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Chapter 1. Introduction

1.1. Introduction

This thesis is about children's developing word production skills, and about the
development of the system behind language production. The production of
speech by adults has been studied in great detail, leading to several different
models of the processes involved (Dell, 1986; Levelt, 1989; Levelt, Roelofs &
Meyer, 1999; Boersma, 2011). However, up until now this line of research has
hardly ever been extended to the (typically) developing speaker (cf. Wijnen,
1990; Stackhouse & Wells, 1997; Levelt, 1998). Despite the fact that child
language productions typically deviate from the adult standard, the way the
speech production mechanism performs and develops in the early stages of
language production is largely unknown. In most work on phonological
acquisition to date, some developmental state of the child’s grammar is held
responsible for these specific productions. However, the child language data
that are studied are always production data; ignoring the real-time processes
that have shaped these productions yields an incomplete account of the data
(Docherty & Foulkes, 2000). We thus need to know more about the speech
production mechanism of the developing speaker, and with this thesis [ hope to

contribute to this call.

I have limited the work in this thesis to a study of the system behind the
production of isolated words, since this is what the developing speakers in this
thesis, being between one and two-years old, mostly produce. Within the
context of word-production, this study will focus on the - developing -
production of word-onset consonant clusters. A typical deviation in early child
language productions is the reduction of these clusters to singleton consonants,
like in (Dutch) [tein] for target trein ‘train’, and [tup] for target stoep ‘side-
walk’. As mentioned above, up until now we only find grammatical accounts of
this deviation, in the form of a fixed syllable template, a parameter setting, or a

constraint on syllable structure (Fikkert, 1994; Pater & Barlow, 2003; Velleman
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& Vihman, 2002). A brief discussion of these accounts will follow below in 1.4.
However, instead of resulting from a specific grammatical setting, these cluster
reductions could also be the outcome of the speech production process, and in
the speech production mechanism there are several possible sources for error
that could be considered. This is what will be done in this thesis, by studying
children's cluster productions in different ways - acoustically, phonologically,
and in relation to children's perception of consonant clusters - and analyzing

both longitudinal, spontaneous production data, and elicited productions.

1.2 The speech production mechanism

The different possible sources for error in child language productions that will
be studied are the layers in the model depicted in Figure 1, based on the speech
production model of Levelt, Roelofs and Meyer (1999) and the bidirectional

model of Boersma and Hamann (2009), and Boersma (2011).
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Perception Production

lexical matcV \exicﬂl retrieval

Underlying Form Underlying Form

recognition phonological encoding
Surface Form ) Surface Form
perception phonetic encoding
Auditory Target Form Auditory Target Form
sound reception articulation

Articulatory Form Articulatory Form

Figure 1. The perception-production model used in this study, elaborated on

the basis of Boersma and Hamann (2009) and Levelt et al. (1999).

According to this serial processing model, and focusing first on the production
side, in the mind of a speaker an intended concept is transformed in several
steps into a motor program that will eventually be executed by the articulators.
It takes around 600-700 ms from the moment of seeing a picture of a common
object, like a train, to the moment of uttering the monosyllabic word train in a
picture-naming task (Indefrey & Levelt, 2004; Szekely et al., 2004). In this very
short time, the following steps have taken place:

1. Lemma activation (lemma = non-phonological part of an item's lexical
information; Levelt, 1989). In the case of train, the lemma <train> will be
activated.

2. Lexical retrieval. Each lemma activates its corresponding underlying,
morphologically encoded, phonological form, which contains the stored
information about the word’s sounds, in this case /tren/, and the metrical

frame, i.e. the number of syllables and stress pattern.
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3. Phonological encoding. From this information, a phonological surface form is
created. At this level, sounds are grouped into syllables, a single one in the case
of train. I assume that this happens in a top-down way: segments are mapped
onto stored syllable templates.

4. Phonetic encoding. Subsequently, the surface phonological form is converted
into an auditory target form. In Levelt et al. (1999), it is assumed that for
experienced speakers, motor programs for fequently-used syllables are stored
in a mental syllabary, and can be retrieved directly. If a ready-made program
(or the syllabary as a whole) is not available, the surface phonological form is
provided with position-specific articulatory detail on the fly. In Levelt et al., the
result of phonetic encoding is called the phonetic gestural score, but in Boersma
and Hamann (2009) the phonetic encoding part is worked out in more detalil,
and is split into two modules, one that maps the surface phonological form onto
an Auditory Target form, and one where this form is mapped onto an
articulatory-motor program. Bite-block experiments have shown that speakers
intend to produce vowels as closely as possible to an acoustic target, even when
production is articulatorily inhibited (MacNeilage, 1981). This points to the
existence of an auditory target form, which a speaker aims to achieve in
production. The auditory target form is subsequently translated into an
articulatory-motor program that controls the speech muscles. However, due to
the limits of the present study, in this thesis, like in Levelt et al,, a single
phonetic encoding module is considered as possible error locus. Here, the
phonological surface form is converted into the motor action instructions that
will result in a form that the speaker aims to achieve in production, i.e. the
auditory target form.

5. Articulation. The auditory target form is executed by the articulators,
resulting in the acoustic realization of the word: [t1€:n]

Although the main concern of this thesis is the speech production system, we
need to take perception into account too. Speaking can hardly do without
perceiving, decoding and representing speech. The model in Figure 1 includes

this component. For word production, the focus of this study, the speech
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comprehension system does not only play a crucial role in the way the sounds
of words are stored - if certain sounds are not stored, they will certainly not be
produced either - but also in what is called 'self-monitoring’ by the speaker
during the production process. Speech is monitored by the speaker before it is
overtly articulated, as soon as a phonologically encoded form is available. For
self-monitoring, the perception part of the model is used by the speaker, i.e.
self-perception of inner speech takes place. If necessary, namely when an error
is detected, repairs can be made before the speech is uttered. In the present
study, I focus on perception only in relation to the segmental representations
that form the input to the form-encoding part of word production. However, for
a full understanding of the way developing speakers produce speech,
perception and production and the systems underlying these processes should
be studied in tandem. My hope is that as a sequel to the present work, the full
model as depicted in Figure 1 above, will be studied in relation to phonological

development.

1.3. Different sources of cluster reduction

For the developing speaker, like for the mature speaker, all the different stages
between lemma selection and actual articulation are potential locations for
error, resulting in productions that deviate from the standard. For this study, it
is assumed that the exact source of the error in the production mechanism can
be deduced from the type of error that results. This, in turn, can inform us

about the developmental state of (specific layers in) the mechanism.

If, for example, the target cluster is incompletely stored in the child’s mental
lexicon, with only one of the consonants, the error source is the underlying
form, i.e. the segmental representation. In this case, we expect to find a highly
systematic error; the consonant that is absent from the representation cannot
be encoded in any way, so there will be a systematic and complete omission of
this segment in the speaker's production. If, however, a target cluster is

variably produced correctly and incorrectly, we can conclude that both
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consonants of the target cluster are present in the segmental representation. An
incorrect realization is then due to problems at lower levels of the production
model, either at the level of phonological encoding or at the level of phonetic
encoding. A single type of data is in general not enough to determine the exact
error locus, and a combination of informative data needs to be considered. In
Den Ouden (2002), an inspiration for the present study, the error locus in the
production mechanism of patients with aphasia was determined on the basis of
their performance on three different tasks, Picture Naming, Repetition, and
Phoneme Detection. Arguing from the combined results of success on one task
and failure on another, Den Ouden deduced whether the weakest link in the
mechanism was formed by lexical access, phonological encoding or phonetic
encoding. In Chapter 4 of this thesis, a similar procedure is used to find out

about the development of the production mechanism.

1.4. Phonological accounts of cluster reduction

In phonological accounts of cluster development, usually two basic
developmental stages are posited: an initial stage in which the underlying form
/C1Cz/ is reduced to a singleton [C] in the surface form - most commonly to C;
if the target cluster consists of an obstruent followed by a sonorant - and a
second stage in which a complete cluster can be present in the surface form,
either correctly or with substituted segments. The initial stage, in which the
cluster is reduced to a single C has been accounted for in different ways, and I

will discuss the three most common ways here.

Template account. In this type of account, the child's production is constrained
by a fixed template onto which consonants and vowels are mapped. Initially,
this template is the core syllable, CV (Menn, 1976; Demuth & Fee, 1995;
Demuth, 1996). An underlying representation /tren/ that is mapped onto this
CV template, will end up as [te] in the surface form - and subsequently in
production - because there are no positions available for the segments /r/ and

/n/ in the template. This is shown in Figure 2.
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Underlying representation: /t r en/

L/

Template:

Output: [te]

Figure 2: Cluster reduction in a Template account

Parameter account: Following the work by Chomsky (1981), Dresher and Kaye
(1990) proposed a set of parameters governing the metrical structure of
language. With respect to syllable structure, languages differ in their settings of
parameters like the Minimal Onset Parameter ("Are Onsets obligatory?") and
the Maximal Onset Parameter ("Can onsets be branching?"). In the initial stage
of development, all parameters are in their default setting, and by paying
attention to the input, the language learner will be able to change the default
setting to the marked setting if evidence for this setting is present in the input.
The default value for the Minimal Onset Parameter is yes, while for the Maximal
Onset Parameter it is no. Together, these settings result in an initial grammar
which only allows for syllables that have a single, obligatory consonant

(Fikkert, 1994). In this initial stage, then, consonant clusters cannot be realized.

Optimality Theory account: In Optimality Theory (Prince & Smolensky, 1991),
the phonological surface form results from an interaction of Markedness
constraints, enforcing well-formedness, and Faithfulness constraints, enforcing
the unaltered presence of information provided by the underlying form. The
ranking of these constraints in a grammar determines the ultimate surface form
of a specific underlying form. In the initial stage of development, Markedness
constraints outrank Faithfulness constraints, and surface forms will thus have
an unmarked, or well-formed, structure. Markedness constraints on syllable
structure are Onset ("A syllable should have an onset"), No-Coda ("A syllable

should not have a coda"), No-Complex-Onset ("A syllable should not have a
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complex onset") and No-Complex-Coda ("A syllable should not have a complex
coda"). Only CV syllables can be the output of the initial grammar, where all
markedness constraints are ranked high (Gnanadesikan et al, 1995; Levelt,

Schiller & Levelt, 2000).

In all three accounts, the phonological grammar enforces complete omission of
one of the cluster consonants in the initial stage, and complete onset consonant
cluster realization in the surface form in a subsequent stage, if required by the
underlying form. Depending on the theory, development leading to the
subsequent stage consists of the availability of a new template, CCV, the
Maximal Onset Parameter setting changing from default no to yes, or a
demotion in the ranking of the constraint No-Complex-Onset with respect to a
Faithfulness constraint, allowing for violations of the markedness constraint.
There are, thus, no intermediate forms of a target cluster in a grammatical
account. In Chapters 2 and 3, however, we will encounter data that are difficult
to explain in a grammatical account because the C; is neither completely absent,

nor completely present, or variably present or absent.

If we try to reconcile the phonological accounts with the psycholinguistic
model, and a with a word production account, we could say that a grammar
actually describes the limitations on the syllabification process in the
phonological encoding module. This entails that if the problem with cluster
realization lies in the phonological encoding module, we can expect complete,
i.e. trace-less omissions of the underlying cluster segment C; because there is no
position for this consonant available in the syllable inventory that can be
employed by phonological encoding. When we encounter data like in Chapter 2
and 3, where the target C; is neither completely absent from, nor completely
present in production, these are thought to result from flaws in the phonetic
encoding module, or from a specific interaction between phonological and

phonetic encoding.
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1.5. Data
In this thesis, I have used both spontaneous and elicited data. In addition to
studying production data, I carried out one perception experiment with young

children (Chapter 5) and one with adults (Chapter 2).

The spontaneous word productions that I studied for Chapter 2 and Chapter 3
come from the CLPF database (Fikkert, 1994; Levelt, 1994) and are available
through the CHILDES/Phonbank online database
http://phonbank.talkbank.org/ (Rose et al.,, 2006; Rose & MacWhinney, 2014).
The CLPF corpus consists of spontaneous speech production data, of 12
children between 1 and 2 years of age at the start of a one-year data-collecting

period, acquiring Dutch as their native language.

In addition, for the study in Chapter 2, I recorded 30 children with a mean age
of 2;1 years at four Dutch day-care centers in the Amsterdam area, and for the
study in Chapter 4, I used longitudinal data collected from four children who
were between 1;7 and 2;1 years old at the start of the data collecting period in

the Amsterdam area.

For the perception experiment in Chapter 2, thirty-five adult speakers of Dutch
were tested, in order to find out whether they were able to discriminate
reduced onset clusters from singleton onsets, produced by Dutch two-year-
olds. For the perception experiment described in Chapter 5, fifty-eight children

with a mean age of 2;0 were tested.

More specific information about the participants in every study is provided in

the separate chapters.

1.6. Overview of the thesis
The study in Chapter 2 concerns the question whether reduced clusters in

children's productions are indeed fully reduced - warranting a phonological
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account of cluster reduction - or whether they exhibit acoustic traces of the
omitted second consonant. For this purpose, the acoustic characteristics of
pairs of utterances, produced by the same speaker and at the same age, are
compared, that differ only - or mostly - in the presence or absence of an onset
cluster in their target forms, like brood /bro:t/ ‘bread’ - boot /bo:t/ ‘boat’ and
knip /knip/ ‘cut’ - kip /kip/ ‘chicken’. These words are realized in such a
similar way that even trained phoneticians tend to transcribe them identically,
e.g. as [bo:t] - [bo:t] and [kip] - [kip]. An acoustic analysis of these forms,
however, reveals acoustic traces of the omitted consonants from the target
clusters in the children’s productions. The children in this study tended to
realize a rising F2 in the vowel onset when the target C; was /r/, which might
be reminiscent of the rising F3 that we see in adult speech. As for target words
starting with /kn/, where /n/ was omitted from the production, we found that
the subsequent vowel did show a moving formant pattern, and a lower center
of gravity. In a subsequent perception experiment with adults, where they were
presented with these semi-reduced utterances and their minimal pair
counterparts, it turned out that these adult listeners could not decide which of

the two productions referred to a target word starting with a consonant cluster.

In Chapter 3, we take a detailed look at the acquisition of clusters starting with
a plosive and followed by /r/- hence /Cr/ - over time, by five different children,
in their spontaneous speech. All their attempts to produce target /Cr/ clusters,
from the start of the recording period until the cluster is produced correctly - or
until the end of the recording period - are analyzed acoustically. Although the
five children show individual developmental paths, a general pattern can be
discerned; in Chapter 2 partially reduced clusters were found, here it is found
that this type of realization forms a developmental stage, preceded by a stage in
which complete omission of the C; takes place, and followed by stages in which
the C; becomes more and more present and then becomes more and more
correctly realized. The different stages are discussed in terms of developments

in the speech production mechanism.
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In Chapter 4, we look at the longitudinal performance of four children on three
production tasks: PN (picture naming); WR (word repetition) and NWR
(nonword repetition), where the target forms are real words or nonwords
containing an onset cluster. Like in Den Ouden (2002), the functional state of
the speech production mechanism is deduced from the combination of
performance results on the different tasks. It is found that children perform
poorly on the PN task in the initial sessions, while they do better on the NWR
and/or the WR tasks. This points to the lexical representation as the initial
error locus because performing successfully on the NWR and/or the WR task
does not require lexical access. In later sessions, the error pattern changes. Like
in Chapter 3, these changing error patterns are taken to reveal developments in

the speech production mechanism, and they are discussed in detail.

In Chapter 5, I turn to perception, and ask how detailed the representation of
onset clusters is in the child's mental lexicon. Do children exhibit different
looking behavior when they perceive correctly produced onset clusters as
opposed to reduced onset clusters? If this is the case, the segmental
representation can be assumed to be detailed, containing both C; and C,. If not,
omissions in production could be the result of incomplete segmental
representations. [ examine two-year-olds’ perception of correct vs. reduced
/sC/ clusters, like in the word stoel /stul/ ‘chair’ and /C+liq/ clusters like in the
words trein /trein/ ‘train’ and bloem /blum/ ‘flower’. Interpreting the looking
times in line with earlier work on children's perception of mispronounced
words (Swingley & Aslin, 2000, White & Morgan, 2008), results seem to
indicate that two-year-olds exhibit awareness of /sC/ cluster reduction but not
of /C+liq/ cluster reduction. However, another interpretation of the results is
that the longer looking times actually indicate that the correct form is novel to
the child, and therefore attracts longer attention. This interpretation is
strengthened by the children's performance on a small production task, where

they simply had to name the pictures that were shown in the perception
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experiment, and where we find that in children who have not acquired /sC/
clusters yet, this novelty effect is stronger than in children who have already

acquired /sC/ clusters.

Finally, in Chapter 6, the results obtained in Chapters 2 to 5 are discussed in
relation to each other, and I will summarize what the combination of results

can tell us about the developing speech production mechanism.









Chapter 2. From toddlers’ mouths to adults’ ears: production and

perception of reduced onset clusters occurs on different channels?

2.1. Introduction

Phonetic or phonological cluster reduction is a common phenomenon in young
children’s speech productions. In this chapter cases of cluster reduction in word
onsets are discussed in which the child apparently omits the second consonant,
as in [dak] for truck and [si:p] for sleep. The research discussed here addresses
two questions. First, we want to find out whether toddlers intend to express a
complex onset despite the apparent omission of the second consonant. Does the
lexical representation of a reduced cluster contain information about the
omitted consonant or not? For this purpose we compare children’s productions
of onset clusters that have been phonetically transcribed as reduced forms, to
their productions of similar words that do not contain a cluster in the target
adult form, by means of an acoustic analysis. The purpose of performing a
detailed analysis of the reduced form is to help to determine the source of the
deviation from the adult target form. Our acoustic analyses indeed reveal traces
of the omitted consonant. This leads to our second question, namely whether
adults can distinguish children’s words with reduced onsets from words starting
with an identical simple onset when these are presented next to each other. In
other words, when adults are asked to pick from a child’s minimal pair the
production that has an onset cluster in the adult language, can they use the
acoustic trace of the “omitted” consonant as a reliable cue? Here we find that
adult listeners use different cues for their decisions than the cues that the child

provides.

1 This Chapter is identical to the manuscript: Gulian, M, Levelt, C. & Boersma, P.
From toddlers’ mouths to adults’ ears: production and perception of reduced onset
clusters occurs on different channels. It therefore uses the first person plural
instead of singular. The manuscrpt is ready for submission to a linguistic journal.
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2.1.1. Theoretical background

One of the goals of the present study is to get better insight in the way consonant
clusters are stored and handled in the toddler’s mental lexicon and speech
production mechanism. Do toddlers store adult cluster words as CV-
(consonant-vowel) sequences or as CCV- sequences underlyingly, and if this is

the case, where in the production process does the reduction take place?

To explore the possibilities, we suggest the heuristic model of speech production
in Figure 1, which combines phonological and psycholinguistic views of the
levels of representation involved (Levelt et al., 1999; Boersma, 2011). In Figure
1, speech production involves the step-wise retrieval of information and
application of knowledge in different modules. The production of a single word
requires the activation of a lemma in the mental lexicon. Each lemma activates
its corresponding phonological underlying form, which contains the stored
information about the word’s sounds. From this information a phonological
surface form is created in the phonological production process. Subsequently,
phonetic implementation may convert this surface form to an auditory-phonetic
target (for adults: MacNeilage, 1981, Gay et al, 1981; for children: Oller &
MacNeilage, 1983), which is then translated by sensorimotor knowledge to an
articulatory-motor program that controls the speech muscles. The precise steps
in the whole process are subject to debate, but Figure 1 will help us formulate

hypotheses about the localization and causes of reduction.
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Lemma

lexical retrieval

@honological Underlying For@

phonological production

@honological Surface Form)

phonetic implementation

(Auditory Target)

articulation

(Muscle Movements)

Figure 1: Heuristic speech production mechanism

Figure 1 suggests at least seven potential locations or causes for cluster

reduction.

The acoustic signal will have different characteristics depending on the locus of
reduction. Consider the Dutch adult word pair [bro:t] ‘bread’ versus [bo:t] ‘boat’,
and assume that the child stores ‘boat’ as /bo:t/ in her underlying form. The
question now is: where does the child reduce the adult’s /br/ in [bro:t] (‘bread’)
If the child’s underlying form for ‘bread’ is /bo:t/, identical to the one for ‘boat’,
then the child appears to have reduced the cluster either (1) already somewhere
in her comprehension of the adult word, or (2) when storing the word in her
lexicon for the first time, perhaps as a result of a morpheme-structure
constraint; in these cases, we predict that the child will pronounce ‘bread’ in an

identical way to ‘boat’ at the acoustic level. If the child’s underlying form for
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‘bread’ is /bro:t/, but her surface form is /bo:t/, then either (3) her phonological
grammar dictates that underlying /br/ should correspond to a surface /b/, or
(4) the surface form is restricted by a structural constraint such as */CC/; in
these cases, the reduction is again discrete (i.e. all or none), so that complete
acoustic homophony with the production of ‘boat’ is predicted. If the child’s
underlying and surface forms are /bro:t/, it is possible that (5) she has trouble
mapping the surface /br/ to the appropriate auditory cues, thus targeting
something close to, but not necessarily identical to, [bo:t]; in this case, the
reduction is not discrete at the acoustic level, but a transcriber may classify the
sound as the phonological surface form /bo:t/ with her adult Dutch perception
system. In this case we predict that the child may object to an adult pronouncing
‘bread’ as [bo:t] (i.e. the fis phenomenon: Berko & Brown, 1960). If the auditory
target is a full-fledged [bro:t], the articulatory result may still be close to [bo:t]
as a result of (6) a sensorimotor mapping that does not yet link the auditory cues
with the appropriate muscle gestures (Ferguson & Macken, 1983) or (7)
developmental restrictions on the planning or timing of muscle gestures
(Studdert-Kennedy, 1987); in these cases we may find an acoustic trace of /r/,
although a Dutch transcriber might not notice this. Therefore, if we analyze the
child’s acoustic productions of ‘bread’ and do find a trace, then we can conclude
that reduction has taken place by one of the mechanisms (4) through (7); if there

is no trace at all, the cause may lie in mechanisms (1) through (3).

Gradient versions of these mechanisms are also possible. It could be the case, for
instance, that (due to a comprehension restriction, a lexical restriction, or a
surface restriction) the child’s surface structure is the reduced segment
sequence /CV/ but does exhibit in the vowel an extra feature, for instance
rhoticity, that somehow expresses the reduced C2. Thus, ‘bread’ could be
represented as /bo*mhoit/. The extra feature would typically come with fewer
auditory cues for the adult listener than a segment would, so that an intended

/bo+hort/ will be perceived by an adult listener as a complete homonym of /bo:t/
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‘boat’. If this is the case, an acoustic trace of /R/ may be found in the child’s

realization of ‘bread’.

2.1.2. Covert contrasts in the literature

Studying the acoustic waveforms of toddlers’ productions is an interesting way
to find out more about the lexical representations of early words. Up until now,
young children’s lexical representations have mostly been studied using
perception experiments (e.g. Fennell & Werker, 2003; Swingley, 2003; Swingley
& Aslin, 2000, 2007; White & Morgan, 2008; for an overview see Newman,
2008). However, a detailed analysis of children’s productions gives a different
perspective on the issue, and directly confronts the difference that exists
between detailed representations and reduced productions (Pater & Barlow,

2003; Smolensky, 1996).

Acoustic analyses have led to the discovery of a number of “covert contrasts” in
toddler’s productions (for an early overview see Scobbie, 1998). McLeod et al.
(1998) showed that Australian English two-and-a-half-year-olds pronounce a [Kk]
reflecting a target /sk/ cluster with a shorter VOT than a [K] reflecting a target
singleton /k/ onset. Carter and Gerken (2004) analyzed truncations in two-year
old children who had to repeat sentences like He kissed Lucinda - Lucinda being
a ready target for reduction in toddler speech - and He kissed Cindy and found a
larger time gap between kissed and reduced cinda than between kissed and
correct Cindy. Song and Demuth (2008) recorded longitudinally three children
(1,6 - 2;6) and found in their utterances differences between reduced target
coda clusters and similar correctly produced target singleton forms:
compensatory vowel lengthening was found in case the coda cluster was
reduced. Lowenstein and Nittrouer (2008) showed that American-English two-
year-olds produce voiceless target plosives with longer VOTs than voiced target
plosives, although the two transcribers could not perceive this difference. Gulian
and Levelt (2011) found that Dutch two-year-olds pronounced reduced article-

noun phrases with a reduced cluster differently from singleton counterparts.
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The authors compared phrases like een peen, where peen [pe:n] was the reduced
form of speen (/spein/ ‘pacifier’) with een peek, where peek [pe:k] was the
intended singleton nonword peek /pe:k/. They found that there was a larger
time interval between the nasal in een and the plosive in peen as compared to the

same interval in een peek.

All of these studies thus reveal knowledge that language learners have, but do

not make audible in a way that adult listeners can perceive.

In the two studies below, we focus on two clusters that are very often reduced in
Dutch child language productions, namely /Cr/ (plosive + rhotic?) and /kn/. In
study 1, word productions with reduced renditions of these target clusters are
analyzed acoustically and compared to productions of corresponding words
with singleton onsets. Thus, an adult onset cluster /Cr/, apparently produced by
the toddler as [C-] is compared to the toddler’s production of a phonetically
similar word with an adult singleton onset /C-/. For instance, the utterance
[bo:t] for brood ‘bread’ is compared to boot [bo:t] ‘boat’. An example of the other
cluster type is knippen (adult target [knipa]) ‘to cut’, produced by the child as
[kipa], which is compared to kippen [kipa] ‘chickens’. In study 2 we test the way

adults perceive these minimal pairs in toddler speech.

2.2. Study 1: Child production of /Cr/~/C/ and /kn/~/k/ word pairs

In order to answer the question where in the production model cluster
reduction originates, we concentrate on /kn/ and /Cr/ cluster types in Dutch.
Specifically, we look for the productions of minimal pairs of singleton and cluster
targets, e.g. for cases in which the same child produced both ‘bread’ (adult target
[bro:t]) and ‘boat’ (adult target [bo:t]), or for cases in which the same child

produced ‘chickens’ (adult target [kipa]) as well as ‘to cut’ (adult target [knipa]).

% In this position, Dutch has only one rhotic phoneme, which can be realized as [R],
[r] or [r] (Sebregts, 2015).
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Any small systematic acoustic difference between the members of a produced
pair could indicate that the child intends to make a difference between the word
forms, even if both members were transcribed identically by adult researchers

(namely with a single consonant).

2.2.1. Participants

For this study we looked for young Dutch monolingual children who reduced
/Cr/ and/or /kn/ cluster words in their speech. We found such children in two
separate datasets, namely in the existing CLPF database (Levelt, 1994; Fikkert,
1994), available in Childes/Phonbank (Rose & MacWhinney, 2014), and in our
own new recordings at day-care centers collected specifically for the present
purpose. The CLPF database consists of longitudinal recordings of 12 children
acquiring Dutch as their first language, aged roughly between one year and two
and a half years at the start of the data-collecting period. Currently, audio files
are available for 6 of the 12 children, and in the data of 4 of these children we
could find the necessary word-pairs for comparison. The day-care-center dataset
was collected by the author of this thesis by recording 30 toddlers with a mean
age of 2;1 years at four Dutch day-care centers. Nine of these children already
produced /kn/ and /Cr/ target clusters in an adult-like manner and were
excluded from the analyses. The data for analysis thus included the productions
of four children from the CLPF database and 21 children from the day-care-
center recordings, forming a total of 25 children. Eight of these 25 children
reduced both /Cr/ and /kn/ clusters, while the remaining 17 children reduced

either one cluster or the other (see Appendix 2).

2.2.2. Method: /Cr/~/C/ word pairs

We start out by discussing the acoustic analysis of target /Cr/~/C/ word pairs.

2.2.2.1. Participant selection
Here we consider data from those four children from the CLPF database whose

speech exhibited the phenomenon of /Cr/ cluster reduction and who also
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produced a singleton counterpart in the same session or in a closely related
session, and data from those 11 day-care-center children who reduced the /Cr/
cluster at least once and who produced at least one singleton counterpart. The
mean age of the 4 database children at the times of the recordings that are used
here was 2;1.6 (age range 1;8.10 - 2;4.26). The mean age of the 11 day-care-
center children was 2;0.29 (age range 1;6.0 - 3;0.1).

2.2.2.2. Data selection

In order to detect acoustic traces of reduced /Cr/ clusters, word pairs were
compared for each child separately. For every child, we paired a word
production with a reduced target cluster with a word production with a
singleton onset consonant that matched the onset consonant of the reduced

form as closely as possible.

At the day-care centers, toddlers were asked to repeat a list of Dutch words with
initial clusters and matching words (or sometimes non-words) with a simple
onset (i.e. trein ‘train’ matched to Thijs (a common Dutch boy’s name). If
possible, pictures of the words-to-be-repeated were used to encourage
production. A list of the words that the children had to repeat is given in
Appendix 1. The children’s utterances were recorded with 16-bit 44100-Hz
sampling with a Microtrack II digital recorder and an external Microtrack II
microphone. At the time of each recording, the responses by the 30 children
were also transcribed online. Later, the online transcriptions containing cluster
reductions were selected for more detailed off-line phonetic transcriptions,
which I checked first, and were subsecuently checked by an experienced

phonologist.

Word productions were determined to be reduced cluster words if in the data
the target word contained an onset cluster and according to the phonetic

transcription of the word produced by the child, the second consonant of the
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consonant cluster was omitted3, such as in the transcription [bo:t] for intended
brood ‘bread’ [bro:t]. In the CLPF database a search was carried out to find all
utterances that contained a cluster in its adult target form but missed the second
consonant of that cluster in the phonetic transcription of the child’s actual
production. The matching singleton-onset word would ideally form a minimal
pair with the target cluster-onset word, differing only in the absence of a second

consonant. For brood [bro:t], for example, the ideal match was boot ‘boat’ [bo:t].

From now on the target singleton-onset words such as tijd and boot will be
referred to as /C/ words. If no ideal match could be found for a /Cr/ word, a /C/
word was selected that shared as many features as possible with the onset
plosive and the subsequent vowel, e.g. the /Cr/ word trein ‘train’ /trein/,
produced as [tein], was paired with Thijs (Dutch boy’s name) /teis/ in the
analysis. If the utterances selected for analysis were polysyllabic, such as
draaimolen ‘merry-go-round’ /'dra:imo:la/, they were always stressed on the
first syllable. The /Cr/ word and the matching /C/ word were always produced
by the same child and originated from the same recording session, or from

recording sessions that were no more than 1 month apart.

After the strict selection criteria for matching word pairs, in the end the analysis
of the /Cr/ clusters is based on 47 word pairs, i.e. 47 target /Cr/ words matched
to 47 /C/ words. Of these 47 word pairs, 21 came from the CLPF database, and
26 from the day-care center set. A list of the reduced cluster words and their

matching singleton consonant forms is given in Appendix 3.

3 The authors of the CLPF database, C. Levelt and P. Fikkert, were the primary
transcribers of the CLPF dataset, and [ made the transciption of the day-care-
center dataset.
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2.2.2.3. Measurement method

In this study we looked at words with target onset /Cr/ clusters where the
second consonant was apparently omitted, and compared them acoustically to
similar /C/ words. All the acoustic measurements presented in this chapter were

made using Praat 5.0.10 (Boersma & Weenink, 2008).

To minimize the chance of subjective measures, the assistant who carried out
the acoustic measurements was blind to the actual transcriptions of the words
produced by the children. All 94 utterances (which consisted of the 47 reduced
cluster words and 47 matching simple onset words) were anonymized*. If
necessary, the utterances were trimmed back to only the initial consonant-vowel
sequence; for example in the utterances [bo:t] (from brood ‘bread’) and [bo:ta]
(from boten ‘boats’) the final part was removed, leading to [bo:] and [bo:]
respectively, to prevent them from revealing the word meaning to the assistant,
who was told to determine the vowel and utterance boundaries as if the word
was a /C/ word.

Two formants, F2 and F3, were measured at two points in time in the spectrum
by means of a band-filter analysis method that had been used before for the
description of infant vowel productions (Wempe, 2001; Van der Stelt et al,,
2005). This method, which takes into account the child’s pitch to estimate a
spectral envelope representation of an utterance, has the advantage above LPC
(linear predictive coding, the most widely used formant analysis method) of
being less sensitive to the incorrectly chosen parameters that are likely to occur
with LPC if there are high pitches in the data, which is often the case in child

speech.

The approximant rhotics [1] and [4], such as occur in English and in Dutch codas,
tend to come with a low F3 and to some extent a low F2 (Lindau, 1985; Plug &

Ogden, 2003; Scobbie & Sebregts, 2011). The adult realization in Dutch /Cr/

4 After all analyses were carried out, the anonymous utterances were linked to
the original transcriptions again.
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clusters is more likely the uvular trill [R] or the alveolar trill or tap [R, r]. Gulian
(in prep.) found modest F3 and F2 values for these variants: in going from the
rhotic to the vowel there was a rise in F2 and F3 for front vowels and a lowering
in F2 for back vowels, both for the alveolar and for the uvular variants, with the
alveolar trill exhibiting a slightly lower F3 than the uvular trill. If we detect
similar formant movements in the vowel onset in reduced cluster words in
toddler speech, this could therefore be considered a likely trace of the omitted

rhotic.

In order to be able to measure F2 and F3 movement in the vowel, the two
formants were first measured at the immediate vowel onset (t1), followed by a
measurement at one quarter of the entire duration of the vowel (t). Figure 2
gives an example of a child production of the word kraan ‘faucet’ /kra:n/, where
the target rhotic is fully produced and the raising of F2 and F3 can be clearly

discerned.
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Figure 2: Waveform and spectrogram of the word kraan, produced [radn] by a

child aged 3;3 (t: and t; are the time points where formants are measured).

In order to capture a possible upward movement in the vowel onset, the values
for F2 and F3 at times t1 and t; are used for a simple calculation: the Hz value at
t1 is subtracted from the Hz value at t;. When the obtained value is positive, the
formants have moved upward, and this is interpreted as indicating the intended
presence of a preceding rhotic. For example, in Figure 2, the calculations for F2
and F3 both result in positive values (a difference of respectively 268 Hz and 24
Hz). This confirms that both F2 and F3 are rising in the vowel onset, although
/a/ is not a prototypical front vowel. If the value is negative, the formant in
question appears to have lowered in the vowel onset, which is interpreted as

indicating a traceless omission of the target rhotic in the production.
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In addition to F2 and F3 movement in vowel onsets, we measured vowel and
utterance duration. Since we were interested in acoustic traces of the second
consonant in reduced onset clusters, we had to be on the look-out for forms of
compensatory lengthening. For the utterance duration measure, the duration of
the vowel plus preceding and following coda consonants (in the cases where the

coda was not trimmed) was measured.

To summarize, for the /Cr/~/C/ minimal pairs, such as the words trein and
Thijs, where trein is produced as [tein], four different measures were taken. All
47 pairs (94 utterances) were measured for their vowel duration, their utterance
duration, and the F2 and F3 movement in the vowel onset. In the result section
(2.4) we turn to the outcomes of these four acoustic measures and determine
whether any of these measures was distinctive for the minimal pairs. Below we
first discuss the different measures we took with the other cluster type in this

study.

2.2.3. Method: /kn/~/k/ word pairs
This section discusses the analysis of the reduction of target /kn/~/k/ word

pairs.

2.2.3.1. Participant selection

Utterances from both the CLPF database and the day-care-center recordings are
analyzed. We use utterances from two children from the CLPF database, with a
mean age of 2;3 (age range 2;0 - 2;6)5. These children overlap with the children
that exhibited /Cr/ cluster reductions in this study (Study 1, see Appendix 1).
From the 30 children who were recorded at day-care centers, 16 children (mean
age 1;11, range 1;8 - 3;0) reduced the /kn/ clusters. In total we analyze the
/kn/~ /k/ utterances of 18 children.

5 As in the /Cr/~/C/ acoustic analysis, recordings from different sessions from
the same children were used.
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2.2.3.2. Data selection

In order to detect acoustic traces of reduced /kn/ clusters for each child, again
pairs of words were compared. As in the previous study, a reduced onset-cluster
utterance was selected and compared to a singleton-onset utterance that was
closely matched to the reduced cluster production. The selection criteria for the
matching word are identical to those mentioned in 2.1. Here /kn/ words, such as
knippen ‘to cut’ and knoop ‘button’, which according to their transcriptions were
produced as [kipa] and [ko'p], were compared to words like kip ‘chicken’ [kip]
and kopen ‘to buy’ [ko:pa].

For the present analysis, 37 target cluster words were matched to 37 target
words starting with a singleton /k/. From these 37 pairs, six were produced by
the two children from the CLPF database, while the remaining 31 pairs were
produced by the children from the day-care center. A list of the /kn/~/k/ word

pairs is given in Appendix 4.

2.2.3.3. Measurement method

As in the /Cr/ study, the assistant who carried out the acoustic analyses was
blind to the transcriptions and to the intended form of the utterances. Three
duration measures were taken: vowel duration, utterance duration, and an
additional duration measure called “vowel complexity”. The vowel complexity
measure was first suggested in a pilot study (Gulian &| Levelt, 2008), which
observed that the vowel onset in reduced /kn/ words often exhibited an atypical
diphthongization. An example of an utterance containing a diphthongized vowel
onset is given in Figure 3. In order to determine the vowel complexity measure
we use the following criteria: if the first half of the vowel exhibits a changing
vocalic pattern, i.e. a diphthongization, then the duration of the first part (labeled
as “party” in Figure 3) constitutes the vowel complexity value for this item;
otherwise, if the first half of the vowel does not exhibit a change, the vowel
complexity value is taken to be zero. In case of doubt, the vowel complexity

measure is taken to be zero as well. In order to become acquainted with the
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determination of this duration measure the assistant was familiarized with
productions from the pilot study, containing similar diphthongized vowel onsets,

which were not part of the list of 74 stimuli from the present data set.
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Figure 3: Waveform and spectrogram of the word knopen (actual production
[topa]) by a child aged 2;5. Part; and part; stand for the two parts within the

vowel that are revealed in the spectrogram.

In addition to the three duration measures, we took three other measures that
could point to traces of the omitted nasal in the vowel. In order to do this we
selected three measures from a list of acoustic characteristics of nasalized
vowels described in Pruthi et al. (2007). According to Pruthi et al. (2007),

nasalized vowels exhibit, among others, reduction in the first formant (F1)
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amplitude® and in the overall intensity of the vowel, and a movement of the low-
frequency center of gravity towards a neutral vowel configuration (besides these
three, Pruthi et al. studied another four acoustic correlates of nasality, but we

chose not to measure them because they were all related to the F1 measure).

The three measures we took (mean F1, overall vowel intensity and mean center
of gravity of the vowel following the plosive) were analyzed by means of a script
in Praat. To measure mean F1, the settings for formant measurement in Praat
were adapted to toddlers’ voice quality, namely to search for up to 5 formants in
the range from 0 to 6,000 Hz. All measures were carried out for both reduced

/kn/ words and singleton /k/ words.

To sum up, for the reduced nasal clusters in Dutch we measured six acoustic
characteristics, which consisted of comparing the word pairs in terms of
utterance duration, vowel duration, “vowel complexity duration”, mean F1,

overall vowel intensity and center of gravity.

2.2.4. Results of Study 1

2.2.4.1. Results: /Cr/~/C/ word pairs

In the case of /Cr/~/C/ word pairs, we carried out four acoustic measures:
vowel duration, word duration, F2 and F3 movement in the vowel onset. Our
question was whether the target complex onset words would differ from target
simple onset words in any of these four acoustic measures, even though they
would all be produced with a simple onset. For this purpose we conduct a
repeated-measures multivariate analysis of variance with word type (reduced
cluster vs. simple onset) as repeated factor and four acoustic measure types
(vowel duration, utterance duration, F2 movement and F3 movement) as

dependent variables.

% The reduction of F1 amplitude is especially true for low vowels (Pruthi,
2007; p. 3871), while for high vowels, nasality brings F1 higher.
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The analysis of variance reveals that word type has a significant effect on one of
the acoustic measures, namely F2 movement (F [1,46] = 4.97, p = .031). This
significant effect shows that F2 movement tends to be positive (thus upwards) in
the vowel onset of reduced /Cr/ cluster words as compared to simple onset
words (M = 81 Hz, SD = 298 Hz, and M = -43 Hz, SD = 282 Hz, respectively); see
Figure 4. Word type did not show a significant effect on the other dependent
variables (for all three: p >.359).
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Figure 4: F2 and F3 movements in the vowels of target /C/~/Cr/ word pairs,

showing means and 95% confidence intervals.

2.2.4.2. Results: /kn/~/k/ word pairs

The /kn/~/k/ word pairs are compared using six different acoustic measures:
vowel duration, word duration, vowel complexity duration?, center of gravity,
overall intensity and mean F1. Because the type of the following vowel

determines the height of F1 of the nasal (when present), we take into account

7 Section 2.3.3 gives a clarification of this unconventional measure.
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whether the vowel in the word pairs is high or not. From now on we refer to

these two word types as /kni/ and /ki/ words versus /kna/ and /ka/ words.

A repeated-measures MANOVA with word type (reduced cluster vs. simple
onset) as the repeated factor, vowel type (onset + /i/ vs. onset + /a/) as the
between-items factor, and six dependent variables (vowel duration, word
duration, vowel complexity duration, center of gravity, intensity and F1) reveals
a substantial main effect of vowel type (F [6,30] = 6.633, p <.001) and a main
effect of word type (F [6,30] = 2.336, p = .057). We find no interaction between
vowel type and word type (all p =.164). The univariate ANOVAs reveal an effect
of vowel type on one of the six acoustic measures: mean F1 (F [1,35] = 32.8, p <
.001). If we consult the descriptive statistics for this factor, we conclude that
/ki/~/kni/ words tend to have lower F1 than /kna/~/ka/ words (see Table 1
and Figures 5 and 6).

Table 1: Descriptive statistics of the acoustic measures that show a significant
interaction either with vowel type (the first pair) or with word type (the last two

pairs).

