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Preface

Prior to uttering a sentence, the speaker needs to plan it. The planning
process is highly complex and consists of at least two tasks, a cognitive-
linguistic task and a motor task. The cognitive-linguistic task involves
the conceptualization of meaning (What to say?), the framing of mean-
ing within the rules of a given language (Which syntax? Which words?
Which prosody?), and the selection of phonological units (phonemes,
syllables...). The motor task involves planning the spatial and temporal
coordination of the speech articulators. Controlling these articulators is
complex and is like controlling an orchestra of muscle activations over
time, because the resulting movements have to be accurate in space and
time to convey linguistic meaning.

One of the most influential psycholinguistic models of language pro-
duction was proposed by Levelt and colleagues (Levelt, 1989; Levelt
etal., 1999). This model describes the cognitive-linguistic components of
speech planning in hierarchical layers going from intention to articula-
tion. One weakness of Levelt’s model is that it fails to address the impact
of the requirements of the motor control system on cognitive-linguistic
planning. Smith and Goffman (2004) and Smith (2006) have provided
evidence that there are bottom-up influences from the dynamics of the
motor control system to the cognitive-linguistic system. This debate is
not the primary focus of the book, but it is relevant to certain chapters.
The aim of this book is to provide the reader with the latest research
in speech planning, from both a cognitive-linguistic and a motor con-
trol perspective. In most models of speech planning, a speech sequence
is organized and produced not as a whole, but as a sequence of con-
nected chunks. These chunks are called units, which give the sequence
a specific structure. Units take on different characteristics and proper-
ties in the various chapters here. In general, studies from the cognitive-
linguistic perspective emphasize units, which are meaningful words or
prosodic constituents, whereas studies from the motor control perspec-
tive focus on the motor goals (auditory and articulatory) and the dy-
namics of the motor system (accounting for forces at the origin of the
movement). The planned units are also dynamic (as the title of the book
proposes), in the sense that they change in time. Changes in time are



discussed in various ways, for instance in terms of speech acquisition or
in diachronic sound changes.
The book consists of the following eight chapters:

Pierre Hallé and Alejandrina Cristia provide a comprehensive litera-
ture review of the prelexical and lexical mental representations during
speech acquisition. Lexical representations for speech production de-
velop from whole-word into phoneme-like units. For speech perception
vowels and consonants play different roles within the developmental
path. Children show a high sensitivity to phonetic details in consonant
perception from an early age, but this does not apply to vowels.

Jonathan Harrington, Felicitas Kleber and Ulrich Reubold present two
examples of diachronic sound changes in Southern British English and
in East Franconian German. They demonstrate how diachronic changes
can be driven by synchronic coarticulatory variation and the processing
of these variations by the perceptual system.

Marianne Pouplier presents an overview of the gestural model of syl-
lable structure originally proposed by Browman and Goldstein (1988).
She discusses data on German consonant clusters and shows, how the
internal structure of the consonant clusters influences articulatory coor-
dinations. Her results confirm the predominance of the in-phase coordi-
nation for syllable onsets.

Linda Wheeldon studies the scope of advanced planning in spoken lan-
guage production. She focuses on the relationship between concep-
tual and grammatical processes. Her results provide evidence that the
minimal unit speakers plan is a phrasal chunk corresponding to a the-
matic unit. Several experiments have been carried out on English and
Japanese.

Sam Tilsen gives an introduction to the stress-clash phenomenon and
its phonological interpretations. Furthermore, he provides evidence that
stress-clash depends on the extent to which an utterance was prepaired
before or not. The results of his study have further implications on the
interaction between prosody and time-constraints in speech planning.



Jelena Krivokapi¢ presents results clarifying how speakers plan the pro-
sodic structure of an utterance. More specifically she investigates the
effect of phrase length and prosodic structure on speech planning. She
shows that both local and distant prosodic phrases have an effect on the
speech planning process, and suggests that prosodic structure could de-
termine the nature of the planned units in this process.

Pascal Perrier provides a literature review on the existence of dynamic
internal models in the Central Nervous System. These models are cru-
cial in the planning process. After a description of the basic principles
underlying the use of dynamic internal models in motor planning, em-
pirical findings from the motor control and speech motor control litera-
ture are discussed, putting the strengths and weaknesses of these mod-
els in perspective.

Leonardo Lancia and Mark Tiede present a selection of methods for the
description and comparison of movement data, which enable to describe
time series in a holistic way. Functional data analysis, the cross wavelet
transform and cross recurrence analysis are introduced and their appli-
cations are discussed.

