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ABSTRACT

This dissertation is an in-depth study of weak syllable omissions from
polysyllabic words, a phenomenon seen in three quite different English-speaking
populations: young children with normally developing language, older children with
specific language impairment (SLI), and adults with types of non-fluent aphasia. The
omissions result in forms such as nana for banana, or raffe for giraffe.

[ first review the main theoretical accounts of weak syllable omissions, which
implicate input (perception), production, or grammar (phonology). After concluding that
perceptual accounts are inadequate, I propose four studies based on production and
grammar accounts of omissions by the populations of interest. Specifically, the studies
ask two questions: Are syllables truly deleted? And what is the mechanism behind
syllable omissions? Three hypotheses address these questions. The Structure Reduction
Hypothesis states that syllables are truly deleted, whereas the Generic Trace and Variable
Trace Hypotheses hold that omitted syllables leave a measurable trace. On the Generic
Trace Hypothesis, the trace is of generic length, independent of the subsyllabic
information, while on the Variable Trace Hypothesis, variation in subsyllabic length
affects the trace.

In three experiments, children with normal language and SLI were asked to repeat
sentences that included words with strong-weak stress patterns and weak-strong-weak
pattterns, which children reduced to strong-weak outputs. Acoustic analyses of the non-

reduced and reduced outputs revealed that children left an acoustic trace in the latter, in
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the form of durational lengthening. Lengthening did not vary based on the subsyllabic
content of the omitted syllable, supporting the Generic Trace Hypothesis. In addition, the
child studies and a word repetition study of adults with aphasia revealed certain
phonological factors bearing on the rates of syllable omissions

Based on the four studies, [ propose a preliminary model of weak syllable
omission that contains factors triggering omissions, multiple paths from the phonology to
the phonetic realization, and a developmental continuum of strategies used by children to
reach the adult target. In concluding, [ suggest that instrumental acoustic analyses are a
crucial component to any study addressing variation in children’s productions, and I
suggest implications of the research for current discussions of the phonetics-phonology

interface.
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CHAPTER ONE: INTRODUCTION

1.0 The Phenomenon

The phenomenon of weak syllable omission is pervasive in three otherwise quite
different English-speaking populations. These populations are young children with
normally developing language (NL), and two populations in which language is impaired:
older children with specific language impairment (SLI), and adults with types of
nonfluent aphasia. When producing speech, individuals from each of these populations
omit certain syllables. Omitted syllables are more likely to be unstressed than stressed,
and weak syllables preceding primary stress are more frequently omitted than those
following primary stress. The two most likely types of weak syllables to be omitted are
weak syllables found at the beginning of polysyllabic words that precede main stress
(banana) and weak syllabic grammatical morphemes such as a determiner preceding a
noun (the monkey). Although the topic of grammatical morpheme omissions will be
noted in this thesis, I will mainly focus on omissions of weak syllables from polysyllabic
words. Examples of this type of omission by the three populations are given in Tables

1.1, 1.2, and 1.3 below.

1.1 Omissions by Children with Normally Developing Language
Although the phenomenon of weak syllable omission has been studied in each of

the populations under consideration, it has been most comprehensively examined in
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normally developing children (Allen & Hawkins, 1980; Demuth, 1995, 1996; Gerken,
1994a,b, 1996; Klein, 1981; Wijnen, Krikhaar & den Os, 1994). When English-speaking
children first begin to produce polysyllabic utterances, they tend to omit weak syllables
of di- and trisyllabic words that precede main word stress (if main stress falls on the
second syllable) more than weak syllables that follow main word stress. What is often
retained in these cases is either a disyllabic form with stress on the first syllable, as in (a)
and (b) of Table 1.1, or a monosyllabic heavy syllable, as in (c-f).

TABLE 1.1
Examples of syllable omissions from polysyllabic words by normally developing children

Child Adult Target | Gloss Source

a. | [réso] /irész/ ‘eraser’ (Demuth, 1996)

b. | [n£na] /ban&na/ ‘banana’ (Klein, 1981)

c. | [r&f] [jor&f/ ‘giraffe’ (Gerken, 1996)

d. | [wé:] lowéi/ ‘away’ (Smith, 1973)

e. | [gén] logén/ ‘again’ (Demuth & Fee, 1995)
f. | [gép] laskép/ ‘escape’ (Demuth & Fee, 1995)

Notice that each of the target forms in Table 1.1 is polysyllabic, with a weak-
strong-weak stress pattern (wW-S-w) or a weak-strong stress pattern (w-S). In each case,
the initial weak syllable has been deleted, creating the produced forms: either (S-w) or
(S). These productions mirror the most common word forms in English: either a
disyllabic trochaic foot, made up of two syllables with stress on the leftmost syllable

(e.g., monkey), or a monosyllabic but bimoraic trochaic foot, consisting of one heavy
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syllable (e.g., dog, key).'

1.2 Omissions by Children with Specific Language Impairment

The second population addressed in this thesis is older children with a language
disorder called Specific Language Impairment.> Children with SLI have significant
limitations in language ability that cannot be attributed to problems such as hearing
impairment, neurological damage, motoric or sensory functioning problems, low
nonverbal intelligence, or other known factors (Leonard, 1998; Plante et al., 1991). SLI
occurs in roughly 7% of the population, and is more likely to be seen in males than
females. Children with SLI are also more likely than other children to have parents or
siblings who have language learning problems, suggesting a heritable component to the
disorder (Leonard, 1998; Plante, 1991). The discovery of certain atypical asymmetries in
the brain suggests a prenatal alteration of brain development that may underlie the
language disorder (Plante et al., 1991). Treatment, if administered early, can help lessen
the impact of language deficits, but the language problems may not be completely
remedied.

Language production of English-speaking children with SLI is characterized by,

among other things: limited use of grammatical morphemes (inflections such as past

' In English, a heavy syllable consists of two moras; either a long, bimoraic vowel, or a vowel and a coda.
? Specific Language Impairment has also been referred to as “‘congenital aphasia,” “developmental
aphasia,** *‘dysphasia,” among *‘delayed speech development,” other terms (Leonard, 1998).



19

tense and third person singular, and function words such as articles and auxiliaries),
limited use of contractible morphemes and passive voice, and a tendency toward such
phonological errors as omissions and substitutions of unstressed syllables. Overall, there
seems to be a delay of certain capacities of language development (Chiat & Hirson, 1987,
Leonard, 1989; Leonard 1998; Menyuk & Looney, 1972). Importantly, four- and five-
year-olds with SLI show evidence of weak syllable omissions just as two-year-old
normally developing children do. Examples are given in Table 1.2, and are from Chiat
and Hirson (1987), p. 46.

TABLE 1.2
Examples of weak syllable omissions by children with SLI

Child Adult Target Gloss

a. | [gAstin] /disgAstin/ ‘disgusting’
b. | [zgép] /eskép/ ‘escape’

c. | [gdt] /[forgdt/ ‘forgot’

d. | [k&fta] Nluk &fta/ ‘look after’
e. | [vivibl] /mvizibl/ ‘invisible’

1.3 Syllable Omissions by Adults with Aphasia

Finally, some individuals with certain types of aphasia (language impairment
suffered from a lesion to one of the language areas of the brain) exhibit syllable
omissions as well. Studies by Goodglass, Fodor and Schulhoff (1967) and Nickels and
Howard (1995) indicate that adult subjects with different types of agrammatic aphasia

omit a certain class of weakly stressed syllables in their utterances. Agrammatism occurs
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in nonfluent aphasia types and is characterized by the production of mostly substantive
words or short phrases in which function words (grammatical morphemes) are omitted
(Helms-Estabrook & Albert, 1991). Goodglass et al. (1967) showed that Broca’s subjects
often delete initial unstressed function words from their sentences, and Nickels and
Howard (1995) found that certain fluent and nonfluent aphasic subjects performed more
poorly on a repetition task involving disyllabic words with an iambic stress pattern (w-S)
than with a trochaic pattern (S-w). Examples of omissions from di- and trisyllabic words
by these subjects are in Table 1.3, and are from Nickels and Howard (1995), Table 9.

TABLE 1.3
Examples of weak syllable omissions by adults with Aphasia

Production Target Gloss

a. | [garz] /sigar/ ‘cigar’

b. | [stet] /astet/ ‘estate’

c. | [bod] /abod/ ‘abode’

d. | Jamoz] /pajamoz/ ‘pajamas’
e. | [dakta] /kondakta/ *conductor’

1.4 Accounts of Omissions

There have been a number of theoretical accounts given in the literature for
syllable omissions, especially for those by normally developing children. In this section,
I will consider the principal ones. For ease of discussion, I will divide the accounts into
three main categories, based on perceptual factors, production factors, and grammatical
factors. Input accounts will refer to those in which the linguistic input is filtered or

distorted at the level of audition, perception, or memory, subsequently affecting the
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systems of lexical representation and production. Production accounts will be defined as
those concerning difficuity at the levels of planning or execution of speech, and dealing
with factors outside the domain of grammatical representation. Grammar accounts will
refer to accounts in which perception and encoding of speech are intact, but the speech
signal has been modified from the adult form into a different output representation, based

on certain phonological constraints that deal with linguistic units in the grammar.

1.4.1 Input Accounts

Among the various input accounts of normally developing children’s omissions
(Braine, 1976; Echols, 1993; Echols & Newport, 1992; Macken, 1980; Slobin, 1973;
Vihman, 1982), it is a perceptual account which will be highlighted in this thesis. Echols
(1993) and Echols and Newport (1992) present a perceptual analysis, in which children’s
perceptual systems have a strong bias to detect the more perceptually salient properties of
stressed and word-final syllables, ignoring any non-final weak syllables.

Input accounts similar to those of normally developing children’s omissions have
been proposed to deal with weak syllable omissions of children with SLI (as well as more
generally, to account for many of their language difficulties). Leonard (1989) posits a
limited ability to perceive low phonetic-substance elements (nonsyllabic consonant
segments and unstressed syllables characterized by shorter duration, and often lower
fundamental frequency and amplitude, than adjacent morphemes and syllables) as an

explanation of omissions by these children. A related account asserts that children with
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SLI have difficulty perceiving any element of the input that is contrastively shorter than
the remaining portions of that input (Tallal & Piercy, 1975; Tallal & Stark, 1981; Tallal
et al., 1980). On the other end of input accounts, Gathercole and Baddeley (1990) and
Gathercole et al. (1991) have proposed that a deficit of the specialized storage of
phonological information in working memory is a main factor behind children’s language
disorders, and this can be extended to account specifically for phonological omission
errors in the utterances of these children.

Input accounts based on perception have not been proposed for adult aphasia,
because these individuals presumably have already formed their lexicons and underlying

representations before the onset of aphasia.’

1.4.2 Production Accounts

In looking at initial syllable omissions by children with NL, one focus of the
production accounts deals with the resulting trochaic forms as natural neuro-motor units,
which should be present in all languages (Allen & Hawkins, 1980; Donegan & Stampe,
1979; Gerken, 1991, 1994a,b; Wijnen et al., 1994). Several of these accounts suggest the
application of a prosodic template, based on such trochees, upon the intended utterance
(Allen & Hawkins, 1980; Gerken, 1991, 1994a,b; Wijnen et al., 1994). For example,

Allen and Hawkins (1980) present an explanation in which children’s perceptions and

} However, it might be interesting to test aphasic individuals on some novel word task, in which perception
may play a role.
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grammatical representations of polysyllabic word forms are adult-like. However, their
production planning operates under a rhythmic constraint of preference for trochaic
speech, possibly because they are not yet adept at controlling the timing of weak initial
syllables. Gerken (1991, 1994a, b) presents a similar account in which children’s word
forms remain intact until the production planning stage, at which point a mapping
function takes over and maps polysyllabic word forms onto a default template consisting
of a strong syllable followed by a weak syllable, based on the most common stress
pattern of English words (Cutler & Carter, 1987).

[n addition, production factors such as length and lexical familiarity have been
shown to affect omission patterns. [t has been suggested that the length of an utterance
affects the amount of omissions of weak syllables, such that utterances containing more
syllables trigger more omissions (Gerken, 1996). It has also been shown that lexical
familiarity plays a role: unfamiliar words also trigger more omissions (Boyle & Gerken,
1996; Ohala & Gerken, 1997).

Under production accounts of omissions by children with SLI, McGregor and
Leonard (1994) and McGregor (1997) extend the idea of Gerken’s production templates
to disordered children’s omissions of unstressed grammatical morphemes which occur
phrase-initially. This idea could easily be extended further to omissions of weak word-

initial syllables as well.
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The theoretical accounts of omissions by aphasic subjects have for the most part
been production-based, where different phenomena such as syllable omissions, phoneme
substitutions and cluster reductions may arise from deficits either in the articulatory level
of speech, such as dysarthria,’ or, in other models of speech production, the segmental
spellout phase of speech (Cutler et al., 1989; Nickels & Howard, 1995). A second
production-based account is proposed by Goodglass et al. (1967), in which the low
phonetic weight and psychological salience of unstressed syllables in initial position
impedes speakers’ ability to produce them. Caplan (1992) gives evidence for several
different models of phonological errors on the segment and syllable level (deletions,
substitutions, insertions, etc.) in aphasic patients: one in which the errors occur after a
lexical phonological representation has been accessed and is in the planning stage of
production, and one in which the errors stem from an articulatory difficulty solely, such

as apraxia or dysarthria.’

1.4.3 Grammar Accounts
The remainder (and majority) of theories surrounding normally developing
children’s omissions fall under the umbrella of grammar accounts. Unlike production

accounts, these explanations look at the trochees resulting from omissions as linguistic

* A speech disorder produced by abnormalities of cerebellar function and that affects the muscles of the
glossopharyngeal apparatus (Helms-Estabrook & Albert, 1991).

5 Whereas dysarthria is not significantly influenced by the type of linguistic material that the speaker
produces or by the speech task (naming, repetition, reading, etc.), apraxia is characterized by slower rate
and greater effort of speech, as well as its variability as a function of the linguistic material and task
(Caplan, 1992).
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units, and therefore contend that a trochaic bias should differ across languages. Under
one proposal, Demuth (1996), Demuth and Fee (1995), and Fee (1992) draw from
Prosodic Phonology (Selkirk, 1984; Nespor & Vogel, 1986) to describe a more abstract
phonological representation of children’s early lexical forms, in which, as children’s
phonological systems develop, their word forms correspond to progressively larger
linguistically well-formed units of the Prosodic Hierarchy. Demuth (1995), Gerken
(1996), Massar and Gerken, (1997) and Pater and Paradis (1996) take this idea a step
further and contend that certain phonological or prosodic constraints are ranked very high
in the child’s grammar, yielding less adult-like, albeit more prosodically optimal, word
forms. Kehoe and Stoel-Gammon (1997) take an interactive view in which perceptual,
prosodic, and segmental constraints work together on the child’s representations to yield
the outputs found in their productions. These various accounts of children’s syllable
omissions will be discussed in more detail in Chapter 2.

For omissions by children with SLI, studies focusing on grammatical factors have
centered around syntactic or morphosyntactic, and not phonological, explanations for
children’s omissions. Accounts of omissions by aphasic adults that might be based on

phonological factors have also not yet been proposed.

1.5 Summary of Populations and Accounts
In summary then, for these three populations who omit syllables, we see

theoretical accounts covering the areas of input, production, and grammar (phonology).
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The various views on the mechanism(s) behind this phenomenon are represented in Table
1.4 (checks indicate accounts already attested in the literature). Since weak initial
syllable omissions are commonly found in the productions of individuals in each of these
populations, one goal of the present research is to investigate whether we can find a
common mechanism behind omissions by each of the populations.

TABLE 1.4
Main classes of theoretical accounts of syllable omissions

Input | Production Grammar
(Phonology)

Children v v v
with NL

Children v v

with SLI

Adults with v

Aphasia

In looking at Table 1.4, one can notice that there is no basis for a common
mechanism based on input. [nput accounts have been proposed for children with normal
language and children with SLI. For example, it could be the case that children with
normal language development and SLI omit syllables because the low pitch, low
amplitude, and short duration of unstressed syllables present a problem for the perceptual
systems of children with normal language development and SLI (Echols, 1993; Echols &
Newport, 1992; Tallal & Piercy, 1974, 1975; Tallal & Stark, 1981). However, this type of
approach has not been proposed for aphasic adults, for good reason. A perceptual

account would conceivably be inconsistent with data from adult subjects with aphasia
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since most likely, these individuals have at some point in the past, before the onset of
aphasia, already formed appropriate representations of these words in their lexicons. As
well, no published accounts have been put forth dealing with phonological memory load
and encoding deficits, since again, these individuals have already encoded the proper
adult-like word forms in the past, before onset of aphasia.

Looking at Table 1.4 again, the one type of account that so far seems to be a likely
candidate for a common mechanism is the set of production accounts, since they have
been proposed to explain syllable omission data from all three populations. Production
accounts range in their focus from the planning of production and timing units to the
articulation and execution of these units. Perhaps one or more of these foci will yield the
beginning of a common mechanism.