Measure and word type Mean (SD)
F1: /ki/, /kni/ words vs. /ka/, /kna/ | 554 (105) Hz vs. 735 (130) Hz

words

vowel complexity: /kn/ words vs. /k/ | 0.018 (0.025) s vs. 0.006 (0.019) s

words

center of gravity: /kn/ words vs. /k/ | 656 (267) Hz vs. 760 (323) Hz

words

Another statistically significant effect that is found is the effect of word type on
vowel complexity: F [1,35] = 5.884, p = .021, and a nearly significant effect on
center of gravity: F [1,35] = 3.414, p = .073, see Table 1 and Figures 5 and 6.
Word type did not show an effect on the other dependent variables (all p 2.405).
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As the mean values of these measures show, the vowel complexity duration
tends to be longer in reduced /kn/ words than in simple onset /k/ words, while

center of gravity tends to be lower for reduced clusters than for simple onsets.
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Figure 5: Vowel complexity measure in low (left) and high (right) vowels of

target /k/~/kn/ word pairs. The values on the y-axis are presented in seconds.
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/k/~/kn/ word pairs. The values on the y-axis are presented in Hz.
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2.2.4.3. Summary of the results

Regarding the acoustic measures, the following can be concluded. For reduced
/Cr/ words, the acoustic characteristic that seems to distinguish them from
simple onset /C/ words is F2 movement in the vowel onset, showing a rise in
words with reduced clusters. Word, vowel duration and F3 movement were not
distinctive between the two sets of words (see Figure 4). As for reduced /kn/
words, vowel complexity duration was longer for the reduced cluster words than
for the simple onset words and center of gravity showed a trend of being lower
for the reduced /kn/ words (see Figures 5, 6). None of the other acoustic
measures of nasality were distinctive. For both types of cluster reduction, then,
Dutch toddlers produce some of the acoustic characteristics of the target second

consonant of the cluster.

Given the fact that acoustic traces of the second consonant of both target /Cr/
and /kn/ words can be found in the productions of Dutch toddlers, the next
question is whether or not adult listeners are able to pick up on these subtle
cues. Since the productions of target words with onset clusters that were used
for the acoustic measurements had been transcribed - by trained linguists - with
singleton onsets, this does not seem likely in a natural context. However, would
it be possible to find evidence for listeners picking up on the cues in an

experimental setting? This question was addressed in Study 2.

2.3. Study 2: Adult perception of reduced target clusters /Cr/ and /kn/

In this study Dutch adult listeners participated in a forced-choice identification
task, where the word-pair stimuli used in the first study were presented without
the situational and word context that could help to disambiguate the two
utterances. We asked participants to try to identify which of the two words that
formed a minimal pair was originally an onset cluster word. The question was
whether adult listeners would be able to rely on the acoustic cues provided by
the child to correctly identify the reduced-cluster [CV] sequence from its

singleton counterpart [CV] sequence.
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2.3.1. Method

2.3.1.1. Stimuli: Word pairs with onset clusters /Cr/ and /kn/
The stimuli were the same CV sequences as those in Study 1. See the description

of the stimuli in 2.2.2.2 and 2.2.3.2.

2.3.1.2. Procedure

The forced-choice identification task was carried out using the computer
program Praat. Before starting, the test participants received information about
how the minimal pairs had been obtained and why they heard only the first
CV(C) sequence® of the child utterances. They were told in advance that
perceptually the two utterances hardly differed from one another and that a
consonant cluster was not perceivable, but that nevertheless in each test trial
one of the two utterances was a target onset-cluster word. Finally, the adults
were instructed that their task was to try their best to identify or, if necessary,
guess which of the two stimuli corresponded best to a target word with an onset

cluster.

Each participant was seated in front of a computer where he or she saw a gray
screen with the instruction in the upper part of the screen saying “Choose the
word that seems to start with a consonant cluster” and the words “first” and
“second” that appeared on two yellow buttons in the screen center (all written in
Dutch). The participants were not told what the possible target words were. In
other words, when they heard [bo:], [bo:], they were not told to choose between
the words brood and boot. Each participant simply heard two stimuli in a row
and had to click on the left button (“first”) when the participant thought the first
of the two utterances was more likely to be the cluster word and on the right

button (“second”) when the participant thought the second utterance was more

8 From now on we refer to all trimmed stimuli as words.
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likely to be the cluster word. The participants heard the stimuli through a
Sennheiser headphone set and the stimuli were presented to them only once.

After hearing both utterances they were “forced” to make their decision.

The first three trials familiarized the participants with the test procedure. The
experiment itself consisted of two parts, one for /Cr/~/C/ minimal pairs and
one for /kn/~/k/ minimal pairs. The order of the two parts of the experiment
was randomly distributed among the participants, so that 17 of them started
with the /Cr/~/C/ part of the test and 18 of them started with the /kn/~/k/
part of the test. The /Cr/~/C/ part consisted of 47 trials and the /Cr/~/C/ part
of the experiment consisted of 36 trials. In total, the experiment lasted about 10

minutes.

2.3.1.3. Participants
In total 35 native speakers of Dutch (19 women, 16 men) performed the forced-
choice identification task. Mean age was 35.8 years (age range 23-60). Of these,

12 participants were exposed to the speech of toddlers regularly.

2.3.1.4. Analysis

Each response in the forced-choice perception task was labeled as correct or
incorrect depending on whether the participant choice matched the toddler’s
intention. For instance, if in the ‘bread’ ~ ‘boat’ pair the participant chose the
intended ‘bread’ word as the cluster word, this choice was deemed correct.
Pooling the results over all 35 listeners, we obtained a ‘correct’ score between 0

and 35 for each item pair.

As we were interested in the factors that influence the choice of adult Dutch
listeners when they are forced to decide between a cluster and a singleton
utterance produced by a toddler (although these two utterances sound almost
the same), we submitted the correctness scores from the forced-choice

identification test to a logistic-regression analysis. The predictors (factors) in
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this logistic regression are the differences between the acoustic measures of the
cluster word and the acoustic measures of the singleton word. For instance, for
the /Cr/~/C/-word set, Study 1 measured four acoustic cues (F2 movement in
the vowel onset, F3 movement in the vowel onset, vowel duration and word
duration) for both members of each of the 47 utterance pairs, so that the logistic
regression for the /Cr/~/C/ word pairs involves the following four factors: F2
movement difference (the F2 movement of the cluster word minus the F2
movement of the corresponding singleton word), F3 movement difference,
vowel duration difference, and word duration difference. This results in four
difference measures for each of the 47 pairs. Likewise, the /kn/~/k/ word set

leads to six difference measures for each of the 37 utterance pairs.

The interpretation of the coefficients that result from the regression analysis is
as follows. If, for instance, the estimated coefficient for the vowel duration
difference is positive, this would indicate that listeners have a greater chance of
scoring correct if the cluster word is longer than the singleton word than if the
cluster word is shorter than the singleton word; we could then conclude that
listeners associate cluster words with longer duration and singleton words with

shorter duration.

Following the same line of reasoning, if the estimated coefficient for the vowel
duration difference is negative, this would indicate that listeners have a greater
chance of scoring correct if the cluster word is shorter than the singleton word
than if the cluster word is longer than the singleton word. If this would be the
case, then we could conclude that listeners associate cluster words with a

shorter duration and singleton words with longer duration.
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2.3.2. Results

2.3.2.1. /Cr/~/C/ word pairs

Here we discuss the overall scores in the identification test, which are calculated
in percentages. As explained in the previous section, /Cr/~/C/ word pairs were
presented to the listeners and their task was to identify the target /Cr/-word
from the two. The answers were identified as being either correct or incorrect.
Higher ‘correct’ scores indicate a higher sensitivity of the participant to the
acoustic cues that distinguish the child’s /Cr/ production from her /C/
production. The results are sorted by item and are used in the logistic regression

analysis where the acoustic predictors for correct perception are investigated.

In the identification task, the mean result for correct identification per item was
51%, the range being 2.8% to 91.4% (N = 47). The large variation results from
the fact that some reduced cluster words were easy to identify, while others
were incorrectly taken for simple onset words. Our next question then was: are
the correct identifications, although at chance level, correlated with any of the
acoustic cues that were found to be distinctive in Study 17 In order to find an
answer to this question we obtained a difference value for the four cues from
Study 1 (F2, F3, utterance duration and vowel duration) for each of the utterance
pairs from the forced-choice identification task, by subtracting the value
obtained for the simple onset word from the value obtained for the reduced

cluster word.

In order to find out which of the four cues are good predictors for the correct
judgment of a certain word pair, we conduct a logistic regression analysis (with
the function glmer in R). The response variable was whether the participant gave
a correct or incorrect answer, where an answer was considered correct if the
participant chose the intended cluster word by the toddler as the cluster word.
The potential fixed factors in the logistic regression were the F2 movement

difference (dMovF2), the F3 movement difference (dMovF3), the vowel duration
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difference (dDurV) and the word duration difference (dDurW). Finally, the

participants are included in the regression model as a random factor.

With only participant as a factor, the intercept of the model becomes +0.04038.
This means that the average log odds in favor of a correct choice is +0.04038, i.e.
a correct choice is exp(+0.04038) = 1.0412 more likely than an incorrect choice.
This corresponds to the average percentage correct mentioned above
(51%/49% = 1.04). The standard error of the log odds is 0.06940, so the 95%
confidence interval of the log odds runs from -0.09567 to +0.17643 (i.e. the odds
correct could be anywhere between 0.909 and 1.193), which includes zero, so
we have not shown that listeners can differentiate the average pair better than

chance.

Of the four fixed factors, entering dDurW yields the best improvement of the
model (p = 1.18-10-8), although entering dDurV would have yielded a substantial
improvement (p = 5.4-104) as well. After adding dDurW, adding ddF2 into the
model yields another improvement, and after this no additions, not even of

dDurV, improve the model any further.?

In the final model, dDurW has a coefficient of 1.4368345/s (standard error
0.2463989/s; c.i. = +0.95380 .. +1.91987/s; p from zero = 5.5:10-9). This means
that every increase of 10 ms in the duration difference between cluster word
and singleton word increases the odds for a correct score by a factor of
exp(0.014368345) = 1.0145, i.e. by 1.45% (c.i. = +0.96% .. +1.94%). This means
that the longer the cluster word lasts, the more often it is correctly chosen to be
the cluster word, and the longer the singleton word lasts, the more often this is

incorrectly chosen to be the cluster word. The unsurprising interpretation is that

9 The cause that dDurV cannot be included in the model, although it had such a
good p value when entering it on its own, is that dDurV and dDurW are strongly
correlated, so that entering dDurW takes away dDurV’s chances.
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listeners associate cluster words with a longer duration and singleton words

with a shorter duration.

The other factor in the final model, dMovF2, has a coefficient of -0.0002874/Hz
(standard error 0.0001350/Hz; c.i. = -0.00055205. -0.00002275/Hz; p from zero
= 0.0332). This means that every decrease of 10 Hz in the F2 movement
difference between cluster word and singleton word increases the odds for a
correct score by 0.287% (c.i. = +0.023% .. +0.554%). This means that the more
F2 falls (or the less it rises) in the cluster word, the more often it is correctly
chosen to be the cluster word, and the more F2 rises (or the less it falls) in the
singleton word, the more often this is incorrectly chosen to be the cluster word.
The interpretation is that listeners associate cluster words with a falling F2 and

singleton words with a rising (or less falling) F2.

It thus appears that word duration!? is the main successful predictor for the
participants’ judgments. Given that the correlation found is positive, it means
that correct results are correlated with higher difference values for word
duration. Remember that the difference value was obtained by a subtraction of
the simple onset word duration from the reduced cluster word duration. A
positive value then means that the reduced cluster word was longer than the
simple onset word. Adult listeners appear to judge the longer of the two
utterances to be the target /Cr/ word. Given that word duration is not a
distinctive acoustic characteristic of the /Cr/~/C/ minimal pairs (recall the
results from the MANOVA, 2.2.4.1), the participants leaned on the wrong
acoustic cue when making up their mind about which of the two utterances in

the forced-choice identification task had an onset cluster in its target form.

10 Word duration refers to the duration of the utterance that was used in the
perception test. The utterance could have either a CV or a CVC structure,
dependent on whether it was trimmed or not.
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The same goes for the second predictor suggested by the model. According to the
results, the F2 difference score was also a good predictor of the variation in the
participant’s judgments. Given that here a negative correlation was found, it
means that out of the two utterances the participants perceived, they chose for
the one with lower F2 in the vowel onset. If we recall the results from the
MANOVA in 2.2.4.2, we can see that this is opposite to the intention of the
toddlers, who tend to use the rise of F2 in the vowel onset to “mark” the omitted

liquid in their utterance.

2.3.2.2. /kn/~/Kk/ word pairs

For the /kn/ dataset, the fraction correct perception, averaged over the 37 items
(utterance pairs), is 713/1295 = 55.06%, with the worst item scoring 8.6% and
the best item scoring 88.6%. For the correlation analysis we are interested in
seeing whether a higher correct perception of an item is correlated with one of
the acoustic characteristics of nasality or with a measure of a covert contrast like

duration, which were measured in advance.

As with the /Cr/~/C/ pairs, we conduct a logistic regression analysis. The
response variable is again whether the participant gave a correct or incorrect
answer, but the potential fixed factors in the logistic regression are the
differences (between cluster and singleton) in mean F1 (dF1), in “vowel
complexity” (dComplex), in overall vowel intensity (dIntens), in center of gravity
(dCoG), in vowel duration (dDurV), and in word duration (dDurW), and the
vowel type, i.e. whether the onset is followed by /i,1/ or by /a,a,0/ (VowTyp)!1.

With only participant as a (random) factor, the intercept of the model becomes

+0.20301. This means that the average log odds in favor of a correct choice are

11 In the /i,1/ word pair set, /1/ was the predominant vowel (16 out of 18), while
in the /a,a,0/ set the predominant vowels were /a/ and /o/, 8 out of 19 and 10
out of 19, respectively. In this way we could determine our data set as consisting
of front vs. back vowels.
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+0.20301, i.e. a correct choice is exp(+0.20301) = 1.2251 times more likely than
an incorrect choice. This corresponds to the average percentage correct
mentioned above (55.06%/44.94%). The 95% confidence interval of the log
odds runs from +0.09370 to +0.31273 (i.e. the odds correct could be anywhere
between 1.098 and 1.367), which does not include zero, so we have shown that

listeners differentiate the average pair better than chance.

Of the six fixed factors, entering dF1 yields the best improvement of the model
(¥ =36.985,df =1, p = 1.2:109). After adding dF1, adding dComplex gives the
best improvement (x? = 22.264, p = 2.4-10-6). After adding dComplex, adding
dDurV into the model yields another improvement (y? = 11.844, p = 0.00058),
although adding dDurW would have been almost equally good (x? = 9.955, p =
0.0016). After adding dDurV, only VowTyp can be added (2 = 11.970, p =
0.00054).12

In the final model, dF1 has a coefficient of -0.00289/Hz (c.i. = -0.00378
..-0.00202/Hz; p from zero = 1.1-10-19). This means that every decrease of 10 Hz
in the mean-F1 difference between cluster word and singleton word increases
the odds for a correct score by a factor of exp(0.0289) = 1.0293, i.e. by 2.93% (c.i.
= +2.04% .. +3.85%). This means that the lower the F1 of the cluster word is, the
more often it is correctly chosen to be the cluster word, and the lower the F1 of
the singleton word is, the more often this is incorrectly chosen to be the cluster
word. The interpretation is that listeners associate cluster words with a closed

vowel realization and singleton words with an open vowel realization.

The second factor in the model, dComplex, has a coefficient of -5.95/s (c.i. = -9.99
. -1.96/Hz; p from zero = 0.0036). This means that every decrease of 10 ms in

the vowel complexity difference between cluster word and singleton word

12 The cause that dDurV cannot be included in the model, although it had such a
good p value when entering it on its own, is that dDurV and dDurW are strongly
correlated, so that entering dDurW takes away dDurV’s chances.
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increases the odds for a correct score by a factor of exp(0.00595) = 1.0613, i.e.
by 6.13% (c.i. = +1.98% .. +10.50%). This means that the more complex the
vowel is, the more often it is correctly chosen to be the cluster word, and the less
complex the vowel is, the more often it is incorrectly chosen to be the cluster
word. The interpretation is that listeners associate cluster words with complex

vowels and singleton words with simple vowels.

The third factor in the final model, dDurV, has a coefficient of +1.304/s (c.i. =
+0.615 .. +2.019/s; p from zero = 0.000266). This means that every increase of
10 ms in the vowel duration difference between cluster word and singleton
word increases the odds for a correct score by 1.01% (c.i. = +0.62% .. +2.04%).
This means that the longer the vowel in the cluster word is, the more often it is
correctly chosen to be the cluster word, and the longer the vowel in the singleton
word is, the more often this is incorrectly chosen to be the cluster word. The
interpretation is that listeners associate cluster words with longer vowels and

singleton words with shorter vowels.

The fourth factor in the final model, VowTyp, has a coefficient of +0.414 for /i,1/
over /a,a,0/ (ci.=+0.179 .. +0.651; p = 0.00057). This means that /k(n)ik(n)1/
words have a higher odds for a correct score than /k(n)a,k(n)a,k(n)o/ words by
a factor of exp(0.414) = 1.513,i.e. by 51.3% (c.i. = +19.6% .. +91.7%). This means
that if a cluster word contains /knikni/, it is more likely to be correctly chosen
to be the cluster word than if a word contains /kna,kna,kno/. The interpretation
is that listeners differentiate the /kn/~/k/ word pairs containing a front vowel

better than they differentiate the /kn/~/k/ word pairs containing a back vowel.

2.4. Discussion

2.4.1. /Cr/~/C/ word pairs

In Study 1 we carried out four acoustic measurements with the /Cr/~/C/ word

pairs, namely word duration, vowel duration, and F2 and F3 movement in the
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vowel onset. It turned out that only the F2 measure showed a significant
difference between the word pairs, the F2 slightly rising in the vowel onset of
target /Cr/ words. The other three measures did not reliably differentiate

between the word pairs.

For adult production it is known that rhotics exhibit a low F3 together with a
small F2-F3 separation (Kent & Read, 2002; Lindau, 1985). In adult speech,
Gulian (in preparation) found a rise of F2 in the vowel onset only for front
vowels following /Cr/ clusters. However, in the child language data the effect of
F2 in the vowel onset found here is not restricted to front vowels. We should
therefore consider the possibility that the rising F2 in the child language data is
not a trace of the target rhotic, but of another sound that substitutes this rhotic.
Since F2 is rising, this segment should have a low F2. In English we would find a
ready candidate for this substitute, namely the glide /w/. A salient effect of the
glide /w/ (in English) on the following vowel is a rising F2 (Cooper, Liberman &
Borst, 1951). Further, Chaney (1988) recorded adult-like articulations of target
segments /r, 1, w, j/ by four-year-olds and found that among these segments /w/
exhibited the lowest F2 value (829-1179 Hz). Chaney reported a large F2
transition from the glide to the vowel for all vowel types but this transition was
faster for front vowels. More evidence from the acquisition of English points to
the fact that in cluster acquisition, target /tw/ and /kw/ are the first clusters to
be realized correctly and that /Cw/ is the designated substitute for word-initial
consonant clusters (Smit, 1993, Smith 1981). However, in Dutch the glide /w/
only occurs between vowels, in unstressed syllables, and it is hardly ever used as
a substitute for liquids in word-initial clusters - only twice in the CLPF database
for example. It is thus not likely that the rising F2 is a trace of a (later) substitute
/w/ for the target rhotic segment. Interestingly, the F2 in the children’s
productions has a frequency comparable to that of the F3 in adult speech. A
more likely explanation for the rising F2 in the children’s productions, then, is
that it acoustically mimics the rising F3 in post-rhotic vowels in adult speech, a

strategy that can arise under circumstances of underdeveloped speaker
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normalization skills. This could also explain why we do not find a rising F3 as a
trace of the target rhotic in the children’s productions. The rising F2 might thus
be a genuine trace of the rhotic in the target /Cr/ cluster, and shows a first

discrepancy between the production and perception of adults and children.

The results of the adult perception experiment show another discrepancy, in this
case between the cues that the adult participants relied on to make a decision,
and the cues that the children provided. When the two words in the forced-
choice identification task perceptually differed in duration, the adult listeners
tended to choose the longer one as the target /Cr/ word. This choice might be
based on an expected compensatory lengthening of the vowel. While this does
occur in reduced coda clusters (Gilbers & Den Ouden, 1994), for target onset
clusters the children in our study did not systematically use word duration to
differentiate between the minimal pairs. This discrepancy between the
children’s intentions and the adults’ interpretation explains the poor

performance in the forced-choice identification task.

2.4.2. /kn/~/Kk/ word pairs

We measured six acoustic cues for the /kn/~/k/ word pairs, namely, mean F1,
vowel complexity duration, overall vowel intensity, center of gravity, vowel
duration and word duration. We found that target /kn/ words tend to contain a
different vowel complexity duration (i.e. a vowel consisting of more than one
vowel element) from target /k/ words. Besides, target /kn/ words probably
show lower center of gravity than their /k/ counterparts; this is especially true if
a low vowel follows. The vowel complexity trace is a child-specific cue to the
intended realization of the /n/ that is not found in adult productions (Gulian &
Levelt, 2009). A tentative interpretation of the “vowel complexity measure”
effect could be that toddlers’ first step into learning to master /kn/ clusters
occurs through diphthongizing the vowel. However, the exact nature of this trace

needs to be explored further.
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In the perception test, participants performed only slightly better than chance.
The factor that best predicted the participants’ correct choice for the /kn/ target
word, was the score for difference in mean F1. That is, listeners associate cluster
words with a closed vowel realization and singleton words with an open vowel
realization. Furthermore, the perception scores appeared to be associated with
the vowel complexity score, where listeners associate cluster words with
complex vowels and singleton words with simple vowels. The perception scores
were correlated with vowel duration too, where listeners associate cluster
words with the words containing longer vowels. Finally, listeners appear to
differentiate the /kn/~/k/ word pairs containing a front vowel better than they

differentiate the /kn/~/k/ word pairs containing a back vowel.

Two of the difference scores (difference mean F1 and difference vowel duration)
which the participants thought to point to target /kn/ clusters, did not
significantly differentiate between /kn/~/k/ word pairs in the children’s
productions. As in the /Cr/~/C/ case, then, there might be a discrepancy
between the distinctive cues that can be found in the productions of Dutch
children and the cues that adults seem to rely on to distinguish between these
productions. Again, this discrepancy is a likely explanation for the poor

performance of adult listeners in the perception test.

However, in the /kn/~/k/ case there was also one successful predictor of
correct perception, namely the difference in vowel complexity, which indeed
distinguishes the children’s /kn/~/k/ target word productions. In a perception
test, listeners correctly associate target /kn/ words with complex vowels and
target /k/ words with simple vowels. However, despite the correctly detected
complex vowel in cluster words by the adult participants, the overall perception
scores were nearly at chance level due to the apparently higher reliance on

misleading cues.
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The /kn/~/k/ word pairs were divided into a front vowel word set and back
vowel word set. The front vowel word set consisted predominantly of word
pairs containing /1/, while the back vowel word set consisted of /a/ words on
the one hand and of /o/ words on the other hand. The mean F1 of the front
vowel word set was 554 Hz, and 737 Hz of the back vowel word set. We found
that words like knikker, which were reduced to [kikaa], were easier to associate
with cluster words than words like knakworst reduced to [takvost] or words like
knoopjes reduced to [ko:pas]. Moreover we found that the listeners were better
at associating reduced cluster words with the words containing vowels with low
F1 than with words containing vowels with higher F1. This might explain the
high scores in the identification test for the /kni/~/ki/ word pairs, despite the
fact that our data set does not consist of prototypical front nor of prototypical

back vowels.

2.5. Conclusion

In this chapter we analyzed the acoustic characteristics of pairs of toddler
utterances that differed in the presence or absence of an onset cluster in the
target words they were producing. We looked at minimal pairs of /Cr/~/C/ and
/kn/~/k/ target words, which were realized in such a similar way that they
received identical transcriptions in the CLPF database. We found that acoustic
traces of the omitted consonants were present in the children’s productions
(Study 1), but that adult listeners were not very good at picking up on these
acoustic cues (Study 2). Even though Dutch children’s target rhotics in the
complex cluster /Cr/ were not perceived by adult transcribers, the children did
tend to realize a rising F2 in the vowel onset, which is reminiscent of the rising
F3 that we see in adult speech. As for target /kn/ clusters in which the nasal
sound was not perceived by adult transcribers, we found that the subsequent
vowel in the child’s production did show a moving formant pattern, and a lower
center of gravity. These new covert contrasts add to those discovered before, for
VOT by McLeod et al. (1998) and for omitted target coda consonants by Song
and Demuth (2008).
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The existence of an acoustic trace sheds light on the locus of the omission in the
production model (see Figure 1). Since a phonetic correlate is present, the
consonant must have been available in the lexical representation as well as in
the phonological surface representation. The consonant must therefore exist at
every stage in Figure 1, although its presence in the acoustic representation may
be minimal. One could say that the ultimate “deletion” of the consonant takes

place in the subsequent perception by the adult listener.

This communication problem is apparently caused by the acoustic “near merger”
that the child creates. As mentioned in the introduction, the source for this near
merger might lie in an incomplete mapping from phonological surface form to
the appropriate set of auditory target cues; for instance, the child might only
implement a low F1 cue for the segment /n/ in the cluster, which for an adult
observer may constitute nothing more than a slight non-phonemic
diphthongization on the vowel. Alternatively, the source might lie in an
incomplete sensorimotor mapping from auditory cues to articulatory gestures;
for instance, the child may be able to implement a lowering of the velum for the
/n/ in a cluster, but not the required tongue-tip gesture. Or it might lie in
developmental restrictions on motor behavior; executing all the required
articulatory movements for two subsequent consonants within a certain time
requires practice, and therefore for some time only a partial realization
succeeds. Alternatively, the information about the adult /r/ or /n/ in clusters
that the child stored in her underlying form may have been incomplete, e.g. in
the form of a phonological feature on the vowel, which at the phonetic level
comes with auditory cues that the adult listener cannot interpret. This requires

further study.

In the adult perception experiment, the main predictive factor for perceiving a
cluster was duration. Relying on duration is a rational strategy because the

correct production of a word starting with a consonant cluster is likely to last
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longer than its minimal pair starting with a singleton consonant. Unfortunately
for the participants in the study, the children in this study did not systematically
realize the durational aspect of the target clusters. Adult listeners apparently use
different cues in order to disambiguate toddlers’ productions than the cues that
toddlers themselves provide to contrast between words that on the surface
sound like minimal pairs. This “mistuning” between toddlers’ intention and
adults’ perception will of course disappear over time because the child’s own
perception and articulation abilities improve. Being misunderstood by adult

listeners might be a trigger to improve on their word productions.
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Appendix 1: List of the words used for acoustic analysis in the present study in
their target adult form. The words are followed by a phonetic transcription and
an English translation.

1. Beertje [beritja] ‘bear’

Bomen [bo:ma] ‘trees’

Boot [bo:t] ‘boat’

Borstel [boastal] ‘brush’

Bril [bril] ‘glasses’

Brokje [brokja] ‘piece’

Bromfiets [bromfits] ‘motor bike’

Brood [bro:t] ‘bread’

o 0 N o WD

Daar [da:1] ‘there’
. Die [di] ‘that’
. Dit [drt] ‘this’

_os
N = O

. Draait [dra:it] ‘it turns’

U=y
w

. Draaimolen [dra:imo:la] ‘merry-go-round’

. Draak [dra:k] ‘dragon’

e
(€2 BEENE-N

. Drinken [dripka] ‘to drink’

U=y
(o)}

. Gat [xat] ‘hole’

. Kijk [keik] ‘look’

. Kat [kat] ‘cat’

. Kaak [ka:k] ‘(nonword)’

N R R
S O ®© N

. Kinderboerderij [kindaabu:idarei] ‘children’s farm’

N
[

. Kindje [kintja] ‘little kid’

22. Kikker [kikaua] ‘frog’

23. Kip [kip] ‘chicken’

24. Koom [ko:m] ‘(nonword)’

25. Kopen [ko:pa] ‘to buy’

26. Knaak [kna:k] ‘old currency (functions as nonword)’

27. Knap [knap] ‘clever’



28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.

Knakworst [knakvoust] ‘frankfurter sausage’
Knie [kni] knee’

Knippen [knipa] ‘to cut’

Knikker [knikai] ‘marble ball’

Knopen [kno:pa] ‘buttons’

Knuppel [knypal] ‘base-ball bat’

Noot [no:t] ‘nut’

Paat [pa:t] ‘(nonword)’

Praten [pra:ta] ‘to talk’

Taak [ta:Kk] ‘task (functions as nonword)’
Tak [tak] ‘branch’

Tas [tas] ‘bag’

Tekenen [te:kana] ‘to draw’

Tik tak [tik tak] ‘tick tock of a clock’
Thijs [teis] ‘(proper boy's name)’
Tractor [traktou] ‘truck’

Trein [trein] ‘train’

Trekken [treka] ‘to pull’
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Appendix 2: List of children producing cluster reduction; (m) stands for boy and

(f) stands for girl.

Database children Children at day-care centers

/Cr/ cluster reduction  /kn/ cluster reduction  /Cr/ cluster reduction  /kn/ cluster reduction

Cato (f) Cato (f) Daniel (m) Daniel (m)
Robin (m) Robin (m) Herman (m) Herman (m)
Jarmo (m) Mick (m) Mick (m)
Tirza (f) Taeke (m) Taeke (m)
Matteo (m) Matteo (m)
Hannah (f) Hannah (f)
Lars (m) Jan (m)
Gyula (f) Daniel C (m)
Pieter (m) Denim (m)
Micky (m) Evio (m)
Boaz (m) Amber (f)
Mauro (m)
Han (m)
Julian (m)
Sterre (f)

Sem (m)
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Appendix 3: List of /Cr/~/C/ word pairs used for acoustic analysis. The pairs
consist of a cluster reduction and singleton utterances from children from the

database and the day-care center sets. The word pairs from the database set

appear in bold.
Utterance Cluster word Singleton word
number
Name child ag Intended Actual age Adult target ~ Actual
e production production production
1. Cato 1;1  draak [dra:k] [da:k] 1;11 daar [da:1] [da:a]
0
2. Cato 2;0  drinkt [drigkt]  [drpkt] 1;11 dit [drt] [tit]
3. Cato 2;1  drinken [dr:pka] 2;1 dit [drt] [drt]
[drigka]
4. Cato 2;1  trekken [teka] 2;0 tekenen [te:kana]
[treka] [te:kana]
5. Cato 2;4  draait [drait] [d:ait] 2;3 daar [da:a] [daza]
6. Tirza 1;8  broek [bruk] [buk] 1;8 boek [buk] [buk]
7. Tirza 1;8  broek [bruk] [buk] 1;8 boek [buk] [buk]
8. Tirza 1;8  broek [bruk] [buk] 1;8 boek [buk] [buk]
9. Tirza 1;1  draaimolen [da:i] 1;11 daar [da:1] [daza]
1 [draimo:la]
10. Tirza 1;1  draaimolen [da:i] 1;11 daar[da:i] [da:a]
1 [drazimo:la]
11. Tirza 2;0  draaimolen [da:i] 2;1 daar [da:a] [da:]
[drazimo:la]
12. Tirza 2;0  draai [dratit] [darit] 2;0 daar [da:a] [ta:]

13. Tirza 2;0  trein [trein] [tein] 2;0 kijk [keik] [kei]
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Tirza

Tirza

Tirza

Tirza

Robin

Robin

Jarmo

Jarmo

Boaz

Daniel

Daniel

Daniel

Gyula

Herman

Herman

Mick

Micky

Taeke

2;2

2;2

2;4

2;4

2;0

2;0

2;3

2;2

2;0

1;6

1;6

1;6

2;1

3;0

3;0

2;2

2;1

1;8

kraan [kra:mn]

trein [trein]

broek [bruk]

broodje
[bro:tja]
drinken

[drigka]

drinken

[drigka]

bril [bril]

brokje [brokja]

traktor

[traktou]

praten [pra:ta]

trein [trein]
traktor

[traktou]

brood [bro:t]

brood [bro:t]

praat [pra:t]

traktor
[traktou]
traktor
[traktou]
traktor

[traktou]

[ka:n]

[tein]

[buk]

[bo:tja]

[dr:pka]

[dr:pka]

[bil]

[bokja]

[taktoa]

[pa:ta]

[tein]

[tato]

[bo:t]

[bo:t]

[pa:ta]

[taktoa]

[taktoa]

[taktoa]

2;2

2;2

2;4

2;4

2;2

2;2

2;0

1;6

1;6

1;6

2;1

3;0

3;0

2;2

2;1

1;8

taart [buk]

kijk [keik]

boek [buk]

boot [buk]

die [ti]

die [ti]

beertje

[beatja]

bomen

[bo:ma]

tak [tak]

paat [pa:t]

Thijs [teis]

tak [tak]

boot [bo:t]

noot [no:t]

kaak [ka:k]

kat [kat]

kat [kat]

kat [kat]

[ta:t]

[tei]

[buk]

[bo:t]

[tr]

[tr]

[bi:ca]

[bo:ma]

[tak]

[pa:t]

[teis]

[tak]

[bo:t]

[po:t]

[kak]

[kat]

[kat]

[kat]



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Pieter

Pieter

Pieter

Hannah

Hannah

Hannah

Hannah

Matteo

Matteo

Matteo

Matteo

Matteo

Matteo

Lars

Lars

Lars

2;0
2;0

2;0

2;1

2;1

2;1
2;1
2;2

2;2

2;3
2;3
2;3
2;3
2;6
2;6

2;6

trein [trein]
brood [bro:t]

traktor
[traktou]
broek [bruk]

draakje
[dra:kja]

kraan [kra:mn]
trein [trein]
trein [trein]

draakje
[dra:kja]

trein [trein]
draak [dra:k]
kraan [kra:mn]
draak [dra:k]
trein [trein]
kraan [kra:mn]

draak [dra:k]

[tein]
[bo:t]

[taktoa]

[buk]

[da:kja]

[ka:n]
[tein]
[tein]

[ta:kja]

[tein]
[dazk]
[ka:n]
[dazk]
[tein]
[ka:n]

[da:t]

2;0
2;0

2;0

2;1

2;1

2;1
2;2
2;2

2;2

2;3
2;3
2;3
2;3
2;6
2;6

2;6
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Thijs [teis]
boot [bo:t]

kat [kat]

boek [buk]

taak [ta:k]

taak [ta:k]
Thijs [teis]
Thijs [teis]

taak [ta:k]

Thijs [teis]
taak [ta:k]
gat [xat]

taak [ta:k]
Thijs [teis]
taak [ta:k]

kaak [ta:k]

[teis]
[bo:t]

[kat]

[buk]

[ta:k]

[ta:k]
[teis]
[teis]

[ta:k]

[teis]
[ta:k]
[ka:t]
[ta:k]
[teis]
[ta:t]

[ta:t]
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Appendix 4: List of /kn/~/k/ word pairs used for acoustic analysis. The pairs

consist of a cluster reduction and singleton utterances from children from the

database and the day-care center sets. The information about the children from

the database appears in bold.

Utterance

number

Name child

1. Cato
2. Cato
3. Cato

4. Robin
5. Robin

6. Robin

7. Daniel

8. Daniel C

9. Daniel C

10. Daniel C

11. Evio

12. Evio

13.Herman
14.Herman

15.Herman

16.]Jan

Cluster word

age

2;4
2;0
2;6

2;4
2;4

1;6

1,8

1;10

Intended

production

knie [kni]
knie [kni]
knikker
[knikaa]
knip [knip]
knippen
[knipa]
knuppel
[knypal]
knakworst
[knakvoast]
knakworst
[knakvoast]
knakworst
[knakvoast]
knoopjes
[kno:pjos]
knopen
[kno:pa]
knip [knip]

knaak [kna:k]
knap [knap]
knippen
[knipa]
knakworst

[knakvoast]

Actual

production

[kiz]
[ki]
[kikaa]

[kip]
[kipa]

[kipo]

[kakvost]

[takvost]

[takvost]

[topja]

[ko:pa]

[kip]

[kak]
[ka:p]
[kipa]

[kakvost]

Singleton word

age

2;3
1;11
2;5

2;3
2;3

2;0

1,8

2;0

2;0

3;0
3;0
3;0

1;10

Intended

production

kikker [kikau]
kikker [kikau]
kikker [kikau]

kip [kip]
kind [kmt]

kijk [keik]

tak [tak]

tak [tak]

tas [tas]

boot [bo:t]

boot [bo:t]

kindje [kintja]
kaak [ka:k]
kat [kat]
kippen [kipa]

tas [tas]

Actual

production

[kikaa]
[kikaa]
[kikaa]

[kip]
[kint]

[kik]

[tak]

[tak]

[tas]

[bo:t]

[bo:t]

[kintja]
[kak]
[kat]
[kipa]

[tas]



17.]Jan

18.]Jan

19. Denim

20. Denim

21. Mick

22. Mick

23. Mick

24. Taeke

25. Taeke

26. Matteo

27. Matteo

28. Matteo

29.Hannah

30.Hannah

31.Hannah

32. Amber

33. Mauro

1;10

1;10

2;0

2;0

2;2

2;2

2;2

1,8

1,8

2;2

2;2

2;2

2;1

2;1

2;1

2;2

2;0

knakworst

[knakvoast]

knippen
[knipa]
knippen
[knipa]
knopen
[kno:pa]
knippen
[knipa]
knopen
[kno:pa]
knakworst

[knakvoast]

knippen
[knipa]
knopen
[kno:pa]
knoopjes

[kno:pjas]

knoop
[kno:p]
knoop

[kno:p]

knoopjes

[kno:pjas]

knoopjes

[kno:pjas]

knoopjes

[kno:pjas]

knikker
[knikaa]
knikker
[knikaa]

[kakvost]

[kipa]

[kipa]

[ko:pa]

[kipa]

[ko:pa]

[kakvost]

[kipa]

[ko:pa]

[ko:pjas]

[ko:p]

[ko:p]

[ko:pjas]

[ko:pjas]

[ko:pjas]

[kikaa]

[kikaa]

1;10

2;0

2;0

2;2

2;2

2;2

1;8

1,8

2;2

2;2

2;2

2;1

2;1

2;1

2;1

2;0

kat [kat]

kippen [kipa]

kippen [kipa]

kopen [ko:pa]

kippen [kipa]

kopen [ko:pa]

kat [kat]

kippen [kipa]

kopen [ko:pa]

koon [ko:n]

kopen [ko:pa]

koom

[kom]

boten [bo:ta]

boot [bo:t]

toon [to:n]

kikker [kikau]

kikker [kikau]
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[kat]

[kipa]

[kipa]

[ko:pa]

[kipa]

[ko:pa]

[kat]

[kipa]

[ko:pa]

[ko:n]

[ko:pa]

[kom]

[po:ta]

[bo:t]

[to:n]

[kikaa]

[kikaa]
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34. Han

35. Julian

36. Sterre

37.Sem

2;0

1;11

2;0

2;2

knikker
[knikaa]
knikker
[knikaa]
knikker
[knikaa]
knikker
[knikaa]

[kikaa]

[kikaa]

[kikaa]

[kikaa]

2;0 kikker [kikau]

1;11 kikker [kikau]

2;0 kikker [kikau]

2;2 kikker [kikau]

[kikaa]

[kikaa]

[kikaa]

[kikaa]









Chapter 3. A longitudinal analysis of the production of target words with

/Cr/ onset clusters.

3.1. Introduction

In Chapter 2 children’s productions of target words with onset clusters were
acoustically analyzed, and this led to the discovery of acoustic traces of target
cluster segments that appeared to be omitted from the children’s productions.
In spectograms of target words with an onset plosive+/r/ cluster, like broek
'trousers' and krijt 'crayon’, the second formant, F2, in the vowel following the
reduced cluster showed a significant raising compared to the F2 in the vowel of
similar target words with singleton onsets like boek 'book’ and kijk 'look'. The
conclusion was that the rise of F2 in the vowel onset signified a trace of the
rhotic from target plosive+/r/ clusters. The presence of a trace indicated that
underlyingly, in the lexical representation, /r/ had been present, and it
suggested that this /r/ had also been phonologically encoded during the speech
production process. However, at the level of phonetic encoding only the rising
F2 characteristic of [r] in the following vowel seemed to have been executed,
resulting in an only very partial presence of target /r/ in the surface form. The
trace data thus indicated developmental delay with the production of onset

clusters at the level of phonetic encoding.

As discussed in Chapter 1, in phonological accounts of cluster development
usually two basic developmental stages are posited: an initial stage in which
underlying /C1Cz/ is reduced to a singleton [C] - most commonly to C; if the
target cluster is /Cr/ - and a second stage in which a complete cluster is
realized, either correctly or with substituted segments. The initial stage has
been accounted for by positing a CV template (Demuth, 1996), a default setting
of a complex onset parameter (Fikkert, 1994), or a high-ranked constraint
against complex onsets (Gnanadesikan, 1995; C. Levelt et al., 2000). In these
accounts, then, the phonological grammar enforces complete omission of one of

the cluster consonants. The acoustic analyses in the previous chapter revealed
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that a child’s (very) partial realization of an actual cluster indeed often leaves
the adult listener with the perceptual impression of a cluster reduced to a
singleton [C]. This was shown in the perception experiment with adult listeners
discussed in Chapter 2, and it is also indicated by phonetic transcriptions of
children’s renditions of target clusters, even those by trained linguists, where
single consonants are transcribed even in cases where studying the
spectrogram reveals an acoustic trace of the ‘omitted’ consonant. This raises
the question if an initial stage such as postulated by phonological accounts is
justified at all if acoustic data instead of phonetic transcriptions are studied, or

if such a stage is a perceptual illusion (Richtsmeier, 2010).

This question formed the starting point for a longitudinal acoustic analysis of
the productions of target words with plosive+/r/ onset clusters, henceforth
/Cr/, of five children from the CLPF corpus, the result of which is discussed in
the present chapter. In Chapter 2, data from four of these children were
discussed. Minimal or near-minimal pairs of word productions with
perceptually determined singleton onsets were studied, where one member of
the pair was the production of a target word starting with an onset cluster and
the other member the production of a phonologically similar target word with a
singleton onset. In these data, significant F2 raising was found in the vowels
following the reduced target /Cr/ clusters compared to those following a
similar target singleton /C/. Having established this F2 raising trace on the
basis of the restricted minimal pair data, for the longitudinal analysis in this
chapter all productions targeting an onset /Cr/ onset cluster were studied for
the presence of this trace, or any other possible partial rendition or substitution
of /r/. This way, I tried to get a more detailed picture of the developmental path

of onset cluster production.

In this chapter, first a detailed step-by-step analysis is provided of the

development of target /Cr/ onset clusters in the speech of one child, Cato,
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between the ages of 1;10 and 2;7. It will be shown that, indeed, traceless
omissions of target cluster consonants are found in recordings preceding and
overlapping with those in which F2 traces are found. The trace then evolves
into a more pronounced substitute for /r/, usually [j].! Next, the general
validity of the developmental stages determined on the basis of Cato's data is
illustrated by the longitudinal data of four other children from the CLPF
database. Finally, the developmental stages will be discussed in the light of the
developing speech production mechanism.