This book has its origins in the third summer school on "Speech Pro-
duction, Perception and the Production-Perception Interaction" that was
held in Berlin in September 2010. The summer school was organized
in the context of the PILIOS project between the Centre for General
Linguistics in Berlin and the Gipsa-lab (UMR CNRS 5216) in Greno-
ble. It could take place thanks to the financial support by the French-
German University (Saarbriicken), the Ministry of Education and Re-
search (BMBEF), the French Embassy in Berlin, and the Stendhal Univer-
sity in Grenoble.
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Global and detailed
speech representations in
early language acquisition

PIERRE HALLE
ALEJANDRINA CRISTIA

Abstract: We review data and hypotheses dealing with the mental representations for
perceived and produced speech that infants build and use over the course of learn-
ing a language. In the early stages of speech perception and vocal production, before
the emergence of a receptive or a productive lexicon, the dominant picture emerging
from the literature suggests rather non-analytic representations based on units of the
size of the syllable: Young children seem to parse speech into syllable-sized units in
spite of their ability to detect sound equivalence based on shared phonetic features.
Once a productive lexicon has emerged, word form representations are initially rather
underspecified phonetically but gradually become more specified with lexical growth,
up to the phoneme level. The situation is different for the receptive lexicon, in which
phonetic specification for consonants and vowels seem to follow different develop-
mental paths. Consonants in stressed syllables are somewhat well specified already
at the first signs of a receptive lexicon, and become even better specified with lexical
growth. Vowels seem to follow a different developmental path, with increasing flex-
ibility throughout lexical development. Thus, children come to exhibit a consonant-
vowel asymmetry in lexical representations, which is clear in adult representations.

1 Introduction

To begin with, what do we mean by speech representations? We simply
refer to the mental representations that speakers/listeners of a given lan-
guage have built during acquisition and use to produce and understand
spoken utterances of their language. We adopt the generativist view ac-
cording to which production and perception of speech is accomplished
via the manipulation -in production or perception- of basic speech units
that combine into higher order units through the application of gram-
matical rules. Words are combined units with respect to, for example,
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phonemes but are basic units with respect to multi-word sentences. In
that sense, words play a pivotal role at the interface between basic sound
units and sentences. Importantly, the units we are talking about are not
just useful to describe languages and how languages work but are meant
to have a psychological reality in language users’ minds, following the
goals of modern linguistics, as summarized in the following passage:

"There has always been a tension between two ways of understanding
linguistics: On one view [...] (which was dominant in the first part of
this century), [language] has a structure that can be explored indepen-
dently of any efforts to figure out what particular speakers may do or
think [...]. On the other view of linguistics (a view that has come to be
relatively dominant in the past several decades), the goal of linguistics is
to model what it is that goes inside a speaker’s head." Goldsmith (1999, p.5,
our stress).

The discussion in this chapter will therefore revolve around the mental
representations speakers/listeners use in processing speech. We restrict
ourselves to prelexical and lexical units and will not cover the issue of
how the rules that combine units are themselves represented. Although
many other questions could be posed, this chapter mainly focuses on the
following questions:

How detailed, in terms of phonetic specification, are the speech repre-
sentations used by children acquiring their mother tongue?

Do representations change throughout development?

The literature on language acquisition, from Ferguson and Farwell (1975)
onwards, converges to suggest that, overall, children follow a holistic-
to-analytic progression in the way they code words (from whole-word
units to decomposed representations), at least in production. The moti-
vation of such a progression is clear: The need to adopt systematic strate-
gies to code words increases with vocabulary size, eventually leading to
analytic representations into unit combinations. Work in the last 20 years
has led to a refinement of this proposal by exploring lexical specification
in both production and perception. In addition, some of this work sug-
gests that there is an asymmetry in terms of the level of specification of
consonants and vowels. In this chapter, we present a global view of both
classical and recent results bearing on this proposal. This chapter is or-
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ganized as follows: Sections 2 and 3 deal with prelexical infants” speech
representations in production, beginning with the babbling; and in per-
ception, beginning with newborns’ speech perception. The following
two sections address the lexical representations that emerge around 10-
11 months and often grow dramatically around 18-20 months. Section
4 briefly surveys the "child phonology" literature on early word repre-
sentations in production; section 5 summarizes recent findings on early
lexical representations in the receptive lexicon and on how these repre-
sentations develop as a function of language acquisition. The final sec-
tion (section 6) surveys adult perception and linguistic data indicating
that consonants and vowels serve somewhat different linguistic func-
tions and reviews recent child data bearing on a consonant-vowel asym-
metry in lexical representations.

