prosodic structures in Finnish.

Number of children with over =~ Mean proportion of all

Structure 20% use of structure variants (and range)
CVVv 1 32

VCvV 4 .38 (.29-.50)
Reduplication 1 .36

Consonant harmony 4 .29 (.21-.38)
Reduplication and consonant 2 23 (.22-.24)
harmony combined

C,VC,V 1 25(7/28)

Finnish, like Italian, has contrast between medial singletons and geminates, which
are influential in shaping children’s early word patterns in languages that have
them (see, for example, Khattab & Al-Tamimi, 2013, on Arabic; Vihman & Croft,
2007, on Hindi). However, the Finnish children’s most-used prosodic structures
are quite unlike those of the Italians.

First, monosyllabic content words are more common in the Finnish core
vocabulary than in Italian (making up 13% of the target word types attempted by
any of the six children). An important structural difference is the presence of long
vowels in Finnish and the ‘minimal word’ constraint, such that < CV > does not
occur in content words (see also Demuth, this volume).
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Finnish has many long words, mostly due to the agglutinative morphol-
ogy (several suffixes, each with separate meaning, can be strung together at the
end of a noun, for example; see Savinainen-Makkonen, 2000a), but the basic
uninflected content words are seldom longer than two syllables. Few long words
were attempted (Eliisa paperi ‘paper’ [pape], llari uppista ‘upsy-daisy’ [up:i], Matti,
apelsiini ‘orange’ [apeta] are among the exceptions) and even fewer produced.
And although word-medial geminates are common in Finnish as well as in Italian,
Ilari, the one child who used non-harmonic < CVC(C)V >, targeted and accu-
rately produced more words with singletons than with geminates in this structure.

Finnish: Selected and adapted variants

Tables 15-17 illustrate the prosodic structures used for over 33% of any child’s
variant forms in Finnish. Here it can be seen that Finnish structure, like Italian,
presents relatively few challenges to the child. For < VCV > initial consonant
omission, unknown as a systematic process in English (Savinainen-Makkonen,
2000b), is the main adaptation.

Table 15. < VCV > sP: partitive singular

Select Adapt
Atte (.50: 16/32)
diti ‘mother’ ®it:i (*7) kala ‘fish’ ala
isi ‘father’ ici (*6), aici loppu ‘end, all don€’ op:u (*4)
ukko ‘old man’ uk:o (*3), auk:o pallo al:o (¥2)
Matti (.39: 19/49)
ankka ‘duck ak:a jalka ‘foot’ ak:a
anna ‘give’ @n:e katso ‘look’ ato (¥7)
omppu ‘apple’ op:u (*3) vettd ‘water, sP’ et:ae

Reduplication is more common in Finnish than in the other languages, but it nev-
ertheless accounts for over 20% of the variants of only one child, Mira (Table 16);
the closely related harmony forms are shown in Table 17.

Table 16. Reduplication (s3 ‘third person singular’)

Select Adapt
Mira (.36: 12/33)
mummu ‘grandma’ mum:u jalka foot’ lala
pappa ‘grandpa’ pap:a kukka ‘flower’ kak"a
paapaa ‘sleeping’ (BT) pa:pa: nalle ‘teddybear’ Kak:a

EBSCChost - printed on 2/10/2023 6:37 AMvia . All use subject to https://ww.ebsco. confterns-of -use



Chapter 10. Development of prosodic structure 199

Table 17. Consonant harmony

Select Adapt
Eliisa (.38: 13/34)
kukka “flower’ kuk:a nuke ‘doll’ kuk:e
pupu ‘bunny’ pupo pallo ‘ball pap:u
tytto ‘girl tyt:0 vettd ‘water, sP’ tit:ee
Mira (.33: 11/33)
nend ‘nose neng lintu ‘bird’ tito
tonttu ‘elf, brownie’ toto (*2) setd ‘uncle tete
tytto ‘girl tyt:o (*2) tyyny ‘pillow’ ny:ny

Overview of findings

An overall picture of the distribution of prosodic structures in the four languages
is given in Table 18, with numbers of children making criterial use of each struc-
ture in each language group. (Recall that ‘criterial use’ means reaching at least 20%
of a child’s structures.) With the exception of Italian, where some children are
already beginning to accurately produce words of more than two syllables at this
lexical level, one- and two-syllable forms account for all of the children’s often-
used prosodic structures.

Table 18. Number of children producing over 20% of all variants in each structure.
Shaded cells highlight use by half or more of the children in the group.

English French Italian Finnish

Total number of children 10 13 15 6
CV and/or CVV 9 10 0 1
CVC 5 1 0 0
VCV 0 7 4
Reduplication and/or 3 9 8 6
Consonant Harmony

CcvCccv 0 0 14 0
C, VCV 4 2 7 1
CVCVC 1 0 0 0
longer words 0 0 1 0

Much of the ‘adaptation’ seen in the data analysed here relates to the challenge of pro-
ducing (representing, planning and articulating) two different supraglottal consonants
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in a single word form. Table 18 shows that both English and Italian groups include
more than one child who produces disyllables without harmony to criterion level. In
addition, one French child, Laurent, produces 38% such forms, with a more specified
structure — < CVIV > - accounting for all 12 such words. Such ‘overuse’ of a struc-
ture has been characterized as a phonological template (Vihman, 1993).

On closer examination, phonological templates can also account for at least
two of the cases of high use of the < C,VC,V > structure in English. Molly over-
selects < CVC > target words (Vihman & Velleman, 1989), but adds a final schwa
following her coda nasals — which effectively creates open disyllables (e.g., bang
[pan:a], down [tan:a] and even, with metathesis, Nicky [mzi]). Alice shows a marked
preference for palatal patterns, consistently producing disyllables with a medial pala-
tal stop or nasal or yod (e.g., flower [p'a:ji, padil, lady [leji], shiny [ta:ji, daji]: Vihman
et al.,, 1994). The one UK English child with over 20% < C,VC,V > disyllables has
a glottal or glide as one of the two consonants in all but one word in this structure.

In contrast with the English and French groups, disyllables (or longer
words) with differing supraglottal consonants are quite common in Italian, even
after < CVCCV >, the most used Italian structure, has been set aside. In general,
the Italian children show great facility in producing differing consonants within
a single word form, whether in disyllables or longer words and whether the word
includes one or more geminates or not. This is evident from their lack of heavy
concentration on a single structure. Although this might be supposed to relate
to the fact that, on average, these Italian children are a little older than the other
groups, the structures used here are quite similar to those reported for four Ital-
ian children in an earlier study of 11 children followed longitudinally to age two
(Keren-Portnoy, Majorano, & Vihman, 2009).

Prosodic structures: Production and representation

Both similarities and differences are apparent in the prosodic structures that the
children in different language groups use the most. The similarities can be broadly
summarized as (i) a constraint on length, with words of more than two syllables
occurring as a dominant structure only in Italian, in a single child; (ii) a tendency
to produce open syllables, with only the English-speaking children showing a sub-
stantial number of word forms with codas, almost exclusively in monosyllables;
and (iii) a tendency to produce words with only a single place or manner of articu-
lation found in many word forms in all four languages. This results in the well-
known preference for consonant harmony and reduplication as well as in use of
the < VCV > structure, seen in three of the four languages.

The open syllables are a direct reflection of the canonical syllables that consti-
tute the earliest adult-like babbling forms; similarly, both the constraint on word
length and the relatively low level of within-word consonant variegation have
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been identified, through earlier studies of individual children seen longitudinally,
as reflecting continuity between babble and word use, both in concurrent analy-
ses of the course of development in words and babble (Vihman, Macken, Miller,
Simmons, & Miller, 1985) and in comparisons of words with earlier babble (e.g.,
Keren-Portnoy et al., 2009; Stoel-Gammon & Cooper, 1984).

It is less straightforward to account for the differences across the language
groups. They must in some sense relate to the differences in the adult languages,
especially accentual and rhythmic differences. The absence of the < VCV > pat-
tern in English could be ascribed to the preponderance of trochaic content words
(Cutler & Carter, 1987), for example, but Finnish is exclusively trochaic and Italian
is dominantly so. For both Finnish and Italian, the common presence of medial
geminates appears to draw infant attention away from the onset consonant (Savi-
nainen-Makkonen, 2000b; Vihman & Croft, 2007; see Vihman & Majorano, 2017,
for experimental evidence from Italian). For French, on the other hand, phrase-
final lengthening is a likely contributor to the heavy use of the < VCV > struc-
ture, as noted earlier; the structure is also seen in languages more conventionally
defined as iambic than French, such as Hebrew (Keren-Portnoy & Segal, 2016).

Three aspects of English structure appear to be particularly important in
shaping children’s word forms, which differ so strikingly here from those of chil-
dren acquiring the other three languages. First, monosyllables dominate the input
in English (Vihman et al., 1994). Second, most English words have codas. The fact
that disyllabic structures with codas are rare even in English is most likely due to
the complexity or inherent difficulty of this structure. And, finally, diphthongs
are widely (and accurately) produced in early words in English (Kehoe & Stoel-
Gammon, 2001) and German (Kehoe & Lleo, 2003). Diphthongs do not appear
to constitute a difficulty for production; in the languages in which they occur,
children often make use of them from their very first words. On the other hand,
the only consonant clusters that consistently occur early in the languages in which
they obtain are geminates, which appear to be not only salient but easily produced,
given children’s slow articulation (Vihman & Velleman, 2000).

Conclusion

Prosodic Phonology (Nespor & Vogel, 1986) has been seen as providing a uni-
fied framework for characterizing prosodic development cross-linguistically
(Kehoe, this volume). Alternatively, or perhaps complementarily, metrics have
been proposed as a way of creating a gradient of rhythmic types that might
account for differences in prosodic development (Grabe & Low, 2002; Ramus
et al., 1999; Payne, Vanrell, Prieto, Astruc, & Post, 2012; Vihman, Nakai, &
DePaolis, 2006; see Post & Payne, this volume). However, our emphasis here
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on individual differences within broadly similar typological effects by language
group leads us to suggest that any one way of characterizing stages in prosodic
development overall or the several languages in themselves is unlikely to suf-
fice to account for the different ways in which the ambient language shapes the
prosodic structures of individual children. That is because the individual dif-
ferences between children reflect the many possible, sometimes idiosyncratic
ways in which children respond to their experience of listening to and begin-
ning to produce speech.

In short, the claim here is that innate knowledge of universal principles
of prosodic structure need not be invoked to account for the structures found
to predominate in the word forms analyzed here. Production constraints, a
concomitant of the slow pace of advances in the neurophysiological control of
vocal gestures, play an important role, as does exposure to frequently occurring
structures in input speech. But perhaps the most crucial factor, demonstrated
by the substantial role of adaptation in the children’s use of prosodic structures,
is the individual child’s experience with vocal practice and the effect of that
practice on memory for word forms. The adaptation of less congenial adult
forms to the structures in which a particular child had begun to ‘specialize’
can be understood to reflect the child’s filtering of what they hear through the
patterns they have practiced the most. This filter manifests the effect of pho-
nological memory, constructed through practice and serving as an essential
framework for mapping new words to production routines. This suggests that
the filtering of what children hear through what they are easily able to pro-
duce - with notable differences from one child to the next - is a critical aspect
of prosodic development.
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CHAPTER 11

Understanding the development of prosodic
words

The role of the lexicon

Katherine Demuth
Macquarie University

Children’s early speech productions are not entirely adult-like, with syllables
and morphemes often missing from early utterances. However, these patterns of
development also appear to be influenced by the language being learned. This
chapter explores the role of the lexicon as a driving force in understanding both
lower Prosodic Word (PW) and higher Phonological Phrase and Intonational
Phrase (PP, IP) aspects of children’s early speech. Using evidence from cross-
linguistic studies, it shows how the prosodic shape and structure of the ambient
lexicon influences the course of PW development and the implications this has
for the acquisition of grammatical morphemes such as determiners. It concludes
by exploring the implications of these findings for a developmental model of
speech planning and production.

Introduction

Why do young children produce forms like ‘nana’ for target words like ‘banana’?
There is (at least some) agreement that such child forms are the result of early
prosodic constraints on the lexicon. The goal of this chapter is to explore what
we know about the organization of children’s early prosodic words (PWs), how
this plays a role in understanding the prosodic organization of children’s early
utterances, the theoretical and technical developments that made these findings
possible, and the many issues that remain for further research. It will focus pri-
marily on issues of syllable structure only as this relates to prosodic constituency,
i.e. coda consonants, important for moraic structure and the creation of Feet. (The
reader is referred to the following chapters in this volume for further information
on prosody as it relates to early word segmentation and word learning (Thorson,
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this volume; Teixidd, Frangois, Bosch, & Ménnel, this volume) as well as the early
production of words (Kehoe, this volume; Vihman, this volume).

Prosodic structure

In the following discussion it will become clear that children do not simply repeat
what they hear, but rather construct their output using their own phonological and
prosodic grammar. Although limitations on motor planning may play a role in the
types of articulations that can be produced before the age of one (e.g., MacNeilage,
1980), where repeated sequences of CV tend to appear, it is less clear how this
restricts the shape of children’s early words. Even at 11 months, Lle6 (2001) reports
that children learning German sometimes produce CVC structures in their babbling
forms (cf. Kern & Davis, 2009, for review). This suggests that, even at the babbling
stage, the prosodic (phonotactic) structure of the ambient language begins to influ-
ence the structure that children’s early word-forms will take. This theme of language-
specific attunement in prosodic shape of the early lexicon (e.g., Feet) will reverberate
throughout this chapter, suggesting that the frequency of ambient language lexical
word shapes (in terms of position of stress and the number of syllables) significantly
influences the early shape of children’s PWs and utterances. Thus, although there
are possible ‘universal’ aspects of early prosodic development (starting simple and
small, with evidence of prosodically ‘unmarked’ early forms), these are rapidly re-
shaped by language-specific aspects of the lexicon that the child most frequently
hears and must eventually produce. These issues are discussed in more detail below.

Much less is known about how and when higher-level prosodic structures,
such as Phonological Phrases (PPs) and or larger Intonational Phrases (IPs) are
acquired (though see Teixido, Frangois, Bosch & Minnel, this volume). This
involves the lexicon, but also grammatical morphemes, including prosodic clitics
such as articles, determiners, auxiliary verbs, pronouns, object clitics, etc. Much
morphosyntactic research has suggested that such forms are acquired late due
to the later development of syntactic movement operations (e.g., Wexler, 1994)
and/or lack of understanding of the semantic contexts in which such forms are
used (Hyams, 2007). However, there is also abundant crosslinguistic research
now showing that some of the variable (inconsistent) within-speaker use of such
forms is due to the prosodic contexts in which they appear (cf. Demuth, 2014,
for review). The lexicon again plays an important role in determining the nature
of these different prosodic contexts, and how grammatical morphemes come
to be prosodically incorporated into both PWs, as well as higher-level prosodic
structures. These issues are also briefly explored below, particularly with respect to
the variable acquisition of articles and determiners.
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Of course, none of the recent advancements in this research would have
been possible without several developments, both theoretical and technical. First,
research by phonologists such as Selkirk (1984) and Nespor and Vogel (1986) has
laid the groundwork for exploring not only the prosodic structure of words, but
also higher levels of prosodic structure. This can be captured in terms of the Pro-
sodic Hierarchy, as illustrated in (1).

(1) Prosodic hierarchy

Utt (Phonological Utterance) I saw the bananas on the floor

=—

I (Intonational Phrase) I saw the bananas
I"P (Phonological Phrase) the bananas

P"W (Phonological Word) bananas

F‘t (Foot) nanas

0‘ (Syllable) nas

J (Mora) na

Further developments of the Prosodic Hierarchy by Selkirk (1996) provided a
principled means for exploring within-language and crosslinguistic aspects of
prosodic clitic incorporation. This resulted in a more detailed understanding of
how function words can be incorporated into higher-level prosodic units, depend-
ing on the content of the function word, and how it is prosodified in a given lan-
guage. This is shown in (2).

(2) Prosodic Words  Prosodic Clitics

a. free clitic b. internal clitic  c. affixal clitic
PP PP PP PP
N N | |
PW  PW fac  PW PW PW
] N N
fnc lex lex fnc lex fnc PW
le‘x

These theoretical developments provided a much-needed framework for under-
standing not only the nature of children’s early PW shapes, but also their early
incorporation of grammatical morphemes and production of higher-level PPs
and IPs.
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The second development has been that of constraint-based theories of phonol-
ogy, such as Optimality Theory (OT) (Prince & Smolensky, 2004). This approach
was quickly adopted for better understanding the nature of children’s early word
productions as unmarked forms (e.g., Spencer, 1986; Demuth, 1995; Gnanadesikan,
2004), where segments and syllables are omitted to adhere to optimal unmarked
outputs. In the case of English and Dutch, these were disyllabic, trochaic feet. This
constraint-based approach to early word structure has provided a much-needed
framework for understanding how and why children produce the early PW forms
they do. This will become clear in the following sections in both the discussion of
the early forms of the lexicon, as well as the emergence of prosodic clitics.

The third development that has made much of this research possible has been
technological developments that have facilitated data collection and analysis, mak-
ing crosslinguistic audio/video corpora more widely available, much of it now
posted in the public domain (e.g. CHILDES website: MacWhinney, 2000). This and
PhonBank tools (Rose & MacWhinney, 2014) have greatly enhanced comparative
crosslinguistic acquisition research, enabling us to test hypotheses about the role
of language-specific prosodic structure on the course of PW development (cf., for
example, the papers in Demuth, 2006). The fourth major development has been
increased access to acoustic/phonetic analysis tools such as Praat (Boersma & Ween-
ink, 2005). Having both corpora and experimental data with good quality acoustic
recordings, and being able to listen to these to code for acoustic cues to feature con-
trasts (e.g. Stevens, 2002; Song, Demuth, & Shattuck-Hufnagel, 2012), as well as pro-
sodic phenomena such as pitch, intonation, phrase-final lengthening, etc. (e.g. Snow,
1994; Frota, Cruz, Matos, & Vigario, 2016; Thorson, this volume; Teixidd, Frangois,
Bosch, & Minnel, this volume), has enabled the growth of extremely important,
more acoustically-grounded approaches to early prosodic development.

Given these converging areas of advance, it is now possible to explore the
nature of children’s prosodic development at all levels of the Prosodic Hierarchy,
providing a more coherent picture of how and when children begin to produce
more adult-like prosodic representations. Given better theory, data and tools for
analysis, we can then begin to address issues of why children produce the early PW
forms and utterance shapes they do, and better understand how this develops over
time. Ultimately what is needed is a full developmental model of lexical access
and higher-level speech planning processes. Although such models exist for adults
(e.g. Levelt, Roelofs, & Meyer, 1999), many of the methods used to understand the
nature of these processes are impractical for studies of child speech. It is therefore
hoped that the review below will provide the first steps toward moving to such a
goal, providing a better understanding of how and when children begin to pro-
duce PWs and utterances in a more adult-like way. We turn now to the growth of
the lexicon, with a focus on early PW structure.
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Markedness and the growth of prosodic words

Early PWs and feet

There has been much debate about how and why childrens early PWs take the
form that they do, often truncated, with syllables and segments missing. Given
careful within-language analysis, and comparing this across languages, it has been
proposed that the shape of children’s early PWs is much influenced by marked-
ness constraints (cf. Spencer, 1986; Demuth, 1995; Gnanadesikan, 2004). Thus,
children’s first words often take the form of CV or CVCV PWs with canonical CV
syllables, and often contain reduplicative (C,V,C,V,) forms such as ‘dada. Con-
sonant harmony is rare in adult phonologies of the world (Hansson, 2001; Rose &
Walker, 2004). However, children’s reduplicative forms appear to be the first step
in producing actual PWs. These early PWs gradually become more differentiated,
keeping the same vowels while beginning to vary the consonants (C,V,C,V)), or
keeping the same consonants while varying the vowels (C,V,C,V,). This then
evolves into more differentiated C,V,C,V, forms. Examples of such forms come
from a French-speaking child, who went through all these stages (though only a
few stages are are captured in the corpus for a given word) (e.g., chapeau /[a'po/ >
[po'po] > [ta'po] .... > [fa'po] ‘hat’ (cf. Demuth & Johnson, 2003).

This gradual PW development may be due to increasing articulatory capabili-
ties. Levelt (1995) notes that children’s early words tend to exhibit strong coarticu-
lation effects, with labial consonants typically co-occurring with rounded vowels
(as in the French example above). As with ‘consonant harmony, the strong co-
articulatory effects found in early CV sequences minimizes the number of places
of articulation the child has to target. Young children have small mouths and a big
tongue (Kent, 1976), a challenge on fine-grained tongue movements. As the child’s
mouth gets bigger and articulatory control of the tongue more refined, the number
of potential places of articulation within a PW increases. The reduplicated forms
thus slowly give way to more target-like PWs, even though they may continue to
take the form of disyllabic feet.

Thus, children’s early words often remain ‘unmarked” prosodic forms until
around 1;6 years, with simple syllable and PW structure. This also means that
longer target words are truncated (banana > nana), and CVC target words are
produced either as CV, CV:, or epenthesized to CVCV (e.g., dog > da ~ da: ~ daga),
at least in languages like English where 80% of words in child-directed speech
(CDS) are monosyllabic (Roark & Demuth, 2000). Early disyllabic PW's typically
exhibit stress on the first syllable of the word, as is common in English. In closely
related Dutch it is clear that this has the status of a constraint, with examples
where the stress is shifted to the first syllable of the output form, even when the
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target word has final stress (e.g., balon /ba'lon/ > ['bo:mi] ‘ballon’) (Fikkert, 1994;
Demuth, 1995, 1996a).

In contrast, for languages where the CDS lexicon has many longer words
(e.g., 28% of the Spanish CDS has words of 3 syllables or more (Roark & Demuth,
2000), children pass through this stage of PW truncation to a disyllabic foot much
more quickly, and begin to produce trisyllabic words, even truncating 4 syllable
words to 3 (e.g., eskalera > kalera ‘stairs’; Gennari & Demuth, 1997). In a language
like French, where the lexicon is evenly split between disyllabic and monosyllabic
lexical forms, and the final syllable in the PP (or PW in citation form) is the most
prominent (due to phrase-final ‘stress’), children produce ‘tambic’ disyllabic feet in
their early productions (e.g., chapeau > [po’po) ‘hat’) (Demuth & Johnson, 2003;
Demuth & Tremblay, 2008). Thus, given the predominant prosodic patterns of the
ambient lexicon (i.e., head direction of feet, number of syllables per word), chil-
dren’s early PW shapes begin to diverge crosslinguistically around 1;6-1;8 years,
more closely approximating the most common target PW forms.

This is further seen in Catalan, where children omit the initial weak syllable in
WS words for much longer than found in closely related Spanish, despite the fact
that disyllabic iambic PWs are much more frequent in Catalan (cf. Prieto, 2006).
Prieto (2006) suggests that this is due to the much higher frequency CVC struc-
tures in Catalan compared to Spanish, boosting the status of monosyllabic moraic
trochees early in development.

Thus, around the age of 1;6 years, children’ early reduplicative PW and disyl-
labic feet give way to better matching the more predominant PW shapes of the
target language. There are several ways to understand the nature of this develop-
mental change. From a constraint-based perspective, children are becoming more
‘faithful to the input, beginning to map more of the target lexical (segmental and
syllabic/prosodic) information into their early PWs. At the speech planning and
grammatical development level, children are also beginning to use larger prosodic
structures, mapping early function words (such as determiners) into PWs and
higher-level PPs and IPs. These issues are explored further below after a consider-
ation of how coda consonants are acquired.

Syllable structure and coda consonants

We have mentioned above that children’s early PWs take the form of unmarked
prosodic structures, and this appears to hold at the level of the syllable as well.
Thus, CV syllable structures are thought to predominate early on, with more
complex syllable structures emerging around 1;6 years, at least in Germanic lan-
guages. This general pattern again seems to be driven by early sensitivity to lan-
guage-specific syllable and PW structure. For example, Lled (2001) reports earlier

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



Chapter 11. Development of prosodic words 213

use of coda consonants in German-Spanish bilinguals than in their monolingual
Spanish-learning peers (Lled, 2003, 2006). This suggests that the high frequency of
coda consonants in the ambient language may encourage early inclusion of coda
consonants in children’s early PWs.

Again, this development is interesting for several reasons. First, from a con-
straint-based perspective, it suggests that children are demoting the highly ranked
constraint against coda consonants (NoCoda) earlier in languages where codas
abound, allowing for coda consonants to appear earlier that in languages where
coda consonants are less frequent. Although some children may initially epenthe-
size early CVC (e.g. big /'big/ > ['biga], cup /'kap / > ['kopi]), most appear to wait
until they can produce coda consonants in a more adult-like way (cf. Demuth,
Culbertson, & Alter, 2006).

Cross-linguistic evidence suggests that children’s early use of coda consonants,
and consonant clusters more generally, again reflect the tendencies of the ambient
language. For example, Prieto (2006) shows that children learning Catalan, which
has many final consonant clusters, begin to produce coda consonants earlier than
in closely related Spanish. She suggests that the fact that these coda clusters occur
in a stressed syllable further facilitates early production. Kirk and Demuth (2006)
also show that simple codas are more likely to occur in stressed and/or final syl-
lables in children’s early speech, probably due to the increased duration of such
syllables, providing sufficient time to produce all the coda consonants (cf. Hsieh,
Leonard, & Swanson, 1999). This then also has an impact on when and how word-
final inflectional morphemes are acquired (e.g., Song, Sundara, & Demuth, 2009).
We revisit this issue below.

Levelt, Schiller, and Levelt (2000) show that Dutch-learning children begin
to use consonant clusters either at the beginnings or ends of words, but not both
at the same time. Levelt et al. (2000) show that the frequency of onset and coda
clusters is the same, again suggesting that learners are acutely attuned to the fre-
quency with which certain prosodic structures are used in the ambient language.
Coordinating all such segments of a PW in a short amount of time (one syllable)
can be an extremely complex undertaking, requiring very fine tongue move-
ments — a challenge for early learners (Kent, 1976). Kirk and Demuth (2006)
show that children are most likely to include production of segments within a
PW if they occur at the same place of articulation, thus requiring fewer articula-
tory gestures.

But what happens before coda consonants are acquired? It was implied above
that children then produce either reduplicated CVCV PWs, or merely CV. How-
ever, in many of the world’s languages, CV PWs are not permitted. The following
section discusses Minimal Word constraints, and how and when children come to
realize that the target language has such constraints.

EBSCChost - printed on 2/10/2023 6:37 AMvia . All use subject to https://ww.ebsco. confterns-of -use



214

Katherine Demuth

EBSCChost -

Minimal prosodic words and moras

Many languages in the world observe a Minimal Word constraint, where well-
formed PWs must contain a minimal amount of phonological structure. Typically
this is realized in terms of two moras of structure, or a Foot. In languages that have
only monomoraic syllables (i.e. no long vowels/diphthongs and no coda conso-
nants), Minimal Words must be composed of a disyllabic foot. Bantu languages
such as Sesotho have such forms (Doke & Mofokeng, 1985). Thus, for monosyl-
labic verb stems produced in the imperative, where no other prosodic clitics are
available, the verb is augmented with an epenthetic syllable to ensure PW well-
formedness (e.g. ja ‘eat’ > jaa! ~ eja! ‘eat!’).

A language such as English requires that, in the case of a monosyllable, there
be at least two moras of structure. Thus, word formation processes such as form-
ing nicknames (e.g., Lou from Louis, Joe from Joseph, Bec from Rebecca) all take a
tense/long vowel (CVV) or a coda consonant (CVC): forms that are only mono-
morphemic, such as Be [be] instead of Bec, are ill-formed. Thus, although Spanish
permits sub-minimal forms in expletives si/ ‘yes!; it does not permit subminimal
open class lexical items. Similarly, English function words can occur with only one
mora (e.g., articles the, a, etc.), whereas open class lexical items cannot. There are a
few languages, however, that permit sub-minimal PWs for open class lexical items
such as nouns, verbs, adjectives, etc., and this includes languages like French (lait
/le/ ‘milkK;, eau /o/ ‘water’) and Japanese (/me/ ‘ey€’).

However, Ota (1999) suggests that words in Japanese child-directed speech are
typically augmented to form disyllables with the addition of diminutive suffixes.
Thus, Japanese leaners may rarely hear subminimal PWs during development. It
also appears that Japanese learners are keenly attuned to the moraic structure of
their language from an early age, employing compensatory lengthening as a means
of preserving moraic structure when they cannot produce word internal coda con-
sonants (Ota, 1999).

This raises the question of when and how learners in general become sensitive
to the fact that PWs in the language they are learning must have a certain amount
of prosodic structure. At a stage of development where they cannot yet produce
coda consonants, is there any evidence that they produce Sesotho-like ‘repairs,
enhancing their coda-less productions with an epenthetic vowel, or lengthening
the vowel to constitute two moras of structure?

Demuth and Fee (1995) suggested that English learners do show early com-
pensatory strategies, lengthening CVC targets with a short/lax vowel to a long,
bimoraic form (e.g, cat /keet/ > [kee:]). However, as the data were limited, it was
difficult to verify these findings. This issue was therefore revisited once data from
six English-speaking 1-3-year-olds and their mothers become available as part of
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the Providence Corpus (Demuth et al., 2006). Although there was no evidence of
vowel lengthening from IPA transcriptions, the authors found that coda conso-
nants were more accurately produced in monosyllabic target words with mono-
moriac vowels, suggesting earlier use of coda consonants in contexts where they
could be prosodified as part of a bimoraic PW, or Foot. Song and Demuth (2008)
then carried out an acoustic study of three children’s spontaneous speech pro-
ductions from the Providence Corpus (Demuth et al., 2006), and found that tar-
get CVC words produced without a coda consonant did show lengthening of the
vowel. Interestingly, however, this lengthening took place on words with both long
and short vowels, suggesting that this was evidence of compensatory lengthening
(making up for the missing coda consonant), rather than lengthening the vowel to
ensure word minimality. That is, young children were exhibiting vowel lengthen-
ing across the board, for both target short and long vowels, rather than selectively
for only the short vowels. This suggests that this compensatory process was car-
ried out for segmental, rather than prosodic reasons. It thus remained unclear if
and when young children might learn that well-formed English PWs must also be
minimal words, containing two moras of structure.

Previous study by Kehoe and Stoel-Gammon (1997, 2001) had also suggested
that children tend to produce coda consonants earlier in contexts where these are
prosodically licensed as part of a bimoraic foot. To explore this issue further Miles,
Cox, Yuen, and Demuth (2016) carried out a carefully controlled elicited imitation
experiment with Australian English-speaking children aged 2;3. The stimuli con-
tained all monosyllabic words, half with a short vowel (CVC), and half with a long
vowel (CVVC). The hypothesis was that the children would be more likely to pro-
duce codas with the short-vowel stimuli and allow coda-less forms for the stimuli
with long vowels, and this was confirmed: Acoustic analysis showed that the coda
consonant was preserved in 83% of the CVC targets, but in only 59% of the CVVC
targets. Thus, the odds of a child exhibiting a coda consonant when preceded by a
short vowel (CVC) was 1.9 times greater than when preceded by long vowel (CVVC).
This suggests that, at least by the age of 2;3, children learning English have some sen-
sitivity to the Minimal Word constraint. It would be very interesting to know when
and how this awareness develops in other languages that exhibit these constraints.

The situation is somewhat different in French, where subminimal words con-
stitute 20% of the open class lexical items found in CDS. In a study of a French-
speaking child’s early productions, Demuth and Johnson (2003) found that target
CVC words initially surfaced as CV, and were then reduplicated as CVCV, similar
to the early unmarked patterns widely found, as discussed above. However, the
child then selectively truncated these (as well as some disyllabic target words) to
CV, producing subminimal words, (sel [sel] > [te] ‘salt, coquille [ko'kij] > [toti] > [ti]
‘shell’). This highly unusual developmental path is not predicted by the theory that
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proposes a steady increase in prosodic development, where children’s PW struc-
tures are thought to increase in complexity over time (Demuth, 1996). However,
Demuth, and Johnson (2003) showed that the French findings could be explained
by appealing to interactions between segmental and prosodic constraints, where
unmarked consonants (often /t/) are initially mapped in to output CV forms, but
then deleted as the grammar becomes more ‘faithful’ to mapping target conso-
nants into the output. However, Demuth and Johnson (2003) also argued that chil-
dren’s subminimal CV outputs, which make up a significant portion of the French
lexicon, are also prosodically licensed by a mature grammar of French. Thus, trun-
cation to subminimal words in a language like French does not violate the general
constraints on prosodic word structure in this language. Interestingly, Prieto (2006)
reports similar subminimal CV forms in early Catalan, where the final stressed
syllable is attempted, resulting in only a CV PW (madame [ma'dam] > ['da] ‘Mrs.
(Suzanne, 1;6), pernil [par'nil] ['ni] ‘prosciutto’ (Lluis 1;4.10)). Similar findings are
reported for European Portuguese (papa /'pape/ > ['pa] ‘food’ (Joao 1;3.4) (Vigario,
Freitas, & Frota, 2006). For children learning some languages, then, subminimal
words may be produced at early stages of development, whether prosodically
licensed by the target grammar or not. However, in terms of prosodic develop-
ment, this may actually represent an advance, gradually becoming more faithful
to the segmental content of target form, even at the cost of omitting the occasional
(typically unstressed) syllable. This is explored further below.

Truncation of unfooted syllables

As mentioned above, typical (and/or permitted) forms of the ambient lexicon
helps to explain early truncation patterns. This is true also for the truncation of
unfooted syllables, which tends to occur in many languages until around 2 years
and 6 months of age. Thus, given the typical shape of a PW in the target language,
children tend to either omit pretonic unfooted syllables, or shift the stress to
match the more typical lexical form. This is clearly seen in examples from English
(e.g. banana > nana) and Dutch (balon /ba'lon/ > ['bo:mi] ‘ballor’), respectively
(cf. Demuth, 1996a, 1996b, 2001; Fikkert, 1994). Sometimes words like banana
are truncated to the more unmarked (obstruent) onset bana, providing clear
evidence that the unfooted syllable is perceived, just not produced. The same is
found for Spanish, where children reduce a trisyllable to a disyllabic trochaic foot,
omitting (part of) the syllable that contains segments they cannot produce (e.g.,
musieca > meka ‘doll’) (Gennari & Demuth, 1997).

Further evidence that children ‘know’ that these syllables exist in the target
form is that they leave acoustic traces for the syllables they omit. This was nicely
illustrated in an elicited production experiment by Carter and Gerken (2004).
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Thus, given a sentence such as I like Lucinda, children aged 2;3 left an acoustic
interval/timing unit for the first syllable of the proper name (I like _cinda). This
suggests that children ‘know’ that the missing syllable should be in this slot, but
lack the speech planning resources to implement it. This raises many questions
about the nature of children’s early lexical and PW representations. If these are
adult-like, then this raises further questions about how these are retrieved from the
lexicon, and implemented during production. In the following section we explore
this issue in greater detail, along with the early production of prosodic clitics. The
development of early PW structures, at least for English (but probably many other
languages as well), can therefore be understood in terms of the prosodic structures
found in (3) (Demuth, 1996b).

(3) Prosodic Word Structures

a. Subminimal Word  b. i. Bimoraic Foot ii. Disyllabic Foot c. Initial Unfooted Syllable

PW PW PW PW
F‘“t F‘t lit Ft
| | N N
[0} o o [0} [0} o [0}
| N
1 i 1

In the next section we see that this has further implications for the acquisition of
function morphemes, which often take the form of prosodic clitics.