3.2. Data

The data that will be discussed in this chapter come from five children from the
CLPF corpus, Cato?, Robin, Tirza, Enzo and Eva (Levelt 1994; Fikkert 1994)
available in Childes/Phonbank (Rose & MacWhinney, 2006). These five
children were selected from the corpus because, crucial for the acoustic
analysis, the audio files of these children’s productions were available in the
database. Enzo already had [Cr] productions in his first recording session and
his data are included to illustrate the later stages of acquisition rather than the
reduction stages, but the other four children all exhibited development in the
realization of target /Cr/ cluster words from - transcribed - reduced cluster
productions to correct cluster production. I will start out with a detailed
analysis of the data of Cato because she produced the highest average number
of target /Cr/ words per session of the children showing development from

initial [C] to final correct [Cr] productions (see table 1 below).

1 While for children acquiring English [w] is the most common substitute for
target /r/ (McLeod et al,, 2001), for children acquiring Dutch it is [j] (Fikkert,
1994).

2 In CLPF and in the recordings both the full name (Cato) and the diminutive

(Catootje) are used.
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Table 1: Data on the five children from the CLPF database participating in the

analysis.

Cato Robin Tirza Enzo Eva
age first session 1;10.10 1;05.11 1;07.09 1;11.08 1;04.12
age last session 2;07.04 2;04.28 2;06.12 2;06.11 1;11.08
number of sessions 16 23 20 16 11
available sessions with sound | 16 22 20 15 10
files
mean # words first 3 sessions | 127 30 30 239 58
mean # words last 3 sessions | 479 457 271 539 118
# target /Cr/ words 173 178 120 179 33
# analyzed realizations 169 167 114 178 25

For the analysis both broad and narrow transcriptions of the children’s
productions of target /Cr/ words were studied. I only studied the realizations
of target /Cr/ words if the sound file was of high quality, without intervening
voices or noise. In Table 1 the total number of target /Cr/ words and the
number of target /Cr/ words that are analyzed are given. The broad
transcriptions came from the CLPF corpus in Childes/Phonbank. The narrow
transcriptions resulted from an acoustic and perceptual analysis of the sound
files of these productions using Praat (Boersma & Weenink, 2008). Each
realization of a target /Cr/ onset word was studied visually and auditorily, and
special attention was paid to acoustic traces and to acoustic signs that indicated
that a different segment than the target was produced. Visually this process
was supported by oscillograms and waveforms; auditorily, the selection tools in
Praat made it possible to zoom in and listen to separate parts of the signal in
isolation. In a text grid the transcription from the CLPF database was aligned
with the waveform and oscillogram. If the transcription from the CLPF database
lacked informative detail, an extra layer was added in the text grid that
contained the additional (narrow) information. As could be expected, if

discrepancies showed up between broad and narrow transcriptions of a word



65 | Chapter 3

production, the broad transcriptions showed less complexity than the narrow
transcriptions. An example of the result of this procedure is below in Figure 1,
where the oscillogram and waveform of Cato’s production of the target word
trui (sweater) is presented, together with a text grid containing both the broad
transcription [tei] from the CLPF database, on the lower layer, and the added

narrow transcription, showing more complexity, on the higher layer.
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Figure 1. Broad and narrow transcription of Cato’s production of the word trui

(sweater) /treey/

Based on the narrow transcriptions, for every recording sessions children's

cluster realizations were assigned to one of seven different categories:
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(1) complete C2 deletion;

(2) C2 deletion, with trace3;

(3) C2 =glide or vowel;

(4) epenthesis + C2 substitute;

(5) C2 substitute;

(6) epenthesis + (immature) rhotic;

(7) correct.

I will now first illustrate this analysis with data from Cato. The procedure
leading to the categorization of Cato's realizations will be shown on the basis of
examples from the different categories. The developmental pattern that
emerges from this analysis will then be discussed. Subsequently, I will turn to
the data of the other children, and compare their development to the
developmental pattern shown by Cato. The original transcriptions from the
CLPF database and their new narrow transcriptions resulting from the analysis
of all the productions of target words starting with a plosive + rhotic from Cato,

Eva, Robin, Tirza and Enzo can be found in the Appendixes 1 to 5.

3.3. Cato’s development of the production of target /Cr/ onset clusters

Table 2 below shows how often target /Cr/ words occur in Cato’s vocabulary in
the nine-month recording period between the ages of 1;10.10 and 2;07.04. The
percentage of target words starting with /Cr/ does not increase over time. On
the contrary, it seems to drop after session 9. The total number of words per
session shows a big increase from session 9 on, due to the fact that Cato starts

to utter longer phrases and sentences. While before, words with an onset

3 Except for the F2 raising, the presence of a vocalic transition between the
initial consonant and the following vowel was also considered to be a trace of
the omitted target /r/.
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cluster were often produced in isolation and were repeated several times in the
same recording session, from session 9 on they are often embedded in phrases
containing function words, which usually do not start with onset clusters. This
explains why there are relatively more target /Cr/ words before than after

session 9.

Table 2. Total number of words per session and the number and proportion of
target onset /Cr/ words in Cato’s recordings.

Session Age Total number | /Cr/ words
number of words (plosive + /r/)
Session 1 1;10.10 125 11 (8.8%)
Session 2 1;10.24 112 9 (8%)
Session 3 1;11.09 146 5(3.4%)
Session 4 1;11.22 180 9 (5.0%)
Session 5 2;00.06 325 11 (3.4%)
Session 6 2;00.19 158 5(3.2%)
Session 7 2;01.03 170 10 (5.9%)
Session 8 2;02.14 177 7 (4%)
Session 9 2;02.28 491 17 (3.5%)
Session 10 2;03.25 478 13 (2.7%)
Session 11 2;04.11 440 8 (1.8%)
Session 12 2;04.25 336 11 (3.3%)
Session 13 2;05.08 424 9 (2.1%)
Session 14 2;05.22 506 12 (2.4%)
Session 15 2;06.06 397 18 (4.5%)
Session 16 2;07.04 534 18 (3.4%)

The acoustic analysis that was performed will now be illustrated with a set of

spectrograms of different utterances that are representative for both the



68 | Longitudinal analysis of onset cluster words

procedure that was followed and for the different developmental stages that we
will encounter. Some of the spectrograms are of minimal pairs that featured in
the analysis of the previous chapter. The F2 raising trace that was found on the
basis of the minimal pair comparison was present in a statistically significant
way in these data, but it was not present in every single production of a target
word starting with a /Cr/ cluster. Here these data are studied individually, and
the minimal pairs that feature below therefore highlight either the similarity or
the difference between the productions of words with target complex and
target singleton consonants. In case the vowel-onset patterns of the two
productions are very similar, I conclude that target /r/ is completely omitted
from the production. This would give support to the existing phonological
accounts of onset cluster development, and in terms of speech production
would point to a phonological encoding problem - or a lexical specification
problem. Alternatively, if the vowel-onset patterns differ, and a residual of
target /r/ is found in the production of the vowel-onset of the target word, this
would indicate that no complete omission has taken place. The deviant

production is then more likely the result of a phonetic encoding problem.

[ start out, in Figure 2 below, with a near-minimal pair from Cato’s first
recording session, namely the initial part brand ‘fire’ /brant/ of the target word
brandweerauto, ‘fire-engine’, produced as [bant], and the target word bal 'ball’

/bal/, produced as [baw].
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Figure 2: Cato (1;10.10). Left: first part of brandweerauto (brand) ‘fire-engine’
versus Right: bal ‘ball’

What can be seen in Figure 2 is that although the production of target brand has
an overall higher intensity than the production of target bal, the formant
patterns of the vowels are very similar. In the vowel onset the transition from
the plosive to the [a] takes a little bit longer in [baw] (around 30 ms) than in
[bant] (around 20 ms). In both vowels the transition involves a slight rising of
the first three formants: in the case of [bant] F1 starts at 725 Hz and reaches
1056 Hz in the vowel nucleus, F2 rises from 1469 Hz to 1552 Hz and F3 1860
Hz to 1960 Hz. Formant transitions are similar in the case of [baw]: from 620
Hz to 911 Hz for F1, from 1450 Hz to 1590 Hz for F2, and from 1760 Hz to 1965
Hz for F3. The only difference between [bant] and [baw] is that in the latter the
F3 is not as stable and clearly visible as in the case of [bant]. Nevertheless, it

can be concluded that both formant patterns are similar enough and that there
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is no evidence for a trace of a different segment in the vowel onset of the

reduced cluster word [bant].

In Figure 3 is another near-minimal pair from the same recording session. Here
Cato produces [kit] for both the target words krijt /kreit/ ‘crayon' and kijk
/keik/ 'look’. Since in the first part of both productions of the vowel [i] the F2 is

weaker than in the second part, I will first focus on the second part.
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Figure 3: Cato (1;10.10). Left: krijt/krijtje ‘crayon’, Right: kijk ‘look’

The F1 of target kijk, on the right, has a high intensity and is stable around 700
Hz. Above F1 there seem to be two formants that are parallel to F1, but these
are in fact harmonics.# The formant far above the harmonics, around 3350 Hz,

is the actual F2. Immediately above the F2, we can see a weak F3 at around

4 Auditorily the vowel is clearly [i], and for [i] an F2 of 1400 Hz is too low. A
sound with an F1 of 600 Hz and an F2 of 1400 Hz would make an [o] (Weenink,
1985), which is clearly not the case here.
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4070 Hz. The [i] of target krijt also has F1 around 540 Hz, F2 around 3330 Hz
and F3 around 4000 Hz. Here we do not see the harmonics. The first part of the
vowel is almost identical to the second but slightly weaker. This is also the case
for kijk, the only difference being that F2 is not as flat as in [kit] (krijt). Again,
there are no real differences in the formant patterns in the vowel onset of the
two versions of [Kit], and I therefore conclude that the vowel onset in krijt lacks

an acoustic trace of target /r/ and that /r/ thus has been completely omitted.

In Figure 4 is a near-minimal pair from the second recording session, at the age
of 1;10.24. Here we have the productions of the target words draak ‘dragon’, on
the left, and daar ‘there’, which in the CLPF corpus received the transcriptions
[da:k] and [da:]. In the case of draak, however, when smaller portions of the
vowel were studied, a separate segment could be discerned both visually and
auditorily in the vowel onset of draak. This is indicated in the narrow

transcription on top of the original transcription in Figure 4.
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Figure 4: Cato (1;10.24). Left draak ‘dragon’, Right daar 'there’

In the production of target daar, on the right in Figure 4, we see a long
transition from the plosive to the vowel [a]; only after 40 ms are the formants
of the [a] are expressed. After the vowel onset, F1 rises with a big increase of
400 Hz, while F2 lowers with 400 Hz. F3 cannot be discerned. In the production
of target draak a transition of around 100 ms takes place before the vowel [a] is
uttered. Here F1 and F3 are clearly recognizable while F2 is hard to see. The
reason to assume that the formant above F1 is F3, rather than F2, is that its
mean value lies around 3050 Hz, too high for F2. Except for the longer
transition, a big difference between the acoustic patterns of draak and daar is
that in the first one F2 and F3 are rising towards the vowel nucleus (F2 rises
from 2307Hz to 2464Hz and F3 from 2889Hz to 3083Hz), while F3 lowers in
the second one. The vowel of target draak starts out as [1], and then becomes
[e]. Since this is different from what happens in the vowel of target daar, 1

categorized this utterance as showing a trace of the target /r/.
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In Figure 5 on the left is the production of the target word druif ‘grape’ /drceyf/
from the next recording session, at age 1;11.09. A target word with the same
diphthong and a singleton coronal onset - tuin ‘garden’ /teeyn/ - from the same
recording is on the right for comparison. The transcription of Cato’s production
of target druif in the CLPF database is ['dijauy], already clearly showing that
/r/ is being attempted. Looking and listening more carefully, the utterance can
be narrowly transcribed as [dicauy]. The production of buiten is transcribed as

[beei'ti] in the database.
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Figure 5: Cato (1;11.09) and (1;10.24). Left druif ‘grape’, Right buiten ‘outside’

It is clear that Cato does not master the diphthong [cey] yet, and replaces it with
[au]. In tuin, there is a short transition from the plosive, which lasts around 20

ms, after which high F1 and low F2 are achieved. However, in druif the
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transition from the plosive lasts more than 100 ms. After auditory inspection of
this part, it was transcribed as the vowel [1], characterized by low F1, high F2
and an F3 immediately above and hardly discernible from F2. We will see that
in Cato’s later substitutions for /r/ in target /Cr/ clusters, this [1] becomes a

more consonant-like [j].

In Figure 6 are two target words starting with the complex onset /tr/, namely
trui ‘sweater’ /treey/ and trein ‘train’ /trein/, from the subsequent recording
session at age 2;00.19. The word trui 'sweater' is produced twice in this session,
once transcribed ['tjcei] and once as ['tie’i] in the database. The word trein is
transcribed as [ttjein]. Obviously there is still no rhotic present in these

utterances, but a substitute vowel or glide can now be clearly perceived.
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Figure 6: Cato (2;00.19). Left trui ‘sweater’, Right trein ‘train’
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In this particular session, session 6, at the age of 2;00.19, Cato uses [€] + [j] or
[€] + [B] to express the rhotic. The use of an epenthetic vowel before the glide is
a new strategy of the child. In the word trein I have transcribed the element
after the schwa as an [¥] instead of the transcription [j] in the database, based

on the fricative quality of this sound.

From session 10 on, at the age of 2;03.25, Cato’s [€] + [j] substitutions of target
/r/ have turned into schwa + [R]. The vowel [€] has thus changed into a less
salient, central vowel, and the glide, or the slightly more fricative [x], has
changed into an immature rhotic. First Cato intends to produce krijtje and
utters [koreit[a] and later, when she intends to say brandweerauto, of which we
have taken the first syllable brand transcribed as [barants] (Figure 7). In the
case of krijtje, [R] is visually more consonant-like than in brand, but in both
cases the sounds have a distinct rhotic quality. The symbol [Rr] is used to reflect
this, even though the way to achieve this quality might have been different from

the adult way to realize a rhotic.

As for the use of epenthesis, this is a widely observed phenomenon in the
acquisition of clusters (Fikkert, 1994; Greenlee, 1974; Lleo & Prinz, 1996; Smit,
1993). Epenthesis is also one of the main strategies of L2 learners to produce
clusters in the L2, when in their L1 clusters are not present (Steele, 2002).

Following Gafos (2002), the epenthetic vowel is probably not a deliberately
inserted vowel, but rather the acoustic result of the coordination of the
articulations of the two consonants from the cluster. If the articulation of the
second consonant is initiated after the release of the burst of the initial plosive
consonant, a schwa-like transition between the two articulations results. With
practice, the timing of the articulations becomes more and more adult-like, i.e.
the articulations will become overlapping, and the schwa-like transition then

disappears.
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Figure 7: Cato (2;03.25). Left krijtje ‘piece of chalk’, Right brand (weerauto)

‘fire-engine’

In Figure 8 (left) we see the word brood (bread) produced as [bro:ts], from
session 11. A detailed analysis of the utterance shows that the plosive here is
not followed by a schwa but rather by a short pause before the rhotic is
produced. This illustrates an improved, i.e. shorter transition between the two
articulations. In the production of kreeg 'received’, three months later, on the
right in Figure 8 it can be seen that the transition has improved even further,

and the release of the burst of [k] now coincides with the onset of [R].



77 | Chapter 3

Waveform

5000

Frequency (Hz)

-

Time (s)

Time (s)

Figure 8: Cato (2;04.11) and (2;07.04). Left brood ‘bread’, Right kreeg ‘received’

Finally, we focus on the development from an immature rhotic to a more adult-

like rhotic with respect to the presence or absence of a trill. To illustrate this,

the production of troon 'throne' in Figure 9 (right) is used, uttered by the same

Cato but now a twenty-three-year old, as a point of reference. The three vertical

lines in the spectrogram of the [R] fragment indicate the trill, resulting from the

contact between the back of the tongue and the velum.
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Waveform

Frequency (Hz)
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Figure 9: Cato (2;07.04) and (23 years). Left draai (molen) ‘merry-go-round’,

Right troon ‘throne’

In the two [R] productions in Figure 7 and Figure 8 (left) no real trill can be
discerned. In the [R] in Figure 8 on the right we can see a single line, indicating
a single contact of the back of the tongue with the velum; [R] seems to be a tap
produced at the velum. The rhotic in the word draai(molen) 'merry-go-round'
produced at 2;07 on the left in Figure 9, finally, is very similar to the adult

sound of reference.

In the above section, the qualitative analysis of the target /Cr/ clusters in Cato’s
speech has been illustrated. All Cato's productions of target words starting with
a plosive +/r/ cluster were analyzed this way, and subsequently scored as
instances of one of the seven different categories as discussed in this section
and summed up in 3.3.1. The result of this analysis is summarized below in

Table 3.



79 | Chapter 3

‘uonoNpoId [EUOISEII0 SUO UBY) 310U MOYS 30U Op SUOISSIS Juanbasqns pue ‘mo. e Ul SU0ISSas om} 10 suononpod [eord4y
s,98€1S 93 JO SUONILZI[EA.I 0.19Z SMOYS UOISSIS B JI Spua 93e3s Y "SUONILZI[Bal 0.19Z Y3IM SUOISSIS 910U 10 0M) A PIMO][0J SI
31 uaym ade3s e Jo 11e3S 93 Se Uay e} J0U ST UOIIBZI[Ea B JO 90US.LINID0 S[SUIS  :SMO[[0] St ST Sulmopeys ay3 pulyaq a[euonel ay],

91 0 4 0 0 0 0 8T ¥0°L0°C 9T
ST 0 4 0 0 0 T 8T 9090 ST
124 0 T 0 0 0 0 41 27'S0' 4!
9 T 4 0 0 0 0 6 80°50°C €T
9 0 14 0 15 0 0 11 ST¥0'C (44
9 T T 0 0 0 0 8 1170 T
S € T T 0 T T 1 ST'€0'C 0T
4 € T 0 € S 4 91 87°20°C 6
T 0 T 0 4 4 0 9 ¥1°20°C 8
0 4 0 S 0 T 4 (1) €0°10°C L
0 0 T € 0 T 0 S 61°00° 9
0 0 0 4 € 0 4 6 9000 S
0 0 0 T T € 4 6 11T 4
0 0 0 4 4 0 T S 60'TT'T €
0 0 0 0 0 4 S 6 YZoT'T 4
0 0 0 0 T 0 0T 11 0T°0T‘T T
27 onoYI uonm | uonMNSANS ) A 2oen 9oen ou splom uoISSag
210 ST 2) + sisopuady -nsqns ) +s1saypuady | Jo0 apr8= ) ‘uonerep ) ‘uonsep ) /10/ agy

's3uIp.10dal s,018)
Ul SUOIIBZI[Ba 19y} JO Joquinu pue uoissas J1ad s19isnjd 39suo /1)/ Jo Jaquinu [e303} 3Y) Jo Alewiwins :€ d[qeL,




80 | Longitudinal analysis of onset cluster words

The shadowing at the upper side of the table helps to show that the different
types of realizations make their appearance neatly one after another over time,
the correct ones - not surprising - last, from session 8 onwards. The shadowing
at the bottom side highlights the disappearance of the particular types of cluster
realizations. A new type of realization does not immediately replace the previous
type of realization, but rather overlaps with it for some time. In session 9,
instances of 6 different realization categories are found. Subsequently, the
number of realizations in the first four categories, and somewhat later also those
in the fifth category, are quickly reduced to zero. In session 1 we find complete
omissions in 10 out of 11 realizations, but in the last three sessions productions
are always correct, except for the target word kroon, which is always realized as

[klon].

On the basis of the analysis presented above, and the summary of our findings in
Table 3 above, below in (1) I present the set of partially overlapping
developmental stages that Cato passed through on her way to the correct

realization of target /Cr/ clusters, focusing on Co.

3.3.1. Development of /Cr/ onset clusters
Stage 1 (1;10.10-2;02.28): Complete C2 deletion - no acoustic trace
Stage 2 (1;10.24-2;02.28): C2 deletion with an acoustic trace in the
vowel
Stage 3 (1;11.09-2;02.28): C2 substitution by a vowel/glide
Stage 4 (1;11.09-2;01.03): C2 substitution + epenthesis
Stage 5 (2;00.19-2;07.04): C2 substitution, no epenthesis
Stage 6 (2;01.03-2;04.11): C2 is (immature) rhotic + epenthesis
Stage 7 (2;02.14-2;07.04): C2 is (immature) rhotic

Target C; thus becomes more and more present and then more and more correct

in the production of the child over time. Initially it is completely absent from the
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production (Stage 1); then it shows a minimal presence by an acoustic trace
(Stage 2); subsequently it acquires segment status, with a vowel-, or vowel+glide
realization (Stage 3, 4); the change to a (correct) consonant realization is
accompanied by epenthesis (Stage 6), and finally there is an uninterrupted CiC>
sequence (Stage 6, 7). Stage 5, with a C2 substitute realization, is somewhat
artificial in Cato's case because it mainly involves realizations of the target word
kroon "crown", which is steadily produced [Kklon]. The sequence of productions
of target word krokodil (crocodile), in (2) illustrates the advancement through

different stages over time.

3.3.2. Development of cluster production in krokodil ‘crocodile’
Stage 1 [kokidju] - session 5 - 2;00:06

Stage 3 [kuokodiu] - session 8 - 2;02:14

Stage 4 [koewo:kadiu] - session 10 - 2;03:25

Stage 6/7 [kro:kodil] - session 11 - 2;04:11

Let us now turn to the data of the other children, i.e. Robin, Tirza, Enzo and Eva,
and determine to what extent the different realization stages are general

developmental stages.

3.4. Developmental stages and the other children
Below [ will present a summary of the results of the acoustic analyses I
performed on the production data of Robin, Tirza, Enzo and Eva, and some

illustrations of these results.
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3.4.1. Stage 1: Full deletion

Above it was determined that the production of a target word starting with
/CrV/ showed full deletion of C; when the spectrogram of the initial CV-part of
the utterance was identical to the CV-part of the production of a (semi-)minimal-
pair target word starting with /CV/. There is evidence of full deletion of C; in the

data of Robin, Tirza and Eva.

The recordings of Enzo had started at a more advanced developmental period, in
which he already produces a (correct) C,. Throughout the recording period a
handful of full deletions of /r/ in target plosive+/r/ sequences is still present
though. These deletions involve target words that are also produced correctly,
even in the same session, and no clear circumstances that could trigger the

deletion can be discerned. They can be seen as relics from stage 1.

In Robin's first 6 recording sessions, up until age 1;07.13, all attempts at target
words starting with a plosive+/r/ cluster result in complete omission of C,. A
comparison between Robin’s production of the target word trein [ten] and his
production of the word kijk [tek] at the age of 1;11.02 shows us that the vowel
portions in the two utterances are almost identical (see Figure 10). We also see
comparable vowels in the CV-parts of the production of brand [ba] - the first
syllable of full brandweerauto - at the age of 1;11.20, and the CV-part of bal [ba]
at the age of 1;06.20 (see Figure 11). Robin shows a full-deletion-only period
between 1;5.11 and 1;7.27, and after that full deletions keep popping up in his

data up until the last recording session, at 2;4.28.
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Figure 10: Robin (1;11.12). Left trein ‘train’, Right kijk ‘look’
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Figure 11: Robin (1;11.20) and (1;06.09). Left brand(weerauto) ‘fire(truck)’,
Right bal ‘ball’

Tirza initially produces very few target words starting with /Cr/. Utterances

with full deletions are therefore also only very marginally present in her data.
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Between age 1;7.09 and 1;10.08 only four target words are produced, and two of
them are produced with a full deletion - of the two others one has an accidentally
correct pronunciation, and one a glide substitution of Cz, which otherwise does
not occur until much later. The lack of a segmental trace in the acoustic signal is
illustrated by the CV-part of the spectrogram of her production of target kraan
(faucet), produced as [ta:n], which is compared to the initial CV-part of the semi-
minimally different daar (there), produced as [da:h] at the age of 2;00.05 (Figure
12). The vocalic portions in the two utterances are almost identical, showing that
full deletion of C; has taken place in target kraan. Between 2;00.05 and 2;02.25
full deletion of target /r/ is Tirza's most frequent rendition of a target plosive +

/r/ cluster.
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Figure 12: Tirza (2;00.18) and (2;00.05). Left kraan ‘faucet’, Right daar ‘there’

Finally, Eva's productions of target onset /Cr/ clusters also show full deletion of
Cy, from the first recording at 1;04.12 up until the pre-final recording at 1;10.03.

In her first recordings she produces the word trein (train) several times and its
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vocalic portion resembles the vocalic portion of target kijk (look), produced as
[teit], i.e. there is no trace of /r/. She actually only produces 33 target
plosive+/r/ words in her entire recording period, and does not show a lot of

development at all.
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Figure 13: Eva (1;07.15) and (1;06.11). Left trein ‘train’, Right kij (ken) ‘look’

3.4.2. Stage 2: Deletion with a trace

In Cato’s productions of target /Cr/ clusters, the first sign of the presence of C in
the production was a noticeable acoustic trace in the vowel onset of the vowel
following Ci. This trace was not present in the 10 productions of target /Cr/
clusters, at age 1;10.10, but appeared two weeks later, at age 1;10.24.
Productions with full deletion and productions with a trace then co-occurred in

the data for the next four months.

In the data of Enzo, being a more advanced cluster producer, no productions

with only a trace of C; are found.
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In the case of Eva, productions with a trace of C; show up sporadically from
session 5 on, at 1;06.11, and up until the end of the recording period, at age
1;11.08. Some productions also show a possible alternative to a trace, namely a
sound that could be seen as a merger of the two target consonants. For example,
the target word brood (bread) /brot/ is produced [mop], and [m] could be seen
as the result of merging the labial place of articulation and the non-continuity of
target /b/ with the sonority of target /r/. Eva shows no further development in
her production of target plosive + /r/ onset clusters until the end of the

recording period.

In the data of Robin, finally, traces show up from session 8 on, at age 1;08.24. In
session 9, at age 1;09.10, seven out of the 14 target cluster words are produced
with a trace. After that session some productions with traces are found in every
session up until the final one at age 2;03.22. Figure 14 illustrates the presence of

a trace in Robin's data.
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Figure 14: Robin (2;03.09) and (2;02.26). Left trein ‘train’, Right trein ‘train’
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We see that in his realization of the word trein, Robin leaves a trace of a vocalic
element different from the pattern of the diphthong that follows. This is visible
in Figure 14, both left and right. First this is visible in his realization of trein at
the age of 2;02.26 and later in his realization of trein at the age of 2;03.09, where

the trace has perceptually taken the shape of noise, transcribed as [h].

In the data of Tirza productions with a trace of C; are found for the first time in
session 6 at 1;10.22. From then on they co-occur with full deletions, and later
also with stage 3 renditions, up until session 15, at 2;02;25. In the last four
recordings productions with C; traces are no longer encountered. In Figure 15
gives an example of a production of target /kro/, with a trace, compared to the

production of target /ko/:
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Figure 15: Tirza (2;01.17) and (2;00.05). Left kro(kodil) ‘crocodile’, Right kook ‘to

cook’
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As can be seen, a schwa-like element is produced in the vowel onset of target
/kro/, which can only be discovered when analyzing the sound file in Praat. This

element is interpreted as the acoustic trace of omitted /r/.

3.4.3. Stage 3: Cz = vowel or glide substitute
In this stage of the development of onset clusters, the child substitutes target C;
with a glide or vowel. The trace of stage 2 has evolved here into a perceivable,

vowel-like segment.

As mentioned above, Eva's development stagnated at stage 2, and she will
therefore not be discussed anymore in relation to the subsequent developmental
stages. Enzo, on the other hand was already beyond this stage by the time his
recordings started. The other two children, however, do exhibit examples of

stage 3 in their speech.

In the case of Robin, stage 3 productions show up for the first time in session 17,
at age 2;01.06, almost three months after the onset of stage 2. From then on,
stage 1, 2 and 3 productions appear simultaneously up until the last recording

session.

In Figure 16 below, we see the realization of the first syllable of the word
brandweer (brand) without an acoustic trace in the signal on the right, and an
example of a later realization of this target syllable, with a substitution of the
rhotic by schwa on the left. Here the schwa is perceptible even when the word is

perceived as a whole.
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Figure 16: Two realizations of the first syllable of brandweerauto ‘fire-engine’,

left Robin at 2;01.06, right Robin at 2;02.26.

Tirza produces stage 3 realizations between her recording sessions 11, at age
2;01.02, and 15, at age 2;02.25. They then disappear from her data again. Stage 3
thus forms a stage with a beginning and an end in her cluster acquisition,

although stage 1 and stage 2 productions are present in this period too.

In Figure 17 is an example of a substitution of the rhotic by a glide in the first
syllable of the target word trommelaar 'drummer’, on the left, contrasting with
the production of the first syllable of a target word with a singleton onset,

potlood 'pencil' on the right, thus comparing target /tro/ with target /po/.
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Figure 17: Tirza (2;00.05) and (2;02.12). Left trom(melaar) ‘drummer’, Right

pot(lood) ‘pencil’

3.4.4. Stage 4: Epenthesis + C; substitute

In Cato's data productions of target cluster containing epenthesis+C2
substitutions occurred in a subset of the data between the ages of 1;11.09 and
2;01.03. After that period, they completely disappeared from her data. Neither

Tirza nor Robin have any productions reflecting this stage in their development.

For Enzo, stage 4 is the first developmental stage we encounter in his data. Stage
4 productions are present predominantly in the first four sessions, between age
1;11.08 and 2;00.13. After that period an occasional realization of this type
shows up until the end of the recording period at age 2;06.11. In Figure 18 is
Enzo’s production of bramen, realized as [palauma], illustrating both epenthesis

and substitution.
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Figure 18: Enzo (1;11.08) bramen ‘blackberries’

3.4.5. Stage 5: C; substitute, no epenthesis

In Cato's data, the realization of a C; substitute without epenthesis applied
mostly to a single word, kroon "crown", which was produced [klon] up until the
last recording session. Enzo, Robin and Tirza all have a period in which they

produce C; substitutes, but they all take an individual route to and from this

realization phase.

For Enzo, this stage collapses with stage 4, epenthesis + C; substitution. In other

words, Enzo produces C; substitutes with or without epenthesis between



92 | Longitudinal analysis of onset cluster words

session 1 at age 1;11.08 and session 10 at age 2;03.14, with a preference for

epenthesis in the first 4 sessions, up until age 2;00.13.

Robin directly moves from stage 3, from session 17 at age 2;01.06 on, where C;
is substituted by a vowel or glide, to this stage 5, where C; is substituted by
another consonant, in session 20 (2;03.10) and 21 (2;03.22). The two stages co-

occur.

Tirza, too, adds stage 5 productions to stage 3 productions from session 13 on,
at age 2;02;00. However, in Tirza's case stage 5 really replaces stage 3 from

session 16 on, at age 2;03.12 and lasts until the pre-final session at age 2;05.21.

3.4.6. Stage 6: Epenthesis + (immature) rhotic

Cato showed two stages in which the development of a (correct) C realization
was accompanied by epenthesis, stage 4 and stage 6. In stage 6, C; evolved from
a substitute to a(n immature) rhotic. Only Enzo showed stage 4 productions, and
only Tirza shows productions reflecting stage 6, between session 15, age
2;02.25, and session 18, age 2;05.21. The peak of this stage is at session 16, age
2;03.12, where 7 out of the 9 target plosive + /r/ onsets are realized this way.
An example of such a realization is in Figure 19 below, where we see the

production [torap] for target word trap 'stairs' /trap/.
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Figure 19: Tirza (2;03.12). trap ‘stairs’

3.4.7 Stage 7: C2 is (immature) rhotic

This final stage in the acquisition of the rhotic in /Cr/ clusters, is attested in the

speech of Enzo, Robin and Tirza.

Enzo produces stage 7 realizations from the start of his recording sessions, at
age 1;11.08. His rhotics often have a uvular fricative quality ([]) in the first four
sessions of his recordings, but they co-occur with the velar trill realization ([r]).

From session 6 on, at age 2;01.03 he exhibits mostly very stable rhotic
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realizations, which sound adult-like. From session 11 on, at age 2;04.11, hardly
any productions from other stages are encountered, so it can be concluded that

he has really acquired the plosive + rhotic cluster by that time.

Robin barely reaches stage 7, and only two productions containing a plosive + a
rhotic are found, one is session 20, and one in the final session, session 22 at age
2;04.07. The two rhotics he produces in these sessions are both immature, and

in the database they are transcribed as voiced uvular fricatives, [¥].

Tirza reaches stage 7 in session 17, at age 2;03.27, and only very occasionally
produces variants from any other stage in the last two sessions, from age 2;05.05
on. Like Enzo, she has fully acquired plosive + rhotic clusters at this point. In
session 17, not all rhotics are adult-like yet, and below in Figure 20, we see an
example from Tirza’s realization of /Cr/ onset cluster containing such a non-
adult-like rhotic. The utterance in Figure 20 is transcribed with the velar trill [R]
because auditorily it sounds like a trill. However, it is still immature when
compared to the trill produced by Cato as an adult speaker, see Figure 20, right
(identical to Figure 9, right). Neither in the spectrogram, nor in the waveform
there are clear signs of Tirza’s trill, in contrast with the vertical lines, visible in
the spectrogram and the vowel-like wave contour in the waveform of the adult

production.
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Figure 20: Tirza (2;05.05) and Cato (23 years). Left druif/druiven ‘grapes’, Right

troon ‘throne’

3.5. Summary of the results for all children
In Table 4, below, the developmental steps for all children are summarized.
Tables with the individual utterances (broad and narrow transcriptions) for

Robin, Tirza and Enzo en Eva can be found in Appendixes 2 to 5.
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Table 4. Developmental stages in the realization of target plosive + /r/ onsets

Stage 1 Stage 2 Stage 3 Stage 4 Stage 5 Stage 6 Stage
7
Production Deletion Deletion + Cz = Cz = C2=Csubstitute C2=VC, C2=Cz
trace glide/V VCsubstitute

start/end N E S E S E S E S E S E S #
session ses
Cato 1 10 2 10 3 9 3 7 6 16 7 11 8 16
Eva 2 12 5 12 1s2
Enzo 1 12 1 10 1 10 1 16
Tirza 2 15 6 15 11 15 13 18 15 18 15 19
Robin 2 22 8 22 17 22 18 22 20 22

In general, the different types of realizations do reflect sequential developmental
stages, with a clear starting point, but often a less pronounced end point. That is,
the stages are often overlapping, and this will be discussed below in 3.6. Only
Cato shows all the seven different types of realizations, appearing successively in
session 1, 2, 3, 3, 6, 7 and 8. The stages 1 through 5 all more or less end at the
same time, in session 11. Eva and Enzo represent, respectively, the head and the
tail of the developmental sequence. Eva only produces utterances reflecting the
first two stages of development, while Enzo produces correct onset clusters from
the beginning of the recording period on. His development is not so much in
terms of successive stages, but in the number of correct clusters he produces,
which increases steadily over time. Robin and Tirza show clear successive stages
from stage 1 to 7. Robin skips stages 4 and 6, the two stages with epenthesis,
and seems to add a new production strategy to the already established ones
instead of moving from one stage to the next. In his last three recording sessions,
utterances of five different realization types can be found. Tirza also skips stage
4, but does initially use epenthesis with the production of a rhotic. She stops
producing stage 1-3 realizations in session 16, and stage 5-6 realizations in

session 19.
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3.6. Co-occurrence of stages

In the sections above we saw that children could simultaneously exhibit forms
from different stages. Robin, Tirza, Cato and Enzo even succeeded to utter forms
representing three or more different stages in the same recording session.

We also found instances of full deletions, when complex clusters were produced
too. Below are examples of target words produced in different ways within the

same session.

Example 1: Enzo, session 6 (2;01.03)

1.1. krokodil crocodile /krokodil/ [kokodil] (Stage 1)
1.2. [kxokadiol] (Stage 3)

1.3. trein train /trein/ [trein] (Stage 5)

Example 2: Tirza, session 11 (2;01.02)
draaimolen Merry-go-round /dra:imo-la/
2.1. [teirimola] (Stage 1)

2.2. [d:ei'morla] (Stage 2)

2.3. [djeimorla] (Stage 3)

Example 3: Robin, session 20 (2;03.09)
brood bread /bro:t/

a. [bo:t] (Stage 1)

b. [bo:t] (Stage 2)

c. [byo:t] (Stage 5)

A single word can thus have productions reflecting different stages, or different
stages can be reflected in different words. In the data of the five children no clear
context can be found that drives the variation in production. For example, in the

data it is not the case that words that are used early in the recording sessions are
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more likely to be produced with a more advanced production than words that
have entered the vocabulary at a later stage, nor is it the other way around. It is
also not the case that words with a target onset cluster systematically show
more advanced stages in single word productions than in multi-word utterances.
One possible hypothesis can be formed on the basis of data from Cato, namely
that in longer utterances, a cluster - or another more advanced production - is
more likely to be produced if the word is situated at the beginning of the
sentence than when it occurs at the end of the sentence, as the following

examples show:

Example 4: Cato 2;2.15
a. Krokodil ook tanden poetsen Crocodile also teeth brush
['kwo:ko'diu 'tana 'putsa]

Dit is ook een krokodil This is also a crocodile
[z:9 '0'ka doa 'ko:ko'diu]
b. Krokodil is niet Crocodile is not
['kBo:ko'dwl "1s: 'nit]

Kijk de krokodil Look the crocodile
['keik za 'ko:ko'dw]

This would point to an effect of attention on the executive functioning of the
speech production mechanism. Unfortunately, there are only a handful of such
examples available in the data, but it is worthwhile to further test this
hypothesis in a controlled production study. Co-occurring or overlapping stages
that include traces or substitutions or even correct productions of the target /r/,
with or without epenthesis, show that the underlying representation is accurate,
and that development is thus taking place at the levels of information encoding

and/or the execution of the motor program.
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3.7. Discussion

Building on the findings discussed in chapter 2, where acoustic traces of
perceptually absent consonants from target onset consonants were found, the
first question was if a developmental stage with traceless omissions could be
distinguished, preceding a stage with acoustic traces. This was indeed the case.
Acoustic analyses showed that in the data of all five children, productions with
traceless omissions of target /r/ were present in the data, and in all but Enzo's
data these productions occurred before other renditions of target /Cr/ clusters
made their appearance. As mentioned in the introduction, in most phonological
accounts of cluster development, the initial state of the phonological grammar
enforces complete omission of one of the cluster consonants. This initial state
can consist of a restricted syllabic template, i.e. a CV template (Demuth, 1996), a
default NO setting of a complex onset parameter (Fikkert, 1994), or a high-
ranked constraint against complex onsets (Gnanadesikan, 1995; C. Levelt, et al.
2000). In all cases, input word-initial /CC/ combinations will result in [C]
outputs of the grammar. The grammatical account could be aligned with
processing at the level of phonological encoding. At this level, segments from the
lexical representation are grouped into syllables. However, if only a restricted
set of syllables can be formed due to a constrained grammar, no cluster spell-out
(Levelt, 1989) can take place, i.e. not all segments find a position in the syllable,
and they will consequently end up 'stray'. Since only syllabified material is
further encoded, stray segments do not show up in production. In addition,
because these stray segments are not phonetically encoded, we do not expect to
find acoustic traces of these segments in production either. We can thus
conclude that an initial stage such as postulated by phonological accounts is
justified and that such a stage is not just a perceptual illusion (Richtsmeier,
2010). In the speech production model this account can be incorporated by

restricting the syllable spell-out to single onset consonants, leaving no room for

/r/.
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An alternative account is that the omission already occurred at the level of the
lexical representation. In a perception experiment where 14-month-olds were
exposed to new words containing a coda consonant, like /pat/, it turned out that
while participants did perceive this coda consonant, they did not seem to care if
they were confronted with a production in which this consonant was omitted
(Levelt, 2012). Eighteen-month-olds did notice the omission, and it was
concluded that 14-month-olds do not build detailed representations of coda
consonants yet. The same could apply to the lexical representations of target
/Cr/ onset clusters, where target /r/ might not have been stored in detail (or at
all). Since the data analyzed in the present chapter were recorded between 1989
and 1991, it was impossible to check this hypothesis with the five children in
this study. Chapter 5 discusses a cluster perception experiment with two-year-
olds where this hypothesis is explored further. However, due to fact that results
of that experiment were mixed, and the fact that the children in the experiment
were older than the children analyzed here in their initial production stages, it is
as yet not possible to choose between the two possible accounts of traceless

omissions.

One of the main findings in this chapter is that four out of the five children go
through a stage where their reduced productions - i.e. productions where target
/Cr/ is reduced to [C] - exhibit an acoustic trace of the omitted segment. In the
current chapter the term trace was used to refer to an acoustic event in the
vowel onset which is not normally present in that vowel, but which is not
perceivable as a separate segment in the word either. Only after a detailed
inspection of the word’s oscillogram and spectrogram, plus the use of a narrow
phonetic transcription, this trace could be revealed. This stage was found to
follow the stage of full deletion of target /r/ and to precede the stage of genuine
substitution of this /r/. This stage has not been described before, although other
so-called covert contrasts in child language have been noticed (Scobbie, 1998).

The trace signifies that the lexical representation must contain information that
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differentiates the target adult CrV sequence from a target adult CV sequence,

that is identical except for /r/.

How can this stage be accommodated in a developing speech production model?
The syllable spell-out is still similar to before: there is no cluster spell-out, and
only singleton onsets can be formed. However, /r/ is no longer simply left out
completely, but it is spelled-out in the nucleus position, together with the
following vocalic segment. During phonetic encoding it is accommodated to this
vocalic position, resulting in a very partial presence. Whether traces are present
or not could be due to factors of planning and attention, i.e. depending on how
many attentional resources are available to spell out this 'intruding' segment /r/
in the nucleus position. The two initial stages of phonological encoding are

illustrated in Figure 21 below with the target word broek 'trousers' /bruk/.
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Stage 1 Stage 2
Lexical
representation: /bruk/ /bruk/
Phonological
encoding (o) o
Syllable
spell-out: Rime /R1<
Onset Nucleus Coda Onset Nucleus Coda
| /k |
@) u K b @ u k
Phonetic "stray" "trace"
encoding:

Figure 21: Phonological and phonetic encoding in Stage 1 (traceless omission)

and Stage 2 (omission with trace)

In Stage 3, the target /r/ segment can be more fully accommodated in the
nucleus position, and this results in the production of a full vowel, like in Cato's
[dieauy] for druif 'grape’ at age 1;11.09. The nucleus, rather than the onset thus

becomes complex first.