The other area that may yield a common mechanism is based on grammatical, or
specifically, phonological, properties of the representations. The most extensive studies
of weak syllable omissions have been performed with normally developing children, and
many of these studies suggest that patterns of omissions can be explained based on
phonological variables. That is, output results of omissions can be described in terms of
phonological units, and phonological factors affect omission rates and types. There are
also hints that phonological units are important in children with SLI and adults with
aphasia. However, these units are typically viewed as part of a production system.
Therefore, it may be the case that similar phonological variables can help to explain

omissions by the other two populations.
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1.6 Pertinent Issues and Goals of the Thesis

One goal of this work is to elucidate the nature of weak syllable omissions. Up
until now, researchers have inferred components of the production system from
transcription data. However, such data do not reveal variations in output that might
reveal properties of the production system. Therefore, a finer-grained measure is needed.
The other goal is to begin to lay out an accurate account of weak syllable omissions.
Since the two domains which seem most promising are production and grammar, a test
was developed in this research to look at both, through manipulation of linguistic units
involved in the omissions and the gathering of phonetic data. In addition, weak syllable
omission data from the three different populations (normally developing young children,
older children with Specific Language Impairment, and adults with a variety of aphasia
types) were used. On the surface, omission phenomena are equivalent across these
populations. Can we in turn find evidence for a common psycholinguistic mechanism
underlying them? If so, can we use one of the aforementicned theories to explain them,
or must we draw on a combination of theory types or introduce an altogether new
account? Alternatively, if we discover that under further scrutiny we find differences in
the nature of omissions across these populations, how do we account for these
differences?

In an attempt to answer these questions, a series of experiments were designed in
which utterances exhibiting omissions of weak initial syllables were elicited from

individuals from the three populations. First, transcription data were collected and
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analyzed in order to provide a descriptive account of the subjects’ productions. Second,
an instrumental, acoustic analysis was performed to analyze in further detail what
appears, descriptively at least, to be the same phenomenon across populations; such an
analysis has been used in other domains (Gibbon, 1990; Gierut & Dinnsen, 1986;
Scobbie, Gibbon, Hardcastle, & Fletcher, in press; Tyler, Edwards, & Saxman, 1990) to
test such claims of identity between surface phenomena, and more specifically, as an aid
in examining the nature of syllable omissions in normally developing children and
evaluating the viability of the various proposals put forth to deal with them (Carter, 1996,
1998; Carter & Gerken, 1998).

The outline of this dissertation is as follows. Chapter Two comprises an extensive
summary of the accounts of weak syllable omissions by normally developing children,
including the various data viewed as important by researchers, the advantages of the
accounts, and their problems. Chapters Three and Four comprise the two experiments
testing two-year-olds with NL. In Chapter Five, the experiment testing children with SLI,
parallel to Experiment Two testing children with NL, will be presented. Chapter Six is a
departure from the acoustic studies of the other two populations, and is instead a study
with aphasic adults to address the mechanism behind syllable omissions. The final
chapter, Seven, includes a summary of the experimental findings as well as a discussion
of where we are with regard to the accounts of omissions, in light of the experiments and
findings in this thesis. This section will cover topics such as what conclusions can be

drawn with regard to a common mechanism behind syllable omissions, what that means



if we can or cannot find a common mechanism behind all three populations, and future

directions of investigation, as indicated by evidence presented here.

30
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Chapter Two: Background of Young Normally Developing Children’s Omissions

2.0 Introduction

In this chapter, I discuss previous research conducted on syllable omissions of
young, normally developing English-speaking children, which is one of the most well-
studied phenomena of child language. A number of accounts of this behavior have been
put forth, and I will examine each in turn.

[ will outline the key points of each account, showing how perceptual, prosodic,
syllabic, and segmental factors are suggested to play various roles in the omission of
weak syllables. Following the summaries, [ will characterize each account by what type
of mechanism is proposed, as well as whether it assumes children have impoverished or
complete adult representations of the words from which they omit syllables. Finally, I
will conclude by drawing attention to the fact that yet another type of data is useful in
deciding between these characterizations, one which has not been addressed thus far: data
from a detailed phonetic analysis of utterances containing these syllable omissions, which

[ have performed for this thesis.

2.1 The Data
Young children (roughly between the ages of 18 and 31 months) often omit weak
syllables from isolated word utterances as well as from sentential contexts (e.g., Allen &

Hawkins, 1980; Demuth, 1995, 1996; Demuth & Fee, 1995; Gerken, 1991, 1994a, 1994b,
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1996; Kehoe, 1994; Kehoe & Stoel-Gammon, 1997; Klein, 1981; Peters & Menn, 1993;

Wijnen, Krikhaar, & den Os, 1994). Examples of this phenomenon in English-speaking

children were briefly mentioned in Chapter 1, and are given again in Table 2.1.

TABLE 2.1
Examples of weak syllable omission in the speech of children with NL
(a-e: Demuth & Fee, 1995, f-g: Demuth, 1996; h: Gerken, 1956; i: Klein, 1981)

Child Adult Target Gloss

a. | [be?) /bEri/ ‘berry’

b. | [gen], [gen] /agen/ ‘again’

c. | [bi:t] /palis/ ‘police’
d. | [gé:p] laskép/ ‘escape’
e. | [bu:n] /balun/ ‘balloon’
f. | [réso] /irést/ ‘eraser’
g. | [elfan] /€lafnt/ ‘elephant’
h. | [rzf] [Joref/ ‘giraffe’
i. | [neno] /banzna/ ‘banana’

Although as seen in (a) and (g) of Table 2.1, the omitted syllable is sometimes the

syllable following the main stress of the word, these syllables are not omitted as often as

is the pretonic syllable (b, d, f, h, i). This result has been noted in spontaneous speech

(Allen & Hawkins, 1980; Demuth & Fee, 1995; Klein, 1981; Wijnen et al., 1994) as well

as in imitation studies (Gerken, 1991, 1994a, 1994b, 1996).'

! Notice that in those examples in Table 2.1 for which the omitted syllable follows the word stress, the

resultant child form is a heavy syllable (a monosyllabic foot). Also, the examples (c) and (e) in which not
all of the segmental content is lost (also reviewed in Wijnen et al., 1994) will be discussed in a later section
as evidence for the Prosody Preservation Hypothesis.
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These facts suggest a systematic pattern of weak syllable omission in children’s
productions. First, weak syllables are omitted significantly more frequently than strong
syllables. Second, weak syllables of di- and trisyllabic words that precede main word
stress are omitted significantly more frequently than weak syllables following the main
stress of a word. As discussed in the introduction, what is often retained in these cases is

either a di-syllabic form with stress on the first syllable (such as [réso] (f), ora

monosyllabic heavy syllable as in the case of [r2f] (h)).

2.2 The Proposed Accounts

Since this phenomenon is so pervasive in child speech, many researchers have
proposed analyses of it, attacking the issue from all angles, including perceptual factors,
biases for metrical shape and unmarked structures, gradient parsing and invisible
syllables, and segmental factors (or some combination of these). In sections 2.2.1 to
2.2.7, I describe each account in light of the data given in Table 2.1, summarizing the

arguments for and against each account.

2.2.1 The Role of Perception

The first division to make among the accounts is between perception and
production. It is possible that the mechanism behind these typical omissions in speech is
occurring at the level of the input. One such account that has been proposed is that

children have perceptual biases to notice stressed or word-final syllables in the input and
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to ignore pretonic weak syllables (Echols, 1993, Echols & Newport, 1992). These
stressed and word-final syllables tend to be extracted from the speech stream, stored in a
representation, and used to produce first words. Weak syllables are omitted because they
are less likely to be fully encoded in the first place. Under this perception account, giraffe
is perceived as raffe, and banana is perceived as nana. The two possible linguistic
representations of the perceptual account are given in Figures 2.1a and 2.1b (“Z” denotes
a foot, and “o” denotes a syllable). The first option is that only the stressed and final
syllables of the word are perceived and represented in the lexicon (2.1a), and the second
option is that the initial syllable is encoded as well (2.1b), but only partially, with some

vague representation of the segmental or prosodic structure.

z p>
N\ A\
(c o) o (o o)
[ |
ne& nd ?7 n&end
Figure 2.1a. Possible linguistic Figure 2.1b. Possible linguistic
structure of nana, representing only structure of nana, representing all
stressed and final syllables. syllables.

Although the perceptual acccunt is consistent with the pattern of omissions
observed, other properties of children’s productions suggest that weak syllables are not
entirely missing from early representations. First, individual variation is frequently
attested, in which any given form may alternate between being pronounced in is entire
lexical form and being reduced in some manner (e.g., banana, nana) (Wijnen et al.,

1994). This type of alternation often occurs in a short period of time (even within a few
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utterances). Second, Dutch and English data show that children omit portions of
unstressed syllables from multisyllabic words and substitute them for or add them to the

remaining syllables, as in bana ([_gwnal) for banana (Allen & Hawkins, 1980; Echols,

1993; Fikkert, 1991). In this example, the initial syllable is omitted, but the syllable
onset [b] is retained and substituted for the onset of the stressed, second syllable [n].
These observations suggest that even though a syllable may be omitted, it is perceived
and its content may be realized elsewhere in the utterance. In other words, it appears that
the failure to produce weakly stressed initial syllables must not follow solely from a
perceptual mechanism, but instead must also develop from some other mechanism in the
planning stage of production.

Still other researchers have shown in experiments using elicitation techniques that
although children fail to produce weak syllables (in these cases, grammatical
morphemes), they are nevertheless sensitive to these elements and perform better on the
tasks when the utterances do in fact contain them (Gerken & Mclntosh, 1993; Gerken, et
al., 1990; Petretic & Tweney, 1977; Shipley, Smith & Gleitman, 1969). Again, these
results suggest that children do perceive weak syllables, and that some other mechanism

causes their omission.

2.2.2 The Metrical Foot: An Important Unit of Production for Children
The data in Table 2.1 have led other researchers to suggest that children’s early

words conform to the shape of metrical feet, and specifically in the case of disyllabic
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forms, trochaic feet with stress on the leftmost syllable (Allen & Hawkins, 1978;
Demuth, 1995; Demuth & Fee, 1995; Gerken, 1991, 1994a, b; Wijnen et al., 1994).2
Those syllables that are unfooted also are those that are most typically omitted from
children’s productions. The forms in Figure 2.2 illustrate the foot structure of three
words that are likely to appear in early vocabulary, with their respective prosodic
structure, from Selkirk’s Prosodic Hierarchy (1980). In this hierarchy, a foot (represented
by “Z”) must be binary: this means that it must be made up of either two syllables (“c”,
e.g., CVCV), or two moras (“pn” eg., CVV, CVC). Of the three example words, the one
in (2.2a) is the most likely to be produced in its entirety. At the same time, it is also the
only form of the three which is fully footed. The two words in (2.2b) and (2.2c) are
examples of words in which the initial syllable is the most likely candidate for omission.
Coincidentally, in both of these examples, the frequently omitted syllable is also the

syllable which remains unfooted when the prosodic structure is overlaid.

a. z b. z c. z
A\ I \
c c G © c 60

(zé bra) @(réffe) @ (na na)

Figure 2.2. Possible children’s word forms and their foot structure (parentheses
denote a foot and a strikethrough denotes an omitted syllable).

2 Note that there exist numerous pieces of evidence for the foot in aduit phonology as well (Halle &
Vergnaud, 1978; Hayes, 1982; McCarthy, 1979; Prince, 1976).
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Not only do we see this coincidence between the application of a metrical foot and
the omission of word-initial weak syllables in disyllabic forms, but we see evidence of it
as well in other, longer forms. For example, in polysyllabic forms as in (a) and (b) of
Table 2.2, the initial syllable is omitted most frequently and is the unfooted syllable.
Likewise, in the nonsense words in (c) and (d), when there are two word-internal
stressless syllables, the one which does not fit into a foot is most likely to be omitted.
And finally, we see this same link between sentence-internal function words (e) and (f) in
which the function word is omitted when it is also the unfooted syllable, (but not when it
is footed, as in (g). (Gerken, 1994a, b; Kehoe, 1994; see Wijnen et al., 1994 for similar

examples in Dutch)*:

TABLE 2.2
Syllable omissions from polysyllabic utterances (from Gerken, 1994a,b; stress is denoted
by capitals, feet by parentheses, unfooted syllables by underlining):

Child Adult 'f‘arget
a. | ZAMkaSIS pa(ZAMka)(SIS)
b. | SORbaFOON ga(SORba)(FOON)
. | ZAMpaSIS (ZAMpa)ka(SIS)
d. | SORgaFOON (SORga)ba(FOON)
Tom KISSes PIG Tom (KISSes) the (PIG)
. | Tom WASHes BEAR Tom (WASHes) the (BEAR)
g. | He KISSED the PIG He (KISSED the) (PIG)

3In (a-b) and (c-d) of Table 2.2, the target words are nonsense words with stress patterns identical to
“diversify” and “catamaran”, respectively (Gerken, 1994a).
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The fact that children’s utterances are often modified to respect the prosodic
structure of feet is in accordance with the stress pattern of the English language. English
is considered to be a trochaic language, in which prominence is assigned to the left node
of a foot (when binary), yielding a strong-weak stress pattern. Although some words do
not conform to this foot pattern, a trochee is the most common foot type in English
(Hayes, 1982; Selkirk, 1980). This fact is reflected in frequency data as well: in a study
of 20,000 American English content words, 78% were found to have initial main stress
(Cutler & Carter, 1987). Therefore, the input children perceive frequently consists of
trochaic stress patterns, or (S-w) feet. The combination of this statistical fact and the
empirical evidence above demonstrating that unfooted syllables appear to be omitted in
children’s speech leads many researchers to the conclusion that the metrical (trochaic)
foot is an important prosodic unit in early speech production (Demuth, 1995; Gerken,
1996). At this point of the discussion, the metrical accounts diverge somewhat, each
claiming a separate mechanism to explain the connection between foot structure and
omission patterns: a metrical template, a minimal word constraint, exhaustive parsing,

and segmental factors.

2.2.3 Metrical Templates
Gerken (1991, 1994a, b) has proposed a language development model grounded
in production as an alternative to a perceptual account. She maintains that young children

have a metrical template, based on the more frequent patterns of the English stress



39

system, for producing a strong syllable followed by an optional weak syllable. In
applying a series of S-w templates to their intended utterances, weak syllables which do
not fit the templates are more likely to be omitted than those that do.** The template is
applied by aligning its strong syllable (denoted by a capital “S”) with each strong syllable
of the utterance. If a weak syllable follows the strong syllable in the word or utterance,
then the template’s weak syllable (denoted by a lowercase “w”) is aligned with that of the
word or utterance. If there is not a subsequent weak syllable in the utterance, the optional
weak syllable is not applied. Segmental material is then fitted into this template, and the
remaining material is omitted. Examples of this trochaic template are illustrated in
Figures 2.3a and 2.3b (underscores denote syllables that do not fit a S-(w) template,

asterisks represent the omission in the template; from Gerken, 1994a, b).

a. MONkey b. giRAFFE
S-w *  S-(w)

Figure 2.3. Examples of trochaic template application for monkey and giraffe.

Arguments for a template can be found in Gerken (1994a, b), in which imitations

of nonsense words were elicited from children two years of age. These words had the

4 Similar template analyses have been proposed by Allen and Hawkins (1980) and Wijnen et al. (1994).

5 Gerken's production account is similar to grammatical accounts in that the grammar yields the possible
child output forms given an input (e.g., giraffe and raffe for the input giraffe), but her explanation goes
beyond the grammatical possibilities to involve variables outside the domain of the word form in question:
for example, an unfamiliar verb or length of the utterance may influence the choice between producing

giraffe or raffe.
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stress patterns S-w-w-S and w-S-w-S. In the words with the first stress pattern, the first
two syllables conform to a foot, as does the final syllable. However, the third, weak,
syllable does not fit into a foot. In Gerken’s experiment, this syllable was predicted to be
omitted. Likewise, in the words with the second stress pattern, the second and third
syllables fit a trochaic pattern, and the final syllable stands on its own as a foot.
However, the initial weak syllable remains unfooted, and therefore was predicted to be
omitted. The stress and omission patterns of two example nonsense words are in Figures

2.4a and 2.4b:

a. ZAMpakaSIS b. paZAMKkaSIS
S-w* S(w) *S - w S-(w)

Figure 2.4. Trochaic templates for nonsense words zampakasis and pazamkasis.

Gerken found that indeed (and as reviewed in Table 2.2) the unfooted syllables were the
syllables which were omitted most frequently.

This result is consistent with evidence for the application of a S-(w) template over
children’s productions, and the account works to explain many of the omission patterns.
However, one pattern that creates a problem for this analysis is the existence of words
with a S-w-w stress configuration, like elephant and animal. The template analysis
would predict that a word such as elephant or animal would align to a S-(w) template as

in Figures 2.5a and 2.5b:
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a. EL e phant b. ANimal
[ [
S-w * S-w *

Figure 2.5. Trochaic templates for elephant and animal.

Under this account, the first (strong) syllable and second (weak) syllable align to the
template. In each case, the final syllable remains unfooted and therefore should be
omitted. However, this is usually not the case for words such as these. Instead, Gerken
purports that a more likely production of a word such as elephant is [héfont] (Ingram,
1974) or [élfen] (Echols & Newport, 1992), and of animal is [#moal].®

Gerken (1994a) presents a possible solution to this problem in which children
employ a segmental CV(C) template simultaneously with a metrical template. Under this
model, children still align the strong syllable of the template with the strong syllable of
the word (since each word necessarily has only one primary stress). However, children
produce a weak syllable if and only if two requirements are met: a) the syllable follows
the strong stress (thereby fitting a S-(w) template as has already been reviewed) and b)
the syllable also adheres to a CV(C) structure. In other words, if there are two weak
syllables following a strong syllable, the first one which contains a CV(C) is aligned to
the weak syllable of the template. The two examples in Figure 2.6 can explain this

proposal further.