2 Speech representations for production in pre-
lexical children

Before they produce (or are discovered to produce) their first words,
young children normally go through different stages of vocal produc-
tions (see, among others, Oller, 1980, 2000; Stark, 1980; Kent and Mur-
ray, 1982). Among these, vocalizations and babbling undoubtedly are
intentional, voluntary productions. The early vocalizations of young
children usually are long, sustained vowels modulated in pitch and in-
tensity, with the occasional occurrence of consonant-like onsets, thereby
forming "proto-syllables" (Oller, 1980). Vocalizations thus are certainly
not rich in terms of phonetic detail. The picture changes notably with
babbling. Babbling is followed by the child’s first words and is char-
acterized by the production of syllables roughly conforming with the
syllables of adult speech in terms of timing. These syllables are often
reduplicated a few times (canonical babbling) but possibly also differ
from one another with respect to vowel or consonant (variegated bab-
bling). Although the dominant opinion is that variegated and canonical
babbling appear more or less simultaneously (MacNeilage and Davis,
2002), this issue is still debated (Vihman et al., 1985). The disagreement
may be due to the difficulty of defining phonetic variation vs. phonetic
constancy when it comes to describing the phonetic content of babbling
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productions. In other words, the phonetic substance of babbling pro-
ductions might not be well defined in terms of phonetic categories. This
suggests phonetically underspecified rather than detailed mental rep-
resentations in production, although it could be the case that phonetic
variation in babbling is in part explained by an incomplete maturation of
the vocal production system. At any rate, babbling productions are more
readily described in terms of syllables than of consonants and vowels, as
the defining characteristic of babbling itself suggests: Babbling consists
of adult-like syllables.

In the frame-then-content (henceforth, F-then-C) view of children’s bab-
bling and first word productions promoted by MacNeilage and Davis
(Davis and MacNeilage, 1990, 1995; MacNeilage, 1997), the syllable in-
deed explicitly appears as the basic unit of production: One syllable cor-
responds to precisely one cycle of mandibular oscillation, that is, to one
"frame". The F-then-C account proposes that frames are initially under-
specified segmentally. Early frames are "pure frames", only specified
by a cyclic closing-opening movement of the jaw superimposed on la-
ryngeal voice excitation. The result is heard as CVs whose Cs and Vs
mechanically reflect unintentional, targetless positioning of tongue (and
lips) riding passively on the jaw oscillatory cycle (typically a labial ob-
struent and a central vowel): Thus, these frames have no "content" (see
Hodge (1989) for a similar idea). Content appears when voluntary ma-
neuvers of the articulators are superimposed on the closing-opening cy-
cle. At this stage, three more elaborate frames emerge, namely "front
frames", "back frames", and "nasal frames", in which just one single ar-
ticulatory parameter is set: Tongue position for front vs. back frames
and velum opening for nasal frames (Matyear et al., 1998). Such mini-
mal specifications are thought to prevail until rather late in language de-
velopment, that is, until around 16-18 months (MacNeilage, 1996, 1997).
In particular, the three basic frames "pure"”, "front", and "back" seem to
explain most of the consonant-vowel cooccurrence data, although the
dominant patterns of cooccurrence are somewhat debated (for a review,
see Chen and Kent, 2005). The F-then-C account contends that the CV
cooccurrence patterns observed for children during speech acquisition
reflect a universal trend (MacNeilage and Davis, 2000). Whether or not
such a universal trend exists (see Whalen et al. in press, for a discus-
sion), babbling and early word productions are largely underspecified
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according to the F-then-C account: Only four types of frames, hence four
classes of syllables make up the building bricks of intended utterances
and each class is defined by a single parameter. The articulatory phonol-
ogy approach (Browman and Goldstein, 1989, 1992) similarly holds that
the syllable is the time frame wherein oscillatory systems are synched
to produce consonant and vowel gestures. However, instead of posit-
ing syllabic gestures specified by a single parameter for both consonants
and vowels, this approach considers that consonant and vowel gestures,
although initially achieved with great imprecision, are intended sepa-
rately. That certain CV cooccurrences are favored over others (e.g., front
vowels follow alveolar rather than velar consonants) and are more no-
ticeable in child than adult speech is attributable to gestural overlap.
Young children still do not control well phasing relationships and du-
rations - which are at the heart of articulatory phonology - thereby pro-
ducing variable and unwanted gestural overlap. Articulatory phonol-
ogy thus proposes a similar account for early speech CV cooccurrences
and for assimilation processes: gestural overlap. Browman and Gold-
stein (1992) suggest that children’s early speech productions reduce to
a few "dynamically stable patterns", wherein C and V gestures remain
undifferentiated and are not accurately phased together. Children then
progressively learn to differentiate these patterns into separate C and V
gestures, eventually acquiring CV combinations specific to the language
they learn (de Boysson-Bardies, 1993). The gestural approach thus also
describes early speech production as initially underspecified for conso-
nants and vowels and implicitly suggests that later emerging CV speci-
fication is still constrained by the syllabic time frame.