In stage 4 target /r/ is realized as a consonant. However, vowel-epenthesis
occurs in-between C1 and Cs. In phonological accounts, this epenthesis is taken
to indicate that the grammar still does not allow for complex onsets. Instead of
deleting the C,, however, insertion of a schwa after Ci creates a well-formed
sequence that includes Cz: C1VC;V. In OT, deletion is a violation of the

faithfulness constraint MAX, while insertion is a violation of the faithfulness
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constraint DEP. The development from C1V in stage 1, to C;VC;V in our stage 4, in
this framework, then, is due to a re-ranking of these faithfulness constraints,
while the Markedness constraint *COMPLEX-ONSET is still in its initial high-ranked
position (Gnanadesikan, 1995). However, as already mentioned in section 3.3, it
is more likely that the developmental schwa in between the two consonants of a
cluster is the acoustic result of an immature coordination of their articulations,
namely when the articulation of the second consonant is initiated after the
release of the burst of the initial plosive consonant (Gafos, 2002). This would
entail that at the level of phonological encoding, a complex onset can now be
formed. At a lower level, whether in the encoding of the articulatory plan, or in
the actual execution of the plan, immature coordination of the consonant

articulations results in a perceived epenthetic vowel.

Stage 4
Lexical representation: /bruk/
Phonological encoding
Syllable spell-out: o
Rime
Onset Nucleus Coda
Phonetic encoding: b 1 u k [b__ruk]
"epenthesis"

Figure 22. Phonological and phonetic encoding, stage 4
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From stage 4 on, then, the source of deviating productions of target /Cr/ is no
longer at the level of phonological encoding. If present in the segment inventory
of the native language, rhotics are universally late acquisitions by children
acquiring that language (McLeod et al,, 2001), and are often substituted by other
consonants for prolonged periods of time. In their substitutes, our Dutch
children would in general aim for either the dorsality and friction of the Dutch
uvular /r/, resulting in [x], or for a liquid without the trill, resulting in [I]. While
this deserves further attention, these approximations of an articulatory goal are
likely to result at the level of phonetic encoding. Coordination of the
articulations of C; and substituted C, can improve over time with practice, and
epenthesis will disappear (stage 5), but coordination of C; with the correct C;

rhotic can be off again for some time (stage 6).

3.8. Conclusion

In this chapter I have presented a detailed analysis of the acquisition of /Cr/
clusters, by means of descriptive and qualitative analyses of longitudinal data of
five children. Seven developmental stages were discovered, but not all children
pass through all seven stages, and stages can be overlapping. All children start
with the complete and traceless omission of target C;. This omission occurs
during the phonological encoding, where the syllable spell-out only recognizes
singleton onsets. Traces and subsequent vowel substitutes of target /r/ result
from spell-out of this segment in the syllable nucleus. Spell-out of /r/ in the C;
position of the onset is the next development. Epenthesis is the acoustic effect of
immature coordination of the two consonant articulations at the level of

phonetic encoding or during execution of the motor program.

The naturalistic and longitudinal data studied in this chapter provided a clear
developmental pattern, but have also left us with questions that can only be

answered by performing controlled experiments. In the next two chapters I will
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turn to experimental methods. In Chapter 4 I will try to confirm - and expand on
- the findings from this chapter concerning the development of the speech
production model in a production experiment, while in Chapter 5 I report on an
perception experiment aimed at determining the amount of detail present in the
lexical representation of target words with onset clusters. Detailed studies are
still needed to address the question why stages can be overlapping, and to

determine the factors that lead to more, or less advanced productions.
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Appendix 1: Broad and narrow transcriptions* of Cato’s productions of words

with /Cr/ onset clusters.

age session | orthography broad transcription narrow transcription
1;10.11 1 | trein te'n tein
1;10.11 1 | trein the:in tjein
1;10.11 1 | trui toer te:i
1;10.11 1 | trui tei te:i
1;10.11 1 | broek buk buk
1;10.11 1 | broek buk buk
1;10.11 1 | krijtje kazti kaeti
1;10.11 1 | krijtje ke:ti ke:ti
1;10.11 1 | brandweerauto ba:ntota ba:ntota
1;10.11 1 | brandweerauto bantato-to bantato-to
1;10.11 1 | brandweerauto bantaoto bantaoto
1;10.24 2 | bril bei blei
1;10.24 2 | draak dak dla'k
1;10.24 2 | draak dee:k dak
1;10.24 2 | trein teim teim
1;10.24 2 | krijtje ke:ti Kigit
1;10.24 2 | broek buka buka
1;10.24 2 | brandweerauto ba:cao:to: bantao:to
1;10.24 2 | brandweerauto ba:tao:to: bantso:to
1;10.24 2 | brandweerauto ba:ntroto bantao:to
1;11.09 3 | bril bijei bije:
1;11.09 3 | druif dijauy deauy
1;11.09 3 | krant kignt kiant
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1;11.09 trein tje'in tjein
1;11.09 trein tijein tijein
1;11.22 bril ?mbijei bijei
1;11.22 brood bro:t b%o:t
1;11.22 brood Tmbo:t b%o:t
1;11.22 broek buk buk
1;11.22 broek buk buk
1;11.22 broek buk buk
1;11.22 trein tijein t“ein
1;11.22 trui tee'i tcei
1;11.22 trui tie'i tojei
2;00.06 brandweerauto pantaoto pantaoto
2;00.06 broemfiets bonfit" bonhit
2;00.06 draak djak dzjak
2;00.06 krokodil kokidju- kokidiu
2;00.06 krokodil kokokio kokokio
2;00.06 Kkrijtje Kijeitjo kijei
2;00.06 Kkrijtje Kkjeita kijei
2;00.06 trein tijein tzjein
2;00.06 trein tj:ein tjein
2;00.19 bromfiets boma b%Yoma
2;00.19 trui tejei toejei
2;00.19 trui téjei tojei
2;00.19 trein tijein tojein
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2;00.19 trein tijein ta%ein
2;01.03 broek buk ptuk
2;01.03 brandweerauto bjantaoto bajantaoto
2;01.03 brandweerauto zabjantao'to bijantaoto
2;01.03 bril bru biu
2;01.03 drinkt dmk dimmk
2;01.03 kraai zakjarija kajazja
2;01.03 trein tezjein tejein
2;01.03 trein tijein dzosein
2;01.03 trein tijein tosein
2;01.03 trui trjeey to"oey
2;02.14 brandweerauto ba:nta?olito baantao'to
2;02.14 drinken dimgka demka
2;02.14 krokodil kuokodiu kuo:ko:diu
2;02.14 krokodil kko:kodmu kyso:ko:diu
2;02.14 krokodil ko:kodiu k" o:kodiu
2;02.14 krokodil kwo:kodiu kwo:kodiu
2;02.28 brood bro't buro't
2;02.28 bril brur beiw
2;02.28 broek buk bwuk
2;02.28 broek buk buk
2;02.28 broemfiets b¢nthits: ba3nthits
2;02.28 kraai ka'i ka:i
2;02.28 weggekropen klorma kalorma
2;02.28 krokodil kiso:kodrti kyo:kodmu
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2;02.28 9 | krokodil ko:kodru kyo:kodmu
2;02.28 9 | kroontje ko:ntjo kyo:ntja
2;02.28 9 | kroontje klo'ntjs Klontsja
2;02.28 9 | krijtje kueitjo kogitsjo
2;02.28 9 | aantrekken ?ant-agks a:tsaka
2;02.28 9 | trap tiBop tuasop
2;02.28 9 | tui tsoe'i tyai
2;02.28 9 | draait d:ai doa:i
2;02.28 9 | draait dai doa:i
2;03.25 10 | broek bRu bru
2;03.25 10 | brand byant barant
2;03.25 10 | brand brant brant
2;03.25 10 | trekt tree't tro't
2;03.25 10 | trap tsap torap
2;03.25 10 | trap tsap trap
2;03.25 10 | trein trein trein
2;03.25 10 | gekregen zake:yo keje:ya
2;03.25 10 | kreeg kext ceixt
2;03.25 10 | krijtje korei:tsis koreitsos
2;03.25 10 | krijtje ki:eitsa koreitsa
2;03.25 10 | krokodil ksokadriu kawoka
2;04.11 11 | brood bro:t bro:tsa
2;04.11 11 | bril bruw brul
2;04.11 11 | draaien draijs dra:i
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2;04.11 11 | kroonje klo'ntsa klontsa
2;04.11 11 | krokodil kro:kodil kyso:kodil
2;04.11 11 | trap tsap torap
2;04.11 11 | trappetje trapatea tr:apatja
2;04.11 11 | aantrekken Tantseka antsaka
2;04.25 12 | broek vuk bwuk
2;04.25 12 | bril byuox byuaw
2;04.25 12 | bruno bryno- bwuno
2;04.25 12 | bruno bryno- byyno
2;04.25 12 | bruno bryno- bryno
2;04.25 12 | bruno bryno blino
2;04.25 12 | bruno bryno bryno
2;04.25 12 | drie dsi tyi
2;04.25 12 | krullen kywa gjuwa
2;04.25 12 | krullen kyywa krywa
2;04.25 12 | kroontje klo:ntjo klo:ntjo
2;05.08 13 | bromtol bromto bromto
2;05.08 13 | bril brid bruaw
2;05.08 13 | draak dsa:k dra:k
2;05.08 13 | drinken drigka dlimka
2;05.08 13 | traan dran drama
2;05.08 13 | traantjes drantjas dora:tjas
2;05.08 13 | trap tyop tyop
2;05.08 13 | praten pra:ta pra:ta
2;05.08 13 | kroontje klo'ntjs tlontja
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2;05.22 14 | broek bruk bruk
2;05.22 14 | bromtol bromto bromto
2;05.22 14 | afgebroken afmbro:ka ofyembso:ka
2;05.22 14 | bracht brayt brant
2;05.22 14 | drukken dsyke dsyke
2;05.22 14 | droog dro:x dso:x
2;05.22 14 | gekregen nkre:xa akre:xa
2;05.22 14 | prullebak plalabak plalabak
2;05.22 14 | prins PRINS PRINS
2;05.22 14 | uitgetrokken @Evtroka cevtroka
2;05.22 14 | trui treei trei
2;05.22 14 | trommel tromot tROMow
2;06.06 15 | gebroken mbro:ka ambro:ka
2;06.06 15 | bromfiets brombhits byomfits
2;06.06 15 | brandweerauto brontviso:to brontvi:o:to
2;06.06 15 | druiven droeyfa dsoeyfa
2;06.06 15 | drinken drigka tripka
2;06.06 15 | prullebak plelabak plalabak
2;06.06 15 | praat mpRra:t pra:t
2;06.06 15 | precies pasis pasis
2;06.06 15 | krant krant ksant
2;06.06 15 | krant kront kront
2;06.06 15 | krukje kiykjo kiykjo
2;06.06 15 | kroontje klo:ntjas Kklo:tsjo
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2;06.06 15 | krijtjes Kkreitjos Kkreitjos
2;06.06 15 | trekt dragt dragt
2;06.06 15 | trui troEYI troEYI
2;06.06 15 | trap trap trap
2;06.06 15 | uittrekken cevtstreka cevtraka
2;06.06 15 | tractors trekto:ses trakto:ses
2;07.04 16 | brandweerauto brontviiadtad brontviiauto
2;07.04 16 | brood bro:tje bro:tje
2;07.04 16 | omdraaien omdra:ja omdra‘ja
2;07.04 16 | draaien drazjo dra:jo
2;07.04 16 | drinken drigk drigk
2;07.04 16 | gedronken xadRimk drigk
2;07.04 16 | droog drotiy drouy
2;07.04 16 | drogen droxa dro:xa
2;07.04 16 | drie dsi dsi
2;07.04 16 | drie dri dri
2;07.04 16 | drie dri dri
2;07.04 16 | drie dri dri
2;07.04 16 | draaimolen draeimorla dra:zimo-la
2;07.04 16 | kreeg krex krey
2;07.04 16 | krant kron kron
2;07.04 16 | kroontje klo:ntjo klo:ntjo
2;07.04 16 | kroontje klo:ntjo klo:ntja
2;07.04 16 | trein trein trein




113 | Chapter 3

* Broad transcriptions are identical to the CLPF transcription; narrow
transcriptions are provided by the author of this thesis and focus on the
representation of the cluster with greater phonetic detail.

The missing or damaged sound files are not included in the appendix.
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Appendix 2: Broad and narrow transcriptions* of Robin’s productions of words

with /Cr/ onset clusters.

Age session orthography broad narrow
transcription transcription
1;05.25 2 | trein ‘teein tein
1;05.25 2 | trein ‘deei tein
1;05.25 2 | trein 'tein tein
1;06.09 3 | trein 'tein tein
1;06.09 3 | trein ‘tael teein
1;06.22 4 | trein 'teei'n tein
1;06.22 4 | trein 'teeino tein
1;07.13 5 | trein ‘doeyn tein
1;07.13 5 | trein ‘tan telin
1;07.13 5 | trein ‘teein teitein
1;07.27 6 | trein toe'n ten
1;07.27 6 | trein ‘oL tyt "toezin tein
1;07.27 6 | brood ‘baiiit paint
1;08.24 8 | trein 'dwn,din dmn
1;08.24 8 | traktor ‘tutt tutr
1;08.24 8 | brandweerauto ‘ban- torlits panto-uta
1;08.24 8 | omdraaien ‘Poe:'ta'jo ceitajo
1;08.24 8 | brandweerauto ‘brent psent
1;08.24 8 | omdraaien "Po:'taijo o:taija
1;08.24 8 | brommer ‘burma b:oma
1;08.24 8 | trein ‘doeyn dzein
1;08.24 8 | brood ‘bait dait
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1;09.07 9 | brandweerauto ‘pen-,totito pento:to
1;09.07 9 | brandweerauto ‘boemt’boéynt baantbeeynt
1;09.07 9 | trein ‘doe:n d"ein
1;09.07 9 | trein 'titn turn
1;09.07 9 | trein ‘doen

1;09.07 9 | trein 'dein togin
1;09.07 9 | trein 'tgin togin
1;09.07 9 | trein ‘toe:yn teezyn
1;09.07 9 | brandweerauto ‘p"an,tautauts t"antauto
1;09.07 9 | brommer ‘burmt buimr
1;09.07 9 | brandweerauto ‘ba:nt ba:nt
1;09.07 9 | trompet ‘puit

1;09.07 9 | brandweerauto ‘bant baint
1;09.07 9 | omdraaien ‘?o'daje d"“aj
1;09.07 9 | omdraaien "?o,daja d"“aj
1;09.07 9 | omdraaien ‘Tom,dajo dzaj
1;09.21 10 | trein ‘toe'n teein
1;09.21 10 | brandweerauto 'ta:'to:to tant
1;09.21 10 | drinken ‘tuy'ka dmk
1;09.21 10 | drinken ‘tigko drta
1;09.21 10 | trap m'pa'p poa:p
1;09.21 10 | drinken ‘digka dimgka
1;09.21 10 | drinken ‘digka tmk
1;09.21 10 | trein n'tein tein
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1;09.21 10 | brug 'pry bux
1;09.21 10 | omdraaien o'daije odae
1;09.21 10 | brandweerauto ‘panta‘?oto: antao:to
1;10.20 12 | draaimolen ‘taljo'bo'wa daajamo:la
1;10.20 12 | brandweerauto '‘pa:nta'‘totito paantao:to
1;10.20 12 | brandweer 'anta'fla hantafi
1;10.20 12 | broertjes ‘bu-t bun
1;10.20 12 | drinken ‘tigko timka
1;10.20 12 | drinken 'thigkxe tstinka
1;10.20 12 | drinken ‘tigka] [?opwn] d“mka
1;11.06 13 | trein 'toerin t"ein
1;11.06 13 | trein ‘toerin tsein
1;11.06 13 | trein ‘tan tain
1;11.06 13 | draaimolen ‘taz;mola] ['nau] t"ammola
1;11.06 13 | draaimolen 'tamo:to tharimo
1;11.06 13 | draaimolen ‘ta;;mo:A tarznmola
1;11.06 13 | draaimolen ‘ta",mo:jo taimoja
1;11.06 13 | draaien 'teijo ta:jo
1;11.06 13 | drinken 'thuke t"mka
1;11.06 13 | brandweer ‘bant,vex bantveu
1;11.06 13 | brandweer ‘phant'faz plantvia
1;11.06 13 | brandweer ‘bat,fé:a plantvia
1;11.06 13 | straat ‘tart tariht
1;11.06 13 | straat ta:t taa:t
1;11.06 13 | trekt tik tik
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1;11.06 13 | kruk tik tsik
1;11.06 13 | brandweer Toba:fe pantavel
1;11.20 14 | trein ‘te'n tein
1;11.20 14 | trein 'tein tein
1;11.20 14 | treinen 'teina tein
1;11.20 14 | brood ‘bo:t b%o:t
1;11.20 14 | brandweerauto ‘bate,ve™tatitd batmea
2;00.04 15 | trein 'taehin tein
2;00.04 15 | drinken 'tizka tika
2;00.04 15 | draaimolen ‘dat'mola doaa:tmola
2;00.04 15 | draaimolen ‘dai,mola da:imola
2;00.04 15 | draaimolen ‘tai'mo:ta taimola
2;00.04 15 | draaimolen ta'mo:]la Tin tlaamo:la
2;00.04 15 | draaimolen ‘teei'mola taimo:la
2;00.04 15 | draaimolen ‘tai'mo:la tleinmola
2;00.18 16 | krijgen 'tseixe ts%eiyo
2;00.18 16 | brandweerauto 'vat,ve'?olito vaantvel
2;00.18 16 | brommer ‘bomara boma
2;00.18 16 | drinken ‘digka dimgka
2;01.06 17 | tram ‘prm pm
2;01.06 17 | treinl 'tein tein
2;01.06 17 | trein2 'tein tein
2;01.06 17 | brandweerauto 'bant,vea?aoto bant
2;01.06 17 | brandweerauto 'ban"'dve*?aotor baant




118 | Longitudinal analysis of onset cluster words

2;01.06 17 | draaimolen ‘deei'mor la da:imo:la
2;01.06 17 | trein 'tein tein
2;01.06 17 | drukt 'dukt datk
2;01.06 17 | trekken 'te'ka

2;01.06 17 | duplotrein 'pe:pors'tsein tsein
2;01.06 17 | drinken ‘digka d“mka
2;01.06 17 | drinken ‘Tigka tfigke
2;01.06 17 | drinken ‘digk deny
2;01.25 18 | treinen ‘theina theina
2;01.25 18 | zonnebril 'so¥'beu beceyu
2;01.25 18 | zonnebril ‘'sonda'bw br
2;01.25 18 | springen 'spwna spma
2;01.25 18 | draaimolen ‘daimu:s dazimo:la
2;01.25 18 | draaimolen ‘d&i'mo:la djaimo:la
2;01.25 18 | draaimolen 'tai'moijatjo tjaimo:la
2;01.25 18 | trein 't"ein tsoein
2;01.25 18 | brandweerauto 'bantua?oiito bantvea
2;01.25 18 | brandweerauto 'bantua?oiito bantvea
2;01.25 18 | draaien ‘da-ije d"einan
2;01.25 18 | draaimolen 'd"zei,mo:la djaimo:la
2;01.25 18 | drinken ‘digka dimgka
2;01.25 18 | trein ‘t"gin t"agin
2;01.25 18 | trein ‘t"gin tegin
2;01.25 18 | draaimolen ‘dati'mo:la da:imo:la
2;01.25 18 | draaimolen ‘deei,mo:la da:imo:la
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2;01.25 18 | krijgt 'theik kjeix
2;01.25 18 | draaimolen ‘teei'mo:tile dleeymo:la
2;01.25 18 | draaimolen ‘dai'motila dazimo:la
2;01.25 18 | brand ‘bant baant
2;01.25 18 | brandweer 'b@nt've’ baantvea
2;02.27 19 | treinl ‘thein thein
2;02.27 19 | brandweerauto ‘ba:muve*Tatito:s baantvea
2;02.27 19 | traktor ‘tak'to* taktoa
2;02.27 19 | brandweer ‘ban-'dve:l baantvea
2;02.27 19 | hijskraan 'flsil‘ka'n ka:n
2;02.27 19 | hijskraan heis'’kan ka:n
2;02.27 19 | trein 'tein tein
2;02.27 19 | zonnebril 'sona'bw beru
2;02.27 19 | drinken ‘digka dimgka
2;02.27 19 | drinken ‘digka dimgka
2;03.10 20 | draaimolen ‘daimo-la dlazimo:la
2;03.10 20 | trein "thaein thein
2;03.10 20 | trekken ‘tika tjika
2;03.10 20 | broodje 'botje bwo:tjs
2;03.10 20 | broodje 'bo:tje bo:tje
2;03.10 20 | broodje 'botje bao:tje
2;03.10 20 | broodje 'bio:tje bxo:tje
2;03.22 21 | brood ‘bo:t bao:t
2;03.22 21 | straks 't"aks t"aks
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2;03.22 21 | drinken ‘digka dripka
2;03.22 21 | drinken ‘digka dizpke
2;03.22 21 | broodje ‘boza be ot
2;03.22 21 | dromedaris ‘doma'da:tes daoma
2;03.22 21 | dromedaris ‘dorma'daRasg dwoima
2;03.22 21 | krokodil 'ko"ka'dw ko:kadru
2;03.22 21 | krokodil 'ko:ka'bwu ko:ukodru
2;03.22 21 | brandweerauto 'ban",vt'ot"o baantvioto
2;03.22 21 | drinken ‘digka dimgka
2;03.22 21 | hijskraan ‘Aeis kan taan
2;03.22 21 | hijskraan 'figis kan kam
2;03.22 21 | brommer ‘buma* buma
2;03.22 21 | trein 'tein tsein
2;03.22 21 | drinken ‘digka demk
2;04.07 22 | brandweerauto ‘bdnvto:to baantvioto
2;04.07 22 | trein 'tein togin
2;04.07 22 | trein 'trein tein
2;04.07 22 | brandweer ‘bant'vea bantveu
2;04.07 22 | brandweerazerne ‘bant'vu'vasa'se’ vantvu
2;04.07 22 | kroontje 'kaiintjo koamtja
2;04.07 22 | kroon ’kaiin kan
2;04.07 22 | kroontje 'kaontjt kao:ntj
2;04.07 22 | prinsje 'pu_l!a prinfa
2;04.07 22 | prinsje 'pA:tje paintja
2;04.07 22 | trein ‘t"oeyn tsceyn
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2;04.07

22

trommel

tomat

tsomom

2;04.07

22

trommel

tomat

tjomat

* Broad transcriptions are identical to the CLPF transcription; narrow

transcriptions are provided by the author of this thesis and focus on the

representation of the cluster with greater phonetic detail.

** The numbers following the item, refer to the order of appearance in the CLPF

database.

*#* The missing or damaged sound files are not included in the appendix
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Appendix 3: Broad and narrow transcriptions* of Tirza’s productions of words

with /Cr/ onset clusters.

age session orthography broad narrow
transcription transcription
1;08.05 2 | drie 'dsi tli
1;08.05 2 | trein 'treina tagina
1;08.05 2 | trein 'Afeina: heina
1;10.08 5 | broek ‘puzk pruk
1;10.22 6 | kruiwagen ‘hau'tdys tohauf
1;10.22 6 | krauw 'tjau tjau
1;11.08 7 | broek ‘buk b"uk
1;11.19 8 | traktor 'tdk tak
1;11.19 8 | traktor 'tak tak
1;11.19 8 | traktor ‘dak dak
1;11.19 8 | trein ‘dein dein
1;11.19 8 | pruimen 'toeym'a t"aceyma
1;11.19 8 | broek ‘bruk bwuk
2;00.05 9 | bruine ‘boeyna: baauna
2;00.05 9 | krokodil 'toery:ta,to tauts
2;00.05 9 | krokodil ‘torta,tw too:ta
2;00.05 9 | draaimolen ‘tai'morla tajomozlo
2;00.05 9 | draai 'tai tai
2;00.05 9 | draaien 'ta"ia thaia
2;00.05 9 | ronddraaien 'hjnt'taia hont
2;00.05 9 | drinken 'lin,ka 1Zmka
2;00.05 9 | drenthe lento Uentja
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2;00.05 9 | hijskraan "Pei'tamn kiamn
2;00.05 9 | drenthe 'lenta tenta
2;00.18 10 | draaimolen ‘daria'mo:le da:zjomo:la
2;00.18 10 | draaimolen ‘dai,mo:la deaimo:la
2;00.18 10 | draaimolen ‘dai,mo:la daimo:la
2;00.18 10 | draaimolen ‘dai,mo:la daimo:la
2;00.18 10 | krokodil 'ka:kap3'toru kagakadou
2;00.18 10 | druiven ‘ha:fo heevfa
2;00.18 10 | druiven ‘hoeryfa heeyfa
2;00.18 10 | draaimolen ‘deimo:la djeimo:la
2;00.18 10 | kraan 'tamn tlain
2;01.02 11 | draaimolen ‘deimo:la daciimo:la
2;01.02 11 | draaimolen ‘deimor la: deimo:la
2;01.02 11 | draaimolen ‘de:motila deimo:ls
2;01.02 11 | draaimolen dau'motite djaaumoula
2;01.02 11 | draaimolen ‘tei,mo:la teimo:la
2;01.02 11 | brandweerauto ‘bé@nta,2oeuto baent
2;01.02 11 | kraan ‘tarnd taina
2;01.02 11 | trein ‘deim djein
2;01.02 11 | afdrogen 79'x0€euxa 9xo0uxd
2;01.02 11 | drinken ‘din'kes d'igka
2;01.02 11 | draaien 'hieeijo heeijo
2;01.17 12 | draaimolen n'deimo:la deimo:ls
2;01.17 12 | draaimolen ‘deimo:le deaimo:la
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2;01.17 12 | draaimolen ‘tai",mo'la toaimola
2;01.17 12 | krokodil 'koti'’kef,to koukalto
2;01.17 12 | draaimolen ‘de"imo: la teimo:la
2;01.17 12 | krokodil 'kaoka'de: kao:ka
2;01.17 12 | drie 'dli dali
2;02.00 13 | draaimolen ‘teimo: la dexmo:la
2;02.00 13 | draaimolen ‘tai'm,mo:l€ teimo:la
2;02.00 13 | draaimolen ‘taimo-la toaimo:ls
2;02.00 13 | krokodil 'kg~kodg” ko:kakiu
2;02.00 13 | krokodil 'koe-yka'da: kaceuka
2;02.00 13 | trui 'glay klay
2;02.00 13 | kraan ‘tarn taina
2;02.00 13 | krijgt 'teix teis
2;02.00 13 | krijgt 'teix teiy
2;02.00 13 | trommel 'Xormay Xomay
2;02.12 14 | draaimolen ‘tra'i'mo-la tosaimo:la
2;02.12 14 | trein 'teina tein
2;02.12 14 | draaimolen ‘taimo-la teaimo:la
2;02.12 14 | krijgen "teiyo: teixe
2;02.12 14 | draaimolen ‘taila'mo:la taile
2;02.12 14 | draaimolen ‘daimo-la daajemo:la
2;02.12 14 | draaimolen ‘dai,mo:la daimo:la
2;02.12 14 | draaimolen ‘dei,mo:la daimo:la
2;02.12 14 | draaimolen ‘tei,mola teimo:lo
2;02.12 14 | trommels ‘tlamaas tlamaus
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2;02.12 14 | trommelaar ‘tomala’ tomala:
2;02.12 14 | draaimolen ‘téi,moly,co teimolitjo
2;02.25 15 | draaimolen ‘deeri'mo:la deaimo:la
2;02.25 15 | trein ?9'yein Xaxein
2;02.25 15 | trein tdrein torein
2;02.25 15 | broek ‘byuk byuk
2;02.25 15 | draaimolen 'deeia'morjala dainamo:la
2;02.25 15 | draaimolen ‘xai,mo'mo:la Xxaimomo:la
2;02.25 15 | draaimolen 'tai,mo:la tlamo:la
2;02.25 15 | drinken ‘deuyka darigka
2;03.12 16 | draaimolen ta'rai,mo:la doayadjemo:la
2;03.12 16 | draaimolen dd'rai,mo-la torajomo:la
2;03.12 16 | draaimolen do'raijo,naole kraimo:la
2;03.12 16 | draaimolen dd'rai,mo-la toreimola
2;03.12 16 | broek ‘bruk bwuk
2;03.12 16 | kraan ka'rra'n toramn
2;03.12 16 | hijskraan ‘teis,kora ha'n toraain
2;03.12 16 | trein ,dd'r:gin torein
2;03.12 16 | trap ta'sap torap
2;03.27 17 | draaimolen ‘trei'mo’la treimo:la
2;03.27 17 | draaimolen 'treei'jo'morlg- tsreimo:la
2;03.27 17 | draaimolen 'dreei'jo'mo'la dreimo:la
2;03.27 17 | strooien 'trRO"jD Xo:jo
2;03.27 17 | strooien s"'RO'j Xo:jo
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2;03.27 17 | strooien Xo:jo Xo:jo
2;03.27 17 | trein 'trein trein
2;03.27 17 | trein '$213t8 ein thein
2;03.27 17 | trein ‘tyein trein
2;05.05 18 | druiven ‘droeyfa dreeyfo
2;05.05 18 | druiven ‘droeyfa dreeyfa
2;05.05 18 | draaimolen ‘drai,mo-li drazjmola
2;05.05 18 | draaien dra:i dPrai:
2;05.05 18 | draaimolen '‘Ora:,mo-lo tsaimola
2;05.05 18 | brommer ‘broma byaoma
2;05.05 18 | drie 't3Ri tori
2;05.05 18 | drie 'dri tyi
2;05.05 18 | trein 'trein trei
2;05.05 18 | trein 'trein trein
2;05.05 18 | draaien ‘draia dra:jo
2;05.21 19 | tracteren tak'te:ra tak
2;05.21 19 | trommel ‘tRom'A trROMA
2;05.21 19 | trein 'trein trein
2;05.21 19 | trekken ‘tritko treko

* Broad transcriptions are identical to the CLPF transcription; narrow
transcriptions are provided by the author of this thesis and focus on the
representation of the cluster with greater phonetic detail.

The missing or damaged sound files are not included in the appendix.
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Appendix 4: Broad and narrow transcriptions* of Enzo’s productions of words

with /Cr/ onset clusters.

age session orthography broad transcription narrow
transcription
1;11.08 1 | afbreken ‘Tamrets andse:ts
1;11.08 1 | afbreken ‘?7amre abre:
1;11.08 1 | broek ‘bruk bruk
1;11.08 1 | bramen pa'larma pelauma
1;11.08 1 | brandweerauto '‘bran,totito brant
1;11.08 1 | trein t3'rein treina
1;11.08 1 | trein t3'rein torein
1;11.08 1 | traktor ‘takto taakto
1;11.08 1 | traktor t3'rakto torakto
1;11.08 1 | traktor ‘trazkto torakto
1;11.08 1 | traktor ‘tyakto torakto
1;11.15 2 | aangetrokken trekt tyets
1;11.15 2 | brandweerauto ‘bran’ toto” brant oto
1;11.15 2 | brandweerauto 'blan,dotito blant oto
1;11.15 2 | drie na'ri nusi
1;11.15 2 | drie 'dri dwi
1;11.15 2 | traktor 'trDK,tD tYakto
1;11.15 2 | traktor t3'rakto torakto
1;11.15 2 | trap t3'rRa torak
1;11.15 2 | trein 'Rein REIN
1;11.15 2 | brandweerauto '‘bran,totito brant
1;11.15 2 | trein ta'rein terein
1;11.29 3 | trein 'tré tre
1;11.29 3 | bril '‘brU bri
1;11.29 3 | trein 'dre dse:
1;11.29 3 | tekken 'tReke treke
1;11.29 3 | trein 'trein trein
1;11.29 3 | omdraaien ‘drajo omdRra:ja
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1;11.29 3 | omdraaien draijo umara:jo
1;11.29 3 | trein 'tre: tremn
1;11.29 3 | trein 'tre: tye:
2;00.13 4 | draaimolen ‘dra-mo-la daraimo:la
2;00.13 4 | brengt 'brent barent
2;00.13 4 | traktor t'rakto trakto
2;00.13 4 | trekken ‘trekt treko
2;00.13 4 | krokodil ky3k3'dw kukodit
2;00.13 4 | drinken ‘drugzka dsika
2;00.13 4 | drinken ‘doenka dunk
2;00.13 4 | opdrinken ‘3m,drigka darigka
2;00.13 4 | trein ‘tse'n trein
2;01.03 6 | druppeltjes 'drupagot drup
2;01.03 6 | citroen ti'trun titrun
2;01.03 6 | streepjes 'tre"pjét trepjet
2;01.03 6 | citroenen ti'truna titruna
2;01.03 6 | krokodil kis3kg'dwo:] k"ok
2;01.03 6 | krokodil Jkoko'dd kok
2;01.03 6 | trein 'trein trein
2;01.17 7 | gebraden “bra't borats
2;01.17 7 | drinken ‘druytka drigka
2;01.17 7 | broertje '‘bru:cd brutjo
2;01.17 7 | brandweerman '‘bra’,mam bramam
2;01.29 8 | drie 'dri tri
2;01.29 8 | broek ‘bruk bruk
2;01.29 8 | krokodil ki k3'dy krokodrt
2;01.29 8 | traktor ‘tra? k¥ trakto
2;02.14 9 | aantrekken ‘?an'treka treko
2;02.14 9 | brandweerauto 'loeyly ploeyly
2;02.14 9 | brandweerauto ‘trantyui'otoll trant
2;02.14 9 | brandweerauto '‘pBanta'man pyanta
2;02.14 9 | brug ‘buit put
2;02.14 9 | brand 'brant brant
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2;02.14 9 | brandweerman ‘brants,ui'mdan branta
2;02.14 9 | treinl 'trein trein
2;02.14 9 | krokodil ‘noko,dy mokodil
2;02.14 9 | traktor ‘ni'trakto traktou
2;02.14 9 | opdraaien ‘Pop'dra:je opdra:ja
2;02.14 9 | driewieler ‘tivi 1€ tyi
2;02.14 9 | drie 'dri dri
2;02.14 9 | hijskraan 'fei kran heikram
2;02.14 9 | traktor ‘trakto toraktoa
2;02.14 9 | traktor ‘trakto trakto
2;02.14 9 | trui ta'rRoeziu torcemu
2;02.14 9 | drie 'dri dri
2;02.14 9 | aantrekken ‘?a'n,treka a:ntreka
2;02.14 9 | drinken ‘druykye drigka
2;02.14 9 | trein 'trein trein
2;02.14 9 | krokodil kyoka'dyd tceyfuto
2;02.14 9 | struisvogel 'troey,fu'tjo treevt
2;02.14 9 | trui ‘troe:y troevt
2;03.14 10 | brandweerauto ‘bra-tui?oto braturfoto
2;03.14 10 | brandweermanstuur ‘Rama,man'ty r:ama
2;03.14 10 | traktor ‘trakto trakto
2;03.14 10 | brand ‘brént brant
2;03.14 10 | traktor ‘trak to trakta
2;03.14 10 | krokodil ‘kukii'dud kyukudit
2;03.14 10 | brandweerhoed 'loey,lu't tlalut
2;03.14 10 | drinken da'rRy darik
2;03.14 10 | drie 'dri dri
2;03.14 10 | traktor ‘trakto trakto
2;03.14 10 | traktor ‘trakto srakto
2;03.28 11 | brandweerauto ‘pranvt?oto pRrRan
2;03.28 11 | citroen si'tylin sitsun
2;03.28 11 | hijskraan ‘ei kra'n kiam
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2;03.28 11 | drinken ‘drigka drigka
2;03.28 11 | hijskraan 'Aei kran kiam
2;03.28 11 | gebroken ‘broka bro:ke
2;03.28 11 | brug '‘bruy bray
2;03.28 11 | drink ‘drigk trigk
2;03.28 11 | brandweerauto 'loely'?oto la:laoto
2;03.28 11 | trompet [drom'pet trROmpet
2;03.28 11 | traktor ‘trakto traktoa
2;03.28 11 | drukken ‘diika drika
2;03.28 11 | drukken 'dsuka druka
2;03.28 11 | hijskraan ‘Rei’kra'n reikramn
2;03.28 11 | hijskraan ‘figi'’kran kra:n
2;03.28 11 | hijskraan ‘Rei kra'n reikyamn
2;03.28 11 | hijskraan 'hei kran kramn
2;03.28 11 | traktor ‘trak'to trakto
2;03.28 11 | trompet tim'pae tumpa
2;03.28 11 | hijskraan 'hei'kran kysa:n
2;04.11 12 | prik ‘priK prik
2;04.11 12 | brand ‘bran” bran
2;04.11 12 | brand ‘bran bran
2;04.11 12 | traktor ‘traktos traktou
2;04.11 12 | breekt ‘bre:it bre:t
2;04.11 12 | prink ‘prik pyik
2;04.11 12 | traktor ‘tdraktos traktou
2;04.11 12 | drie 'dru tri
2;04.11 12 | brandweer ‘brdn,vel '‘brdn,vel
2;04.11 12 | prikje 'frRikjo kfrik
2;04.11 12 | breekt 'brelt puizt
2;04.11 12 | broek ‘bruk bruk
2;04.11 12 | springhanen ‘prigk’harna prigk
2;04.25 13 | trap 'tdrap trap
2;04.25 13 | trap t'Rap trap
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2;04.25 13 | brandweermannen ‘bran’ tui'mana byant
2;04.25 13 | traktor ‘trak,toB traktoua
2;04.25 13 | traktor ‘trak,to trakto
2;04.25 13 | treinen ‘tyeina tyein
2;04.25 13 | brandweermannen ‘bra@nvi'mana brant
2;04.25 13 | brandweerhoed ‘branda’hut brand
2;04.25 13 | bril 'brivv brit
2;04.25 13 | treinen 'tdrein torein
2;04.25 13 | brandweerhoeden ‘brand”fu-te brant
2;04.25 13 | drie ‘dri dri
2;05.09 14 | krant 'kran kran
2;05.09 14 | brandwerauto ‘br@m'?0to" bram
2;05.09 14 | brandweermannen ‘brdn-t'vemana bran
2;05.09 14 | brandweerhoed le:lut leeylut
2;05.09 14 | trompet thom'pheg thompet
2;05.09 14 | draaimolen ‘drai,rholé drazimole
2;05.09 14 | brandweerhoed '‘brdn,be'hut brantvihut
2;05.28 15 | traktor ‘trakto toraktoa
2;05.28 15 | traktor ‘trakto trakto
2;05.28 15 | brommers ‘bromés byomes
2;05.28 15 | brandnetels ‘brén'Tnet3s brant
2;05.28 15 | brommer '‘bromok bromay
2;05.28 15 | trein 'trein trein
2;05.28 15 | kraaltjes 'krau-gis krautjas
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2;05.28 15 | traktor ‘trakto” trakto
2;05.28 15 | traktor ‘tyakto trakto
2;06.11 16 | brommer ‘brom brom
2;06.11 16 | brand 'bidnt brant
2;06.11 16 | brand 'bra: bran
2;06.11 16 | brandweer 'loeyly laly
2;06.11 16 | draaien ‘draia dra:jo
2;06.11 16 | brommer ‘bromaB bromaua
2;06.11 16 | trapje 'tRape trapja
2;06.11 16 | brand ‘brant byant
2;06.11 16 | brand ‘bran bwonta
2;06.11 16 | brandweer dd'loe:ly dleedy
2;06.11 16 | drum 'dram drum
2;06.11 16 | trompet {trRompet trROmpet
2;06.11 16 | brandweerpakken loe:lyt 'paka dladyt
2;06.11 16 | brandweerman brdn,uyman branviman
2;06.11 16 | traktor ‘traktoB trap
2;06.11 16 | traktor ‘traktoBs traktou
2;06.11 16 | brandweermannen '‘brdn tut'mana brant
2;06.11 16 | drinken ‘drigka drigka
2;06.11 16 | brommer ‘bsomas byoma
2;06.11 16 | brandweermannen ‘bran,ut'mana bran
2;06.11 16 | bril ‘bR brit
2;06.11 16 | draaien 'draid dra:jo
2;06.11 16 | brandweerman ‘bran'vyman bran
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2;06.11 16 | brandweermannen ‘brantymana branti
2;06.11 16 | brandweerauto's 'loeyly'?oto:s lalyoto
2;06.11 16 | propellers Jpu'penis pupenis

* Broad transcriptions are identical to the CLPF transcription; narrow

transcriptions are provided by the author of this thesis and focus on the

representation of the cluster with greater phonetic detail.

The missing or damaged sound files are not included in the appendix.
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Appendix 5: Broad and narrow transcriptions* of Eva’s productions of words

with /Cr/ onset clusters.

age session orthography broad narrow
transcription transcription
1;04.12 1 | brood ‘mo'p mop
1;04.12 1 | brood ‘mo'p mop
1;04.12 1 | prik ‘tut tit
1;04.12 1 | prik ‘it ut
1;04.12 1 | prik "hit hrt
1;04.12 1 | prikken ‘te"ito teito
1;05.22 2 | brood ‘bo:p bao:p
1;05.22 2 | prik ‘tut tit
1;05.22 2 | drinken ‘huné diing
1;06.01 4 | trein tein tein
1;06.01 4 | trui ‘toey tecey
1;06.01 4 | broek ‘but but
1;06.01 4 | kraanwagen ‘tap'lazxa tamm
1;06.01 4 | brood ‘botit bo:t
1;06.11 5 | draaien 'heeifo heijo
1;06.11 5 | draaien 'daija da:jo
1;06.11 5 | brilletje ‘pwé piva
1;06.11 5 | draaien 't"aijo daazjo
1;06.11 5 | drie 'ti di:
1;07.15 6 | trein 'tein tein
1;07.15 6 | krant ‘tan taan
1;07.22 7 | broek ‘bu:t buut
1;08.12 8 | citroenen ‘tuna tuna
1;08.12 8 | trommel ‘tomo twumbo
1;08.12 8 | trommel ‘tomo tYomat
1;09.08 9 | krokodil ‘dio
1;09.08 9 | krokodil ‘toto'dw’ toto
1;09.08 9 | krokodil 'dd
1;09.22 10 | draaien 'tajo d'aje
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1;09.22 10 | draaien 'teijo toa:jo
1;09.22 10 | brood 'votit

1;09.22 10 | brood ?a'bo:t

1;10.03 11 | broek ‘but baut
1;10.03 11 | brood ‘bo:t bao:t
1;11.08 12 | draaimolen ‘taim'bojo dea:imbo:le
1;11.08 12 | zebra 'te'p

Broad transcriptions are identical to the CLPF transcription; narrow

transcriptions are provided by the author of this thesis and focus on the

representation of the cluster with greater phonetic detail.












Chapter 4. Two-year-olds’ cluster productions in naming tasks

4.1. Introduction

In Chapter 2 the realization of target words starting with /Cr/ and/ kn/
clusters was studied, and it turned out that an acoustic trace of the omitted
segment was present. Chapter 3 focused on the longitudinal spontaneous
realization of target words starting with a /Cr/ cluster and a developmental
pattern in the realization of these words was found, where the presence of an
acoustic trace occurred in a specific developmental stage, preceded by a stage

where no acoustic trace was present.