The development of prosodic clitics: Interactions with PW shape

Of course, children do eventually begin to use PWs that contain more than just
a foot of prosodic structure, producing words such as banana in English, balon
‘ballon’ in Dutch, and mufieca ‘doll’ and escalera ‘stairs’ in Spanish. This tends
to happen by 2;6 for many children learning English, but earlier for Spanish (cf.
Lled, 2001) - again influenced by the frequency with which these more com-
plex prosodic structures occur in the ambient language. Along with the appear-
ance of PWs that constitute more than a Foot of structure comes the ability to
produce the beginnings of prosodic clitics such as determiners as well (e.g.,
mufieca > meca > mufieca, la mufieca > ameca) (e.g., Gennari & Demuth, 1997;
Lle6 & Demuth, 1999). This then raises the question of what level of prosodic
structure these forms take.
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Recall that Selkirk (1996) suggested that clitics are prosodified at different lev-
els of structure depending on both the nature of the clitic and the language, as
shown in (2) above. Thus, Gerken, and McIntosh (1993) and Gerken (1996) pro-
posed that English-speaking children’s early variable omission of articles is due to
prosodic constraints: Those determiners following a monosyllabic word can be
prosodified as part of a foot and PW, as in (2b) above, whereas those following a
disyllabic word are left unfooted, to be prosodified at the higher level of the PP or
IP, as in (2¢) above. This suggests that, before 2;3 years, many English-speaking
children might not yet represent higher-level IP structure, or at least do not/cannot
prosodify function words at this level, and thus omit unfooted articles. (See Snow
(1994), however, who provides evidence of phrase-final lengthening at 2 years, sug-
gesting a boundary awareness of IP structure at this age). The results of Gerken’s
(1996) elicited imitation findings are confirmed in analysis of spontaneous speech
(Demuth & McCullough, 2009). Further acoustic analysis of one of the childrens
productions in this latter study even showed development in this respect, first pro-
ducing the article the as an independent (stressed) PW at 1;10, but then as part of a
Foot with the previous monosyllabic word by the age of 2;0, as shown in (4).

(4) Prosodic Incorporation

1P 1P
/’\ /\
PW PW PW PW PW
see the dog > [see the] dog

Thus, although many researchers have proposed that the omission of grammati-
cal morphemes in children’s early productions is due to syntactic or semantic
limitations, it appears that many early aspects of children’s variable production
of grammatical morphemes may be due to their limited abilities with prosodic
representations. In particular, those grammatical morphemes that are ‘prosodi-
cally licensed’ as part of the child’s prosodic grammar tend to be more reliably
produced (cf. Demuth, 2014).

Crosslinguistic research has shown that children’s early production of articles
and determiners (English, French, Spanish, German, Italian), as well as Bantu
noun class prefixes (Demuth & Ellis, 2009) is thus prosodically constrained, inter-
acting with children’s level of prosodic competence at the level of PP and IP struc-
ture. However, the driving force behind this expansion to higher levels of prosodic

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



Chapter 11. Development of prosodic words 219

structure appears to be the lexicon itself. Thus, children learning languages such
as Spanish and Italian, where most words are 2 or 3 syllables in length (e.g., often
more than a Foot), appear to represent higher levels of PP and IP structure earlier
than children acquiring primarily monosyllabic English (e.g., Demuth, Patrolia,
Song, & Masapollo, 2012; Giusti & Gozzi, 2006). Children learning languages with
a large number of disyllabic stems, such as French and Sesotho, fall somewhere
in between. Evidence for this comes from examining when and how increasingly
large prosodic structures, including words with a greater number of syllables, and
the production of prosodic clitics (e.g. articles, determiners, noun class prefixes,
etc.), begin to be produced (e.g. Spanish: la eskalera ‘the stairs’: lera > kalera > akal-
era > la-eskalera) (cf. Demuth et al., 2012). Thus, the nature of the ambient lexicon
plays a major role in how and when grammatical morphemes such as determiners
are acquired.

This is part of a much larger picture of how children’s acquisition of grammar
interfaces with their growing competence with prosodic structure more generally.
Children’s early use of phrase final lengthening (Snow, 1994) provides the context
for the first use of inflectional morphology in a language like English. Thus, recent
research has shown that children are much more likely to produce plural and tense/
agreement inflections on nouns and verbs that occur phrase finally (Now she cries,
I like dogs) compared to phrase medially (She cries now, The dogs run) (e.g., Song
et al,, 2009, 2012; see also Hsieh, Leonard, & Swanson, 1999, and Demuth, 2014,
for review). We suspect that many other cases of function morpheme omission are
also due to limitations in children’s use of prosodic structure, but this has yet to be
more fully investigated crosslinguistically. This is part of a larger developmental
process of gradually becoming more adult-like in many different aspects of speech
planning and production (cf. Yuen, Demuth, & Johnson, 2011), an issue that still
requires much future research.

What might a developmental model of speech planning look like? Adult mod-
els like that of Levelt and colleagues (Levelt et al., 1999) assume an adult-like lexi-
con, adult-like representation of PWs, and access to a full prosodic hierarchy. It
also assumes an adult-like working memory capacity, and the concomitant abil-
ity to construct a lemma, access words from the mental lexicon, formulate motor
commands, and execute them using language-specific prosodic organization. If
the first pieces of this process are not yet adult-like, the ultimate prosodic orga-
nization of an utterance, as well as the words within the utterance, may not be
completely well-formed. Much research is still needed to better understand the
various steps in this process, and crosslinguistic evidence will be critical, just as it
has been for understanding the development of prosodic units such as the syllable
and PWs. This will hopefully provide a better understanding of why children omit
certain syllables and grammatical morphemes in early speech, why child speech
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often sounds like it is a collection of PWs combined into an IP, with somewhat flat
rather than hierarchical prosodic structure, and how and when children become
prosodically more adult-like.

Conclusion

Much is still to be learned about how children’s prosodic structure develops, includ-
ing at higher levels of prosody (see, for example, Chen & Fikkert, 2007; Frota et al.,
2016; Prieto, Estrella, Thorson & Vanrell, 2012; and Yuen et al., 2016, amongst
others). Critically important to this enterprise is an acoustic understanding of how
different levels of the prosodic hierarchy are instantiated across languages, and
how children begin to perceive and produce the acoustic cues to these different
prosodic structures in their own speech productions as these become syntacti-
cally and prosodically more complex. It is hoped that this paper will provide the
beginnings of a road map for further investigation in this direction. Ultimately, the
findings will help inform a much-needed developmental model of speech plan-
ning and production, providing further insight into how and when child prosody
begins to approximate more fluent speech.
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Moving to meaning: Prosody and pragmatic
development

EBSCChost - printed on 2/10/2023 6:37 AMvia . All use subject to https://ww.ebsco. confterns-of -use



EBSCChost - printed on 2/10/2023 6:37 AMvia . All use subject to https://ww.ebsco. confterns-of -use



EBSCChost -

CHAPTER 12

Early development of the prosody-meaning
interface
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This chapter reviews evidence on how infants up to 18 months of age develop the
ability to use prosody as a sign of the expression of pragmatic meanings, from
both a comprehension and a production point of view. Developmental research
reveals that pre-lexical infants use prosodic information not only to comprehend
emotions in the speech of their communicative partners, the intentional value of
the partners’ speech, and their speech act motivation, but also to express these
same pragmatic meanings when they communicate with others. In essence,
before the emergence of lexical and grammatical skills, infants use prosody to
communicate intentionally with the world around them.

Introduction

Human languages resort to a variety of linguistic strategies for the expression of
meaning, including not only grammatical and lexical encoding but also prosody.
Prosodic patterns in human speech convey a set of pragmatic meanings that a
young child must learn to comprehend. Research on the prosody-meaning inter-
face has traditionally distinguished between two types of information that can
be expressed through prosodic patterns: on the one hand, attitudes and emo-
tions (what has been traditionally called paralinguistic or affective meaning) and,
on the other hand, speech act information, information structure, and speakers
beliefs (what has been called linguistic meaning) (e.g., Gussenhoven, 1984; Ladd,
1996; see Prieto, 2015, for a review). Traditionally, prosody has been separated
into two types, emotional/affective prosody and linguistic/pragmatic prosody.
More recent accounts, however, have rejected this simple dichotomy on the
grounds that prosody is used by speakers to convey a wider range of dimensions
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of meanings than just these two (such as emotions and affect, politeness, speech
acts, agreement or disagreement between interlocutors, epistemic positioning,
or information structure), and, furthermore, these dimensions are not mutu-
ally exclusive to each other anyway (Portes, Beyssade, Michelas, Marandin, &
Champagne-Lavau, 2014; Prieto, 2015; for a claim that emotions can be seen as
pragmatic and epistemic actions, see Wilutzky, 2015). In the present chapter we
will refer to all of such dimensions as meanings or pragmatic meanings indistin-
guishably, since the debate about whether they are all linguistic or not lies beyond
the scope of this chapter.

The central question we will address here is when and how infants start
to develop the ability to understand and express meanings through prosody.
Much of the answer must lie in the human environment with which a newborn
has first contact. Indeed, through the exaggerated prosodic properties of infant-
directed speech, caregivers make the relationship between prosodic form and
communicative function uniquely salient to children (see Saint-Georges et al.,
2013, for a review), thus paving the way for infants to start learning the prosody-
meaning correspondences of their mother tongue. Over the last few decades,
developmental research has focused heavily on how infants use sensitivity to
prosody as a tool to discriminate among the rhythmic patterns, pitch cues, and
accentual patterns that are typical of the language that surrounds them (e.g.,
Bhatara, Boll-Avetisyan, Hohle, & Nazzi, this volume). This early sensitivity to
prosody has been claimed to function as a bootstrapping mechanism for early
speech segmentation as well as word learning (e.g., Bhatara et al., this volume; de
Carvalho, Dautriche, Millotte, & Christophe, this volume; Thorson, this volume;
Teixido, Frangois, Bosch, & Minnel, this volume). However, work on children’s
use of this early sensitivity to prosody to access the pragmatic meaning dimen-
sion is still relatively sparse, and little is known about how children exploit the
various meanings conveyed by prosody, especially in the early stages of language
development.

Being able to map incoming speech to meaning is a fundamental skill in early
language acquisition because it is crucial for successful social interactions. From
the moment they are born, infants show social skills that act as important pre-
cursors and predictors of their later linguistic and cognitive abilities. Newborns
prefer to look at human faces more than other types of stimuli (e.g., Johnson, Dzi-
urawiec, Ellis, & Morton, 1991), and they prefer to listen to their mother’s voice
over the voices of other females or other people in general (DeCasper & Fifer,
1980). Thanks to these early social abilities, infants know when they are being
addressed, have expectations about what will come next in social interactions, and
begin to infer relevant and generalizable information about communicative acts
(Csibra & Gergely, 2009).
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Around the middle of the first year of life, infants develop communicative
skills that are crucial for the emergence of intentional communication. They start
to engage in joint attentional frames, following a communicative partner’s gaze
or gesture towards an event or an action or directing the other person’s attention
towards it by using gaze or gesture strategies themselves (e.g., Bruner, 1975). Infants
as young as 5 months also notice that actions can have different goals (Woodward,
1998), and by the end of their first year of life they can attribute a goal to an action
even if the action is not completed (e.g., Meltzoft, 1995). In order to process and
express meanings in interaction, infants use contextual information such as the
physical presence of the objects being referred to or the social actions that preceded
the interaction (e.g., Clark, 2004, among many others).

This chapter will review evidence that reveals how infants (from 0-18 months)
use prosody as a tool to comprehend and express pragmatic meanings in interac-
tions. The evidence will be drawn from a set of studies that show infants’ abilities
to successfully map prosody to pragmatic meaning in three separate areas, namely
(a) the comprehension and expression of emotion-related meanings, (b) the dis-
tinction between intentional and non-intentional speech, and (c) the expression
and comprehension of speech act motives. The motivation for this three-way divi-
sion comes from the fact that, although these areas interact with and feed off each
other, previous research has traditionally studied them separately. On the one
hand, some studies have investigated when and how infants learn that actions are
goal-directed (i.e., intentional, as opposed to accidental), and on the other hand,
other studies have examined when infants learn to produce and comprehend
actions with specific social motivations (in speech, these would be regarded as
speech acts). In essence, the existing evidence indicates that infants use prosody as
a tool to infer and express pragmatic meaning well before they can use lexical and
grammatical tools for these purposes.

The prosody-meaning interface in infancy: Comprehension

There is a vast literature on language development showing that babies are sensi-
tive to the prosodic features of speech such as pitch and duration, even before
birth (see Bhatara et al., this volume; de Carvalho et al., this volume). Four-
month-old infants prefer to listen to infant-directed speech (i.e., speech with
exaggerated prosodic features such as higher pitch range, higher mean pitch,
and slower speech tempo) than to adult-directed speech (e.g., Fernald, 1985).
Similarly, babies can discriminate between languages which display timing dif-
ferences such as utterance-final lengthening or languages which belong to dis-
tinct rhythm classes (e.g., Nazzi, Bertoncini, & Mehler, 1998), and they can also
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distinguish between different stress patterns in the ambient language. Infants
between 4 and 9 months of age prefer to listen to the rhythmic and prosodic
patterns of their ambient language and can use this information to segment the
speech stream into words (e.g., Hohle, Bijeljac-Babic, Herold, Weissenborn, &
Nazzi, 2009).

Infants’ sensitivity to pitch direction also emerges very early in life. Infants
between 4 and 9 months of age discriminate between rising and falling intonation
patterns in the case of intonational languages like Portuguese or English (Frota,
Butler, & Vigario, 2014) and several different tonal shapes in the case of tonal lan-
guages like Mandarin or Cantonese (Yeung, Chen, & Werker, 2013). These studies
suggest that language-specific perceptual sensitivity emerges earlier for prosodic
patterns (e.g., pitch and stress) than for segmental patterns (e.g., vowels and con-
sonants). However, less is known about how young infants use this early sensitiv-
ity to prosodic cues in social contexts to infer pragmatic meanings expressed by
their interlocutors. The following sections discuss the current findings on how
infants develop the ability to map prosodic cues to social meaning, focusing on
how prosody is used by infants to understand a communicative partner’s (a) emo-
tional and affective state, (b) goal to act intentionally, and (c) motivation for a
particular speech act.

Infants’ early understanding of others’ emotional states through prosody

The sensitivity to the emotional valences expressed by prosodic cues develops very
early in infants. By 5 months of age, infants are found to react differently to dif-
ferent affective vocal expressions (for instance, smiling in response to approval
vocalizations), can discriminate between sad or angry vocalizations if the vocal-
izations are accompanied by facial expressions, and can match positive and nega-
tive affective vocalizations with the appropriate facial expression (e.g., Fernald,
1993; Vaillant-Molina, Bahrick, & Flom, 2013). These behavioral findings have
been confirmed by evidence coming from electrophysiological and brain imaging
studies. Electrophysiologically measured responses have revealed that newborns
are sensitive to threat-related emotions, with different activations of the fronto-
central scalp region being found for angry and fearful voices respectively (Zhang
et al., 2014). Similarly, evidence coming from near infrared spectroscopy (NIRS)
(e.g., Grossmann, Oberecker, Koch, & Friederici, 2010) and from ERP responses
(e.g., Blasi et al., 2011) has shown that 7-month-old infants react differently to
semantically-neutral words depending on whether they are produced with a
happy, angry, or neutral tone of voice (see Teixido, Francois, Bosch, & Minnel,
this volume, for more information about infants’ brain responses to prosody for
speech segmentation and word learning).
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Before their first birthday, infants develop a strong understanding of emotional
states based on their analysis of prosodic cues. Mumme, Fernald, and Herrera
(1996) asked mothers to produce vocal cues of positive, negative, or neutral affect
directed towards a referent located in front of their 12-month-old infant. In the
positive affect condition, the mothers were asked to say ‘Oh, how delightful!’, the
Oh being high-pitched and smooth, and the how delightful being produced in a
relaxed voice with a rise-fall pitch. In the negative affect condition, the mothers
said ‘Oh, how frightful!} the Oh here produced with a gasping inhalation, and
the how frightful produced rapidly with a tense voice slightly high in pitch. In the
neutral affect condition, the mothers said ‘Oh, how insightful!’ the entire utterance
being produced in a monotone voice. The results revealed that the infants showed
negative-affect behaviors towards the referent after mothers had expressed vocal
cues of negative affect, but not when they had expressed vocal cues of positive or
neutral affect. Interestingly, they also revealed that not all affects seem to have
the same impact, since vocal cues of positive affect did not induce positive-affect
behaviors in the infants.

Despite the fact that Mumme et al’s (1996) results showed that infants could
infer an adult’s emotions by relying on vocal cues, the experimental design left it
unclear as to whether it was the lexical or prosodic content of the vocalization (or
both) that induced this effect. Although at such a young age the infants presumably
did not yet understand words like frightful or delightful, the possibility that lexical
knowledge might have influenced their responses cannot be completely ruled out.
More recent studies have managed to isolate prosody as a variable, with results
showing that 15-month-old infants are able to associate pitch values in a commu-
nicative partner’s speech with the emotions (s)he is intending to convey. Hoicka
and Wang (2011) presented 15-month-old infants with an experimenter produc-
ing either humorous or ‘sweet’ vocal cues, the only difference between the two
being pitch mean values (the humorous cues having a higher pitch mean than the
‘sweet’ ones). After being exposed to the vocal cues, infants observed the experi-
menter producing either a matching behavior or the opposite one (i.e., either a
humorous action or a sweet action). Importantly, the experimenter maintained a
neutral facial expression in all conditions in order to prevent infants from using
facial cues to drive their inferences. Infants looked longer at the behavior if it mis-
matched the vocal cues than if it matched them, revealing that they had developed
expectations about the adult’s behavior given a specific prosodic feature. These
results show that already at 15 months of age infants can make prosody-meaning
associations independently of situational context and lexical cues.

The studies reviewed so far show an early mapping of prosodic cues to emo-
tional states. This early comprehension, however, continues to develop in later
stages up to adolescence. Preschool children can match speech bearing different
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acoustic cues of emotion to the appropriate facial expressions (Berman, Chambers,
& Graham, 2016), and by the time they enter school children will rely on prosodic
cues for the comprehension of an interlocutor’s emotion when these cues compete
with lexical information or situational context, such as in ironic speech (see Arm-
strong & Hiibscher, this volume, for a review of the research on the expression of
affect through prosody at these later stages).

Early understanding of prosody as a marker of intentional communication

The set of cognitive abilities that enable infants to comprehend a communica-
tive partner’s intentions is called Theory of Mind. Theory of Mind, also known as
‘mind-reading’ or perspective-taking, is the capacity to understand that other peo-
ple have beliefs, intentions, and desires, and that these may differ from one’s own
(Premack & Woodruff, 1978, and many others thereafter). Research has shown
that Theory of Mind emerges only gradually in development, the simplest forms
being observed in early infancy and the most complex ones during the school years
(see Liszkowski, 2013, for a review). At the outset, infants have flexible expecta-
tions about other people’s actions depending on the preceding shared actions or
the situational context in which these actions occur. Seven-month-old infants, for
instance, are surprised when an event does not fulfill their own and someone else’s
expectations (Kovacs, Téglas, & Endress, 2010), and toddlers make predictions
about another person’s beliefs (Onishi & Baillargeon, 2005). Only much later do
other more complex forms of Theory of Mind emerge. During the preschool years,
for example, children develop the ability to hold first-order representations, that
is, an awareness that somebody else can hold a belief that may differ from their
own (Baron-Cohen, Leslie, & Frith, 1985). By about 5 to 7 years of age, or even
later, children are capable of holding second-order false belief representations, the
realization that one person may hold a belief that contrasts with another person’s
belief about something (e.g., Miller, 2009; Sullivan, Zaitchik, & Tager-Flusberg,
1994).

Intentional communication typically emerges around 9-12 months of age, and
studies have shown that by around their first birthday infants know that speech
is used to refer to abstract intentions (Martin, Onishi, & Vouloumanos, 2012;
Vouloumanos, Onishi, & Pogue, 2012). In these studies infants were exposed to
act-preceding contextual information shared between the interlocutors, and this
helped them to interpret the speech as meaningful. Although most of the exist-
ing research on the mechanisms by which young infants infer an interlocutor’s
intentions highlight the role played by information that the infants extract from
the context prior to the shared action (e.g., Tomasello, Carpenter, & Liszkowski,
2007), there is also recent evidence that infants rely heavily on act-accompanying
signals like prosody and gesture to understand that the other person’s speech is
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intentional. In order to test whether infants detect intentionality from speech cues
alone, Carpenter, Akhtar, and Tomasello (1998) designed a study in which inten-
tional and non-intentional actions were preceded by the same shared action con-
text and only speech features differed between the two conditions. The authors
tested 14- to 18-month-old infants using an action imitation paradigm. They
found that infants imitated an action more if it was followed by a verbal sign of
intentionality (the expression ‘There!” with appropriate prosody) than if followed
by a verbal sign indicating that the action was accidental (the expression “Whoops!’
with appropriate prosody). Since the two actions were performed by the experi-
menter in identical fashion with the only difference between them being the verbal
message (even the facial expressions were neutralized as much as possible), the
authors concluded that at the beginning of their second year of life infants can use
prosodic properties in speech to infer that an action is intentional.

In order to tap into the specific role of prosody in infant’s detection of inten-
tional and non-intentional actions, Sakkalou and Gattis (2012) tested whether
14- and 18-month-old infants could detect the intentional nature of an action by
relying on the prosodic cues of the word accompanying the action. Using Carpen-
ter et al’s (1998) methodology, infants were first exposed to intentional actions that
were accompanied by the word “There!, produced with high amplitude and long
duration, and accidental actions that were accompanied by the word “Whoops!,
produced with low amplitude and short duration; in a second experiment, the
authors removed the lexical information by testing L1 English-learning infants
with the Greek equivalents for ‘“There!” and “Whoops!’ In both experiments the
authors found that infants imitated the intentional actions more often than the
accidental ones, and they observed an age-related effect when lexical cues were
removed (i.e., older infants performed better than younger infants). Since infants
could only have based their imitative behavior on the prosody accompanying the
action, it was concluded that infants comprehended the pragmatic value of pro-
sodic cues and were able to relate them to speech intentionality at 14 months of
age. These findings were confirmed and further explored in a later study exam-
ining individual differences (Sakkalou, Ellis-Davies, Fowler, Hilbrink, & Gattis,
2013). Interestingly, the authors found that the infants who at 13 months imitated
intentional actions most frequently where the ones who were better at detecting
intentional actions on the basis of prosody at 14 months of age.

Early understanding of prosody as a marker of speech act information

In communicative interactions, interlocutors detect not only that the speaker is com-
municating intentionally but also the specific intention behind the communicative
act (i.e., they can differentiate between informative/assertive, requestive/directive,
and expressive speech acts). Caregivers use a different set of linguistic patterns,
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including distinct melodies, depending on whether they are uttering a statement,
greeting someone, asking a question, making a request, or refusing something (e.g.,
Armstrong, 2012; Esteve-Gibert, Liszkowski, & Prieto, 2016). Esteve-Gibert et al.
(2016) analyzed the speech of caregivers as they played with infants. The experi-
ment was designed to elicit pointing actions on the part of the caregiver either to
ask the infant to give them an object (imperative condition), share interest in the
object with the infant (expressive condition), or inform the infant about a specific
feature of that object (informative condition). Their results showed that in each of
the three conditions caregivers accompanied their lexical message with a specific
combination of prosodic patterns (intonation contour, pitch range, and mean syl-
lable duration) and gesture features (hand shape, gesture duration) in order to dis-
tinguish the intention they wished to transmit.

Again, most of the previous research on infants’ early comprehension of
speech acts has focused on how infants use the contextual cues in which these acts
are embedded to comprehend other people’s intentions. Although 12-month-old
infants do use social contextual cues to understand whether an adult has pro-
duced an attention-directing action (such as pointing) in order to request an
object, inform about its presence, or express interest in it (see Liszkowski, 2014,
for a review), often times social contextual cues are ambiguous or underspeci-
fied. Since prosody and gesture constitute another marker of adults’ pragmatic
intentions, it is possible that young infants can resort to them to infer an inter-
locutor’s intended meaning. This hypothesis was tested in a subsequent study
in which prosodic features (alongside pointing gesture cues) were the only cues
that infants could use to infer the motivation behind a communicative partner’s
speech act. Esteve-Gibert, Prieto, and Liszkowski (2017) carried out two experi-
ments to determine whether 12-month-old infants were capable of successfully
associating specific prosodic patterns (and hand gestures) with the speaker’s
underlying speech act intention. The first experiment had the goal of testing the
role of prosody in conjunction with lexical and gestural cues, and the second one
was intended to test exclusively the role of prosody and gestures, without lexical
input. Infants saw an adult who produced gestures to direct the infant’s attention
towards an object with either an imperative, expressive, or informative intent.
The measure of interest was whether, for each condition, the infants reacted in
a way that was consistent with the adult’s intention by either giving the object to
the adult in the imperative condition, sharing interest in the object with the adult
in the expressive condition, or discovering the feature of the object that they had
been informed about in the information condition. Importantly, the situational
context was the same across the three possible conditions to rule out the possibil-
ity that infants would use contextual information to infer the motive behind the
adult’s speech act. The results of the first experiment showed that infants could use
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lexical information, prosody, and gesture as a whole to understand the speaker’s
intention behind the attention-directing action. The results of the second experi-
ment showed that when the lexical information was neutralized across intentions
(by having the adult say ‘Hey, this, this!” in all three conditions), infants could still
understand the adult’s intention and react accordingly.

In sum, evidence to date shows that a few months after being born and within
their first year of life infants develop a fine perceptual sensitivity to the differ-
ences in prosodic cues in speech that can be used to understand a communicative
partner’s affective internal state and the intentional value of their speech. Later on,
around 12-15 months of age, they seem to be able to associate specific variations
in the prosodic cues (pitch, duration, and intonation) of their caregiver’s speech
with specific speech act meanings.

The prosody-meaning interface in infancy: Production

In this section, we review the literature on the pathways followed by infants
in their early expression of pragmatic meaning through prosodic cues. As
mentioned above, babies are very closely attuned to the prosodic patterns of
the ambient language(s) during their first year of life. There is evidence that
newborn’s early production of prosodic cues like intonation is not random but
instead progressively linked to the patterns they are exposed to in their target
language (e.g., Mampe, Friederici, Christophe, & Wermke, 2009; Wermbke et al.,
2016). Mampe et al. (2009), for instance, found that the intonation pattern of
newborns’ cries is tuned to the most common pattern of the language to which
they have been exposed while still inside their mother’s womb. The authors
tested French and German newborns only a few hours after being born, and
found that French newborns produced rising contours when crying, while Ger-
man newborns’ cries had a falling contour. This difference reflects the most fre-
quent tonal pattern of each language, since French is mostly a rising-intonation
language and German a falling-intonation one. Some months later, infants’ bab-
bling has also been found to reflect the prosodic correlates of stress — namely
higher FO, intensity, and duration values — of their ambient language (Davis,
MacNeilage, Matyear, & Powell, 2000), as well as the pitch range values of the
ambient language (Snow, 2006). Similarly, the form of infants’ first words is
found to be constrained by the structure of prosodic words and phrases in the
language they hear around them (Kehoe, this volume). Again, this raises ques-
tions about when and how infants start to produce the target prosodic features
of the language to express their emotional and intentional states. The following
sections explore this issue.
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Infants’ early use of prosody to mark their emotional status in speech

In general, studies of infants’ emerging control of prosody for the expression of
affective and emotional meaning show that from 2 months of age onwards, infants
start to differentiate positive and negative emotions in their vocalizations on the
basis of acoustic parameters (e.g., Lindova, Spinka, & Novdakova, 2015; Oller,
Buder, Ramsdell, Warlaumont, & Chorna, 2013; Papousek, 1992; Scheiner, Ham-
merschmidt, Jirgens, & Zwirner, 2002). Oller et al. (2013), for instance, inves-
tigated the relation between the speech sounds produced by 3- to 4-month-old
infants and the emotional meanings they seemed to express with them. The
authors found that infants used cries to express mostly a negative emotion and
laughs to express a positive emotion, and, interestingly, that other types of speech
sounds (squeals, vowel-like sounds, and growls) were used indistinguishably to
express positive, negative, and neutral emotions. This functional flexibility had
also been observed in previous studies focusing on the acoustical properties of
infants’ emotional vocalizations. One study reported, for example, that 2-month-
old infants use variations in pitch height, pitch range, and duration in a flexible
way to indicate positive or negative emotions (Scheiner et al., 2002), while an
earlier one noted that these acoustic properties increase with increasing negative
arousal (Papousek, 1992).

The flexible use of early vocal sounds is claimed to signal an infants first step
towards an adult linguistic system. Crucially, from a very early stage, infants carry
out this de-functionalization by controlling the prosodic properties of speech. This
early control of prosodic parameters is the precursor of later more sophisticated
prosodic patterns in infants’ vocalizations which allow them to convey intention-
ality and make basic speech act distinctions. In the next section we review the
literature that addresses these issues.

Early production of prosody as a marker of intentional communication

Goldstein, Schwade, and Bornstein (2009) tested 5-month-old infants in a task
where an experimenter interacted normally with infants and then suddenly
stopped responding to the infants’ vocalizations. When the experimenter inter-
rupted the interaction in this fashion, the infants increased their vocalization rate.
This showed that as early as 5 months infants use speech as a social tool to try to
modify their environment. As we will see in the following paragraphs, the prosody
of such early vocalizations reflects whether or not an infant’s speech is intentional
and goal-directed.

Beaumont and Bloom (1993) asked adults to judge 3-month-old infants’ vocal-
izations as being an attempt to interact socially or not. The authors selected two
types of vocalizations for the judgment task, consonant-vowel syllabic sounds with
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pitch variation, and vocalic sounds with uniform pitch. Results showed that raters
judged syllabic vocalizations as being more intentional and socially favorable, and
thus demonstrated that adults assign intentionality to infants’ vocalizations on the
basis of how infants modulate prosodic features (and specifically, pitch variation).
However, the fact that at 3 months of age infants have not yet developed the abil-
ity to engage in joint attentional frames and produce goal-directed actions (e.g.,
Woodward, 1998, 1999) suggests that the intentionality perceived in infant vocal-
izations may be simply an adult mental construction reflecting adults’ propensity
to automatically project intention on infant behavior rather than true evidence
that infants can modify prosodic features to achieve a specific goal.

Some months later, between 7-12 months of age, infants start to engage in pat-
terns of joint attention and are able to produce goal-directed actions (as we saw in
previous sections of this chapter), a sign that they can communicate intentionally
with others. In this time period, infants have been shown to control prosodic fea-
tures like pitch range and duration in their own productions to differentiate among
emotionally expressive vocalizations, goal-directed vocalizations, and vocalizations
which have no specific goal. Papaeliou, Minadakis, and Cavouras (2002) examined
whether 7- to 11-month-old infants used different duration, fundamental frequency
(F0), and intensity values during vocalizations to express intentionality. Infants at
all ages were found to control these prosodic features, with emotional vocalizations
being longer and showing a higher FO and lower intensity than vocalizations with
pragmatic intent. The results of an interesting follow-up study by Papaeliou and
Trevarthen (2006) revealed that intentional vocalizations (defined as those pro-
duced in a playing-together situation) were shorter and had a higher pitch range
than non-intentional vocalizations (defined as those produced in a playing-alone
situation). The expression of emotional and intentional speech (as well as the ability
to establish and maintain a state of joint attention) constitutes the pragmatic ante-
cedent of speech act distinctions, which will be discussed in the next subsection.

Early production of prosody as a marker of speech act information

There is evidence that young infants are able to specify the intention of their com-
municative acts to their interlocutors. Most of the results come from studies exam-
ining non-speech communicative acts by young infants. Bates, Camaioni, and
Volterra (1975) were among the first to propose that before the emergence of their
first spoken words infants express proto-versions of speech acts by using deictic
gestures. Since then abundant evidence has been gathered showing that 12-month-
old infants point with a specific pragmatic intention in mind, be it to ask for infor-
mation (interrogative pointing), request an object or action (requestive pointing),
share their interest in something (expressive pointing), or inform another person
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about something that might be relevant (informative pointing) (e.g., Tomasello
et al., 2007).

In this context, various recent studies have shown that, like deictic gestures,
prosodic features such as pitch and duration are used by young infants to signal
speech act distinctions (see Cameron-Faulkner, 2014, for a review of research
on the development of speech acts in infancy). For example, Esteve-Gibert and
Prieto (2013) examined the prosodic markers of speech act motivation in video
recordings of more than 2,000 vocalizations by pre-lexical infants at 7, 9, and 11
months of age. To do so, the pitch range and duration values of the vocalizations
were analyzed. After classifying vocalizations as being either intentional or non-
intentional, the authors then further classified intentional vocalizations as either
expressing emotions like discontent or satisfaction, or signaling a speech act
like response, statement, or request. The study yielded two main results. First,
the types of pragmatic meaning changed with age: while at younger ages there
were a high number of non-intentional productions, intentional vocalizations
became more frequent as the infants grew older. Notably, it was found that the
proportion of non-intentional vocalizations decreased significantly between 9
and 11 months of age. Furthermore, at younger ages the expressions of discon-
tent and satisfaction were the most frequent pragmatic functions, but by the
time the infants were 11 months of age the frequency of statements, requests,
and responses had substantially increased. Second, the results showed that
non-intentional vocalizations were much longer and more monotonic (with a
narrower pitch range) than intentional vocalizations, and that expressions of
discontent and requests showed a significantly wider pitch range and longer
duration than responses and statements.

The direction of the intonation contour is also used by pre-lexical infants to
signal speech act information. Here the evidence comes from studies analyzing
the intonation contours that accompany pointing gestures. For example, Griinloh
and Liszkowski (2015) tested 14-month-old Dutch-learning infants by eliciting
imperative (requestive) and declarative (expressive and informative) pointing acts
in laboratory-controlled situations and then analyzed the prosodic and gestural
characteristics of the infants’ behavior. They found that infants produced flat into-
nation (defined as having less than 2 semitones of difference between a high and a
low FO target) with requestive pointing gestures, and rising contours with declara-
tive (i.e., expressive and informative) pointing gestures. Murillo and Capilla (2016)
explored a longitudinal corpus in which 9- to 15-month-old L1 Spanish-learning
infants were recorded during semi-structured play. They found that, at the age
of 15 months, infants produced flat intonations for declarative functions and ris-
ing contours for imperative functions. Although these two studies did not detect
the same patterns, this might be explained by age differences in the respective
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subject populations, language-specific effects (given that Spanish and Dutch have
a different distribution of intonation contours per pragmatic function), or even
methodological issues (since it is more difficult to identify the possible social
intention of pointing gestures when they are produced spontaneously compared
with when they occur in a controlled shared-action context). In any case, what the
two studies reveal is that, beyond the social cues, the prosodic features of vocaliza-
tions (together with the pointing gestures used) give clues to pre-lexical infants’
underlying intentions.

Infants continue to gain competence in the use of prosodic features (and spe-
cifically, intonation contours) to signal speech act type and pragmatic meaning as
their lexical and socio-cognitive skills develop further. Prieto, Estrella, Thorson,
and Vanrell (2012) analyzed the intonation patterns produced by four Catalan-
speaking children and two Spanish-speaking children between 11 and 28 months.
Their results revealed that the children’s use of intonation was largely independent
of grammatical development, and it emerged well before the appearance of two-
word combinations. Both Catalan- and Spanish-speaking children produced the
basic pragmatically appropriate and phonologically differentiated intonation con-
tours (i.e., the contours used to signal vocatives, statements, requests, and expres-
sive intentions) of their respective ambient languages between 12 and 15 months
of age, that is, during the period when some infants go from the onset of word
production to having a small lexicon of 25 words (see Armstrong & Hiibscher, this
volume; Chen, this volume; Frota & Butler, this volume).

All in all, the results reported in this section reveal that infants start to com-
mand the prosodic properties of speech very early on, well before they produce
their first words. Evidence suggests that pre-lexical infants use prosody to express
their emotional states, and some months later they can use it to communicate
intentionally with the world around them and even signal the specific intention
they want to transmit.