To sum up, children’s early speech productions seem to be underspec-
ified in terms of consonants and vowels and, rather, to be specified in
terms of syllables as whole units. The F-then-C account holds that sylla-
ble-based speech productions - mostly specified by place only - are still
the rule at the stage of early words and that children gradually escape
this pattern through C and V variegation. Articulatory phonology as-
sumes a less constrained development, which tends toward children’s
learning of phasing relationships within CV syllables.
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3 Speech representations for perception in pre-
lexical children

In the preceding section, the nature of speech representations in pro-
duction was inferred from the extent to which vowels and consonants
are independently controlled in children’s productions. Speech repre-
sentations in perception can be inferred from several other sources of
evidence. However, the relevant data seem to converge toward a sim-
ilar conclusion: Young children code speech in terms of syllables. One
source of evidence is provided by the capacity of newborns to "count"
syllables rather than phonemes within simple utterances. This finding
was first reported by Bijeljac-Babic et al. (1993). These authors used
a habituation-dishabituation paradigm based on the classic High Am-
plitude Sucking (henceforth, HAS) procedure (Eimas et al., 1971). In
one experiment, four-day-old infants habituated to a set of disyllabic
CVCV speech stimuli, such as {rifu, kepa...}, dishabituated when pre-
sented with a set of trisyllabic CVCVCV stimuli, e.g. {mazopu, rekiva...},
and vice-versa. Discrimination was not based on overall stimulus du-
ration but on stimulus syllabic structure, as shown by another experi-
ment in which the distributions of stimulus durations for the two sets
were made to overlap by expanding and compressing the stimuli. This
manipulation preserved the discrimination between the two- and three-
syllable sets. An alternative explanation for these results simply is that
infants discriminate between four- and six-phoneme utterances (CVCVs
and CVCVCVs).

Bijeljac-Babic et al. tested this possibility in comparing stimuli with four
vs. six phonemes but all with two syllables (e.g., {rifu, iblo} vs. {treklu,
suldri}). Infants did not discriminate 4-phoneme from 6-phoneme di-
syllabic items. Altogether, these data therefore strongly suggest that
infants are more sensitive to syllabic rather than to phonemic units in
the input speech. Another study by the same group further suggested
that French infants count syllables rather than moras (Bertoncini et al.,
1995): Amongst disyllabic items, infants did not discriminate 2-mora
items (e.g., {kago, mika, seki, buke}) from 3-mora ones (e.g., {kaNgo, mikaN,
seQki, buuke}).
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Another source of evidence, in line with the idea that infants perceive
speech as a string of syllables, is provided by Bertoncini and Mehler
(1981). The same acoustic contrast may be discriminated or not by two-
month-olds (French-learning) according to whether the stimuli sound
like speech, with a salient syllabic structure, or not. French two-month-
olds do not discriminate [t[p]-[p/t] but do discriminate [utfpu]-[up[tu].
Indeed, syllabic structure is presumably much more salient in the latter
than the former contrast, at least for French-learning infants. A more
salient syllabic structure would allow infants to process the stimuli as
speech and parse them into syllables they can discriminate.

A third line of evidence is provided by experiments that addressed the
level of detail infants code within the syllable using the standard HAS
procedure. For example, in Jusczyk (1987), American two-month-olds
were habituated to a set of CVs sharing C ([bi, bo, be, ba]). After ha-
bituation (post-shift phase), a new CV stimulus with a new C ([di]), a
new V ([bu]), or both a new C and V ([du]) was added to the initial set
of stimuli. The assumption was that infants would dishabituate with
the [d] but not the [b] new stimuli, had they been able to extract and
code [b] as a "sound" common to all the habituation CVs. But infants
dishabituated for [d] and [b] equally. There was thus no evidence that
two-month-olds can identify a syllable-initial consonant as a property
shared by several syllables with different vowels. In other words, in-
fants at that age do not seem to extract and code a consonant within a
syllable. Bertoncini et al. (1988) replicated Jusczyk and Derrah’s (1987)
results, using the same stimuli and procedure, with French two-month-
olds. They also tested newborns who differed from two-month-olds in
that they dishabituated only when the new stimulus introduced a new
vowel (i.e., for [bu] and [du], not [da]). In a second experiment, infants
were tested with an habituation set of CVs sharing V ([bi, si, li, mi]), and
post-shift new CV stimuli with a new V ([ba]), a new C ([di]), or both
anew V and C ([da]). The very same pattern of results obtained: Two-
month-olds dishabituated for any new CV stimulus, whereas newborns
dishabituated only when the new stimulus introduced a new vowel (i.e.,
for [ba] and [da], not [di]). These data were taken to suggest that very
young infants code CV syllables as whole units, and that newborns are
insensitive to consonant variation. The newborns’ reduced sensitivity
to consonants compared to vowels may reflect their experience in utero,