Up until now the data that were analyzed were mostly spontaneous utterances.
In this chapter I report on a more experimental approach to longitudinal cluster
production, the goal of which is to locate in a more controlled way the
problematic levels of processing in the model and to get insight into the
development of the production mechanism. In Chapter 1, the possible effects
that malfunctioning/absent modules in the model of speech production may
have on children’s spontaneous word productions were discussed. Here I use
the model to make predictions about the performance on different types of
production tasks. The idea is that the performance on different types of
production tasks, namely picture naming, word repetition and nonword
repetition, can tell us something about the functioning of the different modules
in the production mechanism. In a similar way, Den Ouden (2002) compared
the performance of aphasic patients on production tasks. There too, the
ultimate goal was to detect the layer in the speech production mechanism of
each patient at which problems occurred that caused phonological errors. Since
Den Ouden’s study is one of the small number of studies in which the Levelt et
al. (1999) production model is used to study a speech system deviating from
the norm, and since child language data also show deviations from the norm, a

similar study with two-year-olds was planned.
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For the present study, the tasks used by Den Ouden were adapted to become
suitable for two-year-old children. In addition, the production tasks were
administered several times over a longer period of time in order to see whether
changes occurred that could point to developmental changes in the production
mechanism. The intention was to also include a longitudinal perception task,
which would be able to tell us about the individual development of the lexical
representation of the onset clusters of target words. However, due to problems
with the design of the study, it turned out to be impossible to interpret the
results of these experiments in a meaningful way. Unfortunately one source of
information is therefore missing. The remainder of this chapter is organized as
follows: In 4.2 I discuss the theoretical background of the present work and
explain what performance on the different tasks can tell us about the
developmental state of the production mechanism. In 4.3 the materials and
methods of the different tasks are presented. In 4.4 the results of the individual
children will be discussed in detail. A general discussion and conclusions are

presented in 4.5.

4.2. Background

According to Kohn and Goodglass (1985), phonological errors of patients with
aphasia could be the result of damage that causes problems either with lexical
access, or with access to the functioning of phonological encoding, phonetic
encoding or articulation. Following up on this idea, Den Ouden (2002) designed
an experiment that aimed to trace the source of the segmental problems of
patients with aphasia to lexical access, phonological encoding or phonetic
encoding. He did not focus on the level of articulation because when problems
occur at this level, it results in a particular kind of aphasic disorder, namely
dysarthria of speech. Den Ouden designed three tasks, picture naming (PN),
word repetition (WR) and a phoneme detection task (PERC), and explained in
what way the scores on these tasks could be used to identify the functional
locus of the impairment in the Levelt et al. (1999) speech production model.

According to Den Ouden, deficits at a particular level result in a specific
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performance pattern in these tasks: if the impairment lies at the level of lexical
access, patients will perform better on word repetition than on phoneme
detection and picture naming, while performance will be poor on all three tasks
if the functional locus of the impairment is at the phonological encoding level.
Impairment at the level of phonetic encoding causes poor performance on the
picture naming and repetition tasks, while phoneme detection should not be
affected. This will be discussed in more detail below (4.1.2). I now first turn to
some production studies with young children that have been performed

previously, and are relevant to the present study.

4.2.1. Young children’s performance on production tasks

In the literature, extensive attention has been paid to how children in different
age groups perform on production tasks. Numerous acquisition studies have
focused on the differences between naming and repetition tasks (Hoff et al,,
2008; Zamuner, 2009; Munson et al., 2005), or differences between nonword
repetition (NWR) and other measures of productive vocabulary (Metsala, 1999;
Bowey 2001; Paradis, 2011). However, the focus of these studies was different
from the focus of the present study, and either lay on the relation between
phonological memory, as represented by the performance on a NWR task, and
vocabulary size, or on the relation between phonotactic probability and
production success. The most relevant studies for this chapter are the ones by

Vance et al. (2005), Hoff et al. (2008) and Zamuner (2009).

The main goal of the study of Vance et al. (2005) was to test the speech
production model by Stackhouse and Wells (1997), a model very similar to that
of Levelt et al. (1999). In order to find out which part of the model is affected
when children of different age groups make speech errors, PN, NWR and WR
tasks are carried out with English-speaking children between 3 and 7 years of
age, and for each age-group their performance on the three tasks was
compared. Their responses were scored as being either correct or incorrect.

For the 3-year-olds performed worse on the PN task than on the two repetition
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tasks, while the 4-year-olds performed worse on the PN and the NWR tasks as
compared to their performance on the WR task. Not surprisingly, the older the
children were, the better their performance on the PN task became. The
authors interpreted the poor performance on the PN task by 3-year-olds, as
resulting from problems retrieving the words from the mental lexicon. They
performed better on the repetition tasks because they were aided by the
presence of the adult model. In the 4-year-olds, some immaturity of the lexical
representation still affected the performance on the PN task, which was worse
than their performance on the WR task. In the performance of the 5-year-olds,
the difference between WR and PN had disappeared, while they continued
being less accurate on the NWR task, just like the 6- and 7-year-olds. The
authors suggest that for the oldest age groups there is a beneficial effect of the
lexical representation on speech output processing. It appears that the speech
processing requirements of discriminating all the phonemes of the nonword,
without top-down support of the mental lexicon, and with the additional task of
creating a new motor program, negatively affect the performance on the NWR

task.

Since the children studied in this thesis are around two-years old, the study by
Hoff et al. (2008) is relevant. Here, two groups of English-speaking children, 20-
and 24-month-olds, were tested. These children’s real word and nonword
repetitions were assessed, together with their productive vocabulary. The PCC
(percent consonant correct) was calculated for the children’s productions.
According to this measure, the percentage of correct consonants in a word is
calculated (number of correct consonants / total number of consonants x 100,
where a consonant that has been substituted or deleted obtains zero points,
while a correct consonant obtains one point). The vocabulary size was
measured with the MacArthur-Bates Communicative Development Inventory

CDIL.



143 | Chapter 4

The results in Hoff et al. (2008) showed that the 20-month-olds scored
significantly worse on the NWR than on the WR task, and that performance on
the NWR task and vocabulary size were strongly correlated. These results were
replicated with the 24-month-olds. The authors of this study conclude that
NWR-accuracy reflects phonological memory capacity and that this capacity is

related to the level of vocabulary development of children.

In the study by Hoff et al. (2008) the nonwords were phonologically matched to
the real words but they were not controlled for their phonotactic probability.
Zamuner (2009) tested the production of nonwords of 28 and 31-month-old
Dutch speaking children. The stimuli consisted of nonwords that varied in the
degree of phonotactic probability (PP) of the consonants in onset or coda
position. The nonwords either had an onset or a coda with a low phonotactic
probability, or an onset or a coda with a high phonotactic probability. Zamuner
controlled for the neighborhood density of the constructed stimuli and found
out that there were more neighbors for the high probability nonwords and
more neighbors for nonwords differing in segments in word-initial position.
The responses were scored as correct, incorrect or as no response. The
analyses were based on the proportion correct responses per nonword

category (low PP onset, low PP coda, high PP onset, high PP coda).

The first main finding was that phonotactic probabilities influenced children’s
accuracy in the production of nonwords, both in word onsets and in word
codas. Children produced nonwords with high phonotactic probability more
accurately, independent of the position. The second finding of importance was
that children’s vocabulary size correlated with the accuracy of their production.
More specifically, children with larger vocabularies were more accurate in the
production of segments in word onset position. This effect was explained by the
higher neighborhood density for lexical items contrasting in word onset

position. If more lexical items contrast in word initial position, then
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phonological representations of this position should be more developed,

according to Zamuner.

From these studies we can conclude that children as young as 20 months are
able to perform on PN and (N)WR tasks. For this young age-group, performance
on these tasks has up until now only been correlated with vocabulary size and
phonological memory, but not with the developmental state of the speech
production mechanism. We will now turn to this mechanism again, and discuss,
along the lines of Den Ouden (2002), the expected performance on production
and perception tasks of two-year olds, given the potential developmental

problems with lexical access, phonological encoding or phonetic encoding.

4.2.2. The (developmental) state of the production mechanism and

performance on different tasks

4.2.2.1. The level of lexical access

The mental lexicon of a two-year-old child is still under construction and it is
likely that stored forms are not always completely or correctly specified.
Evidence from experimental infant perception studies sometimes points to
detailed phonetic representations, and sometimes to incomplete phonetic
specifications, depending on the age of the infants and the position of the
segment in the word (Fikkert, 1994; Levelt, 2012; Stager & Werker, 1997;
Swingley, 2009; Trehub et al., 2007; Zamuner, 2009;). As discussed in Chapter
1, an incorrect representation is expected to lead to regular incorrect word
productions, while an underspecified representation could lead to variable
word productions. A child who has problems at this level is expected to have
problems with the PN task. In a naming task, the speaker needs to consult his or
her mental lexicon in order to find the stored form that goes with the depicted
object. In case an incorrect form is stored, an incorrect form will be produced.
In a repetition task the lexical representation is not necessarily activated, since

the auditory form is provided. Performance on a WR task could thus be better
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than performance on a PN task when problems lie at the level of lexical access
or the stored lexical representation. It is possible, however, that the child does
activate the lexical representation of a known word during repetition, blurring
the difference between the two tasks. However, this route seems to be blocked
in the nonword repetition task, since in the case of nonword repetition, there is
no existing word form stored in the mental lexicon. Although it has been shown
that even nonwords can activate the lexicon through word-likeness (Swingley
& Aslin, 2000; Zamuner, 2009), performance on this task is expected to be
largely unaffected when the level of lexical access is the source of the deviating
word productions. Finally, if the lexical storage is incorrect, or if lexical access is
problematic for a child, it should be difficult to perceive subtle differences
between words - like between the correct form [trein] for trein (train) and the
simplified form [tein]. In other words, we expect poor performance on a young
children’s version of Den Ouden’s phoneme perception task.! To summarize,
good performance on the NWR task in combination with poor performance on
the PN (and PERC) task(s) would point to problems at the level of lexical access.
Performance on the WR task could either be comparable to performance on the
NWR task or to performance on the PN task, depending on whether the lexical

representation of the to-be-repeated form is activated are not. In short:

Lexical Access/Representation Problem:
NWR, WR >> PN, PERC
or

NWR >> PN, WR, PERC

The conclusion reached by Vance et al. (2005) for the performance of the 3- and

4-year-olds, namely that the better performance on repetition tasks than on the

1 Note that this task is not meant to test a child’s general auditory perception
abilities, but his/her linguistic perception abilities.
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PN task entails a lexical retrieval problem, thus very closely resembles? the

above reasoning of Den Ouden (2002) for a potential source of problems.

4.2.2.2. The level of phonological encoding

At the level of phonological encoding, the sounds of the activated lexical item
are retrieved and syllabified. At this level, then, an underlying segmental
representation is mapped onto a phonological output representation. In picture
naming, after retrieving the lexical item from the lexicon, this item needs to
pass through the phonological encoding module in order to be produced. In the
case of repetition, the phonological encoding stage can either be skipped, when

the lexicon is bypassed, or not, in case the lexical route is taken.

Problems at the level of phonological encoding are not expected to affect the
performance on a perception task (Den Ouden, 2002). If a child has stored a
target-like segmental representation in his or her mental lexicon, he or she
should be able to perform well on a perception task, despite a deficit at the

phonological encoding level.

To summarize, poor performance on the PN task(s) in combination with good
performance on PERC tasks is expected when there are problems at the level of
phonological encoding. NWR could be good, when phonological encoding is
bypassed, and WR could again either go with PN (poor) or with NWR (good). In

short:

Phonological encoding problem:
NWR, PERC >> PN, WR
or

NWR, WR, PERC >> PN

2 There is no reference to Den Ouden (2002) in Vance et al. (2005).
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In order to differentiate a lexical access problem from a phonological encoding
problem, performance on the PERC task is crucial. If PERC goes with NWR, the
problem source is phonological encoding, while if NWR is better than PERC,
then the problem source is lexical access. Since there is no PERC test in Vance et
al. (2005) to differentiate the two sources, their 3- and 4-year-olds could also
have had problems at the phonological encoding level. Unfortunately, because
of the case study nature of the experiment, the PERC task I used could not give
meaningful results and was left out. Therefore I only collected meaningful data

from the children’s performance on the production tasks.

4.2.2.3. The level of phonetic encoding

During phonetic encoding, a motor program is constructed and the phonemic
string is mapped to gestural commands. This also requires the awareness of
language-specific allophonic details of each sound. When a string of sounds is
repeated, the acoustic form is directly translated into a gestural score at this
level (Browman & Goldstein, 1989; Boersma, 1998). If there are problems at
the level of phonetic encoding, all production tasks will be affected. The PERC
task will remain unaffected, for the same reasons as given above for the

phonological encoding level. In short:

Phonetic encoding problem:

PERC >> PN, WR, NWR

4.2.2.4. The level of motor programing

Den Ouden does not discuss what the consequences for the model would be
when we would find better performance on the PN task compared to
performance on the WR task. Nijland and Maasen (2005) distinguish between
imitation and spontaneous speech, where imitation is a synonym for both WR
and NWR and spontaneous speech is a synonym for PN. They discuss the
possible scenario that children might be able to produce known words in

spontaneous speech while being unable to imitate them. According to the
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authors, this could arise, due to the fact that in spontaneous speech uttered
words are “overlearned”, while during imitation, on-line contextual adaptation
of the segments is required. Nijland & Maasen label this as a problem of motor
programing since it specifically concerns the articulatory cohesion within a
syllable. If the lexical route is taken in the WR task, then we would expect both
PN and WR to outperform NWR. This resembles the situation of the 5-year-olds
in the Vance et al. (2005) study. In short:

Motor programing problem:
PN >> WR, NWR
or

PN, WR >> NWR

To conclude this section, in a similar way as in Den Ouden (2002) I have
described the different repercussions for the performance on PN, WR and NWR
tasks, when a deficit at one of the three modules - lexical access, phonological

encoding and phonetic encoding - is assumed.

4.3. Materials and methods

4.3.1. Participants

Six children participated in the longitudinal study, four girls and two boys. The
data of two of the girls were not included in the study because one girl was
bilingual and another girl consistently refused to participate in the nonword
repetition task. The data presented here thus come from four monolingual
Dutch children, two boys, Lars and Matteo, and two girls, Meike and Hannah.
They completed all tasks in all sessions, but due to technical issues the
recordings of Meike’s session 3 and Matteo’s session 2 were not stored
properly and were therefore lost. Lars was recorded between the age of 1;7 and
2;7; Matteo was recorded between age 2;00 and 2;5; Meike was recorded

between age 1;11 and 2;3 and Hannah was recorded between age 2;1 and 2;6.
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Data collection for a child was terminated when at least one of the cluster types
in which we were interested, /Cr/, /Cl/ or /sC/, was acquired. The recordings
were carried out in the children’s homes, usually in the living room, which was

maintained as quiet as possible. All recordings were performed by myself.

4.3.2. Procedure

Each child was recorded in his or her home for at least five consecutive
sessions. The children’s utterances were recorded with a Microtrack II digital
recorder and an external Microtrack Il microphone. Each session was carried
out as follows: first the PN task was conducted, using a powerpoint slide show
on a laptop, followed by the WR task and the NWR (or viceversa), during which

the laptop was closed.

4.3.3. Material

The words used in the PN and in the WR tasks were identical. The words used
in the NWR task were based on the phonological form of the words in the real
word tasks. See Table 1 for the list of words and nonwords used in the three
production tasks. The stimuli were subdivided into stimuli containing the
following cluster types: /Cr/; /fric+r/; /sC/; [s+fric/; /Cl/; [fric+l/; /tv/ and

/kn/, where C in this chapter is used for a plosive.

In Figure 1 is an example of one of the pictures I used in the PN task. For the
WR task, I produced the Dutch word myself and tried to elicit repetition by
using the following phrases:

1. Zegmaar trein. (Say train.)

2. Kunjij trein zeggen? (Can you say train?)
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Figure 1: A picture of a Dutch train, familiar to two-year-olds, used in the

picture naming task.

Figure 2: Two objects which were new and therefore unknown to young
children used (when necessary) in the nonword repetition task, which

represent two microbes (giardia and e-coli), the size of a small teddy bear.
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1: Words and nonwords used in the three production tasks (PN, WR and NWR
tasks); Dutch orthography is used for the annotation.

Custer Clusters Words Translation Nonwords3
Types
/dr/ draakje dragon droon
- /kr/ kraan/ kroon faucet/ crown kriep/ kraak
St
L /br/ broek trousers braak
JtrR/ trein train traak
= /XR/ gras grass graak
é /frR/ fruit fruit friep
<
~ /sp/ speeltuin playground spaam
z /sk/ skippybal skippyball skaam
- /sx/ schaap/ schaar/ sheep/ scissors/ schaag
iS) schoen shoe
i
i /sv/ zwembad/ swimming pool/ zwiep
zwart black
~ /sn/ snoep candy snaak
g
~ /kl/ klok clock klot
< /bl/ bloem flour bliep
- /fl/ vlinder butterfly vloon
2 /fl/ fles bottle flaak
S
< /xl/ glas glass (cup) gler
/tu/ twee two twot
<~ /kn/ knoop button knaak
2
~ S~

3 Some of the nonwords are low frequency, often old-fashioned real words that

are unknown to the children in this sample.
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For the NWR task, the child was first simply asked to repeat a specific nonword.
However, in case this did not elicit any production from the child, an unknown
object was shown to him or her (see Figure 2). This object was given a name,
the nonword, and the child was asked to repeat this name (Hoff et al., 2008).

The following elicitation phrase was used in this case:

Kijk, dit is een traas Hoe heet hij (ook al weer)?

(Look this is a traas, what is its name (again)?)

The list of real words used in the PN, the WR tasks and the nonwords used in

the NWR task are presented in Table 1.

For this test | was specifically interested in the effect of the different production
tasks on the children’s performance on cluster production. The words and the
non-words that were compared therefore had to have similar phonotactic
probabilities. To this end I computed the diphone transitional probabilities of
the words and the nonwords based on the CELEX corpus of the Dutch language.
After computing the diphone transitional probabilities, an averaged log
transitional probability was obtained (Adriaans, 2011). Words for the WR and
the PN tasks were considered suitable stimuli when they fulfilled three
requirements. First, the selected words had to be familiar to two-year-olds,
secondly, they had to be easy to visualize and, finally, the words had to start
with different types of onset clusters. The different requirements made it
difficult to keep the transitional probabilities (TPs) identical for all real-
word/non-word pairs of stimuli. In Appendix 54, the TPs of the 22 real words
and the 19 nonwords are presented. The mean log TP of the real words is -1.23,
ranging between -1.49 and -0.90. The word with the highest logarithmic
transitional probability in our list of words (-0.90), is vlinder (butterfly); while

* In the cluster types /su/ and /sy/, the TP only of the first word in the list reported

in Table 1 was taken into consideration.
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the word with the lowest log TP is snoep (candy). The real words are part of the
first 1000 words from the obligatory vocabulary for Dutch preschool children
(Bacchini et al.,, 2005).

The low frequency words go together with a high log TP, while the high
frequency words go together with low log TP. For instance the word vlinder, is
low frequent and meanwhile is also characterized by higher log TP (taking into
account its negativity). The word snoep, on the other hand has a high frequency

and a low log TP.

For the nonwords in our stimuli set, the mean log TP was -1.22, ranging
between -1.42 and -1.11, where the high log TP of the word zwiep is an
indication that, if it were a word, zwiep would be a word of a low frequency,
while braak, with its low log TP of -1.42 would be a highly frequent word. We
carried out a paired sample t-test to compare the log TPs of the real words with
those of the nonwords and found no significant difference between the two sets

of words (p > .1).

4.4. Results

4.4.1. Quantitative analysis

The children’s responses were first phonetically transcribed by an experienced
transcriber and subsequently they were categorized either as containing a
complex onset cluster or not. Since [ was especially interested in the acquisition
of onset clusters, the accuracy of the segments following the onset cluster was
not scored. [ therefore did not use measures like PCC, percent consonant correct,
(Shriberg & Kwiatkowski, 1982) and the PCC-R, percent consonant correct -
revised, (Shriberg et al. 1993; Shriberg, et al. 1997), where both deletions and
substitutions are scored as errors. Here [ consider a cluster to be acquired
when a sequence of two consonants is realized. This means that a cluster

produced with consonant substitution (disregarding whether the substituted
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consonant is C1, C2 or both) also counts as a cluster that has been acquired®. In
the general analysis presented here, I make a distinction between cluster
omission and cluster reduction. Below in Figure 3 I present the percentages of
reduced (CV) and complex (CCV) clusters per session, per task, per child.

The performance of the four children over time on the PN task is shown in
Figure 3, where a graph of the percentages of reduced [CV] and complex [CCV]
realizations of the target onset clusters are presented for all four children.t In
general, the same picture emerges for the other tasks, with a slightly different

timing.

stage 1 stage?2 stage3 stage4 stage5 stage6 stage7

® o o o Mejke CV Meike CCV ® ® ® @ Matteo CV

Matteo CCV © ® ® ® Hannah CV Hannah CCV

®eo o [arsCV Lars CCV

Figure 3: Percentage of the cluster realizations as /CV/ utterances (dotted line)
and /CCV/ utterances (straight line) in the Picture Naming task by the four

children.

% See Appendixes I to IV for all transcriptions of the data of all four children.
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The general picture that can be deduced from Figure 3 is, as expected, that the
number of reduced [CV] realizations decreases over time, while the number of
complex [CCV] realizations increases. For two children, Matteo and Hannah,
there is a clear breakpoint - at stage (here session) 4 for Matteo, and at stage
(session) 6 for Hannah - while for Meike this breakpoint seems to have
occurred already at some point before the first recording session. Lars, finally,
is not really making progress in his realizations of complex [CCV] in the PN task

at all in the data collecting period.

Graphs based on the percentages of realized CCV utterances of the individual
children in the different tasks are presented in Figures 4-8. Since Lars hardly
showed any development from reduced CV to complex CCV, but did show a
development from omitted @V to reduced CV, in his graph below the CV
realizations are depicted. Here we see that the children perform differently in
the different tasks, and that initially the highest percentages of [CCV] (or CV for
Lars) realizations are found in the NWR task. In the final recordings,
performance on the different tasks is more or less equal. For Matteo,
performance on the WR task is similar to the performance on the PN task, while
for Hannah, in the course of development, performance on the WR task
becomes similar to the performance on the NWR task. For Meike performance
on PN and NWR shows a similar pattern, while the performance on WR lags

behind for some time.

Lars exhibits low percentage of @V but a high percentage of CV forms in the first
sessions in the NWR task. Overall, the word tasks show poorer performance in
the first sessions (more @V forms) and better performance in the final sessions
(more CV forms). In the final session all tasks show an occurrence of @V forms

of around 45% and an occurrence of CV forms of around 55%.
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100.0
80.0
60.0 eG=NWR
40.0 EO=PN
20.0 TTWR
0.0 - - . . .
session 1 session 2 session 4 session 5 session 6

Figure 4: Percentage /CCV/ realizations in the NWR, PN, WR tasks for Meike.

100.00
80.00
60.00 e=OmmNWR
40.00 e pPN
20.00 ewsWR
0.00 - T T T 1
session session session session session session
1 3 4 5 6 7

Figure 5: Percentage /CCV/ realizations in the NWR, PN, WR tasks for Matteo.
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Figure 6: Percentage /CCV/ realizations in the NWR, PN, WR tasks for Hannah.

Figure 7: Percentage /CV/ realizations in the NWR, PN, WR tasks for Lars.

4.4.2. Intermediate summary

Two general patterns emerge from the data. The first salient pattern is that
initially the highest percentages of cluster realizations (or singleton consonant
realizations for Lars, see below) are found in the NWR task. The second general
pattern is that in the final recordings, performance on the three different tasks
is very similar. Except for Lars, performance on all tasks also shows a steady

(Hannah, Matteo) or a more gradual improvement (Meike).
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As explained in 4.2.2.1, if children score better on the NWR task than on the
word task, then we can conclude that they have problems either with lexical
access or with the lexical representation itself. In the case of NWR, the
nonwords lack a representation in the mental lexicon, and this is why neither
an incomplete lexical representation nor a phonological encoding problem
could negatively affect the production of NWR items. Only real word
productions, and real word repetitions in case the lexical route is taken, can be

negatively affected.

Another finding is that some children appear to take the lexical route in the WR
task, and therefore show similar performance on the WR and PN tasks
(Matteo), while others (Hannah, Lars) appear to take the non-lexical route in
the WR task, and perform in a similar way on the NWR and WR tasks. For Meike
neither route can explain her results, since performance on the PN and NWR
tasks is similar, while WR exhibits the poorest performance. In the discussion I
will try to come up with an explanation for her poor performance on the WR

task.

I will now turn to the results of the individual children, and discuss their

performance on the different tasks and development in more detail.

4.4.3. Qualitative analysis

In the paragraphs to come I will offer an explorative analysis of the linguistic
and psycholinguistic patterns found in the speech development of each
individual child. The relatively small amounts of data within each session,
within each production task and for each child preclude a statistical analysis.
However, the results from our exploratory analysis do give an additional
preliminary insight into the development of the speech production mechanism,

and can be used to set up future research.
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4.4.3.1. Case study Meike (1;11 - 2;3)

For Meike, the data of 5 recordings could be analyzed. She produces reduced
versions of the cluster types /sC/, /kn/ and /zv/ in the first session, and still
reduces /sk/, /sp/, /sx/ /zv/ in the final session. Production of the clusters
/sl/, /sn/, /kn/ and /tv/ shows development over the sessions. For all Meike’s

productions see Appendix 1.
In Table 2 are the number of cluster realizations per session (raw numbers), the
total number of productions (in parentheses) and the percentage of cluster

realizations in the NWR, WR and PN tasks.

Table 2: Cluster realizations by Meike in the different tasks

Sess1 Sess2 Sess4 Sess5 Sess6
NWR | 12 (16) | 11 (16) | 11 (15) | 12 (18) | 15 (17)
75% 68.8% 73.3% 66.7% 88.2%
WR 11 (16) | 14 (23) | 8 (17) | 12 (22) | 17 (21)
68.8% 60.9% 47.1% 54.5% 81%
PN 12 (19) | 14 (23) | 15 (22) | 17 (22) | 17 (21)
63.2% 60.9% 68.2% 77.3% 81%

Three developmental stages can be discerned: a first stage formed by sessions 1
and 2, a second stage formed by sessions 4 and 5 and a third and final stage in
the last session. In the first stage, the performance on the NWR task is better
than on the two real word tasks (PN and WR). In the second stage, both PN and
NWR show higher cluster realization scores than WR. Finally, in session 6,
performance on all three tasks is similar, and the percentage of target-like

cluster realizations is high, above 80%.
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Compared to the general pattern described above in 4.4.2, the main difference
is that the low scoring on the WR task compared to the other tasks in the
second stage (sessions 4 and 5) makes it impossible to categorize Meike as
either a lexical route-taker or a non-lexical route-taker in the WR task.
However, if we look at the actual forms that are uttered in the WR, PN and NWR
tasks in session 4, there are hardly any target clusters that are produced
correctly in the PN or NWR task, but are reduced in the WR task - there is only
one case where Meike performs better in both the NWR and the PN task (NWR
knaak [kna:k], PN knoopjes [Kklo:pjas], WR knoopjes [no:pjas]) and two cases
where PN is better than WR (PN twee [dve], WR twee [ve:] and PN kroon
[kro:n], WR kroon [xo:n]). The words knoopjes and kroon were produced with a
correct cluster in the previous - and following - sessions in the WR task, while
the cluster in PN twee was reduced in the previous and following sessions. The
apparent discrepancy between NWR and WR, or PN and WR in session 4 is thus
not so obvious when we look at the actual productions. This is very different
from the discrepancies between conditions in the other children’s data. For
example, in session 4 Matteo utters no forms with clusters at all in the PN task,
compared to eight cluster productions in the NWR task. In Meike’s session 5,
however, there are four cases where performance on the PN task is better than
on the WR task, all involving the sound /x/ - in /sx/ or /xr/ clusters. This could
mean that Meike does not take the lexical route in the WR task, and that cluster
production in the PN task is facilitated by the activation of the segmental

representation of the word.

In general, Meike produces stable and segmentally correct clusters from the
start for most of the Cr/Cl clusters in all tasks. All /sC/ clusters are problematic
for Meike. Since /sC/ clusters violate the sonority sequencing principle for
onsets when C is an obstruent - consonant sequences in the onset should have
increasing sonority - it has been proposed that /s/ in these clusters occupies an
“extra-syllabic position” (ESP, Kager & Zonneveld 1986). Obstruent-liquid

clusters and /s/ + obstruent clusters thus have different syllabic
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representations. Fikkert (1994) has shown that children vary in the order in
which they acquire these different cluster types: some children acquire
obstruent-liquid clusters first, while others acquire the /s/+ obstruent clusters
first. In principle, /s/+ sonorant clusters could receive either a complex onset
representation, since they obey the sonority sequencing principle, or they could
be grouped with the /s/ + obstruent clusters and receive an ESP
representation. Children seem to vary in the way they group these /s/ +
sonorant sequences, and they either acquire these sequences simultaneously
with other fricative + sonorant clusters, or simultaneously with /s/ + obstruent
clusters (Fikkert 1994). The fact that Meike has problems with all /sC/ clusters,
while other fricative + liquid clusters are produced correctly shows that she
groups /s/ + sonorant clusters with the /s/ + obstruent clusters. Syllabification
takes place at the level of phonological encoding. It can thus be expected that
as long as the “extra-syllabic-position” is not acquired, or not available, the /s/
cannot be syllabified, and will not receive a motor program. As a result the /s/
will not be produced. This would affect the production of /sC/ clusters in the
PN task, but not necessarily in the repetition tasks. The first (correct) cluster
productions of target /sC/-cluster words do indeed appear in the NWR and WR
tasks. As soon as the ESP representation is available for phonological encoding
of a sequence of consonants, this is expected to facilitate the production of /sC/
clusters in the PN task, but again the repetition tasks will not necessarily be
positively affected; performance could now even be worse in the repetition
tasks than in the PN task. This is what we appear to see with Meike’s
production of /sx/ clusters in session 5, described above. Performance on the
NWR and WR tasks - if the non-lexical route is taken - thus seems to be
unstable, unlike performance on the PN task. In this task, productions will
systematically go wrong when the representation is incomplete or when
phonological encoding is problematic, but there will be systematic

improvement when developments have taken place at these levels.
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4.4.3.2. Case study Matteo (2;0 - 2;5)

Matteo was recorded between the age of 2;0 and the age of 2;5, and 6 out of 7
recording sessions could be analyzed. Matteo produced reduced productions of
all tested cluster types in the initial session, and had acquired all of them by the
time of the final session.

In Table 3 are the number of cluster realizations per session (raw numbers), the
total number of productions (in parentheses) and the percentage of cluster

realizations in the NWR, WR and PN tasks, for Matteo.

Table 3: Cluster realizations by Matteo in the different tasks

Sess1 Sess3 Sess4 Sess5 Sess6 Sess7
NWR | 5(17) 1(8) 8(18) 16(18) 16(18) 19(19)
29.4% 12.5% 44.4% 88.9% 88.9% 100%
WR | 1(22) 1(19) 5(21) 17(22) 19(23) 22(23)
4.5% 5.3% 23.8% 77.3% 82.6% 95.7%
PN 0(21) 2(20) 0(21) 19(23) 17(22) 22(23)
0% 10% 0% 82.6% 77.3% 95.7%

There appear to be three developmental stages, formed by sessions 1-4, 5-6,
and 7. In sessions 1-4 the performance on both the PN and WR tasks is very
low, in sessions 5-6 there is a break-through and performance is suddenly high
on all tasks, and in session 7 performance is almost at ceiling. Throughout the
sessions, the number of cluster realizations is remarkably high in the NWR task
(with exception of session 3). In 9 out of 19 cases where items are produced in
all three tasks, the first cluster production occurred in the NWR task - in 9
cases the cluster appeared in all three tasks in the same session and in 1 case
(kraan) a cluster production appeared in the WR task first. The largest

difference between PN and NWR is in session 4. Performance on WR goes with
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the performance on PN, which suggests that Matteo takes the lexical route in

the WR task.

For Meike a clear difference in development between /sC/ clusters and other
clusters was found. This is less clear in Matteo’s case, where all clusters seem to
show up in the PN task at the same time, in session 5. However, target /sC/
clusters are the first to receive - usually incorrect - cluster productions in the
NWR task. As mentioned above, it is actually not expected that the different
phonological representations, ESP position versus complex onset, will play a
role in repetition tasks like NWR. For Matteo, then, the initial /s/ could have
acoustically highlighted the fact that a sequence of consonants should be
produced. The fact that target /sp/ is the first cluster to be produced in a stable
and correct way in the PN task, from session 3 on, could mean that this
sensitivity, in turn, caused the early development of ESP processing during

phonological encoding for Matteo. I will come back to this in the discussion.

4.4.3.3. Case study Hannah (2;1-2;6)

Hannah was recorded for 7 sessions between the age of 2;1 and 2;6, and all
sessions could be analyzed. Except for the target clusters /xl/ and /sl/, she
reduced all cluster types in the first recording session, and still reduced almost

all /Cr/ clusters in the final session.

In Table 4 are the number of cluster realizations per session (raw numbers), the
total number of productions (in parentheses) and the percentage of cluster

realizations in the NWR, WR and PN tasks, for Hannah.
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Table 4: Cluster realizations by Hannah in the different tasks

Sess1 Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

NWR | 11(19) 5(15) | 5(12) 6(16) | 8(14) 12(17) 11(18)

57.9% 333% | 41.7% | 37.5% | 57.1% | 70.6% 61.1%

WR | 3(20) 3(20) | 5(13) 5(18) | 13(20) | 14(21) 14(21)
15% 15% | 37% 28% 60% 67% 67%

PN 2(21) 5(19) | 2(22) 4(17) | 9(19) 15(23) 15(23)
10% 26% | 9% 24% 47% 65% 65%

Three developmental stages can be discerned, one formed by sessions 1-2, one
by session 3-5 and one by sessions 6+7. The first 4 sessions are similar in the
sense that performance is best on the NWR task and worst in the PN. In 11 out
of the 16 cases where targets are produced in all three tasks, the first cluster
production, correct or incorrect, occurred in the NWR task. In 5 out of 11 cases
where the cluster was eventually produced correctly this occurred in the NWR
task first, in 5 cases the correct cluster occurred in all tasks at once, and in 1
case it occurred in the WR task first. Thus, like in the cases of Meike and Matteo,
the NWR task exhibits the most adult-like cluster realizations. In session 3,
performance on the WR task becomes much better, and performance on WR
and NWR outranks performance on PN. In the final two sessions performance is
similar in all three tasks.

Cluster productions of target /s/+ obstruent clusters appear somewhat later
than cluster productions of C+liquid clusters. All target /s/ + obstruent clusters
are produced [st] in the final session. Target /sl/ goes with the other /Cl/ target
clusters and appears (correctly produced) early. Target /sn/ goes with the
target /s/+ obstruent clusters, but is produced correctly in the PN task from
session 5 on. It thus appears that the ESP is acquired somewhat later than the
complex onset, affecting the PN and WR tasks, but not the NWR task, where

early - incorrect - clusters are produced for target /sC/ clusters.
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4.4.3.4. Case study Lars (1;8-2;7)

For Lars 11 recording sessions are available, between the age of 1;8 and the age of
2;7, and all sessions could be analyzed. The data from all sessions are presented in
Appendix 4. Lars has a different developmental pattern from the other children.
While he reduced target clusters starting with a plosive, and /s/ + plosive clusters
to singleton plosive consonants, he omitted the entire cluster from his productions
if the target cluster was a fricative + liquid cluster. The complete omission of these
target clusters is related to the fact that he also omitted target singleton fricatives
and target singleton liquids from his productions (zeep /zep/ soap becomes [ep],
goed /xut/ good becomes [ut], rood /rot/ red becomes [ot] for example). By the end
of the recording period he still does not produce any consonant cluster
spontaneously, and there are only a handful of instances where he produces a
cluster in a repetition task.” Table 5 shows the number of cluster realizations, while
Tables 6 and 7 show the number of singleton consonant realizations for target
clusters starting with a plosive or with sP (Table 6), and for target clusters starting
with a fricative and other s-clusters (Table 7), again per session (raw numbers), the
total number of productions (in parentheses) and the percentage in the NWR, WR
and PN tasks. Target cluster words that are not realized with a singleton consonant
are, with only a few exceptions that are indicated, produced with completely

omitted clusters.

7 Lars started producing all consonant clusters in kindergarten and is
fine now.
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Table 5: Number of /CCV/ realizations per session

Sessl | Sess2 Sess3 Sess4 Sess5 Sess6
NWR | 0(17) | 1(11) 0(17) 0(17)

0% 9.1% 0(5)0% | 0% 0% 1(19) 5.3%
WR | 0(18) 2(22) 0(21)

0% 0(14)0% | 0(8)0% | 9.1% 0% 0(5) 0%
PN 0(17) 1(19) 0(22) 0(23)

0% 0(3) 0% 5.3% 0% 0% 2(23)8.7%

Sess7 Sess8 Sess9 Sess10 Sess11
NWR | 2(17)

11.8% 0(15) 0% 0(18) 0% | 1(18) 5.6% 0(19) 0%
WR | 0(22) 0% 0(21) 0% 0(22) 0% | 1(21) 4.8% 1(21) 4.8%
PN 0(23) 0% 0(22) 0% 0(19) 0% | 1(22) 4.5% 0(19) 0%

Table 6: Number of /CV/ realizations for plosive-initial and sP target clusters

Sess1 Sess2 Sess3 Sess4 Sess5
NWR 3(3)

9(9) 100% | 6(6) 100% | 100% 8(8) 100% 9(9) 100%
WR | 10(10) 9(9) 10(10) 10(10)

100% 6(6) 100% | 100% 100% 100%
PN 6(6) 10(10)

9(9)100% | 1(1) 100% | 100% 8(10) 80% * | 100%
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Sess7 Sess8 | Sess9 Sess10 Sess11
NWR | 7(8) 7(7)

87.5%* 100% | 7(8)87.5% | 8(9) 88.8%* 9(10) 90%
WR 11(11) 9(9) 10(11)

100% 100% | 8(8)100% | 90.9%* 10(10) 100%
PN 10(10) 10(10) | 10(11)

100% 100% | 9.9% 10(11) 90.9% | 9(10) 90%

*there is 1 CCV realization in this session **there are 2 CCV realizations in this

session

Table 7. Number of /CV/ realizations for fricative-initial clusters (except sP)

Sessl Sess2 Sess3 Sess4 Sess5 Sess6
NWR 1(4) 1(2) 2(9)

2(7)28% | 25%* | 50% 0(9) 0% 22.2% 1(10) 10%
WR 0(5) 2(7) 0(9)

0(6) 0% 0% 28.5%* | 0(8) 0% 0% 1(9) 11.1%
PN 0(2) 0(9)

0(7) 0% 0% 0(2)0% | 0(9) 0% 0% 0(4) 0%*

Sess7 Sess8 Sess9 Sess10 Sess11
NWR | 2(9)

22,2%* 0(8) 0% 0(8) 0% 1(9) 11.1% | 0(8) 0%
WR 1(7)

0(8) 0% 0(8) 0% 0(9) 0% 14.2%* 0(7) 0%
PN 1(9)

11.1% 0(8) 0% 1(9) 11.1% | 0(7) 0% 1(18) 12.5%

*there is also 1 CCV realization in this session

Unlike the other children, Lars does not show any systematic development

towards cluster production, as can be seen in the Tables 5-7. However, if

anything, it is again clear that the more advanced productions show up in the
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repetition tasks, and predominantly in the NWR task. Because of the lack of
development in general with respect to cluster production, in Lars’ case we
could not find any indication of a different development for sC and C+liquid

clusters.

4.6. Discussion

Den Ouden (2002) tried to pinpoint the source of errors in aphasic speech. He
did this by administering a series of tests to speakers with aphasia, Non-word
Repetition, Word Repetition, Picture Naming and a perception test. The scores
on the different tests together indicated where in the speech production model
the error source was located for an individual speaker. The aim of the present
study was to apply this method to pinpoint the source of errors in young
children’s speech. While the speech production mechanism of an aphasic
speaker is - at some point - stable, the speech production mechanism of a child
is under construction, and changes over time. Therefore, by following young
speakers for a longer period of time, I hoped to find evidence for the way in
which the speech production mechanism develops; a change in the relative
ranking of performance on the different tasks can be taken to indicate
maturation of one of the encoding modules, and in the end it is expected that
performance is equally good on all tasks. The focus of the present study lay on
onset clusters, since these are error-prone in young children, and show a

gradual development.

With respect to performance on the different tasks over time, there is indeed a
developmental shift (except in the case of Lars), from an initial state where
performance on NWR outranks performance on both WR and PN, to a final
state where performance on all tasks is similar, and has improved, in the final
sessions. In terms of Den Ouden (2002), then, in the initial state the problem
lies either with lexical access or with the lexical representation, or with
phonological encoding. Due to the fact that perception data are lacking, I cannot

distinguish between these two possibilities. The non-lexical route through the
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speech production system is initially more successful than the lexical route, and
performance on the WR task depends on the route that is taken in this task. The
intermediate stage of Meike, where PN outranks both repetition tasks, shows
that as soon as problems with lexical access/the lexical representation or
phonological encoding are solved, the lexical route can actually boost
performance because it quickly leads the speaker to the ‘learned’ motor
program that is associated with the representation. Repetition requires
constructing a new motor program, which might lead to errors. This is why
performance on repetition tasks can be more successful initially, when
difficulties with lexical access, struggling with an underspecified
representation, or poor execution at the level of phonological encoding can be

avoided, but less successful at later stages.

While the information on the children’s performance on a perception task,
which could be used to differentiate between a lexical access problem or a
phonological encoding problem, is missing, the different performance on target
/sC/ clusters and target C+liq clusters by three of the four children might help
to pinpoint the error locus a little further (see 4.2.2 for the concrete
predictions). As discussed above, /sC/ clusters are phonologically different
from /C/ + liquid clusters in that /s/ occupies a specific prosodic position,
namely the extra-syllabic position (ESP: Kager & Zonneveld, 1986; Fikkert,
1994). The two cluster types show a different timing in development, whereby
target /sC/ clusters are produced correctly either later (usually) or earlier than
target C + liquid clusters. This seems to imply a difference in processing at the
phonological encoding level, rather than a difference in the way segmental
information of these cluster types is stored in the mental lexicon: the ESP is
either available for the phonological encoding of /s/ or not (yet), just like a
complex onset is either available for the phonological encoding of consonants
or not. Alternatively, if the absence of a prosodic position in the
(developmental) phonological grammar would also affect the linguistic

perception of segments in this position, then this could in turn affect the quality
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of the lexical representation. In this case it remains a problem to pinpoint the
exact error locus. Moreover, in this case even a perception experiment would

not be able to disambiguate the two possible error loci.