Conclusions and future directions

The mapping between prosody and meaning constitutes a central ability in
early language acquisition, an ability which is important for successful social
interactions. The overview presented in this chapter has revealed that infants’ sen-
sitivity to prosodic features emerges very early in their lives and that these early
perception skills are employed to begin mapping prosodic patterns onto the prag-
matic meanings intended by others.

An important conclusion from the studies reviewed in this chapter is that very
young infants use prosodic patterns to express and comprehend meaning well
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before they use lexical and grammatical marking. We do not yet know, though,
whether higher pragmatic prosodic skills in infancy will be predictive of lexical
and grammatical skills later in development, in other words, whether pragmatic
prosody is paving the way for lexical and grammatical acquisition in later stages or
not. If this were the case, it would suggest that prosody may have a bootstrapping
effect on the development of pragmatics (see Hiibscher, Esteve-Gibert, Igualada,
& Prieto, 2017, for a proposal in this regard). Indeed, while the role of prosody as a
facilitator of syntactic bootstrapping has been highlighted in language acquisition
research (see de Carvalho et al., this volume), the role of prosody as a pragmatic
decoder has been neglected. On a related note, researchers interested in gestural
development have already found evidence that children’s use of gestures seems to
favor their acquisition of linguistic skills (e.g., Iverson & Goldin-Meadow, 2005;
see Goldin-Meadow & Alibali, 2013, for a review).

An important research topic which merits further study is the relationship
between the emergence of prosodic abilities and infants’ later development of lin-
guistic and grammatical skills, and, more specifically, whether the acquisition of
prosodic meaning can serve as a predictor of later language abilities. Despite the
evidence of considerable variability at the individual level, there have been several
attempts to relate the emergence of phonological and communicative strategies to
children’s subsequent linguistic abilities. Igualada, Bosch, and Prieto (2015), for
instance, found evidence that the multimodal ability of 12-month-old children to
appropriately combine pointing gestures with speech to express an assertive speech
act is predictive of later lexical and syntactic abilities at 18 months. For their part,
McGillion et al. (2017) found that babble onset predicted the emergence of first
words and infants’ expressive vocabulary at 18 months of age, and that the onset of
pointing predicted infants’ receptive vocabulary at 18 months of age. Future studies
could try to correlate the emergence of infants ability to use and understand pro-
sodic cues with their later communicative skills, with the goal of assessing the pos-
sible role of prosody in predicting later linguistic and cognitive impairments. In this
regard, one line of research that could be strengthened is the study of atypical popu-
lations, in which specific cognitive or linguistic abilities are impaired (see Peppé, this
volume, for a review of the research on prosodic development in such populations).

From a developmental perspective, the evidence points to a tight relation
between the pragmatic meanings that infants can access through prosody at a cer-
tain developmental stage and the cognitive skills that emerge at that point in time
(see Matthews, 2014, for a review). Thus, at a very early stage infants are able to
interpret prosody in adult speech only to distinguish between basic emotions such
as fear, anger, or happiness. Some months later, once they have learned that actions
can be goal-directed and that people act intentionally towards objects and events,
infants can comprehend the intentional value of somebody else’s action (that is,
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they can tell whether it is intentional or accidental) by processing the prosodic
cues of that person’s speech. And as soon as infants can comprehend that actions
can have specific and varying goals (e.g., pointing at an object can have differ-
ent purposes), they show evidence that they associate specific prosodic patterns
with certain simple speech acts like making a request, offering information, or
expressive a feeling. However, 12-month-olds are still not able to understand and
produce speech acts that involve complex mental skills. As we have noted, first-
order false-belief representations (the realization that somebody can hold a belief
that may differ from one’s own) emerge during the preschool years (Baron-Cohen
et al., 1985), and second-order false belief representations (the realization that
somebody can hold a false belief of someone else’s false belief about something)
do not appear until age 5 or later (Miller, 2009). It stands to reason that only when
children have developed these more complex mental skills can they make use of
prosody to understand and signal belief states (see Armstrong & Hiibscher, this
volume).

Furthermore, the directionality of the relation between cognitive and linguistic
development is still not fully understood. Some results certainly suggest that cog-
nitive skills are a precursor of and/or a prerequisite for linguistic skills. As we have
noted, for example, Sakkalou et al. (2013) found that infants with higher cognitive
skills at 13 months of age are the earliest to use prosody to map intentions with
actions at 14 months of age. However, other accounts propose an inverse causal
relationship, suggesting it is linguistic skills that impact and determine infants’
development of cognitive abilities, especially at later stages of language develop-
ment (see De Villiers, 2007, for a discussion of this debate). The studies reported
so far indicate that at least at the pre-lexical stage the emergence of cognitive skills
coincides with or slightly precedes the emergence of pragmatic prosody. Further
studies could assess the potential correlations between individual differences in
cognitive skills (and also Theory of Mind abilities related to an understanding of
mental states) and the development of pragmatic prosody.

The evidence outlined in this chapter has also suggested a parallel tempo-
ral development between infants’ early comprehension and production of prag-
matic prosody. First, around 5 months of age infants react by smiling to prosody
conveying positive affect, such as when a mother expresses approval (Fernald,
1993). At around the same age, infants begin to produce vocal cues to express
emotions in a flexible way, so that the same vocal cues can be used to express dif-
ferent emotions (Oller et al., 2013). Later on, around their first birthday, infants
understand that prosody (and speech in general) is used by their interlocutors as
a sign of intentional communication (Carpenter et al., 1998; Sakkalou & Gattis,
2012; Vouloumanos et al., 2012). Simultaneously, as they gain control over pro-
sodic cues like duration and pitch range, they begin to employ it for this purpose
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themselves (Esteve-Gibert & Prieto, 2013; Papaeliou et al., 2002; Papaeliou &
Trevarthen, 2006). At about the same time (12 months), infants learn to decode
prosodic signals to distinguish between informative, requestive, and expressive
attention-directing acts (Esteve-Gibert et al., 2017), and they begin to signal such
simple forms of speech acts in their own prosodic output (Esteve-Gibert & Prieto,
2013; Griinloh & Liszkowski, 2015; Murillo & Capilla, 2016).

Broadening the experimental procedures and methodologies employed in
the acquisition of the prosody-meaning interface is essential to make progress
in the field. On the one hand, more production studies should be conducted
in laboratory-controlled settings, where shared-action contexts and act-pre-
ceding interactions can be precisely controlled and infant subjects” social intent
thus more clearly determined. Larger sample sizes with more infants should be
tested, thereby identifying potential individual effects, and bi- and multilingual
populations could be further explored. On the other hand, online processing
techniques like eye-tracking or neuroimaging can tap into infants’ implicit lan-
guage and cognitive skills before they are able to demonstrate them explicitly
(see Teixido6 et al., this volume, for a review). Using such techniques will be
crucial to investigate the point at which infants start to make the connection
between the suprasegmental cues they perceive and their intended meanings.
Allin all, a variety of empirical techniques can be deployed in a complementary
tashion to assess infants’ understanding of prosody as their linguistic and cogni-
tive capacities unfold.
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CHAPTER 13

Gradual development of focus prosody and
affect prosody comprehension

A proposal for a holistic approach

Kiwako Ito
Ohio State University

Excellence in communication skills requires an ability to appropriately represent
the discourse structure including focus, as well as good comprehension of speaker
affect. Both focus and affect are communicated in large part through prosody,

so comprehension and production of the accompanying prosody is essential.
However, past studies on focus prosody have been both theoretically and
methodologically separated from the research on affect prosody. (In this chapter,
I use the term ‘focus prosody’ to refer to prosodic phenomena that are either
produced or perceived as the cue to a specific part of speech that conveys the
focal content of a message. This includes ‘narrow focus, which is defined in terms
of the informational scope (e.g., answers to Wh-questions), and ‘contrastive focus,
which is a subtype of narrow focus that evokes interpretational alternatives.) This
chapter argues that the suggested difference in the developmental trajectory (i.e.,
focus prosody develops slower as compared to affect prosody) may be an artifact
of the perspective divergence, and points out that the mastery of prosodic skills in
both these domains must be necessarily gradual - though they may not develop
hand-in-hand. A holistic approach that considers the interaction between affect
prosody and focus prosody is proposed as a future direction of the research on
prosodic development within and across individuals.

Introduction

Prosodic prominence provides dynamicity in speech acts at multiple levels of
communication: it may accompany facial expressions and gestures for display-
ing affect during face-to-face interaction, convey the speaker’s mood, level of
excitement or formality in the presence or absence of visual cues, reflect the
speaker’s attitude toward the topic of a conversation or the listener, and signal the
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relative importance of particular parts of speech, indicating to the listener what
is worth paying attention to and what is a simple reminder or a confirmation.
Not surprisingly, understanding prosodic development in children has been a
challenge for linguists, psychologists, speech therapists, neuroscientists and
psychiatrists due to its intertwined relationship to individuals’ social cognition
and pragmatic knowledge. Experts in various scientific disciplines have studied
prosody to describe its linguistic structure (Beckman, 1996; Beckman & Pierre-
humbert, 1986; Jun, 2005; Ladd, 2008), to identify neuro-anatomical specificity
of brain function (Belyk & Brown, 2013; Grossmann, Striano, & Friederici, 2005;
Ross, 1981; Wildgruber, Ackermann, Kreifelts, & Ethofer, 2006), or to achieve
better machine recognition of speaker’s emotions (Fernandez & Picard, 2011;
Oudeyer, 2003; Schuller et al., 2010; Schuller, Steidl, & Batliner, 2009). Research-
ers have also tried to assess the prosodic skills in individuals with communica-
tion disorders and identify the similarities and differences in their processing
mechanisms as compared to those in their typically-developing peers (Edwards,
Pattison, Jackson, & Wales, 2001; Hargrove, 2013; Ito & Martens, 2017; Peppé,
2009, this volume; Peppé & McCann, 2003; Wells, Peppé, & Goulandris, 2004).
While efforts in each of these fields have certainly advanced our understanding
of prosody in the last few decades, the extreme theoretical and methodological
diversity in their approaches may have prevented the construction of a model of
prosodic development that incorporates empirical evidence gathered across this
wide range of research fields.

In the past, I have argued that the acquisition of contrast-marking prosody
takes time, and have proposed some accounts as to why (Ito, 2014; Ito, Bibyk,
Wagner, & Speer, 2014a; Ito, Jincho, Minai, Yamane, & Mazuka, 2012). This chap-
ter reviews a wider range of related research to advance this view and adds a claim
that while comprehension of focus prosody develops gradually through childhood
(and possibly through adulthood), so do other abilities that involve perception and
processing of prosodic prominence - such as affect recognition. I argue that accu-
rate mapping of prosodic prominence onto message structure takes many years
to develop, whether it is for computing the discourse structure (e.g., focus) or for
identifying the intention or emotion of the speaker (e.g., affect). This is because
human oral communication gains complexity and sophistication through social
experience, yet its elements are susceptible to cognitive constraints and informa-
tional screening. The intentions and nuances that can be expressed via prosody
may receive more or less weight according to the reliability of the cues produced
by the speaker (Kurumada, 2013) and the listeners’ cognitive capacities such as
attention or memory (Fraundorf, Watson, & Benjamin, 2010, 2012). In addition,
listeners may tune differently to particular aspects of prosodic cues according to
their percept of the discourse context and communicative demands (Kurumada,
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Brown, Bibyk, Pontillo, & Tanenhaus, 2014; for speaker’s prosodic adjustment
according to informational predictability, see Turnbull, 2016). While processing
of prosodic prominence in any discourse context involves both the computation of
informational weight and the computation of speaker’s emotional status, there has
been a clear division between these subfields of prosody research: when listeners’
comprehension of focus prosody is studied, their understanding of speaker affect
is rarely discussed, whereas when listeners’ emotion recognition is investigated,
how they represent the informational structure tends to be neglected. To date,
research on the interaction of so-called ‘linguistic’ prosody and affect prosody is
extremely sparse (Pihan, Tabert, Assuras, & Borod, 2008). However, simultaneous
consideration of those two aspects is critical for modeling prosodic development,
as correct identification of speaker’s affect may facilitate the comprehension of
informational foci and vice versa.

While the ability to perceive affect in speech seems to start developing from a
preverbal stage (Flom & Bahrick, 2007; Grossmann et al., 2005; Walker-Andrews
& Grolnick, 1983; Walker-Andrews & Lennon, 1991; see Esteve-Gibert & Prieto,
this volume, for an updated summary), the ability to use prosodic cues to com-
prehend the informational structure seems to take a much slower, gradual devel-
opmental trajectory (Cruttenden, 1985; Cutler & Swinney, 1987; Grassmann
& Tomasello, 2007, 2010; Ito, 2014; Ito et al., 2012, 2014; Sekerina & Trueswell,
2012; Wells et al., 2004). This apparent contrast in the developmental time course,
however, may have resulted from differences in the theoretical assumptions and
research directions across these ‘sub-fields. The first section of the present chapter
reviews how scholars have framed their research questions and described their
study implications to elicit two distinct traditions: while scientists who study
affect prosody focus on how early children start exhibiting their sensitivity to vocal
cues to speaker emotion, those who study focus prosody attempt to demonstrate
when children start representing the referential statuses of linguistic entities (e.g.,
morphemes, words and phrases) in an adult-like manner. There, I argue that a par-
ticular assumption about cognitive development (i.e., that understanding affect
prosody must precede comprehending prosodic cues to informational structure)
may have driven research on affect prosody to focus on infancy and studies on
focus prosody to explore later developmental stages.

Following a summary of the theoretical trends, the second section of the
chapter discusses the methodological constraints that may have led to the con-
trast in the research outcome - early affect prosody and late focus prosody. Here,
I emphasize that we must carefully evaluate the age-appropriateness of tasks and
the meta-linguistic skills required by the tasks before making conclusions about
the onset and completion of prosodic development. The third section of the chap-
ter will discuss the cognitive factors that underlie the development of prosodic
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semantics and processing efficiency. It will also explore the danger in assuming
prosodic categories that are composed of fixed sets of acoustic cues that directly
map onto semantic categories (whether affect or informational status). In the final
section, I will propose a holistic approach that investigates how children’s percep-
tion of speaker affect influences their discourse structure representation. In this
approach, individual differences in the executive function as well as social cogni-
tion must be considered together. The chapter will conclude with a set of questions
and research topics for future studies.

Theoretical division: Fundamental affect function vs. complex information-
structuring function of prosody?

Studies on affect prosody development often emphasize how essential the process-
ing of affect is for the general development of social cognition and communica-
tion skills. An example comes from the first line of the article by Vaillant-Molina,
Bahrick, and Flom (2013): “Perception of emotional expressions is fundamental to
social development.” The view that the sensitivity to emotional expressions and its
early comprehension are universal seems to have collected support from cross-lin-
guistic studies on infant-directed speech (Fernald, 1985, 1993, 2004; Fernald et al.,
1989; Fernald & Mazzie, 1991; Katz, Cohn, & Moore, 1996), as well as from mod-
ern brain science which provides evidence for spontaneous neuronal responses to
affective prosody in both adults and children (Ethofer et al., 2012, 2009; Grandjean
et al., 2005; Grossmann et al., 2005). Research on primates’ distinctive responses
to affective vocalization (e.g., Owren & Rendall, 1997; Scherer & Kappas, 1988)
has also supported the view that the ability to learn to recognize emotion in voice
may have an evolutionarily traceable genetic basis. In a review of studies on affect
prosody, Grossmann et al. (2005: 1828) state, “it has been proposed that enhanced
sensory responses to emotional facial and vocal stimuli might be a fundamental
neural mechanism”. This echoes the earlier claim by Walker-Andrews (1997: 437):
“although processing only rudimentary capacities to detect, discriminate, and
recognize others’ emotional expressions, the human infant is born well prepared
to rapidly develop these competencies during the first year” Developmental lan-
guage researchers are generally driven by the question of ‘how early children start
responding to linguistic stimuli’ and are expected to advance methodologies for
detecting the behavioral traits earlier than previously reported. It is therefore not
surprising that many studies of affective vocal perception test infants younger
than 5 months to examine whether they can respond to changes in affect prosody
(Flom & Bahrick, 2007; Vaillant-Molina, Bahrick, & Flom, 2013; Walker, 1982;
Walker-Andrews, 1997).
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In comparison, the field of research on focus prosody seems to be less bound
to this ‘how early’ question. This may be due to the notion that the understand-
ing of prosody that signals the information structure of words (such as novelty
or givenness, narrow focus and contrast) must await the development of abilities
to segment words, allocate attention to relevant referents, and represent referen-
tial status of linguistic entities. In other words, we tend to think that understand-
ing which words bear relative importance in a given discourse demands a wider
range of cognitive prerequisites than understanding affect. Numerous studies have
shown that the use of language-specific rhythmic structure for word segmentation
develops in the latter half of the first year (Bull, Eilers, & Oller, 1984; Eilers, Bull,
Oller, & Lewis, 1984; Hohle, Bijeljac-Babic, Herold, Weissenborn, & Nazzi, 2009;
Jusczyk, 1997; Jusczyk, Cutler, & Redanz, 1993; Nazzi, Jusczyk, & Johnson, 2000;
see also Frota & Butler, this volume, for a more detailed review). This coincides
with the phase where infants exhibit the ability to extract transitional probabilities
(Marcus, Vijayan, Bandi Rao, & Vishton, 1999; Saffran, Aslin, & Newport, 1996)
and gain further sensitivity to their native phonemic categories while losing sensi-
tivity to foreign categories (Kuhl et al., 2006; Werker & Tees, 2002). Interestingly, a
shift in the gaze more to the mouth than to the eyes takes place in this narrow time
window as well (Tomalski, 2015). Thus, infants who will start producing one-word
utterances in a few months are busy forming their native phonemic categories,
learning the language-specific rhythmic patterns and phonotactics, and mapping
the sound strings to visually identifiable oral gestures. While this seems a lot to
deal with for their very young brains, they may be able to handle more. In theory,
infants who are learning to detect word boundaries in running speech may be
simultaneously developing the ability to compute gross informational weight for
parts of speech that bear prosodic prominence. While young infants become capa-
ble of tuning to durational, pitch, and spectral cues for segmenting words, they
may be able to benefit from exaggerated, emphatic cues to more clearly represent
the referential relationships.

Fernald and Mazzie (1991) once hypothesized that focus prosody, which
tends to mark word newness, must bear a critical role in lexical learning in infants
who cannot rely on a rich semantic network or contextual knowledge. Fernald’s
research on infant-directed speech (IDS) emphasizes the effect of IDS on word
learning via infants’ preferences for motherese (Cooper & Aslin, 1990; Fernald &
Kuhl, 1987). Later studies provided direct and indirect evidence for this view. For
example, Thiessen, Hill, and Saffran (2005) confirmed that statistical learning of
word-forming syllables is facilitated by IDS. Ma, Golinkoff, Houston, and Hirsh-
Pasek (2011) showed that 21-month-old children learned novel words better
with IDS than with adult-directed speech (ADS), a finding which was replicated
in 17-month-olds by Graf Estes and Hurley (2013). Importantly, Graf Estes and
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Hurley (2013) demonstrated that IDS was effective only when target words exhib-
ited prosodic variability across tokens: mere repetitions of identical IDS tokens did
not lead to word learning, and performance was no better than for children tested
with ADS. Shukla, White, and Aslin (2011) showed that 6-month-old infants
gazed longer at an object that was labeled with a disyllabic string (e.g., mu:ra:)
when the string was grouped into the same intonational phrase (IP) than when it
straddled an IP boundary. In addition, Sakkalou and Gattis (2012) revealed that
18-month-old English-learning toddlers better followed the actions labeled by for-
eign words (Greek “Ochi” and “Nato”) when they were presented with prosody
that expressed a speaker’s intention to guide them (i.e., a tune that is similar to
what is produced with the English directive utterance “There”) than when they
were accompanied by prosody that expressed an accidental event (the tune that
accompanies “Whoops”). Thus, studies suggest that children younger than two
years are not only sensitive to various prosodic cues (on this topic see Esteve-
Gibert & Prieto, this volume; Frota & Butler, this volume), but they are also able
to use prosody to allocate their attention to novel events and learn object names.
What remains unclear is whether they can use prosodic prominence to represent
discourse structure even at a very rudimentary level (e.g., whether some entities or
events are more worth paying attention to than others for the current communica-
tive purpose).

As for the development of the ability to map prosodic prominence to dis-
course structure, studies show mixed results regarding when it emerges and how
it is mastered. The age of participants also has varied widely, and the conclusion
as to whether children can or cannot comprehend focus prosody seems largely
dependent on the experimental tasks and measures. In one of the early production
studies, Hornby and Hass (1970) tested 4-year-old children, who had not been
explicitly taught the use of contrastive prosody in school. Because their partici-
pants used contrastive stress more often for the contrastive element of scenes they
were asked to describe than for other non-contrastive elements, Hornby and Hass
concluded that production of contrastive stress was mastered by 4 years of age.
Hornby (1971) put 1st, 3rd , and 5h graders (approximately 6, 8, and 10 years old)
through a task where participants must provide an explicit correction of the exper-
imenter’s scene narration, and found that the use of contrastive stress reduced as
children gained a wider range of syntactic means to express focus (such as passive
and cleft structures). Later, a study by MacWhinney and Bates (1978) reported
that discourse newness, which was elicited by a switched element across otherwise
identical scenes (e.g., the recipient in a scene where a person gives something to
another person), increased the use of sentential stress in children between ages 3
and 5 years. Their results also showed that English-speaking children used stress
a lot more often than Italian and Hungarian-speaking children, who preferred to
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use other means such as word order to express newness. The steady increase of
stress with age was found only in English-speaking children, indicating that the
frequency of focus prosody in child language may depend on the language-spe-
cific repertoire of focus expressions children develop with age. Recent production
studies summarized by Frota and Butler (this volume) and by Chen (this volume)
suggest that the developmental trajectory of prosodic production is even more
complex than what these early studies depicted decades ago. These studies show
that both language-specific constraints and individual variability impact the use
of particular phonetic cues, while leaving little room to dispute the early onset of
functional prosodic production in child speech. The detection of early onset, how-
ever, should not be interpreted as the evidence of immediate mastery.

As for the comprehension of focus prosody, the findings from Solan (1980),
Cutler and Swinney (1987), Cruttenden (1974, 1985), and Wells et al. (2004) all
point to difficulties for preschoolers and school-age children in understanding the
meaning of sentential stress. These findings therefore provide counter-evidence to
the general observation of language development that comprehension precedes
production. In fact, this paradox of focus prosody acquisition was explicitly dis-
cussed by Cruttenden (1985) and Cutler and Swinney (1987). Cruttenden (1985)
acknowledges the studies by Hornby and Hass (1970) and Crystal (1979) that argue
for an early mastery of production of focus prosody, yet claims that his experimen-
tal results, in which 10-year-old children underperformed adults in comprehension
of prosody, “dispel the myth that children master the adult intonation system very
early in their linguistic life [which Cruttenden had already claimed in 1974] p. 657)".
Cruttenden defies Bolinger’s (1978) view of ‘intonation as an innate gesture-like
reflex’ as rather too strong and argues that certain intonation meanings that require
mature grammatical and contextual knowledge (e.g., ‘indignation’ meaning for a
fall-rise with a word ‘might’) should appear later in production. Cruttenden also
points out that children’s underperformance in some comprehension tasks (e.g.,
distinction between hotdog and hot dog) does not necessarily reflect their lack of
knowledge (of stress assignment), but may instead show their uncertainty in how to
weigh various cues available at the moment. Cutler and Swinney (1987) also argue
that children younger than age 5 to 6 have yet to develop the skill to map discourse
structure onto linguistic structure, and that truly intentional use of focus prosody
must await the development of semantic and pragmatic knowledge: “Only once this
[referring to the development of discourse representation] has occurred can the
prosodic production system approximate the adult system, in which the underlying
physiological basis has become ‘socialized’ (p. 163).” Considering Bolinger’s view
mentioned above, Cutler and Swinney suggest that the early production of senten-
tial stress or focus prosody is ‘qualitatively different’ from later productions that are
based on the computation of discourse-level factors.
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In sum, earlier studies that discussed the discrepancy between children’s
production and comprehension of focus prosody emphasized that the integra-
tion of semantic and pragmatic knowledge with the prosodic structure may not
be acquired early, because sufficient development of those components is neces-
sary before they can be linked effectively. Since we cannot address when children
acquire adult-like skills to express and interpret prosodic meaning without a fair
grasp of adults’ prosody and its function, researchers” attention may have been
drawn more toward a finer-grained description of adult prosody and simultane-
ously drifted away from the development of focus prosody during early childhood.
In contrast, researchers of affect prosody tend to assume that perception of pro-
sodic cues to emotion must develop (and be mastered) early, and thus they have
not explored how children gain prosodic means to express and understand emo-
tion in later stages of development. However, both tracing the symptomatic behav-
ior of information structuring in early developmental stages and investigating the
processing of affect in later developmental stages are essential for achieving a more
accurate description of prosodic development within and across individuals. The
methodological challenges are, of course, non-trivial.

Methodological division: Passive tasks to test affect detection vs. interactive
tasks to test focus comprehension

Due to the focus on early infancy, the majority of traditional investigations of affect
prosody in infancy has used preferential looking paradigms (Flom & Bahrick,
2007; Vaillant-Molina et al., 2013; Walker-Andrews, 1998; Walker-Andrews &
Grolnick, 1983; Walker-Andrews & Lennon, 1991). There, the experimental
effects are inferred from the gaze duration and its proportion, which is assumed
to reflect the degree of infants™ interest in the stimuli. Since the values of these
dependent measures themselves do not reveal the processing mechanisms that
lead to the differences across conditions, statistical inference must be necessar-
ily indirect: for example, if tested infants spent 54% of stimuli presentation time
attending to the target in condition A and 46% of time in condition B and their
difference is statistically significant, researchers may conclude, despite the overall
quasi-chance-level performances, that infants preferred condition A to condition
B or that they at least discriminated the tested affect categories. Designs of infant
studies are typically constrained by the small number of trials, and the interpreta-
tion of small effect sizes requires caution due to close-to-chance-level baselines.
Research with preschoolers that investigates the mapping between prosodic tunes
and affect types also tends to be constrained by a small number of stimuli (see
Armstrong & Hiibscher, this volume, for a review of studies testing children aged

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



Chapter 13. Gradual development of prosody comprehension 255

3 years and older). In many studies, the experimental task often forces one-to-one
mapping between prosodic tunes and labels or facial expressions (e.g., Berman,
Chambers, & Graham, 2010, 2016). While this seems a feasible strategy, forced-
choice tasks entail a problem of methodological adequacy because the prosody-
to-meaning mapping is ‘context-dependent and defeasable’ in nature (Hirschberg,
2002), and the performance may rely on the participants’ understanding of the
experimenter’s intention (see below for a discussion on a similar problem with
focus prosody research). If the task measures the skill for building mutually exclu-
sive links between stimulus sets and response options within an experiment, the
findings may or may not directly reflect children’s spontaneous interpretations of
the prosodic cues in question.

The indirectness of inference also applies to a neurolinguistic approach.
For example, a study with the event-related brain potential (ERP) technique by
Grossmann et al. (2005) reports larger positive wave shifts for the temporal elec-
trodes for happy and angry prosody as compared to neutral prosody, and negative
wave shifts for angry, as compared to happy and neutral prosody for the frontal-
central sites in 7-month-old infants. These differences in the size of brainwave
components show that the infants responded to the prosodic changes and indicate
that they may attend to a specific category of valence differently. However, the
differences in the size or direction of brainwaves do not show whether the infants
recognized the emotion, i.e., whether the happy and angry prosody were inter-
preted by the infants as the expression of happiness and anger. Thus, implications
of the studies with preverbal infants are often limited to the indication of the sen-
sitivity to prosodic manipulation.

In contrast, methods for testing focus prosody research in older children may
be easier to evaluate against study hypotheses, because unlike deducing affect rec-
ognition from indirect physiological measures such as gaze duration and ERPs, the
semantics of prosody can be more directly observed with interactive tasks. Solan
(1980), Cruttenden (1985), Cutler and Swinney (1987), and Wells et al. (2004)
all employed tasks that required behavioral responses from children that can be
coded as either accurate or inaccurate. Except for Cutler and Swinney who used a
word-monitoring task, these studies used visual stimuli or real world objects that
had to be selected or evaluated according to speech input. Solan (1980) used toy
animals in a game where the experimenter and a child participant took turns in
acting out the pre-recorded narratives (e.g., The camel hit the lion, and then HE
hit the elephant). While 5-, 6-, and 7-year-old children all performed correctly
when they heard the stress on the pronoun (e.g., by grabbing the lion), 5-year-olds
performed incorrectly when the unstressed pronoun was expected to lead to a
parallel interpretation (while 6- and 7-year-olds grabbed the previous agent camel
upon hearing he, 5-year-olds grabbed the lion). Since the contrastive stress did not
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change the behavior in 5-year-olds, Solan (1980 : 696) speculates that they are in a
phase in which they “assume that reciprocity governs events in the world”. While
this proposal remains to be empirically attested, I suspect that this outcome may
also have to do with a difference in task comprehension between the youngest and
older children. It is possible that the youngest children simply thought that the
animals were supposed to take turns in this particular game, and thus focused on
the action to be repeated and paid little attention to prosody. Once they believed
that they had learned the rule of the game, the perseverance tendency in younger
children (Trueswell, Sekerina, Hill, & Logrip, 1999) may have made them respond
in a consistent manner for the remaining trials. The older children, in contrast,
may have better guessed what the experimenter expected them to do in the task:
differentiate actions according to different speech input.

While measures of interactive tasks may more directly speak to the research
questions than indirect physiological measures, earlier studies on focus prosody
(e.g., Cruttenden, 1985; Wells et al., 2004) were not free of methodological prob-
lems. Since I have discussed them elsewhere (Ito, 2014; Ito et al., 2012, 2014), I
refrain from repeating the details here. In a nutshell, children have shown dif-
ficulty selecting the picture that matches the intended interpretation of the spo-
ken stimuli, yet their poor performance may have resulted from (1) a failure to
comprehend out-of-the-blue prosodic prominence that was presented in isolated
sentences, and (2) a problem linking the speaker’s intention to one of the multiple
contrastive relations among the visual prompts, which were susceptible to rank-
ing according to visual salience (for example, a boy holding four oranges makes a
more salient contrast with a girl holding four bananas than with a girl holding two
oranges, thus the former picture set is more likely to lure children’s attention when
they hear John's got FOUR oranges). Importantly, although successful performances
in these interactive tasks may suggest children’s correct contrastive interpretation
of the prominence, their incorrect responses do not necessarily indicate a lack of
contrastive interpretation. It is possible that children noticed the emphasis in the
narrative, but decided to weigh visual salience more. Ironically, these interactive
tasks for gauging the semantics of prosody in older children are not adequate for
detecting their sensitivity to prosody, which may be identified quickly by passive
preferential looking paradigms.

While performance in offline interactive tasks often depends on child par-
ticipants” interpretation of the task, using eye-tracking techniques such as the
visual-world paradigm can overcome the problem of individual differences in
meta-linguistic skills and improve methodological adequacy for investigating
children’s responses to the presence or absence of prosodic prominence (Arnold,
2008; Ito et al., 2012, 2014; Sekerina & Trueswell, 2012). The primary advantage
of the visual-world paradigm is its capacity to trace participants’ spontaneous
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reactions to speech input before they follow the commands or make selections
for a visual search (Trueswell & Tanenhaus, 2005, for a summary). Visual-world
studies commonly report that child participants (aged between 4 and 11 years)
respond to prosodic manipulations within a short period of time after the critical
speech input. For example, Arnold (2008) detected fixations to the anaphoric (or
already mentioned) visual target within 1000 ms from the onset of the unaccented
target word in 4- and 5-year-old children. Sekerina and Trueswell (2012) found
facilitation of target detection for nouns that immediately followed accented color
adjectives in 6-year-old Russian-speaking children. Ito and colleagues found both
facilitative and misleading effects of prominence on pre-nominal color adjectives
within 400-600 ms after the offset of the adjectives, in Japanese-speaking (Ito
et al., 2012) as well as English-speaking (Ito et al., 2014) 6-year-old children: a
prominent adjective in a sequence that repeated the noun (pink cat - GREEN
cat) led to faster detection of the target animal set (cat), whereas the prominence
in the sequence that switched both the adjective and the noun (purple lion —
ORANGE monkey) led to initial fixations on the previously mentioned ani-
mal set (lion), which resulted in a slower detection of the target set (monkey).
In eye-tracking data, the timing of fixations can reveal participants’ sensitivity
to prosodic (as opposed to segmental) cues, while the direction of fixations can
determine whether prosodic prominence is appropriately interpreted as the cue
to contrast. In Ito et al. (2014), the robust immediate effect of prominent accent
was confirmed in all age groups (6- and 7-year-olds, 8- and 9-year-olds, 10- and
11-year olds, and adults), but importantly, the fixation timings of child partici-
pants approached those of adults gradually with age, and even the oldest child
group (10- and 11-year-olds) were not as swift as adults. In addition, the oldest
group’s recoveries from the misguided fixations were clearly delayed as compared
to those of adults. For example, while adults’ initial incorrect fixations to the lion
cell in (purple lion — ORANGE monkey) peaked at the midpoint of the noun
‘monkey’ and decreased from there on, the incorrect fixations kept increasing
throughout the noun in 10- and 11-year-olds.

In sum, eye-tracking techniques with better temporal resolution have
advanced our understanding of prosodic processing in children: the data demon-
strate immediate responses to prosodic cues, spontaneous detection of particular
visual targets that reflects the interpretation of the cues, and a clear effect of age
on processing efficacy. The developmental trajectory that these findings depict,
however, is not very different from the claims of three decades ago: comprehen-
sion of focus prosody may emerge early, but takes time to develop (Cruttenden,
1985; Cutler & Swinney, 1987). To date, use of interactive eye-tracking paradigms
such as Arnold (2008), Sekerina and Trueswell (2012), and Ito et al. (2012, 2014)
to investigate younger children (e.g., 2- and 3- year olds) is rather sparse, because
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experimental materials are limited by such factors as the child participants’
vocabulary size, ability to comprehend instructions, and attention span. Future
studies must explore whether using a smaller number of within-subject conditions
with between-subject designs can overcome the problems of data loss and low
statistical power that typically challenge the studies with toddlers.

Even though the use of online methods has enabled fine-grained examina-
tion of spontaneous responses to prosodic cues in children, such studies have
yet to overcome a methodological pitfall that is common across experimen-
tal paradigms: the use of acted or read speech. In most of the aforementioned
studies on affect prosody and focus prosody, participants were presented with
a set of carefully handpicked speech stimuli produced by an actor or trained
phonetician. This has been the methodological norm, in order to overcome the
problem of using live face-to-face interactions that do not control for prosodic
consistency within and across experimental sessions (e.g., Cruttenden, 1985).
Using pre-recorded speech stimuli facilitates objective assessment of prosodic
skills and reduces inter-experimenter and environmental variability (e.g., com-
puterized version of Profiling Elements of Prosodic Systems-Child (PEPS-C),
originally developed by Peppé and McCann (2003) and advanced by Peppé
and colleagues, see http://www.peps-c.com/). However, as long as we use non-
spontaneous stimuli, we cannot escape from the question of whether the experi-
mental findings are generalizable to the daily oral communication that children
experience. One strategy we may adopt is the use of measurable materials from
spontaneous speech corpora. Some studies have used speech from pre-existing
corpora and tested the prominence ratings of naive adult listeners (Cole, Mo, &
Hasegawa-Johnson, 2010; Turnbull, Royer, Ito, & Speer, 2017), as well as their
eye-movement responses to tree-decoration instructions (Ito, Turnbull, & Speer,
2017), in order to confirm listeners’ sensitivities to natural speech. With the
growing number of open resources such as CHILDES <http://childes.psy.cmu.
edu/>, and advanced recording devices such as the LENA system <https://www.
lena.org/>, experimentation with more naturalistic (yet controlled) stimuli is
certainly becoming feasible.