° A similar phenomenon can be seen with adult word reduction patterns: for example, a word such as opera
can be reduced to two syllables, and when it is, it appears as [apra), with the internal syllable omitted,
never with the final syllable omitted, as in *[apr] (Hammond, 1997).



42

a. bo nZ& no b.él o foant
I |
CVCV CV cvcC
I |
* S-w S - w

Figure 2.6. Trochaic and segmental template application for banana and
elephant.
In Figure 2.6a, the first syllable fits the CV segmental template but not the first slot of the
S-(w) metrical template. The second syllable fits both the segmental template and the
metrical template, and is inserted into the “S” slot. The final syllable fits both the weak
slot of the S-(w) pattern as well as the CV(C) form, and is therefore inserted into the “w”

slot of the metrical template. This yields the production [nzna]. In Figure 2.6b, the first

syllable does not fit the segmental template because it is a VC (although the maximal
onset rule calls for a consonant to attach as an onset if possible, the /I/ patterns to the left
because the lax vowel /¢/ cannot stand alone). However, it does fit the metrical
template’s “S” syllable, (being the only strong syllable in the word), and therefore is
inserted into the “S” slot of the template. The second syllable fits the “w” slot of the
metrical template, but not the segmental CV(C) template. Since the subsequent weak
syllable fits the segmental CV(C) template as well as the metrical template’s “w”

position, it is slotted into that template as the weak syllable, yielding the form [glfont].
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2.2.4 The Minimal Word

A similar account to Gerken’s template proposal also highlights the importance of
the metrical foot in children’s early productions: this approach posits that a MINIMAL
WORD constraint acts on children’s grammars to produce forms with omitted syllables
(Demuth, 1996; Demuth & Fee, 1995; Fee, 1992). When children begin attempting to
produce multisyllabic words (Stage II in prosodic development according to Demuth and
Fee), their early word forms generally take a binary foot, or minimal word, as both an
upper and lower bound on word shape. This binary foot can either take a disyllabic form
with a (S-w) stress shape or a monosyllabic heavy form with two moras (CVC, or CVV).
These forms correspond to the substages of this stage of development. Children develop
a disyllabic form first, regardless of initial length of the word, as in Table 2.3, and then
learn to use vowel length contrastively and begin to form bimoraic monosyllabic forms,

as in Table 2.4. [ will be primarily concerned with the disyllabic binary foot for this

discussion.
TABLE 2.3
Stage IIa - (C)VCYV (from Demuth & Fee, 1995)

Child Adult Target Gloss
a. | [bapa] /baks/ ‘box’
b. | [ména) Iwel/ ‘whale’
c. | [tsu:si] /dzus/ ‘juice’
d. | [gedi] /k&ndi/ ‘candy’
e. | [bxbz] /baral/ ‘bottle’
f. | [pise] Iptr/ ‘Patricia’




TABLE 2.4
Stage IIb - (C)VC, IIc - (C)VV (from Demuth & Fee, 1995)

Child Adult Target Gloss
a. | [bat] /pakat/ ‘pocket’
b. | [ra?] fwak/ ‘walk’
¢. | [du:s] /dzus/ ‘juice’
d. | [mo:] /mor/ ‘more’
e. | [bo:] /bot/ ‘boat’

In order to organize their early polysyllabic words as output forms comprising
minimal words (disyllabic trochaic forms or bimoraic monosyllabic forms), children omit
syllables from the adult input form (i.e., full lexical representation) that violate this
constraint (and, as is attested in Table 2.3, syllables may be added as well to satisfy the
constraint). Thus, the main point for this discussion is that unfooted syllables which do
not fit into disyllabic minimal word forms are not pronounced in these early words, as in

[pis] for Patricia, or [bonaéna] for banana.

This account is formalized by Demuth (1995) using Optimality Theory (Prince &
Smolensky, 1993), in which well-formedness conditions act upon output representations
of a word to yield the most optimal candidate, which is then produced. Under this theory,
Demuth claims that children’s underlying lexical representations are segmentally well-
formed, but their surface (postlexical) output structures are initially constrained by certain
prosodic constraints. One such constraint requires that feet be binary at some level of the
analysis, whether at the syllable or mora level (this constraint is entitled FTBIN). Another

such constraint aligns the left and right edges of a lexical word with the left and right
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edges of a prosodic word (entitled ALIGN,,y,), Which serves to create a binary foot, or
Minimal Word, for the unmarked form of a prosodic word.” Under Demuth’s analysis,
prosodic constraints such as these are highly ranked relative to the set of constraints that
promote faithfulness to the adult output. However, over time, the ranking relationship
between the two types of constraints changes and begins to yield child outputs that are
increasingly more faithful to the adult form. This method of allowing different rankings
over time yields early forms that are unmarked, such as Core Syllables (CV) and Minimal
Words (CVCV, CV(C), later forms which resemble more and more the form of larger
prosodic units, and finally the complete adult output forms.

The benefits of this OT account, according to Demuth, are threefold. First,
consider a representational account (e.g., Demuth, 1996) in which children seem to
gradually gain access to different levels of prosodic structure over time. If it is assumed
that the prosodic hierarchy is available to a child as part of Universal Grammar, then it is
not clear why children would use only part of that representation at the beginning.
However, under this OT account, the prosodic hierarchy can be present as part of UG, but
it is only gradually revealed over time as constraints are reranked. Second, neither
representational accounts nor perceptual accounts can explain the variation seen at
different stages of children’s development of prosodic structure. The OT account,
however, creates a mechanism to begin to handle the difficulties found with free variation

in an individual child at a given point in time, in that it permits stages during which

7 Cf. McCarthy & Prince (1993) for Minimal Word.
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multiple forms may coexist as optimal, based on a given constraint ranking.® Finally, it
provides a consolidating approach to children’s development across all languages, in that
all children begin with a similar constraint ranking that yields unmarked forms (known as
the emergence of the unmarked) first. Then, depending on the particular language and
whether it contains more or less marked structures, more or less reranking will be needed
to reach the target grammar.

The disadvantages of this account are the following. First, as mentioned, although
individual variation can be accounted for in many instances by a constraint ranking which
does not decide between two attested forms, it is limited by the constraint order as to
which forms may alternate at a given stage. That is, it is not flexible enough to handle
any and all permutations of the word that any given child may produce, for example all of
the different segmental variations which are possible. Second, although this account is
able to explain children’s single word productions, it does not extend to omitted syllables
in a longer, sentential, context: grammatical morphemes are omitted when they occur in
unstressed, unfooted positions as well, as in the child approximation Tom kisses __pig of
the adult target Tom kisses the pig (Gerken, 1994b). A minimal word, by definition,
corresponds maximally to a single word; therefore this account does not encompass the

full extent of syilable omissions in unfooted positions.

% For example, the ranking ALIGN,w>> PARSE-SEG >> NO-CODA allows both CVCV and CVC forms to
be optimal: both are minimal words and violate PARSE-SEG to the same degree. However, it does not
account for all free variation found at a given stage in a child’s development, for example an alternation
between a minimal word and something larger than a minimal word (nana ~ banana), or free variation of
segmental material, e.g., nana ~ bana for banana. This is still a problem for any account and one which I
will discuss in the experimental discussion section.
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2.2.5 Size Restriction and Content Preservation Through Constraint Interaction
Yet another analysis focusing mainly on meter has recently been proposed by
Pater and Paradis (1996) to account for weak syllable omissions both in w-S-w words as
well as S-w-w words, the latter of which has come to be known as the “elephant
problem” for templatic theories. This analysis capitalizes on the notion of markedness
and cross-linguistic patterns. They build on the analysis of Demuth and Fee in which the
minimal word plays a major role in young children’s word forms, noting this to be the
“unmarked” form in both early English speakers’ words and phonologies across the
world. There are languages where minimal words are found both minimally and
maximally, for example, in Diyari reduplication, in which the reduplicated copy of any
word is minimally and maximally disyllabic, regardless of the original length of the word
(two syllables, three, or more). Using Optimality Theory, they show how the same
constraints useful to account for this size limitation in reduplication patterns in adult
phonologies can be used to account for children’s w-S-w reductions as well, with the
constraints FOOTBINARITY (feet must be binary), ALIGNLEFT (align the left edge of every
foot with the left edge of the prosodic word), and PARSE-SYLL (every syllable must
belong to a foot). In addition they use other already attested constraints However, they
also are able to account for S-w-w reductions such as elephant ~ [€lfon]: STRESS-FAITH (
an Input stressed syllable must have as its Output correspondent a stressed syllable) and

RIGHT-ANCHORI-O (Any element at the right edge of the Input has a correspondent at the

right edge of the Output). These two constraints reflect the observations of Echols and



48

Newport (1992) and Slobin (1973) that children retain the stressed and rightmost
syllables in these cases, and interacting together and with the other three constraints, yield
S-w-w reduced forms in which the stressed and rightmost syllables only are present in the
child’s output.

One strength of this analysis lies in the interaction of well-attested constraints
already working in adult grammars cross-linguistically to account for not only word size
restrictions, but specific content preservation as well (unlike the templatic analyses). In
this way, independent principles based on cross-linguistic facts and commonalities, and
not situation-specific principles, are at work to explain the data. A second strength is that
this analysis may directly reflect functional characteristics (i.e., the acoustic salience of
stress and word edges) and successfully set them in a formal framework. One problem
with the analysis, which we see with all the metrical analyses proposed, is that it does not
address segmental variation such as substitutions and cluster reductions (and in fact, Pater

and Paradis note this issue is out of the scope of the paper).

2.2.6 Gradient Parsing and Zero Syllables

A third constraint-based account has been put forth by Massar and Gerken (1997).
This account is similar to Demuth’s minimal word account, but addresses syllable
omissions from feet as well as syllable omissions from one prosodic level higher than the
foot: the prosodic word. Briefly, they define a prosodic word as containing one and only

one lexical word and some adjacent grammatical morphemes (similar to such theories of
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prosodic phonology as Selkirk, 1986, 1996, and Nespor & Vogel, 1986). In their
treatment of omitted syllables, Massar and Gerken (1997) look to sentence data from
Gerken (1996) and compare the omissions of the grammatical morpheme the from
various utterances (see Table 2.5, taken from Massar & Gerken, 1997, p. 2). One will see
in Table 2.5 that the is omitted more frequently in an unfooted, unworded position (as in
(d)) than in an unfooted but worded position (as in (c)), and even more than in a footed
and worded position (as in (a-b)).

TABLE 2.5
Omissions of the in different sentence types

Adult Target Child Form Percent the
Omitted
a. | [(pushed the)] [(zebra)] pushed zebra 22%
b. | [(pushed the)] [gi(raffe)] pushed raffe 28%
¢. | [(pushes)] [the (zebra)] pushes zebra 42%
d. | [(pushes)] the [gi(raffe)] i. | pushes raffe 72%
ii. | pushes giraffe
iii. | *pushes the raffe 0%

They have set their account in an OT framework, employing the idea of
Exhaustivity (Selkirk,1996), in which each unit in the prosodic hierarchy is necessarily
dominated by (i.e., parsed into) the immediately higher unit. They divide the principle of
Exhaustivity into two constraints, one in which a syllable must be parsed into a foot
(“o/Z™), and one in which a syllable must be parsed into a prosodic word (“c/PW™), with
the idea that violating o/PW is worse than 6/Z. Looking at the target forms of the

sentences in (a) and (b) of Table 2.5, the is contained within a foot (denoted by
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parentheses) and within a prosodic word (denoted by brackets), satisfying both 6/Z and
o/PW. In (c) the is contained within a prosodic word but not within a foot, satisfying
o/PW but violating o/Z. Finally, (d) shows the as neither contained in a foot nor in a
prosodic word, in effect violating both constraints.

As this analysis stands, if the syllables that do not appear in the child’s utterance
are fully deleted in the output form, an input form such as (d) might have the output
forms in (i-iii), shown again as (a-c) respectively in Figure 2.7 with their prosodic

structure (feet are denoted by parentheses, prosodic words are denoted by brackets).

a. [(pushes)] [(raffe)] b. [(pushes)] [gi (raffe)]
c. *[(pushes)] [the (raffe)]

Figure 2.7. Output forms of pushes the giraffe and their prosodic structures.

Consider the forms (b) and (c) in Figure 2.7. In comparing them with regard to the parse
constraints, one will see that they are equally well-formed: in each case, raffe is contained
within a foot and prosodic word, and the weak syllable preceding raffe (either gi or the) is
also contained within the prosodic word, although not within the foot. In this regard,
both (b) and (c¢) should be identical in their production by children. However, the data
show otherwise: the utterance in (c) is never attested. In order to deal with this fact,
Massar and Gerken add to their theory the idea of a zero syllable (represented as “‘s”),

which holds the place of the syllable which has been omitted. In this way, although a
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syllable may not be evident in the surface form, it still exists in the representation of the

output. The sentences in Figure 2.7 then, actually have the output structure in Figure 2.8.

a. [(pushes)] & [& (raffe)] b. [(pushes)] & [gi(raffe)]
c. *[(pushes)] the [e (raffe)]

Figure 2.8. Zero-syllable output forms of child outputs of pushes the giraffe.

[n this analysis, since zero syllables do not license segments, only syllables that contain
segmental material are visible to the parse constraints. Therefore, (a) of Figure 2.8
violates neither parse constraint (6/PW nor o/Z). Figure 2.8b violates one parse
constraint: o/Z, because gi is not contained in a foot. Figure 2.8c violates both parse
constraints, since the is not contained within a foot or prosodic word. This pair of
violations is fatal to this last form (c), and rules it out as a possible surface form in the
analysis. In this way, the zero syllable account can formally explain the distinction
between pushes giraffe and *pushes the raffe and why only the latter is unattested in
children’s productions.

At this point, it is important to notice that this analysis deals with sentence
structures. However, it is roughly parallel to the minimal word account which works
with single words, but is extended to another level: the utterance. It works on the same
principle, in which a form must fit into a prosodic structure (in this case a prosodic word)

and if it does not, it is omitted.
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The zero syllable analysis is favorable for several reasons. First, unlike some of
the former accounts discussed, in this analysis children’s representations remain adult-
like and complete. Second, through different rankings of input-output faithfulness with
respect to structural constraints such as the two parse constraints, a number of attested
child forms can be accounted for: either all segmental material is retained, all segmental
material in prosodic words is retained, or all segmental material in feet is retained. This
type of reranking allows a multitude of variations in the output, with little change in the
grammar of the child. However, a point where this analysis is unsatisfactory is again the
level of segmental detail in the variety of children’s forms. While it can account for a
variety of syllables which are or are not produced, the analysis cannot explain forms in
which partial syllables are still present in the output, in segmental substitutions, such as

[beena] for banana, or consonant cluster reductions, such as [bu] for b/ue. A more fine-

grained analysis of this type of variation is still necessary.

2.2.7 An Integration of Perceptual, Metrical, and Segmental Factors

Kehoe and Stoel-Gammon (1997) propose an alternative to either a
straightforward perception or production-based account. Under this analysis, an
integration of acoustic salience factors, metrical templates, and segmental factors of
syllable structure work together to determine which syllables are omitted or retained in
children’s productions. The main tenet of their account is that neither perceptual factors

nor production factors alone can explain omissions, but that a number of prominence
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relationships are reflected in omissions, and can be separated into three groups. One of
these prominence factors concerns meter: they posit metrical findings similar to those
already discussed in other accounts: a) stressed syllables are selected over unstressed
syllables, b) word-final unstressed syllables are selected over word-medial unstressed
syllables, and c) word-medial unstressed syllables that fit a S-(w) template are selected
over word-medial unstressed syllables that do not fit the template. The second
prominence factor concerns word position. They find that in word-final position, both
stressed and unstressed syllables are retained (consistent with the perceptual findings by
Echols, 1993 and Echols and Newport, 1992). The third prominence factor concerns
segmental type. They find that syllables with onsets are selected (or retained) over
syllables without onsets, and that syllables with obstruent onsets are retained more than
syllables with sonorant onsets.

Their other main tenet is that, consistent with Demuth (1995) and Massar and
Gerken (1997), truncation patterns do not reflect underrepresentation of unstressed
syllables by children, but instead, that competing linguistic factors act on the surface
output form to produce the attested reduced forms. However, they suggest different roles
for perception at the different ages tested (34, 28, and 22 months). The youngest group

(22 months) exhibited a very high weak syllable truncation rate for all words (SwS, e.g.,
dinosaur, SWS, e.g., kangaroo, Sww, e.g., elephant, and wSw, e.g., banana), especially

novel words, and without discrimination between word-initial weak syllables and word-

medial weak syllables. The middle group (28 months) deleted word-initial weak
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syllables more frequently than word-medial weak syllables. The oldest group (34
months) had less difficulty with word-initial weak syllables but exhibited more
truncations in words with intervocalic sonorants. In summary, they posit a) reduced
metrical and segmental effects for the youngest group of children relative to the two older
groups, b) more sensitivity to metrical factors in the middle group, and c) more sensitivity
to segmental factors in the oldest group. Crucially, they suggest that the widespread
truncation rate of the youngest group of children may possibly “reflect the greater role of
perceptual or representational factors, and the metrical and segmental effects evident in
the older children’s productions reflect the greater role of production-based factors”.
However, in a different point of their discussion, they seem to contradict this suggestion
by proposing that there exists a key difference between their proposal and perceptual
proposals, which is that truncation patterns do not reflect children’s underrepresentation
of unstressed syllables (p. 539), and that children’s perceptual representations are
reasonably intact (p. 538).” They do not resolve this seeming contradiction, and therein
lies a main disadvantage of this proposal.