In the final recordings, performance at the PN task - and WR task in case the
lexical route is taken there - has improved, and now all three tasks show a
similar, but not perfect, performance. It thus appears that the specific problems
at the higher levels of lexical access or phonological encoding are solved; it
could be the case, for example, that segments can at this point be encoded in
syllables with a complex onset. Den Ouden (2002) hypothesizes that if there is
a problem at the level of phonetic encoding, all production tasks are affected.
Therefore, since performance is still not perfect, and all tasks are now similarly
affected, it can be concluded that the main error locus has shifted to the level of

phonetic encoding.

Lars exhibits poor performance on all tasks, and this would entail that in his
case the problem lies at the level of phonetic encoding, too. This conclusion
seems odd in the light of the above discussion of the other children’s
development. Lars’ productions are clearly far more immature than those of the
other children, yet the conclusion is that the error locus in his production
mechanism is the same as the one for the other children, while this was actually
seen as a development from an earlier stage. Two other observations lead me to
conclude that in the case of Lars, the entire production mechanism is not
functioning well - at least not with respect to the processing of consonant
clusters. For one thing, his performance is similar on all tasks, but contrary to
the performance of the other children in the final recordings, it is also
extremely poor. Secondly, an advantage for the NWR task for target words with
fricative-initial clusters (but not sP) is found, where in some cases he produces
a single onset consonant instead of omitting the entire cluster. This shows that
in addition to problems at the level of phonetic encoding, there are problems at

the higher levels of the model, too.
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Overall, earlier cluster realizations were found in the NWR task, and the first
correct cluster realizations were usually found in this task too. At first sight this
appears to be a surprising finding, given that in the study by Hoff et al. (2008),
children of the same age usually scored worse on their NWR than on their WR
tasks. Hoff et al. state that this suggests that phonological memory demands for
the repetition of real words are lower than for repeating non-words. This, in
turn, is because the presence of a representational system, like a segmental
representation in the mental lexicon, boosts memory capacity by proving an
encoding system for the things that need to be remembered. The different
findings in the two studies might be related to the different topics of interest,
namely in the overall accuracy, measured by PCC in the Hoff et al. study, and in
the cluster production ability in the present study. The overall accuracy was not
taken into account in the present study, and this could have been lower for the
non-words. However, in the study by Vance et al. (2005), where children
between the ages of 3-7 years were tested on their performance on PN, WR and
NWR tasks, the three-year-olds showed a higher percentage of correctly
produced items in both the NWR and the WR repetition task than in the PN
task, while the older age groups performed better in both the PN and the WR
tasks than in the NWR task. For the three-year-olds the overall results on the
WR task were slightly better than those for the NWR task - 66.67% (WR) vs
64.38% (NWR) - but this difference was not significant (p = 0.289). For one
thing, this suggests that the three-year-olds in the Vance et al. study took the
non-lexical route in the WR task, unifying WR and NWR results, while the older
children took the lexical route, unifying WR and PN results. Two of the four
children in the present study appeared to take the non-lexical route in the WR
task as well, while for one the productions in the WR and the PN tasks were

very similar, pointing to a lexical route for WR.

Interestingly, for the most complex condition in Vance et al, namely three-

syllable words, the NWR had the highest score for the three-year-olds, 58.2%
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NWR vs 56.7% WR. This is not a significant difference, but it shows a parallel
with the present study, namely that the NWR condition appears to have an
advantage in phonologically complex situations. A further parallel between the
two studies lies in the fact that the non-lexical route leads to more advanced
productions than the lexical route for the three-year-olds. Neither of these
parallels can be drawn between the present study and the Hoff et al. study.
With respect to phonological complexity, in their first experiment the stimuli in
the WR and NWR tasks had the same number of syllables, but of the 9 NWR
items 4 started with an onset cluster, compared to only 1 in the WR task - and
these were different clusters. There is, thus, not a comparable complex
condition in the WR and NWR tasks. In their second experiment they improved
the comparability between the two stimuli sets, by replacing all the items with
clusters by items with singleton consonants. Of the twelve items per condition,
3 contained three syllables, and performance on these stimuli could present the
comparison. However, unfortunately performance on the individual items was
not presented in the article, and because the three-syllable words only formed a
small part of the total set of test items, differences that might have been there
did obviously not survive in the overall performance. With respect to the lexical
versus non-lexical route, there was no PN task in the Hoff et al. study, so it
cannot be determined whether the participants in their study took the lexical or
the non-lexical route in the WR task. In addition to the obvious difference
between the small-scale longitudinal study presented here and the single-
session, N=15 and N=21 studies of Hoff et al., the differences just discussed
make it hard to compare the results of the two studies. The diverging results

might thus be due to different underlying factors.

4.6. Conclusion

On the basis of the longitudinal study on the production of onset clusters, I
concluded that for three of the four children, Meike, Matteo and Hannah, the
initial difficulty in their speech production mechanism lay either in the lexical

representation, which could be incomplete, or in the mapping between the
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phonological and the phonetic encoding level. This conclusion was drawn on
the basis of the discrepancy in performance on the NWR and the PN tasks,
where in the NWR task more advanced productions were encountered than in
the PN task. In the course of time performance on the three tasks became more
similar, and improved, indicating a shift in the main error locus from the lexical
or phonological encoding level to the phonetic encoding level. In the case of
Lars, severe problems with all tasks in addition to evidence for additional
problems at the lexical or phonological encoding level led me to conclude that

in his case it was impossible to determine exactly what the issues were..

The present study leads to new research questions that should be tested in a

carefully set-up, larger study.

A first hypothesis concerns the relative success on production tasks requiring
either the lexical route or the non-lexical route. The first adult-like cluster
realizations are visible in the NWR task. This points to an initial production
advantage for forms that lack a lexical representation over forms that probably
have an incomplete or faulty representation in the mental lexicon. This
advantage disappears as the segmental representations of real words become
more complete and stable in the course of development. From then on,
production benefits from this representation; performance on the PN task is no
longer worse than performance on the NWR task, and for some children
performance on this task even becomes better than the performance on the
NWR task. The quality of segmental representations thus seems to be an
important factor in the relative performance on production tasks that require
taking the lexical route through the model and those that do not require this. As
long as representations are unstable or incomplete, the young speaker can
excel at repetition tasks, while a stable and complete representation can boost
performance on real word tasks, by providing the segments to be produced,
together with the established links between the segmental representation and a

motor pattern. In the present study, the children’s last sessions showed
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comparable scores on all three tasks. At this point the children had named or
repeated the words and the nonwords several times already, and they could
have developed motor programs for these words. The presence of a motor
program entails that less contextual adaptation of the different phones is
required, which facilitates speech production (Nijland & Maassen, 2005). This
could have obscured differences between the three tasks in the final recording.
This hypothesis about the relative performance on PN and (N)WR tasks and the
role of the lexical representation should be studied by carefully balancing real
words with and without well-established lexical representations, and
systematically comparing the naming of these words to the repetition of similar

non-words.

Another question that unfortunately could not be answered in the present
study is whether the problem at the initial stages lies with lexical access/the
lexical representation or with phonological encoding. This can only be
disambiguated by probing the child’s lexical representation, for which a well-
designed perception experiment is needed (see 4.2.2 for the concrete
predictions for a perception-production exmeriment). This is challenging,
especially in a longitudinal study. Up until now perception studies with young
children have always been group studies, while in this case one would need to
compare an individual’s performance on perception and production tasks. In
addition, in a longitudinal study the challenge is to perform a series of different

perception tasks, in order to avoid too much task-experience or boredom.



175 | Chapter 4

Appendix 1: Transcriptions of the words and nonwords in Meike’s onset cluster
development in three production tasks over time (1-19); transcriptions of real

words used in the PN and the WR tasks (20 - 23).

1. /Cl/ words: the development of the nonword bliep and the word bloem.

words Sess1 Sess2 Sess4 Sess5 Sess6
NWR bliep blip blip blip blip blip
PN bloem bluma blum plum bluma blum
WR bloem plum blum bluma bluma blum

2. /Cl/ words: the development of the nonword klot and the word klok.

words Sess1 Sess2 Sess4 Sess5 Sess6
NWR klot kle:s klok klot Iot klot
PN klok klok klok klok klok
WR klok bk klok klok klok klok

3. /Cr/ words: the development of the nonword traak and the word trein.

words Sess1 Sess2 Sess4 Sess5 Sess6
NWR traak kra:s kra:k tra:k tra:k tra:k
PN trein trein trein trein trem trein
WR trein trein trein tarein rein trein

4. /Cr/ words: the development of the nonword droon and the word draakje.

words Sess1 Sess2 Sess4 Sess5 Sess6
NWR droon dron dro:n dro:m dro:n

PN draakje ra:kjo xra:tja dra:k dra:kje



WR

draakje

tra:kjo

dra:tje

dra:kje

dra:kje
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dra:kje

5. /Cr/ words: the development of the nonword kriep and the word kraan.

NWR
PN
WR

words
kriep
kraan

kraan

Sess1
kres
kra:n

kra:n

Sess2

krip
krein

krein

Sess4
krip

tra:n

Sess5 Sess6
kip klip
kra:n

tra:m kra:n

6. /Cr/ words: the development of the nonword braak and the word broek.

NWR
PN
WR

words
braak
broek
broek

Sess1
bra:s

brukja

Sess2
bra:k
bruk
bruk

Sess4
bra:k
brukja

Sess5 Sess6
bra:k

bruk

bruk bruk

7. /fric+r/ words: the development of the nonword friep and the word fruit.

NWR
PN
WR

words

friep
fruit
fruit

Sess1
frik
froeyt

preeyt

Sess2

frip

froeyt

froeyt

Sess4
fwip
froevt

froeyt

Sess5 Sess6
frip frip

froevt froevt
froevt froevt

8. /fric+r/ words: the development of the nonword graak and the word gras.

NWR
PN
WR

words

graak
gras

gras

Sess1
xra:k
Xas

Xras

Sess2

Xra:
Xrats

Xas

Sess4
xra:k

Xras

Sess5 Sess6
xra:k xra:k
Xras Xras
Xas Xras

9. /kn/ words: the development of the nonword knaak and the word knoopjes



words
NWR knaak
PN knoop
WR knoopjes

10. /s+fric/ word

schaap.

words
NWR schaag
PN schaap
WR schaap
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Sess1 Sess2 Sess4 Sess5
knik kla:k kna:k xna:k
klo:pas klo:pjes  Kklo:pjes  kno:pjas
klo:pjes  Kklo:pjes  no:pjas kno:pjas

Sess6
kna:k
kno:pjas

kno:pjas

: the development of the nonword schaag and the word

Sess1 Sess2 Sess4 Sess5
xak Xa:x Xa:x Xa:x
xa:pjo xa:p xa:p Xra:p
xa:p xa:p xa:p xa:p

Sess6

Xa:X

11. /sC/ words: the development of nonword skaam and the word skippybal.

words Sess1 Sess2 Sess4 Sess5
NWR skaam ka:n ka:m ka:n ka:n
PN skippybal  kipabal kipibal kipibal kipibal
WR skippybal kipibal pipiba kipibal

Sess6
ka:m
kipibal
kipibal

12. /sC/ words: the development of nonword spaam and the word speeltuin.

words
NWR  spaam
PN speeltuin
WR speeltuin

Sess1 Sess2 Sess4 Sess5
pa:s pa:n pa:n
pe:latceyn pe:lpein pe:lteeyn  pe:lteeyn
pe:teeyn pe:lteeyn  be:lteeyn  be:lteeyn

Sess6
spa:m
pe:lteeyn

pe:lteeyn

13. /sn/ word: the development of nonword snaak and the word snoep.
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words Sess1 Sess2 Sess4 Sess5 Sess6
NWR snaak se:k sna:k na:k sna:k sna:k
PN snoep sup Jupjse knupjas fnupjos snup
WR snoep tnup sup snup

14. /tv/ word: the development of nonword twot and the word twee.

words Sess1 Sess2 Sess4 Sess5 Sess6
NWR twot vot tvot
PN twee ve: dve: ve: fve:
WR twee tve: fe: ve: ve: fve:

15. /fric+l/ words: the development of nonword gler and the word glas.

words Sess1 Sess2 Sess4 Sess5 Sess6
NWR gler xle:t xepla xaler xjel kler
PN glas xlas xlas las xlas xlas
WR glas las xlas xlas klas xlas

16. /fric+l/ words: the development of the nonword vioon and the word vlinder.

words Sess1 Sess2 Sess4 Sess5 Sess6
NWR vloon fle:t flo:n flo:n flo:n flo:n
PN vlinder flinaa flinar
WR vlinder fligar flindar flina flindar

17. /fric+l/ words: the development of the nonword flaak and the word flesje.

words Sess1 Sess2 Sess4 Sess5 Sess6

NWR flaak flap fla:k la:k fla:k kla:k
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PN fles flesjo flesjo flesjo flesjo
WR flesje les flesjo flesjo flesjo fles

18. /fric+l/ words: the development of nonword sloon and the word slingers.

words Sess1 Sess2 Sess4 Sess5 Sess6
NWR sloon plo:n slo:n flo:n
PN slingers silina tligars slimas tligars slimars
WR slingers tligars slimars slimars

19. /s+fric/ words: the development of the nonword zwiep and the word zwart.

words Sess1 Sess2 Sess4 Sess5 Sess6
NWR zwiep
PN zwart twart vart vat
WR zwart zuat fart vat vart

20. /s+fric/ words: the development of the word zwembad in the WR and the
PN tasks.

words Sess1 Sess2 Sess4 Sess5 Sess6
PN zwembad sfembat fembat vembat vembat
WR zwembad papat pembat vembat fembat

21. /Cr/ words: the development of the word kroon in the WR and the PN tasks.

words Sess1 Sess2 Sess4 Sess5 Sess6
PN kroon Xro:n kro:n kro:ntja

WR kroon kro:n X0:n kro:n kro:n
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22. [s+fric/ words: the development of the word schaar in the WR and the PN

tasks.

words Sess1 Sess2 Sess4 Sess5 Sess6
PN schaar Xa:r Xra:rs
WR schaar Xa:r Xa:r Xa:r

23. /s+fric/ words: the development of the word schoen in the WR and the PN

tasks.

words Sess1 Sess2 Sess4 Sess5 Sess6
PN schoen xXun Xun xXun Xron

WR schoen Xun xXun Xuns Xun
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Appendix 2: Transcriptions of the words and nonwords in Matteo’s onset
cluster development in three production tasks over time (1-19); transcriptions

of real words used in the PN and the WR tasks (20 - 23).

1. /Cl/ words: the development of the nonword bliep and the word bloem.

words  Sessl Sess3 Sess4 Sess5 Sess6 Sess7
NWR  bliep pip blip blip blip blip blip
PN bloem  obuma pum bum bluma blumatfo  bluma
WR bloem  bum bum bumsa bumsa bluma bluma

2. /Cl/ words: the development of the nonword klot and the word klok.

words Sess1 Sess3 Sess4  Sess5 Sess6 Sess7
NWR klot kop kops kok klot klot klok
PN klok kok kok klok klok klok
WR klok kok kok kok klok klot klok

3. /Cr/ words: the development of the nonword braak and the word broek.

words Sess1 Sess3 Sess4  Sess5 Sess6 Sess7
NWR  braak ba:k ba:k bla:k bra:k bra:k
PN broek puk buk buk bluk bruk bruk
WR broek buk puk bluk bluk bruk

4. /Cr/ words: the development of the nonword kriep and the word kraan.

words  Sessl Sess3 Sess4  Sess5 Sess6  Sess7
NWR kriep kip kip kaip kip krip
PN kraan  ta:n ka:n ka:n kla:n kra:n kra:n
WR kraan  ta:n ka:n tla:n kla:n kro:n kra:n

5. /Cr/ words: the development of the nonword traak and the word trein.



words Sess1 Sess3 Sess4
NWR  traak ka:k
PN trein tein tein
WR trein trein pei tein
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Sess5 Sess6
tra:k dra:k
tsein trein
tlein trein

Sess7
tra:k
trein

trein

6. /Cr/ words: the development of the nonword droon and the word draak.

words Sess1 Sess3 Sess4
NWR droon bo:m do:m
PN draakje ta:tjo ta:tjo da:kje
WR draakje ta:kjp  dakje  ta:kje

Sess5 Sess6
dlo:n dlo:n
tla:k da:kja
traxkjo  dla:ikjs

Sess7
dro:n
dra:kje
dra:kje

7. /fric+r/ words: the development of the nonword friep and the word fruit.

words Sess1 Sess3 Sess4
NWR friep tip fip tlip
PN fruit reeit feevt feevt
WR fruit teeit feevt feeys

Sess5 Sess6
flip flip
froevt

floeyt fwoeyt

Sess7
flip
frawta

froeyt

8. /fric+r/ words: the development of the nonword graak and the word gras.

words Sess1 Sess3 Sess4
NWR graak ka:k ka:k xra:k
PN gras xats xas xas
WR gras kas Xras

Sess5  Sess6

xa:k xla:k

xlas xlas
klas

Sess7
xra:k
Xras

Xras

9. /kn/ words: the development of the nonword knaak and the word knoop.

words Sess1 Sess3 Sess4
NWR  knaak kakok ka:k ka:
PN knoop ko:pjas ko:p ko:pjas
WR knoopjes ko:pi ko:pje o:kjos

Sess5 Sess6
kla:k kra:k

klo:pjas klo:pjas
klo:pjas klo:pis

Sess7
kna:k
kno:pjas

kno:pjas

10. /s+fric/ words: the development of the nonword schaag and the word

schaap.



words Sess1
NWR  schaag  trax
PN schaap  ta:p
WR schaap  ka:p
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Sess3 Sess4  Sess5  Sess6 Sess7
Xa:x sxa:k xla:x sxa:r
a:pjo xa:p xa:p sxra:p

xa:p xa: xa:p sxa:pja  sxa:p

11. /sC/ words: the development of nonword spaam and the word speeltuin.

words Sess1
NWR  spaam aspa:m
PN speeltuin prteein
WR speeltuin petcein

Sess3

spilteeyn

spe:lteeyn

Sess4

spa:m

spe:lteeyn

Sess5
spam

spe:lteeyn

spe:lteeyn

Sess6 Sess7
spa:m sfpa:m
spe:ltoeyn  pe:lteeyn
spe:ltoeyn  pe:lteeyn

12. /sC/ words: the development of nonword skaam and the word skippybal.

words Sess1
NWR  skaam kra:n
PN skippybal  kikibal
skippybal

Sess3

Sess4

ka:

kipibal

hkipibal

Sess5  Sess6 Sess7
ska:m ska:m ska:m
skiptbal  skipibal skipibal
kikibal skipibal skipibal

13. /sn/ words: the development of the nonword snaak and the word snoep.

words  Sessl
NWR  snaak ka:k
PN snoep tupis
WR snoep sup

Sess3 Sess4
tfa:k
supjas

sup su:p

Sess5
slazk
supjas

slup

Sess6  Sess7
sla:zk sna:k
supjas snupjas
sup snup
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14. /tv/ words: the development of the nonword twot and the word twee.

words Sessl  Sess3 Sess4 Sess5 Sess6 Sess7
NWR twot sopf sot tvot tot prot
PN twee te: pe: te: tve: tre: tre:
WR twee te: pe: pe: tve: tve: tve:

15. /fric+l/ words: the development of the nonword gler and the word glas.

words Sessl Sess3 Sess4 Sess5  Sess6  Sess7
NWR  gler Ser XIa xla klem xler xlel
PN glas afjo xa:s xa: klas xlas xlas
WR glas kas khas kla xlas klas

16. /fric+l/ words: the development of the nonword floon and the word vlinder.

words Sessl Sess3  Sess4 Sess5 Sess6  Sess7
NWR  floon fo:m fo:n fwo:m flo:n flo:n flo:n
PN vlinder tin: sIn:a findaa fin:aa flina
WR vlinder fina sindaa  fina flinen xlindaa flindar

17. /fric+l/ words: the development of the nonword flaak and the word fles.

words Sess1l Sess3 Sess4 Sess5 Sess6 Sess7
NWR  flaak ka:t fa:k fla:k fla:k fla:k
PN fles fes fes fles fles fles

WR fles fesjo fesjo flefjo flesjo flesjo
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18. /fric+l/ words: the development of the nonword sloon and the word

slingers.

words Sess1 Sess3  Sess4  Sess5 Sess6  Sess7
NWR  sloon xowom so:n slo:m slo:k slo:m
PN slingers  tinas slm:a  sm:as  slindas  slmas  slinas
WR  slingers titas sm:as  slin:as sli:as slindas

19. /s+fric/ words: the development of the nonword zwiep and the word zwart.

words Sess1 Sess3 Sess4  Sess5 Sess6  Sess7
NWR zwiep plip ZUip
PN zwart tas sat saa:t zwat zwat zvart
WR  zwart sat sat nat zuats vat zuat

20. /fric+v/ words: the development of the word zwembad in the WR and the

PN tasks.
words Sess1 Sess3 Sess4 Sess5 Sess6 Sess7
PN zwembad pemtat sembat sem:at stsembat sembat zuembat
WR  zwembad sembat sem:at sem:at sembat slembat suembat

21. /Cr/ words: the development of the word kroon in the WR and the PN tasks.

words Sess1 Sess3 Sess4 Sess5 Sess6 Sess7
PN kroon ko:m ko:ntje kloom  kro:n kro:n

WR kroon X0:n ko:m klo:n kroom  kro:n kro:n



22. [s+fric/ words:

tasks.
words
PN schoen
WR schoen

23. /s+fric/ words:

tasks.
words
PN schaar
WR schaar
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the development of the word schoen in the WR and the PN

Sess1 Sess3 Sess4 Sess5 Sess6 Sess7
ku:n Xuna  xun Xun Xun  sxun

xXun xXun kun kxun sun sxun

the development of the word schaar in the WR and the PN

Sess1 Sess3 Sess4 Sess5 Sess6 Sess7

Xa:r Xa:l Xa: sxa:t sxa:r sxa:t

xa:a Xa:r fa:r Xa:r sxa:r
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Appendix 3: Transcriptions of the words and nonwords in Hannah’s onset
cluster development in three production tasks over time (1-19); transcriptions

of real words used in the PN and the WR tasks (20 - 23).

1. /Cl/ words: the development of the nonword bliep and the word bloem.

words Sess1 Sess2 Sess3 Sess4 Sess5 Sess6 Sess7
NWR  pliep pip klip blip kip blip blip
PN bloem buma pumsatjs  bumatjs  bluma pomatjes  blumatjes  blum
WR bloem buma baluma bluma bluma blum

2. /Cl/ words: the development of the nonword klot and the word klok.
words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7
NWR  klot klos klot klot klot klot klot klot
PN klok tlot klot klot klot klot klot
WR klok slot klot klot klot klot klot

3. /Cr/ words: the development of the nonword traak and the word trein.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

NWR traak ta:t da:t da:t ba:t tart tait datk
PN trein tein tein teitjo  tein stein  tein tein
WR trein tein tein tein tein tein tein

4. /Cr/ words: the development of the nonword droon and the word draak.

words Sessl1 Sess2 Sess3 Sess4 Sess5 Sess6 Sess7
NWR droon tomn domn domn domn domn domn domn
PN draakje ta:tje da:tjs  daje  dax dak
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WR draakje taitjo daitjo dra:tje draito da:itjp da:tje

5. /Cr/ words: the development of the nonword kriep and the word kroon.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

NWR  kriep kla:t kliptp  pip tip dip dip
PN kroon tomn ton ton ton
WR kroon tomn ton ton

6. /Cr/ words: the development of the nonword braak and the word broek.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

NWR  braak Xla:t ba:t da:t da:t da:t
PN broek putjo put put buts but but but
WR broek  put but but buts but bup

7. /fric+r/ words: the development of the nonword friep and the word fruit.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

NWR friep pip pjip pip flip fip pip
PN fruit poevt  poevt fleyt faEyt foert poervt
WR  fruit poevt foevt foevt foevt poevt

8. /fric+r/ words: the development of the nonword graak and the word gras.

words Sessl  Sess2 Sess3 Sess4 Sess5 Sess6 Sess7
NWR graak tla:t xara xraxk  xa:t xalat xait
PN gras tas xlas xas xas xas xlas
WR gras klas xras  glas xas Xars — Xas

9. /kn/ words: the development of the nonword knaak and the word knoop.



words Sess1 Sess2
NWR  inaak kna:t ta:rk
PN knoopjes pormpjas po:ntjas

WR knoopjes pompas po:mpjs
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Sess4  Sess5 Sess6 Sess7

tona:t kana: kna:k

po:pjes teno:pjes tolo:pjes  tono:pjas

po:pje tenoipjas tenoipjas tano:pjes

10. /s+fric/ words: the development of the nonword schaag and the word

schoen.

words Sessl  Sess2
NWR schaag tlaix ta:x
PN schaap pa:pjo
WR schaap pa:p

Sess4  Sess5 Sess6 Sess7
saix stain  sta: sta:t
paipje starp starp  stamp
ta:p stazp  starp

11. /sC/ words: the development of nonword skaam and the word skippybal.

words Sess1 Sess2
NWR  skaam tarm karm

PN skippybal  pitibal  pipibal

WR skippybal  pipibal  pipibal

Sess4 Sess5 Sess6 Sess7

tazm stazm sta:n
papebal  pipibal stitibal tipibal

pipibal spipibal  stipibal stibal

12. /sC/ words: the development of nonword spaam and the word speeltuin.

words Sessl  Sess2

NWR  spaam span  paim
PN speeltuin putoeyn

WR speeltuin  pe:n pe:ltoeyn

Sess4 Sess6 Sess7
pamn sparm pamm
piteyn spe:ltoeyn

pe:lteyn  spe:ltoeyn spe:ltoeyn
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13. /sn/ words: the development of the nonword snaak and the word snoep.

words  Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7
NWR  snaak kla:t bra:t sna:t tna:k xna:t
PN snoep pupjes pumpjas pupjes do:pjes  snupjes  snupjos snup
WR snoep pup pumpjas stenup  snup snup snup

14. /tv/ words: the development of the nonword twot and the word twee.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

NWR twot pot pot vot tlot tot tot dvot
PN twee te: te: te: tue: te:
WR twee te: te: te: te: te: tve:

15. /fric+l/ words: the development of the nonword gler and the word glas.

words Sessl Sess2 Sess4 Sess5 Sess6 Sess7

NWR gler glet klap ple xlep xaler
PN glas xlas xlas xlas xlas xas
WR glas tlas xlas sles xlas xlas xlas

16. /fric+l/ words: the development of the nonword floon and the word vlinder.

words Sessl Sess2  Sess3  Sess4  Sess5 Sess6  Sess7
NWR  floon pomn forn flo:n flo:n floon  forn
PN vlinder fmaa  pindar slindar fliatjsa flinar pinds

WR vliinder pina  findear pindar fliner flina flinear pins
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17. /fric+l/ words: the development of the nonword flaak and the word flesje.

NWR flaak falabak fla: fla:k fla:k flaxt  fla:t
WR  fles fes pesjo fesjo fles fles fles
PN flesje petjo pesjo flesjo flesjo  fles  fles

18. /fric+l/ words: the development of the nonword sloon and the word

slingers.

words Sess1 Sess2 Sess3  Sess4 Sess5 Sess6 Sess7
NWR sloon klo:n slo:n tloin tloin slo:n slo:n
PN slingers tlinas  tlina slimas  salma  slinas

WR slingers tlindas Kklikjas klinas tlinas slinars sxlmas slina

19. /s+fric/ words: the development of the nonword zwiep and the word zwart.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7
NWR zwiep  pip
WR zwart fart part part bait part zpat

PN zwart part fart part part part zuvat zvat

20. /s+fric/ words: the development of the word zwembad in the WR and the
PN tasks.

words Sess1 Sess2 Sess3 Sess4 Sess5 Sess6 Sess7
WR' zwembad pempat pembat pembat sembat sembat sembat stembat

PN zwembad pembat pembat sembat sembat sembat
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21. /Cr/ words: the development of the word kroon in the WR and the PN tasks.
words Sessl Sess2 Sess3 Sess4 Sess5 Sess6  Sess7
WR kroon to:n tomn tomn

PN kroon to:n toon tomn tomn

22. [s+fric/ words: the development of the word schaar in the WR and the PN

tasks.
words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7
WR schaar taxr  tar tair starr  starr stair
PN schaar tair tsar sta:r sta:r

23. /s+fric/ words: the development of the word schoen in the WR and the PN
tasks.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7
WR  schoen tun tun tun  tuna stun stun stun

PN schoen tuna tuna tuna tuns stun stun
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Appendix 4: Transcriptions of the words and nonwords in Lars’ onset cluster
development in three production tasks over time (1-19); transcriptions of real
words used in the PN and the WR tasks (20 - 23).

1. /Cl/ words: the development of the nonword bliep and the word bloem.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

NWR  bliep bits bip bif bip bipf

PN bloem bo bum: bun bum  bums

WR bloem  bal bubu buma bun buma
words Sess8 Sess9 Sess10 Sess11

NWR  bliep bip tip blip pis

PN bloem buma bum bum bum ma

WR bloem buma a bumsa buma puma

2. /Cl/ words: the development of the nonword klot and the word klok.

words Sessl1 Sess2 Sess3 Sess4 Sess5 Sess6  Sess7

NWR klot pots tots dots tots tots

PN klok dot dot dots tots dots dots

WR klok tots tots dots tots
words Sess8 Sess9 Sess10 Sess11

NWR klot tot tots tots tots

PN klok tots tots tots toats

WR klok tots a tots tots tots

3. /Cr/ words: the development of the nonword traak and the word trein.
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words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

NWR  traak dado ta:ts ba:t ta:ts ta:ts tart

PN trein tei tei tei tei tei trein  tein

WR trein tei tei teit tejo tein tein
words Sess8 Sess9 Sess10 Sess11

NWR  traak ta:ts ta:s ta:ts

PN trein tein tein tein

WR trein tein tein tagin tein

4. /Cr/ words: the development of the nonword droon and the word draak.

words Sess1 Sess2 Sess3  Sess4 Sess5  Sess6  Sess7
NWR droon tomn do:n  domn do:n  domn do:n  domn
PN draakje  ta:tje daitjs  daje  daix dak
WR draakje  ta:tje da:tjo dra:tje draite  da:tjo da:tje
words Sess8 Sess9 Sess10 Sess11
NWR  droon do:n tomn
PN draakje tant ta:tje ta:ts
WR draakje ta:tso da:tje ta:tsjo ta:sje

5. /Cr/ words: the development of the nonword kriep and the word kroon.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6  Sess7
NWR  kriep tits dip pip bit
PN kroon  do: tomn tanpp  womn domn  tomn

WR kroon  to: to:n bo:m to:n
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words Sess8 Sess9 Sess10 Sess11
NWR kriep bip a pip pip pIp
PN kroon tomn tomn tomn tomn
WR kroon tomn tomn to:mn to:na

6. /Cr/ words: the development of the nonword braak and the word broek.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7
NWR braak bats ba:ts bae ta:ts ta:ts ta:ts
PN broek  buts buts buts puts buts buts buts

WR broek buts buts buts buts buts

words Sess8 Sess9 Sess10 Sess11
NWR braak ta:ts ta:ts ta:ts pauits
PN broek buts buts puts
WR broek buts buts buts

7. /fric+r/ words: the development of the nonword friep and the word fruit.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

NWR  friep Ip ip its if ip fip

PN fruit cevt cevt ceyt ceyt ceyt ceyts  cevt

WR fruit atf cevt cevts  cevts  teevt
words Sess8 Sess9 Sess10 Sess11

NWR friep ip Ip ip ip

PN fruit cevt cevt keey cevt

WR fruit cevt cevt cey[ cevt

8. /fric+r/ words: the development of the nonword graak and the word gras.



NWR
PN
WR

NWR
PN
WR

words  Sessl
graak  ats
gras as
gras as
words
graak
gras
gras

Sess2

as as

as

Sess8

as

ads

Sess3

Sess4
a:ts
as

as

Sess9

as

as

Sess5

das

as

as

a:ts

as

Sess10

as
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Sess7
a:ts
as

as

Sess11
a:s
as

ads

9. /kn/ words: the development of the nonword knaak and the word knoop.

NWR
PN
WR

NWR
PN
WR

words Sess1

knaak ta:ts
knoopjes buta

knoopjes buta

words
knaak
knoopjes

knoopjes

Sess2

ka:k

do:tje

do:tje

Sess8
ta:ts
to:tfos
to:tfos

Sess3

Sess4
ta:ts
dotsjo

dotsjo

Sess9
ta:ts
po:mptas

po:mptas

Sess5
ta:ts
do:tfo

do:tfo

Sess6
ta:ts
to:tfo

to:tfo

Sess10
ta:s

po:tjas
po:tjas

Sess7

ta:ts

bo:tfo

bo:tfo

Sess11
ta:ts
bo:tas

bo:tas

10. /s+fric/ words: the development of the nonword schaag and the word

schoen.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6  Sess7
NWR schaag a:p amp do: ae as: sais aits
PN schaap amp a:pf amp saip ap
WR  schaap amp a: amp a:pf



words
NWR schaag
PN schaap
WR schaap

Sess8
a:ts
a:ptfe
amp

Sess9
a:s
a:tso

ba:ptsa
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Sess10 Sess11
ha: a:s

amp

amps»a

11. /sC/ words: the development of nonword skaam and the word skippybal.

Words Sess1  Sess2
NWR  skaam tarm
PN skippybal  piti pipi bal
WR skippybal  piti

words Sess8

NWR skaam tamn
PN skippybal pipibal
WR skippybal pipibal

Sess3

pipibal

pipibal

Sess4

tan
pipi bale

bipibal

Sess9

an

pipibal

Sess5 Sess6 Sess7

damn tarm tam
pipibal  spipibal  bipibal

pipibal  pipibal

Sess10 Sess11
tamn pamn

pipibal pipibal
bipibal pipibal

12. /sC/ words: the development of nonword spaam and the word speeltuin.

words Sess1 Sess2
NWR  spaam taxm pa:
PN speeltuin  mtceyn bu tceyn
WR  speeltuin p teEyn

words Sess8

NWR spaam pa:n
PN speeltuin te:teeyn
WR speeltuin te:teeyn

Sess3
ba:
tuteeyn

butcey

Sess9
pain
te:tceyn

a te:tceyn

Sess4  Sess6 Sess7
tain: pa:in ta:
titeey  de:teeyn atceyn

ideeyn tetceyn

Sess10 Sess11
pam

te:lteeyn te:teeyn

telteeyn te:teeyn



198 | Chapter 4

13. /sn/ words: the development of the nonword snaak and the word snoep.

words

NWR snaak

PN snoep

WR snoep
words

NWR snaak
PN snoep
WR snoep

Sess

ta:ts

p

1 Sess2

1pi

Sess8
a:ts

upjas

Sess3

dutjs

Sess4 Sess5 Sess6  Sess7

ats an a:ts athts

upjo  uftfe  upjo uptsa

ups upf ups
Sess9 Sess10 Sess11
ats as ats
upjas utjoas ba utaus
aup

14. /tv/ words: the development of the nonword twot and the word twee.

words
NWR twot
PN twee
WR twee
words
NWR  twot
PN twee

WR twee

Sessl Sess2
dats 2s
Sess8
te:

Sess3 Sess4  Sess5

Sess9
tots
te:

te:

tots
te: te

tse ti

Sess10
tots
tje:

te:

Sess6 Sess7

dots
te: te:
te:
Sess11
toas
te:
te:
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15. /fric+l/ words: the development of the nonword gler and the word glas.

words  Sessl Sess2

NWR gler der
PN glas as as
WR  glas as

words Sess8
NWR gler
PN glas as
WR glas as

Sess4  Sessb5

el

as

Sess9
€1
as

aas

Sess6  Sess7

ehe
as as
as
Sess10 Sess11
€1 €1
as ais
as ais

16. /fric+l/ words: the development of the nonword floon and the word vlinder.

words Sess1l Sess2

NWR floon fwo:

PN vlinder

WR vlinder 1 I
words Sess8

NWR floon omn

PN vlinder na

WR vlinder n:a

Sess3

o:n
mah
ma

Sess9
omn
mda.l

mno

Sess4

Sess5 Sess6  Sess7

omn omn dots
In:e €ne In:e
In:a €Nn9 In:a
Sess10 Sess11
omn omn
naJl
Ina inaa

17. /fric+l/ words: the development of the nonword flaak and the word flesje.

words Sessl Sess2

NWR flaak ats
PN fles €S €S
WR  flesje €S

Sess3  Sess4

ats
€S

€SI

Sess5 Sess6  Sess7

ats a:ts sla:k
€S €S
€S €se



NWR
PN
WR

words

flaak
fles
flesje

Sess8
a:ts
€S

esja

Sess9

€S

ESE
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Sess10
a:ts

€S

Sess11
a:ts
€S

ESE

18. /fric+l/ words: the development of the nonword sloon and the word

slingers.

NWR
PN
WR

NWR
PN
WR

words Sess1
sloon
slingers

slingers

words
sloon
slingers

slingers

Sess2

lo:

Sess8

Inos

Inos

Sess3

Sess4

an
ntej

indis

Sess9

mno

Inos

Sess5 Sess6
ho:n omn
ma €NE
€nIs

Sess10

omn

anas

Inas

Sess7

€no

Ino.a

Sess11

oin

Inos

19. /s+fric/ words: the development of the nonword zwiep and the word zwart.

NWR
WR
PN

NWR
PN

words Sessl
zwiep 1p
zwart ats

zwart ats

words
zwiep

zwart

Sess2

Sess8

Ip

ats

Sess3

Sess4
Ip

da:t ats

ats

Sess9
Ip

ats

Sess5  Sess6
Ip Ip
ait as
ats ats
Sess10
ip
aits

Sess7
ipf

ats

tats

Sess11
Ip

aat
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WR zwart ats ats aats aat

20. /s+fric/ words: the development of the word zwembad in the WR and the

PN tasks.

words Sess1 Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

WR zwembad mbats bat bebat ebats bats ebas: ebats

PN zwembad bats pempat ebat bat
words Sess8 Sess9 Sess10 Sess11

PN zwembad ebats embat embat

WR zwembad a embat embats empat

21. /Cr/ words: the development of the word kroon in the WR and the PN tasks.

words  Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

WR  kroon do: tomn tane wo:mn  doin tomn
PN  kroon to: tomn bo:m tomn
words Sess8 Sess9 Sess10 Sess11
PN kroon tomn tomn tomn tomn
WR kroon to:n to:n to:n to:nu

22. [s+fric/ words: the development of the word schaar in the WR and the PN

tasks.

words Sessl Sess2 Sess3 Sess4 Sess5 Sess6 Sess7

WR  schaar ar ajo aun ala aun

PN schaar awul al awul
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words Sess8 Sess9 Sess10 Sess11
PN schaar awul awul awul
WR schaar awul awul awul

23. /s+fric/ words: the development of the word schoen in the WR and the PN

tasks.
words Sessl1 Sess2 Sess3 Sess4 Sess5 Sess6  Sess7
WR schoen 0] o) un un: un un
PN schoen u u un un
words Sess8 Sess9 Sess10 Sess11
PN schoen un un un

WR schoen un aun un un
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Appendix 5: Words and nonwords used in the three production tasks (PN, WR
and NWR) and their respective averaged log transitional probabilities; Dutch

orthography is used for the annotation.

words averaged log | nonwords averaged log
transitional transitional
probability probability

draakje -1.20 | droon -1.17
kroon -1.15 | krip -1.28
kraan -1.13 | kraak -1.15
broek -1.14 | braak -1.11
trein -1.21 | traak -1.20
gras -1.14 | graak -1.16
fruit -1.36 | friep -1.39
speeltuin -1.34 | spaam -1.12
skippybal -1.23 | skaam -1.21
schaap -1.23 | schaag -1.24
schaar -1.04

schoen -1.24

zwembad -1.18 | zwiep -1.42
zwart -1.12

snoep -1.49 | snaak -1.28
klok -1.23 | klot -1.18
bloem -1.27 | bliep -1.19
vlinder -0.90 | vloon -1.18
fles -1.27 | flaak -1.27
glas -1.26 | gler -1.22
twee -1.46 | twot -1.21
knoop -1.37 | knaak -1.21







Chapter 5. Perception of onset clusters by two-year-olds: the case of /Cl/,

/Cr/ and /sC/ clusters!

5.1. Introduction

In this chapter [ examine how two-year-olds perceive words with onset clusters
that are either reduced or fully pronounced. As in Chapter 1, the focus is on
onset clusters consisting either of consonant + liquid, or of /s/ + consonant.
When toddlers start producing such words, they typically reduce the word by
omitting one of the cluster consonants. However, as careful analyses of the
produced tokens show in Chapter 1, there are acoustic traces of the omitted
consonant, but these are unperceivable to the adult ear. This suggests that the
apparently omitted segments are in any case present in the segmental
representation. Toddlers' cluster realizations are thus reduced during the
production process, at lower levels of their speech production mechanism. The
evidence for this assumption so far only comes from analyses of child
productions. To test the hypothesis that toddlers have detailed representations
of clusters, we need to examine infants' perception of (reduced) clusters. This is
why, in the current chapter I report on a preferential looking experiment
designed to investigate whether two-year-olds are sensitive to reduced onset
clusters in perception. Production data from most of the children participating
in the experiment were obtained too, to observe the link between production

and perception in more detail.

I have limited the work in this thesis to a study of the system behind the
production of isolated words, since this is what the developing speakers in this
thesis, being between one and two-years old, mostly produce. Within the
context of word-production, this study will focus on the - developing -

production of word-onset consonant clusters. A typical deviation in early child

' This Chapter is partly based on the publication:
Gulian, M, Junge, C. & Levelt, C. (2014). Two-year-olds distinguish snakes from
nakes but not trains from tains. BUCLD 38 Proceedings, Cascadilla Press.
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language productions is the reduction of these clusters to singleton consonants,
like in (Dutch) [tein] for target trein ‘train’, and [tup] for target stoep ‘side-
walk’. As mentioned above, up until now we only find grammatical accounts of
this deviation, in the form of a fixed syllable template, a parameter setting, or a
constraint on syllable structure (Fikkert, 1994; Pater & Barlow, 2003; Velleman
& Vihman, 2002). A brief discussion of these accounts will follow below in 1.4.
However, instead of resulting from a specific grammatical setting, these cluster
reductions could also be the outcome of the speech production process, and in
the speech production mechanism there are several possible sources for error
that could be considered. This is what will be done in this thesis, by studying
children's cluster productions in different ways - acoustically, phonologically,
and in relation to children's perception of consonant clusters - and analyzing

both longitudinal, spontaneous production data, and elicited productions.