In sum, affect prosody and focus prosody have been studied with different
experimental paradigms, largely due to differences in the age of targeted popula-
tions. Measures of responses to affect prosody in pre-verbal children are neces-
sarily indirect (e.g., gazes and brainwaves), whereas responses to focus prosody
can be more directly observed with interactive tasks with older children. While
applications of a visual-world paradigm have demonstrated children’s immediate
interpretation of contrastive focus prosody and its gradual development, experi-
mental paradigms can be further advanced with more naturalistic discourse
speech materials.
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Slow development of prosodic skills and slow development of
developmental theory: Why does it take so long?

To explain the factors underlying the gradual developmental trajectory of contras-
tive prosody comprehension, and Ito et al. (2012, 2014) have proposed data-driven
accounts that extend the views of Cruttenden (1985) and of Cutler and Swinney
(1987). First, these studies found that 6-year-olds, both Japanese- and English-
speaking, have a perseveration tendency that makes them take time to shift atten-
tion from the previous referential set to the new referential set. Thus, the efficacy
of prosodic processing seems tightly related to the development of attention allo-
cation that controls the speed of discourse representation (e.g., new/less accessible
vs. old/accessible), which in turn affects the effectiveness of prosody-to-discourse
mapping. Second, the fact that children take longer to recover from prosodic gar-
den-pathing indicates that they are not as efficient as adults in detecting conflicts
in the signal, revising prosody-based expectations, and letting segmental informa-
tion guide the referential resolution. This requires inhibition of salient percepts of
contrastive prosody and a switch of attention to segmental cues, which demands
general cognitive flexibility. Executive function that includes attention allocation,
inhibition, and cognitive flexibility is known to develop slowly throughout child-
hood and adolescence (Prencipe et al., 2011; Zelazo & Miiller, 2002). Thus, it is
reasonable to assume that it takes years to achieve the level of ability that mature
processors have to integrate prosodic cues with referential information and to
revise analyses when necessary.

Assuming that executive function has an intertwined relationship with vari-
ous aspects of oral communication skills, it does not make sense to believe that the
ability to process affect prosody is mastered in early childhood. As summarized
in Armstrong and Hiibscher (this volume), studies show that young children rely
more on salient lexical information, facial expressions and gestural cues than on
prosodic cues for interpreting affect, and even older children often exhibit dif-
ficulty understanding a speaker’s emotion expressed by prosody. These findings
may reflect an overall shortage of cognitive resources (such as memory and atten-
tion span) for multi-dimensional information processing in children, and their
tendency to ignore less direct and more variable cues. A cognitive capacity con-
straint on audio-visual processing is also suggested by unique eye-movement pat-
terns in infants with Autism Spectrum Disorder, who look less at the face when
speech signals accompany the visual stimuli than when they are presented silently
(Shic, Macari, & Chawarska, 2014). As for the link between memory function
and general language skills, a study by Vulchanova, Foyn, Nilsen, and Sigmunds-
son (2014) reports strong correlations between verbal working memory capacity
(measured with a forward digit recall task) and grammar, vocabulary, and L2
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spoken sentence comprehension measures in 10-year-old Norwegian children.
Individual differences in verbal working memory are also known to affect adult
sentence processing of complex syntactic structures such as object-extracted rela-
tive clauses (Fedorenko, Gibson, & Rohde, 2006; King & Just, 1991). While pros-
ody conveys information about lexical identity, phrase structure, discourse context
and social dynamics, it is likely that processing of signals related to information
weight or not-so-evident expressions of affect is compromised in processors with
limited capacity. Children must learn to attend to referential contexts and social
factors (such as who is talking to whom) while holding on to the linguistic con-
tents of utterances during conversation. The ability to quickly map prosodic cues
to context-dependent informational structures and complex affect statuses must
develop, to some degree, with the growth of cognitive resources.

Another fundamental factor that tends to be oversimplified in research on
affect prosody is the granularity of affect categories. While many studies of infant
affect detection test the distinction between canonical categories such as happy/
positive vs. sad/negative (Grossmann et al., 2005; Vaillant-Molina, Bahrick, &
Flom, 2013; Walker-Andrews & Grolnick, 1983), real-world communication
often requires much finer distinctions of emotions along the valence and arousal
dimensions (e.g., tired vs. bored, miserable vs. depressed, delighted vs. pleased,
content vs. calm, etc.: Russell, 1980). Research has shown that 5-year-olds can reli-
ably recognize happy and sad faces yet have difficulty identifying expressions for
fear, disgust and anger (Durand, Gallay, Seigneuric, Robichon, & Baudouin, 2007).
Complex affect categories beyond these five basic emotions are therefore predicted
to develop even later.

As for the auditory processing of affect, Flom and Bahrick (2007) have shown
that 5- and 7-month-old infants discriminate happy, sad, and angry prosodies, and
Vaillant-Molina, Bahrick, and Flom (2013) found that 5-month-olds can correctly
map prosody to positive and negative facial expressions. It is yet to be discovered,
however, when children acquire other affect categories such as fear and disgust
and recognize them with particular prosodic cues. A study by Demenescu, Kato,
and Mathiak (2015) showed that adults recognize happiness and anger better than
sadness, disgust and fear in vocal expressions, and negative emotional recogni-
tion generally deteriorates with aging. Their fMRI data suggest that the reduction
of sensory function (in the superior temporal gyrus) may underlie this decline.
While the development of sensory function is considered as the primary neuro-
logical component of automatic affect detection, another recent study by Voyer,
Thibodeau, and Delong (2014) showed that the interpretation of sarcasm in adults
heavily relies on context as well as prosody. Thus, processing of affect prosody
requires both quasi-automatic perception of acoustic cues (such as energy, voice
quality and tune) and a fair grasp of discourse context, which may also rely on
executive function abilities such as working memory and attention.
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Finally, for the construction of a more empirically adequate theory of pro-
sodic development, it is important to remember that different affect categories
are expressed by different acoustic cues, which are not uniformly salient across
different types and levels of emotions (Banse & Scherer, 1996; Juslin & Laukka,
2001; Laukka, Juslin, & Brestin, 2005; Sauter, Eisner, Calder, & Scott, 2010).
For example, while Banse and Schere (1996) show that panic, hot anger, happi-
ness, sadness are respectively expressed with increased mean F0, mean energy,
low frequency energy, and duration, Juslin and Laukka (2001) reveal that emo-
tional intensity affects the use of the same acoustic cues differently for different
emotion types: strong emotional intensity boosts the F0 floor for both fear and
happiness, but it boosts the FO expansion and FO maxima only for fear but not
for happiness, which already reaches the speaker’s ceiling FO level with weak
emotional intensity. Sauter et al. (2010) provide a diagram of which acoustic
cues are mainly used for which types of emotion (e.g., pitch for surprise, anger,
achievement, and relief but not for amusement, sadness, contentment, pleasure
and disgust, which are expressed by spectrum and amplitude instead. Fear is
expressed solely by spectrum according to this diagram). However, these cues
do not always discern between different affect types: Sauter et al’s (2010) experi-
mental data demonstrate that both human listeners and discriminant analysis
of acoustic measures tend to confuse anger with disgust, and contentment with
pleasure or relief. Furthermore, while humans may misidentify fear as amuse-
ment (13%), discriminant analysis of acoustics mistakes fear for achievement
(31%) and anger (25%).

These studies point to the fact that prosodic characterization of affect types is
difficult, and acoustic cues can be unreliable and misleading at times. Based on the
currently available empirical data, we may not want to assume any fixed bundle
of acoustic features for any given affect category, as an expression of a particular
emotional status can be achieved via various combinations of multi-modal cues.
We may in fact achieve a better scientific description of human cognition by iden-
tifying the conditions under which particular prosodic features are processed as
dominant cues to the observed emotional status rather than by seeking evidence
for prosodic categories that directly map onto affect categories. Affect is a primary
source for changes in speech rate, overall intensity, voice quality, and other articu-
lartory gestures as well as body language and facial expressions of the speaker:
these behavioral signals in turn lead to the percept of a specific emotional status in
the listener, who may not necessarily share the ranges of valence and arousal with
the speaker. Thus, affect, either as the speaker’s emotional status or the listener’s
percept, can never be defined by a finite set of absolute prosodic cues. This basic
observation is often overlooked in the studies of affect prosody acquisition. To
advance the theory of prosodic development, we must walk away from assump-
tions about direct mappings between affect categories and prosodic categories (for
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the acoustic difference between lab speech and spontaneous speech that lead to
similar contrastive interpretation, see Ito et al., 2017).

In this section, I reviewed studies that suggest affect recognition is not easy
once it requires more than a simple discrimination between happiness and sad-
ness. I argue that maturity of executive functions underlies the slow development
of both focus prosody and affect prosody, which are orchestrated flexibly with
cues expressed through other modalities according to each communicative pur-
pose and context. Importantly, we should bear in mind that seeking for a set of
acoustic cues that invariably labels a type of speech act — whether it is for marking
information structure or recognizing affect - is not a very rewarding approach, as
compared to efforts to identify the mechanism of cue tuning or balancing.

Interaction and integration of affect prosody and focus prosody

At the beginning of this chapter, I suggested a direction of future studies that con-
siders developmental trajectories of affect prosody and focus prosody simultane-
ously. This was in fact inspired by a comment from an individual with Williams
syndrome (WS), who participated in our eye-tracking study (Ito, Martens, & McK-
enna, 2014b, March): “This person sounds very loud. I felt she was scolding me”.
The stimuli were identical to those of Ito et al. (2014), for which a young female
phonetician produced questions such as “Where is the pink monkey? Now, where
is the GREEN monkey?” imagining talking to a young child. To everybody up to
that point, she sounded like a happy preschool teacher rather than a grumpy lady,
and none of the typically developing child participants had expressed discomfort
with her voice. While the above comment from an adult participant with WS was
thus unexpected, it certainly provided food for thought. Individuals with WS are
known to be hypersensitive to social cues (Dykens, 2003), and thus this participant
may have paid particular attention to cues to speaker affect. However, this may
also happen in everyday conversations among typically developing individuals. If
rudimentary sensitivity to affect prosody develops during infancy, young children
may well be capable of automatically detecting basic affect status (e.g., positive vs.
negative) while attending to prosodic signals related to discourse structure.

To date, studies that simultaneously examine more than one function of pros-
ody have been sparse. Pihan et al. (2008) asked participants to listen to a pair of
sentences and indicate which one sounds more like a question. Three statements
were produced by two speakers (one male, one female) in happy, neutral and fearful
prosody, and their pitch contours were artificially modified such that each sentence
ends with a rising, falling or level tone. Pihan et al. (2008) found that the rising tones
generally increased the ‘question’ responses. However, the happy prosody that was
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characterized by the largest FO changes throughout the utterances interfered with
the speaker intention judgments, resulting in the lowest ‘question’ responses within
the rising tone set. (The predicted right-lateralization for happy and fear prosody
was not detected in the EEG signals.) The findings of Pihan et al. (2008) suggest that
unconsciously detected speaker emotion can affect the perception of illocutionary
force. Thus, while laboratory experimenters typically make participants attend to
particular dimensions of speech signals, listeners may assess the emotional state of
a speaker automatically and make responses accordingly. This implication needs to
be considered carefully for the study of focus prosody in toddlers and infants. On
one hand, the function of accentuation in highlighting specific discourse entities
may be blurred by happy or overly excited prosody with exaggerated pitch excur-
sions. On the other hand, accents embedded in a cold angry tone with a compressed
pitch range may be more efficiently processed if they stand out acoustically, although
some listeners may interpret the emphasis as part of the expression of anger.

The interaction between affect and focus prosody may also modulate the effect
of memory encoding in children. Fraundorf et al. (2010, 2012) have shown that
contrastive accent leads to better recall of narratives in both younger and aging
adults. Lee and Snedeker (2016) have partially replicated this effect of contrastive
accent in 5-year-old children. Another recent study by Lee and Fraundorf (2016)
confirmed some sensitivity to contrastive accent only in high-proficiency, but not
in low-proficiency, L1-Korean learners of English. This finding adds to a general
observation of difficulty in using prosodic cues for interpreting the speaker’s inten-
tion in language learners (see Armstrong & Hiibscher, this volume, for a summary
of research on children’s comprehension of prosody for belief state). A recent study
by Igualada, Esteve-Gibert, and Prieto (2017) reports the effect of ‘beat gestures’
(gestures that highlight a part of speech) on the recall of verbal information in
3- to 5-year-old children, suggesting that informational retrieval can be facilitated
by associated visual cues. Since this finding demonstrates preschoolers’ ability to
bind cues for retrieving spoken information, we may hypothesize that prosodic
prominence can also function as a retrieval cue in young children. However, the
critical question is whether prosodic cues alone can flag the discourse status of a
referential expression and facilitate the retrieval of it. Based on the results of Ito
etal. (2014), I doubt that prosodic prominence is as effective as visually-associated
cues for memory retrieval in young children, because segmental and prosodic
cues must compete for the limited cognitive resources available for auditory pro-
cessing. In addition, if the listener happens to attend to the emotional state of
the speaker while processing the segmental information for syntactic and lexical
semantic structures of the spoken message, the resources for auditory input (or
the ‘phonological loop’ component in Baddeley and Hitch’s (1974) model of work-
ing memory) may be overloaded with an underdeveloped processor. This ‘limited
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resource hypothesis’ needs to be tested with careful experimental designs, because
particular emotional percepts may encourage or discourage memory encoding
as well as informational representation in listeners. Caution is required when
preparing experimental stimuli, because accents may not stand out in an overly
expanded pitch range that may express a high level of arousal (as in IDS), while a
specific combination of acoustic cues for expressing a particular degree of valence
may sharpen or dilute the effect of prosodic emphasis.

While these hypotheses about the interaction of affect prosody and focus pros-
ody with limited cognitive resources remain to be explored, the research outcome
for such questions would be very beneficial not only to the field of developmental
intonational phonology, but also to the research fields of educational psychology,
language pedagogy and communication disorders. One common goal across these
applied research fields is to find a way to improve individuals’ communication skills.
There is little room to debate whether excellence in communication skills comprises
of good understanding of speaker emotion and a fair comprehension of discourse
context and structure. Since prosody provides robust cues to both these compo-
nents, developmental research in this area should take a more holistic approach in
which the bi-directional interaction between affect prosody and focus prosody is
examined across multiple developmental stages. This approach should investigate
whether and how children’s percept of speaker affect impacts their understanding
of message structure, and how this interaction changes as they acquire fine-grained
affect categories and discourse representations. It is also important to examine how
efficacy of sensory processing, sensitivity to social cues, cognitive flexibility, and
memory impact the way emotion recognition influences message comprehension.
Although it is impossible to assess all these inter-related abilities of an individual
in one study, strategic experimental designs and inter-disciplinary collaborations
that draw on multiple expertises have strong potential to overcome methodological
challenges and advance our understanding of communication development.
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CHAPTER 14

Children’s development of internal state
prosody

Meghan E. Armstrong & Iris Hiibscher

University of Massachusetts Amherst / Universitat Pompeu Fabra

Infants have access to the prosodic aspects of their ambient language even prior
to birth, but many aspects of prosody are produced and comprehended well after
infancy. One of these aspects includes prosody related to internal states such as
beliefs, desires, feelings and emotions. In this chapter, we review the literature on
prosody related to internal states, paying special attention to prosodic meanings
associated with emotions and belief states and drawing from production and
comprehension studies of preschool- and school-aged children. We show that
there are many parallels in the development of these two aspects of prosody,
suggesting the usefulness of studying them in tandem. Implications for these
findings are discussed as well as fruitful directions for future work.

Introduction

Speakers express their beliefs and desires using a variety of linguistic resources,
and prosody is no exception. Pierrehumbert and Hirschberg’s (1990) seminal
work on intonational meaning brought to the forefront the idea that intonation
can convey relationships between the propositional content of utterances and
the mutual belief space between speaker and hearer. For instance, the L*+HL
H% (rise-fall-rise) contour in American English has been shown to convey
both uncertainty and incredulity, meanings that are disambiguated through
pitch range (Ward & Hirschberg, 1988). Recently there has been a resurgence
in the literature on the relationship between speaker belief states and prosody
(Armstrong, 2015, for questions, inter alia; Armstrong & Prieto, 2015; Gravano,
Benus, Hirschberg, German, & Ward, 2008, for declaratives; Gunlogson, 2003;
Lai, 2010, for cue words; Vanrell, Mascard, Torres-Tamarit, & Prieto, 2013). As
we deepen our understanding of how adult speakers negotiate the mutual belief
space through prosody, we are beginning to understand how children learn to do
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so as well. The literature on children’s development of belief state or mental state
language is enormously skewed such that the bulk of it focuses on lexical items
that convey this type of information, rather than prosody (Barak, Fazly, & Ste-
venson, 2014; Booth, Hall, Robison, & Kim, 1997; de Villiers, 2005; Matsui, 2014;
Shatz, Wellman, & Silber, 1983, among many others). Recent work has begun to
pay more attention to the role prosody plays in children’s development of belief
state language.

It is clear, however, that prosody plays an important role in a child’s develop-
ment, even prior to birth. It has been claimed that newborns’ cries reflect the pro-
sodic characteristics of their mother’s language (Mampe, Friederici, Christophe,
& Wermke, 2009), and newborns have been shown to be able to discriminate
language classes based on prosodic cues (Nazzi, Bertoncini, & Mehler, 1998).
Infants make use of prosodic cues to intentionality; by 5 months of age infants
are sensitive to their mothers’ intentions as conveyed by prosody, responding
differently to approving versus prohibiting maternal utterances (Fernald, 1993).
Pitch discrimination abilities have also been shown for 5-month-olds - Frota,
Butler, and Vigario (2014) showed that at this age there is evidence for the dis-
crimination of pitch category use for questions versus statements in European
Portuguese (see Frota and Butler, this volume, for a discussion of language-
specific effects that emerge very early on in prosodic development). By the end
of their first year of life, young children demonstrate an ability to accurately
infer the intentions of their caregivers by making use of information conveyed
through prosody and hand gesture in novel situations (Esteve-Gibert, Prieto, &
Liszkowski, 2017). In production, infants between the ages of 7 and 11 months
make prosodic distinctions in their communicative versus investigative vocal-
izations (Papaeliou & Trevarthen, 2006), and also produce prosodic distinctions
based on intentionality — Esteve-Gibert and Prieto (2013) found that for vocal-
izations that required something of their caretaker (requests and expressions of
discontent), infants produced vocalizations with wider pitch range and longer
duration.

Sakkalou and Gattis (2012) have also shown evidence that infants can infer
intentions through prosodic cues (see Esteve-Gibert & Prieto, this volume, for an
overview of further studies). But some work suggests that things start to change
during the second year. Friend (2001) showed evidence for a transition from affec-
tive to linguistic meaning for prosody; while preverbal infants showed behavior
that was guided by prosody, their behavior became better regulated by lexical con-
tent as their receptive vocabulary grew, resulting in a lexical bias around the age
of 15 months. Friend suggests that this begins a new stage for the “fine-tuning” of
communication between the caretaker and the infant, in which a child must learn
to pay attention to both what is said and how it is said, thus marking a change from
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a point where ‘the melody is the message’ (Fernald, 1989), when children are very
young, to a state where prosody and lexical items work together, i.e., the message
goes beyond the melody.

In this chapter, we offer a summary of existing research on the development of
prosody that is related to internal state such as beliefs, feelings and emotions, focus-
ing specifically on preschool- and school-aged children. We assume that these are
largely related both to an individual’s Theory of Mind - the ability to understand
mental states and capacities to see people as psychological beings with different
thoughts, desires and beliefs — as well as their emotion understanding — understand-
ing of emotional expressions and internal feelings in self and others (LaBounty,
Wellman, Olson, Lagattuta, & Liu, 2008). Importantly, both emotional prosody and
belief state prosody reference the internal states of the self and others, as well as per-
spective-taking. For this reason, we use the term internal state prosody (LaBounty
etal., 2008; Lemche, Kreppner, Joraschky, & Klann-Delius, 2007) in this chapter. In
the sections below, we first provide a brief discussion of children’s development of
emotional prosody, and next focus on the work that has been done on belief state
prosody to date. Finally, we highlight further avenues of investigation in this area.

Children’s use of prosody for conveying and perceiving emotions

Sauter, Panattoni, and Happé (2013) assessed British English-speaking children
between the ages of 5 and 10 in terms of their ability to match picture stimuli with
auditorily communicated emotions. While many 5-year-olds succeeded at the task,
they found that children continued to improve with age. In Friend (2000), 4-year-
olds were able to identify happy versus angry reiterant speech (e.g. mamama), but
when speech was low pass filtered, they were not successful. Berman, Chambers,
and Graham (2010) sought to discover whether preschoolers would show greater
sensitivity to emotional prosody in less cognitively-demanding tasks, compared to
conflict tasks that pit prosody and situational context against each other. Three-
and 4-year-olds were presented with referential descriptions while they saw arrays
of photographs of three objects: two objects of the same category that differed in
physical state (e.g. a deflated ball and an intact ball) as well as an object that was
unrelated (e.g. a star). Children heard a phrase such as Look at the ball spoken with
happy-, sad- or neutral-sounding prosody. While 4-year-olds’ pointing responses
(explicit measure) did not show sensitivity to emotional prosody, their gaze pat-
terns did. For example, the deflated ball was fixated more often in the presence
of sad emotional prosody, and this occurred as the ambiguous noun unfolded.
On the other hand, no such sensitivity was found for the eye gaze patterns of
3-year-olds. In a follow-up study using the same paradigm (Berman, Graham and
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Chambers 2013), 5-year-olds showed sensitivity through both pointing and eye
gaze, i.e. both explicit and implicit measures. The authors concluded that 4-year-
olds are at a transitional point in their ability to integrate emotional prosody with
other linguistic information (i.e. lexical information). Berman, Graham, Callaway,
and Chambers (2013) found more evidence for this transitional period in a set
of experiments which assessed preschoolers’ ability to use emotional prosody to
learn new words. Four- and 5-year-olds were presented with novel objects, first
in their original state and later in a changed state (broken or enhanced). Instruc-
tions to find the referent of a novel word were heard with either sad-, neutral-
or happy-sounding prosody. Similar to what was found in the studies mentioned
above, while 5-year-olds were shown to link the novel referent with the expected
corresponding object (e.g. broken object when sad-sounding prosody was heard
and the enhanced object when happy-sounding prosody was heard) in both their
eye gaze patterns and their explicit referential decisions, 4-year-olds only showed
this behavior in their eye gaze patterns. Later, Berman, Chambers, and Graham
(2016) had 3- and 5-year-olds match emotional affect communicated auditorily
with facial expressions, using both implicit (eyetracking) and explicit (pointing)
measures. While sad-sounding speech triggered looks to a sad face from the earli-
est moments of the utterance for the children, they took longer to look at happy
faces based on auditory stimuli (about 800ms into the utterance). Three-year-olds
showed only a latent ability to map vocal affect to a corresponding face in the
eyetracking data, but could not match voices to pictures in the pointing task, while
5-year-olds were able to do so. The authors took 3-year-olds’ success on the implicit
task but not the explicit task as evidence that their perception of emotional states
through vocal cues were at an emergent state. This parallels what has been found
for Theory of Mind reasoning tasks as well (Wimmer & Perner, 1983). Valence
also matters —when preschoolers had only audio information, they were better at
choosing the target label for sound clips that were sad or angry when compared to
happy or fearful (Nelson & Russell, 2011), and tended to label a happy voice with a
negative valence. They also note that while preschoolers are rather good at reading
body language through the face or the body, the ability to read emotion through
auditory cues alone lags behind. A facilitating effect for sad-sounding prosody
over happy-sounding prosody was also found for 3- and 5-year-olds, with sad-
sounding prosody facilitating looks to sad facial expressions more quickly than
happy-sounding prosody facilitating looks to happy facial expressions (Berman
et al., 2016). Quam and Swingley (2012) found that 4- and 5-year-olds were con-
sistent in using happy or sad prosody to decide whether a puppet had succeeded
or failed at a task, while 2- and 3-year-olds depended more on facial and body
language cues. In their production, children in this study were able to produce
the prosodic contrasts in question, and unlike in comprehension there were no
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age differences, echoing the ‘production/perception paradox’ (Cutler & Swinney,
1987). This paradox makes reference to various researchers’ observations that chil-
dren are quite adept at producing prosodic meaning but have more difficulties
comprehending it, especially at the sentence level. Quam and Swingley (2012) call
attention to the perhaps puzzling fact that infants respond to emotional cues from
maternal speech, but preschoolers have trouble detecting emotion through pros-
ody. They suggest that while happy and sad contours may be accessible to babies
in infancy, they might lose their iconicity through reinterpretation during the lan-
guage acquisition process, and that the late learning of connections between pitch
and emotion could be due to the ‘complexity of pitch-contour patterning in the
language as a whole. This supports Fernald’s (1992) idea that children gain access
to the different functions of pitch in language at different points depending on fac-
tors such as developmental relevance and cue validity.

Researchers have also been interested in understanding children’s behav-
ior when presented with multiple cues to emotion. When lexical cues and pro-
sodic cues compete, younger children tend to give more weight to the lexical cue
(Friend, 2000; Friend, 2003; Friend & Bryant, 2000; Morton & Trehub, 2001), and
also to situational context (Aguert, Laval, Le Bigot, & Bernicot, 2010; Gil, Aguert,
Bigot, Lacroix, & Laval, 2014). Going back to the idea proposed by Fernald (1989),
it seems that children tend to focus on what is said rather than how it is said.
This is likely to be related to children’s pragmatic development, since intonation
is known to generate implicature (Armstrong & Prieto, 2015), but early on chil-
dren may show difficulty in calculating implicatures, and give great weight to the
semantic interpretations of utterances (Huang & Snedeker, 2009; Papafragou &
Musolino, 2003). Morton and Trehub (2001) found that while adults rely exclu-
sively on prosody when prosodic and lexical cues are conflicting, 4-year-olds rely
on lexical information only. In this study, there was a gradual increase in children’s
reliance on prosody. Even so, only half of the oldest children in the study (age
10) attended to prosody. However, Morton, Trehub, and Zelazo (2003) found that
when 6-year-olds were primed to attend to prosody more than lexical content,
they were able to do so. In this experiment, 6-year-olds had to decide whether a
friend of the experimenter sounded happy or sad. Children heard utterances with
neutral content accompanied by happy or sad prosody (called “paralanguage” in
the study), as well as sentences with happy (e.g. My mommy gave me a treat) or
sad (e.g. My dog ran away from home) emotional content, as well as happy or sad
prosody. The emotional content utterance included both prosody that matched
the content of the utterance (happy content with happy prosody; sad content with
sad prosody) as well as prosody that was a mismatch given the content of the
utterance (happy content with sad prosody; sad content with happy prosody). The
two different content types were presented in blocks, with half the 6-year-olds
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receiving the neutral content condition first, and the other half receiving the emo-
tional content first. The authors found an effect of condition such that there was a
lower proportion of responses based on prosody for the emotional content condi-
tion and a higher proportion for the neutral content condition. The authors also
showed that children were primed by having to rely on prosody — when the neutral
content condition was given first, responses to prosody for the emotional content
condition increased. When the emotional content condition was presented first,
responses to prosody for the neutral content condition dropped.

Aguert, Laval, Lacroix, Gil, and Bigot (2013) suggest that prosody plays a ‘sub-
ordinate’ role when it is in competition with situational context, a phenomenon
that persists even into children’s early teenage years. Aguert et al. (2010) describe
this slow process as a ‘developmental shift in the processing of expressive speech
acts’ that starts off driven by situational context (at ages 5 and 7). According to
these authors, expressive interpretation starts to evolve at age 9, when children
are able to give prosody as much weight as situational context. Thus, it seems that
the ability to consistently relate emotional prosody with emotional categories is
beginning to emerge around age 3 (implicitly) and more consistently around age
4 or 5. However, the ability to use prosodic cues when in competition with other
information does not seem to occur until very late.

Khu, Chambers, & Graham (2017) pointed out a gap in the literature on chil-
dren’s acquisition of emotional prosody, since these studies do not make clear that
children are using emotional prosody to reason about the emotional perspective
of another speaker. In order to test this, they carried out a task in which 4-year-
olds played a competitive game with another individual. If the child won the
game, the individual would lose, and vice versa. The children had to use the other
player’s emotional reactions to infer the outcome of the game - thus if the other
player sounded sad, this meant a win for the child, if they sounded happy it meant
a loss for the child. Children heard ambiguous statements with happy- or sad-
sounding emotional prosody. Their responses were recorded and their eye gazes
were tracked. While the effect of emotional prosody was quite weak for children’s
explicit responses, eye gaze patterns showed that the children were able to antici-
pate that they would lose when the speaker sounded happy, and that they would
win when the speaker sounded sad. However, this effect was not found until after
the utterance had ended, showing that children needed some time to process emo-
tional prosody. In any case, 4-year-olds were shown to implicitly use emotional
prosody to make inferences about the perspective of another individual.

Further evidence of children’s ability to use prosody and also facial cues to
access the affective perspective of another person has been demonstrated by
Hiibscher, Wagner, and Prieto (2016). They tested 3-year-old children’s sensitiv-
ity to a speaker’s polite affective stance encoded through audiovisual prosody
in requests. The materials were presented in a Powerpoint presentation in three
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different conditions: (a) with prosody and facial cues available (audio-visual); (b)
with just facial cues available (visual-only); (c) with only prosody available (audio-
only). The children always saw/heard twins requesting an object. While the lexi-
con was kept constant in both polite and non-polite requests, pitch contours and
facial cues were varied, ranging from falling L* L% (non-polite) to rising L+H*
H% (polite) and frown (non-polite) to smile (polite) respectively. After they heard
both requests, children were asked to place the requested object in the basket in
front of the twin that asked more nicely. Results from 216 responses showed that
3-year-olds performed significantly above chance overall, and demonstrated clear
sensitivity to a speaker’s polite affective stance encoded through audio-visual pros-
ody. Additionally, there was no significant difference between the performance for
the individual conditions, showing that both prosody and facial cues are used as
powerful indicators of a speaker’s affective stance and are able to override the lexi-
cal meaning of the word please, which was present and thus controlled for in both
polite and non-polite requests.

Taking these finding for preschool-aged children together, it is perhaps very
surprising that 5-month-olds were able to match other infants’ expressions of hap-
piness/joy and frustration/anger with corresponding video recordings (Vaillant-
Molina, Bahrick, & Flom, 2013). That is, when presented with side-by-side video
recordings of a joyful and an angry baby, infants looked longer to the baby whose
expressions better matched the audio stimulus (see further discussion in Esteve-
Gibert & Prieto, this volume). Reconciling this finding with the rest of the literature,
however, is perhaps not so difficult if we consider Friend’s (2001) proposal that there
is a transition from affective to linguistic prosody, and a new stage of “fine-tuning” of
communication between caretaker and infant. Thus we could hypothesize that even
though infants may be sensitive to the relationship between emotional speech and
corresponding gestures at 5 months, there would be a stage where this ability is lost
or attenuated. The age ranges discussed above, therefore, could be the points where
these abilities are recuperated. On the other hand, we must consider that the lack
of description of prosodic cues for many of these studies make it difficult to make
direct comparisons. For instance, if infants heard happy cooing noises produced by
another infant, this is quite different from hearing an adult produce an utterance
with lexical items, higher overall pitch range and expanded excursions. We now turn
to another aspect of reasoning about internal states through prosody, belief states.

Children’s acquisition of belief state prosody

Production

Krahmer and Swerts (2005) investigated how Dutch-speaking children (ages 7-8)
and adults produce and perceive audiovisual cues to uncertainty. They used the
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Feeling of Knowing (FOK) paradigm (Hart, 1965) which is a method for accessing
participants’ metacognitive evaluation of to what degree they know the answer to
factual questions when answering them. In other words, speakers are able to con-
vey information about their varying degrees of certainty through the production
of their answers. Adults were found to use mostly fillers, delays and high intona-
tion to convey uncertainty, while children relied more on delay and high intona-
tion. Thus children relied more on prosodic strategies than lexical fillers. Later
in a second task, adults and children watched the previously recorded responses
and were asked to judge the speaker’ level of uncertainty. The results showed that
adults’ judgments about the recordings were more reliable than children’s. Fur-
thermore, adults also judged the older children’s level of certainty better compared
to the younger children’s. Interestingly, children were better at inferring adults’
degree of certainty when compared to childrens, suggesting that children’s cues
to uncertainty are less reliable. Visser, Krahmer, and Swerts (2014) later assess the
production of children (8-11) in their visual and auditory expressions of uncer-
tainty using the FOK paradigm in the form of a quiz game in either a collaborative
setting (two children answering questions as a team) or a competitive setting (two
children playing against each other). Again children produced longer delay and
higher intonation for lower FOK (in addition to eyebrow movements). However,
the study showed an effect of age and context such that older children and children
in the competitive setting were more expressive in their signalling of uncertainty
when compared to younger children or collaborating children. These studies show
that children aged 7-11 make use of pitch and speech rate when conveying degree
of certainty in answers to questions, though both age and context are surely at play.

More recently, Armstrong (2016) was the first longitudinal study to inves-
tigate the production of mental state intonation. In this corpus study, she ana-
lyzed the speech of two toddlers (1;7-3;6) and their caretakers in Puerto Rican
Spanish. Puerto Rican Spanish polar questions can be produced with a general
belief-marking contour, a contour that marks that the speaker has a belief about
propositional content (unspecified for the direction of the belief) or a contour that
marks a speaker’s disbelief. Caretakers used the general question-marking contour
with the greatest frequency (93% of all polar questions), followed by the disbe-
lief contour (5% of all polar questions) and the belief presence contour (2%). The
two children only produced two instances each of the belief-presence contours,
and never produced the disbelief contour felicitously. Infelicitous uses of disbelief
intonation were identified in the production of one child, leading to a conversa-
tional impasse with the child’s mother - she had a difficult time comprehending
what the child meant in this situation. Such situations likely provide the child with
feedback about the pragmatic restrictions on intonation contours. Additionally,
felicitous productions of the belief presence contour appeared later in the corpus;

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



Chapter 14. Development of internal state prosody 279

one child produced her first belief contour at 2;8, and the other at 3;0. These ages
are in line with the ages at which lexical mental state language has been shown to
emerge (Shatz et al., 1983). Armstrong attributes the absence of felicitous produc-
tions of the disbelief contour to the mental reasoning processes that are necessary
for using the belief presence contour vs. the disbelief contour, which may be more
complex for the case of disbelief. For the belief presence contour, the child must
only be aware that she has a belief about a proposition, while for the disbelief con-
tour she must identify a contrast between a belief she has held and information
that has just become available in the discourse.

In discourse narratives, children show that they are sensitive to concepts such
as finality and non-finality through their use of intonation, but parental input may
also be a predictor of the types of contours children choose. American English dis-
plays a declarative rise in narratives that allows the speaker to make frequent checks
about whether the hearer is following what s/he is saying (Warren, 2016). In this
way, the speaker monitors the information that is part of the mutual belief space
shared with the hearer. Armstrong, Piccinini, and Ritchart (2016) examined this
use in the speech of American English-speaking mothers and their daughters (ages
6-7). Overall, daughters used more non-question rises in narratives than mothers
did. When comparing production of rising vs. level tunes, however, mothers that
produced more rises had daughters that produced more rises. Similarly, mothers
who produced more level contours had daughters that produced more level con-
tours. This tendency was not found when rises were compared to falls. Daugh-
ters always produced more rises than falls. Mothers used more mid-narrative falls
than daughters, while daughters seemed to reserve falls for very final intonational
phrases, such as the very last one in a narrative. It is unclear whether the children
in this study were aware of the ‘checking-in’ function of rises, or whether they use
them more generally to convey non-finality, since rises in American English can
carry both meanings. Perception work will be key in better understanding how
children understand rises in narratives to be related to the belief states of others.