18

which filters much of the high-frequency energy relevant for consonan-
tal contrasts while relatively preserving vowels. Do older prelexical in-
fants come to represent consonants and vowels separately? The answer
to this question may come from a more recent line of research, where
young infants” encoding of sound sequences has been investigated. In
this work, infants hear a large number of word forms (50-100), all of
which bear the same abstract sequence; for example, nasal vowels are
always followed by fricative consonants, and oral vowels by stops. At
test, infants are presented with new word forms, some of which follow
the abstract pattern (i.e., a new nasal vowel is followed by a fricative)
while others do not (a new nasal vowel is followed by a stop). Prelexical
infants, some tested as young as 4 months, exhibit stable preferences,
typically for the more novel-sounding illegal patterns (see a summary
in Cristia et al., 2011). This appears to indicate that prelexical infants
come to represent consonants and vowels specifically. However, a recent
study (Cristia and Peperkamp, 2011) suggests that such results may be
best accommodated through acoustic, whole-word representations. In
this study, six-month-olds were first familiarized with word forms shar-
ing onset voicing. They were then tested on new word forms in which
onset voicing and novelty (from the familiarization set or not) were ma-
nipulated. They preferred the new voicing and this was not due to nov-
elty only since they showed no preference for novel over familiarization
word forms when voicing was kept constant. At first sight, the infants’
behavior could be explained by their reliance on the [voice] feature value
in onsets. Yet, the results better fitted acoustic distances between word
forms computed on entire items than on item onsets only. This sug-
gested that the infants” behavior actually reflected acoustic- or auditory-
based comparison between whole-word forms rather than feature-based
analytic representations.

To summarize, prelexical infants appear to rely on syllabic representa-
tions, or perhaps on whole-word forms, in which consonants and vow-
els are bound together. Now what about the lexical stage? Do young
children who are starting a productive or a receptive lexicon represent
words (be they production targets or recognized spoken items) as com-
posed of syllables or, for example, of consonants and vowels?



19

4 Lexical representations in production:
Children’s early words

Most evidence suggests that children first go through a whole-word
stage during which the word is the basic unit (the "prosodic word" Ma-
cken, 1978, 1979; Vihman, 1996). Following that stage, children gradu-
ally develop more adult-like phonological representations, that is, rule-
based representations gradually leading to principled segmental and
featural units. Some children, usually during the second year, develop
a few templates (i.e., word patterns) consisting of a stable skeleton of
consonants - or of consonants and vowels - that constrains all their at-
tempted words. This is well illustrated in Macken’s classic longitudinal
study (Macken, 1978) from 1;6 to 2;5 years of the words produced by
"Si", a child raised in a Mexican Spanish environment. From 1,7 to 1,9,
virtually all the words attempted by this child followed a "labial-dental"
disyllabic word pattern, whether this pattern reflected the adult model
or not. For example, she produced zapato ('shoe’) as [pwat:o], closely fol-
lowing the adult model, but also sopa (‘soup’) as [pweeta], reversing the
dental-labial order of the adult model, or even reloj ("clock’) as [bud:o], al-
though the adult model had no labial consonant. These single word pat-
terns have been interpreted as reflecting non-analytic representations of
produced speech into "whole-word" units. The rigid single pattern fol-
lowed in virtually all produced words indeed suggests nondecomposed
representations in terms of consonants or in terms of syllables. Neither
the consonant skeleton nor the vowel pattern of the adult model are usu-
ally preserved in the productions of the children who follow the path of
a single template whole-word stage, suggesting these children do not
analyze words into segments. However, children are quite variable with
respect to the observable path they follow in acquiring words. This is
illustrated in Table 1, drawn from de Boysson-Bardies (1996): At compa-
rable chronological age and/or estimated productive vocabulary size,
early words are close to their adult model in some children (suggesting
analytic coding), but rather underspecified in other children. Despite
such individual variation, children’s first words often are rather holistic
approximations of the adult word forms. De Boysson-Bardies’ data (e.g.,
Table 1) suggest that this holistic stage is difficult to notice in some chil-
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dren. Whole- word rather than analytic representations may underlie
holistic approximations, as was proposed in the classic paper by Fergu-
son and Farwell (1975).

Table 1: First words produced by two 14-month-old French children (with a productive
vocabulary estimated at 30-40 words), from de Boysson-Bardies (1996); adult glosses
in italics. Marie’s productions may be described as "analytic" and those of Emilie as
"holistic".

Emilie Marie

[ba] balle [eettee] attend
[be] bouton [hato] bateau
[bebe] bébé [bebe] bébé
[poe]  pomme [dodo] dodo q
[po] chapeau [tobo] c’est beau
[popo]  petit pot [ebotsa] c’est beau ¢a
[ka] canard [tartinn] tartine
[ke] clef [papidze]  papillon
[kki] cuillere [voafy] voiture
[ky] Mickey [hemjetse] mimichat
[qa] sac [popi] poupée

Throughout development, however, word form representations become
more and more clearly organized in terms of segments in that their con-
sonants and vowels do not depart from those of adult forms in an er-
ratic way but, rather, in a progressively more systematic way (see, for
example, Vihman and Greenlee, 1987). This increasing systematicity is
quite appealing for phonologists and a huge "Child Phonology" litera-
ture has been devoted to describing in terms of phonological processes
how child forms differ from adult forms. We will not expand on that
aspect and simply note that most of the processes described in this lit-
erature involve consonants rather than vowels (Vihman and Greenlee
(1987), but see Pollock and Berni (2003) on both normal and disordered
acquisition of English vowels). This might be an indication that conso-
nants are more important than vowels in children’s early lexical repre-
sentations or, possibly, that vocalic variations in children’s early words
are less easily noticed by adult hearers and therefore get underreported
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(see section 6 on adults’ greater sensitivity to consonant than vowel vari-
ation). To sum up, a gross analogy is observed between prelexical and
lexical representations for production in that both become increasingly
detailed throughout development.