To examine the amount of detail that toddlers stored for onset clusters in their
mental representations, a preferential looking experiment ('PLP': Golinkoff et.
al, 1987; for a recent review see Golinkoff et. al, 2013) was carried out.
Swingley and Aslin (2000) modified this paradigm to examine the amount of
detail with which words are stored in the infant brain: infants listen to correct
pronunciations or to 'mispronunciations’ of words corresponding to one of two
pictures that they are presented with on a screen. To obtain a
mispronunciation, usually one of the target phonemes is replaced by another
phoneme, like in the mispronunciation 'vaby' instead of the correct 'baby’.
Although even in the mispronunciation condition, infants fixate the correct
object above chance, their looking behavior is affected by the way words are
produced: Infants typically look longer at a target picture that is named

correctly than when it is named with a mispronunciation.

Table 1 presents an overview of studies comparing infants' performance for
‘correct pronunciations' versus 'mispronunciations’. Most studies provide

evidence showing that infants have detailed word representations: infants are
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sensitive to mispronunciations for consonants as well as for vowels, in different
positions of the word (e.g.,, in onset, in medial, and in coda position). Infants
notice mispronunciations both for well-known words and for recently-learned
words (Bailey & Plunkett, 2002; White & Morgan, 2008), which suggests that
word-templates are detailed from the beginning of storage (see also Altvater-
Mackensen & Mani, 2013). However, infants are not sensitive to all
mispronunciations: Detection of mispronunciations is dependent on the
identity of the target phoneme (Van der Feest, 2007), and on the overlap in
phonological features between target and the substituted phoneme (White &
Morgan, 2008). However, the mispronunciation paradigm has not yet been
extended to words starting with complex clusters, which is the focus of this
thesis. Therefore, the current chapter examines how detailed clusters are

stored in the mental lexicon of toddlers’ speech production mechanism.

Table 1: Overview of the results of the studies summarized in this section.

Study Age and | Method | Type of | Results
language mispronunciation+
Example
Swingley | From 18 to | PLP Onset Words stored
and Aslin | 23 months dog > tog in detail
(2000) Dutch
Swingley | 19-month- | PLP Onset + medial | Detailed
(2003) olds position storage of
Dutch bal-> dal plosives in
baby-> bady word  onset
and word
medial
position
Swingley | 11-month- | HTPP Onset + coda Detailed
(2005) olds teen = peen storage of
Dutch teen > teem plosives in
word  onset
but not in
word coda
Mani and | 15, 18 and | PLP Onset + vowel Detailed
Plunkett 24-month- bed = bud storage of
(2007) olds bed - ped both vowels
English and
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consonants
Bailey and | 18, 24- | PLP Onset Detailed
Plunkett month-olds cup 2> gup (change | storage of
(2002) English in voice) words, no
cup > dup (change | correlation
in place and voice) with
vocabulary
White and | 19-month- PLP Onset Detailed
Morgan olds cup 2> tup (change | storage of
(2008) English in place) consonants in
cup > bup (change | the word
in place and voice) onset
cup = vup (change
in place, voice,
manner)
Van der | 24-month- PLP Onset (change in | Detailed
Feest olds place and/or voice) storage of
(2007) Dutch poes > boes consonants in
boom > poom the word
poes > does onset of the
doos > poos voice feature,
asymmetric
findings  for
place.
Mani et al. | 14-month- ERP Vowels Detailed
(2012) olds bed - bid storage of
English vowels
Mills et al. | 14 and 20- | ERP Onset Consonants
(2004) month-olds dog = bog are not stored
cat > gat in detail

***HTP (headturn procedure); (S)PLP (sequential) preferential looking paradigm); ERP
(event-related potentials)
*#**Kuh ‘cow’; Schaf ‘sheep’; Taf (MP of Schaf); Buch ‘book’.

When toddlers try to produce onset clusters, they often reduce the cluster by
omitting one of the consonants. Which consonant is omitted depends on the
identity of the cluster. For consonants containing a liquid as the second
consonant (/C+liq/ clusters), it is the second consonant that is omitted,
whereas for clusters starting with an /s/ (/sC/ clusters) it is usually the first

consonant, that is, the fricative, that is omitted. In the preferential looking
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experiment the perception of reduced vs. correct /C+liq/ clusters and reduced
vs. correct/sC/clusters was therefore compared. Due to the lack of enough
prototypical nouns starting with /kn/ this cluster was not included in the
experiment. Note that in contrast to previous literature, 'mispronunciations’
were created not by substituting one phoneme for another, but by reducing the
onset cluster to one of the target consonants. The type of reduction followed
the predominant pattern of initial child productions: for /C+liq/-clusters the
liquid was omitted while for /sC/-clusters it was the fricative that was omitted
(Fikkert, 1994; Jongstra, 2003). We used the PLP to test whether two-year-old
Dutch children store onset clusters in their complex form (CCV) even though
they produce target words with an onset cluster in a simplified form (CV). The
research questions underlying the perception experiment are formulated

below.

1. Do two-year-olds perceive the difference between correctly
produced and reduced clusters?
2. Isthere a difference in the looking behavior towards /C+liq/

cluster trials and /sC/ cluster trials?

To date no experiments have tested the perception of reduced clusters in
known words, and only one study has looked at the perception of clusters at all.
Archer and Curtin (2011) tested 6- and 9-month-olds' preference for different
types of onset clusters in pseudo-words. In the first experiment they contrasted
phonotactically well-formed onset clusters like /pl/ and /kl/ with
phonotactically ill-formed clusters, like /tl/. The results pointed out that both
age groups looked longer at trials containing the ill-formed clusters than at the
trials containing only well-formed clusters. Furthermore, only 9-month-olds
distinguished between well-formed frequent and infrequent clusters. The
authors' conclusion was that while 6-month-olds can discriminate between
native and nonnative sound combinations, they are not yet sensitive to type

frequency for legal onset clusters. Nevertheless, since this study used only used
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pseudo-words, the finding that infants are able to distinguish between well-
and ill-formed clusters suggest that infants have stored at least some clusters of
known words in detail, to allow for generalization to novel words (i.e., pseudo-
words). However, to test this assumption it is crucial to test children's
perception of known words. This is why we conducted a PLP experiment where
the perception of target-like vs. reduced clusters was tested. Furthermore, I did
not test random mispronunciations of target clusters, but mispronunciations

that are similar to the actual cluster mispronunciations of two-year-olds.

If infants have stored all clusters correctly, they should be sensitive to how
clusters are produced and it is therefore expected that they will look longer
when correctly produced test items are presented than when test items are
presented that are incorrectly produced, with reduced onset clusters. It is
possible that infants only notice mispronunciations for one type of onset
cluster. Given that /sC/ clusters are generally acquired later than /C+liq/
clusters (Jongstra, 2003), it could be that toddlers only notice
mispronunciations for /C+liq/ clusters. However, the opposite is possible too,
i.e., toddlers only notice mispronunciations for /sC/ clusters, because the
omission of initials consonant, in this case /s/, could be acoustically more
salient than omission of a second consonant, as in the case of the omitted liquid.
It is, thus, possible that the position of omission plays a role such that omission
of a consonant in the first position is more detrimental to word recognition
than omission of a consonant in second position. A second possibility why the
omission of /s/ is more salient than a liquid is because they differ in acoustic

saliency and duration.

We tested two-year olds because at this age they have acquired a vocabulary
large enough to contain a variety of words with clusters in the onset. It is also
one of the earliest ages at which one can obtain production data in an
experimental setting (Hoff et al,, 2008). After the perception experiment an

elicitation task was carried out to see how the same infants produced words
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with the two types of clusters. On the basis of their productions the participants
were grouped as either "reducers” or "substituters" of consonant clusters. The
"substituters” produced consonant clusters, but these clusters were not
necessarily segmentally correct. Participants who did not produce any of the

words were not grouped.

5.2. Method

5.2.1. Participants

Data from 40 monolingual Dutch children, 20 girls and 20 boys, with a mean
age of 24;6 (months; days), ranging between 23;16 and 24;21, were retained
for analysis. An additional 18 children were tested but excluded from analysis
because they did not complete the test (n = 10) or due to equipment failure (n =
8). All children were reported to have a normal development and were
recruited from the Leiden Babylab Database. The study was approved by the
Ethical Committee of the faculty of Social Sciences, and parents signed the

consent form.

5.2.2. Stimuli

For the perception experiment 27 words were selected: 10 /sC/ - cluster
words; 12 /C+lig/-cluster words; 5 filler words that served as distracter words
at test. According to Bacchini et al,, 2005, most two-year-olds would know
these words. See Appendix 1 for a list of the words. For each word, we selected
a high-resolution realistic picture with the object appearing on a white
background. For the elicitation task we selected six words, of which 3 were
/sC/ words and 3 were /C+ligq/ words. All of these words were used in the

perceptual experiment too.

Auditory stimuli accompanying each picture in the perceptual test were
recorded in a soundproof booth, with a sample rate of 44.1 kHz. A female native

speaker of Dutch uttered the stimuli in a child-directed manner. All words were
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recorded in natural carrier-contexts (i.e. not-spliced). Three types of carrier
sentences containing the target word were used in the test phase: Kijk naar de
[target], mooi he!' Look at the [target], isn't it pretty?’ or Zie je een [target]? Vind
je het mooi? 'Do you see a [target]? Do you like it?" and Kijk, een [target]! Mooi,
hé?, 'Look, a [target]! Isn't it pretty?'. Target words were either a /C+liq/ word
like bril 'glasses' or bloem 'flower' (liquids were always /r/ or /1/), or an /sC/
word like schoen 'shoe'. Words were either correctly produced (CC) or reduced
(RC). To illustrate, a /C+liq/ word like bril was correctly produced as [bril] and
in the incorrect version the cluster was reduced, resulting in [bil]; an /sC/ word
like schoen was correctly produced as [syun] or incorrectly as [xun]. The mean
duration of all correctly pronounced target words was 770 milliseconds (a
mean duration of 800 ms for /sC/ words and of 730 ms for /C+liq/ words),
while for all mispronounced target words the mean duration was 660
milliseconds (a mean duration of 680 ms for reduced /sC/ words and of 640 ms

for reduced /C+liq/ words).

Figure 1: An example from the familiarization phase, with the picture of a shoe

(schoen).
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Figure 2: An example from the test phase, where two objects are visible on the

screen. In this case the bril - schep ('glasses’ - 'shovel') trial.

5.2.3. Procedure

Children first participated in the perception task, before they were
administered the elicitation task. The perception experiment consisted of a
familiarization phase, followed by a test phase. The function of the
familiarization phase was to make sure that children would recognize the
pictures that were presented in the experimental phase. In the familiarization
phase, all twenty-seven objects were presented in isolation: visually they were
presented with the picture of the target word, slowly moving up and down,
while the picture was named - in the correct way, in the recorded female voice.

Each familiarization trial lasted for 4 seconds (see Figure 1).

The experimental phase consisted of twenty-five trials (twenty-two test trials;
3 filler trials), in which children saw two objects side by side. The pairs of
pictures moved slowly up and down while the auditory stimulus was
presented, naming only one of the objects. Each experimental trial lasted for
eight seconds. The pairs of pictures were presented two seconds after the
beginning of the trial. Paired objects did not overlap in word onset: most
pairings comprised objects from two different consonant-cluster pairings (e.g.
bril - schep; 'glasses'-'shovel'; see Figure 2). We controlled for saliency effects;

animate objects were paired with other animate objects; inanimate objects with
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other inanimate objects. Each pairing was presented twice: in total, the

participants were invited to look at all objects.

At test, children heard only one pronunciation of each target word: either the
correct form or the reduced form. Each child was presented with a mix of
correct and reduced test items. Therefore, in order to test all possible trials
with correctly produced and reduced clusters two experimental groups were
created. Furthermore, to control for the possible diminishing concentration
towards the end of the test, each experimental group was tested in two
different orders of presentation of the stimuli. There were thus 4 versions of
the experiment, and each version was presented to 10 children. In each version,
children were presented with a relatively equal amount of correct and reduced
pronunciations of target words, for both types of consonant-clusters. In total
the experiment counted 4 types of test stimuli, i.e. 4 test conditions: correct
C+liquid clusters (CCliq), correct /sC/ clusters, (CCs), reduced C+liquid clusters
(RCliq), and reduced /sC/ Clusters (RCs). This is schematized in Table 2 below.
All children were presented with all 4 conditions, with 5 or 6 trials per
condition. Trials were distributed in a semi-randomized way: two trials from
the same condition, or two trials with the same pairing of pictures never
immediately followed one another. For a more detailed overview of the
different test trials, see Appendices 2 and 3. The familiarization phase lasted for

3 minutes and the experimental phase for 5 minutes.

After participating in the perception experiment, the children were tested with
a short word elicitation task. Their utterances were recorded with a Microtrack
Il digital recorder and an external Microtrack II microphone. First the children
were shown pictures of three words, starting either with a /sC/, /Cl/ or a /Cr/
cluster: stoel 'chair'; bloem 'flower’, and broek 'trousers'. If they showed interest
in participating in the task, they were given the chance to produce 3 more
cluster words of the same types. The intention of the word elicitation task was

to find out in what stage of development of cluster production the children
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were, i.e. whether they exhibited cluster reduction in both /sC/ and /C+liq/
clusters, whether they exhibited only /sC/ cluster reduction or whether they
mastered the production of both /sC/ and /C+liq/ clusters. Finally, parents
filled in a questionnaire concerning their child's receptive and productive

vocabulary (short N-CDI's; Zing & Lejaegere, 2003).

Table 2: An overview of all the possible target words used for the picture pair

'bril-schep’ (glasses - shovel).

trial type cluster type experimental | example
conditions

correct /C+liq/ words CCliq bril [briL]

cluster /sC/ words CCs schep [sxep]

reduced /C+lig/ words RCliq bil [biL]

cluster /sC/ words RCs chep [xep]

5.2.4. Apparatus

The entire experiment took place in a 2m x 2m soundproof booth. During the
experiment, children sat on their caregiver's lap at a distance of 90 cm from the
screen. One camera, mounted directly under the screen recorded the children's
eye movements. Caregivers wore headphones and listened to a mix of music

and backward speech.

An experimenter monitored the session outside the booth while the experiment
was run on a Macintosh G4 laptop computer using the Habit X 1.0 software
(Cohen et al, 2000). The looking behavior of each participant during the
experiment was recorded with a Panasonic camera on a Panasonic DVD
recorder. The video recordings of the children’s faces were coded offline by

trained scorers using Elan (EUDICO Linguistic Annotator) 3.6.
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5.2.5. Scoring

The main interest of the perception experiment was to compare children's
looking behavior during the correctly pronounced target words vs. the looking
behavior during the reduced target words. Each test trial was divided into two
phases: the pre-naming phase measured from the onset of the trial (including
the carrier sentence) up to the onset of the target word: 0 - 2,000 ms, and the
post-naming phase from 360 ms after the onset of the target word up to 2,000
ms after the onset of the target word: 2,360 - 4,000 ms. The delay of 360 ms
after the word onset is considered to be the time that infants need to initiate
eye movement in response to speech (Swingley & Aslin, 2000). Only trials
during which children fixated both the target and the distractor in the pre-
naming phase were taken into account for the final analysis. Two looking-time
measures were used: proportion of looking time at the target (PTL) and latency

longest look at the target (LLK).

PTL is computed by dividing the total time spent looking at the target by the
total time spent looking at either the target or the distractor (Swingley & Aslin,
2000). Latency longest look is the difference between the longest look at the
target and the longest look at the distractor (Mani & Plunkett, 2007). The effect
of naming on any given trial is the difference in PTL and LLK between the post-
and pre-naming phases. A positive difference (post- minus pre-naming phase)
indicates that a participant fixated the target relatively more after naming than
before it was named. In the statistical analysis this difference measure for both
the PTL and the LLK measures was used, separately for each of our four
conditions (CCs; CClig; RCs; RCliq). If children would have stored their onset
consonant clusters in detail, naming effects are expected to be larger for

correctly-produced consonant clusters than for reduced clusters.

For the production analysis children fell into one of 3 categories: (1) Reducers:
children who reduced clusters; (2) Substituters: children who produced

clusters of one or both cluster types, either correctly or with segmental
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substitutions, and (3) Non-producers: children who refused to participate in

the word elicitation task.

5.3. Results: perception of clusters

5.3.1. The Results for PTL measure
A repeated measures (RM) analysis of variance test (ANOVA) was performed,
with pronunciation condition (correct cluster vs. reduced cluster) and cluster

type (C+liquid cluster vs. /sC/ cluster) as factors.

The analysis of variance revealed that the factor of cluster type had a significant
effect (F [1,39] = 4.009, p =.05): children looked longer during /sC/ cluster test
trials than during /C+liq/ cluster test trials. The factor pronunciation condition
did not show a significant effect (p = .119): children did not differentiate
between correctly produced or reduced test trials. Neither did the PTL measure
point to an interaction between cluster type and pronunciation condition, p =

A1,

5.3.1.1. Between-subject factors

In the RM ANOVA, where the PTL measure was the dependent variable, the
between-subject factors sex and group were also investigated. It is necessary to
check that none of the independent subject-related factors are interacting with
the dependent factor, in this case the difference PTL measure. There was no
interaction between the between-subject factors and the difference PTL

measure, for all p 2.071.

5.3.1.2. Planned post-hoc comparisons

One-sample t-tests were performed to examine whether there were naming
effects for each cluster-type. Indeed, for all conditions, looking time at the
target word in the post-naming phase was significantly longer than chance (i.e.

compared to 0), for all p <.034. This effect was strongest for /sC/ words in the
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correctly produced condition t(39) = 4.9; p < .001. In other words, in all the
conditions, a naming effect was found and this effect was even stronger in the

case of correctly produced /sC/ words.

Naming effects were then compared for each cluster type, either produced
correctly or reduced. When words are correctly produced, there is a
significantly larger increase for /sC/ words as compared to /C+liq/ words
(¢(39) = -2.63; p = .012). When words were produced with reduced clusters,
infants' looking behavior was similar (p 2 .9). A larger difference PTL measure
for correctly produced /sC/ cluster words than for /C+liq/ words means that
children looked longer at the target word in the post-naming phase and that

this effect was larger for /sC/ words than for /C+liq/ words.

We also wanted to find out whether in the four conditions, children looked
longer than chance at the target word in the post-naming phase. This is why the
four different conditions were compared to zero by means of one-sample t-
tests. The t-tests pointed out that the looking time at the target word in the
post-naming phase was significantly longer than chance, for all p <.034, for the
difference PTL measure for /C+liq/ words in the CC and CR condition and for

/sC/ words in the CR condition.

Since the ANOVA did not reveal an effect of pronunciation condition for the
difference PTL measure, it cannot be concluded that children looked longer in
one condition as compared to another condition on the basis of the way the
cluster word was pronounced. In Figure 3 the mean values for the difference
PTL measure are given, showing how much longer the PTL was in the post-
naming phase with respect to the pre-naming phase for words like bloem

/CCliq/ and boem /RCliq/; stoel /CCs/ and toel /RCs/.
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Figure 3: Mean values and SD of the difference PTL score for /C+liq/ words in
the correct cluster (CC) vs. /C+lig/ words in the reduced cluster (RC) condition

and for /sC/ words in the CC condition vs. /sC/ words in RC condition.

5.3.2. The results for LLK measure

For the LLK measure a repeated measures analysis of variance test (RM
ANOVA) was conducted, with naming phase pronunciation condition (correct
cluster vs. reduced cluster) and cluster type (liquid cluster vs. /s/ cluster) as
independent variables and measure for looking behavior (difference LLK) as

dependent variable.

The analysis of variance did not reveal significant effects of cluster type and
pronunciation condition, for all p = .099. However, there was a significant
interaction between the factors cluster type and pronunciation condition (F
[1,39] = 6.51, p = .015). In order to find out in which way this interaction was
expressed, a number of paired sample t-tests were carried out, namely for the
difference LLK measure for /C+liq/ words in the CC condition vs. the CR
condition; for /sC/ words in the CC condition vs. the CR condition; for the
/C+lig/ words vs. the /sC/ words in the CC condition, and for the /C+liq/ vs.
the /sC/ words in the CR condition. The difference LLK measure turned to be

significantly larger for /sC/ words in the CC condition as compared to those in
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the CR condition £(39) = 2.28; p =.028; this was not found for /C+liq/ words p 2
.35. Furthermore, a significant difference between the /C+liq/ and /sC/ words
in the CC condition was found, where the participants looked longer in the post-

naming phase at correctly pronounced /sC/ words t(39) =-3.19; p =.003.

I also wanted to find out whether in the four conditions, the children looked
longer than chance at the target word in the post-naming phase. This is why the
four different conditions were compared to zero by means of one-sample t-
tests. The t-tests pointed out that the looking time at the target word in the
post-naming phase was significantly longer than chance, for all p < .012,
difference LLK measure for /C+liq/ words in the CC and CR condition and for
/sC/ words in the CR condition. This effect was even stronger for /sC/ words in
the CC condition t(39) = 5.66; p = .000. In other words, in all the conditions, a
naming effect was found and this effect was even stronger in the case of

correctly produced /sC/ words.

Since the RM ANOVA exhibited an interaction between cluster type and
pronunciation condition for the difference LLK measure and the separate t-
tests pointed out that this effect was due to participants having their longest
look at the correctly pronounced /sC/ target picture in the post-naming phase,
as compared to the mispronounced /sC/ target word and as compared to the
correctly pronounced /C+liq/ target word. The mean values of the difference
LLK measure for target words like bloem and boem; stoel and toel are presented

in Figure 4 below.
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Figure 4: Mean values and SD of the difference LLK score for /C+liq/ words in
the correct cluster (CC) vs. /C+lig/ words in the reduced cluster (RC) condition

and for /sC/ words in the CC condition vs. /sC/ words in RC condition.

5.3.2.1. Between-subject factors

In the RM ANOVA, where the LLK measure was the dependent variable, the
between-subject factors sex and group were also investigated, as it is necessary
to check whether any of the independent subject-related factors interact with
the dependent factor, in this case the LLK measure. There was no interaction
between the between-subject factors and measure of latency longest look, for

all p=.115.

5.3.3. NCDI scores

Parents were asked to fill out two versions of the Dutch-NCDI, NCDI-2A and
NCDI-2B, for children between 18- and 24-months. The number of correct
scores was then calculated in percentages. For the current correlation test, I
only used the results on perception and production from the NCDI-2A version

of the test, since the results form NCDI-2A and NCDI-2B were highly similar.

In order to find out if the productive and/or the perceptive vocabulary scores

of the two-year-olds were correlated with the difference scores obtained in the
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perception test, a linear regression test was conducted, with four different
measures as independent variables. These were the difference PTL measure for
/C+lig/ words in the CC condition and in the RC condition, and the difference
measure for /sC/ words in the CC condition and in the CR condition. None of
the four cues (difference measure /C+lig/ in CC and in CR condition, difference
measure /sC/ words in CC condition and in CR condition) correlated with the
vocabulary scores (for all p > .05). The same analysis was conducted between
the productive NCDI scores and the four PTL difference scores, the perceptive
vocabulary and the LLK difference scores, the productive vocabulary and the

LLK difference scores and again, no correlation was found (for all p >.05).

5.4. Results: Production

Children were grouped based on the way in which they in general produced
cluster words in the elicitation task. Eleven children mainly reduced both
cluster types (reducers), and twelve children produced two consonants in one
or both cluster types (substituters); seventeen children refused to participate
(non-producers). Little could be concluded about this last group; it was not the
case that they did not talk at all, since their parents reported that they were
able to utter words. However, because nothing could be concluded about their
cluster production capacities, this group of children was not taken into account

in the main analysis below.

Table 3 summarizes findings from the production experiment. Both the
reducers and the substituters uttered between 4 and 6 (out of a total of 6,

namely 3 /sC/ and 3 /C+liq/ words) words in the elicitation task.

The substituters and the reducers had comparable perceptive and productive
vocabulary sizes, as determined by the NCDIs (for both perception and
production vocabularies, t-tests turned out to be insignificant, with p = .31).

Non-producers exhibited the lowest perceptive and productive vocabulary
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scores. Table 3 also shows the production patterns for the substituters and the

reducers speaker types.

Table 3: NCDI scores and production patterns for substituters, reducers and
non-producers speaker types.

Maximal Number of | Number of | Number of | Number Number of | NCDI- NCD
Speaker number children children children of children 2A I-2A
types of tokens | with with with children with prod. perc
that start production production production with production .
with  a pattern: pattern: pattern: productio pattern:
consonan /C+liq/ /C+lig/ C2 /C+lig/ C2 n pattern: /C+lig/ C2
t cluster correct; /sC/ substituted; omitted; /C+liq/ omitted;
C1 omitted /sC/ C1 /sC/ C1 correct; /sC/ C1 or
omitted substituted /sC/ C1 C2 omitted
substitute
d
Substituter 6 6 3 2 1 0 81 60
female: 5 46- 31-
male: 7 100 93
Reducer 6 0 0 0 0 11 84 67
female: 8 50- 26-
male: 3 100 97

5.5. The link between perception and production

Naming effects were compared for the substituters and the reducers. Since
results from the looking behavior with the latency longest look measure
suggest that overall, toddlers noticed the mispronunciation for /sC/ words, this

measure (i.e. the LLK difference score) was used in the statitical analysis below.

In Table 3 it can be seen that of the twelve cluster reducers, 9 only reduced
/sC/ clusters, while they produced target /C+liquid/ clusters correctly - or at
least with two consonsants. While these /sC/ cluster reducers did not show
different looking times for correct vs. reduced /C+liq/ words (p 2 .39), they did
look longer at correctly pronounced /sC/-words than at reduced /sC/-words
(t(11) = 5.97, p = .0001). In other words, the children who tended to reduce
/sC/ clusters were sensitive to the difference between correctly produced and
reduced /sC/ words, but not to the difference between correctly produced and

reduced /C+liq/ words.
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Similar paired-sample t-tests were carried out for the substituters. Here we did
not find significant differences, neither for the /C+liq/ words, nor for the /sC/
words, (for both p = .64). Although this group of children has reached a higher
level in their production performance than the reducers, they did not look
significantly longer to correctly produced words: they increased their looks
only marginally. However, this increase is not significantly different from the
reducers' increase for the correctly produced /sC/-clusters (p 2 .44). This
suggests that the substituters reveal the same pattern as reducers, but to a
lesser extent. I also used unpaired t-tests to test whether substituters and
reducers exhibited a naming effect for either /C+liq/ or /sC/ words. I found
that both reducers and substituters showed a naming effect for /sC/ words
(t(11) = -3.44, p = .006 and t(12) = -3.19, p = .008, respectively) but not for
/C+lig/ words (for both production types p = .26).

To sum up, [ found an asymmetry between production patterns and perception
patterns, where children who reduced /sC/ clusters in their productions
showed awareness of the difference between correctly and incorrectly
pronounced /sC/ clusters, while children who were more advanced in their
realization of clusters did not. With respect to /C+liq/ words, no significant

differences were found.

5.6. Discussion

In this chapter we looked at children's looking behavior for correctly produced
and mispronounced /sC/ words and /C+lig/ words in a preferential looking
paradigm experiment. In the data we obtained, it was observed that although
all four conditions elicited naming effects (i.e. increase at looking at target),
there was a significant difference between cluster types when measuring
children’s longest looks. The largest naming effect was obtained for correctly
produced /sC/ words and it differed significantly from the effect for the

incorrect pronunciation of /sC/ words.
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Recall that in other PLP studies, longer fixation at the target is found when it is
named correctly as opposed to when the target is mispronounced (Swingley &
Aslin, 2000) and that bigger violations in the target word lead to shorter
fixation at the target picture (White & Morgan, 2008). In studies that found that
infants are sensitive to mispronunciations, it is often concluded that they have a
detailed lexical representation of the correct target word. Thus, according to
these studies, longer fixation at a target picture named correctly (as opposed to
fixation at the target named with a mispronounced label) points to a detailed
lexical representation of the target word. If we apply this line of reasoning to
the difference in looking times obtained for /sC/ words in the present study, we
would have to conclude that 24-month-old Dutch children have a detailed
representation of the onset cluster in the /sC/ words, since they are sensitive to

Cideletion.

However, if we use this interpretation for /sC/ clusters, then the question
arises why the same subjects did not exhibit a significant difference in looking
time for correctly produced /C+liquid/ words vs. mispronounced /C+liquid/
words, with longer looks for correct productions, while most of these subjects
even produced two consonants when attempting these target clusters. The 24-
month-olds looked equally long at the picture of a ‘bread’ when they were
presented with /bro:t/ as when they were presented with /bo:t/, suggesting
that they found the word label lacking the C; in the onset a “good enough”
exemplar of the Dutch word brood. The apparent insensitivity to an incorrect
form of brood vs. the sensitivity to a correct form of stoel could be explained by
saliency. It could be that children are only sensitive to the correctness of
consonants at word edges (Swingley & Aslin, 2000; Swingley, 2005) and of the
vocalic nucleus (Mani & Plunkett, 2007), and that they are less sensitive to

consonants in non-edge positions, like the C; in the present study. The
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difference in sensitivity could also be enhanced by the higher acoustic saliency

of the fricative in a C; position.2

While one of these types of saliency could be involved in the results here, it is
remarkable, in Figure 4, that the LLK score for correct /C+lig/ words is not only
comparable to the LLK score for mispronounced /C+liq/ words, but also to the
score for incorrect /sC/ words. This suggests that listeners are equally
“uninterested”, in the correct naming of brood as in the incorrect naming of
stoel. The difference between correctly produced brood and correctly produced
stoel for the LLK measure is a striking 230 ms. This difference is not caused by a
general preference for /sC/ words (or for the objects which picture /sC/
words) as the looking times to objects in the two conditions did not
significantly differ from one another in the pre-phase (p = .36). In the post-
phase, however, the LLK measure was significantly higher for correctly
produced /sC/ words than for correctly produced /C+liq/ words (t(39) = -3.03,
p = .004). This difference cannot be explained by the mean duration of /sC/
words either; these words were, on the whole, 55 ms longer than /Cliq/ words,
but this is insufficient to explain the longer LLK of 230 ms for correctly

produced /sC/ from the LLK for correctly produced /C+liq/ targets.

The short looking times at correct /C+liq/ words suggest an alternative
hypothesis, according to which the results in this chapter point to a learning
effect for /sC/ clusters. These clusters are usually acquired later than /C+liq/
clusters (Fikkert, 1994). The learning effect results from the learners’
comparison of their own reduced forms of target /sC/ words, like [tul] for
target stoel (chair) /stul/, to the perceived correct form that they are presented
with, [stul]. If their own segmental representation of the word does not contain

/s/, and they notice the mismatch of their own form compared to the form they

2 According to the sonority scale (Selkirk, 1984) /s/ is less sonorous than
liquids. However, when /s/ is in word initial position, it is acoustically more
salient than the liquid following a plosive in /C+liq/ clusters.
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are presented with, this might lead to increased attention for this correct form,
because they are updating their segmental representation, and therefore to
longer looking times in this condition. With respect to /C+liq/ words, we would
then hypothesize that the children already have segmental representations that
include the complete cluster. The correct forms therefore do not invite an
update of these representations. However, the reduced forms, like [bot] for
brood (bread) /brot/, are “good enough” perceptual exemplars of their
segmental representations of these forms. The reasons for this apparent
indifference to correct versus incorrect forms in the case of /C+liquid/ forms
could again be due to the fact that the C; position is less salient. Using a more
sensitive experimental technique, like EEG, could show that children are, in

fact, sensitive to the missing liquid in the reduced test items.

Furthermore, it is interesting to note that production data of the same
participants in our experiment show that the strongest naming effect for
correct /sC/ clusters is found for the eleven speakers (out of the total of
twenty-three who were willing to participate) who reduced /sC/ clusters in
their own productions. The remaining twelve speakers who tended to exhibit
substitution in their cluster realizations also show the naming effect for correct
/sC/ words but to a much lesser extent. The fact that the /sC/ naming effect

was stronger among the reducers, is in line with the learning effect hypothesis.

5.7. Conclusion

In this chapter I studied the way in which 24-month-olds perceive different
reduced onset clusters. Furthermore, I investigated whether they react
differently to /C+liq/ onset cluster reductions, on the one hand, and reductions
of /sC/ onset clusters, on the other hand. The results from this experiment
suggest that the participants are able to differentiate between correctly
produced and reduced /sC/ cluster words but not between correctly produced

and reduced /C+liq/ words. Interestingly, it was mainly the group of children
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who reduced target /sC/ clusters in their own productions that showed the
highly increased looking times for correctly produced /sC/ test items.

Four accounts for these data were considered. The first account was based on
the assumption in the literature on similar preferential looking experiments,
that longer looking times for correct pronunciations test stimuli indicate
detailed segmental representations of those stimuli. This would indicate that
the longer looking times that were found for the correct production of /sC/ test
stimuli point to the children in the study having a detailed lexical
representation of /sC/ words. This account does not seem to be supported by
the production data of the children in the study, which showed a general
pattern of fairly correct productions of target /C+liquid/ clusters, next to
mostly reduced productions of target /sC/ clusters. The second and third
accounts concern the lack of sensitivity to the C; omission in target /C+liq/
stimuli. The second account states that the C, position is less salient, and
therefore is of less importance for young children's word recognition. The third
account states that the sensitivity to the presence of [s] in the correctly
produced /sC/ words is specifically due to the high acoustic saliency of the
segment /s/ in word initial position. While both saliency accounts could explain
the perception data, they again do not seem to fully comply with the production
data, unless the omission of /s/ in the productions of target /sC/ clusters of
most of the participating children is mainly due to speech production
constraints. The saliency hypothesis could be tested in an experiment with the
same stimuli but testing the reverse reduction patterns. Thus, in stoel C; is
omitted and becomes [sul] and in brood C; is omitted and becomes [ro:t].
Although these simplification patterns are uncommon in Dutch children’s
productions, it would be interesting to see whether we would now find the
opposite pattern in looking times, with the longest looking times for the
reduced /C+lig/ stimuli, that now lack their Ci. If this would be the case, the
specific saliency account, stating that /s/ in Ci position is highly salient and
attracts the attention when it is present, would be automatically rejected.

Finally, the fourth account suggests that the longer looking times for correctly
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produced /sC/ test stimuli result from online learning. The idea behind this
hypothesis is that the segmental representation of target /sC/ clusters for
children who reduce these clusters to [C] in their productions is the reduced
form /C/. The longer looking times for correct /sC/ test items can then be taken
to indicate that they are paying attention to the mismatch between their own
[C] production and the perceived [sC] production of the word referring to the
target picture, and that they might even be updating their segmental
representation. The online awareness of a mismatching representation that
needs to be updated when being presented with correct /sC/ test trials, then,
causes the difference between the looking times for correct /sC/ and /C+liq/
forms. An additional assumption is that the children in this experiment are
already aware of the complex onset of /C+liq/ clusters, as evidenced by their
productions of words starting with a /C+liquid/ cluster, which usually contains

a consonant cluster.

In order to test the learning hypothesis, the experiment from this chapter
should be performed with a younger group children, who are still reducing
target /C+liquid/ clusters in their production. The expectation is that they
would exhibit the same effect for the correctly produced /C+liq/ test stimuli

that was found here for the correctly produced /sC/ test stimuli.
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Appendix 1: A list of the 27 words used in the familiarization phase, which were

presented in random order.

Test words used in this experiment
/Cr-/ and /Cl-/ words | /sC-/ words distractor words
vlag schep baby
brood schaar bal
broek schoen auto
trui speen poes
bril step mier
blok stoel
trap spin
klok slang
kraan schaap
trein slak
fles
bloem
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Appendix 2: A list of the 25 trials that were presented in the experimental
phase, for the 1st experimental group. The table gives information about the
picture pairs that were presented in each trial, the auditory stimulus
(annotated using Dutch orthography) that was part of the trial and the
condition of each trial, where CP stands for correct pronunciation and MP for
mispronunciation, 'liq' refers to /C+liq/ words and 's' to /Cs/ words. The trial
order of the table is identical to the 1st experimental order used during the

experimental phase.

trial left picture right picture | auditory condition
number stimulus

1 bloem step step CPs

2 vlag broek vlag CPliq

3 brood flesje bood MPliq

4 poes schaap schaap CPs

5 spin slang lang MPs

6 bril schep schep CPs

7 auto baby baby CPcontrol
8 broek vlag boek MPs

9 trui speen trui CPliq

10 schoen kraan choen MPs

11 slang spin spin CPs

12 schep bril bil MPliq

13 blok schaar bok MPliq

14 stoel trap trap CPliq

15 baby auto paku MPcontrol
16 klok trein klok CPliq

17 bal poes bal CPcontrol
18 trap stoel toel MPs

19 kraan schoen kraan CPliq
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20 mier slak slak CPs
21 trein klok tein MPliq
22 speen trui peen MPs
23 flesje brood fles CPliq
24 step bloem boem MPliq
25 schaar blok schaar CPs
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Appendix 3: A list of the 25 trials that were presented in the experimental

phase, for the 2nd experimental group. The table gives information about the

picture pairs that were presented in each trial, the auditory stimulus

(annotated using Dutch orthography) that was part of the trial and the

condition of each trial, where CP stands for correct pronunciation and MP for

mispronunciation, 'liq' refers to /C+lig/words and 's' to /Cs/ words. The trial

order of the table is identical to the 2nd experimental order used during the

experimental phase.

trial left picture right picture | auditory | condition
number stimulus

1 blok schaar chaar MPs

2 spin slang slang CPs

3 stoel trap stoel CPs

4 slak mier lak MPs

5 vlag broek broek CPliq

6 trap stoel tap MPliq

7 schoen kraan kaan MPliq

8 trein klok kok MPliq

9 brood flesje fes MPliq

10 auto baby auto CPcontrol
11 bloem step bloem CPliq

12 bril schep bril CPs

13 trui speen tui MPliq

14 schep bril chep MPs

15 klok trein trein CPliq

16 step bloem tep MPs

17 kraan schoen schoen CPs

18 poes bal diem MPcontrol
19 flesje brood brood CPliq
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20 baby auto zoma MPcontrol
21 schaap poes chaap MPs

22 speen trui speen CPs

23 broek vlag vag MPliq

24 schaar blok blok CPliq

25 slang spin pin MPs










Chapter 6. Discussion

The goal of the research presented in this thesis was to come up with a
proposal for a developmental model of the speech production mechanism.
Different aspects of the production and, to a smaller extent, the perception of
target onset clusters by young children were studied in order to find out how
the speech production mechanism functions in these developing speakers, and
how it evolves over time. In this final chapter I will summarize the results from
the different chapters in the light of the speech production model that was
introduced in Chapter 1. I will use the results from the four different studies
that were carried out in the thesis to present the state-of-the-art of what we
have come to know about the developing speech production mechanism, and
discuss issues that remain to be elaborated. Below I will start out by shortly
outlining the model again that was introduced in Chapter 1. Then I will present
the developmental view on the speech production mechanism that was
proposed by Wijnen (1990) and Levelt (1998). Subsequently I will discuss what
the results from the studies in this dissertation tell us about the development of
the speech production mechanism, and to what extent they supplement the

developmental perspective presented in the work of Wijnen and Levelt.

6.1. The model

6.1.1. Speech production

The speech production model that formed the point of departure for the studies
in this thesis is depicted again in Figure 1, and incorporates the speech
production model by Levelt et al. (1999) and the production chain of the
bidirectional perception-production model presented in Boersma and Hamann
(2009). The Auditory Target Form (Boersma, 2011) replaces the Phonetic
Gestural Score in the model of Levelt et al. In the model as discussed here,
speech (word) production involves the step-wise retrieval of information and
application of knowledge from retrieval of the word form from the mental

lexicon to articulation.
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Lexical Entry

lexical retrieval

(Phonological Underlying Form)

phonological encoding

@honological Surface Form)

phonetic encoding

(Auditory Target Form)

articulation

[Articulatory Form]

Figure 1: The speech production model, based on Boersma and Hamann (2009),

Boersma (2011) and Levelt et al. (1999).

Focusing on the word-form encoding part of speech production, the production
of a word requires the activation of a lexical entry in the mental lexicon. If, for
instance, a child intends to utter the word schommel ‘swing’, then the lexical
entry <schommel> will be activated. Each lexical entry activates its
corresponding underlying form, in this case /sxomal/, which contains the
stored information about the word’s sound segments. Phonological encoding of
this information leads to a syllabified phonological surface form |sxo.mal].
Subsequently, phonetic encoding converts the surface form to an auditory-

phonetic target form - with syllabic position-specific allophones ['sxomat]. This
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is the auditory target form that the speaker aims to achieve - even if
obstructions in the articulatory-motor system prevent the normal way of
articulation, as bite-block experiments carried out with adults (MacNeilage,
1981, Gay et al, 1981) and with children (Oller & MacNeilage, 1983) have
shown; even if speakers are articulatorily inhibited, they try to produce the
word as close as possible to the form that is typically produced. This points to
the existence of an auditory target form which a speaker aims to achieve in
production. The auditory target form, finally, is transformed by sensorimotor
knowledge to an articulatory-motor program that controls the speech muscles

and results in the acoustic realization of the word [s¥x¥om-at].

6.1.2. Speech perception

Although in this thesis the focus is on the development of the speech
production mechanism, this cannot be done without taking into account the
speech perception abilities of the developing speaker. In the initial step of word
production, the sounds of the word to be produced are retrieved from the
mental lexicon. These sounds have been stored in the mental lexicon through
the speech perception system. The nature and actual content of the lexical
representation is thus wholly dependent on the perception chain, which more
or less mirrors the production chain. When a word uttered by a speaker is
perceived by a listener, first of all the listener receives the acoustic signal. In
case of the word schommel, , the acoustic signal [s¥x¥om'at] is mapped onto the
representation ['sxomat] at the auditory target level. The next step is mapping
this form to its syllabified Surface Form (SF) /.sxo.mal./. Subsequently this form
is mapped onto its underlying form |sxomal|. At this level, if necessary,
information about the word's morphology is decoded. Finally, the
phonologically underlying form (UF) is matched to its lexical entry
<schommel>. In order to completely understand the forms of the word-
productions that are uttered by the developing speaker, a parallel study of the
developing perceiver would be necessary; if segmental material is lost or

changed in the perception chain, this would lead to an incomplete or incorrect
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stored form in the mental lexicon, which would entail that the production chain
already starts out with incomplete or incorrect information. Currently it is
hardly possible to perform longitudinal production and perception studies in
tandem, because perception studies still rely on group results, while ideally
comparison of individual patterns in production and perception would be
needed to study their interaction in development. In this thesis only the study
presented in chapter 5 gives us a peek into the relation between incomplete
production and incomplete perception - or storage - of the sound structure of a

word. [ will come back to this study in section 6.3.1

6.2. The initial state of the production mechanism

Wijnen (1990) proposed that the production mechanism of the young language
learner is a reduced, non-hierarchical and non-modular version of that of the
mature speaker. Development entails ‘layering’: adding layers where specific
processing takes place, thereby rendering the mechanism hierarchical and
modular. Similarly, in Levelt (1998), the ontogenesis of spoken words was

hypothesized to look like in Figure 2 below.
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(Concept ANIMAL) (Concept ANIMAL) | (Concept ANIMAL)

lemma "animal’ N NEUT

rift

pho;ncode /w/ [u/ [f] i phon code /w/ /u/ /f/

syllable [wuf]

SYLLABARY

syllable [wuf]

SYLLABARY

SYLLABARY )
+1;0 i

Figure 2: Four-staged model as suggested by Levelt (1998), visualizing how the

child speech production model is built up.