Comprehension

In some of the earliest work on children’s intonational comprehension, Crutten-
den (1985) tested 10-year-olds’ ability to assess speaker certainty based on fall-
ing versus rising intonation. He employed a picture-matching task where children
heard a sentence, for instance Its a very nice garden produced with what would
correspond to a high rise or a rise-fall. Participants could associate the test items
with three possible pictures: (1) a nice garden, but the house is falling down (2)
both the house and the garden are very nice and (3) an overgrown garden with a
house that is not very nice. Participants had to match the statement with one of the
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pictures. While both the adults and children were able to match falling intonation
with scenario (1), children had a harder time than adults associating sentences
produced with rising intonation with scenario (2), where we would assume that
the rising intonation indicated reservation or lack of commitment, suggesting that
older children have difficulties using prosody as a cue to a speaker’s degree of com-
mitment. However, not all adults responded the same way, and the author admits
possible issues with the task. Cruttenden also assessed speaker neutrality versus
surprise about propositional content, hypothesizing that participants should relate
the rise to surprise and the fall to neutrality with phrases like She’s gone away.
Participants were expected to relate the rising tune with a surprised face, and the
falling tune with a neutral face. Ten-year-olds performed significantly worse than
adults, though many adults associated both tunes with the surprised face, again
indicating some task issues. Wells, Peppé, and Goulandris (2004) carried out a bat-
tery of perception and production tasks (the PEPS-C, (Peppé & McCann, 2003))
with children aged 5-13. The authors investigated various meanings using a per-
ception task that tapped into children’s comprehension of uncertainty. Children
participated in a picture-naming task, where the child would state what they saw
in each picture, and the experimenter would repeat that word with either rising or
falling intonation. The authors hypothesized that falling intonation would indicate
that the child was correct, and as such the child would continue on to the next
picture. It was assumed that when the experimenter produced a rise it would indi-
cate uncertainty about what the child said, and therefore the child would repeat
the word. Few errors were identified for the affirming responses, but the authors
reported 41.5% errors for 5-year-olds for the rises, where children interpreted
questioning as sounding affirming, showing more difficulties when compared to
8-, 10-, or 13-year-olds. However, we point out that these meanings were quite
specific to the particular context of the task, meaning that children would have
had to calculate pragmatic meaning in the specific discourse context of the task,
thus making the task more difficult for younger children. In this way, if a child pro-
duced the name house and the experimenter produced this word with rising into-
nation, the implicature might be +> Did you say house? When the experimenter
repeated the word with falling intonation the implicature might be something
like +> I get it, house. Even if these uses of prosody are highly conventionalized,
we still take them to be quite context-specific in this case.

Moore, Harris, and Patriquin (1993) was the first and only study to com-
pare children’s comprehension of mental state lexicon to their comprehension of
belief state prosody. They point out a problem with prior studies that focus on
children’s tendency to give more weight to lexical information versus prosodic
information, arguing that “The point of linguistic processing, however, especially
for young children, is not to identify particular words, or even to comprehend
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sentence meaning, but to extract and respond to the speaker’s intended meaning,
and prosody plays an important part in this pragmatic function’ (p. 55). They car-
ried out a ‘hiding game’ where a candy was hidden in a red or a blue box over a
series of trials. Children were told that two puppets wanted to tell them where the
candy was. Children had to listen to the puppets to figure out where the candy was.
Using a between subjects design, the authors tested children’s (aged 3-6) ability to
understand speaker certainty based on belief state verbs or prosody. Prosodically,
they tested the use of falling (certainty) versus rising (uncertainty) intonation. For
the lexical condition, the verbs know vs. think were pitted against each other, as
well as think vs. guess. Three-year-olds could not use either cue to decide where
the object was. Four-year-olds were significantly above chance in using prosody
to decide where an object was, while older children responded better based on
lexically-encoded linguistic items when compared to prosody. The think vs. guess
condition was much more difficult for older children than the know vs. think
condition. A follow-up experiment with the same age groups included ‘matched’
and ‘mismatched’ conditions. In the matched condition lexical items expressing
more certainty were matched with falling intonation, and less certain lexical items
were matched with rising intonation. The opposite was done for the mismatched
condition. Five-year-olds performed much better this time for the think vs. guess
distinction, presumably because the prosodic information reinforced the strength
difference between these midscalar terms. Five-year-olds also scored significantly
worse on the mismatched condition, showing that inappropriate prosody caused
them to perform more poorly. This points to some sort of awareness about the
acceptability of prosody related to speaker certainty with lexical items at the age
of five. The authors propose that in general, 5-year-olds search for explicit lexical
information about speaker’s mental states, and consider intonation to be second-
ary. However, they are affected when the secondary information is infelicitous,
given lexical information. Yet the study also shows that children are sensitive to
lexically-encoded mental state information around the same age that they are
aware of prosodically-encoded mental state intonation, contra prior accounts.
This finding, as suggested by the authors, points to a cognitive account for chil-
dren’s comprehension of speaker certainty; their representational Theory of Mind
must be developed to a certain degree (Moore, Pure, & Furrow, 1990) in order to
comprehend mental state language, whether it be lexical or prosodic. Nonethe-
less, lexical information has a dominant role around 4 or 5, when prosody has a
secondary role. Moore et al’s (1990) study provided all the impetus necessary to
thrust the study of children’s prosodic comprehension forward, but strangely few
studies advanced this research agenda in the 1990s or early 2000s. Studies assess-
ing children’s comprehension of belief states conveyed prosodically have gained
more traction in recent years, and these studies are described below.
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Armstrong (2014) investigated children’s comprehension of intonationally-
encoded disbelief in polar questions in Puerto Rican Spanish. Children between
the ages of 4 and 6 participated in a comprehension task and were presented with
a pair of twins and their friend. They were told that the twins’ friend was telling
them about the animals she saw on vacation, and that there was always one twin
that did not believe what the friend said. For each trial, the friend told the twins
which animal she saw, and each twin subsequently reacted with a pre-recorded
utterance. Children heard the response of each twin in the form of an echo ques-
tion. One twin produced the echo question sun mono? ‘a monkey?” with neutral
question intonation, and the other with disbelief question intonation, ;jsun mono!?
‘amonkey!?’ The child then had to point to the twin that did not believe the friend.
All age groups performed significantly above chance, and no significant differ-
ences were found for the performance of 4- vs. 5-year-olds, who provided cor-
rect answers 85% of the time. 6-year-olds significantly outperformed the younger
children, however, providing the desired response 92% of the time. Unexpectedly,
some six-year-olds produced facial gestures that are known to be associated with
both questioning (brow-raising) and incredulity (movement of head backwards,
brow furrowing) when they heard the experimental stimuli (N.B., they were not
producing the stimuli). This indicates that by age six, children have formed strong
associations not only between intonational forms and their respective meanings,
but also the facial gestures that often accompany these forms. Even though the
6-year-olds in this study outperformed the 4- and 5-year-olds, all groups show the
ability to perceive intonationally-encoded disbelief, suggesting that the window
between ages 4 and 6 (and probably earlier if 4-year-olds are performing at above-
chance levels) is a very important one for intonational development. It also shows,
contra Moore et al. (1993), that 4- and 5-year-olds do not necessarily need lexical
information present in order to perceive a belief state distinction through intona-
tion - that is to say, school-aged children are indeed capable of using intonation
as a primary cue, if it is the only cue. However, it could be that the tune used in
Puerto Rican Spanish, falling-rising-falling contour, is a more predictable cue to
doubt than the rise is for uncertainty in American English. As has been shown for
emotional prosody, younger children often make use of the visual modality better
than they do for the audio modality.

Armstrong, Esteve-Gibert, and Prieto (2014) carried out a similar study to
Armstrong’s (2014) study on Puerto Rican Spanish-acquiring children, this time
assessing 3- to 5-year-old children’s ability to comprehend disbelief in Central
Catalan. Children were tested with three types of modalities: audio (intonation-
only), visual (facial gesture-only) and audiovisual (combination of the two). Facial
gestures included cues known to convey question-marking or disbelief cross-
linguistically (Crespo Sendra, Kaland, Swerts, & Prieto, 2013): brow-raising for
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neutral questions and brow-furrowing and a backwards movement of the head for
disbelief. Overall, children’s success was predicted by age. Results showed that the
youngest children performed very poorly when no visual information was pres-
ent: 3-year-olds performed at near-chance levels for the audio-only task. Four-
year-olds showed a great deal of variability for the audio-only condition, while this
variability was not found for 5-year-olds, who performed close to ceiling, and with
little variability. On the other hand, 4-year-olds were quite successful when they
had access to visual information. Thus while children may depend on cues from
facial gesture in order to perceive disbelief early on, by around 5 years of age they
no longer need to rely on visual cues.

Armstrong et al. (2014) also assessed Theory of Mind reasoning, by adding a
modified version of Wimmer and Perner’s (1983) Sally Anne task, where partici-
pants saw a video with puppets. First, a princess puppet put her ball in one of two
containers, covered it and left for school. While the princess was gone, a lion came
and moved the ball from one container to the other. He covered it as well, and
left. When the princess came back from school, the child was asked On buscara
la pilota, la nena? “Where will the girl look for the ball?. A child passed the task
if they answered that she will look for the ball where she left it, and failed if they
answered that she will look in the container where the ball had been moved to by
the lion. Across age groups, the authors found that the children that passed the
false belief task were the ones that were the most successful at the comprehension
task, regardless of the condition. This suggests, perhaps unsurprisingly, that the
children with more sophisticated belief reasoning were the ones that tended to be
most successful on the comprehension task, which also involves some degree of
ToM reasoning since a child must use either visual or audio cues (or the combina-
tion of the two) to reason about the mental states of others.

Most recently, Hiibscher, Esteve-Gibert, Igualada, & Prieto (2017) tested 3- to
5-year-olds Central Catalan acquiring children’s ability to detect speaker uncer-
tainty through various cues (intonational, gestural and lexical) when a speaker
answered a question (divided into two groups: younger children and older chil-
dren). Using a Powerpoint presentation, participants were introduced to different
sets of twins that were playing a guessing game with their friend Barbara. Barbara
would ask the twins a question, for example Quin és el meu vegetal preferit? “What's
my favorite vegetable?” with the answer revealed in a thought bubble. For example,
if Barbara’s favorite vegetable was a tomato, the child would see a thought bubble
near Barbara’s head with a tomato in it. The child was told that for each question that
Barbara asked, there would be one twin that was sure of the answer, and another
that was not. The child had to point to the uncertain twin. In the lexical condition,
some fragments were produced with potser ‘maybe’ (e.g. Potser el tomaquet ‘Maybe
the tomato’) versus segur que ‘certainly’ (e.g. Segur que el tomaquet ‘Surely it’s the
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tomato). Crucially, both of these were produced with the same falling intonation
contour, L* L% in the Cat_ToBI system. The stimuli for the specific epistemic
condition (certain vs. uncertain) were produced with corresponding gestures (i.e.
a head-nod suggesting certainty vs. squinted eyes/raised eyebrows/head tilt for
uncertainty). Meanwhile, in the intonation condition, no epistemic information
was given in the sentence fragment. Rather, epistemic information was conveyed
through intonation. Participants heard a sentence fragment such as el tomaquet
‘the tomato’ as an answer to a question with either falling (L* L%) or rising (L*
H%) intonation, so as to convey certainty or uncertainty. The intonational stimuli
had the same gestural cues as the lexical stimuli. Children were given either the
lexical or the intonation condition, with trials that were audio-only, video-only or
audiovisual. Both younger and older children performed better when some sort
of visual information was present (i.e. the visual only and the audiovisual con-
ditions). The authors point out that visual cues may be used for bootstrapping
meaning, as has been claimed for other aspects of language development (Butcher
& Goldin-Meadow, 2000; Kelly, 2001; McNeill, Cassell, & McCullough, 1994). Dif-
ferent from other studies, however, the authors showed that the younger children
were more sensitive to intonational cues to uncertainty than they were to lexical
cues. The 3-year-olds that received the intonation condition performed signifi-
cantly better than the ones that received the lexical condition. The authors see the
results as an example of prosodic and gestural bootstrapping, such that both pro-
sodic and gestural cues guide childrens acquisition of pragmatic meanings, such
as a speaker’s degree of certainty about a proposition.

Few studies have used implicit measures to assess children’s comprehension of
belief state intonation. Armstrong, Andreu, Esteve-Gibert, and Prieto (2016) used
implicit and explicit measures to evaluate Central Catalan-speaking children’s abil-
ity to override contextual information through morphosyntactic versus prosodic
cues. Children aged 4-6 watched a series of videos which began with two actors,
each playing with a stuffed rabbit on a chair. They then stopped playing with their
rabbits, each leaving their respective rabbit on their respective chair. The actors left
the room, shutting the door behind them. At this point, a puppet arrives. The pup-
pet switches only one of the stuffed rabbits for a different animal, and leaves the
scene. The actors then return and approach the chairs, at which point the screen
freezes. Participants then heard a speech stimulus with one of two linguistic con-
ditions. For the morphosyntactic condition, children heard either Aquest no és el
meu peluix “This is not my doll’ or Aquest si que és el meu peluix “This sure is my
doll’ For the prosodic condition they heard Aquest és el meu peluix “This is my doll
produced with one of two intonation contours - a falling declarative (H+L* L% in
Cat_TOBI) or a rising contour conveying disbelief (L* LH%). For each trial, the
children heard one of the two epistemic possibilities (confirming or disbelieving)
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depending on the linguistic condition they were given in the between-subjects
design. After hearing the spoken stimulus, children were asked ‘Who said that?
Point to them for me’ For a control group of adults, the presence of sentential nega-
tion and disbelief intonation guided them to choose the actor whose animal had
been switched, while si que and matter-of-fact intonation guided them to choose
the actor whose animal was not switched. Children tended to rely on situational
context and were biased towards choosing the actor whose animal was switched,
since this was perhaps the most likely person to speak. Children often failed to
override their context-based assumption, but got better with age. Eyetracking
showed that 4-year-olds barely used prosodic information - looks to target actor
were largely unaffected by prosodic cues though they did seem to make use of
sentential negation. Five-year-olds were able to use both morphosyntax and into-
nation for confirming a hypothesis, but used only morphosyntax for overriding
a hypothesis. There was evidence that the ability to use prosody for overriding a
hypothesis was just emerging for 6-year-olds. The study demonstrated that, as has
been claimed in the emotional prosody literature, children depend a great deal on
situational content in interpreting meaning. Whether childrens responses would
change if they were trained to attend to prosodic cues, as was done in Morton et al.
(2003), remains to be seen. One limitation mentioned in the study is that disbe-
lief intonation is perhaps more grammaticalized in Central Catalan compared to
matter-of-fact intonation, and therefore may have further complicated the task.
The reliability of form-meaning mappings is an area that could shed light on the
comprehension of belief state prosody.

Discussion and conclusions

This review reveals interesting parallels between children’s development of two
types of internal state prosody: emotional prosody and belief state prosody. The
ability to explicitly match emotional prosody with a visually-manifested emo-
tion is present at around 4 or 5 years, and beginning to emerge at 3 years. On
the belief state side, the ability to detect meanings such as disbelief and uncer-
tainty are also emerging at this time. The idea that 4- and 5-year-olds are more
consistent at inferring internal states through prosody compared to 3-year-olds
is perhaps not surprising, since this is also the age when children are known to
predictably pass false belief tasks, with 3-year-olds only showing an implicit abil-
ity on such tasks (see Rubio-Fernandez & Geurts, 2013, for a review; Wimmer &
Perner, 1983). The research also shows that younger children (e.g. 3-year-olds)
are more adept at using gestures to infer information about both emotions and
beliefs, rather than lexical information. Valence effects have also been shown,
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with children identifying emotions with negative valence more readily than pos-
itive valence. The existing comprehension studies look at disbelief and uncer-
tainty, rather than the expression of positive belief. However, it is interesting to
note that in production, preschool-aged children have been found to produce
prosodic cues related to happiness (Quam & Swingley, 2012) and also positive
belief (Armstrong, 2016).

The ability to weight a prosodic cue over lexical or situational information
seems to take longer to develop. However, we should take into account that
children likely do not encounter many situations where they are faced with dis-
crepant cues. Rather, they are likely to encounter situations in which prosody
reinforces lexical or situational information. To this end, it is perhaps unsurpris-
ing that younger children show difficulties when prosody is ‘competing’ with
some other source of information. Their lexical biases (emerging once children
learn that word meaning is important) lead children to focus more on what is said
rather than how it is said. However, this is tightly linked to a child’s pragmatic
development, which is important to consider since children’s reasoning about
pragmatic implicature is also known to emerge later (Matthews, 2014). The idea
that children rely on one cue (lexical) more than the other (prosodic) might also
be explained by Bates and MacWhinney’s (Bates & MacWhinney, 1982; Mac-
Whinney, 1987) Competition Model. According to this model, when two reliable
cues conflict, the one that wins out is higher in conflict reliability. For instance,
MacWhinney (2013) points out that in L1 Dutch it is not until after age 8 that
pronoun case takes precedence over the more frequent but slightly less reliable
cue of word order. In addition to the fact that children’s pragmatic competence is
slow to emerge, we propose that lexical cues could have higher conflict reliabil-
ity for children when compared to prosody. The emotional prosody research has
shown that children as old as 10 may still struggle to assign appropriate weight to
prosody, but we also find evidence that children’s ability to use prosody to over-
ride other information (situational) is starting to emerge by age six. Hibscher
et al’s (2017) work showing 3-year-old’s very early sensitivity to prosodic cues,
even before epistemic adverbs, however, illustrates the importance of taking into
consideration specific prosodic meanings and cue reliability in a given language.
To this end, it could also be interesting to consider how language-specific versus
cross-linguistically accessible certain cues are. For instance, rising intonation is
extremely common crosslinguistically to express interrogativity or uncertainty
(Gussenhoven, 2004), and so perhaps such meanings are available to children
earlier on in the acquisition process, and by nature of this could be more predict-
able than some lexical items.

One issue in making sense of past studies is the ecological validity of the meth-
ods used. For instance, we know that prosodic meaning is often quite sensitive to
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context. Thus providing children with rich and realistic contexts is important for
testing their knowledge of prosody meaning, which has been pointed out by Ito,
Jincho, Minai, Yamane, and Mazuka (2012), who argue that early studies of pro-
sodic comprehension have presented stimuli to children in ways that might seem
too ‘out-of-the-blue;, and lacked adequate situational context. As we know, in real
life, language is always very contextualized, and thus utterances lacking realistic
contextualization that is accessible for a child (i.e. situations in which a child might
find herself/himself) could prove confusing. In addition, as we have mentioned
above, pitting prosody against other cues such as situational context may also not
be the best measure of children’s developmental patterns, since it is probably not
the most frequent scenario a child will encounter. The low-pass filtering of speech
is also helpful to isolate prosodic cues, but again, children likely do not encoun-
ter scenarios in which they have to interpret prosodic meaning in the absence
of lexical cues, and thus we must question to what extent their success on such
experiments are good measures of how children might produce and comprehend
prosody in their daily lives. As we have mentioned briefly above, another issue
with a good deal of the studies on emotional prosody is that the type of prosody is
ill-defined. In fact, the prosodic characteristics being tested are often referred to as
‘paralinguistic cues’ or similar. This makes it difficult to understand which acoustic
cues might be important for children to attend to. Thus studies with more accurate
descriptions of prosodic patterns are needed.

The developmental literature on belief state prosody has benefited from the
use of the Autosegmental Model (Jun, 2010; Pierrehumbert, 1980), in which pho-
nological labels within different Tones and Breaks Indices systems can be used
to refer to specific contours. This affords researchers the ability to have a clearer
idea of which form-meaning functions are at play. However, it is likely the case
that emotional meanings such as ‘happy’ or ‘sad’ are not typically grammaticalized
intonationally in languages, while belief state meanings like ‘disbelief” or ‘uncer-
tainty’ are indeed grammaticalized in many languages. Further, belief state mean-
ings may also be affected by discourse context (Armstrong & Prieto, 2015), and
therefore it is important to control for the types of contexts that are used when
testing children on contour meaning. For example, the meaning of falling-rising
intonation in American English can vary widely based on context: does this pres-
ent a problem for children?

While the bulk of the studies in our overview include comprehension data,
there is a lack of research focusing on children’s production of prosody that refers
to internal states. Production studies, as well as studies combining both children’s
production and comprehension, would be particularly useful. One challenge is that
testing production typically assesses children’s prosodic expression of her/his own
belief state, while testing comprehension assesses a child’s comprehension of what
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some other individual believes. This has been pointed out by Unal and Papafragou
(2016), with respect to the study of children’s acquisition of evidentiality/knowl-
edge sources. Thus combining production and perception studies will be useful in
assessing how intonation is used for conveying a child’s own beliefs as well as how
s/he is sensitive to the belief states of others. These differences in perspective taking
could possibly explain why some studies have shown that comprehension abilities
lag behind production abilities (Cutler & Swinney, 1987 amongst others; Quam &
Swingley, 2012), that is to say, children could be more adept at representing their
own mental states through prosody than they are at using it to comprehend the
mental states of others. There is also a need for production studies that concur-
rently observe the production of mental state language such as verbs of cognition
and modal verbs alongside the emergence of belief state prosody. Furthermore, a
more holistic view of prosodic development could also prove useful for the study
of internal state prosody. For instance, Ito (this volume) points out advantages of
studying affective prosody along with focus prosody. Thus testing children’s per-
formance on other functions of prosody in tandem with internal state prosody, or
even different aspects of internal state prosody (e.g. emotional along with belief
state prosody) could prove quite useful. Understanding individual differences in
children such as their general emotional development, their cognitive develop-
ment (perspective-taking and belief-reasoning abilities) and individual traits (how
empathetic they might be) should also be taken into account in future work.

In sum, the work discussed here points to the idea that children access differ-
ent functions of prosody at different points on their developmental trajectories,
based both on how relevant these functions are developmentally and how reli-
able specific cues are (Fernald, 1992). Work comparing more reliable versus less
reliable prosodic cues would also be fruitful as we continue to understand how
children develop the ability to use prosody, regardless of its specific meaning. For
instance, the consistency of form-function mapping is an important component of
Chen’s (this volume) proposal for a typological view of the acquisition of prosodic
focus across languages. It is important to remember that prosody, something that
parents use for attention-maintaining, soothing or affect early in the child’s life,
begins to be used in more linguistic ways later on. We also know that prosodic
bootstrapping occurs in infancy, so there are prosodic cues that we might say are
more stable across the lifespan. But the fact that the meanings of prosody might
fluctuate between infancy and late childhood reveals the very unique nature of
prosodic acquisition, since no other aspects of the grammar seem to show this
dynamicity. This, combined, with the sophisticated nature of understanding the
internal states of others, makes the prosodic acquisition of emotional and belief
states a very interesting problem indeed, and we hope this chapter can provide
some impetus for further investigation into this exciting area of research.
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CHAPTER 15

Get the focus right across languages

Acquisition of prosodic focus-marking in production

Aoju Chen
Utrecht University

Languages differ in both the use of prosody in focus marking and prosodic
systems. In the light of recent studies of acquisition of prosodic focus marking in
typologically different languages, we argue that typological differences have direct
influences on acquisition of prosodic focus marking. More specifically, differences
in reliance on phonetic uses of prosody and transparency of how prosody is used
phonologically to encode focus can lead to cross-linguistic differences in rate of
acquisition. Differences in whether the prosodic means involved are also used

for lexical purposes and in interface between prosody and word order can trigger
cross-linguistic differences in route of acquisition.

Introduction

Prosody has multiple functions in communication. For example, in many lan-
guages speakers vary prosody to structure the flow of information so that more
important information is distinguished from less important information in a sen-
tence and changes in the information status of referents (e.g. from ‘new’ to ‘giver’)
are signalled. Adult prosodic competence thus entails that children can produce
and interpret prosody in a contextually appropriate way, and efliciently process
prosodic information in comprehension. This chapter is concerned with how chil-
dren develop their ability in using prosody to mark focus in speech production
across languages.

Focus is an information structural category that refers to the predication on a
topic in a sentence, and typically contains information that is new to the receiver
(Lambrecht, 1994; Vallduvi & Engdahl, 1996). The focal constituent can be either
a syntactic constituent (e.g. a phrase, a clause, a sentence) or an element of a syn-
tactic constituent (e.g. the noun of a noun phrase). This distinction is known as
the difference between broad focus and narrow focus (Ladd, 1980). Focus can
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also contain contrastive information, e.g. a correction or an alternative to what
has been introduced previously. In both theoretical discussions and experimental
studies of focus, question-answer pairs are often used to determine what is the
focus and what is not the focus (or: what is the topic) in declarative sentences
(Roberts, 2012). For example, who-questions and what-questions render either
the subject or the object focal in SVO sentences (Examples (1) b—e); what-happens
questions put the whole sentence in focus (Example (1a)). Contrastive focus can
be determined by the presence of a limited number of alternatives in the discourse
(Examples (1a) and (1f)-(g)). It can be either ‘broad’ or ‘narrow’ in terms of the
size of the focal constituent.

(I) a. Speaker A: What happened?
Speaker B:  The Johnsons bought the villa. (broad focus)
Speaker C:  No, the Smiths leased the entire estate.
(contrastive broad focus)

b. Speaker A: Who bought the villa?
Speaker B:  The Johnsons bought the villa. (narrow focus on subject)

c. Speaker A: What distracted Mary?

Speaker B:  Music distracted Mary. (narrow focus on subject)
d. Speaker A: Whom did Mary call?
Speaker B:  Mary called Thomas. (narrow focus on object)

e. Speaker A: What did the Johnsons buy?
Speaker B:  The Johnsons bought the villa.  (narrow focus on object)
f.  Speaker A: Did music distract Mary?
Speaker B:  (No.) Laughter distracted Mary.
(contrastive narrow focus on subject)
g. Speaker A: Did the Johnsons buy the farmhouse?
Speaker B:  (No.) The Johnsons bought the villa.
(contrastive narrow focus on object)

Production studies of prosodic focus marking in adults have investigated
how a word is realised in different focus and non-focus conditions. These stud-
ies have shown that languages differ in the exact prosodic means involved in
focus marking (Baumann & Kiigler, 2015), and transparency of how prosody
is used for marking focus, defined as the probability of a form being mapped
onto a focus condition. Furthermore, languages differ in whether the prosodic
means involved are also used for lexical purposes, and in the importance of
prosodic means for focus marking relative to other linguistic means (e.g. word
order, focus particle). Past research on the acquisition of non-prosodic aspects
of language has shown that cross-linguistic differences in what is encoded and
how it is encoded affect both the rate (i.e. how early a form-function mapping
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is produced in an adult-like manner) and route of acquisition (i.e. the order
in which linguistic forms are acquired) (Slobin, 1982; Guo et al., 2008). Spe-
cifically, linguistic coding of cognitively complex concepts is acquired later than
that of cognitively simple concepts, but linguistic coding of similar concepts can
be acquired earlier in one language than in another language if the mapping
between what is coded and how it is coded (hereafter form-function mapping)
is more transparent, more frequent or pragmatically more useful in that lan-
guage (e.g. Slobin, 1982; Bavin, 1995). The question that arises in the context of
prosodic focus-marking is whether the aforementioned cross-linguistic differ-
ences will lead to differences in the rate and route of acquisition of the prosodic
realisation of the same focus type between children acquiring typologically dif-
ferent languages. To address this issue, we will review recent studies on children
acquiring languages that exhibit the above-mentioned typological differences,
including Mandarin Chinese (hereafter Mandarin), Seoul Korean (hereafter
Korean), Central Swedish (hereafter Swedish), Finnish, and Dutch. These stud-
ies have been conducted with children comparable in their social economic
status and ages, using similar data elicitation methods, and have largely taken
an autosegmental-metrical approach to prosodic analysis (e.g. Pierrehumbert,
1980; Ladd, 1996; Gussenhoven, 2004). We will refer to previous work on chil-
dren’s use of prosody in German and English when necessary. In the remainder
of this section, we will consider in detail the relevant typological differences and
how they might affect acquisition of prosodic focus marking.

First, generally speaking, focus is realised with more prosodic prominence,
compared to non-focus. Contrast and narrow scope can lead to additional pro-
sodic prominence, compared to non-contrastive focus and broad focus. In some
languages, contrastive narrow focus is realised differently than non-contrastive
narrow focus (Baumann, Becker, Grice, & Miicke, 2007, on German; Hanssen,
Peters, & Gussenhoven, 2008, on Dutch; Frota, 2000, on European Portuguese).
However, languages differ in realisation of prosodic prominence. In line with
the autosegmental-metrical framework, we distinguish two ways to achieve
prosodic prominence: phonological means and phonetic means. Phonologi-
cal means are defined as making coarse-grained variation in prosody, includ-
ing accent placement - accenting or not accenting a word (in West Germanic
languages), choice of accent type, e.g., accenting a word with a falling pitch
accent (H*L) or a high-level pitch accent (H*) (in West Germanic languages),
adding a prominence-marking high (H) tone (hereafter focal-H tone, following
Gussenhoven and Bruce, 1999) to a word or not (in Swedish), and phrasing -
inserting a phrasal boundary or not before and after a word (in Korean). Pho-
netic means are defined as making fine-grained changes in prosodic parameters
within a phonological category, also known as phonetic implementation of a
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phonological category, e.g. changes in the pitch span of a pitch accent or a lexical
tone, and realisation of a phrasal boundary. Some languages use both phono-
logical and phonetic means (e.g. English and Dutch) for focus marking (Sity-
ave & House, 2003; Katz & Selkirk, 2011; Hanssen et al., 2008), whereas other
languages exclusively rely on phonetic means (e.g. Mandarin) (e.g., Xu, 1999).
For example, in Dutch, narrow focus is typically realised with a falling accent
whereas post-focus (i.e. constituents following focus) is typically deaccented.
Pre-focus (i.e. constituents preceding focus) is usually realised phonologically
in a similar way to narrow focus but is phonetically different from narrow focus.
Chen (2009) found that H*L-accented subject nouns are realised with a larger
pitch span, a lower pitch minimum after the peak, an earlier peak alignment,
and a longer word duration in subject-narrow focus than in pre-focus. Focus
types are also distinguished via phonetic means in Dutch (Hanssen et al., 2008).
Considering that phonetic uses of prosody may perceptually be less salient to
observe and require good control of prosodic parameters in production, we may
expect children to learn to use phonetic means earlier in languages that only
uses phonetic means, because of extensive exposure in the input. Alternatively,
children may learn phonetic prosodic focus marking at a similar age across lan-
guages because children, regardless of their native language, may need a similar
amount of time to establish the form-function mapping in the input and develop
sufficient control of prosodic parameters in production.

Furthermore, languages can differ in transparency of how prosody is used for
focus marking, in particular regarding the use of phonological cues. For example,
in Swedish, a word is realised with a focal-H tone only when it is focal. The map-
ping between the placement of a focal-H tone and focus is thus highly transparent,
especially regarding narrow focus and contrastive focus (e.g. Bruce, 1998, 2007).
Similarly, in Korean, a focal constituent initiates a new accentual phrase, which
contains one or more lexical words; post-focal constituents are frequently merged
into the same accentual phrase as the focal constituent (Jun, 2005). Phrasing and
dephrasing are thus consistently associated with narrow focus and post-focus
respectively. In contrast, as mentioned earlier, deaccentuation is typically asso-
ciated with non-focus but accentuation is used for both focus and non-focus in
Dutch. The relation between accentuation and focus is thus not transparent in
Dutch. Consequently, children may acquire phonological marking of focus earlier
in Swedish and Korean than in Dutch.

Moreover, languages differ in whether the prosodic parameters involved
in focus marking are also used for lexical purposes. Pitch is used to distinguish
words in tone languages (e.g. Mandarin) and to a lesser degree, in lexical pitch
accent languages (e.g. Swedish), but not in intonation languages (e.g. English,
German, Dutch). For example, Mandarin has four lexical tones, i.e., a high level
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tone (Tone 1), a rising tone (Tone 2), a low tone (Tone 3), and a falling tone (Tone
4), which are primarily identified by pitch movements (e.g., Chao, 1965). The
syllable ‘ma’ can mean ‘mother’ in Tone 1, ‘hemp’ in Tone 2, ‘horse’ in Tone 3,
and ‘to scold’ in Tone 4. Speakers need to maintain the shape of the pitch contour
in a word for the sake of the identity of the lexical tone, leaving limited acoustic
space for pitch variation for focus-marking purposes. It may thus take Manda-
rin speaking-children more time to establish the use of pitch for focus-marking
purposes in the input and require more precise control of pitch production to use
pitch appropriately in focus marking than it would in the case of duration. Con-
sequently, they may learn to use duration earlier than pitch for focus-marking
purposes. On the other hand, Mandarin-speaking children produce lexical tones
with considerable accuracy as early as three years of age (e.g., Wong, 2012). This
implies that they may have developed considerable sensitivity to pitch variation
and skills in pitch control in production, and consequently learn to use pitch ear-
lier than duration. For children acquiring an intonation language, phonetic uses
of pitch are expected to be learned earlier than duration on the assumption that
phonetic implementation of a pitch accent does not affect the lexical meaning
of a word and may allow more room for variation for focus marking purposes,
whereas substantial variation in duration can affect rhythmic properties (e.g.,
Arvaniti, 2009).

Additionally, languages differ in importance of prosodic means for focus
marking relative to non-prosodic means. For example, focus is mostly realised
via prosody but can be realised via word order in combination with prosody
in some cases in both Dutch and German. In Dutch, a focal constituent can be
moved to the position immediately preceding the finite verb (i.e. the prefield),
regardless of whether it is contrastive or not. The OVS word order can thus be
used when the object is in narrow focus or contrastive focus. However, front-
ing an object to the prefield is not common in Dutch (Bouma, 2008). In Ger-
man, the prefield can be filled by both a contrastive focal object or an object in
broad focus in OVS sentences. Fronting a focal object to the prefield is relatively
common in German (Frey, 2006; Féry, 2006), rendering possibly a less strong
reliance on prosody in German than in Dutch. Word order plays a much big-
ger role in focus marking in Finnish than in German and Dutch (see Arnhold,
Chen, & Jarvikivi, 2016, for review). Unmarked SVO word order can be used
in different focus conditions but marked word orders (OVS, OSV, SOV, VSO,
VOS) convey differences in the position of focus and type of focus (e.g. OVS
for non-contrastive narrow focus on the subject; VSO for contrastive focus on
the verb). Prosody is also used for focus-marking. For example, a broad-focus
sentence is typically spoken with a fall-rise pitch accent in all content words
but finite verbs. But a focal word is spoken with a larger pitch span, a longer
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duration, and a higher intensity in narrow focus than in broad focus. Such
differences in the role of prosody and word order may lead to differences in
children’s use of prosody in unmarked and marked word orders. We expect to
observe more extensive use of prosody in marked word order OVS in Finnish
than in German and Dutch.

In what follows, we will first briefly describe the methods used in the studies
to be reviewed. Then we will review findings from these studies and discuss evi-
dence for and against the aforementioned predictions on how typological differ-
ences may influence acquisition of prosodic focus marking. We will integrate the
patterns emerging from our review into a cross-linguistic theory of acquisition of
prosodic focus. Finally, we will suggest directions for future research.

An overview of methods

Researchers have used both corpus-based and experimental methods to sample
children’s production in different information structural contexts. In a corpus-
based study, play sessions between the child and his mother are recorded in
home settings at a regular interval for a period of time (e.g. Wieman, 1976; Beh-
rens & Gut, 2005; Chen & Fikkert, 2007). This method is typically used with tod-
dlers and usually yields a small number of question-answer dialogues in which
reliable analysis on the information structure of the declarative sentences can
be done. In an experimental study, researchers can execute better control of the
information structural context, choice of words and syntactic construction, and
therefore can elicit a larger amount of usable data from children of a large age
range. Three tasks have been used to elicit declarative sentences from children
aged three to eleven (Table 1) in the experimental studies to be discussed: the
picture/video-description task, the picture-matching game, and the answer-
reconstruction task. We will review these tasks below and give our analysis of
the information structure of the sentence elicited when it is different from the
original analysis. Since only contrastive narrow focus was embedded in these
tasks, we will hereafter use the term ‘contrastive focus’ to refer to contrastive
narrow focus.