5 Children’s receptive lexical representations
in word-learning and word-recognition

Children recognize word forms earlier than they can produce them in-
tentionally. A further, and logically more difficult accomplishment, is to
consistently associate word forms with meanings. Many studies have
used a variety of "word-learning" tasks, whereby children learn made-
up associations between novel words and novel objects, and have di-
rectly addressed the issue of how much phonetic detail children are able
to code for newly learned words. A somewhat different line of research
has focused on how children code the words they have learned either
during experimental training or from natural exposure to the language
spoken in their linguistic environment, and has addressed that issue
with "word recognition"” tasks. We will see that the two approaches yield
somewhat different pictures of children’s representations of word forms.
Six-eight months is about the youngest age investigated by word recog-
nition studies, such as those conducted by Peter Jusczyk’s group. Those
studies show that 8-month-old American infants can "segment", or pull
out monosyllabic words out of continuous speech and retain them at
least for the duration of an experimental session. For example, Jusczyk
and Aslin (1995) trained 6- and 7.5-month-olds with two words (cup and
dog for half the infants, foot and bike for the others) appearing repeat-
edly in a few sentences during a familiarization phase, then tested them
on their preference for trained over untrained words, using the now
classical Headturn Preference Procedure (henceforth, HPP). They found
that 7.5-month-olds but not 6-month olds preferred listening to the two
words they had been trained on over the two other, untrained words.
However, this preference, suggesting word recognition, did not resist a
change in word-initial consonant: Infants trained with cup and dog did
not prefer tup and bawg over untrained words. Hence, word form rep-
resentations at this age seem phonetically detailed, at least with respect
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to the onset consonant. Older infants (at about 11 months) have been
shown to recognize words presumably familiar to them through nat-
ural, not experimental exposure (Hallé and de Boysson-Bardies, 1994;
Vihman et al., 2004; Swingley, 2005). For example, 11-month-old French
infants prefer listening to ballon (‘balloon’) than félin ('feline”: presum-
ably not a familiar word for children) right away, that is, without exper-
imental training on ballon (Hallé and de Boysson-Bardies, 1994). This
suggested 11-month-olds have coded some familiar words in long term
memory, in an early receptive lexicon. Further studies examined how
strictly infants might code word forms: How detailed are word form
representations in infants’ early receptive lexicon? Hallé and de Boysson-
Bardies (1996) used mispronunciations of familiar words to address that
issue. They found that 11-month-old French infants still preferred mis-
pronounced familiar over unfamiliar words, when the mispronuncia-
tion affected the word-initial consonant (e.g., poupée (‘doll’) > boupée or
foupée). Moreover, they did not prefer unaltered over mispronounced
familiar word forms. The preference for mispronounced familiar over
unfamiliar words tended to fade away when the mispronunciation af-
fected the word-medial consonant (e.g., poupée > poufée). Omission of
the word-initial consonant resulted in no preference at all for mispro-
nounced familiar words (e.g., poupée > oupée). As proposed by Hallé
and de Boysson-Bardies (1996), these data thus show a relative elasticity
of 11-month-olds” word form representations. It might seem surprising
that infants tolerate word-initial but not word-medial consonant mispro-
nunciation. More recent work by Vihman et al. (2004) provides a clue to
this question. Vihman et al. (2004) tested 11-month-old British infants
with familiar vs. unfamiliar disyllabic English words or noun phrases
(so as to manipulate stress placement). The results they obtained were
similar to those in Hallé and de Boysson-Bardies (1996) but with an im-
portant difference. The British infants tolerated mispronunciations of
word medial consonant but not of word initial consonant (e.g., dirty >
dirny tolerated; dirty > nirty not tolerated). This pattern is the opposite
of that found for French. Since English and French words have opposite
dominant metric patterns (trochaic and iambic, respectively), a sensible
interpretation is that 11-month-olds rather strictly code stressed sylla-
bles and less strictly so unstressed syllables in their early receptive lex-
icon (Figure 1). This is compatible with the earlier finding by Jusczyk
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and Aslin (1995) that 7.5-month-olds fail to recognize tup and bawg af-
ter they have been trained on cup and dog, since monosyllabic content
words are stressed. Similarly, Swingley (2005) replicated the preference
for familiar over novel words in Dutch 11-month-olds, using monosyl-
labic words. In line with our explanation, this preference was abolished
if the words were mispronounced (e.g., mont (‘'mouth’) > nont or monk)
and infants systematically preferred unaltered over mispronounced fa-
miliar words.
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Figure 1: Looking times to disyllabic unfamiliar vs. familiar words, place-altered on
the initial consonant of the weak vs. strong syllable. Recognition of familiar words
obtains for weak but not strong syllable alteration (from Hallé and de Boysson-Bardies,
1996; Vihman et al., 2004).