Two main advantages realized with this account are that a combination of factors
are used to explain the different aspects of reductions, and that segmental aspects are
finally addressed. This analysis is the first to begin to shed some light on segmental

factors as possible influences on omissions or reductions, as well as the well-known and

? They continue to be inconsistent on this issue by suggesting that stronger perception of obstruent onsets
than sonorant onsets may create a lack of syllable demarcation for sonorant onsets in the child’s perception
of the input, affecting production of these syllables (p. 538).
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unaccountable problem of segmental variation. Two unsatisfactory points of the account
are the lack of any strong theoretical framework in which to explain the data, and the

murkiness of the role of perception.

2.3 Summary of accounts

In sections 2.2.1 to 2.2.7 I have attempted to review the key analyses proposed for
the mechanism(s) behind syllable omissions: one based on perceptual salience of certain
syllables, and the others based in the grammar and production domains, specifically the
involvement of the metrical foot, prosodic word, and segmental factors in children’s early
speech. These accounts are summarized in Table 2.6, on the two major dimensions by
which they differ: a) whether each account proposes a complete or impoverished adult
representation, and b) whether each account uses metrical structure (e.g., feet, etc.) alone
or a mixture of metrical, syllabic and segmental factors to explain omissions. On the first
dimension, Echols and Newport are the main sponsors of an impoverished adult input,
although Kehoe and Stoel-Gammon'’s analysis has elements of this option. However, all
of the production and grammar accounts accept a full adult input to which the child has
access, with various constraints or pressures acting on the output form. On the second
dimension, Echols and Newport, Gerken, Demuth, and Demuth and Fee claim that
metrical structure is the influencing factor working on omissions. On the other hand,

Kehoe and Stoel-Gammon, Massar and Gerken, a portion of Gerken’s analysis, and Pater
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and Paradis incorporate a combination of metrical factors and other phonological factors

such as segmental or syllabic characteristics to help constrain child forms.

TABLE 2.6
Summary of accounts of syllable omissions
Impoverished Adult | Complete Adult
Representation Representation
Metrical Echols & Newport Gerken
Structure Demuth
Demuth & Fee
Massar & Gerken
Metrical Kehoe & Stoel- Gerken (“elephant
Structure, Gammon problem solution”)
Syllables, and Pater & Paradis
Segments Kehoe & Stoel-Gammon

As noted, Wijnen et al. (1994) provide strong evidence that it is not the case that
children fail to perceive these weak syllables. Thus, it appears to make sense to discuss
the phenomenon as one in which weak syllables are represented and then omitted, in
other words focusing on the right-hand column in the table.

A natural follow-up question to this point, then, is if children have intact adult
representations, do they truly delete these weak syllables, or is there some trace left in
some form (e.g., extra duration in the surrounding elements of the sentence). The second
question is, what is the mechanism by which omissions occur? The experiments in this
thesis will focus on the first question, however [ will also begin to address the second. In

section 2.4 I will pose three hypotheses to entertain regarding this first question.



57

2.4. Hypotheses

There are three hypotheses that will be tested here, and they are discussed in turn
in sections 2.4.1,2.4.2 and 2.4.3. Briefly, they are outlined as the following. First, it
may be the case that the syllable is deleted in its entirety. However, it may instead be the
case that the syllable is not deleted, but that some trace is left behind. If this is true, it
would be useful to know whether the trace is of some generic length, or dependent upon
the sub-syllabic representation. For our purposes here, these three hypotheses can be
couched in two different families of frameworks: a phonological linguistic framework
and a production based framework. In the following sections, both frameworks will be
laid out as possible formal accounts. However, distinguishing between these frameworks
is not the goal of this dissertation. Instead, it is the conceptual distinction which is at
stake and which will be the focus of the experiments in the following three chapters, in

order to address and shed light on the two questions posed in section 2.3.

2.4.1 Hypothesis One: Structure Reduction Hypothesis

For this discussion and to narrow the focus of the thesis, let us consider simple
trisyllabic words such as banana with an unfooted syllable that is frequently omitted.
The first hypothesis is that, in the production of a word such as this, children impose an
attenuated prosodic structure on the lexical representation that structurally obeys a

trochaic foot. In other words, children simplify their productions by deleting the entire
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unfooted syllable (the segmental content as well as the syllable structure encompassing

it). Under a linguistic account, this deletion operation would be depicted as in Figure 2.9.

PW

i

7N
(c o)

=
B~ £
=]
o F

O n

Figure 2.9. Deletion of an unfooted syllable under a linguistic account.

Under a production account, weak syllables are omitted when the intended
utterance exceeds the speaker’s ability to plan or produce it. An example of such an
account is Gerken’s template account (Gerken 1991, 1994a, b). Here, a S-w template is
aligned with the word (see § 2.2.3 for details) and the remaining material is deleted, as in

Figure 2.10.

ba NA na
| |
*S-w

Figure 2.10. Deletion of a weak initial syllable under a production account.

Regardless of which depiction we use, if children do delete the entire syllable,
then children’s representations of w-S-w words are at some point in production identical

to the forms perceived by adult listeners. The template account proposed by Gerken, the
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minimal word accounts (both structural and OT) proposed by Demuth and Fee, and Pater
and Paradis’ size restriction and content preservation account are all variants of the

hypothesis that children delete the entire syllable.

2.4.2 Hypothesis Two: Generic Trace Hypothesis

The second hypothesis to consider regarding the mechanism behind these
omissions is that children do not delete the syllable in question. Rather they leave behind
some measurable trace of the syllable. If this is the case, we must ask whether the trace is
of some generic length regardless of the segmental content of the weak syllable, or
dependent upon its segmental representation. Under a formal linguistic model, a trace
would be left, not by deleting the syllable, but by delinking one of the association lines
between two tiers of the hierarchy. Delinking, by definition, would result in a failure of
the unfooted syllable to be pronounced, and the tier directly above the association line
that was delinked would be the tier that contributes to the trace.'” The question then, is
which level of the prosodic hierarchy contributes to this trace? In other words, below
which tier is the association line delinked?

There are three different places for the weak syllable to be delinked. These are
shown in Figure 2.11, and are between a) the prosodic word and the syllable, b) the

syllable and the mora, and c) the mora and the segment.

'° But see Beckman and Pierrehumbert (1988) for a different view of delinking.
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f“N

9 n& noa

Figure 2.11. Possible locations for delinking.

For a trace of generic length, the delinking would have to occur above the level of
the mora, as the mora is the weight-bearing unit of the hierarchy, and therefore has length
distinctions. This leaves either a delinking between the mora and the syllable, or between
the syllable and the prosodic word. We have no basis upon which to distinguish between
these, however, the syllable is the next higher tier, and it is more appealing to delink all
the elements of the syllable than only a portion of the prosodic word’s constituents, so for
this analysis, [ will assume the view that the delinking is between the syllabic and moraic

tier, as in Figure 2.12.

PW

ﬁ‘M

2. n& no

Figure 2.12. Delinking above the moraic level.
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One way to think about this model is to consider Autosegmental theory and the
notion of tiers (Echols, 1993; Goldsmith, 1976; Menn, 1978; Stemberger, 1988). This
theory was developed originally by Goldsmith (1976) to explain tonal shift and floating
tones, in which vowels and their accompanying tones do not always correspond one-to-
one. The idea of different tiers was developed for each phonological level: syllables,
tones, segments, segmental features, etc. Each tier is linked by association lines. This
allows for different possible outcomes, as in the schematic representations in Figure 2.13,
in which segments lie on one representational tier and tones lie on a separate tier. In
(2.13a), each tone is linked to one vowel, yielding a trisyllabic word with a HLH tone
pattern. In (2.13b), the first tone is linked to the first vowel, and the second and third
tones are linked to the second vowel, yielding a disyllabic word with a high tone followed
by a rising tone. In (2.13c), the first tone is linked to the first vowel, and the second tone
is linked to the second and third vowels, yielding a trisyllabic word with a high tone

followed by low tones.

tone: H L H HLH H L
| I PN
segments: CvCvCev CV CV cvcevcey
Figure 2.13a. Figure 2.13b. Figure 2.13c¢.
Autosegmental Autosegmental Autosegmental

representation of cvcvev.  representation of cvcv. representation of cvcvev.

This nonlinear relation may be seen in other domains as well, between segments and

other suprasegmental or subsegmental features.
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Looking at children’s productions in light of Autosegmental theory, the syllable is
on one tier and the segmental content on another in order; this allows omission of
segments but retention of the syllable structure. In fact, the notion of separate tiers has
already been proposed to account for children’s utterances (Menn, 1978; Stemberger,
1988; Echols, 1993). For example, on one account, the notion of separate segmental and
syllabic tiers leads Echols (1993), in her perceptual analysis, to suggest that young
children’s underlying representations may be fully specified at the level of the syllable
tier, but only partially specified at the level of the segmental tier, in order to explain the
phenomenon of substitutions which were noted in section 2.3.1 as being problematic to
her account. These substitutions (e.g., [b#no] for banana) therefore constitute one useful
piece of evidence for a tier-like relation between segments and their syllables.

A second piece of evidence for the separation of tiers, at least between segments
and the overarching prosodic structural framework, is the use of filler syllables by
children. Gleitman & Wanner (1982) discuss the progression in children’s speech from
primarily producing stressed syllables to beginning to utter stressless syllables, but ones

that are in an “undifferentiated form” such as a schwa [9]. For example, children produce
the compound noun report card as [s - port kard], replacing the unstressed, tensed-vowel
syllable re [ri] with a schwa [9]. The prosodic structure of this word then is retained,

although the segmental content has been replaced. Filler syllables only apply when there

exists a syllable to replace (therefore this is not a case of epenthesis). Other examples

include [teip -o- korda] for tape recorder (Gleitman & Wanner, 1982) and [0-meme]
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for remember (Echols, 1993). Examples from Peters and Menn (1993) also show that
children use a schwa as a filler syllable, as well as the vowel [u] and nasal [n] as possible
“proto-you” and “proto-wanna” forms, as in these examples with the verb put: [u-put] and
[n-put].

Under a production account, the idea of a syllabic trace of generic length would be
similar to Ferreira’s (1993) proposal that there are timing intervals created for the
prosodic structure of an utterance, independent of the segmental information that will fill
the intervals. The independence between segmental information and prosodic timing
slots occurs at an early stage of sentence production, and it is only at the phonetic level of
processing that the segments are inserted into the intervals (pauses are then also inserted
to help adjust for shorter or longer intrinsic durations of segmental material). This

hypothesis is depicted in Figure 2.14.

Total Duration

v

time
Figure 2.14. Prosodic timing intervals independent of segmental information
under a production account.
The zero syllable account proposed by Massar and Gerken(1997) and the
integrated account of Kehoe and Stoel-Gammon (1997) are both compatible with the

above discussion of phonological evidence (filler syllables and substitutions) in
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supporting the hypothesis that the syllable is not deleted, but that a trace of generic length
is left behind (possibly transmitted from the syllable tier), independent of the segmental

information.

2.4.3 Hypothesis Three: Variable Trace Hypothesis

The third hypothesis to consider regarding the realization of weak syllable
omissions is one in which a trace is left of the syllable, and the segmental information
plays a direct role in the length of the trace. Under a linguistic account, the Variable
Trace Hypothesis (VTH) proposes that instead of delinking the association line between
the syllable and mora and not pronouncing the segmental material of the unfooted
syllable (as in the GTH), the delinking occurs between the mora and the segments, as in
Figure 2.15. Delinking the segments from the licensing mora, which is the unit of the
prosodic hierarchy that shows length, results in an syllable which is unpronounced but
that maintains a trace whose length is variable and is affected by the mora count. For
example, a word such as Lucinda contains two moras in the first syllable, and therefore

would show a different size of trace from banana, which only contains one mora.
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tnana u s inda

Figure 2.15. Delinking below the moraic tier.

The current hypothesis relies on Autosegmental theory, just as the GTH does: if
there are separate tiers, then omission of the syllable but retention of the length
information of the segments is a possibility.

Although production models do not generally note the level of the mora, there are
frameworks in which the segmental material is distinctly reflected in the output. Garrett
(1982), for example, gives a speech production model based on various features of speech
error patterns (e.g., sound exchange errors, sound-based word substitutions, and stress
preservation), in which the segmental composition of lexical items is mapped into an

independently represented prosodic frame.

2.5 Summary

The accounts discussed in this chapter bring up two questions, one regarding the
mechanism(s) involved omissions, and one regarding children’s representation of words
from which they omit syllables. All of the accounts given so far lack an important

component of analysis: information that may be present in the physical, acoustic signal of
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utterances containing these omissions. This thesis adds the phonetic component, and
illustrates how phonetic data can help to answer both questions.

In the succeeding Chapters Three, Four and Five, I describe three experiments
designed to address the hypotheses in section 2.4 and ultimately to address the two
questions posed in section 2.3. With regard to the hypotheses, I will present phonetic
data against the first hypothesis (SRH). Phonetic data from these studies will suggest that
when young children appear to delete unfooted syllables, they in fact maintain some trace
of the syllable, which is manifested as a durational lengthening of material preceding the
omitted syllable. I will also use phonetic data to distinguish between the second two
hypotheses (GTH vs. VTH). Finally, I will use phonological (categorical) data to further
explore factors (e.g., acoustic salience, meter, segmental conditions, etc.) that may play a

role in weak syllable omissions.
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CHAPTER THREE: EXPERIMENT ONE,
CHILDREN WITH NORMALLY DEVELOPING LANGUAGE
3.0 Introduction
In this chapter, I detail the specifics of Experiment 1 (Carter, 1996, 1998; Carter
& Gerken, 1998), a first attempt at exploring the possible existence and nature of a trace
of omitted syllables. The three hypotheses under consideration are:
Structure Reduction Hypothesis (SRH): when a syllable is omitted in children’s
productions, the omission occurs at both the level of the syllable and its segments;
in other words, the syllable, and its segmental material, is deleted in its entirety.
Generic Trace Hypothesis (GTH): when a syllable is omitted in children’s
productions, a measurable trace of the syllable remains, and that trace is of a
generic length.
Variable Trace Hypothesis (VTH): when a syllable is omitted in children’s
productions, a measurable trace of the syllable remains, and that trace is of
variable length, dependent upon the length of the sub-syllabic constituents.
The SRH is different from the GTH and VTH in that the SRH makes the claim that the
syllable and its contents are deleted entirely, whereas with the latter two, some trace of
the syllable remains and may be either of some standard, generic length (GTH), or of a
variable length (VTH). One purpose of this thesis is to distinguish among these three
hypotheses. In order to compare the SRH to the GTH and VTH, it is possible to perform
an instrumental acoustic analysis on sentences from which syllables are omitted. By

examining the acoustic durations of the reduced disyllabic forms and the elements in the

surrounding sentential context and comparing these durations to similar disyllabic forms
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with true trochaic stress patterns in their sentential context, the result should indicate the
true structure of children’s syllable omissions. If no difference is found in the two types
of utterances, this result would support the SRH, whereas if a difference is found, this
result would be in support of both the GTH and the VTH.

[n order then to distinguish between the GTH and the VTH, it is possible to
compare the durations of the relevant portions of the utterance surrounding the omitted
syllable. The GTH predicts that a syllable trace is left, and that the sub-syllabic content
of the syllable does not influence the phonetic realization of the trace. In contrast, the
VTH predicts that a trace of the syllable is left, and that the sub-syllabic material affects
the length of the phonetic realization of the trace, in that syllables with different content
should yield durationally distinct traces. For example, syllables containing a tense vowel
(long; two moras) versus a lax vowel (short; one mora) exhibit an inherent length
difference when they are produced (Klatt, 1975; Lehiste, 1970). If, when the same
syllables are omitted, there is no difference in the relevant durations of elements
preceding or following them, the GTH would be supported. However, if there is a
difference, in that the durations are longer for the tense vowel syllable than for the lax

vowel syllable, the VTH would be supported.
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3.1 Method
3.1.1 Subjects

Subjects in this experiment were twenty English-speaking children between the
ages of 25 and 31 months. The mean age for the group was 27 months. The subjects
were identified from archival records of birth announcements in Tucson, Arizona.
Subjects of this age were chosen because at this point of language development, children
are beginning to produce weak syllables but have not yet fully mastered them, and the
presence of full sentences should tax their production capabilities to the point at which
they are more likely to omit an unfooted syllable due to the level of difficulty of the
utterance (Gerken 1994b). Each subject’s mean length of utterance (MLU; Brown 1973)
was calculated based on the spontaneous speech that he or she produced during the
experimental session.! MLUs ranged from 1.30 to 3.51, with a mean of 2.28 morphemes
(cf. Appendix C for subject age and MLU). The subjects belonged to MLU stages I - IV
according to Brown (1973). Subjects were divided into two groups (one with 8 children,
one with 12 children) depending upon which of two different stimuli patterns was used
(disyllabic verbs with the -es present tense inflection or monosyllabic verbs with the past
tense -ed inflection; cf. Table 3.1 and Appendices A and B).2

Criteria used to exclude children from the study were: a) if they failed to imitate

more than half of the sentences or failed to speak in sentences at all (the largest group of

' I would like to thank Andrea Hilden, Tanya Noth, and Tania Zamuner for help with MLU calculation and
scoring.

? Numbers of subjects had been equal when data were first collected, however, they now differ between the
two groups because not all subjects met inclusion criteria.
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exclusions with 28 children); b) if they failed to speak at an adequate volume for the
microphone (one child); c) if they failed to produce forms that resembled the target
stimuli in more than half of the sentences (one child); or d) if they were bilingual

speakers (one child).