The picture/video-description task

Hornby and Hass (1970) asked English-speaking three- to four-year-olds to
describe pairs of pictures that differed by one feature (subject, verb or object)
in SVO sentences (e.g. A girl rides a bike vs. A boy rides a bike). The children
were prompted with the question “‘What’s happening in this picture?” each time
before they described a picture. The use of such a question would render the
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Table 1. An overview of children’s ages in previous experimental studies

authors language  3-5 years 7-8 years 10-11 years
mean age mean age mean age
age  range age  range age  range
Chen Dutch 52 4,5~56 7;11 7;5~8l10
Romgren Dutch 5 2 4, 4~5; 8 0 7;1~811 10; 7 10; 4~12; 0

8
Chen & Hohle Dutch 51 4;,4~55
Hornby & Hass  English 4, 0 3; 8~4; 6
Wonnacott & English 3, 5~4; 9

Watson

Miiller et al. German 5,01  4;01 ~ 5;10
Sauermann German 4; 5 4;, 1~4; 9
etal.

Arnhold et al. Finnish 51 4,6~5 6

Yang; Yang et al.  Korean 5 3 4;10 ~ 5;10 8;0 7; 4~8;10 10;10 10; 3~11;11
Yang; Yang & Mandarin 5; 2 4; 6 ~510 7;10 7;2~8;3 10; 9 10; 1-11; 5
Chen,

Romeren; Swedish 50 43~56 83 7,6~8 8 10; 6 10; 0~11; 0
Romeren

& Chen

whole sentence focal. But considering the straightforward contrast between the
two pictures in each pair, it would be more appropriate to consider the constituent
carrying contrastive information (e.g. the subject in ‘A boy rides a bike’) as being
in contrastive focus. Wonnacott and Watson (2008) used a video-clip version of
Hornby and Hass picture-description task to elicit SVO sentences from English-
speaking three- to four-year olds in different information structural conditions,
including contrastive focus on the subject, contrastive focus on the object, and
contrastive focus on both the subject and object.

The picture-matching game

Chen (2009, 2011a) elicited SVO sentences from Dutch-speaking four- to eight-
year-olds and adults by means of a picture-matching game. In this game, the
experimenter told the participant that she had two sets of pictures, and one pic-
ture from one set went together with a picture from the other set. However, the
pictures were mixed up; the participant’s help was needed to sort out the pictures.
The experimenter showed the participant one picture each time, drew the partici-
pant’s attention to the entity in the picture and asked a wh-question about it (e.g.,
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Look! A beet. Who is eating the beet?). The participant then received an answer
from a virtual robot (displayed on a computer screen) via a headphone set. The
robot’s sentences were constructed from words recorded in a randomised word list
such that they contained no sentence-level prosody (i.e. intonation and rhythmic
properties). The participant was instructed to use the robot’s words to answer the
experimenter’s question but speak normally, instead of sounding like the robot.
The experimenter then looked for the matching picture and formed the complete
set. Two focus conditions were included, narrow focus on the subject and narrow
focus on the object.

This game has recently been adapted and used in studies of children acquir-
ing Mandarin (Yang, 2017; Yang & Chen, 2014a, 2014b, 2018), Korean (Yang,
2017; Yang, Cho, Kim, & Chen, 2015) and Swedish and Dutch (Romeren, 2016;
Romeren & Chen, 2015a, 2015b). In the adapted version, the robot was taken out to
encourage more direct interaction between the experimenter and the participant.
The participant was given direct access to the information that the experimenter
needed and could respond directly to the experimenter’s queries. This was achieved
by providing the participant with his own set of pictures, each of which depicted
a complete event including an agent, a patient and an action. In addition to the
two focus conditions included in the earlier version of the game, three more focus
conditions were embedded in the game, i.e. narrow focus on the sentence-medial
constituent, contrastive focus on the sentence-medial constituent, and broad focus
over the whole sentence, as illustrated in (2). Additional experimental factors were
embedded in the game in different languages, such as lexical tones in the Mandarin
version of the game, lexical accents in the Swedish version of the game, and number
of syllables in the Korean version of the game. To ensure that the participants would
use the intended words, a picture-naming task was carried out prior to the picture-
matching game. In this task, each participant named each animal, personage, object
and action present in the game. The entities in the pictures were thus referentially
given to the participant at the start of the picture-matching game, rendering the use
of a definite article in reference in the game appropriate.

(2) a. Experimenter: Look! The carrot. It looks like someone is drawing the
carrot. Who is drawing the carrot?
Participant: The girl is drawing the carrot.  (narrow focus on subject)

b. Experimenter: Look! The spoon. And there is also the cook. It looks
like the cook is doing something to the spoon. What is the cook doing
to the spoon?

Participant: The cook is drawing the spoon. (narrow focus on verb)

c.  Experimenter: Look! The dog. It looks like the dog is drawing
something. What is the dog drawing?
Participant: The dog is drawing a boot. (narrow focus on object)
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d. Experimenter: Look! The carrot! And there is also the cat. It looks like
the cat is doing something to the boot. I'll guess: the cat is licking the
boot.

Participant: The cat is drawing the boot. (contrastive focus on verb)

e. Experimenter: Look, this is very blurry picture. I cannot see what’s in
the picture. What’s happening here?
Participant: Participant: The cat is drawing the spoon.  (broad focus)

The answer-reconstruction game

In an answer-reconstruction game, participants focus on reconstructing answers
to certain questions by a non-human interlocutor who either cannot hear well or
speak the language well. Miiller, Hohle, Schmitz, and Weissenborn (2006) used an
answer-reconstruction game to elicit SVO and OVS sentences with narrow focus
on the subject and the object from German-speaking four- to five-year-olds and
adults. In this game, the participants watched a number of three-picture comic strips
together with a hand puppet. Each comic strip was accompanied by a pre-recorded
narrative consisting of a three-sentence story, a wh-question, and an answer to the
wh-question. Unlike the other sentences in the narrative, the answer sentence was
made up of words recorded in isolation and lacked sentence-level prosody, similar
to the sentences used in Chen (2009, 2011a). The participants were requested by the
hand puppet, who could not hear well, to repeat the answer in each story. As the
events described before and after the wh-question differed only in the subject and
object referents, we analyse the narrow focus as contrastive focus.

Sauermann, Hohle, Chen, and Jarvikivi, (2011), Arnhold et al. (2016), and
Chen and Hohle (2018) used an answer-reconstruction game to elicit SVO and OVS
sentences in different focus types, i.e. broad focus, narrow focus on the subject or
the object and contrastive focus on the subject or the object from four- to five-year-
olds speaking German, Finnish and Dutch. In this game, the participants watched
a robot answering the experimenter’s wh-questions on a number of pictures. The
robot’s answers lacked sentence-level prosody and had either SVO or OVS word
order, which might or might not be contextually appropriate. The participants were
asked to reconstruct the robots answers in a way that they found acceptable.

Acquisition of prosodic focus marking across languages

Effects of reliance on phonetic uses of prosody

As mentioned earlier, Mandarin relies exclusively on phonetic means for focus
marking. West Germanic languages use phonetic means to distinguish narrow
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focus from non-focus only when phonological means do not suffice, different
from Mandarin, but exclusively rely on phonetic means to distinguish focus types,
similar to Mandarin. Comparing Mandarin-speaking children to children speak-
ing a West Germanic language, we can find out whether a stronger reliance on
phonetic means for focus marking in a language can lead to earlier acquisition of
phonetic uses of prosody in that language than in other languages.

First, we review comparable studies of prosodic realisation of narrow focus
in Mandarin- and Dutch-speaking children. Chen (2009) analysed subject nouns
accented with H*L in focus and pre-focus produced by Dutch-speaking four- to
eleven-year-olds. She found that the Dutch-speaking children used neither pitch-
related cues nor duration to distinguish the subject nouns in focus from the same
nouns in pre-focus at age four or five. They were adult-like only in the use of
pitch span and related parameters (i.e. pitch minimum and pitch maximum) at
age seven or eight: They realised the subject nouns with a larger pitch span in
the focus condition than in the pre-focus condition by only lowering the pitch
minimum more in the focus condition. In contrast, Yang and Chen (2018) found
that Mandarin-speaking children were fully adult-like at age four or five in using
duration to distinguish focal verbs from pre-focal verbs, and showed adult-like
use of pitch minimum (i.e. using a lower pitch minimum in focal verbs) in some
lexical tones. They began to show adult-like use of pitch span in all lexical tones
(i.e. larger pitch span in focus), pitch maximum in some lexical tones (i.e. higher
pitch maximum in focus), and pitch minimum in most of the lexical tones by the
age of eleven. These findings suggest that Mandarin-speaking children are faster in
acquiring phonetic marking of narrow focus, even though their use of pitch may
still be in development after the age of eleven.

Notably, Miiller et al. (2006) showed that German-speaking four- to five-
year-olds, like the adult controls, uttered subject nouns and object nouns in SVO
sentences with a higher mean pitch when the nouns were in contrastive focus
than when they were not focused. But as Miiller et al. (2006) did not provide
information on accent placement in the nouns, it is not possible to tell whether
the difference in mean pitch was of a phonetic nature or driven by a phonological
difference (e.g. frequent accenting in the focal nouns vs. frequent deaccenting in
their non-focal renditions).

Second, we review studies of prosodic realisation of focus types in Manda-
rin- and English-speaking children. Yang and Chen (2018) found that like adults,
Mandarin-speaking children were adult-like at age four or five in their use of
duration to distinguish focus types. They realised the verbs in SVO sentences with a
longer duration in the narrow focus condition than in the broad focus condition and
made no difference between the narrow focus condition and the contrastive focus
condition. They became adult-like in not using pitch-related cues for this purpose at
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age seven or eight. But they exhibited usage of pitch span in distinguishing narrow
focus from broad focus at age ten or eleven, similar to adults in read speech (e.g.,
Xu, 1999), suggesting careful manner of speaking in this age group (Yang & Chen,
2018). Regarding English-speaking children, Hornby and Hass (1970) found that
English-speaking three- to four-year-olds frequently used ‘emphatic stress, prob-
ably referring to sentence-level accent with more prominence, in contrastive focus
but rarely in broad focus. Using similar methods, MacWhinney and Bates (1978)
found that the use of emphatic stress to mark contrast still increased between three
and six years of age in English-speaking children. Recent research has provided
acoustic evidence for English-speaking children’s ability to encode contrastive focus
with more prosodic prominence than broad focus. Wonnacott and Watson (2008)
found that English-speaking three- to four-year-olds accented the subject nouns in
SVO sentences regardless of information structure but, like adults, they realised the
subject nouns with a higher pitch-maximum and intensity in contrastive focus than
in broad focus. Unlike adults, however, they did not use duration for this purpose.
Although a direct comparison between Mandarin-speaking children and English-
speaking children is not possible due to methodological differences, the findings
seem to suggest that Mandarin-speaking children are more developed in their use
of phonetic means to distinguish focus types than English-speaking children in a
similar age range (3 ~ 5 years). Mandarin-speaking children do not only use pitch-
related cues but also duration, and they distinguish narrow focus from contrastive
focus and broad focus. English-speaking children rely on the use of pitch-related
cues in distinguishing contrastive focus from broad focus. Hence, stronger reliance
on phonetic means for focus marking also appears to facilitate the use of phonetic
cues for realisation of focus types, in spite of the fact that both Mandarin and Eng-
lish rely on phonetic means to distinguish focus types.

Effects of transparency in phonological uses of prosody

Earlier corpus-based work has yielded no conclusive evidence that children are
adult-like in the use of accentuation to mark narrow focus at the age of two in West
Germanic languages (see Chen, 2011b, for review). Phonological focus marking in
older children (aged 4 to 11 years) has recently been examined in Korean (Yang,
2017; Yang et al,, 2015), Swedish (Remoren, 2016; Romeren & Chen, 2015b) and
Dutch (Chen, 2011a; Romeren, 2016). The use of phonological means was examined
in sentence-medial position in all three of these languages, in sentence-final position
in Swedish and Dutch, and in sentence-medial position in Korean and Dutch.

In sentence-medial position, the Swedish-speaking children were adult-like at
the age of four or five in pronouncing the verbs with the focal-H more frequently
in the focus condition than in the pre- and post-focus conditions. A very small but
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statistically significant difference was, however, found between the adults and the
four- and five-year-olds in that the latter used the focal-H slightly less frequently
in focus than the adults. Such a difference was not observed in the seven- to eight-
year-olds and ten- to eleven-year-olds. The Korean-speaking children were adult-
like at four or five in more frequently dephrasing the object noun phrases in the
pre- and post-focus conditions than in the focus condition. In contrast, the Dutch-
speaking children (Romeren, 2016) were not adult-like in their use of accentua-
tion at four or five: they failed to accent more frequently in the focus condition
than in the post-focus condition. They became adult-like only at age ten or eleven.
But unlike the adults, the Dutch-speaking ten- to eleven-year-olds accented the
focal verbs more frequently than the pre-focal verbs, possibly a consequence of
being self-conscious about their production (Romeren, 2016). Furthermore, the
four- to five-year-olds were not adult-like in choice of accent type. Descriptive sta-
tistics showed that the adults had a preference for H*L in the focus condition and
a preference for !H*L in the post-focus condition, whereas the four- to five-year-
olds showed a similar preference for H*L and !H*L in the focus condition and a
similar preference for !H*L and !H* in the post-focus condition (Remoren, 2016).

In sentence-final position, the Swedish-speaking children were adult-like at
age four or five in adding the focal-H to the object nouns primarily in the focus
condition and only occasionally in the post-focus condition (Remoren, 2016). The
Dutch-speaking children were adult-like in accenting the object nouns more fre-
quently in the focus condition than in the post-focus condition at age four or five
(Remoren, 2016). They appeared to be also adult-like at age four or five in show-
ing a preference for !H*L in focus and deaccentuation in post-focus, followed by
'H*L. However, Chen (2011a) found that the Dutch-speaking children did not
develop an adult-like preference for H*L in focus until the age of seven or eight.
The difference in the results between the two studies of Dutch-speaking children
may be related to a difference in the data elicitation method (Romeren, 2016).
Chen (2011a) used the ‘robot’ version of the picture game; Romeren (2016) used
the ‘robot-free’ version of the game, which might have encouraged more informal
speech in the adults and children and consequently more uses of !H*L than H*L.

In sentence-initial position, Chen (2011a) found that the Dutch-speaking
four- to five-year-olds were like the adults in accenting the subject nouns in
both focus and non-focus conditions and primarily with H*L, although the chil-
dren accented the subject nouns slightly less frequently than adults in the focus
condition. In Korean, Yang (2017) found that the children were adult-like in their
use of dephrasing at age four or five, although they dephrased less frequently than
adults.

Together, the findings reviewed above show that the more transparent form-
function mapping between phonological means and narrow focus in Swedish and
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Korean leads to an earlier mastery of phonological focus marking in these two
languages than in Dutch. However, Dutch-speaking children’s production is closer
to adults’ production in the use of accent type in sentence-initial and final posi-
tions than in sentence-medial position. Considering that adults accent the subject
nouns nearly always with H*L independent of focus conditions, it is possible that
children notice this regularity in Dutch from an early age. How can we account for
the earlier mastery of phonological focus marking in the final position than in the
medial position? It has been suggested that final focus is less effectively realised
than non-final focus because prosody in the sentence-final focal word is in the first
place important for the distinction between questions and statements (Liu & Xu,
2005). This would imply slower acquisition in sentence-final position. However,
verbs may be a special kind of non-final constituent. Roher, Baumann, and Grice
(2015) have found a clear relation between an increase in informational given-
ness and deaccentuation in nouns but to a much smaller degree in verbs in read-
out German sentences. This finding is in line with Romeren’s (2016) finding for
verbs in Dutch. That is, although adults accented the verbs more frequently in the
focal condition than in the non-focal conditions, the verbs were accented rather
frequently in both focal and non-focal conditions (> 60%). This is clearly not the
case for the sentence-final object nouns, which were accented in 82% of the cases
in focus and 37% of the cases in post-focus. The mapping between accentuation
and focus is thus less transparent in sentence-medial verbs than in sentence-final
object nouns, and this in turn can explain the slower acquisition of prosodic focus
marking in sentence-medial position in Dutch. Thus, transparency in the form-
meaning mapping can also affect the rate of acquisition in different sentence-posi-
tions within the same language.

Effects of lexical use of pitch

Our review of children’s phonetic focus marking has shown that, compar-
ing the use of pitch and duration within a language, Dutch-speaking children
learn to use pitch-related cues before the duration cue (Chen 2009), whereas
Mandarin-speaking children acquire the use of duration earlier than the use of
pitch-related cues (Yang & Chen, 2018). These findings support the prediction
that the use of pitch for lexical purposes in Mandarin makes it more difficult for
children to vary pitch within a lexical tonal category for focus-marking purposes.

Effects of relative importance of prosody and word order in focus marking

Arnhold et al. (2016), Sauermann et al. (2011), and Chen and Hohle (2018) inves-
tigated how four- to five-year-olds used prosody in different focus types, i.e. broad
focus, narrow focus and contrastive focus, in both SVO and OVS sentences in
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Finnish, German and Dutch. Arnhold et al. (2016) found that the Finnish-speaking
children realised the object nouns with a longer mean syllable duration in object-
narrow focus than in subject-narrow focus in both SVO and OVS sentences. Fur-
ther, they produced a noun with a larger pitch span when it was in contrastive focus
than when it was in narrow focus and broad focus in OVS sentences. These findings
thus suggest that Finnish four- to five-year-olds use both duration and pitch span
to some degree to distinguish contrastive focus and narrow focus from non-focus
or broad focus in both the SVO and OVS. German-speaking children use pitch
and duration to a lesser degree than Finnish-speaking children. Sauermann et al.
(2011) found that the German-speaking children used only pitch in the subject
nouns to distinguish focus types. They realised the subject nouns with a higher
pitch-maximum and wider pitch span in subject-contrastive focus and subject-
narrow focus than in broad focus in SVO sentences and with a wider pitch span
in subject-contrastive focus and subject-narrow focus than in broad focus in OVS
sentences. Dutch-speaking children use pitch and duration to an even more limited
degree than German-speaking children. Chen and Hohle (2018) reported that the
Dutch-speaking children only realised the subject nouns with a higher pitch-max-
imum and a longer duration in subject-contrastive focus than in broad focus and
with a higher pitch-maximum in subject-contrastive focus than in subject-narrow-
focus in SVO sentences. These findings thus show that four- to five-year-olds’ use
of prosody to distinguish focus types reflects the relative importance between word
order and prosody in a language. A more equal role of word order and prosody can
encourage more extensive use of prosody in marked word order, whereas a more
dominant role of prosody can restrict the use of prosody in unmarked word order.

Conclusions

The overarching question of this article is how typological differences in prosodic
focus marking and prosodic systems affect acquisition of prosodic focus marking.
To address this question, we have reviewed the use of phonological and phonetic
means for realising narrow focus and distinguishing focus types in children aged
two to eleven years acquiring a range of languages including Mandarin, Korean,
Swedish, Finnish, English, German and Dutch.

In the light of the findings reviewed above, we propose a cross-linguistic
theory of the acquisition of prosodic focus marking. The core of this theory is
that acquisition of prosodic focus marking is influenced by (at least) four types
of typological differences: reliance on phonetic means, transparency of form-
function mapping between phonological cues and focus, whether the prosodic
means involved are also used for lexical purposes, and the importance of prosodic
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means relative to non-prosodic means for focus marking. The first two types of
typological differences affect the rate of acquisition; the latter two affect the route
of acquisition, as illustrated in Figure 1.

Reliance on phonetic More reliance - Earlier
means in focus mastery of phonetic means in
marking one language than in another
Rate of
acquisition
Transparency of form- More transparency - Earlier
function mapping in mastery of phonological
phonological focus means in one language than
marking in another
Typological
differences
Lexical use of pitch Lexical use of plFCh - Earhe}'
mastery of duration than pitch
within a language
Route of
acquisition
Relative importance of More use of word order -
prosody and word order More use of prosody in
in focus marking marked word order

Figure 1. A cross-linguistic model of the acquisition of prosodic focus marking

Specifically, children acquiring languages that exclusively rely on phonetic means
for focus marking acquire the use of phonetic means - both in distinguishing nar-
row focus from non-focus and in distinguishing focus types — at an earlier age
than children acquiring languages that use both phonological means and pho-
netic means for focus marking (e.g. Mandarin vs. English and Dutch). Further-
more, children acquire phonological encoding of narrow focus at an earlier age
in languages with more transparent mapping between phonological means and
focus conditions (e.g. Swedish and Korean vs. Dutch). The effect of transparency
of form-function mapping is also present in phonological marking of focus in dif-
ferent sentence positions within the same language. That is, children acquire pho-
nological focus marking earlier in the sentence position where the form-function
mapping is transparent than in the sentence position where the form-function
mapping is blurry (e.g. narrow focus in sentence- final position vs. sentence-medial
position in Dutch). Moreover, children learn to use pitch-related cues for focus-
marking purposes later than duration cues if pitch is also used for lexical purposes
(e.g. Mandarin vs. Dutch). Finally, the relative importance between prosody and
word order for focus marking has an effect on children’s use of phonetic means
in distinguishing focus types in SVO and OVS. Four- to five-year-olds acquiring
languages with a more common use of word order next to prosody in focus mark-
ing use prosody more extensively and are less restricted by the word order of the
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sentences (e.g. Finnish) than children acquiring languages with prosody playing a
primary role in focus marking (e.g. German and Dutch).

Future research

The existing work has generated substantial insight into the acquisition of pro-
sodic focus marking in typologically different languages. However, we are just
at the beginning of understanding how children learn to use prosody to encode
focus. Future research is needed in several directions. First, the majority of the
earlier work is concerned with children aged four to eleven years. Children are
adult-like in various aspects of prosodic focus marking already at age four or five
across languages. This indicates that substantial development has taken place
before children turn four. Given that most children start to produce two-word
utterances at two and encoding focus is very useful pragmatically in multi-
word utterances, we suggest that more research should be done on toddlers’ use
of prosody in different focus conditions in different languages (cf. Romeren,
2016). Corpus-based methods can be used to obtain production data from tod-
dlers. Controlled elicitation methods have been used on three-year-olds. For
example, Chen and Fikkert (2017b) (2007, September) reported the use of a
picture-description task to elicit Adjective+Noun constructions with focus on
the adjective (e.g. What kind of bear is it? A cute bear). This task can be adopted
to elicit adjective+noun phrases with focus on the noun and other two-word
constructions.

Second, past work is primarily concerned with children acquiring languages
that predominantly use prosody for information structural purposes. More stud-
ies of children acquiring free word order languages, e.g. Turkish (Issever, 2003),
where prosody is used in tandem with word order, similar to Finnish, and Greek,
where prosody has a primary role and word order a secondary role (Keller &
Alexopoulou, 2001), similar to German, are needed to advance our understanding
of the effect of relative importance between word order and prosody on the acqui-
sition of prosodic focus marking over time.

Third, researchers have so far only studied children’s prosodic focus-mark-
ing in sentences uttered as statements, typically in a friendly manner. But how do
children encode focus prosodically in questions, where prosody is also used to
express interrogativity and the information structure can be less straightforward
than in statements? How do children learn to express affect and encode focus at
the same time? Ito (this volume) has pointed out that research on acquisition of
‘affect prosody’ has been separated from reach on acquisition of ‘focus prosody’ in
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comprehension and called for a ‘holistic’ approach to study the interaction between
affect and focus prosody. Such separation also applies for research on acquisition
of prosodic realisation of illocutionary acts (e.g. questions vs. statements) and
affect on the one hand and acquisition of prosodic realisation of focus on the other
hand. We suggest that a holistic approach is needed — whereby prosodic realisation
of focus in speech production is studied in interaction with prosodic realisation
of illocutionary acts and affect — in order to obtain a more comprehensive picture
of children’s prosodic encoding of focus in natural conversations. Relatedly, new
data elicitation methods are needed to study children’s prosodic focus marking in
questions and in different affect conditions.

Finally, this review has shown the usefulness of using comparable data-elic-
itation methods and a common theoretical framework in comparisons between
children acquiring different languages. Recent research has yielded first evidence
that children’s vocabulary size and musical ability are related to their ability to use
prosody to encode focus at certain ages and in certain focus conditions (Chen,
2016, May). This finding suggests that it may be helpful to control for children’s
vocabulary size and musical ability in cross-linguistic comparisons on prosodic
focus marking. However, a lack of standardised tests in the languages of inter-
est prevents researchers from collecting comparable data on development in
other areas. Also, our understanding of how prosodic development is connected
to development in other areas, linguistic or non-linguistic, is still rather limited.
This poses a difficulty to researchers in determining what should be taken into
account when making cross-linguistic comparisons on prosodic focus marking.
In response to these difficulties, we suggest that adopting a common data elici-
tation method and theoretical framework for prosodic analysis and information
structure should be the first step towards interpretable cross-linguistic studies of
prosodic focus marking.
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CHAPTER 16

Bilingual children’s prosodic development

Conxita Lled
University of Hamburg

This chapter focuses on various domains of prosodic development - syllables,
metrical feet, prosodic words, stress patterns, phonological phrases, intonation
and rhythm - as they are acquired by bilingual children, exposed to two languages
from birth: a societal or majority language and a minority or heritage language.
The studies reviewed in this chapter discuss the bilingual acquisition of these
prosodic domains and the influence of one language onto the other when children
develop surrounded by two languages in contact. The discussion deals with the
various aspects of the acquisition of prosody and prosodic structure described in
the main section of the chapter, and reports on the outcomes of cross-language
interaction: acceleration, delay, transfer, order of acquisition, and fusion.

Introduction

There are great differences between acquiring Spanish in Madrid, in Barcelona or
in Hamburg, as a child. The reasons for such differences are widely known: Madrid
is considered a monolingual city, Spanish being the official language there; Barce-
lona is bilingual, Spanish being in contact with Catalan, as both languages are offi-
cial in Catalonia; Hamburg is monolingual like Madrid, but the official language is
German, Spanish being only used privately in some families. There is a high prob-
ability that a child growing up in Madrid will acquire one single L1, namely Span-
ish, whereas a child growing up in Barcelona will probably acquire 2L1, Catalan
and Spanish. There are many other possible situations, e.g. a child growing up in a
Spanish speaking family in Hamburg may acquire 2L1 as well, German as the soci-
etal or majority language, and Spanish as the minority or heritage language. Such a
situation is one of simultaneous bilingualism (Meisel, 1990; Montrul, 2011; Oh &
Nash, 2014), whereas in case the child grows up monolingual at first, and learns a
second language (L2) after a certain age, this is considered sequential bilingualism.
The focus of this chapter is on simultaneous bilingualism, or 2L1.
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Phonology and prosody

The phonology of any human language is comprised of segments and prosody, also
referred to as segmental and suprasegmental categories, respectively (Goldsmith,
1995, among others). Initial research on phonological acquisition concentrated on
segments, i.e. phones and phonemes. However, non-linear phonology, with its two
levels of representation — skeleton and melody — opened a new perspective that
brought prosody to the forefront and it soon became another important focus of
research. Especially the prosodic hierarchy, proposed in Nespor and Vogel (1986),
was welcomed by researchers in the field of phonological acquisition because it
gave principled support to the prosodic domain. The prosodic hierarchy made clear
that segments relate to one another by means of prosody: they may be shortened
or lengthened, produced with a high or a low tone, and with more or less intensity.

According to Nespor and Vogel (1986), the prosodic hierarchy places the
prosodic constituents on several levels — syllable, metrical foot (Ft), prosodic
word (PW), phonological phrase (PPh), and intonation phrase (IPh).! A distinc-
tion is generally made between prosody - stress, intonation and rhythm - and
prosodic structure - syllable structure, foot structure, word structure, and phras-
ing (Kehoe, 2013).

In the 1970s and 1980s, when research on bilingual phonology began, one
central discussion focused on whether the child’s bilingual input is stored in two
systems (dual system hypothesis) or in one single system (unitary system hypoth-
esis) (Fabiano & Goldstein, 2005; Keshavarz & Ingram, 2002; Redlinger & Park,
1980). Initially, even researchers who assumed two systems posed the question as
to whether the two grammars are separate from the beginning or whether there
is a point in time at which they separate (Volterra & Taeschner, 1978). Nowadays
most professionals doing research on the bilingual acquisition of adult phonology
would agree that bilingual speakers of a heritage and a majority language possess
two grammars and two lexicons, one for each language. However, it has been pro-
posed that there is a stage in which languages are mixed and so are grammars, as
well (Leopold, 1953; Vogel, 1975, for phonology).

Towards the end of the century, the view that the languages are separated
from the beginning of phonological acquisition was gaining adherents (Fabiano &
Goldstein, 2005; Ingram, 1981/1982; Johnson & Lancaster, 1998). Evidence favors

1. There are two more levels to the prosodic hierarchy: the mora, time unit smaller than the
syllable, and the utterance, larger than the IPh, comprised of two or more IPhs; they are not
included in this description, because their relevance to the data considered in this chapter is
very limited.
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the dual system hypothesis, which does not imply that acquisition is independent
for the two languages. On the contrary, there is much interaction between the two
languages of the bilingual child, which leads to the question of how one language
influences onto the other, and to the predictability degree of the outcome of simul-
taneous bilingual acquisition.

A different view is that of Vihman (2002), who proposes that at first the child
has no grammatical system. According to this position, the question whether there
is one system or two cannot be posed until the child has acquired a certain mass of
language. That is, if monolingual children do not have a system of grammar, how
could some children (the bilinguals) have two systems? This view converges with
certain proposals from Optimality Theory (OT), which posit a stage at which con-
straints are not active at first, but only after some exposure to language has taken
place (Lled, 2017b; see Section “Brief excursus on optimality theory and phono-
logical acquisition” for a cursory introduction to Optimality Theory). In this chap-
ter [ adopt Optimality Theory (hereafter called “OT”) as the theoretical framework
from which I will discuss the findings on bilingual acquisition of prosody.

Brief excursus on optimality theory and phonological acquisition

Towards the end of last century, there was much theoretical activity in phonology,
especially visible through the birth of non-linear phonology. Autosegmental pho-
nology, metrical phonology and prosodic phonology focused on relevant aspects
of phonological acquisition. The so-called Principles and Parameters Theory, for-
mulated within Government and Binding Theory (Chomsky, 1981), was success-
fully applied by some scholars to the phonological acquisition data (e.g. Fikkert,
1994). However, this theory was based on rules, and evidence against rules was
growing among researchers. Thus, as soon as OT appeared (Prince & Smolensky,
1993/2004), it attracted many scholars working on phonological acquisition (e.g.
Pater, 1997, and many others).

In OT, constraints are the crucial operational concepts, not rules (Kager, 1999;
Prince & Smolensky, 1993/2004). There are basically two types of constraints:
markedness and faithfulness. An example for markedness is the NoCopa con-
straint, which penalizes the presence of a coda in a syllable. Faithfulness constraints
control the distance between input and output, limiting the types of modifications
that lexical forms may admit. An example is MaxIO, penalizing deletions. It has
been argued that at the initial stages of acquisition markedness constraints are
outranking (Gnanadesikan, 1995). A common situation is, thus, one in which a
non-dominant constraint is violated in order to satisfy an outranking constraint.
For instance, the child who produces a target word ending in a coda, e.g. ldpiz ['la.
pif] ‘pencil;, probably will begin by omitting the coda, and thus violating MaxIO,
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given the omission of a segment (the consonant in coda position). Later on, each
time that the target word is produced with the coda, MaxIO is fulfilled, but the
NoCopa constraint, banning codas, is violated. For illustration, see (1) to (4).

(1) NoCoba: lexical items should not have codas
(2) MaxIO: All elements appearing in the input should be maintained in the
output

Constraints are organized in hierarchies, and each hierarchy corresponds to a
grammar. For example, the initial stage, with NoCoba outranking MaxIO, is rep-
resented as in (3). At a later stage, the hierarchy of constraints will be inverted as
in (4), with MaxIO outranking NoCopa. According to this latter hierarchy, each
time that a segment in coda position is produced, NoCoba is violated.

(3) NoCopba >> MaxIO
(4) MaxIO >> NoCoba

This entails many violations of the markedness constraint (1), in case there are many
codas in the target language, which leads to constraint demotion, i.e. a constraint
that undergoes many violations must be taken away from its outranking position
(Pater, 1997; Pater & Barlow, 2003). This is the fate of markedness constraints, which
are demoted and must find their way down, interspersed among faithfulness con-
straints, in agreement with Tesar and Smolensky’s (1998) Error Driven Constraint
Demotion Algorithm. According to this algorithm, a constraint that is often violated
must be demoted. For example, CVC (or closed) syllables are marked compared to
CV (or open) syllables, because each production of a coda violates the NoCopa
constraint. Thus, the many violations of the NoCopa constraint led soon to its
demotion in German, and in Spanish, as well, under the pressure from German.?

Aims and structure of the present chapter

This chapter describes the acquisition of prosody by bilingual children, focus-
ing on prosodic structure, i.e. beginning with syllable structure and stress pat-
terns, and going into prosody in a more general sense: intonation and rhythm.
All descriptions are based on literature about the acquisition of European lan-
guages (beginning in the 1980s) and focus on simultaneous bilingual acquisition
of prosody (monolingual research on these same domains is discussed in Demuth,

2. The great frequency of codas in German leads to the early mastery of codas by the bilin-
gual children. Note that the OT explanation is based on frequency and markedness (see Lled
2017b).

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



Chapter 16. Bilingual children’s prosodic development 321

this volume, Kehoe, this volume, and Post & Payne, this volume, among others).
After considering the development of these domains in childhood, the Discussion
summarizes the results of prosodic acquisition found in this chapter, and exam-
ines the cross-language interactions and the outcomes of such interaction in early
bilingual phonology.

Bilingual acquisition of prosody

Bilingual acquisition of the syllable

Children produce their first words around the time of their first birthday. This mile-
stone is preceded by several months, in which the child produces what is generally
known as canonical babbling (Vihman, 1996). Studies on bilingual babbling are
rare. A study of three simultaneous Portuguese-Swedish bilingual siblings, exposed
to English as L3 at the moment of schooling, constitutes an exception (Cruz-
Ferreira, 1999). The author finds what she calls prosodic mixes: “the intrusion of
prosodic patterns of one language into another”. Although the study focuses on the
analysis of words, the author briefly mentions that “from around 0;4 the children
stopped babbling non-Swedish and non-Portuguese sounds, and started producing
definite gibberish in each language” (Cruz-Ferreira, 1999: 3). Depending on the
interlocutor, gibberish dialogues sounded more like Portuguese or more like Swed-
ish, as e.g. when talking to the Portuguese-speaking parent they replicated vowel
reduction and penultimate stress, and produced the palatal lateral (nonexistent
in Swedish). When talking to the Swedish-speaking parent they produced glottal
fricatives (nonexistent in Portuguese). Moreover, if the children were asked to pro-
duce a word in Swedish, which they only knew in Portuguese, “they would hum a
Swedish double tone on a schwa-like vowel” (Cruz-Ferreira, 1999: 3-4).