Further data with slightly older children confirm the view that infants’
word form representations in early receptive lexicon are rather detailed
phonetically. These data come from studies using the preferential look-
ing procedure, whereby infants are presented with two pictures on a
screen (one target, one distracter), then prompted with a sentence such
as "Where is the [target]?". Longer looking times to the target than the
distracter are assumed to indicate word recognition (together with know-
ledge of word-picture association). Swingley and Aslin (2002) found
that 14-month-olds recognize both dog and fog as referring to the pic-
ture of a dog rather than that of a shoe, but look longer to that picture
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when presented with dog than tog. Bailey and Plunkett (2002) obtained
an even more radical advantage for dog over tog, with 14-month-olds
recognizing dog but not tog. When children learn new, arbitrary word-
object associations, they seem to show some difficulty at coding words
with full phonetic detail.

At 14 months, American children, when tested on a word-learning para-
digm known as the "Switch" procedure (an habituation-dishabituation
paradigm on word-object associations, see Werker et al., 1998), do not
distinguish bih from dih (Stager and Werker, 1997; Werker et al., 2002).
Children do not succeed in this task before 17 months (Werker et al.,
2002). However, when the contrasted words are familiar minimal pairs,
such as ball vs. doll (presumably well known by young children), even
14- month-olds succeed in the Switch task (Fennell and Werker, 2003).
But this is not the whole story, as recent data bearing on the "bih-dih
issue" suggest: Children’s success at associating bih and dih (or simi-
lar minimal pairs) to different referent objects depends on a variety of
non-phonetic factors, such as the testing procedure - new minimal pairs
can be learned at 14 months with the preferential looking procedure -
(Ballem and Plunkett, 2005; Fennell and Waxman, 2010), the distracter
items used (Thiessen, 2007), or the simple fact that referent objects move
in synchrony with target speech items or not (see Lakshmi Gogate’s re-
search on 8-month-olds: e.g., Gogate, 2010). In other words, the picture
of phonetic detail in word-learning is quite heterogeneous. If we limit
our purpose to drawing a meaningful developmental trajectory, the data
obtained with the Switch procedure might be the most telling, since they
clearly reveal infants” improving ability to code phonetic detail in newly
learned words. We therefore rely on these data so as to draw a coher-
ent picture of children’s sensitivity to phonetic detail in newly learned
words.

Altogether, then, current research on lexical development, especially
that using the Switch procedure, suggests that when children "learn"
words, they code word forms in a less phonetically specified way than
for the long term representations they have built in their early recep-
tive lexicon over the course of normal language acquisition. Yet, this
difference is probably quantitative rather than qualitative: Coding word
forms during a word-learning task, after a limited exposure to arbitrary
word-object pairs (typically presented only 3-9 times), is logically more
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demanding than detecting and memorizing recurring word forms from
natural exposure to speech over the course of weeks or months. We
therefore propose that children use similar word form representations
in both word-learning and in familiar word-recognition. The observed
delay in forming phonetically detailed representations in word-learning
tasks therefore suggests a developmental trend from initially somewhat
underspecified toward fully specified word form representations.

The literature reviewed so far examined the issue of phonetic detail in
children’s word form representations for consonants (e.g., ball vs. doll)
but not for vowels, or non-systematically so, as in Swingley and Aslin
(2000) whose materials include apple vs. opple. In the next section, we
review the recent data obtained for vowel compared to consonant vari-
ation.

6 Vowels versus consonants in
children’s lexical representations

During the first decade or so of its existence, the research on children’s
word form representations in reception focused exclusively on conso-
nants, from Jusczyck and Aslin’s onwards (Jusczyk and Aslin, 1995).
This is in itself revealing of an implicit assumption made by researchers
that consonants matter more than vowels for lexical forms. There are in-
deed reasons to believe so. Recently, the logical arguments for a conso-
nant-vowel dissociation in terms of their functional roles were neatly
laid out in an often cited paper by Nespor et al. (2003). In this work, the
argument is made that lexical forms are mainly specified by consonants;
in contrast, vowels carry prosodic, syntactic, and morphosyntactic infor-
mation, and are less important for lexical identity.