The young speaker starts out with a reduced mechanism that consists of two as
yet separate parts: a set of concepts and a set of articulations, i.e. syllabic
babbles. At this point, concepts are not labeled in speech by any particular
phonological form; there is no connection between concepts and articulations.
The first meaningful words signal that a connection is established: concepts
start to be labeled in production with relatively stable articulations, which are
directly retrieved from the store of practiced syllables. At this point, then,
words (or protowords according to Levelt) are not phonologically encoded. This
layer becomes available when the ever-increasing number of words in the
protolexicon forces the language learner to reorganize the system by
phonemization - segmentalization - of the lexicon (Wijnen, 1990); between the
ages of 1;6 and 2;6, words in the lexicon are fitted with increasingly detailed
segmental representations. The establishment of the phonetic encoding layer is
not separately discussed in Wijnen, nor in Levelt. However, since phonological
encoding of the increasing number of segmental representations generates a

series of newly formed syllables, phonetic encoding is required to generate
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articulatory-motor programs for these new syllables, and establishment of this
level is thus expected at this time. With experience these articulatory motor-
patterns will probably be added to the syllabary. Around 4;0 the mechanism is
expected to look like the adult mechanism (Levelt, 1998).

Since the focus of this study lies on the development of the production of onset
clusters in words, the data that are studied result from a mechanism that has
already developed the connection between concept and articulation, and works
with at least partially segmentalized representations. This entails that both the
phonological and phonetic encoding levels are already established. The data
from the present study therefore mostly inform us about developments within
these levels and the developing relationships between the levels, and they show

us where the hurdles in production lie in the mechanism during development.

6.3. Sources of word production errors in young children

An articulated segmental error in the word production of a young language
learner results from a deficiency in knowledge and/or processing ability during
the word production process. The basic question in this study was whether
characteristics of the error could point out the exact source of the error in the
production mechanism. This, in turn, could then tell us more about the

development of (specific layers in) the mechanism.

[ will start out by discussing what our findings have revealed about the
underlying form, i.e. the lexical representation of a word, the phonological

encoding level and the phonetic encoding level, respectively.

6.3.1. Underlying Form

It is clear that the learner's articulated form will deviate from the adult
articulated form if the underlying form, i.e. the sound sequence of a lexical
entry stored in the mental lexicon of a young language learner, is incomplete

compared to the adult target form, or contains an error. A possible source of the
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reduced or substituted target onset clusters we encounter in young children's

productions is thus the stored underlying form.

Deviating underlying forms would not only have an effect on production, but
also on perception, since the perceived form has to be mapped onto the
underlying form of a lexical entry at some point, resulting in a match or a
mismatch with this form. In Chapter 5 we therefore tested whether toddlers’
underlying forms of target adult words with onset clusters matched better with
reduced onset productions or with correct onset cluster productions, as
revealed by their looking time to pictures of these target words upon hearing a
picture label with a correct or a reduced onset cluster. Results differed for the
two basic cluster types, /sC/ and /C+liq/. Correctly produced target /sC/
clusters lead to significantly longer looking times than reduced target /sC/
clusters, but this pattern ws not found for correct vs reduced target /C+liq/
productions. In both cases, the clusters were reduced to [C], which means that
in target /sC/ clusters the initial consonant was omitted, while in target /C+liq/
clusters the second consonant was omitted - conform the initial productions of
these clusters by young children. In this study, the majority of the toddlers who
participated in the experiment reduced target /sC/ clusters in their own
productions to [C], while they produced complete [C+liq] clusters for target
/C+liq/ clusters. Since they produced [C+liq] clusters, these clusters must have
been represented as such in the underlying form. The main question is, then, if
their reduced target /sC/ clusters could have resulted from an incomplete

lexical representation.

In similar experimental work where looking time to target pictures was
measured in relation to segmentally correctly or incorrectly produced picture
labels (among others White & Morgan, 2008) looking times to target pictures
have been found to be shorter when labels were produced incorrectly. In these
works, the conclusion is that the participants' representations are detailed and

correct, and that a mismatching production therefore impedes lexical access,
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resulting in the shorter looking times. However, with the knowledge from our
study that the largest naming effect, i.e. increase in looking time, for correct
productions was found for participants who reduced these clusters in their own
productions, a different interpretation is possible: the correct production
attracts attention, resulting in longer looking times, because it actually
mismatches with the child's underlying form in a salient way, namely by the
presence of [s]. This corroborates with the results of the Switch Paradigm study
in Levelt (2012), where 14-month-olds who were habituated to the novel word
[pa] showed significantly longer looking times when the switch test item [pat],
containing an added [t] that could not have formed part of the representation
constructed during habituation to the form [pa], was presented in the test
phase. In both experiments, then, a mismatch between an underlying
representation and a perceived form leads to longer looking times. Like in
Levelt (2012), it can therefore be concluded that an incomplete underlying

form can indeed initially be the source of an incomplete production.

Acoustical data from the longitudinal cluster production study reported in
Chapter 3 can be put forward as possibly supporting this conclusion. In that
study, the productions of target /C+r/ clusters of five children were analyzed
acoustically, from their first recording sessions up until the clusters were
produced correctly, or if this did not happen, up until the end of the recording
period. In Chapter 2 it had been found that in a certain developmental period
reduced cluster productions turned out to contain an acoustic trace of the
omitted target /r/ in the following vowel. The presence of a trace of this /r/ in
the produced form was taken to entail that /r/ had been present in the
underlying form. In the longitudinal study in Chapter 3, however, it turned out
that in an earlier stage, children did produce target C + /r/ clusters with a
complete and traceless omission of target /r/. These traceless cluster
reductions in production could very well be due to an incomplete underlying
form, in which only a single consonant of the original onset cluster of the target

word has been stored. However, in this case the form could also be due to
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restricted phonological encoding, to which I will turn below. Perception data
are necessary to distinguish between these two options. However, I could not
check the performance of the traceless omitters in the study - and compare this
to the performance of [+trace] omitters or correct producers - in a perception
study with correct and reduced productions of target C+/r/ clusters because
the production data had been collected between 1989 and 1991.

To conclude this section, the perception study from Chapter 5, in combination
with the information on the production abilities of the participants in Chapter
3, shows that the underlying form is a likely initial source for the production of
reduced clusters. However, in order to verify this, the combination of solid
production and perception data is crucial. A study in which longitudinal
production and perception data of a larger group of children is collected and
compared is necessary to come up with a definitive answer on the role of the

underlying form in the deviating forms of early word productions.

6.3.2. Phonological encoding

During phonological encoding, the segments retrieved from the mental lexicon,
i.e. the underlying form, are grouped into syllables. Syllabification takes place
according to a combination of universal and language-specific rules.
Universally, the most sonorant segment (usually the vowel) forms the nucleus
of a syllable, and preceding consonants are preferably grouped into the onset,
as long as the sonority sequencing principle is met. Remaining consonants are
assigned to the coda position, or to an appendix position in the case of /s/ in
/sC/ clusters (Trommelen, 1984). There are language-specific constraints on
the complexity of syllables, specified in the phonological grammar. Some
languages only allow CV syllables, i.e. they disallow codas and complex onsets,
and require the presence of an onset consonant, other languages allow for
complex codas but not for complex onsets, etc. (Blevins, 1995). It is well-known
that children universally start out with a highly restricted syllable structure
(Menn, 1976; Jongstra, 2003; Fikkert, 1994; Levelt, Schiller & Levelt, 2000).
Levelt, Schiller and Levelt showed that Dutch children exhibit a systematic and
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gradual development of syllable types in their production, starting with CV,
depicted in Figure 3:

2CCV(C) = (C)VCC N
CV > CVC -V cevec
\ (C)VCC = CCV(C) 7

Figure 3. Development of syllable types (Levelt et al. 2000).

If the syllable spell-out is constrained by phonological grammar, and the
phonological grammar initially disallows complex onsets, the source for the
omission of consonants from target adult consonant clusters could be situated
at the level of phonological encoding. In the underlying form both consonants of
a target onset cluster are represented, but due to the fact that only singleton
onsets can be spelled out at the phonological encoding level, one of the
consonants cannot be syllabified and ends up "stray"; it will therefore not be
included in the Surface Representation. This entails that the stray consonant
will be completely unavailable to the subsequent layer of phonetic encoding,

predicting a traceless omission of the consonant in the child's production.

As discussed above, traceless omissions were encountered in Chapter 3, in the
first stage of target onset cluster production. As long as clear additional
perception data are unavailable, it is hard to determine which of the two
possible sources, the underlying form, or phonological encoding, is responsible
for traceless omissions in production. In the longitudinal data, however,
traceless omissions of target adult /r/ soon occurred next to productions
containing a trace, or even a more pronounced version of this /r/. The variable
forms indicate that at this point, at least, the underlying form must contain the

segment /r/.
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With the longitudinal production study from Chapter 4, in which children were
encouraged to participate in a Picture Naming (PN) task, a Word Repetition
(WR) task and a Non-Word Repetition (NWR) task, I tried to argue from the
correct and incorrect performance on the different tasks where the bottleneck
in the production mechanism was situated at a given time, and how the
bottleneck shifted over time. In the initial stage, a discrepancy was found
between the performance on the NWR task and the performance on the PN
task, where in the NWR task more advanced productions were encountered
than in the PN task. Since picture naming requires both the retrieval of the
underlying form and phonological encoding, while non-words in principle do
not have a stored underlying form, and can skip the phonological encoding
level, the more limited performance on the PN task must have been caused by
the same possible sources identified for the spontaneous data from Chapter 3:
either the underlying form, or phonological encoding. Again, we need
perception data to be able to distinguish between the two options.
Interestingly, however, both the spontaneous data from Chapter 3 and the
elicited production data from Chapter 4, from different children and collected
in different decades, do show the same pattern: the main source for initial
deviating word productions can be found in the upper layers of the speech
production model: certainly at the level of phonological encoding. The exact

role of the underlying representation remains to be determined.

6.3.3. Phonetic encoding

The Surface Form resulting from phonological encoding is mapped onto an
Auditory Target Form at the phonetic encoding layer. Here, phonological
features of segments are phonetically interpreted, and tailored to the segments’
position in the syllable. Subsequently, an articulatory-motor program is
constructed which will be executed by the articulators. In the adult model,
there is evidence for a syllabary, where frequently used articulatory-motor
programs for syllables are stored as entities (Levelt et al., 1999). Retrieving,

rather than constructing articulatory-motor programs will speed up the
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production process. In this thesis I did not specifically study the development of
the syllabary, but this is certainly a relevant topic for future research, as it
might show a U-shaped development; in the very first meaningful utterances,
the beginning speaker seems to rely on a restricted set of ready-made motor
patterns for syllables (see Figure 2 above), that are directly accessed.
Subsequently these syllables are analyzed into their constituent segments, i.e.
they are segmentalized (Wijnen, 1990; C. Levelt, 1994). The layers of
phonological encoding and phonetic encoding develop at this point. With
production experience, motor programs for syllables are stored as entities
again. At this point, the syllabary thus seems to be reinstated - or reactivated -
as part of the phonetic encoding layer. The syllabary could also play an
important role in the variable forms of word productions we often find in child
language, where in a single recording session more and less advanced
realizations of the same target word can be found. Presumably, stored "old"
motor programs for syllables compete with new, less frequently used new
motor programs. I will come back to this below, in section 6.4, where I discuss

variable forms.

Data in Chapters 2, 3 and 4 all point to the layer of phonetic encoding as the
source of deviating - with respect to the adult model - productions. In Chapter
2 it was found that upon acoustic analysis, productions in which target onset
clusters appeared to have been reduced to singleton onsets, actually turned out
to contain traces of the omitted consonant in the following vowel. We have to
consider the possibility that the form with the trace is the form that the child
has stored in the mental lexicon, which would entail that the source of the
deviating production lies in the lexical representation, rather than at the
phonetic encoding layer. However, in Chapter 3, a sequence of developmental
stages was uncovered, showing a gradually increasing presence of the initially
completely absent target /r/ in the production of target plosive +/r/ onset
clusters. In my opinion, it is unlikely that the driving force behind these

developments in production would lie in the constant updating of the lexical
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representation of the target onset clusters. In addition, the production data,
both the spontaneous data in Chapter 3 and the elicited data from Chapter 4,
showed quite some variable forms, which are also more likely to result from an
unstable phonetic and/or phonological encoding layer than from variable

lexical representations.

The presence of a trace of target C in the child's production, or a vowel-like
rendition of this target consonant, as found in the longitudinal data in Chapter
3 does not only indicate unstable phonetic encoding however. When
phonological encoding is still restricted to singleton onsets, the trace or vowel-
like rendition of target C2 can be seen as a means of expressing this target
consonant within the limits set by the phonological encoding layer, i.e. a CV(C)
syllable structure: in the absence of a C; position in the syllable, the target C; is
spelled-out, for better or worse, in the nucleus position. In case the syllable is
restricted to CV(C), both /r/ and the subsequent vowel share a single nucleus
position, leaving very little room for the phonetic encoding of /r/; in this case
we find just a trace of /r/ encoded in the vowel. In case phonological encoding
can spell-out syllables with a complex nucleus, target /r/ can be phonetically
encoded as a separate segment, albeit a vowel. In both cases, phonetic encoding
is not the main source of the deviating production: it has done the best it could

do with the phonologically encoded form.

It was determined that epenthesis, stage 4 of target /Cr/-cluster production
development, is a genuine problem at the lower levels of the model, either
phonetic encoding or the execution of the motor program. In this view, the
vowel intervening between [C] and [r] in production is the acoustic result of an
immature coordination of the two consonant articulations; the articulation of
the second consonant is initiated after the release of the burst of the initial
plosive consonant. Whether this articulation is due to the motor program, or to
the execution of this program can at this point not be determined. However,

subsequent consonantal substitutions of the target /r/ also point to problems
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with the correct phonetic implementation of the features of this rhotic

consonant at the phonetic encoding level.

In Chapter 4, finally, we saw a developmental shift in the performance of the
different production tasks, from a better performance on NWR than on PN
tasks, to a state where performance on all tasks was similar, but still not
perfect. This, following Den Ouden (2002), indicates, that the main error locus
shifts from a location either at the level of the lexical representation or the
phonological encoding level, to a location at the level of phonetic encoding.
Here too, then, the data in Chapters 3 and 4 corroborate each other in showing
that the main source of deviating productions at later stages can be found at the

lower, phonetic encoding layers of the model.

6.4 Variable forms

What do variable forms say about the developing speech production
mechanism? Of course mature speakers produce variable forms too, depending
for instance on speech rate, whereby higher speech rates can lead to segmental
reductions and assimilations. In this thesis, the link between speech rate and
variability between more complex and more reduced forms was not specifically
studied. However, the production study in Chapter 4 explicitly relied on
variability in production success in different types of production tasks - picture
naming, word repetition and non-word repetition - to infer the source of
difficulties in the speech production mechanism. For example, success in
cluster production in the word repetition task, combined with failure in the
picture naming task indicates that the source of difficulty lies at the level of
phonological encoding, since this level can be by-passed in word repetition, but
not in picture naming. Variable forms thus form an important source of

information on the developmental state of the mechanism.

In the study of longitudinal spontaneous data in Chapter 3, it turned out that

despite the fact that a specific sequence of stages could be discerned in the
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development of cluster production, these stages also showed considerable
overlap. In these data, variability was not related to different production tasks,
and the only possible context for more versus less correct productions was
found in the data of Cato, where the same target word was produced correctly -
with a cluster - utterance-initially, but incorrectly in non-initial positions in the
utterance. Only a very small set of data was available, but it is worthwhile to
study this possible context for variability in an experimental set-up in future
research, as it might point to a role for attentional resources. For now, the
overlapping stages show us what the upper limits on the form-encoding
abilities of the production mechanism are. In addition, they reveal the relative
instability of the newly developed abilities; for reasons that we will need to
study experimentally, the new abilities cannot always be used to the full, and
the developing speaker then reverts to 'old'" well-practiced spell-outs or

articulatory-motor programs.

6.5 The developing speech production mechanism

At the time when children produce reduced onset clusters, which is the focus of
interest of this dissertation, the speech production mechanism resembles the
adult model in its complexity. This means that the imperfections visible in the
child productions that were studied in this thesis are not due to an incomplete
mechanism, with missing layers, as proposed by Wijnen (1990) and as depicted
in the first four ontogenetic stages proposed by Levelt (1998), above in Figure
2. When a target onset cluster is realized in a way deviating from the adult
model realization, this must then either result from an immature
representation at one of the levels of the model, or from a problematic mapping
from one layer of the model to the next. The variable forms we encountered in
the longitudinal data in Chapters 3 and 4 point to the fact that the speech
production mechanism is still unstable, but they also help to determine the
error source more precisely; in the case of variation it is more likely that the
representation at some level is correct, while the problem lies in the mapping

between that level of representation and the next-lower level.
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According to the current account, then, the speech production mechanism
matures in a top-down fashion. Constraints on syllable structure initially limit
the segmental spell-out options at the level of phonological encoding. Phonetic
encoding thus operates on a phonologically encoded form which already
deviates from a form encoded by a mature production mechanism. Phonetic
encoding can result in additional deviating characteristics in the form -
compared to a form phonetically encoded by a mature mechanism - that will be

articulated.

The produced word form, at every developmental stage, thus results from
phonological encoding, which operates within the limits set by the developing
phonological grammar, and phonetic encoding, which translates this
phonologically encoded form into an articulatory plan - and is constrained by
its own developmental limitations. This interaction can be illustrated with the

description of developmental stages in the production of target /Cr/ clusters.

Stage: /r/ is completely omitted:

Phonological encoding: syllable spell-out is constrained by the phonological

grammar, which initially does not allow for complex onsets (see Fikkert, 1994;
Demuth & Fee, 1995; Levelt, Schiller & Levelt, 2000).
Result: /r/ is not encoded: becomes stray segment

Phonetic encoding: Stray segments are not seen by this module.

Result: target /r/ is not included in the articulatory-motor program
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(o)
Rhyme
Onset Nucleus Coda
b(r u k
"stray"

Stage: /r/ = F2 trace

Phonological encoding: syllable spell-out is still constrained by a phonological

grammar that does not allow for complex onsets. However, there is a new
development: (grammatical) pressure to spell-out all underlying segments,
leads to /r/ being spelled-out in the Nucleus.

Phonetic encoding: the now phonologically encoded |r| shares single Nucleus

position with |u|, and can only be accommodated very partially.

Result: |r| is phonetically spelled-out as F2 raising in the vowel.

(¢
Rhyme
Onset Nucleus Coda
b rju k

F2trace in [u]
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Stage: /r/ = full vowel

Phonological encoding: the phonological grammar now allows for a complex

nucleus (but not for complex onsets). Both /r/ + /u/ are spelled out in a
complex Nucleus.

Phonetic encoding: |r| is now phonologically encoded in an independent

Nucleus position, and can be more fully accommodated phonetically.

Result: |r| is phonetically encoded as full vowel

(&)
Rhyme
Onset Nucleus Coda
b r u k
full vowel

Stage: epenthesis in target cluster

Phonological encoding: there is a new development in the phonological
grammar, which now allows for complex onsets.
Result: Both /C/ and /r/ are spelled out in a complex onset

Phonetic encoding/articulation: the coordination of the two consonants is

either not correctly planned or not correctly executed: [b_ruk]
Result: Articulation of the second consonant is initiated after the release of the
burst of the initial plosive consonant (Gafos, 2002), which results in a perceived

epenthetic vowel
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(¢)
Rhyme
Onset Nucleus Coda
b r u k

As soon as the articulatory coordination of the two consonants in the complex
onset position is fixed at the lower levels of the speech production mechanism,

the production of a target /Cr/ cluster will be correct.

6.6 Conclusion

In this thesis I have tried to gain insight into the developing speech production
mechanism by studying young children's production and perception of target
words containing an onset cluster in different ways, and by using different
methods. For future research it seems especially worthwhile to make use of the
method based on Den Ouden (2002), which was used to discover the sources of
production errors by combining the results of different production tasks. Ways
should be found to add the perception task, which was missing here. In general,
perception tasks are a necessary addition to production tasks in order to be
able to differentiate between problems at the level of lexical representation and
problems at the level of phonological encoding. Another valuable source of
insight in the present work was formed by the acoustic data, as they were able
to show both the presence of segmental knowledge that would otherwise have
remained unacknowledged, and the ways in which the speech production
mechanism spelled-out these stored segments. The developmental model I
presented in the end is limited by the data I was able to collect and analyze -
which always forms a major challenge for researchers in the field of child

language. However, I hope to have shown that using a combination of methods
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and data is necessary to understand how the speech production mechanism
develops, and that the model constructed on the basis of these data is a model

that can be further explored and tested.
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English summary

This thesis is about child speech, about the system behind child speech
production and about the development and maturation of this system, also
referred to as the child speech production mechanism. I investigated its
development by looking at the production and at the perception of onset

clusters in Dutch toddlers.

The leading question in this thesis is, which part of the speech production
mechanism remains “under construction”, when a child reduces an onset
cluster word (which results in an error with respect to the adult target form).
Stated differently, which part of the speech production mechanism is still
incomplete, when a toddler produces ‘tein’, while pointing to a train (‘trein’). To
obtain an answer to this question I carried out a number of different studies,

which are described in chapters 2 to 5 in this thesis.

The study in Chapter 2 concerns mainly the question whether reduced cluster
words are fully reduced or whether in some way they exhibit acoustic traces of
the omitted second consonant. For this purpose I analyzed the acoustic
characteristics of (minimal) pairs of toddler utterances that differed in the
presence or absence of an onset cluster in their target forms. I looked at
minimal pairs of onset cluster words vs. singleton target words starting with
/Cr/-/C/ and /kn/-/k/, like brood /bro:t/ ‘bread’ - boot /bo:t/ ‘boat’ and knip
/knip/ ‘cut’ - kip /kip/ ‘chicken’. The results in Chapter 2 showed evidence for

acoustic traces of the omitted consonants.

Even though Dutch children’s target /r/ sound in the complex cluster /Cr/ were
not perceived by adults, the children tended to realize a rising F2 in the vowel
onset, which might be reminiscent of the rising F3 that we see in adult speech.
As for target /kn/ words in which the nasal sound was neither perceived by

adults, I found that the subsequent vowel did show a moving formant pattern,
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and perhaps a lower center of gravity. In sum, the data of two-year-old Dutch
children showed small acoustic traces of some typical auditory cues of the
target consonant in the subsequent vowel. The fact that there is an acoustic
trace in the child reduced cluster might suggest that the lexical representation

of the cluster word a /CCV/ rather than a /CV/ form.

In Chapter 3 I have presented a detailed analysis of the acquisition of /Cr/
clusters, by means of descriptive and qualitative analyses of longitudinal data of
five children. Seven developmental stages were discovered, but not all children
pass through all seven stages, and stages can be overlapping. All children start
with the complete and traceless omission of target C; (stage 1), like in this
utterance of the word “crocodile” by Cato in het fifth session [kokidju], at the
age of two years. The locus of this omission was suggested to be at the level of
phonological encoding, where the syllable spellout only recognizes singleton
onsets. The next stages consist of an acoustic trace (stage 2) or a substituent
vowel following C1.(stage 3), an example of which would be Cato’s [kuokodiu] in
her 8th session, at the age of two years and two months. This stage usually is
followed by epenthesis, like in Tirza’'s utterance of the word ‘stairs’ trap as
[torap] in her 16t session at age two years and three months. Here the
epenthesis is interpreted as the acoustic effect of immature coordination of the
two consonant articulations. A consonant substitution of /r/ in the C; position
of the onset (stage 5) followed by a realization of epenthesis plus substitution
(stage 6) and finally the realization of a mature or not yet entirely mature /r/
(stage 7) are the next stages in the development. An example of stage 7 would
be Cato’s crocodile uttered as [kro:kodil] in her 11t session, at the age of two

years and four months.

In Chapter 4 too I looked at the development of cluster words realization.
However where in Chapter 3 I used spontaneous speech data, here elicited

speech data was used. The experiment involved picture naming (PN), word
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repetition (WR) and non-word repetition (NWR), performed by four children,

where the target forms were real words or nonwords with onset cluster.

The analyses revealed a developmental shift (for three children), from an initial
state to a final state. In the initial state performance on NWR outranks
performance on both WR and PN, while in the final state performance on all

tasks is similar, it has improved and this is especially visible in the PN and WR.

In children’s cluster productions, it was observed that the /sC/ and /C/ + liquid
clusters show a different timing in development, for two children correct /C/ +
liquid clusters appeared first, for one child correct /sC/ cluster appeared first.
For one of the four children, Lars the results were unclear. This followed the
literature, suggesting an extra-syllabic position for /sC/ clusters and an onset
syllable position for the /C/ + liquid cluster. The different syllabic positions

clarify the different timing in development.

Lars exhibited performance, which is comparable and poor on all tasks and

contrary to the other children this remained the case until the final recordings.

The initial poor performance on the WR and the PN tasks (with respect to the
NWR) can be interpreted either as a problem with lexical access (lexical
representation) or with phonological encoding. Perception data is needed to
tear the two apart.

As soon as the problem experienced in the initial state is solved (either by a
better lexical representation or a better phonological encoding), the lexical
route could boost the production performance. With respect to the different
performance patterns of C + liquid and /sC/ clusters, I cannot draw any clear
conclusions about the locus of the problem. Finally, given the persistently poor
performance of Lars, I concluded that his speech production mechanism (at
least with respect to consonant clusters) was not functioning well. It is very

possible that multiple layers of his production mechanism did not function well.
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In Chapter 5 [ questioned how detailed the representation of onset clusters is
in the child mental lexicon. Do children exhibit different looking behavior when
they perceive correctly produced onset clusters as opposed to reduced onset
clusters? If so, do they exhibit different looking behavior where C1 is the
omitted element, or where C2 is the omitted element? Therefore I examined the
perception of correct vs. reduced /sC/ clusters like in the word stoel /stul/
‘chair’ and /C/ + liquid clusters like in the words trein /trein/ ‘train’ and bloem
/blum/ ‘flower’ clusters by two-year-olds. The results pointed out that two-
year-olds exhibit awareness of /sC/ cluster reduction but not of /C/ + liquid
cluster reduction. In other words, children looked longer at the picture of a
chair (stoel) when they perceived the reduced form toel as compared to the
correct form stoel, while they looked equally long at the picture of a train while

perceiving correctly and incorrectly produced trein and tein.

A possible interpretation of the obtained results suggest that the longer looking
times at toel could evidence for a more stable mental representation of correct
/sC/ cluster words as opposed to /C/+ liquid words, in line with the literature
on perception of mispronounced words (Swingley & Aslin, 2000, White &
Morgan, 2008).

However, my research points to a more probable interpretation of the results,
which states that the longer looking times point to a learning effect. The results
suggested that in children who have not acquired /sC/ clusters yet this learning
effect appears to be stronger than in children who have acquired /sC/ clusters.
Children were aware of the difference between ‘stoel’ and ‘toel’, while they
uttered ‘toel’ themselves. This might be a sign that they were learning the
correct form. In this way the results are asymmetrical. The asymmetry consists
in the fact that on the one hand the children who (on the basis of their
production) seemed to have stored /CCV/ forms in the mental lexicon, did not

show awareness of cluster reduction in perception, while on the other hand, the
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children who seemed to have stored /CV/ forms (also on the basis of their

production), did exhibit an awareness of cluster reduction in perception.

In Chapter 6 a discussion of the results obtained in Chapters 2 to 5 is offered.
First I discussed the nature of the child speech production mechanism in its
initial state. However in this thesis the age of interest is when onset clusters are
being acquired and I assume that at this age, the speech production mechanism
has got the characteristics of the adult mechanism, being formed by a lexical
level, phonological level, phonetic level and the articulation level as a final
result. In this thesis I offer an account for the maturation of the speech
production mechanism according to which it matures in a top-down fashion. As
it was said, the levels are already available so what matures, is the
representation, which is formed at each of these levels. If we take the
development of the production of /Cr/ clusters for instance, we see how first
limitations come from the syllable spell out (which is part of the phonological
encoding), later they come from the phonological encoding, followed by
limitations of the phonetic encoding, when its coordination fails until finally the

forms at all levels have matured and an adult-like ‘trein’ can be uttered.






Samenvatting

Dit proefschrift gaat over kinderspraak, over het systeem dat achter
kinderspraak zit en over de ontwikkeling en het rijpingsproces van dit systeem.
Dit systeem wordt ook wel het spraakproductiemechanisme genoemd. Ik
onderzocht de ontwikkeling van het spraakproductiemechanisme door te
kijken naar de productie en de perceptie van woorden die beginnen met twee

medeklinkers?! van Nederlandse peuters.

De hoofdvraag in dit proefschrift is: welk gedeelte van het
spraakproductiemechanisme blijft in gebreke, wanneer een kind het begin van
een CC-woord reduceert to één C (afwijkend ten opzichte van de volwassen
vorm), Met andere woorden, wat is er nog onvolledig aan het
spraakproductiemechanisme als een peuter ‘tein’ zegt terwijl zij trein bedoelt.
Om deze vraag te kunnen beantwoorden, voerde ik een aantal onderzoeken uit.

Deze zijn beschreven in de hoofdstukken 2 t/m 5.

Het onderzoek in Hoofdstuk 2 zoekt een antwoord op de vraag of
gereduceerde CC-woorden (trein uitgesproken als ‘tein’) volledig gereduceerd
zijn of dat ze akoestische sporen vertonen van de weggelaten medeklinker.
Hiervoor analyseerde ik de akoestische eigenschappen van door peuters
uitgesproken woordparen die (minimaal) van elkaar verschillen in de aan- of
afwezigheid van twee medeklinkers aan het begin van een woord. Zo
onderzocht ik minimale paren van CC-initiéle woorden vs. woorden die
beginnen met één medeklinker, zoals brood /bro:t/ - boot /bo:t/ en knip
/knip/ - kip /kip/. Uit dit onderzoek bleek dat de gereduceerde CC-woorden

niet volledig gereduceerd zijn, maar akoestische sporen vertonen van de

1 Als ik het heb over ‘woorden die beginnen met twee medeklinkers’ zal ik
voortaan de afkorting CC-woorden gebruiken, van het Engelse consonant
(medeklinker).
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tweede, weggelaten medeklinker. Voor de /r/ uit medeklinker + r clusters
bestond het akoestische spoor uit een een stijgende F22 in het begin van de
klinker, na de eerste medeklinker. Mogelijk is hier sprake van nabootsing van
de stijgende F3 die volwassenen in de klinker na een /r/ realiseren. Voor de
/n/ uit /kn/-clusters vond ik een bewegend patroon in de klinker na de

medeklinker en een lager zwaartecentrum3.

Alhoewel het spoor dus aanwezig was, bleken volwassenen in een perceptietest
geen gebruik te kunnen maken van dit spoor: ze hoorden geen /r/ in de
uitingen van peuters, zoals ‘tein’ waar de /r/ weggelaten was, met achterlating
van een spoor, en geen /n/ in gereduceerde /kn/ clusters met spoor, zoals in
'kip' voor knip. Kortom, de data van tweejarige Nederlandse kinderen laten in
de volgende Kklinker kleine akoestische sporen zien, typische auditieve
aanwijzingen van de volwassen medeklinker. Helaas kunnen volwassen
luisteraars geen gebruik maken van deze informatie. Het feit dat er akoestische
sporen aanwezig zijn in het door de peuter gereduceerde CC-woord suggereert
dat de lexicale representatie van het CC-woord een volledige /CCV/
representatie is en niet een /CV/ representatie is (waar V voor vowel (klinker)

staat).

Hoofdstuk 3 onderzoekt de verwerving van /Cr/ woorden aan de hand van
een beschrijvende en kwalitatieve analyse van longitudinale data van vijf
kinderen. Ik ontdekte zeven ontwikkelingsstadia. Het bleek dat niet alle
kinderen alle zeven stadia doorlopen en dat sommige stadia kunnen
overlappen. Alle kinderen beginnen met uitingen waar de tweede medeklinker,

de /r/, weggelaten is en waar geen akoestisch spoor aanwezig is in de klinker

2 F2 is de tweede formant, samen met de eerste en de derde formant een
belangrijke akoestische eigenschap van klinkers.

3 Zwaartecentrum is center of gravity, een andere belangrijke akoestische
eigenschap van klinkers.
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(stadium 1), zoals in de uiting van het woord krokodil door Cato wanneer zij
twee jaar is, uitgesproken als [kokidju]. De locatie in het
spraakproductiemechanisme die ik aanwees als bron voor deze weglating is de
laag waar fonologische encodering plaatsvindt. Daar vindt syllabificatie plaats,
en in dit stadium kunnen alleen lettergrepen gevormd worden met één
medeklinker voor de klinker. Er is dus geen plaats voor de /r/, en die verdwijnt.
De volgende twee stadia zijn uitingen met een akoestisch spoor (stadium 2) of
uitingen waar de /r/ door een klinker wordt vervangen (stadium 3). Een
voorbeeld van stadium 3 is woord krokodil uitgesproken als [kuokodiu] door
Cato wanneer zij twee jaar en twee maanden is. Het volgende stadium is
meestal epenthese, zoals in de uitspraak van het woord trap door Tirza
wanneer zij twee jaar en twee maanden is, als [torap]. De epenthese wordt hier
geinterpreteerd als een akoestisch effect van de onrijpe coordinatie van
articulatoren bij de articulatie van de twee medeklinkers. De volgende drie
stadia in de ontwikkeling zijn: een substitutie van de /r/ (stadium 5) of een
epenthese plus substitutie (stadium 6) en uiteindelijk de uitspraak van een
volwassen of bijna volwassen /r/ (stadium 7). Een voorbeeld van stadium 7 is
Cato’s uitspraak [kro:kodil] voor krokodil, op de leeftijd van twee jaar en vier

maanden.

In Hoofdstuk 4 gaan we verder in op de ontwikkeling van CC-woorden. Waar
er in Hoofdstuk 3 gebruik werd gemaakt van spontane spraak, richt de studie
zich hier op uitgelokte spraak. Het experiment was longitudinaal en bestond uit
drie  taken, plaatjesbenoeming (PN), woordherhaling (WR) en
nonsenswoordherhaling (NWR)#4, uitgevoerd door vier kinderen. De kinderen
voerden de taken één keer per maand uit, tot het moment dat CC-woorden
correct uitgesproken konden worden - of wanneer dat niet gebeurde binnen de

tijd die voor het experiment stond, totdat de opnames beéindigd werden. De

4 PN staat voor picture naming, WR voor word repetition en NWR voor
nonword repetition.
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analyse toont een ontwikkeling in de uitvoering van de verschillende taken, die
ons iets kan  vertellen over de ontwikkeling  van  het
spraakproductiemechanisme. In het beginstadium is de uitvoering van de
NWR-taak beter dan die van de WR en de PN taken. In het eindstadium is de
uitvoering van alle taken gelijk en verbeterd, alhoewel deze verbetering

voornamelijk zichtbaar was in de PN en de WR taken.

Uit de uitingen van CC-woorden blijkt dat woorden die beginnen met een /sC/
of een /C/ + vloeiklank (/r/ of /1/), een verschillende ontwikkeling vertonen.
De cluster in de /C/ + vloeiklank woorden werd door twee kinderen eerder
correct geproduceerd dan die in de /sC/ woorden, terwijl voor één kind die
volgorde juist andersom was. Voor één kind was het onduidelijk, omdat hij ook
aan het eind van de opnames nog geen één cluster correct kon produceren.
Deze resultaten zijn in overeenstemming met de literatuur. Ze suggereren
namelijk dat de /s/ van de /sC/ woorden een plaats buiten de lettergreep
aanneemt, terwijl beide medeklinkers in de /C/ + vloeiklank woorden een
plaats binnen het begin van de lettergreep aannemen, wat het verschil in timing
van de ontwikkeling van deze twee type CC-woorden verklaart. Het ene kind

begint met het ene type, het andere kind met het andere type.

De matige uitvoering van de WR en PN taken in vergelijking met die van de
NWR taak in het beginstadium kan betekenen dat er een probleem met de
lexicale toegang tot het woord (de lexicale representatie) is, of dat er een
probleem is met de fonologische encodering. Perceptiedata zouden hier
uitsluitsel over kunnen geven, maar die ontbreken momenteel. Bij de NWR taak
kunnen deze problematische lagen in het spraakproductiemechanisme
overgeslagen worden, waardoor de uitvoering op deze taak in het begin beter
gaat. De verbetering van de PN en de WR in het eindstadium kan als volgt
geinterpreteerd worden: zodra het probleem dat ervaren wordt in het begin
(ofwel met lexicale representatie ofwel met fonologische encodering) opgelost

is, zorgt de lexicale route juist voor een betere en meer stabiele uitvoering van
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de taak. Dit komt doordat er een volledige fonologische representatie gebruikt
wordt bij het produceren van woorden. De lexicale route (ofwel de route
waarbij de representatie van een woord in het mentale lexicon geactiveerd
wordt) is niet aanwezig in de NWR taak omdat onbestaande woorden niet
opgeslagen zijn in het mentale lexicon, vandaar dat de uitvoering op deze taak

in het eindstadium meer variabel is, en achterblijft bij de andere taken.

Hoofdstuk 5 beantwoordt de vraag hoe gedetailleerd de representatie van de
CC-woorden is in het mentale lexicon van het kind. Vertonen kinderen
verschillend kijkgedrag als ze correct uitgesproken consonantclusters in
woorden horen (trein, stoel) ten opzichte van woorden die worden
uitgesproken met een cluster die gereduceerd is op de manier waarop kinderen
zelf ook hun clusters reduceren (tein, tul)? En zo ja, is dat zowel het geval bij
woorden waarbij de eerste medeklinker van de begincluster wordt weggelaten
(dus bij /sC/-woorden zoals stoel-toel) als bij woorden waarbij de tweede
medeklinker wordt weggelaten (trein-tein)? Om dit te achterhalen, heb ik het
kijkgedrag van tweejarigen onderzocht tijdens het auditief aanbieden van
correcte vs. gereduceerde woorden waarbij tegelijkertijd op een scherm twee
plaatjes werden aangeboden, één van het doelwoord en een afleider. Het gaat
daarbij zowel om /sC/ woorden (zoals ‘stoel’) als om /C/ + vloeiklank woorden
(zoals ‘trein’ en ‘bloem’). De resultaten laten zien dat tweejarigen aandacht
hebben voor het verschil tussen correcte en gesimplificeerde /sC/ woorden,
maar niet voor het verschil tussen correcte en gesimplificeerde /C/ +
vloeiklank woorden. Kinderen keken bijvoorbeeld langer naar het plaatje van
een stoel als ze de correcte vorm ‘stoel’ hoorden, dan wanneer ze de
gesimplificeerde uitspraak ‘toel’ hoorden. Daarentegen keken ze even lang naar
de gesimplificeerde ‘tein’ als naar de correcte ‘trein’. Opvallend was dat
kinderen even lang keken bij correct 'trein’, gereduceerd 'tein' en gereduceerd

'tul’, maar veel langer bij correct 'stoel'.
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Een mogelijke interpretatie van deze resultaten is dat de langere kijktijd bij
correct ‘stoel’ voortkomt uit een stabielere mentale representatie van /sC/
woorden ten opzichte van /C/ + vloeiklank woorden, die de lexicale toegang ten
goede komt. Dit is de verklaring voor langere Kkijktijden bij correcte
woordproducties in de literatuur (Swingley & Aslin, 2000, White & Morgan,
2008).

Door de kijktijdresultaten uit mijn onderzoek te koppelen aan gegevens over de
manier waarop de jonge deelnemers aan het experiment zelf de clusters
uitspraken, lijkt een andere interpretatie echter meer waarschijnlijk. De langere
kijktijd bij correcte productie van /sC/ clusters is dan het effect van een
bewustwordingsproces. Uit mijn onderzoek is gebleken dat het effect sterker is
bij kinderen die de /sC/ woorden zelf nog gereduceerd uitspraken dan bij
kinderen die de /sC/ woorden wel correct uitspraken. Kinderen die zelf ‘toel’
zeiden, hadden veel aandacht voor de geproduceerde vorm die ook de /s/
bevatte. Mogelijk is dit een signaal dat ze bezig zijn de correcte vorm te leren.
De meeste kinderen die aan het experiment deelnamen produceerden zelf als
wel /C + vloeiklank/ clusters. De resultaten voor de verschillende clustertypen
zijn dus asymmetrisch, en de asymmetrie is waarschijnlijk terug te voeren op
hun representaties van clusters in het mentale lexicon. Kinderen vertonen geen
aandacht voor het verschil tussen correcte en gereduceerde versies van CC
clusters bij woorden die, blijkens hun uitspraak, als /CCV/ zijn opgeslagen (in
het experiment gold dit voor woorden met een C + vloeiklank cluster), maar
wel bij woorden die, blijkens hun uitspraak, als /CV/ zijn opgeslagen (in het
experiment hier gold dat met name voor woorden met een /sC/ cluster). De
relatie tussen langere Kkijktijd en bewustwording moet verder worden

uitgezocht.

Hoofdstuk 6 biedt een discussie van de resultaten die verkregen zijn in de
Hoofdstukken 2 t/m 5. Als eerste, bespreek ik het karakter van het

spraakproductiemechanisme van kinderen in z'n begin stadium. De leeftijd dat
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in dit proefschrift van interesse is, betreft de tijd wanneer kinderen clusters aan
het begin van het woord verwerven. In het proefschrift maak ik de aanname dat
op deze leeftijd het spraakproductiemechanisme van Kkinderen de
eigenschappen heeft van dat van volwassenen. Het heeft een lexicaal niveau,
een fonologisch niveau, een fonetisch niveau en als resultaat het niveau van de
articulatie. Ik bied een verklaring die suggereert dat het spraakproductie
mechanisme rijpt op een top-down manier, ofwel van boven naar beneden.
Zoals al eerder gezegd, de niveaus van het mechanisme zijn al aanwezig dus
wat nog kan rijpen, zijn de representaties die gevormd worden op elk
afzonderlijk niveau. We kunnen bijvoorbeeld gaan kijken naar de ontwikkeling
van de productie van /Cr/ clusters. Dan kunnen we zien hoe de eerste
beperkingen uit de vertaling van de lettergreep structuur komen (wat
onderdeel is van de fonologische encoderig), hoe ze vervolgens uit de
beperkingen van de fonologische encodering komen, dan uit de beperkingen bij
de fonetische encodering (wanneer die in de coérdinatie tekortschiet), totdat
uiteindelijk de vormen op alle niveaus rijp zijn en het woordje ‘trein’ op een

volwassen manier kan worden uitgesproken.
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