3.1.2 Materials

Experiment 1 employed an imitation task designed to elicit the type of syllable
omission of interest and allowed for control over certain properties of the sentences
reviewed below. Stimuli were 16 sentences like those shown in Table 3.1 (and
Appendices A and B). It was necessary for the sentences to be morphologically simple
enough for two-year-olds to be able to produce them, while difficult enough to tax their
production capabilities. The sentences therefore were made up of two groups of carrier
phrases, each containing a subject pronoun, a verb, and a direct object proper name (e.g.,

a-h in Table 3.1).
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Sample stimuli sentences and predicted omissions
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Disyllabic S-w Trisyllabic w-S-w Predicted
Names Names Omissions
Monosyllabic | a. | He pushed e. | He pushed i. | He pushed
Verbs Sandy. Cassandra. _sandra.
b. | He pushed f. | He pushed j- | He pushed
Cindy. Lucinda. _cinda.
Disyllabic c. | He kisses g. | He kisses k. | He kisses
Verbs Sandy. Cassandra. _sandra.
d. | He kisses h. | He kisses l. | He kisses
Cindy. Lucinda. _cinda.

The sentences in the two groups of carrier phrases included the same set of
monosyllabic verb stems. However, the set of verbs in the first group was in present
tense with a syllabic inflection (yielding a disyllabic verb), the set in the second group
contained a non-syllabic past tense inflection (yielding a monosyllabic verb). The
rationale behind this division was that a sentence such as He kisses Cassandra contains
six syllables, enough to trigger syllable omissions by most of the subjects. However,
many of the imitations yielded an omission of both the inflection of the verb and the
initial syllable of the proper name.

Therefore, the experiment was changed slightly for the second group of twelve
children to include verbs with a past tense inflection that was non-syllabic. This -ed
inflection surfaced as /t/ following the stem’s voiceless coda, retaining the
monosyllabicity of the verb as well as allowing for a better distinction between the

sibilant offset of the verb and the equally sibilant onset of the proper name. Children
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omitted the initial syllable equally frequently with the new stimulus set as with the
original.

The verbs were chosen to meet two criteria: a), that they be familiar to children
(attested in various experiments by Gerken (1994a, b, 1996)), and b), that their onsets be
easily recognizable on a digitized wave form. To meet this latter criterion, each of the
four verb onsets consisted of a voiceless stop or voiceless affricate, as in Table 3.2.

TABLE 3.2
Stimuli verb onsets

Verb stem Onset
push /p/
kiss i

touch /k/
chase /el

In order to elicit the omissions of interest (weak initial syllables), it was necessary
to find trisyllabic words with a w-S-w stress pattern which, once reduced as predicted by
other attested weak syllable omissions, match as closely as possible other disyllabic
trochaic forms. Therefore, certain trisyllabic proper names were chosen (Lucinda and
Cassandra) that also had disyllabic nicknames (Cindy and Sandy). Although there are
feminine proper names with trochaic nicknames that meet this criterion (Lucinda ~

Cindy, Cassandra ~ Sandy, Rebecca ~ Becky, etc.), no masculine proper names could be
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found with these characteristics, and therefore only female names were used.’ These
names were monomorphemic to control for any confounds due to morphological
complexity. Trisyllabic names with a w-S-w stress pattern made up half of the sentences
(e.g., e-h in Table 3.1), and disyllabic proper nicknames made up the other half (e.g., a-d).
The predicted omitted forms from the w-S-w words are also given in the table (i-1) for
completeness.

In addition to being near minimal word pairs, the proper names were chosen with
two other issues in mind. First, the onsets of the stressed syllables in both the trisyllabic
name and the disyllabic name must also have phonetic characteristics that make it easy to
identify in the waveform or spectrogram, just as with the verbs, in order for proper
phonetic measurements to be made. No proper name minimal pairs could be found which
might contain a voiceless stop or affricate onset in the stressed syllable; hence, the
voiceless alveolar fricative /s/ was chosen as the stressed syllable onset of all four of the
proper names. [n this way also, both stressed onsets of the reduced forms were identical,
which reduced the risk of any duration difference being affected in some way by the
name onset.

Second, the particular trisyllabic names were chosen for the differential vowel
content of the weak initial syllable, in order to test the GTH and VTH. Specifically,

Lucinda contains a tense vowel with secondary stress, whereas Cassandra contains an

’ During testing, parents filled out a questionnaire asking whether any of the four proper names were
familiar to the children. Sixteen of the parents answered none were familiar, two answered Sandy was
familiar, and one each answered that Cassandra and Cindy were.
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unstressed schwa. It was thought that the intrinsic duration difference that exists
between a tense vowel and a schwa might also be evident in any durational differences
between the two different sentence types containing the reduced names (cf. experiment
predictions in §3.2).*

The stimuli were balanced across verbs and proper names. That is, each verb was
combined with each of the four names, for a total of 16 combinations in each of the two
verb inflection conditions. Also, for each inflection condition, there were two different
randomly ordered lists, and half of each group of subjects received the first list, half
received the second (see Appendices A and B for order of stimuli).

To review, there are three factors evident in Table 3.1. They are Name Prosody:
reducible (Cassandra, Lucinda) vs. non-reducible (Sandy, Cindy), Name Type: Lucinda
(or _cinda once reduced) vs. Cassandra (or _sandra once reduced), and Verb Syllable

Number: monosyllabic (non-syllabic -ed inflection) vs. disyllabic (syllabic -es inflection).

3.1.3 Procedure
Each subject was brought into the University of Arizona Language Acquisition
Lab by his/her parent(s) or guardian for one test session, which lasted approximately 45

minutes. Each subject was lead into a quiet room in the laboratory decorated with

* Of the two trisyllabic name forms, Cassandra and Lucinda, note that Lucinda, under standard treatment,
contains two feet: [(Iu)(sinda)], that is, the initial syllable contains two moras and therefore may stand as its
own foot; whereas Cassandra contains only one, syllabic, foot [(s#ndra)]. However, such studies as
Hammond (1984) make the claim that an initial syllable with secondary stress is not truly footed. For the
current studies I will treat Lu- as unfooted as well, and will come back to this point in Chapter Seven.
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pictures, a table, books and toys, and the experimenter began the experiment by
introducing the toys and playing with the subject until (s)he felt comfortable. Then the
experimenter proceeded to ask the child if (s)he would like to play a game. If the child
said yes, then the experimenter introduced the child to a stuffed animal bear puppet
named “Bob” and four dolls, each corresponding to one of the four proper names. Then
the experimenter explained that in this game, the child would help make up stories to act
out with Bob and the dolls. If the child imitated the experimenter’s story, then Bob
would act it out. Once subjects gave consent to the rules of the game, the experimenter
began the test sentences, asking the child once again to help describe the story and telling
him/her what the bear had to do to act the story out. For example, the experimenter
would say He kisses Cassandra. Can you say that? He kisses Cassandra. If the child
imitated the target sentence correctly, then the bear carried out the task, and the
experimenter moved on to the next sentence. If the child did not respond, the
experimenter would repeat the request up to two times and then move on to a new
sentence. Missed items were presented again at the end of the game. Each child received

all 16 items, unless it was clear (s)he would not complete the task.’

3 For three of the subjects, only eight utterances (half of the stimulus set) were collected due to the fact that
they tired of the task or became reticent to continue. However, the stimulus sets were designed in
anticipation of this occasion: the 16 to-be-imitated sentences were organized into two sets of eight. In each
set, each of the four verbs occurred with a pair of names (e.g., rouched with Sandy and Cassandra). Thus,
if a child only imitated sentences from the first set of eight, duration comparisons could still be made for
four name pairs. Also, Lists 1 and 2 of each inflection condition were complementary, in that if, for
example touched and Sandy/Cassandra were in the first half of List 1, then this combination would be in
the second half of List 2.
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Upon leaving the lab, the child was given a small book or puzzle. All sessions
were audio-taped in their entirety using a Sony DAT recorder (the second group of
subjects was also filmed with a Sony video recorder), and the responses to the test
sentences were recorded during the session by the experimenter. After the session, the
sentences were transcribed by the experimenter and checked by a second coder naive to
the purpose of the experiment. Ninety-three percent of the item transcriptions were
agreed upon, and any disagreements about the transcription were discussed and resolved
between the experimenter and the second coder.’

Responses by the children were coded as falling into one of five possible response
categories. Examples of each category are shown in Table 3.3. For target disyllabic
forms (Sandy, Cindy), responses were coded into Target Disyllabic Produced (the child
correctly imitated the simple disyllabic trochaic name), and Other. For target trisyllabic
forms (Cassandra, Lucinda), responses were coded into Target Trisyllabic Produced (the
child correctly imitated the trisyllabic proper name, retaining the initial syllable), /nitial
Syllable Omitted (the child omitted the initial weak syllable from the trisyllabic target),
and Orher. Each of the Other categories contained response failures and responses that
resembled neither the target name nor the predicted initial syllable omission pattern.
Specifically, forms in the Other category differed from the target by two or more

phonemes. However, although cases of medial consonant-cluster reduction (e.g., [lusins],

¢ I would like to thank Keziah Conrad, Michelle Fanger, Andrea Hilden, Carrie King, and Tania Zamuner
for heip with transcription.



77

[seendo]) were included in the relevant categories, (e.g., Target Trisyllabic Produced,
Target Disyllabic Produced and Initial Syllable Omitted). The categories this experiment
focused on are (a) and (d) (unshaded cells in Table 3.3): Target Disyllabic Produced and
Initial Syllable Omitted, because responses falling into these two categories form the

near-minimal pairs relevant to the acoustic analysis.

TABLE 3.3
Response categories and examples

Disyllabic Targets Examples

a. Target Disyllabic He pushes Cindy.
Produced

Trisyllabic Targets Examples

Initial Syllable He pushes _ cinda.
Omitted

Acoustic analyses using the Macintosh software packages Signalyze (version
3.11) and SoundEdit 16 (version 2) were performed on categories (a) and (d) in Table 3.3.
Each subject’s sentences were digitized directly into computer sound files. A series of
duration measurements were then taken from the onset of the verb to the onset of the

proper name (including the pause if one existed), as seen in Figure 3.1.
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He kissed _ cinda. He kissed Cindy.
Verb onset to name onset: el e _J

Figure 3.1. Example of duration measurements taken.

The rationale for taking duration measurements from the verb onset to the name
onset was that the verb represents the constant element in each sentence pair, and by
measuring the duration of the constant element between the minimal pairs, any difference
in its duration is attributable to the omitted syllable. Reliability coding of the duration
measurements yielded 86% agreement by a second coder within 25 msec. Any
measurement differences greater than 25 msec. were resolved through replay and a third
coder.’

Since each of the four verbs contained either a voiceless stop or affricate onset,
the phonetic burst was readily noticeable for most of the verbs in the waveforms. If the
burst was not visible on the waveform, the experimenter counted the point at which the
burst was auditorily detected as the onset.

The onset of the proper name, which in the cases of both the non-reduced disyllabic
forms (Cindy, Sandy) and the reduced disyllabic forms (_cinda, _sandra) was /s/, was
highly visible as energy in the waveforms of the utterances.

For a portion of the subjects in the first group with syllabic -es inflections, no

silence existed between the verbs and the onsets of the proper names. In these cases, the

7 | am indebted to Tania Zamuner yet again, for help with measurement judgments.
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word juncture was defined in one of two ways. Either the voicing contrast between the
offset of the verb and the onset of the proper name was evident, or there was a point
halfway through the energy of the sibilant (comprising the /z/ of the verb coda and the /s/
of the name onset), in which a slight decrease and then an immediate increase in the
energy pattern was evident. By listening to the verb up to this point and to the name from
this point forward, the quality of the sibilant in each independent word was the same as
what was heard when listening to them jointly. This break in the energy level was then

used as the critical juncture between the two words.

3.2 Predictions

Assuming the imitations in Table 3.3, the following predictions were made. If
children simply delete unfooted syllables and their segmental content, as under the
Syllable Reduction Hypothesis (SRH), then the duration of the constant portion of the
sentence (the verb onset to the name onset) should be equivalent in each member of the

sentence pair, as in Figure 3.2.

kissed cinda = kissed Cind
R e

Figure 3.2. SRH predicts no duration difference in verb-to-name measurements.

If, however, the omitted syllable has some phonetic status, as predicted by both the
Generic Trace Hypothesis (GTH) and the Variable Trace Hypothesis (VTH), the

utterances containing the unpronounced weak syllable (e.g., _cinda) should show a longer
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verb-to-name duration than those containing the original trochaic form (e.g., Cindy), as in

Figure 3.3.
kissed _ cinda > kissed Cindy
I I—
Figure 3.3. GTH, VTH predict a duration difference in verb-to-name
measurements.

In addition, if the prediction in Figure 3.3 is borne out, two subsidiary
predictions can be made. If the remaining trace is of the syllabic level of the prosodic
hierarchy, as in Figure 2.12 and in Ferreira’s production model (Figure 2.14), then the
trace would subsequently be of a generic length, as in the GTH, and the duration should

be equal between sentences containing the two names, as in Figure 3.4.

kissed _cinda = kissed _ sandra
(I I
Figure 3.4. GTH predicts no difference between verb-to-name durations of either
name type.

However, if as the VTH suggests, the subsyllabic structure of the omitted syllable
contributes to the syllable’s phonetic realization, as in Figure 2.15, then the verb-to-name
duration preceding the omitted syllable Lu- should be longer than that preceding the
omitted syllable Ca-, as in Figure 3.5.

kissed _cinda > kissed _ sandra

I —
Figure 3.5. VTH predicts a difference in verb-to-name duration based on name

type.
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3.3 Results

In this section, I will give a general description of children’s imitations, a

description of omitted syllables, and acoustic data.

3.3.1 General Description of Children’s Imitations

A first examination of imitation responses reveals the following facts, shown in
Table 3.4. In imitations of disyllabic name targets, the target was correctly produced
96% of the time. In imitations that included trisyllabic name targets, the target was
correctly achieved only 15% of the time. The initial syllable was omitted in the majority
of these utterances comprising trisyllabic names (66%). This response type is consistent
with the many previous omissions studies, in which omission of the initial syllable
occurred more often than any other. The Other category comprised 19% of the trisyllabic

target responses.

TABLE 3.4
Percentages of response types for target disyllabic and trisyllabic proper names

Disyllabic Targets Experiment 1
Target Disyllabic Produced 96%
Other 4%

Trisyllabic Targets Experiment 1
Target Trisyllabic Produced 15%
Initial Syllable Omitted 66%
Other 19%
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Examining the data across children, there were three patterns of omissions. In the
first pattern, six children omitted 100% of the initial weak syllables (both Ca- and Lu-).
In the second, eight children alternated between full and reduced forms of both name
pairs (Cassandra ~ _sandra, Lucinda ~ _cinda). Finally, the remaining six children
alternated between Cassandra and _sandra but produced the full form Lucinda 100% of

the time, preserving the initial weak syllable.

3.3.2 Further Description of the Initial Syllable Omitted Category
At this point, it is interesting to note the difference in omission rates with regard
to the /nitial Syllable Omitted category. Table 3.5 gives a more detailed breakdown of

this category, by the within subjects factor Name Type, and the between subjects factor

Verb Syllable Number.
TABLE 3.5
Percentages of initial syllables omitted, by Name Type and Verb Syllable Number
Monosyllabic Verb | Disyllabic Verb Totals
Lu- 16% 20% 36%
Ca- 32% 32% 64%
Totals 48% 52% 100%

The overall pattern based on Name Type (Lucinda vs. Cassandra) shows that of
the total initial syllables omitted, 64% of the omissions were from Cassandra, compared

to the 36% from Lucinda. Looking at subjects, 14 of the 20 omitted more initial syllables
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from Cassandra, compared to four who omitted from Lucinda (and two who omitted the
initial syllable equally frequently). A sign test showed this to be a non-significant trend
at a level of p=.09. This finding is consistent with that noted above, in which six
children alternated between the full and reduced forms of Cassandra, but produced the
full trisyllabic form Lucinda 100% of the time. [t suggests that a vowel quality difference
between the two initial syllables affects the omission rate of the syllable (as a reminder,

/ka/ contains an unstressed schwa, /lu/ contains a tense vowel with secondary stress).

Looking at Verb Syllable Number, the initial syllable was omitted almost equally
frequently with monosyllabic verbs with an -ed inflection (48%) and disyllabic verbs
with an -es inflection (52%). A Chi square test failed to show any significant difference
between the two. This lack of a difference could be explained by the fact that the number

of syllables does not have an effect if the difference is morphological in nature.

3.3.3 Phonetic Results

In addition to the descriptive analyses of imitations, two analyses were performed
on the phonetic data from responses in the categories Target Disyllabic Produced and
Initial Syllable Omitted. The first analysis was a comparison of the verb-to-name
durations between utterances containing reduced and non-reduced disyllabic names, in
order to address the first set of predictions (whether a trace of the omitted syllable exists).
All 20 of the children from both Verb Syllable Number subgroups were included. The

second analysis was similar to the first, but it used data from the subset of children who
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omitted syllables from both name types, in order to address the second set of predictions
(if a difference exists in trace length).