To test these claims, Mehler’s group at SISSA ("Scuola Internazionale
Superiore di Studi Avanzati" in Trieste) has conducted numerous artifi-
cial grammar studies which suggest that adults segment out word forms
from a continuous stream of syllables more readily when "words" are de-
fined by consonant rather than vowel patterns (Bonatti et al., 2005). In
contrast, other artificial grammar studies suggest that abstract regulari-
ties (e.g., structural sequencing such as reduplication, or simple patterns
such as AAB, ABA, etc.) can be extracted by listeners when they are de-
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fined on vowels but not when they are defined on consonants (adults:
Pena et al., 2002; Toro et al., 2008) (infants: Pons and Toro, 2010), in line
with the idea that consonants specify words and vowels specify rules
(Nespor et al., 2003). Evidence that is more immediately relevant to our
question of whether consonants and vowels are coded equally in word
representations comes from an older line of work. Word-reconstruction
studies provide more convincing evidence for the lexical motivation of
consonants because they bear on natural word form representations in
long-term lexicon. In these experiments, listeners are asked to produce
a word form closest to a pseudoword derived from a word by either
vowel or consonant change. For example, keebra is derived from co-
bra by a vowel change or from zebra by a consonant change. Listeners
more often and more easily "reconstruct” cobra than zebra from keebra,
thereby preserving consonant rather than vowel information (van Ooi-
jen, 1996; Sharp et al., 2005, the latter for recent behavioral and brain im-
agery data). Note that this result obtains regardless of phonological in-
ventory. That is, one might imagine that the observed consonant-vowel
asymmetry only holds for languages such as English, in which there are
many vowels and vowels vary with regional accent. In fact, the asym-
metry also obtains in Spanish or Japanese (which have only a handful
of vowels) as clearly as in English (Cutler et al., 2000; Cutler and Otake,
2002). Listeners tend to provide words that match the consonantal frame
more frequently than those that match the vocalic frame, suggesting that
word form representations are universally based on consonants more
than vowels. Now, is there evidence for the lexical coding C-V asymme-
try in child data? Nazzi’s study (Nazzi, 2005) marks a turning point in
the children’s lexical representation research in that it showed, for the
first time, that consonants weigh more than vowels in 20-months-olds’
word form representations. Nazzi (2005) used the "name-based cate-
gorization" paradigm (henceforth, NBC): In this paradigm, children are
first taught three name-object pairings, in which two different objects
share the same label (e.g., /pize/) and the third object has a different la-
bel (e.g., /tize/). In the test phase after each such triplet, the child’s task
is to put together the objects that share the same label; their success in
the task indicates, among other things, their ability to learn two different
labels (Nazzi and Gopnik, 2001). Of interest here is how the two labels
differ. Nazzi (2005) manipulated this difference in various ways. In par-
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ticular, he compared differences in consonant with differences in vowel
(e.g., /pize/-/tize/ vs. /pize/-/pyze/); he found that 20-months-old
French children performed better for consonant than vowel differences,
showing a "consonantal bias" in word-learning. Further follow-up ex-
periments using the NBC procedure demonstrated that this bias was
not confounded with a positional bias, that is, a possible advantage for
syllable-initial phonemes (Nazzi and Bertoncini, 2009). The consonantal
bias was also found for younger children, at 16 months, using a simpli-
fied version of the NBC task (Havy and Nazzi, 2009). Using variants
of the NBC paradigm, Nazzi and colleagues (Nazzi et al., 2009) found
that both French- and English-learning 30-months-olds are able to learn
a single feature vowel change (/pize/-/pyze/) but still rely more on
consonants when asked to match a mispronounced form with a learned
label (e.g., they match /pide/ with /pyde/ rather than /tide/!). Alto-
gether, this line of research suggests a developmental trend toward more
attention paid to vowel variation (at 30 months), but still with an advan-
tage for consonants over vowels. We return to this developmental issue
in the general discussion.

A recent study by the SISSA’s group suggests this consonant-vowel func-
tional distinction also holds for 12-months-olds. Using a variant of the
preferential looking paradigm, whereby an auditory word predicts the
apparition of an associated picture at one side of the screen (Kovéacs
and Mehler, 2009), Hochmann showed that, when encoding words, 12-
months-olds give more weight to consonants than vowels (Hochmann,
2010; Hochmann et al., 2011): After they learn to associate keke with side
A and dudu with side B, they orient in anticipation to side A rather than
B when presented with kuku, and vice versa with dede.? That is, the con-
sonant code prevails over the vowel code for word recognition.

In an other experiment, Hochmann et al. (2011) showed that, when ex-
tracting a second order regularity, 12-months-olds give more weight to
vowels than consonants: They do learn to associate vowel but not con-
sonant reduplication with one side of the screen. Altogether, then, these

1 This experimental design is thus strongly reminiscent of the word-reconstruction
paradigm used with adults. Note that it allows for directly comparing tolerance to
consonant vs. vowel variation.

2 This experimental design is a constant target design, in contrast to most other stud-
ies, thus avoiding possible confounding factors in the consonant-vowel comparison.