Although no words are recognizable in babbling, the child produces syllables,
comprised of C(onsonant) and V(owel). The CV syllable is the simplest one, with
a non-branching onset and a non-branching rhyme, i.e. onset and rhyme corre-
spond to one single node each. A syllable with a single node in the rhyme (a non-
branching rhyme) is an open syllable, whereas a syllable with a rhyme comprised
of a V and a coda ((C)VC) is more complex, it is a closed syllable, heavy or Strong.
The CV syllable in a language like German or English with vowel length distinc-
tion can be of two types: with a short vowel, the nucleus is non-branching and
the syllable is W(eak); and with a long vowel, it has a branching nucleus and the
syllable is S(trong). Note that such languages are quantity sensitive: they require
that stressed syllables be S (i.e. the rhyme be comprised of a long vowel or of a
(short or long) vowel plus a consonant (VC). Syllables and syllabic structures of
monolinguals are discussed in Demuth (this volume) and Kehoe (this volume).
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Bilingual acquisition of closed syllables: Codas

German has about 67% of closed syllables (Meinhold & Stock, 1980), whereas
Spanish has about 26.5% (Delattre, 1965: 42). In German, many child words are
monosyllabic, and the coda of monosyllables is then required to fulfill binarity
at the syllabic level, i.e. in case the rhyme is otherwise only comprised of a short
vowel. Lle6, Kuchenbrandt, Kehoe, and Trujillo (2003) focused on the acquisition
of codas by monolingual and bilingual children between the ages of 1;1 to 2;4.
Results show that monolingual German speaking children produce more than 80%
of codas after 1;11, but monolingual Spanish do not yet produce 50% of codas at
2;4. Extrapolating from these results, two outcomes of cross-language interaction
in relation to codas were hypothesized: either (a) more codas would be produced
by the bilinguals in Spanish as compared to those produced by Spanish mono-
linguals, or (b) bilinguals in German would produce fewer codas than German
monolinguals. The first hypothesis turned out to be correct: bilinguals produced
more than 50% of codas in Spanish after 1;9. Thus, German-Spanish bilinguals
acquire syllable codas faster in Spanish, compared to Spanish monolinguals.

In another study of a Portuguese-French bilingual child, Almeida, Rose and Frei-
tas (2012) showed that word medial codas emerged at the same time (2;4) in both lan-
guages. The bilingual child only produced fricatives in coda position and she began
to produce liquid codas in both languages at 2;9. Also, results showed that plosives
(which only appear in French in coda position) were the last codas to be produced
in both languages (3;1). Here, French received some influence from Portuguese, with
a delaying effect in the development of word-medial codas. This conclusion on coda
acquisition is based on the fact that French monolinguals are reported to produce all
types of consonants in word-medial codas (Dos Santos, 2007; Rose, 2000).

Bilingual acquisition of complex syllables: Consonant clusters

Almeida et al. (2012) also analyzed the consonant clusters produced by the Portu-
guese-French bilingual child, whose societal language was Portuguese and heritage
language was French. Their results confirmed the order of acquisition obtained
for consonant clusters in previous studies (Kehoe, Hilaire-Debove, Demuth, &
Lled, 2008; Nufiez-Cedefio, 2008), namely, that on the one hand, obstruent+lateral
(Cl) was produced before obstruent+rhotic (Cr) in Portuguese, converging to the
monolingual development of French (and Spanish, for that matter). On the other
hand, lack of vowel epenthesis shown by this bilingual child illustrates an accel-
eration effect of branching onsets in Portuguese. In general, when children are
acquiring consonant clusters, they go through a stage in which they delete one
of the consonants of the cluster. However, children acquiring Portuguese main-
tain both consonants of the cluster, but epenthetic vowels are produced between
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the consonants, which converts complex or branching onsets into simple or non-
branching ones. Thus, Almeida et al. (2012) argue that the influence shown by the
development of bilinguals may go in one direction, from the societal language
to the heritage language, or vice versa, from the weak onto the strong language.
Clearly, these results greatly differ from those of Lled et al. (2003), which showed
acceleration of coda production under the influence of the societal language (Ger-
man). In Almeida et al. (2012) cross-language interaction goes in both directions:
from the societal (Portuguese) to the heritage language (French) with delay of
medial coda production in French, and from the heritage language to the societal
language with acceleration of branching onsets (consonant clusters) in Portuguese.

Bilingual acquisition of metrical feet and stress patterns

In the prosodic hierarchy the next prosodic constituent over the syllable is the
metrical foot. According to Hayes (1995: 40) the foot is the “minimal bracketed
unit” of Metrical Theory. Feet are generally comprised of two syllables. In the pros-
ody of natural languages, two types of feet are considered: trochees (SW; as e.g. spi-
der ['spaj.dai]), and iambs (WS, as e.g. giraffe [39'1af]). Allen and Hawkins (1980)
formulated the trochaic bias hypothesis, by which children at the initial stage of
acquisition would prefer trochees, both in perception and production. Since then,
there has been much discussion as to whether the trochaic bias is a universal prin-
ciple or a phenomenon conditioned by the target language. This question is dif-
ficult to answer, because there is a majority of trochees in most target languages
studied (such as English, German, Italian or Spanish).

The first studies on this topic seemed to favor the universality of the trochee.
Lle6 and Arias (2006) analyzed data produced by a German-Spanish simultane-
ous bilingual child from 1;9 to 2;6. The data contained mainly trochees and some
iambs. The goal of the analysis was to find possible stress deviations from the
Spanish adult trochaic pattern. Their findings show that this pattern is already
acquired at the age of 1;8 as the errors found involve only a few iambs produced as
trochees. In the literature on Metrical Phonology and on its acquisition, it is widely
assumed that the acquisition of stress in languages like Spanish, Catalan, English
or German takes place by means of some algorithm, rather than on a lexical basis
(Fikkert, 1994; Klein, 1984; Prieto, 2006), i.e. whether stress is “memorized” word
by word by the child, or whether it is assigned in an automatic way, by means of
some sort of algorithm. The occurrence of stress errors in child language should
provide evidence in support of an algorithm-based stress theory (Hochberg, 1988).

Children acquiring languages like Spanish and Catalan produce trochees
before they produce iambs, in agreement with the target languages (Prieto &
Vanrell, 2007). Thus, in such trochee-dominant languages, truncating the initial
syllable of WS and WSW is expected. In the case of WSW, a perfect (syllabic)
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trochee remains after truncation of the unfooted syllable (see next section),
namely SW (Pifieros, 2000); and in the case of WS, truncation leads to the so-
called moraic trochee, S, i.e. a syllable with a heavy or strong rhyme, comprised of
a long vowel, or a (short or long) vowel plus a consonantal coda.

The main difference between the Catalan-speaking and the Spanish-speaking
children is that Catalan-speaking omit the unstressed initial syllable in WS struc-
tures for a longer time than Spanish-speaking children, although Catalan contains
more disyllabic WS forms than Spanish. Prieto (2006) hypothesizes that Catalan-
speaking children are more sensitive to the foot structures than to the PW struc-
tures (see Demuth, this volume, for a discussion of prosodic words). Even for a
language like Hebrew, with stress on the word-final syllable, a preference for tro-
chees has been reported (Ben-David, 2012). As mentioned by Kehoe (this volume)
and Prieto (2006), the young Hebrew children’s behavior was comparable to that
of Catalan and Spanish children, as WS and WSW were produced with truncation
of the initial weak syllable. Such a result might seem to converge to the claim of a
universal trochaic bias.

Recently, Bijeljac-Babic, Hohle and Nazzi (2016) by means of the head-turn
preference procedure (Jusczyk, Mandel, Myers, Turk, & Gerken, 1995) have
shown that French-German 6-month-old bilinguals have a trochaic bias in per-
ception, evidencing a preference to listen to a trochaic pattern like 'gaba versus an
iambic pattern like ga'ba. This result in the perception domain converges with the
results of monolingual German 6-month-olds, who also showed a preference for
trochees. However, these results diverge from those of French 6-month-old mono-
linguals, who did not show any preferences (Héhle, 2009).

The “trochaic bias” has often been questioned, as even children exposed to
English seemed not to respond to it (Vihman, de Paolis, & Davis, 1998), and
showed a tendency towards iambs. This was accounted for by the frequent usage
of “phrasal” iambs (i.e. phonological phrases comprised of an article or another
unstressed functional word followed by a monosyllabic lexical item, e.g. the man
[0a'meen]) produced by the English speaking children. Such iambic phrases have
a prosodic structure comparable to the structure of an iambic foot, with stress on
the final syllable: the man [0o'meen] is comparable to an iambic-shaped prosodic
word Giraffe [39'1af]. More recently, on the basis of a study of an English-French
bilingual child, Rose and Champdoizeau (2008) have proposed to give up the
trochaic bias hypothesis and to adopt what is generally referred to as the neutral
start hypothesis. According to the latter, children would not start the acquisition
of prosody with a preference for trochees over iambs, but would converge towards
the feet of their target-language, based on a criterion of frequency. However, the
participants of that study were 2- to 3-year-old children, which is an age definitely
beyond the initial state, to which the trochaic bias was referred.
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The claim that iambs in English are primarily “phrasal” (Vihman et al., 1998)
takes into consideration the frequency criterion. However, on the one hand,
[39'1af] vs. [0o'meen] are comparable only superficially, as their prosodic structures
are in fact different, because giraffe is a single PW and the man is a PW preceded by
a syllable with the status of a functional word: [39'1af],,,, vs. [[0a] , ['meen]py ]ppp-
On the other hand, if there were a universal trochaic bias, why would the produc-
tion of a determiner plus noun be the structural basis for disyllabic lexical items?
Arias and Lle6 (2009) adopt a solution that makes the universality of the trochee
unnecessary: lambic-shaped words have traditionally been a challenge for theories
of stress within the generative framework, especially for the metrical theory of
stress, as advocated by Hayes (1995). His iambic-trochaic law (trochees may be
quantity sensitive or quantity insensitive, whereas iambs must always be quantity
sensitive) has inspired much work in the field, but it is controversial, as researchers
have found languages that seem to base their stress rules on iambic feet in spite
of not being quantity sensitive (i.e. not differentiating lexically between short and
long vowels; Altshuler, 2006).

Spanish has the syllabic trochee as its favorite foot. However, young children
hear many iambs. Especially in child language, adverbs like aqui ‘here’ and alli
‘there, or infinitives like a comer ‘let’s eat, a dormir ‘let’s sleep, a jugar ‘let’s play,
used as imperatives, are relatively frequent. lambs with a light last syllable (e.g.
Spanish allf) cannot be handled according to the iambic-trochaic law, because the
presence of iambs in a language presupposes quantity sensitivity, and Spanish is
not such a language.* Children acquiring other languages like Greek or Portu-
guese do not seem to display any strong metrical preferences at the beginning,
or else, they rather show a preference for iambs. Moreover, early words in Euro-
pean Portuguese are not constrained by minimality requirements, in the sense of
Section “Bilingual acquisition of prosodic word structures” (Vigario, Freitas, &
Frota, 2006).

3. A formulation of the law close to the original one is that of Hay and Diehl (2007): “elements
contrasting in duration naturally form rhythmic groupings with final prominence, whereas el-
ements contrasting in intensity form groupings with initial prominence”. The former refer to
iambs, the latter to trochees. Obviously, the tumble stone of Hayes’ Metrical Theory are iambs
in a quantity insensitive language. Once this constraint is demoted (i.e. looses power), the
theory is able to handle such cases satisfactorily, as in Altshuler (2006).

4. 'The view that Spanish is a quantity-insensitive language, as I am assuming here, is not
accepted by all phonologists, as e.g. Harris (1983). However, the evidence held in favor of
the quantity sensitivity of Spanish is sketchy, only representing a residue of the quantity-
sensitivity of Latin, the parent language.
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Unfooted syllables: Their role in the expansion of prosody

Researchers have proposed that when young children begin to produce meaning-
ful language, they are constrained to producing minimal words, comprised of
one foot only (Demuth, 1996; Demuth & Fee, 1995). That is, if the target word
intended by the child is comprised of a pre-tonic syllable preceding the metri-
cal foot (e.g. the initial syllable of words of type pelota [pe[lo.ta] ], ball’ in
Spanish), such a syllable is unfooted, because it does not have a foot to which
it could belong to. The fate of such a syllable tends to be truncation (i.e. syllable
deletion), if the child still obeys the minimal word constraint (Lled, 1997, 2002).
According to Prieto (2006) this constraint seems to be active in languages that
are quantity sensitive (Section “Bilingual acquisition of the syllable”). Lle6 (2002)
analyzed the unfooted syllables intended by three Spanish monolinguals, three
German monolinguals, as well as by three German-Spanish bilinguals in relation
to their truncation. It was found that monolingual Spanish children produced
the unfooted syllable of words of type pelota ‘ball’ very soon - between 1;3 and
1;6 — whereas German-Spanish bilinguals produced them in Spanish a bit later —
between 1;8 and 1;10. These results show that the presence of another language
that is being acquired along with L1 may exert some specific influence on the
acquisition of L1, i.e. it may cause delay in the process of acquiring a certain
target-language category.

Results regarding unfooted syllables in the bilingual condition, as compared
with results on codas (Section “Bilingual acquisition of closed syllables: Codas”)
show a crucial difference: codas increased their production in the bilingual condi-
tion, while the number of unfooted syllables was reduced. The explanation for these
different results lies in frequency: codas are extremely frequent in German, which
leads to acceleration in Spanish, given the frequent violations of the NoCopa con-
straint in German (Section “Brief excursus on Optimality Theory and phonologi-
cal acquisition”). Unfooted syllables are rather infrequent in both languages, which
leads to the reduction of their production by the bilinguals in Spanish.

The minimal word constraint must be soon overcome if the child wants to
communicate. That is, the child prosodic system must expand. It has been shown
that after producing a single foot, children acquiring English or German go into
producing words comprised of two feet (Demuth & Fee, 1995), whereas children
acquiring a Romance language like Spanish or Italian go from producing one foot
to producing a foot preceded by an unfooted syllable (Lled, 2002) (see Demuth,
this volume, and Kehoe, this volume, for further information on this order of
acquisition).

In the case of German-Spanish bilinguals, Lleé (2002) hypothesized that
either (a) more unfooted syllables would be produced by the bilinguals in
German, as compared to the monolinguals, under the influence of Spanish, or
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(b) less unfooted syllables would be produced by the bilinguals in Spanish, under
the influence of German, as compared to the unfooted syllables produced by the
Spanish monolinguals. The second hypothesis was correct, as bilinguals truncated
the unfooted syllable of Spanish words for a longer period of time, as long as the
monolinguals truncate it in German. In the case of the societal language, German,
truncation applied at the same rate as in monolingual acquisition. Figure 1 shows
group results of percentages of unfooted syllable truncation, the curve with circles
showing the group percentages of monolingual German and the one with triangles
the group percentages of monolingual Spanish. Figure 2 shows such percentages
for individual German-Spanish bilingual children in Spanish.
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Figure 1. Percentages of unfooted syllable truncation by Spanish and German monolinguals
(adapted from Lleo, 2002: 298).
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Figure 2. Percentages of unfooted syllable truncation by Spanish monolinguals and three
bilinguals in Spanish (adapted from Lled, 2002: 305).
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Bilingual acquisition of prosodic word structures

Lle6 (2006) analyzed the development of prosodic word structures as produced
by three Spanish monolingual children, three German monolingual children, and
three German-Spanish bilingual children between the ages of 1;1 and 2;2. Results
showed that in the case of Spanish monolinguals, the evolution of word structures
goes from disyllables to trisyllables, and later on to monosyllables, whereas bilin-
guals in Spanish also begin with disyllables, but from there they go to producing
monosyllables and later on trisyllables. The order followed by the German-Span-
ish bilinguals in Spanish is comparable to the order of German monolinguals, who
begin producing disyllables and monosyllables and finally produce trisyllables.
This order difference is expected in the bilingual condition, given the presence of
another language, which may exert influence on certain aspects of L1 acquisition.

Whereas bilingual acquisition of the syllable was clear-cut in the German-
Spanish bilinguals (with acceleration in the bilingual condition) and in the Portu-
guese-French bilingual child (Almeida et al., 2012) (i.e. codas were delayed in the
heritage language, French, and branching onsets were accelerated in the societal
language, Portuguese), acquiring metrical feet seemed a more difficult endeavor to
predict, especially because of the many variables to consider.

Bilingual acquisition of intonation

The earliest target-language specific characteristics of intonation have been
recently discovered in the prosody of infants’ cry, which is dependent on the lan-
guage spoken in the newborn’s surroundings. Mampe, Friederici, Christophe, and
Wermke (2009) claim that newborns” cry melody is shaped by their native lan-
guage. They analyzed the crying patterns of 30 French and 30 German newborns.
The French infants produced rising contours, whereas the German infants pre-
ferred falling contours, similarly to the tendencies in the target languages. Pro-
duction data by bilinguals are not available at such young age. However, some
target-like productions by as young as 12-month-old monolingual infants have
been studied in Catalan and in Spanish by Prieto, Estrella, Thorson, and Vanrell
(2011). The study was based on productions by four Catalan speaking children
and two Spanish speaking children between 0;11 and 2;4. Prieto et al. (2011) have
witnessed some intonation contours that develop before two-word combinations
are ready to appear. The authors claim that intonation acquisition goes ahead of
the acquisition of syntax and is independent of grammatical development.

In target Spanish there is a crucial intonation difference between the contour
of a final or nuclear intonational phrase (IPh) and a non-final or pre-nuclear pho-
nological phrase (PPh): In broad focus declarative sentences the final phrase has a
falling contour, whereas the non-final one has a rising contour and a delayed peak
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(Face, 1999; Navarro Tomas, 1944). This is not the case, though, in a language
like German, where both types of phrases, final and non-final, have a falling con-
tour (Féry, 1993). The alignment of pitch peaks by bilingual children was studied
further in Lled, Rakow, and Kehoe (2004). The authors analyzed the contours of
pre-final and final phrases of broad focus declaratives. The study was conducted
with two German monolinguals, one Spanish monolingual and two German-
Spanish bilinguals; all children were between 2;10 and 3;1 years old. Lleé et al.
(2004) found that German-Spanish bilinguals tend to avoid the rising contour
with delayed peak (L+>H* in ToBI terms) and they replace it with a falling pitch
accent, typical of phrase-final positions.

These and further studies of children acquiring Spanish (e.g. Lle6 et al., 2004)
found that monolingual children produce the rising contour of non-final phrases
shortly after their second birthday, whereas German-Spanish bilinguals do not
produce the rising non-final pitch accent before age 3;0 in Spanish (Lle6 et al.,
2004). Lle6 and Rakow (2011) compared declaratives and yes/no-interrogatives
in Spanish and in German monolingual children, and German-Spanish bilingual
children between the ages of 2;0 and 3;0. The analysis of declaratives in compari-
son to yes/no-interrogatives showed that both monolinguals and bilinguals, 2- and
3-year-olds have command of the pitch accents of declaratives and interrogatives.
However, bilinguals tend to produce similar values in both languages, and do
not reach command of all scaling and alignment differences before age 3;0 (Face,
2004) (see Frota & Butler, this volume, Esteve-Gibert & Prieto, this volume, and
Armstrong & Hiibscher, this volume, for more information on intonation devel-
opment in monolinguals).

In the case of declaratives and yes/no-interrogatives, the alignment differ-
ences of the initial and final contours as well as the scaling differences of the first
peak are delayed for the bilinguals, who have not yet acquired these differences
at age 3;0, while monolinguals had already acquired these characteristics at the
age of 2;0 (Lleé & Rakow, 2011). Overall, results on bilinguals show a delay of
several months in the acquisition of alignment and scaling. Lle6 (2016) analyzed
wh-questions produced by three monolingual German, two monolingual Spanish
and two German-Spanish bilinguals, all of them at about 3;0 years of age, with
one adult participating as control in each language. Although both in German
and Spanish wh-questions tend to be produced with a falling final contour by the
adults, the German monolinguals and the bilinguals produced more rising than
falling contours.

Queen (2001) analyzed the intonation patterns of six German-Turkish 10-
to-12-year-old bilingual children. Recordings had been done over a nine-month
period. The results of this study show that bilingual children use two rising con-
tours with stress on the low tone both in German and Turkish, emerging from the
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interaction between the two languages: L*HH% (similar to a German contour),
used for discourse cohesion and L*H% (similar to a Turkish contour), used to
signaling continuation.

In many Spanish varieties, declaratives and yes/no-questions can have simi-
lar word order but they differ only in intonation: declaratives have a falling final
contour and yes/no-questions a rising one (Table 1). The same is true for Amer-
ican English. However, in Cuban Spanish yes/no-questions have a falling pat-
tern. In fact, the Cuban variety spoken in Miami can have the falling contour in
both declaratives and yes/no-questions (the latter also showing a rising pattern).
Alvord (2010) carried out a study focusing on the varieties spoken in Miami in
order to better understand the distribution of the intonation patterns of abso-
lute interrogatives there. Participants were 25 Cuban women, living in Miami,
divided into three groups. Group 1 was born in Cuba and emigrated to the US
after becoming 11 years old; group 2 was born in the US or arrived there before
the age of 6; and group 3 was born in the US to at least one parent of group 2.
Results showed that the first group preferred the Cuban falling contour, whereas
the second group had a strong preference for the rising pattern and thus showed
a stronger influence of American English. Unexpectedly, the third group hardly
produced any questions with rising intonation, although this group corresponds
to simultaneous bilinguals (2L1), who are proficient in both languages, and even
show a preference for English. The author postulates that this result, with its
dominant falling pattern, may be related to affirming their Cuban identity vs. the
American rising pattern.

Table 1. Comparison of intonation contours in Spanish and German declaratives and
interrogatives (adapted from Lle6 & Rakow, 2011: 267).

Spanish
Declaratives Interrogatives
1. Lower initial FO peak at post-tonic 1. Higher initial FO peak
2. Medial FO rise 2. Medial FO fall
3. Final stressed syllable high FO 3. Final stressed syllable low FO
4. FO fall at the end (BT) 4. FO rise at the end
German
Declaratives Interrogatives
1. Initial FO peak at stressed syllable 1. Higher initial FO peak
2. Medial FO rise 2. Medial FO fall
3. Final stressed syllable high FO 3. Stressed syllable low FO

4. FO fall at the end 4. FO rise after last stress

printed on 2/10/2023 6:37 AMvia . All use subject to https://ww. ebsco. conlterns-of -use



Chapter 16. Bilingual children’s prosodic development 331

Bilingual acquisition of rhythm

In the recent history of prosody, there have been several approaches to rhythm,
especially to rhythm metrics. One of the most applied measurements is based on
consonantal intervals (PVI-C) and on normalized differences in vocalic intervals
(nPVI-V) (Grabe & Low, 2002; Low, Grabe, & Nolan, 2001). Other approaches are
based on different metrics, as for example percentages of vowels (%V), VarcoV,
which also incorporates normalization of speech rate, and is thus comparable to
nPVI-V (Post & Payne, this volume, and White & Mattys, 2007, discuss acquisi-
tion of rhythm in monolinguals).

The analysis of rhythm in the bilingual condition generally involves some
rhythm metrics out of those just mentioned. Spanish is considered to be syllable-
timed, while German and English are said to be stress-timed, showing more vari-
able intervals (Abercrombie, 1967; Pike, 1945; Ramus, Nespor, & Mehler, 1999).
Figure 3 shows that the PVIs of Spanish child utterances appear closely grouped,
while the PVIs of German child utterances occupy a larger extension in the PVI
coordinates (see Figure 3).
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Figure 3. PVI scores for the monolingual German and Spanish children (adapted from Kehoe,
Lled, & Rakow, 2011: 339).

Bunta and Ingram (2007) investigated the acquisition of rhythm of English-
Spanish bilingual children at 4 and 5 years old, and found significant language
differences both for the vocalic and intervocalic PVIs: Intervals were concentrated
on the low values in Spanish, and on higher values in English. There also was a
preference for syllable timing over stress timing, and the values of intervals in
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stress timing tended to become similar to those of syllable timing. In the case of
German-Spanish bilinguals (with German as the majority language and Spanish
as the heritage language), Kehoe et al. (2011) found that bilinguals displayed simi-
lar rhythmic patterns in both languages. Variability between vocalic intervals was
reduced in German, i.e. resembling syllable timing, but consonantal variability
increased, compared to monolinguals. Moreover, the values of syllable timing
in Spanish became more stress-timed, which was interpreted as influence of the
majority language onto the heritage language.

Thus, several results in bilingual production led to compromise values and
consequent lack of differentiation between the two languages of the bilinguals,
who needed more time than the monolinguals to differentiate the languages
through their rhythm features (Bunta & Ingram, 2007; Gut, 2000; Kehoe et al,,
2011; Lleo6, Rakow, & Kehoe, 2007; Mok, 2011; Schmidt & Post, 2015). According
to Mok (2011), and Kehoe et al. (2011), bilinguals have a certain disadvantage.
However, when the ambient language and its effects were shut off, cross-language
interaction in bilinguals exhibited some advantage, represented in faster mastery
of consonantal intervals (Schmidt & Post, 2015; cf. Kehoe et al., 2011). The alleged
advantage represented by consonantal intervals is not as clear as the disadvan-
tage represented by vocalic intervals (Bunta & Ingram, 2007; Kehoe et al., 2011),
because vocalic intervals are considered better measures for stress timing than
consonantal intervals.

Discussion

Summary of results

Research on bilingual prosody has led to some clear-cut results especially in the
domain of the acquisition of syllabic structure, revealing that children begin acqui-
sition with the production of open syllables, and then go over to closed syllables,
and that bilingual children show a fast development of closed syllables if they are
frequent in at least one of the languages to be acquired. Lle6 et al. (2003) found
acceleration in the acquisition of codas by bilinguals in Spanish, as compared to
the Spanish monolinguals. The finding on codas was unexpected (Section “Bilingual
acquisition of closed syllables: Codas”), because closed syllables are marked, and
marked categories are expected to be acquired later than unmarked ones. However,
as briefly discussed in Section “Brief excursus on optimality theory and phonological
acquisition”, the many violations against a markedness constraint like the NoCopa
constraint will lead soon to its acquisition, expressed in terms of demotion.
However, Almeida et al. (2012) in their study of a Portuguese-French bilingual
child found a delaying influence of Portuguese on French in the production of codas.
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French has more types of consonants in the coda than Portuguese, which created the
expectation that the Portuguese-French bilingual child would produce more codas
than the Portuguese monolinguals. However, French has only 24% of closed syllables
(Delattre and Olsen, 1969), and thus the number of codas in Portuguese and French
is not as high as the number of codas in German and Spanish, and NOCODA is
not demoted as soon as in the German-Spanish bilingual case. On the basis of this
finding, the authors consider that the explanation provided for the German-Spanish
bilinguals (Lleo et al., 2003) is not able to account for the Portuguese-French case.
In order to have acceleration of coda production, the presence of the relevant cat-
egory (here codas) must have a frequency crossing beyond a certain threshold; oth-
erwise, the presence of codas is not strong enough to stimulate coda production, and
concomitantly accelerate NOCODA demotion. At least in one of the languages the
category in question must reach a frequency of more than 50% of occurrence (e.g.
in relation to codas, German has about 67% and Spanish 26.5% (although the defini-
tion of such a threshold requires further research).

Regarding the acquisition of consonant clusters, they all go through a stage
in which they are reduced to one single consonant (Lleé & Prinz, 1996; Pater &
Barlow, 2003; Vivar, 2012). Thus, the syllabic level seems to be a strong, steady
level of structure, well organized and responding to systematic criteria like sim-
plicity, and constraint demotion as a consequence of constraint violation.

Research on the bilingual acquisition of stress patterns led to less clear results,
most of the studies investigating the presence or absence of a “trochaic bias”
Bijeljac-Babic et al. (2016) investigated the early sensitivity of stress patterns in
German-French bilingual infants at 6 months of age. The authors argue that “the
development of a trochaic bias in simultaneous bilinguals is not delayed compared
to monolingual German learning infants” They thus conclude that infants at this
age seem to have a trochaic bias, because they prefer trochees even if they are
exposed continuously to the iambic input of French. If French and Hebrew mono-
linguals do not show any bias (neither trochaic nor iambic) (Ben-David, 2012),
this could mean that the trochaic bias is not strong enough to manifest itself under
the impact of iambic input, but it is strong enough not to be overruled. The diffi-
culty with French is that many researchers have come to the conclusion that in this
language words are not trochaic nor iambic, because French does not have word
stress (Verluyten, 1982). Some words receive phrasal stress, displayed by promi-
nence of the last syllable of a phrase (phonetically manifested as lengthening),
which makes them appear as iambic (stressed on the final syllable).

Intonation, especially its differences across languages, seems to develop very
soon, as it has recently been shown that German and French newborns’ cries can
already be differentiated by means of their falling or rising contours. However, in
the bilingual condition some of the intonation differences of monolinguals are
blurred, bilinguals often substituting the contours of their societal or strongest
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language for the heritage language contours, as e.g. Spanish children substitute
final contours for pre-final ones. At the beginning of word production falling
contours seem to be preferred over rising contours. However, it has been found
that German-Spanish bilingual children at 3;0 prefer to produce wh-questions by
means of rising contours (Lled, 2016), in spite of the adult falling model for ques-
tions (Lled & Rakow, 2011). The child seems to operate with a redefinition of ques-
tion intonation requiring rising contours, which is probably inspired by the high
frequency of yes/no-questions, and they generally show rising intonation.

Findings on rhythm are also indeterminate, because bilinguals use compro-
mise values with a consequent lack of differentiation between the two languages.
They needed more time than the monolinguals to differentiate the languages
through their rhythmic features. In perception, it is not clear-cut either whether
children at first prefer syllable-timed or stress-timed rhythm.

Various outcomes of bilingual prosodic acquisition

In bilingual acquisition, where two languages are in close contact with one another,
the question is what are the cross-linguistic outcomes of this interaction. Paradis
and Genesee (1996) proposed three possible results of cross-language interaction:
delay, acceleration and transfer. Further outcomes have been added to these: order
of acquisition (Lled, 2006), and fusion (Queen, 2001; see Lle6 & Cortés, 2013, as
well). In the following paragraphs we discuss these possible outcomes in relation
to the findings reported in Section “Summary of results” of this chapter.

Lle6 (2006) proposes a different order of acquisition under bilingualism. Two
categories that are acquired in the order A then B by monolinguals may be acquired
as first B then A by bilinguals in that same language. An example is the develop-
ment of prosodic word structures. Lled (2006) showed that monosyllabic words
are acquired faster by German-Spanish bilinguals than by Spanish monolinguals,
due to the influence of German, which has more monosyllabic lexical items. A
case of acceleration is found in the bilingual acquisition of coda consonants. Lle6
et al. (2003) found that German-Spanish bilingual children produce more codas
in Spanish than Spanish monolinguals, and this could be explained as a frequency
effect: codas are extremely frequent in German, which leads to accelerating the
demotion of the NoCobpa constraint.

However, a delay effect is observed when focusing on the bilingual acquisi-
tion of unfooted syllables. It has been shown that monolingual Spanish children
produce the unfooted syllable of words of type pelota ‘ball’ sooner (between 1;3
and 1;6) than German-Spanish bilinguals produce them in Spanish (between 1;8
and 1;10) (Lled, 2002). Unfooted syllables are rather infrequent in both languages,
which leads to the reduction of their production by the bilinguals in Spanish, as
they do not reach the threshold necessary to demote the relevant constraint. This
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does not show that bilingual acquisition necessarily leads to generalized delay. It
rather shows that the presence of another language that is being acquired along
with L1 may exert some specific influence on the acquisition of L1, i.e. it causes
delay in the process of acquiring a certain target language category. The acquisition
of declarative and yes/no-interrogative intonation in bilinguals is also delayed, the
alignment differences of the initial and final contours as well as the scaling differ-
ences of the first peak are delayed for the bilinguals.

Another example of delay is that of the bilingual acquisition of rhythm. Kehoe
et al. (2011) found that the German of German-Spanish bilinguals tends to be less
stress-timed (it shows less vocalic interval variability) than the German of German
monolinguals, and their Spanish is less syllable-timed than that of Spanish mono-
linguals (it shows more vocalic interval variability). However, children in this study
were 2 to 3 years old, and at that early stage it is not clear yet whether children (even
in L1 acquisition) have reached the adult-like patterns (Post & Payne, this volume).

Transfer consists in incorporating a grammatical property of one of the lan-
guages into the other language. Mennen (2004) and Olson (2013) found evidence
of transfer in bilingual acquisition of intonation, particularly in terms of the devel-
opment of alignment and scaling. Rising intonation with delayed peak (L+>H* in
ToBI terms) is produced in pre-nuclear (or non-final) phrases in Spanish (Face,
1999). The substitution of final pitch accent for the rising L + > H* with delayed
peak can be characterized as transfer, too (see Lled, 2017b).

Queen (2001) discusses the notion of fusion in relation to intonation, which
implies a two-way influence between two languages. Her findings on German-
Turkish bilinguals indicate that bilingual children use the same two rising con-
tours both in German and Turkish: the rising LYHH% pattern, which is similar to
a German contour, is used for discourse cohesion and the rising L*H% pattern,
which is similar to a Turkish contour, is used to signaling continuation. Clearly,
the two contours are extended from one language into the other, i.e. they are a
product of the interaction between the two languages, which has also been dubbed
blending (Kehoe, 2013).

Conclusions

This chapter presented the acquisition of prosody by simultaneous bilingual chil-
dren, i.e. children exposed to two languages from birth. Often one of the languages
is the strong or societal language, whereas the other is the weak or heritage lan-
guage. With the goal to unifying the various topics related to prosody, Prosodic
Phonology (with its prosodic hierarchy) provided a solid basis to bring out the
notions of prosody and prosodic structure. The analysis considered the prosodic
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constituents starting with the smallest one, the syllable (except for the mora), and
proceeding to the larger ones, the metrical foot, the prosodic word, the phonologi-
cal phrase, and the intonation phrase. Results presented in the chapter have also
been briefly discussed with respect to OT, which has enabled us to frame results
theoretically. (See Lle6 2017b for a more detailed OT treatment.)

From all constituents, the syllable is the most established and best understood
one, followed by the foot, which is crucial in relation to stress patterns. Phonologi-
cal words represent lexical items as they exit the lexicon. Finally, intonation offers
a variety of prosodic positions, on which phonological segments are located. The
analysis of rhythm involves e.g. vocalic and consonantal intervals and their mutual
relations. The last two domains (intonation and rhythm) tend towards compro-
mise values in the productions of bilingual children, somehow approximating
both languages to one another. And they pose principled questions like whether
syllable-timed rhythm is universally less marked than stress-timed rhythm. These
questions are difficult to answer, because in the bilingual condition there appears
some influence in both directions, from syllable- to stress-timing and conversely,
from stress- to syllable-timing.

Three further issues have been discussed. First, we have discussed the trochaic
bias hypothesis in relation to the acquisition of prosody, and whether this bias is
innate and universal. Bilingual infants can be a good test for such an issue, espe-
cially if they have to acquire two languages with different rhythmic structures. The
first prosodic structures produced and preferred by children seem to be trochaic.
However, since many of the target languages investigated are mainly trochaic, this
is the structure to be expected at the initial state (Bijeljac-Babic et al., 2016). Ana-
lyzing the production of utterances by bilingual children, especially if they acquire
a trochaic and an iambic language simultaneously, would provide an ideal situa-
tion to try and begin to answer this question in a fundamental way. However, there
often are complicating factors. For instance, French is sometimes used as the iam-
bic language that can be acquired simultaneously with a trochaic one. However,
since French is often considered a language without lexical stress, its relevance in
such studies is doubtful (see Martin, 2015; Verluyten, 1982).

Second, we have addressed whether prosodic information is organized in one
or in two phonological systems by the bilingual child, an issue often discussed
in the recent past, which now seems to have settled down. During the 1970s and
1980s, many studies of L1 phonological acquisition advocated the unitary model,
whereas at the turn of the century, more researchers spoke for the dual hypotheses
model (Ingram, 1981/82; Keshavarz & Ingram, 2002). Nowadays, it appears to be
proven that the bilingual speaker organizes language knowledge in two lexica, and
two grammars, which does not preclude much interaction between the two gram-
mars of the bilingual child. However, what precedes this duality is still an open
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question, as some studies have concluded that initially there is no system (Vihman,
2002). And from the perspective of OT, there seems to be a stage in which neither
faithfulness nor markedness constraints are yet at work (Fikkert & Levelt, 2008;
Lleo, 2017a, 2017b; White, 2011).