With regard to the first analysis, seventeen of the 20 children showed a longer
verb-to-name duration for sentences containing the reduced cinda and _sandra forms
than for those containing the non-reduced Cindy and Sandy forms. This result was
significant in a sign test at a level of p <.01. Consistent with the sign test, a two-way
(Name Prosody X Verb Syllable Number) ANOVA showed a main effect of Name
Prosody (F(1,18) = 8.84, p <.01). Figure 3.6 illustrates this main effect. The ANOVA
also showed a main between-subjects effect of Verb Syllable Number (F(1,18) =13.22, p
<.01), such that verb-to-name durations were longer for disyllabic verb contexts (see
Table 3.6). Importantly, no interaction was found between Name Prosody and Verb

Syllable Number.

reduced

nonreduced
——

T T T T T T T T T T T 1

0 50 100 150 200 250 300 350 400 450 500 550 600
duration (msec.)

Figure 3.6. Mean verb-to-name durations (and standard errors) between reduced
and non-reduced name forms for all 20 subjects.
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TABLE 3.6
Analysis 1: Mean verb-to-name durations (in msec.) for reduced and non-reduced forms
in monosyllabic and disyllabic verb contexts; for all 20 subjects

Reduced Non-reduced Means
Names Names
Monosyllabic 480.91 399.19 440.05
Verbs
Disyllabic Verbs 627.31 555.60 591.46
Means 539.47 461.76

The significantly longer verb-to-name duration evident in utterances containing
reduced proper names would suggest the following interpretation: although segmental
material of omitted syllables is not fully realized, there is a partial phonetic output of that
material, in the form of temporal lengthening of the preceding elements of the utterance.
At this point, this result supports both the GTH and VTH, in which either a trace of
generic length exists regardless of the subsyllabic content, or a trace or variable length
exists that is dependent on the subsyllabic content.

The significant difference in verb-to-name durations between monosyllabic and
disyllabic verbs can be explained by the inherent length difference between a disyllabic
verb with the -es inflection and a monosyllabic verb with the -ed inflection.

Given the difference in omission rates between the two names, we can now
explore the second set of hypotheses (VTH vs. GTH) and predictions (from Figures 3.4
and 3.5) and ask the question of whether vowel content of the weak initial syllable also
affects the verb-to-name duration for the fourteen children who omit weak initial

syllables from both names. That is, is there a verb-to~-name duration difference in



86

sentences with _cinda versus sentences with _sandra which corresponds to the omission
rate differences?

A three-way (Name Prosody X Name Type X Verb Syllable Number) ANOVA
on the verb-to-name duration data from just the fourteen children who omitted syllables
from both names was performed. Consistent with Analysis 1, there was a marginal main
effect of Verb Syllable Number (F(1,12) = 4.34, p <.06) and a significant main effect of
Name Prosody (F(1,12) =6.12, p <.05). There was no main effect of Name Type
(_cinda vs. _sandra). That is, there was no significant verb-to-name difference between
the reduced names _cinda and _sandra, or between the unreduced names Cindy and
Sandy. None of the interactions were significant. These data can be seen in Table 3.7.*

TABLE 3.7

Analysis 2: Mean verb-to-name durations (in msec.) between reduced and non-reduced
forms separated by name type; for 14 subjects who omitted syllables from both names

Lu- forms Ca- forms Means
Reduced Monosyllabic Verbs 474.49 529.44 501.97
Disyllabic Verbs 598.49 593.05 595.77
Non-reduced | Monosyllabic Verbs 425.99 422.20 424.10
Disyllabic Verbs 566.86 559.33 563.10
Means 516.46 526.00

The interpretation of the nonsignificant finding is that although the vowel quality and
stress differences between Ca- and Lu- affected omission rates (that is, Ca- was omitted

by more children), it had no effect on the verb-to-name duration for children who reduced

¥ A separation by Verb Syllable Number was shown to be unnecessary by the lack of any interaction
between Name Reduction and Verb Syllable Number in the first ANOVA.
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both names. This null effect is consistent with Figure 3.4, and the GTH. In fact, the
difference ran in the opposite direction and comes from a longer mean duration for the

reduced form _sandra than for the reduced form _cinda.

3.4 Summary

To summarize, Experiment 1 yielded three results of interest. First, a significant
difference was found in the verb-to-name duration between sentences containing reduced
disyllabic names ( _sandra, _cinda) and non-reduced disyllabic names (Sandy, Cindy).
This finding was interpreted as a partial phonetic realization of unpronounced syllables,
and specifically as a longer duration of the material preceding these syllables. It refutes
the SRH, in favor of either the VTH or the GTH, and suggests that a trace is left of the
syllable. Second, vowel quality and stress differences affected the subjects’ omission
rates, in that more subjects omitted the initial syllable from the form containing a schwa
in that position. However, the third result showed that vowel quality and stress
differences failed to significantly affect the verb-to-name duration difference between
forms with the omitted syllables Ca- and Lu-. This last result supports the GTH, in which
a trace of generic size exists, instead of one which is affected by the length found in the
subsyllabic structure.

The results from Experiment 1 created the basis for further study of weak syllable
omissions, which will be introduced in the next chapter, Experiment 2. Experiment 2

addressed the following four questions from Experiment 1.
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First, are the results of Experiment 1 replicable? Experiment 2 attempted to
replicate the original findings with expanded stimuli.

Second, what is the domain of durational lengthening: simply the syllable directly
preceding the omitted syllable, or the entire word directly preceding the omitted syllable?

Third, can additional categorical or continuous data on the vowel quality effect be
gathered? Looking at the results of Experiment 1, in which vowel type appeared to affect
omission rates but not phonetic durations, a more direct and fine-grained examination of
this difference is warranted.

Finally, can a comparison be made between normally developing children and a
second, quite different population which, on the surface, appears to exhibit equivalent
omission phenomena? That is, children with Specific Language Impairment show
comparable weak initial syllable omissions. However, due to several important
differences from children with NL (described in more detail in Chapters One and Five),
omissions by these children might actually show quite different patterns. By creating a
test that is possible to administer to both populations, we can more readily investigate this
phenomenon that they seem to share, using both descriptive and phonetic methods. The

rationale for and results of Experiment 2 are the topics of the following chapter.
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CHAPTER FOUR: EXPERIMENT TWoO,
CHILDREN WITH NORMALLY DEVELOPING LANGUAGE
4.0 Introduction
In this chapter, [ present the second of two experiments on syllable omissions of

normally developing children. There were four purposes to this study.

4.0.1 Purpose 1: Descriptive Analysis of Vowel Quality
The first purpose was to gain additional descriptive data on the vowel quality
difference between the weak initial syllables of the proper names Lucinda vs. Cassandra.

In Experiment 1, the difference in vowel type (/u/ vs. /a/) affected omission rates, in that

more omissions occurred with Ca- than with Lu-. Experiment 2 was an attempt to
replicate this difference in omission rates as well as to reveal other descriptive differences
between utterances containing the two proper names. For example, what types of
alternations might be found between the full trisyllabic form and any reduced forms?
Section 4.2.2 addresses descriptive differences between children’s productions of

Cassandra and Lucinda.

4.0.2 Purpose 2: Phonetic Analysis
The second purpose of Experiment 2 was to determine if the phonetic findings of
Experiment 1 were replicable, using expanded materials (see § 4.1.2 for details).

Therefore, the same hypotheses (SRH, GTH, VTH) were tested and relevant predictions
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were made, and these predictions are reviewed here. The first pair of predictions was that
if children simply delete unfooted syllables and their segmental content, as under the
Syllable Reduction Hypothesis (SRH), then the duration of the constant portion of the
sentence (the verb onset to the name onset) should be equivalent in each member of the

sentence pair, as in Figure 4.1.

Pat _ cinda = Pat Cindy
I (—
Figure 4.1. The SRH predicts no duration difference of verb-to-name
measurement.

The alternate prediction was that if the omitted syllable leaves some type of
phonetic trace, as predicted by both the Generic Trace Hypothesis (GTH) and the
Variable Trace Hypothesis (VTH), the utterances containing the unpronounced weak
syllable (e.g., cinda, _sandra) should show a longer verb-to-name duration than those

containing the original trochaic form (e.g., Cindy, Sandy), as in Figure 4.2.

Pat _ cinda. > Pat Cindy.
(| L
Figure 4.2. The GTH and VTH predict a duration difference in verb-to-name
measurements.

In turn, to distinguish between the GTH and the VTH, we again have the
following two predictions. If there is a phonetic trace, and the subsyllabic content does

not influence the phonetic realization of the trace, as the GTH proposes, then the trace is
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of a generic length, and there should be no length differences evident in the verb-to-name

duration between sentences containing the two names:

Pat sandra

1]

Pat _cinda

Figure 4.3. The GTH predicts a trace of generic length.

However, if the length of the phonetic trace is dependent upon the subsyllabic
information (segmental or moraic structure) as the VTH suggests, then the verb-to-name
duration preceding the omitted syllable Lu- should be longer than that preceding the

omitted syllable Ca-:

Pat _cinda > Pat _ sandra
I I

Figure 4.4. The VTH predicts a trace of variable length.

The two phonetic results of Experiment 1 were that: a) the verb-to-name duration
was longer in sentences containing an omission of the initial syllable of a w-S-w proper
name than sentences containing a similar S-w proper name, ruling out the SRH in favor
of either the GTH or VTH, and b) there was no reliable difference in the verb-to-name
durations between sentences with omissions of Lu- vs. Ca-, supporting the GTH over the
VTH. An examination of a parallel set of results from Experiment 2 is discussed in

Section 4.2.3.
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4.0.3 Purpose 3: Analysis of Lengthening

The third purpose of Experiment 2 was to address a new question not posed in
Experiment 1. Assuming that the verb-to-name duration effect replicates, we can ask
what constitutes the domain of durational lengthening: is it the syllable directly preceding
the omitted syllable or is it the entire word directly preceding the omitted syllable? In
order to examine this issue, Experiment 2 employed stimuli created with monosyllabic
and disyllabic verbs that were monomorphemic. The motivation for this change in
stimuli was twofold. First, by having monomorphemic forms, any effects due to
morphology were avoided. Second, by looking at monomorphemic forms with one vs.
two syllables, it was possible to make predictions regarding this question by virtue of the
stress patterns of the two types of verbs. That is, in production, long syllable nuclei (such
as the strong first syllable of cdver) can be lengthened, whereas short syllable nuclei in
comparison (such as the weak second syllable of the verb cdver) cannot be lengthened
(Lehiste, 1970)." The predictions that were made are given below.

In Experiment 1, one of the two subject groups received disyllabic verbs and the
second group received monosyllabic verbs. Ideally, a similar analysis of those verbs
would be possible. However, there were frequent omissions of the syllabic inflection of
the disyllabic verb (-es), and such an analysis was not feasible. Disyllabic verbs which
were monomorphemic were included in Experiment 2 to avoid such final syllable

omissions.
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It follows that two predictions can be made. If the domain of lengthening is
restricted to the syllable that immediately precedes the name, then lengthening in the
monosyllabic verb context should be manifested across the entire word. In the disyllabic
verb context, however, since the weak second syllable of the verb (the syllable directly
preceding the name) cannot be lengthened, a pause should be inserted before the name in
order to absorb the lengthening. In other words, disyllabic verbs should contain either
more pauses or longer pauses than monosyllabic verbs. The opposite prediction is that if
the domain of lengthening is larger than a single syllable, for example the preceding
prosodic or lexical word, then lengthening in the disyllabic verb context should occur
across the verb, and lengthening in the monosyllabic verb context should also occur
across the verb. That is, there should be no difference in length of pausing or number of
pauses between the two verb contexts. These two predictions are shown in Figure 4.5

(where subscript m refers to monosyllabic verbs, d refers to disyilabic).

Ifdomain=o¢ then pausing, > pausing,
Ifdomain =word then pausing, = pausing,

Figure 4.5. Predictions of pausing with monosyllabic vs. disyllabic verbs.

Section 4.2.4 discusses the results of Experiment 2 relevant to these predictions.

' Lengthening of final weak syllables can occur when the final syllable is found at the end of a phrase
(Klatt, 1975; Oller, 1973), however this is not the case in these utterances.
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4.0.4 Purpose 4: Parallel Experiments

The fourth and final purpose was to set up the first of a pair of parallel
experiments between two-year-olds with normally developing language and older
children with Specific Language Impairment (SLI). As noted in Chapter One, weak
syllable omissions from polysyllabic words are a similarity in the speech of two-year-old
normally developing children and older children with SLI. This sets up a potentially
interesting comparison, in that on the surface the phenomenon is very similar, if not
identical. However, there are quite a few differences between the two populations (see §
1.2 and 5.0) which may, under scrutiny, reveal differences. It is evident already that what
appears to be so on the surface, is not the same under phonetic analysis, therefore a
comparison of the two populations is warranted. The stimuli were changed in this
experiment in order to be identical between the experiments.” Section 4.1.2 gives details

of the changes, and Chapter Five presents the study with SLI children.

4.1 Method
4.1.1 Subjects

Thirteen English-speaking children all living in Tucson, Arizona participated in
the experiment. The children ranged in age from 27 to 34 months with a mean age of
29.15 months. MLUs ranged from 1.65 to 3.70, with a mean of 2.24 morphemes (cf.

Appendix D for subject ages and MLUs). Children excluded were: seven who failed to

2 Stimuli were identical in Experiments 2 and 3, with one exception that will be noted in section 5.1.2.
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imitate more than half of the sentences or failed to speak in sentences at all, seven who
failed to omit any syllables, one who stuttered, one who was language delayed, and one

bilingual speaker.

4.1.2 Materials

Stimuli in this experiment were 32 randomly ordered sentences similar in form to
those in the first study (cf. Table 4.1 for examples and Appendix E for a full stimuli list).
The sentence list was expanded in Experiment 2 to comprise eight verbs, each used four
times, and four proper names, each used eight times. The proper names were identical to
those in the original study (Cassandra, Sandy, Lucinda, Cindy). The eight verbs
consisted of two groups, monosyllabic verbs and disyllabic verbs (listed in Table 4.2 and
Appendix E). They were chosen on the basis of frequency (high frequency), familiarity
to children (as young as two years of age), and the following phonetic properties. The
verbs each contained a stop or fricative onset in order to facilitate recognition in the
waveform for proper duration measurements. Each verb also contained a stop, sonorant
or tense vowel offset, in order to be maximally distinct from the following strident proper

name onset.
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TABLE 4.1
Sample stimuli sentences and predicted omissions

Disyllabic S-w Trisyllabic w-S-w Predicted

Names Names Omissions
Monosyllabic | a. | Pat Sandy. e. | Pat Cassandra. i. | Pat _sandra.
Verbs

b. | Pat Cindy. f. | Pat Lucinda. j- | Pat _cinda.
Disyllabic ¢. | Cover Sandy. | g. | Cover Cassandra. | k. | Cover _sandra.
Verbs

d. | Cover Cindy. | h. | Cover Lucinda. l. { Cover cinda.

TABLE 4.2
Verbs used in Experiment 2

Verb Onset Offset
monosyllabic pat p/ n
turn It/ n/
feed /f] /d/
shake 1§/ k/
disyllabic carry k/ lil
cover /k/ /t/
bother b/ It/
follow /£l /o/

As in Experiment 1, the three factors are Name Prosody (reducible, e.g.,
Cassandra, vs. nonreducible, e.g., Sandy), Name type (Lucinda/Cindy vs. Cassandra,
Sandy) and Verb Syllable Number (monosyllabic vs. disyllabic). The form of the carrier

phrase was simplified from a three-word declarative sequence to a two-word sequence of
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an imperative verb followed by a proper name.’ Stimuli were balanced across verbs and
proper names, each list was divided into two groups of sixteen complementary sentences

(cf. Experiment 1), and half of the subjects received List 1, while half received List 2.

4.1.3 Procedure

This study was performed in the same manner as Experiment | (see § 3.1.3).
However, the experimenter explained the game slightly differently. To make the 32 test
items more interesting to the children, five different stuffed animals were introduced to
the child and used in place of “Bob” the bear. Also, the experimenter told each subject
that in order to act out the story, the subject and experimenter would have to tell the
different animals what to do. For example, the experimenter would say Tell the zebra to
pat Cassandra. Can you say that? Pat Cassandra. Again, each child received all 32
items, unless it was clear (s)he would not complete the task (only two children did not
complete all 32 items, and these two received the first half of the test items). Subjects
were both filmed with a Sony video recorder and audio-taped with a portable Sony DAT

recorder. The sentences were transcribed by two coders, and utterances that were

} This change was due to the nature of the subject populations. The original outline of the thesis proposed
acoustic analyses of omissions by three populations: normally developing children, children with SLI, and
adults with aphasia. In a pilot probe, a subset of the participants with aphasia were unable to repeat more
than two-word combinations, therefore, the sentences were shortened. Upon testing, the aphasic subjects
were unable to imitate even two-word utterances with sufficient fluency for acoustic measurements.
Nonetheless, the stimuli sets remained as designed.



98

disagreed upon were resolved by consensus. Reliability was 99%, and utterances with
unresolved disagreements were not used in the analysis."

Responses by the children were coded as falling into one of five possible response
categories, as in Experiment 1. For disyllabic targets, the categories were Target
Disyllabic Produced (the child correctly imitated the simple disyllabic trochaic name),
and Other. For trisyllabic targets, the categories were Target Trisyllabic Produced (the
child correctly imitated the trisyllabic proper name, retaining the initial syllable), /nitial
Syllable Omitted (the child omitted the initial weak syllable from the trisyllabic target),
and Other.

Acoustic analyses using SoundEdit 16 (version 2) were performed on the
categories Target Disyllabic Produced and Initial Syllable Omitted, also as in Experiment
1. Duration measurements were taken from the onset of the verb to the onset of the
proper name, as in Experiment 1. Reliability coding of the duration measurements
yielded 85% agreement by a second coder within 25 msec. Any measurement differences

greater than 25 msec. were resolved through replay and a third coder.’

4.2 Results
In this section, I will report four analyses of the data: a general description of the

subjects’ imitations; a more detailed description of utterances containing omissions,

* | would like to express my thanks to Sharon Bean and Mercy Reyes for help with transcriptions and
coding.
5 | am grateful to Katie Blackmar and Jessica Maye for reliability coding and judgments.
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which addresses the first purpose of this experiment; the phonetic analysis of duration,
which addresses the second purpose; and the analysis of monosyllabic and disyllabic
verbs with respect to pausing, which addresses the third purpose. The fourth purpose will

be addressed in the next chapter.

4.2.1 General Description of Children’s Imitations

Table 4.3 shows the coding of response types, comparing them to subjects’
response types from Experiment 1 (the current experiment’s column is unshaded). For
disyllabic names, targets were correctly produced 94% of the time. For trisyllabic names,
targets were reached only 23% of the time. The /nitial Syllable Omitted category
(highlighted in gray) made up the most frequent response type for trisyllabic names,
occurring in 52% of the trisyllabic attempts. The Other category comprised 25% of the

responses.
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TABLE 4.3
Percentages of response types for target disyllabic and trisyllabic proper names

Disyllabic Targets Experiment 2
a. | Target Disyllabic 94%
Produced
b. Other 6%
Trisyllabic Targets Experiment 2
c. | Target Trisyllabic 23%
Produced
d. Initial Syllable 52%
Omitted
e. Other 25%

Notice that the percentages of rows ¢ and d in column 1 (Experiment 2) of Table
4.3 show different values than those of column 2 (Experiment 1). The small decrease in
weak initial syllable omissions and complementary increase in target trisyllabic forms
from Experiment 1 to Experiment 2 may be due to the nature of the stimuli. In
Experiment 1, the sentence stimuli included a subject, whereas in Experiment 2, this was
not the case: the stimuli were sentences made up of simply two words, which may have
given the children a better chance at producing the target forms. Also, children in this
experiment were on average two months older than children in Experiment 1, and this
may also have resulted in better target productions.

Looking now between children, only one child omitted 100% of the initial
syllable (vs. the six children in Experiment 1). Nine children alternated between reduced

and unreduced forms for both name pairs (Cassandra ~ _sandra, Lucinda ~ _cinda).
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Three children alternated between the full and reduced forms of Cassandra but produced
the full form Lucinda 100% of the time. Looking at the number of syllables in the verb
preceding the proper name, three children alternated between the full and reduced forms
of both name pairs in disyllabic contexts, but produced the full forms Cassandra and
Lucinda 100% of the time when preceded by monosyllabic verbs (one of these children
falls into the former category as well). More details on monosyllabic vs. disyllabic verbs

will be presented in sections 4.2.2 and 4.2.4.

4.2.2 Further Description of the Initial Syllable Omitted Category

Let us turn now to a more detailed descriptive analysis of the Initial Syllable
Omitted category (from Table 4.3, row b; in expanded detail in Table 4.4). Table 4.4
shows the breakdown of the category by Name Type and Verb Syllable Number.
Percentages shown represent each cell as a proportion of the total number of initial
syllable omissions, and data from Experiment | (unshaded cells) are given in comparison

to those from Experiment 2 (shaded cells).
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comprised either the correctly produced target or a reduced form made up of the final two
syllables, there were other alternations present in the imitations. These other alternations,
although infrequent, included examples of a) [lisindo], with a shift of main stress to the
first syllable or a pitch increase on the initial syllable, b) [lusin], in which the final
syllable is omitted, accompanied by a stress shift to the initial syllable, and c) [ls2],
[sna], [wisa], or other similar permutations of a two-syllable version in which the initial
vowel /u/ remained present and attracted main stress. In contrast, the only way
Cassandra was altered (if not for an omission of the initial syllable), was in a few
instances of a noticeable lengthening of the initial syllable, as in [ka:s&ndra], but never
was this lengthening accompanied by a stress shift of main stress onto that syllable.
These alternations were even less prevalent in Experiment |, perhaps because stimuli
were more difficult (longer) and led to more syllable omissions.

These alternations provide further evidence of a vowel quality difference between
the initial syllables. Most likely this difference is due to the shorter duration and reduced

quality of the unstressed schwa in /ka/ of Cassdndra in contrast to the secondarily

stressed, tense vowel in /lu/ of Lucinda. The result, shown by omission rates and

alternation types, could be considered either that the syllable /ka/ poses a greater

difficulty for children to produce, or the syllable /lw/ offers more opportunities for

strategies to be retained.
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In addition to the local effect of vowel type, a more global effect of verb syllable
number is evident as well. In previous studies by Gerken (1996) and Blasdell and Jensen
(1970), it was found that a greater number of weak syllable omissions was correlated with
a longer number of syllables in the utterance. This seems to be the case as well in
Experiment 2. In turning to syllable omission rates by verb syllable number in Table 4.4,
one will notice that more omissions occurred with disyllabic verbs (59%) than with
monosyllabic verbs (41%). Eleven subjects omitted more initial syllables in disyllabic
contexts (including three children who exhibited no omissions from names paired with
monosyllabic verbs), versus one child who omitted more initial syllables in monosyllabic
contexts and one who omitted initial syllables equally frequently. A sign test by subjects
showed this difference to be significant at a level of p <.01. In addition, there was a
reciprocal finding in that disyllabic verbs were sometimes reduced to monosyllables, and
this reduction occurred more often with the name _sandra (49%) than with _cinda (35%),
Cindy (34%), or Sandy (30%), again pointing to a greater difficulty with the initial
syllable of Cassandra.

These two sets of facts argue for the existence of local properties (vowel quality
of the syllable likely to be omitted) as well as global utterance properties (number of

syllables in the utterance) which affect rates of weak syllable omissions.



105

4.2.3 Phonetic Results

In addition to the descriptive analyses, two analyses were performed on the
phonetic data from responses in the categories Target Disyllabic Produced and Initial
Syllable Omitted. The first was an analysis of the verb-to-name durations between
reduced and non-reduced disyllabic names for all children, to address the first set of
predictions (SRH vs. GTH and VTH). The second analysis was performed on a subset of
children (eight) who omitted syllables from both names and both verb contexts, to
address the second set of predictions (GTH vs. VTH).

With regard to the first analysis, twelve of the thirteen subjects produced
significantly longer verb-to-name durations for _cinda and _sandra than for trochaic
counterparts to these names, and a sign test showed this difference to be significant at a
level of p <.005. Consistent with the sign test, a one-way ANOVA (Name Prosody)
showed a main effect (F(1,12) = 6.76, p <.05). Figure 4.6 illustrates this main effect. The
same result was found in Experiment 1, and Table 4.5 illustrates the main effect of Name

Prosody of Experiments 1 and 2.
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Name Prosody on verb-to-name durations (F(1,7) = 9.16, p <.05). However, there was
no main effect of Name Type (_cinda vs. _sandra) and likewise, no main effect of Verb
Syllable Number (other differences involving Verb Syllable Number will be presented in
§ 4.2.4). The data from the second analysis is given in Table 4.6.

TABLE 4.6

Analysis 2: Mean verb-to-name durations (in msec.) between reduced and non-reduced
forms for eight subjects who omitted syllables from both names

Lu- forms Ca- forms Means
Reduced Monosyllabic Verbs 582.10 502.20 542.15
Disyllabic Verbs 516.75 504.88 510.82
Non-reduced | Monosyllabic Verbs 435.78 393.91 414.85
Disyllabic Verbs 444.34 471.13 457.74
Means 494.74 468.03

The important point to notice from these data is the lack of a significant difference
between name types. The null effect of Name Type in Experiment 2 was consistent with
a lack of a significant effect of Name Type in Experiment 1. This strengthens the
previous finding that although omission rates are higher for Cassandra, there is no
difference in the verb-to-name durations for Lu- vs. Ca-. In fact, whereas in Experiment
1 the mean verb-to-name duration with reduced _sandra forms was longer than that for
_cinda forms (although only slightly for disyllabic verb contexts), Experiment 2 shows
the opposite direction: the mean verb-to-name duration is longer for _cinda forms than
for _sandra forms. This point reaffirms the lack of a consistent pattern for the verb-to-

name durations between the name types. Although one cannot draw firm conclusions



108

from a null result, this interpretation is consistent with the GTH, in which the omitted
syllable’s trace is of some standard length, and is not affected by the subsyllabic
information.

Interestingly, the lack of a main effect of Verb Syllable Number in the current
experiment is different from the similar analysis in Experiment 1, in which a main effect
of Verb Syllable Number was found on verb-to-name durations between monosyllabic
(non-syllabic inflection) and disyllabic (syllabic inflection) verb contexts. These
apparently conflicting results may be due to the morphological nature of the verbs, in that
in Experiment 1, mono- and disyllabic verbs had the same root form with either a non-
syllabic or syllabic inflection (pushed vs. pushes), and the syllabic inflection added
length, whereas in Experiment 2, both mono- and disyllabic verbs were monomorphemic,

and may have therefore had a similar overall length.’

4.2.4 Analysis of Lengthening

To address the third purpose of Experiment 2, which was to identify the domain
of lengthening, this section presents an analysis of the number of pauses and duration of
pauses between utterances with monosyllabic and disyllabic verbs. For this analysis,
only utterances containing initial syllable omissions were considered. To review, the

predictions regarding pauses are shown again in Figure 4.7.

® This finding is quite interesting, but is not part of the scope of this thesis. However, see Carter (in prep,
a) and section 7.4 for preliminary discussion of further study.



[fdomain=c then pausing, > pausing,

If domain=word  then pausing, = pausing,

Figure 4.7. Predictions of pauses with monosyllabic vs. disyllabic verbs.
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The amount of pausing was measured in two ways: the number of pauses and the

duration of each pause. Table 4.7 shows the data.

TABLE 4.7

Number and duration (in msec.) of pauses in monosyllabic and disyllabic verb contexts

Monosyllabic Disyllabic Verbs
Verbs
Number of 7 11
Pauses
Mean duration 267.06 220.87
of Pauses

A sign test revealed no significant difference between the number of pauses, and

a one-way ANOVA showed no significant difference between the durations of pauses.

This joint result is consistent with the word lengthening prediction, in that pausing was

equal between mono- and disyllabic verb contexts, and it suggests that instead of

lengthening occurring on the preceding syllable, lengthening occurs over the entire

prosodic/lexical word. However, as noted earlier, a null effect is insufficient to

confidently claim an interpretation and warrants further study to find more direct

evidence in favor of this hypothesis.
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4.3 Summary

At the beginning of Chapter Four, four purposes were laid out. Three of these
four have been discussed. The first was to give a more detailed descriptive analysis of
any Lu-/Ca- differences. Three results can be reported. First, as in Experiment 1,
omission rates were affected by the content of this syllable, in that Ca- was omitted more
often than Lu-. Second, other alternations (besides initial syllable omission) occurred for
the word Lucinda, in which either the initial syllable was retained even in reductions or
the main stress shifted from the second to the first syllable. And third, disyllabic verbs
were reduced to monosyllabic verbs more frequently in the case of _sandra than _cinda.
The differences between the two names and possible implications will be discussed
further in Chapter Seven.

The second goal was to replicate the two phonetic findings of Experiment 1: both
the main effect of Name Prosody (utterances containing reduced disyllabic proper names
and utterances containing their trochaic counterparts) on verb-to-name durations, and the
lack of a main effect of Name Type (Lu- vs. Ca-) on verb-to-name durations. These two
results were replicated. Combined, they are evidence for the GTH, in which a weak
initial syllable is not deleted, but omitted, leaving a measurable trace of a generic length
which is not affected by the subsyllabic material of the syllable.

The third purpose was to identify the domain of lengthening. No significant
difference in either number or duration of pauses was found, which is consistent with the

word lengthening prediction.
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Before discussing the fourth goal, it is important to review why phonetic data was
collected initially in Experiments 1 and 2. In Chapter Two, a number of theoretical
accounts of the phenomenon of weak syllable omissions were presented. This literature
review brought up two questions. The first is, do children truly delete weak initial
syllables? And the second is, what is the mechanism by which this phenomenon occurs?
Regarding the first question, none of the aforementioned accounts present conclusive
evidence in either direction. However, a more direct way to address this question is to
examine phonetic data. The two studies presented in the current chapter and Chapter
Three revealed data that can help answer this question. The results show that a trace of
the omitted syllable is in fact present in the utterance, suggesting in turn that children do
not completely delete syllables, and that children do have at least a partial representation
of the adult word form. In addition, data from the children who alternate between non-
reduced and reduced trisyllabic proper names would seem to be consistent with this view.
Regarding the second question, the data from Experiments 1 and 2 give additional
information that do not fully answer the question, but bring to ligh information that
would bear on the mechanism at work. For instance, the findings surrounding the Lu- vs.
Ca- difference are evidence that local segmental factors affect omissions. Likewise,
global factors such as the number of syllables found in the verb appear to have an effect
on omissions.

One way to examine further the mechanism behind omissions is to perform a

parallel study of a different population also exhibiting omissions. This leads us to the
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fourth goal of Chapter Four and Experiment 2, which was to set up a parallel experiment
with older children with SLI. This population shows differences in language production
along certain lines, and individuals in this group may be omitting syllables for a different
reason (regarding the fact that that they are language impaired). With differences in
certain linguistic domains from normally developing children, they may also show
differences across weak syllable omissions and give us new insight into additional factors
behind omissions, as well as show differences in the phonetics of omissions. The next

chapter (Five) will present the experiment with this population.
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CHAPTER FIVE: EXPERIMENT THREE,
CHILDREN WITH SPECIFIC LANGUAGE IMPAIRMENT

5.0 Introduction

In this chapter, I present Experiment 3, a parallel experiment to Experiment 2, in
which syllable omissions of children with Specific Language Impairment (SLI) are
examined. This population is one which, on the surface, appears to exhibit the same
phenomenon of weak syllable omission to that of two-year-olds with normally
developing language (henceforth NL). However, there are noticeable differences between
the populations.

First, as discussed in Chapter One, children with SLI have significant limitations
in language ability that cannot be attributed to problems such as hearing impairment,
neurological damage, motoric or sensory functioning problems, low nonverbal
intelligence, or other known factors (Leonard, 1998; Plante et al., 1991). These
limitations include limited usage of contractible morphemes and passive voice,
incomplete control over grammatical morphemes (resulting in misuse or omission), a
tendency toward such phonological errors as omissions and substitutions of (especially
initial) unstressed syllables, and an overall delay of certain capacities of language
development (Chiat & Hirson, 1987; Leonard, 1989; Leonard 1998; Menyuk & Looney,

1972).!

! See Chapter One for a more in-depth discussion of the characteristics of children with SLI.
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Second, specific to this dissertation, the groups of children who participated were
of different ages (two- year-old normally developing children vs. four- to six-year old
children with SLI). This age difference has at least two implications: one is that the older
children, although language impaired, still have had a longer exposure to language, of at
least two years more, and the second is that although older children with SLI have longer
MLUs than younger NL children, they make more weak syllable omissions (Ingram,
1981; Johnston & Kamhi, 1984; Leonard, Bortolini, Caselli, McGregor, & Sabbadini,
1992).

Therefore, due to their impairment, children with SLI exhibit a pattern similar to
normally developing children who are at least two years younger. However, since they
do not have normally developing language, the nature of their omissions may be quite
different under more detailed observation. Also, their age and longer exposure to
language may give them an advantage in other areas, for example in beginning to learn
strategies to produce the initial weak syllable in some instances. In light of these
differences, a parallel comparison of the two populations is warranted, as a more
comprehensive examination of syllable omissions. It may be the case that all aspects of
the phenomenon will be shown to be similar, however we have already seen that what
appears to be one thing on the surface may be entirely different under phonetic analysis.
This comparison, then, may lead to further indications of the mechanism and factors

behind omissions in general.
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The questions and predictions regarding Experiment 3 are the same as those in
Experiment 2. First, can we see descriptive differences between utterances containing
Lucinda and Cassandra, which differ in the vowel quality and stress of the first syllable?
Second, are the phonetic results from Experiment 3 replicable in this population? In
particular, can we find durational lengthening when children omit syllables, but no
difference between durations for the two syllables omitted (Lu- vs. Ca-)? And third, can
we gather any information regarding the domain of lengthening by looking at

monosyllabic versus disyllabic verbs?

5.1 Method
5.1.1 Subjects

Nine children diagnosed with SLI participated in this study. All were between the
ages of 4,3 (years;months) and 6;1, with a mean age of 5;2 (see Appendix F for ages) and
spoke English as their primary language by parent or teacher report. Children were
recruited through the University of Arizona ‘Wings on Words’ Summer Camp supported
by the University of Arizona Child Language Center and Department of Speech and
Hearing Sciences. To ensure that their poor language skills were not attributable to
hearing loss, mental retardation, social-emotional difficulties, dysarthria, or brain
damage, a Center speech-language pathologist (SLP) determined that each child
classified as SLI met the following criteria: a) hearing within normal limits (20 dB HL) at

500 Hz, 1000 Hz, 2000 Hz, and 4000 Hz bilaterally (American National Standards
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Institution [ANSI], 1969); b) a nonverbal IQ (NVIQ) no more than 1.67 SDs below the
mean (i.e., a NVIQ of 75 or better) on the Nonverbal Scale of the Kaufman Assessment
Battery for Children (K-ABC, Kaufman & Kaufman, 1983); and c) except for
articulation/phonological problems, no evidence of a frank neurological problem or
additional developmental disorder reported by the parent or observed by an SLP during
Summer Camp.