Finally, the chapter has discussed the cross-language outcomes in early bilingual
prosody. Paradis and Genesee (1996) predicted three outcomes of bilingualism -
delay, acceleration and transfer — which they nonetheless did not find in the syn-
tax. However, such outcomes have been abundantly found in phonology, especially
in prosody (Mennen, 2004; Olson, 2013). Two further outcomes, order of acquisi-
tion and fusion, were added to the list, following the findings in Lle6 (2017b) and
Queen (2001). Our studies of simultaneous bilingual acquisition have found delay
in the acquisition of unfooted syllables (Section “Unfooted syllables: their role in
the expansion of prosody”), alignment and scaling of intonation (Section “Bilingual
acquisition of intonation”), and rhythm (Section “Bilingual acquisition of rhythm”).
At the same time, Lled et al. (2003) describe acceleration of coda production in Span-
ish by German-Spanish bilinguals, due to the influence of German (Section “Bilin-
gual acquisition of closed syllables: Codas”). Transfer of intonation has also been
found, as well as fusion of intonation (Section “Bilingual acquisition of intonation”).

Many cases of cross-language interaction were found. Nevertheless, much
more research is necessary to draw a general view of the outcomes of languages
in contact, especially in the prosodic domain. In Lle6 and Cortés (2013), inter-
nal factors guiding the outcomes of cross-linguistic phonological interaction were
analyzed, such as frequency of occurrence of some category, like syllabic codas;
markedness of a certain category, like unfooted syllables; uniformity, because
invariable forms are preferred over variable ones (allomorphs and allophones).
External factors, such as age of acquisition, the language spoken at home, the soci-
etal language, the language of the peer-group, as well as typological factors, are less
understood and require more research to have a complete picture of how bilingual
children acquire the prosodic features of their target languages.
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CHAPTER 17

Prosodic development in atypical populations

Sue Peppé
Queen Margaret University College

This chapter concerns various atypical conditions in children and how the
development of prosody may be affected in them. Methods for evaluating
prosodic ability are considered, taking into account receptive and expressive
ability. Brief summaries of research into several conditions in which prosodic
development is affected are given, including hearing impairment, language
disorder, Down syndrome, childhood onset fluency disorder, Williams syndrome
and a more detailed treatment of autism spectrum disorder. The chapter
concludes with a brief summary of current strategies for rehabilitation.

Introduction

Chapters in this book so far have mainly been concerned with what happens in the
typical acquisition of prosody, although some have touched on prosody in com-
munication disorders. Clearly, some children with typical development (TD) will
acquire prosody in different ways; the timing of acquisition will vary, for instance.
In this chapter we will be considering atypical variation, i.e., children with atypical
conditions whose prosody is viewed as disordered.

Prosody is atypical and has been investigated in many childhood disorders,
not all of which can be considered here for reasons of space. Those that have
been selected include language impairment (formerly known as specific language
impairment, SLI) for the likelihood that atypical prosodic processing may be a big
contributor to the condition; hearing impairment, to look at the effect of a purely
receptive disorder; Down syndrome (DS), as a condition where speech motor
skills are known to be affected; childhood fluency disorder (formerly known as
stuttering) as a condition where the origin of speech difficulties may be mixed;
and two conditions with atypical neurology from birth, Williams syndrome (WS)
and autistic spectrum disorder (ASD). Particular attention has been paid to pros-
ody in this last condition, and research into it will be examined in some detail.
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Summaries of research will be brief and selective, by no means exhaustive, but
will include consideration of both receptive — where available — and expressive
prosody. Methods of assessment are considered, and some intervention strategies
with reports of their effectiveness will be discussed.

The communicative effects achieved by prosody are mostly achieved in con-
junction with other means. These may be linguistic (lexical choice, word order,
grammatical structures, as indicated in several previous chapters in this volume),
but may also involve gestures (Rusiewicz & Esteve-Gibert, this volume); vocal
quality (Campbell & Mokhtari, 2003) facial expressions (Davidson, Scherer, & Hill
Goldsmith, 2009), and the practical constraints of context, all of which can have
an influence on how prosody is interpreted. As Ito (this volume) points out, chil-
dren may only gradually integrate semantic and pragmatic knowledge with pro-
sodic structure. These factors must be borne in mind when considering prosody
in atypical conditions, and the possibilities of intervention.

Understanding whether atypical prosody is a primary or secondary disor-
der is important for the planning of intervention. Earlier chapters in this volume
(such as that by Teixidd, Francois, Bosch and Ménnel) have shown that prosody
is fundamental to speech segmentation and the learning of language. If prosody
processing in the infant is atypical, this can be a contributory cause of language
impairment. On the other hand, there are many examples of disordered prosody
which are the result of an atypical condition. Diminished hearing will affect how
prosody is perceived, which in turn determines how it is produced. Atypical orofa-
cial structure, as in DS, or generalised physical difficulties, as in CP, will affect the
motor skills involved in prosody. Similarly, disfluency causes prosodic disturbance
by impinging directly on speech-rhythm. In these cases the reasons for disorder
in prosody is fairly straightforward, but the etiology of prosodic disorder is not
always clear-cut. Conditions may affect children’s faculties at a global, neurological
or fundamental level, as in Williams syndrome (WS) and autism spectrum disor-
der (ASD): for instance, if children with these conditions have atypical affective
prosody, it may be because their emotional reactions are atypical. At all events, the
effect on prosody of atypical conditions is complex.

What is atypical prosody?

Probably the most familiar form of atypical prosody is in the speech of non-native
speakers of English, which can vary greatly. The most usual observations are
that the rhythm and stress-patterns are non-English, that speech is singsong or
monotonous, or that stress is misplaced. Articulatory irregularities, occurring in
children with motor speech disorder, interact with prosody; for example, /vabvl/
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may be heard as a realisation of ‘rubble’ until the possibility is considered of the
stress being on the second syllable; then it can be interpreted as two words: ‘the
ball: Additionally, segmental errors can impede the effective production of speech
across multisyllabic sequences (Kent & Vorperian, 2013); and epenthetic vowels
are sometimes introduced into clusters that are hard to pronounce, thereby adding
syllables which disrupt speech-rhythm.

The characteristics of prosody in atypical conditions vary greatly and will be
considered in more detail below, but generally involve misplaced stress or atypical
realisation of stress; disruption of speech-rhythm, often involving atypical relative
syllable-duration; unusual speech-melody or intonation-patterns; and disordered
phrasing. Overall rate, pitch and loudness of speech may also be disordered. The
different elements of prosody (length, loudness, pitch, silence) have, however, dif-
ferent roles to play in prosodic functions. For example, as well as having a role in
stress, syllable-lengthening operates in prosodic boundary to indicate the phras-
ing (or ‘chunking’) of speech; it also affects speech-rate. There is thus a danger for
intervention in taking the approach that one prosodic element, such as syllable
length, needs attention: first it is necessary to determine the need for lengthening
or shortening in different communicative situations.

Researchers tend to devise ad hoc procedures for their experiments. Clinical
assessments of acquired disorders where prosody is impaired sometimes include
protocols for testing prosody: for example, the Frenchay Dysarthria Assessment
(Enderby, 1983). Such protocols are usually tailored towards the needs of the exper-
iment or the disorder, and are not available publicly. In general terms, analysis of
spontaneous speech samples, narratives, reading, and imitation tasks are used to
assess expressive prosody, with disambiguation a common technique for assess-
ing receptive skills. There is however, wide variation in the methodology used for
examining prosody, making it sometimes hard to compare the results of different
investigations. Since some of the results of the research into disordered prosody
refer to tasks in assessment procedures, a review follows of some of the available
assessment procedures, restricted to those available for practical or clinical use. For
a further review of the procedures described here, see also Diehl & Paul (2009).

Assessment procedures

Generally, it is a perception that the child’s speech delivery is unusual that triggers
the need to examine prosody. The feedback guiding prosodic expression might be
affected by atypical hearing, perception or understanding of prosody, suggesting
that reception skills should be investigated first, but historically this step has not
often been taken and assessment instruments tend to focus on expressive skills.
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Crystal’s Profiling of Prosody, or PROP’ (Crystal, 1982) was one of the earli-
est formalised procedures for examining expressive speech prosody. It involved
recording a sample of spontaneous speech from the child, transcribing the sample
both for words and prosody, and on this evidence making judgments as to whether
particular aspects of delivery were normal or atypical.

Shriberg’s Prosody-Voice Screening Profile, or PVSP (Shriberg, Kwiatkowski,
& Rasmussen, 1990) works on a similar principle: a sample of spontaneous con-
versational speech is recorded, and examined for the appropriateness or other-
wise of three aspects of prosody (phrasing, speech-rate, stress) and four aspects of
voice (pitch, loudness, laryngeal quality and resonance). Both of these procedures
require researchers/clinicians to be able to transcribe prosody or (in the case of
the PVSP) to learn codes to be assigned to sections of the samples. The advantage
of this approach is that its material is natural unscripted speech. The downside
is that the speaker’s intention is not known but only inferred, and the content of
utterances can vary greatly, making acoustic analysis complex. The PROP has been
used very little for research or clinical investigation; the PVSP more so.

The Profiling Elements of Prosody in Speech-Communication assessment
procedure (PEPS-C; Peppé & McCann, 2003) investigates receptive and expres-
sive prosody skills in parallel tasks. Formal and functional levels of ability are also
assessed. The functional tasks consist of perceiving or expressing meanings as con-
veyed by prosody by means of minimal pairs, without reference to formal desig-
nations of prosody or transcription. For example, the word ‘carrots’ can be said
either as a question or as a statement; the two utterances are differentiated only by
the intonation (in this case, rising or falling). The expressive functional tasks do
not use spontaneous utterances; instead the words to be used are prescribed and
uniform (and similar to those in the receptive tasks). This has the advantage that
individuals’ test responses can be directly compared in acoustic analysis, made
simpler because they are automatically recorded. Acoustic analysis enables identi-
fication of which prosodic exponents are deviating and in what way, thus explain-
ing how they can give rise to misleading or atypical prosody. Functions other than
the question/statement distinction that are tested include affect (i.e., the use of
prosody to distinguish between opinions (liking and disliking something); bound-
ary or ‘chunking’ (are words grouped together in a phrase or not, as in “fruit-salad
and milk” versus “fruit, salad and milk”); and focus (where stress placement indi-
cates which word is the subject of focus or emphasis in an utterance). At a formal
level, auditory discrimination tasks indicate whether testees perceive at least basic
prosodic differences; and imitation tasks evaluate a testee’s ability to produce the
forms of prosody. The minimal pair approach ensures that utterance content is
comparable across testees, and also that speaker intention is verifiable. Perfor-
mance is judged by reference to that of control groups in individual experiments;
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very little normative data is available. A further disadvantage is that there are no
levels of difficulty that allow for maturation; task items are the same for all ages.

Van Santen, Prud’hommeaux, and Black (2009) devised an automated assess-
ment of prosody production. They stress however that their tools were not such as
could be easily adapted for clinical use or diagnosis.

Conditions with atypical prosody

Research into the atypical development of prosody presents an incomplete and
patchy picture. Some conditions occur more frequently than others and so there is
more reason to investigate them: more demand, more clinical need, and so more
research. Other reasons are the problems that can affect all research: small sample
sizes, problems with the selection of participants and diagnostic criteria, and the
lack of an extensive and accurate description of participants’ characteristics.

A number of conditions in which prosody is affected (childhood apraxia of
speech, dyslexia, and dysarthria) have not been considered in this chapter, but
a few suggestions are given here as to research concerning prosody in them. For
childhood apraxia of speech (CAS): Alcock, Passingham,Watkins, & Vargha-Kha-
dem (2000); Odell & Shriberg (2001); Boutsen & Christman (2002). For dyslexia:
Goswami, Gerson, & Astruc (2010); Marshall, Harcourt-Brown, Ramus, & van
der Lely (2009). For dysarthria, as in cerebral palsy (CP) or traumatic brain injury
(TBI): Patel, Hustad, Connaghan, & Furr (2012); Lowit, Kuschmann, MacLeod,
Schaefller, & Mennen (2010); Whitehill, Patel, & Lai (2008).

Language impairment

Language disorder is the replacement term in the DSM-5 (American Psychiatric
Association, 2013) for expressive and mixed receptive-expressive language prob-
lems, including the condition formerly known as Specific Language Impairment
(SLI), a term used often in previous research. According to DSM-5, the disor-
der involves persistent difficulties in the comprehension or production of spoken,
written, sign language, or other forms of language. Fisher (2007) and Graham and
Fisher (2015) suggest that this kind of language disorder is probably genetically
determined. With regard to prosody, the question arises as to whether prosodic
deficit is caused by language disorder or is itself a contributory cause of language
impairment.

On the expressive side, McGregor and Leonard (1994) observed that in lan-
guage impairment many function words, which generally carry little stress, are
lost (possibly as a result of atypical auditory processing). The effect is that instead
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of stressed syllables being separated by unstressed syllables, stressed syllables are
often adjacent, making for speech-rhythm that sounds disordered. Snow (1998)
found that children with SLI were not impaired in using syllable lengthening and
pitch change to indicate finality of phrase or conversational turn, and a further
study (Snow, 2001) found they could imitate rising and falling intonation contours
as well as children with TD. This suggests that while children with this kind of
language disorder may have atypical speech-rhythm, their use of pitch and relative
syllable duration appears to be intact.

Much research into language impairment is understandably concerned with
receptive abilities. Stark and Tallal (1981) proposed that auditory processing is a
core deficit for children with language problems. Corriveau, Pasquini, and Gos-
wami (2007), examining the auditory cues of amplitude rise time and duration in
children with SLI, find results that suggest strongly that infants’ difficulties in the
accurate processing of these prosodic cues affect the acquisition of language via
impaired word segmentation and the development of degraded phonological rep-
resentations. Holliman, Wood, and Sheehy (2010) similarly suggest, as has been
mentioned in previous chapters, that rhythmic awareness and sensitivity may be
prerequisite skills for speech segmentation and for establishing phonemic repre-
sentations. Poor rhythmic skills could therefore hinder normal language develop-
ment. Research by Van der Meulen Janssen, and den Os (1997) found, however,
that children with language impairment were not different from controls with TD
at identifying emotion from intonation, suggesting that some aspects of prosodic
processing are spared.

Few studies examine both receptive and expressive prosodic ability in chil-
dren’s language disorders to find if there is any relationship between them. One
study where this might be possible, because of the comparability of the PEPS-C
expressive and receptive tasks, is Wells and Peppé (2003), but the authors do not
report on correlations between receptive and expressive prosodic ability.

Hearing impairment

About 2 to 3 out of every 1,000 children in the United States are born with a detect-
able level of hearing loss in one or both ears (Vohr, 2003). It is measured in terms
of loss of decibels (dB) rather than loss of frequencies, but information about abil-
ity to hear frequencies will help determine what prosodic information is available
to a person with hearing impairment. Pitch variation in speech is carried on the
lower speech frequencies (<500Hz), whereas segmental information is mainly car-
ried on frequencies >500Hz.

There are relatively few studies of receptive prosodic ability in people with
unaided hearing loss. Some researchers (Jackson & Kelly, 1986; Osberger &
McGarr, 1982) reported difficulties in perceiving stress patterns. Rubin-Spitz and
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McGarr (1986) found that participants with severe and profound hearing loss
succeeded in perceiving stress patterns only in stimuli where the stressed and
unstressed syllables differed in amplitude. In contrast, Most (2000) reported an
80.3% success rate in perceiving syllable stress, attributed to the utilization of an
appropriate and natural task, comprising meaningful sentences containing mini-
mal pairs of target words that differed in their stress pattern.

Children with hearing loss produce atypical prosody. Calvert and Silverman
(1983) suggest that a 90dB or poorer hearing loss is generally equated with irregu-
lar speech rhythm caused by problems controlling varying loudness, pitch and
duration. These authors also suggest that changes in pitch may be perceived as
overall changes in loudness; that rising pitch, for example, may be perceived as a
decrease in loudness. Most (2000) found that children with hearing loss showed
higher fundamental frequency, longer duration of syllables across stressed and
unstressed syllables, and less success in conveying stress information. Speech rate
in hearing-impaired people is often considered slow (Boone, 1966; Stathopoulous,
Duchan, Sonnenmeier, & Bruce, 1986).

Cochlear implants (CIs) have improved the hearing of many individuals with
hearing impairment enormously. Several studies have assessed their effect on pro-
sodic processing (e.g., Lenden & Flipsen, 2007; Peng, Tomblin, Spencer, & Hurtig,
2007; Peng, Tomblin, & Turner, 2008). The general finding is that both percep-
tion and production of prosody in CI-implanted children are less good than in
normally-hearing children, but even if cochlear implants do not result in fully
normal speech, they provide significant benefits in terms of improving prosody to
children with hearing impairment.

With regard to the relationship between receptive and expressive prosody,
Most and Frank (1991) concluded that their data suggested that there is correla-
tion between perception and production. The study by Klieve and Jeanes (2001)
also suggests that intervention focusing on receptive ability can further improve
the prosodic production in CI-implanted children (see below, Intervention).

Down syndrome (DS)

DS is a genetic disorder associated with mild to moderate cognitive impairment
and characteristic facial features. The enlarged tongue, relatively small mid-face
bones and reduced muscle tone in lips and cheeks (Pilcher, 1998) affect speech
production. People with DS are known to have articulation deficits (Shriberg &
Widder, 1990) and these, when combined with poor prosodic production, play a
significant role in the poor intelligibility of people with DS.

Pettinato and Verhoeven (2009) show that perception of weak syllables is
problematic in adolescents with Down syndrome; limitations of phonological pro-
cessing may be responsible for prosodic abnormalities. Stojanovik (2010) found
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that receptive prosodic ability in children with DS was significantly better than
prosodic production, in line with the DS language profile of strengths in language
comprehension and weaknesses in language production. Areas of particular dif-
ficulty were the expression of affect and of pre-final narrow focus, as well as the
discrimination of prosodic differences and imitation of prosodic contours.

A review of speech impairment in DS by Kent and Vorperian (2013) includes
a comprehensive section on fluency and prosody. In general it is thought that indi-
viduals with DS have limitations in the perception, imitation and spontaneous
production of prosodic features.

Childhood-onset fluency disorder (formerly stuttering)

This involves recurrent prolongations, reverberations, or blocks of sounds, syl-
lables, phrases or words (Maguire, Yeh, & Ito, 2012). During these unintentional
breaks in speech, the individual is not able to make sounds. The condition appears
to be highly heritable (Dworzynski, Remington, Rijksdijk, Howell, & Plomin,
2007). Two examples of research, one on expressive prosody and one on receptive,
are given here.

Arbisi-Kelm, Hollister, Zebrowski, and Gupta (2014) found that children
who stuttered produced a narrower FO range across utterance types and a greater
degree of pre-boundary lengthening preceding relative clauses in syntactically
complex sentences, as well as higher FO variability at these juncture points, when
compared with non-stuttering children. Utterance duration did not differ signifi-
cantly between groups.

Research by Weber-Fox, Hampton Wray, and Arnold (2013) suggests that
prosodic processing is atypical in children who stutter. In their study, evoked
potentials (stimulated by a cartoon video and heard naturally spoken sentences
that were either correct or contained semantic or syntactic — phrase structure —
violations in the children who stuttered were characterised by longer N400 peak
latencies and greater negative amplitudes.

Williams syndrome

Williams syndrome (WS) is a neurodevelopmental disorder of genetic origin.
Along with mild to severe intellectual disability, individuals with WS present with
relative proficiency in language in the face of serious impairments in non-verbal
domains (e.g., Bellugi, Lichtenberger, Jones, Lai, & George, 2000).

An area of particular interest in WS prosody is the expression of affect. Reilly,
Klima, and Bellugi (1990) found that people with WS appeared to use affective
prosodic cues effectively to engage listeners and keep their attention, but that their
use of affective prosodic devices was exaggerated and inappropriate for the context.
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Plesa-Skwerer, Schofield, Verbalis, Faja Tager-Flusberg (2007) came to a similar
conclusion. Martinez-Castilla, Sotillo, and Campos, 2011, using the Spanish ver-
sion of PEPS-C (Martinez-Castilla & Peppé, 2008), found that in the expression
of affect many participants with WS used the opposite intonation pattern for the
affective function they wanted to express. They found, however, no evidence of
poor understanding of the tasks.

Concerning other functions of prosody, Martinez-Castilla et al. (2011) found
deficits in the ability to produce prosodic boundary, but Stojanovik, Setter, and
van Ewijk (2007), also using the PEPS-C, found that in the production of ques-
tioning versus declarative intonation, the WS group scored better than the lan-
guage-matched controls, suggesting that differentiating between questions and
statements, important in the prosodic management of turn-taking (a pragmatic
skill) is a relative strength in the WS profile.

Concerning other functions of prosody, Plesa-Skwerer, Faja, Schofield, Ver-
balis, & Tager-Flusberg (2006) found that children with WS were less able to
distinguish negative emotion than controls with TD. In their 2007 study, Plesa-
Skwerer et al. found that while individuals with WS were relatively good at dis-
tinguishing affective utterances without segmental content, they showed deficits
on a task of distinguishing lexical stress. The authors suggest that there is perhaps
dissociation between affective and linguistic prosody in WS. A study by Nazzi
and Ramus (2003) suggested that development of prosodic word segmentation
is seriously delayed in WS, which may help to explain late lexical onset in this
population. Martinez-Castilla et al. (2011) found deficits in the ability to perceive
prosodic boundary.

These findings suggest difficulty with regard to the use of prosody for linguis-
tic understanding, and difficulty in expressing their own emotions through pro-
sodic means: it seems that although they can produce the forms, they often misuse
them in communication.

Autism spectrum disorder (ASD)

Autism is a neurodevelopmental disorder characterized by deficits in social inter-
action, verbal and non-verbal communication, and restricted and repetitive pat-
terns of behaviour, interests and activities, often accompanied by sensorineural
abnormalities. Kanner (1943) produced the first description of the condition.
Symptoms generally appear by the age of three. In the DSM-5, Asperger’s syn-
drome (Asperger, 1944), a term once used to designate people with high-function-
ing autism, is not mentioned but the term has been used in research. Prosody is
not mentioned specifically as a diagnostic feature, nor is it mentioned that people
with autism are sometimes non-verbal, but indicators of ASD include ‘failure of
normal back-and-forth conversation, ‘deficits in using communication for social
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purposes, such as greeting and sharing information, in a manner that is appropri-
ate for the social context, ‘impairment of the ability to change communication to
match context or the needs of the listener’; ‘difficulties...taking turns in conversa-
tion, rephrasing when misunderstood, and knowing how to use verbal and non-
verbal signals to regulate interaction’; and ‘difficulties understanding what is not
explicitly stated (e.g., making inferences) and non-literal or ambiguous meanings
of language (e.g., idioms, humour, metaphors, multiple meanings that depend on
the context for interpretation). Many of these communication skills depend at
least in part on prosody: for example, it can signal that a turn has ended and what
type of response is required. Similarly, language for social purposes includes the
use of prosody for conveying attitude; and prosody can be essential for indicating
that language is non-literal or ambiguous.

McCann and Peppé (2003) summarise research into prosody in ASD up to
2002, but there are many aspects to be considered and the following review is
divided into different topics: at the form level, studies of acoustic measures of
expressive prosody (pitch and duration), which provide the basis for studies of
listeners’ perceptions of ASD prosody; studies of imitated prosody; studies of how
expressive prosody relates to meaning (i.e., functionally); and receptive prosodic
ability, i.e., how children with ASD process prosodic cues and understand func-
tional uses of prosody.

Acoustic measures of prosody: As far as duration is concerned, Diehl and Paul
(2012) found that, on one imitation subtest of the PEPS-C, the ASD group showed
significantly longer duration of utterances. Diehl and Paul (2009) had previously
found differences in duration of utterances for imitative and spontaneous speech
in individuals with ASD. In a sentence-completion task, Grossman, Bemis, Plesa
Skwerer, and Tager-Flusberg (2010) found increased duration of stressed syllables
in individuals with ASD, leading to longer total duration of words than in peers
with TD. Shriberg, Paul, Black, and van Santen (2011) did not find such ASD-TD
differences in younger children, but it is possible that children with TD decrease
the duration of syllables as their motor control increases, while children with ASD
fail to achieve this decrease. Van Santen, Prud’hommeaux, Black, and Mitchell
(2010) noted that duration was one of the most important acoustic features dif-
ferentiating individuals with ASD from their peers with TD.

Regarding pitch, Diehl, Watson, Bennetto, McDonough, & Gunlogson (2009)
found that while average speaking pitch was not significantly different, the ASD
group had wider pitch range in their narrative; wider pitch range was also found
by Bonneh, Levanon, Dean-Pardo, Lossos, & Adini (2010) and by Sharda et al.
(2010). Diehl and Paul (2012) did not, however, find differences between ASD
and groups with TD in either pitch range or other acoustic categories (intensity,
average pitch, pitch range). The studies do, however, suggest that on the whole
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children with ASD have wide pitch-range, and this would explain descriptions
such as ‘exaggerated, but not ‘monotonous. The latter term, however, may refer
more to speech-rhythm than to pitch, implying that there is little reduction of
duration in unstressed syllables; the measurements suggest fairly consistently that
duration is longer in the speech of children with ASD.

Listener’s perceptions of prosody in ASD: Tager-Flusberg, Paul, and Lord
(2005) describe odd intonation as ‘one of the most immediately recognizable
clinical signs of the [autism] disorder’ (p. 348). Fay and Schuler (1980) said
the speech of even highly verbal individuals with autism can be ‘bizarre;, while
Baron-Cohen and Staunton (1994) noted that children with ASD tend not to
conform to the ‘regional’ accent of their peers, perhaps due to imperviousness
to social pressures. Hargrove (1997) describes the speech of people with autism
as often characterized by poor inflection and excessive or misassigned stress.
Other descriptions include: robotic, stilted, exaggerated or monotonous intona-
tion, slow syllable-timed speech, and a fast rate of speech (Baltaxe & Simmons,
1985; Baron-Cohen & Staunton, 1994; Fay & Schuler, 1980). From this it can be
seen that descriptions are often contradictory: speech can sound exaggerated
and monotonous, slow and fast. Diehl et al. (2009) also noted that there was sig-
nificant overlap between the ASD and control groups in pitch variation, suggest-
ing the possibility that not all individuals with high-functioning autism (HFA)
exhibit intonation patterns that are different from their peers.

A study by Nadig and Shaw (2012) suggests that while acoustic measurements
of conversation and structured tasks showed increased pitch range in children
with ASD, this was not a contributory factor in listeners’ perceptions of their pros-
ody as atypical. Olejarczuk and Redford (2013) studied the relative contributions
of rhythm, intonation and lexical information to listeners’ perceptions of autistic
prosody, and conclude that rhythm cues and lexical information contribute more
to perceived disorder than intonation.

Imitation in ASD: This is an area that has attracted much attention, since chil-
dren with ASD show imitation deficits very early in development and because
atypical mirror neurons have been thought to be influential in the development
of the autism condition (Rogers and Williams, 2006). Studies using the PEPS-
C imitation tasks (Jarvinen-Pasley, Peppé, King-Smith, & Heaton, 2008; Peppé,
McCann, Gibbon, O’'Hare, & Rutherford, 2007) suggest deficits, with ASD groups
scoring significantly worse than controls. Filipe, Frota, Castro, and Vicente (2014),
using the PEPS-C translated into Portuguese, found that children aged 5-9 in their
study had difficulty in imitating prosodic patterns.

Expressive functions of prosody in ASD: Paul, Augustyn, Klin, and Volkmar
(2005) found that children with ASD had difficulty with tasks involving stress,
grammatical or lexical as well as pragmatic/affective use of stress. Using the PVSP,
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McAlpine, Plexico, Plumb, and Cleary (2014) found that children as young as
2-6 years old produced misplaced or reduced stress. Peppé et al. (2007), using
the PEPS-C, also found misplaced stress; the children with ASD tended to place
stress early in utterances (in line with findings by Baltaxe & Simmons, 1985, and
Baltaxe & Guthrie, 1987). Filipe et al. (2014), using the Portuguese PEPS-C, found
that children with ASD aged 5-9 had difficulty effectively producing turn-end and
affective intonation. Peppé et al. (2007) also found that children with ASD scored
lower than children with TD on the turn-end task: they tended to sound question-
ing when naming or producing a statement, but their questions did not sound like
statements. The greatest between-group difference in Peppé et al. (2007) was in
the use of affective prosody, where their intonational expression of food likes and
dislikes were mainly ambiguous, expressing no clear opinion.

Van Santen, Prudhommeaux, Black, and Mitchell (2010) used their instru-
mental methods for evaluating prosody production in children with ASD and
TD, and revealed that the acoustic features that predict auditory-perceptual judg-
ment are not the same as those that differentiate between groups. Specifically,
a key difference between the groups appeared to be a difference in the balance
between the various prosodic cues, such as pitch, amplitude, and duration, and
not necessarily a difference in the strength or clarity with which prosodic con-
trasts are expressed.

Shriberg et al. (2011) investigated the hypothesis that disordered expressive
prosody in autism might be caused by the kind of motor speech impairments that
characterise childhood apraxia of speech (CAS). Using the PVSP, they compared
findings from children aged 4-7 with speech errors, speech delay, ASD, CAS and
TD, but found no evidence to support this hypothesis. Instead, they posit the possi-
bility of a problem with the speech attunement framework (Shriberg, 1975, 2010),
which suggests that a child ‘tunes in’ to the oral communications of the ambient
community and ‘tunes up’ the phonological and phonetic behaviours subserving
intelligible and socially appropriate speech, prosody, and voice production. It is
indeed likely that children with ASD would not constrain their speech by such
pragmatic, social and affective considerations.

Prosodic processing and functionally receptive prosody in ASD: Receptive skills
have been comparatively little researched: McCann and Peppé (2003) found 5
studies in 22 years. There has been more investigation of this aspect since.

Several fMRI studies have found that the specific regions in the brain acti-
vated by prosodic variation differ according to whether there is neurotypicality or
ASD (Wang, Dapretto, Hariri, Sigman, & Brookheimer, 2001; Hesling et al., 2010).
This suggests that prosody is processed differently in ASD.

Communicative functions of prosody studied include the placing of stress for
information focus, prosody used for affective purposes, linguistic indications such
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as phrasing (boundary or chunking), and pragmatic uses such as indicating end
of turn and turn-end type. Paul et al. (2005) found significant differences on their
task assessing perception of place of stress. Performance was generally weaker in
items where stress was a factor, and in pragmatic/affective utterances as opposed
to lexical distinctions. Diehl, Bennetto, Watson, Gunlogson, & McDonough
(2008) found that their group with ASD was significantly less proficient than con-
trols when prosody alone disambiguated syntax, although they scored comparably
to controls when syntax alone or both prosody and syntax indicated the correct
response. In studies using PEPS-C, Peppé et al. (2007) found that while children
with ASD scored similarly to controls on the focus task (perceiving place of stress),
they made significantly more errors when the accent was pre-final rather than
final. This ASD group scored low on understanding turn-end type, as did the chil-
dren in the study by Filipe et al. (2014); Peppé et al. (2007) found that the children
with ASD were likely to hear questions as statements (as in Jarvinen-Pasley et al.,
2008). On discrimination tasks in Peppé et al. (2007), children with ASD tended
to perceive difference in items where there was none. These studies show prosodic
deficit in a number of areas in ASD: in prosodic processing, in understanding
some uses of prosody, in the expression of affect, the placing and realisation of
stress, imitation tasks, and acoustic differences, suggesting prosody is a major area
of difficulty for children with ASD.

Intervention: Some programs

With regard to the aims of intervention, it is clearly desirable for children to ‘sound
normal, rather as it is for synthetic speech to sound natural. Another aim is for
children’s use of prosody to reduce ambiguity and clarify the meaning - linguistic,
pragmatic and social — of what they say. It should also be considered that children
need to convey the meanings they wish to convey with their prosody, i.e., that ref-
erence should be made to the speaker’s intention.

For reasons of space, interventions are merely listed here, but critical reviews
can be found in Hargrove, Anderson, and Jones (2009) and Hargrove (2013).
Some interventions have been available for a long time, such as Melodic Intona-
tion Therapy (Sparks & Holland, 1976), and the Lee Silverman Voice Treatment,
to be found at Isvtglobal.com. There is also the IBM SpeechViewer (e.g., Thomas-
Stonell, McClean, & Dolman, 1991) which provides visual models to be matched
in production activities, and visual feedback for correct production, and can thus
be adapted for prosodic intervention programs.

Hargrove et al. (2009) reviewed interventions used in studies 1988-2008,
with comments on their reported effectiveness. They note that while there were
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disappointingly few studies that met their criteria for inclusion, and the indica-
tions for effectiveness suffered from contradictions, nevertheless it was clear
that prosody could be altered using intervention. Hargrove (2013) provides
valuable reviews of some of the evidence-based intervention techniques pub-
licly available, with a set of seven questions as to their nature and effectiveness.
Included are: the LSVT, targeting loudness, which has been used extensively
by Ramig and her colleagues (see for example Ramig, Countryman, Thomp-
son, & Horii, 1995); Rosenbels six steps for the treatment of affective prosody
(Rosenbek et al., 2004); Samuelsson’s (2011) explicit intervention approach,
treating various prosodic measures; and a protocol by Ballard, Robin, McCabe,
and McDonald (2010) targeting lexical stress. Hargrove concludes with some
concerns: the need for clearer descriptions of procedures, research on initiation
of intervention, more monitoring for trade-offs between prosody and other
aspects of communication, more evidence-based measures, and more collabo-
ration between clinicians, for which she recommends the Clinical Prosody blog
(clinicalprosody.wordpress.com).

These interventions address expressive prosody, and few receptive approaches
are employed. Exceptions are a study by Bellon-Harn (2011) in which receptive
prosody is targeted, and one by Matsuda and Yamamoto (2013) on increasing
the comprehension of affective prosody in children with ASD. Rothstein (2013)
offers a Prosody Treatment Program with receptive and expressive systematic cues
adapted from the Dynamic Temporal and Tactile Cueing for Speech Motor Learn-
ing (Strand, Stoeckel, & Baas, 2006). Rothstein’s program has the advantage that
it is available for two levels: preschool (ages 3-5) and school age (5-18). It also
targets both receptive and expressive prosody skills.

Klieve and Jeanes (2001) describe a ten-week intervention programme
focused on improving perception and understanding of prosodic cues in linguistic
contexts. In the six children with CI implants in their study, prosody perception
improved substantially and impacted on the associated skills of prosodic produc-
tion. This appears to be an approach that could be investigated more.

Conclusion

In this chapter we have looked at some of the research into a selection of conditions
in which children’s prosody is atypical, and considered whether prosodic disorder
can be thought of as primary or secondary in each. We have tried to relate the
theoretical issues to the practical procedures available for assessing prosodic abil-
ity, and looked at some of the research using these and other procedures to explore
prosody in the selected conditions. We have tried to establish the characteristics
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of the atypical prosody associated with each disorder, finding that it varies widely
in its realisation and in its effect for communication. We have considered some
intervention programs seeking to remedy atypical prosody.

One area that has appeared to be under-researched is the relationship between
expressive and receptive prosody. Correlations between these two modes have
been noted in some studies (e.g., Peppé et al., 2007), and the study by Klieve and
Jeanes (2001) suggests that the transfer of prosodic awareness might improve
expressive prosody. This is perhaps an area for the focus of future research into
conditions in children where prosody is affected.
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