The children were tested during their daily research sessions at the camp. Of the
total number of children tested, eight were excluded from the study: five who failed to
omit any syllables, one who was too quiet in responding, one who was too loud (which
distorted the signal for all sentence tokens) and possibly a bilingual speaker, and one who

exhibited severe articulation problems in more than half of the sentences.

5.1.2 Materials

The 32 stimuli sentences in this experiment were identical to those of Experiment
2 (cf. Appendix E). However, it was predicted that two-word combinations might not be
sufficiently long to tax subjects’ production systems enough to yield any omissions, as
they are two to four years older than the children in Experiment 2. To address this
potential problem, context-appropriate prepositional phrases, each with three
monosyllabic, monomorphemic words, were developed as additions to each stimulus
sentence in the even that the child did not omit any syllables from the two-word set (e.g.,

Pat Lucinda on the foot; cf. Appendix G for other prepositional phrases). If it was the



117

case that adding a prepositional phrase successfully yielded an omission of the trisyllabic
name, then the same prepositional phrase was added to the comparable disyllabic name
utterance, in order to make a direct phonetic comparison between the two sentences.

Again, half of the subjects received List 1 and half received List 2.

5.1.3 Procedure

This study was performed in a manner consistent with Experiment 2 (see § 4.1.3).
Each child received all 32 items. Subjects were audio-taped with a portable Sony DAT
recorder. The sentences were transcribed by two coders, and utterances that were
disagreed upon were resolved by consensus. Reliability was 97%, and utterances with
unresolved disagreements were excluded from the analysis.

Again, as in Experiments | and 2, responses by the children were coded into one
of the following possible response categories. For disyllabic targets, there were two
categories: Target Disyllabic Produced (the child correctly imitated the simple disyllabic
trochaic name), and Other. For trisyllabic targets, there were the following categories:
Target Trisyllabic Produced (the child correctly imitated the trisyllabic proper name,
retaining the initial syllable), Initial Syllable Omitted (the child omitted the weak initial
syllable from the trisyllabic target), Non-initial Syllable Omitted (the child omitted a
syllable other than the initial syllable) and Other. The new category of Non-initial
Syllable Omitted because interestingly, there was more variation in the type of syllable

omission made by these subjects than by the children with NL in the previous two
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studies. Specifically, there was a larger portion of syllable omissions from non-word-
initial position (these will be discussed in more detail in § 5.2.2). In the previous two
experiments, the few non-initial weak syllable omissions were placed in the Other
category (see § 3.1.3 and 4.1.3). However, the large number in the current experiment
suggested that it would be valuable to separate out non-initial syllable omissions from the
Other category in the current experiment, leaving Other to comprise non-responses and

other multiple phonological errors, such as [us@nat] for Cassandra. Therefore, the

category Non-initial Syllable Omitted was added to the response categories for trisyllabic
targets.

Acoustic analyses using SoundEdit 16 (version 2) were performed on the
categories Target Disyllabic Produced and Initial Syllable Omitted. Duration
measurements were once again taken from onset of the verb to onset of the proper name.
Reliability coding of the duration measurements yielded 87% agreement by a second
coder within 25 msec. Any measurement differences greater than 25 msec. were resolved
through replay and a third coder. Any disagreements which remained unresolved were

not included in the results.

5.2 Results
In this section, [ will report the same four analyses of the data as in Experiment 2:

a general description of the subjects’ imitations, a more detailed description of utterances

2 | am grateful to Katie Blackmar, Cindy Lichty, and Jessica Maye for reliability coding and judgments.
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containing omissions, a phonetic analysis, and an analysis of monosyllabic and disyllabic

verbs with respect to pausing.

5.2.1 General Description of Children’s Imitations

Table 5.1 shows the coding of response types, compared with those from
Experiments 1 and 2 (shaded columns). For target disyllabic names, the targets were
correctly produced 97% of the time, with the Other category contributing to 3% of the
responses. This pattern was very similar to those in Experiments 1-2.

For target trisyllabic names, the targets were correctly produced 29% of the time,
roughly the same as in Experiment 2 (23% of the time) but almost twice that of
Experiment 1 (15% of the time). It is also much less than the 97% of correct disyllabic
targets, which shows how much more difficult w-S-w words are to produce than S-w.
The most frequent response type (also highlighted in gray) fell under the Initial Syllable
Omitted category, and included 34% of the responses for target trisyllabic names. This
was a notable decrease from the 52% of Experiment 2 and 66% of Experiment 1.
Omissions of non-initial syllables occurred 13% of the time (whereas there were so few
instances of this response in Experiments 1-2 that they were included in the Other
category). It is important to notice that although the /nitial Syllable Omitted category
showed a smaller percentage of responses in this experiment compared to the two
previous experiments, adding the two omission categories together yielded 47%, which is

almost identical to the 52% of initial syllable omissions of Experiment 2. In other words,
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Cassandra 100% of the time.’ Adding in the factor of number of syllables in the verb
preceding the proper name, one child alternated between the full and reduced forms of
both name pairs in disyllabic contexts, but produced the full forms Cassandra and

Lucinda 100% of the time when preceded by monosyllabic verbs.

5.2.2 Further Description of the Initial Syllable Omitted and Non-initial Syllable
Omitted Categories

Tables 5.2 and 5.3 show the separation of syllable omissions by name type and
number of syllables within the verb, for both the /nitial Syllable Omitted and the Non-
initial Syllable Omitted categories (percentages shown represent each cell as a proportion
of total category omissions). Let us first examine Table 5.2 and the results of the /nitial
Syllable Omitted category. In Experiment 2, the rate of omissions from least to most
frequent was: monosyllabic verb and Lucinda, disyllabic verb and Lucinda, monosyllabic
verb and Cassandra, and disyllabic verb and Cassandra. In the current experiment, the
same order was found. Again, notice that Ca- was omitted more frequently than Lu-
overall (66% vs. 34%), despite the number of syllables found in the verb, which patterns
with Experiments 1 and 2. Seven of the nine children omitted Ca- more often than Lu-
(with one child omitting it as often, and one omitting it less often). A sign test showed

this difference to be marginally significant at p = .06. In addition, more omissions

3 When this subject pronounced Cassandra, she voiced the /s/, and the result was [kazzendra]. If any of the
usual difficulty of the name Cassandra comes from the combination /kas/, then it is possible that voicing
the /s/ makes it easier to pronounce.
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TABLE 5.3
Percentages of response types within Non-initial Syllable Omitted category
Moneosyliabic Disyllabic
Verbs Verbs
Lu- 59% 29%
Ca- 12% 0%

For the six children who exhibited omissions of non-initial syllables, the rate of
omissions from least to most frequent was: disyllabic verb and Cassandra, monosyllabic
verb and Cassandra, disyllabic and Lucinda, and monosyllabic and Lucinda. In effect,
this is precisely the opposite pattern from the /nitial Syllable Omitted Category. Looking
at name type, non-initial syllables were omitted more frequently from Lucinda than for
Cassandra (88% vs. 12%). Four of the six children omitted non-initial syllables more
often for Lucinda than for Cassandra (one omitted them more from Cassandra, and one
omitted them equally frequently with both names). However, since only data from six
children could be included, there were not enough data to find reliable effects. Non-
initial syllable omissions from Lucinda included such cases as omission of the final

syllable with a shift of main stress to the initial syllable, as in [lisin], and omission of the
medial syllable with a main stress shift and various onset substitutions, such as [liso]
(substitution of the omitted syllable’s onset for the final onset), and [stina] (substitution of

the omitted syllable’s onset for the initial word onset). Omissions from Cassandra were
more restricted, in number and type: there were only two instances for all subjects, and

they both consisted of an omission of the final syllable with no stress shift, as in [kas&n].
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The alternation pattern for Lucinda was consistent with patterns from children
with NL, in which the vowel /u/ was consistently retained and main stress was shifted to
this vowel. The two alternations for Cassandra were consistent with the forms by
children with NL as well, in that no stress shift occurred. The fact that more non-initial
syllables were omitted from Lucinda than from Cassandra is very interesting, as the
pattern is the opposite from initial syllable omissions in Table 5.2.

One interpretation of the complementary patterns of omissions with regard to the
name types (the initial syllable is omitted from Cassandra more often, and the non-initial
syllable is omitted from Lucinda more often) is that children with SLI use strategies to
include the initial weak syllable, at least of Lucinda. For instance, they may add stress to
the initial syllable. Or they may preserve that syllable at the expense of omitting a
different syllable. Or they may omit the onset and preserve only the vowel, omitting a
different syllable and substituting its onset for the omitted word onset. However, this

does not extend to /ka/, and may perhaps be due to the longer duration, stress, and/or

quality of /lw/. This may be a sign of an intermediate developmental stage (in addition to
the intermediate stage in which alternate between producing the full trisyllabic form and a
reduced version as mentioned in Chapters Three and Four), between children who
consistently omit (which would be considered at the least sophisticated stage, and
children who reliably produce the full adult form in which no syllables are omitted
(which would be considered the most sophisticated stage). The issue of strategies and

sophistication levels will be discussed further in Chapter Seven.
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In comparing the two categories for omissions based on number of syllables in the
verb, recall that omissions occurred in the disyllabic verb context (63%) significantly
more frequently than for the monosyllabic context (37%) in the /nitial Syllable Omitted
category. Interestingly however, the pattern of omissions in the Non-initial Syllable
Onmitted category again patterned in the opposite direction from initial omitted syllables,
in that omissions from non-initial syllables occurred more frequently in monosyllabic
verb contexts (71%) than for disyllabic verb contexts (29%). Four of the six children
who omitted syllables from non-initial position omitted more from monosyllabic
contexts, one omitted more from disyllabic contexts, and one omitted syllables equally
frequently from both verb contexts, however, again, with such a small number of
subjects, a test of significance was not possible.

This finding is difficult to interpret, and may complicate the global syllable effect
that was reported earlier, in which a greater number of syllables in the utterance triggers
more initial syllable omissions. Since there were too few subjects who omitted from non-
initial syllables to warrant a test of significance, implications of the results will not be
directly discussed in this chapter. However, the complementary patterns seen between
the Initial Syllable Omitted (Table 5.2) and Non-initial Syllable Omitted (Table 5.3)
categories seem quite interesting, and a complete discussion of this finding in light of the

overall patterns will be given in Chapter Seven.
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5.2.3 Phonetic Results

Recall that in Experiment 2, two analyses were performed, on the verb-to-name
duration data from the response categories /nitial Syllable Omitted and Target Disyllabic
Produced. The first analysis examined the difference between reduced and non-reduced
disyllabic names for all children to address the first set of hypotheses (whether a trace
exists or not). The second analysis was performed on the subset of children who omitted
syllables from both name types and both verb contexts in order to address the second set
of hypotheses (if a length difference exists for traces of different phonetic material). In
the current experiment, there were only enough subjects to perform the first analysis.
Trends regarding the second set of hypotheses will be noted.

With regard to the first analysis, eight of the nine subjects produced longer verb-
to-name durations for reduced cinda and _sandra forms than for their trochaic
counterparts (Cindy, Sandy). A sign test showed this result to be significant (p <.04), just
as in Experiments | and 2. Consistent with the sign test, a one-way ANOVA showed a
marginal main effect of Name Prosody (F(1,8) =3.43, p =.10). Given that the non-
parametric sign test showed a significant difference, it is likely that an ANOVA would
also show a significant difference with a larger number of subjects.' The mean verb-to-
name durations of the disyllabic reduced and disyllabic non-reduced forms can be seen in

Figure 5.1. Table 5.4 shows parallel data from Experiments | through 3.

* See Carter (in prep, b) for data and analysis.
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to-name duration with reduced _sandra forms was longer than that for _cinda forms in
monosyllabic verb contexts and virtually even in disyllabic contexts, and Experiment 2,
in which the mean verb-to-name duration is longer for _cinda forms than for _sandra
forms for both monosyllabic and disyllabic verb contexts.

TABLES.S

Analysis 2: Mean verb-to-name durations (in msec.) between reduced and non-reduced
forms for four subjects who omitted from both names

Lu- forms Ca- forms Means
Reduced Monosyllabic Verbs 644.02 506.46 575.24
Disyllabic Verbs 523.94 600.16 562.05
Non-reduced | Monosyllabic Verbs 420.71 349.76 385.24
Disyllabic Verbs 394.17 456.84 425.51
Means 495.71 478.31

This lack of any consistent difference between traces of Lu- and Ca- is consistent
with the GTH, in which the syllable trace is on a syllabic level, and the subsyllabic
content (segmental or moraic) does not affect the verb-to-name duration.

One interesting observation about the subset of children who omitted from all
contexts across the three experiments is that the verb-to-name duration difference is

longer for children with SLI than NL (see Table 5.6).
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5.2.4 Analysis of Lengthening

This section presents a parallel analysis to that of Experiment 2 regarding the
number and duration of pauses between utterances with monosylilabic and disyllabic
verbs. Again, for this analysis, only utterances from the Initial Syllable Omitted category
were counted. The predictions from Experiment 2 were that if lengthening occurs on the
syllable directly preceding the omitted syllable, then there should be more pausing in
disyllabic verb contexts, whereas if it occurs on the whole prosodic/lexical word, then no
difference in amount of pausing should be found.

As in Experiment 2, the amount of pausing was measured in two ways: the
number of pauses, as well as the duration of each pause. Data from Experiment 2 showed
no significant difference in either duration of pauses or number of pauses for disyllabic
versus monosyllabic verb contexts. In the current experiment, a sign test by subjects
again failed to show a significant difference between number of pauses and an ANOVA
failed to show a significant difference between duration of pauses in monosyllabic and
disyllabic verb contexts. Table 5.7 summarizes these results and reviews those from
Experiment 2. The lack of any difference is consistent with the hypothesis that
lengthening is manifest across the previous word, although as with any null result, further

research must be conducted to investigate this issue.
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omissions in this study however also included the new category Non-Initial Syllable
Omitted. Interestingly, the opposite patterns were found with this category than with the
Initial Syllable Omitted category, in that there were more omissions of non-initial
syllables with Lucinda and with monosyllabic verbs. The complementary patterns with
the two measures complicate the findings of the original category, and will be discussed
in Chapter Seven. Overall, the presence of omissions of non-initial syllables and the
patterns thereof are worth considering as a point of distinction regarding the mechanism
behind omissions, and strategies to begin including these syllables in production.
Specifically, the differences these children show may result from their greater age and
experience with language, or possibly the nature of their deficit, in that they are moving
to a stage where they are able to produce the weak initial syllable more reliably, but then
become unable to produce the entire word, opting to omit yet a different syllable.

Third, the duration difference between reduced and non-reduced names is
consistent with Experiment 2 as well as Experiment I, in that the verb-to-name duration
preceding the reduced form (with the initial syllable omitted) is longer than that for the
non-reduced form. Also, no duration difference was found between utterances with
_cinda and _sandra, strengthening the claim that for this population as well as for
children with NL, the segmental material does not contribute to the duration effect. A
difference to note with these subjects was the noticeably longer verb-to-name difference,
when the two factors (Name Type and Verb Syllable Number) were separated for the nine

children. Again, this points to a strategy for greater inclusion of the weak syllable.
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And fourth, not enough data were available to make a strong claim regarding the
domain of lengthening. There was no difference in number of pauses or duration of
pauses between the two verb contexts, which may suggest that lengthening occurs beyond
the preceding syllable. However, this claim is tentative and must be investigated further.

This study will be compared to both Experiments 1 and 2 in Chapter Seven, with
regard to the main goals of this thesis. Before moving to a summary, however, the next
chapter (Six) is a departure from the acoustic studies and is a separate experiment with
yet a different population (adults with aphasia) to address the effect of syllable shape on
syllable omissions. Findings from this next experiment will have implications for the

question of the mechanism behind syllable omissions.
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CHAPTER SIX: EXPERIMENT FOUR, ADULTS WITH APHASIA

6.0 Introduction

[n this chapter, I introduce an experiment of weak syllable omissions by a third
population, adults with aphasia.! Similar to young children with normal language
development and children with Specific Language Impairment, adults with certain types
of aphasia omit initial weak syllables of polysyllabic words. Studies by Nickels and
Howard (1995) and Goodglass, Fodor and Schulhoff (1967) suggest that adult subjects
with different types of aphasia omit certain unstressed syllable from their utterances
based on the syllables’ prosodic characteristics. Specifically, Nickels and Howard (1995)
found that individuals with Broca’s and fluent aphasia performed more accurately on a
repetition task involving disyllabic trochaic words (S-w) than disyllabic iambic words (w-
S), as in Table 6.1 (a)-(c). In another study, Goodglass et al. (1967) showed that
individuals with Broca’s aphasia are known to delete initial unstressed function words

from their sentences (Table 6.1 (d)-(e)).

' Some of these data were reported in a different framework in Carter, Gerken, and Holland (1998).
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TABLE 6.1
Examples of omissions by Aphasic subjects

Omission Adult Target
a. | [gakat] gasket
b. | [garz] cigars
¢. | [mzans] romance
d. | can dance he can dance
e. | wrong time the wrong time

Originally, an experiment was set up in parallel to Experiments 2 and 3, with the
same sentences and predictions. However, as explained in Chapter Three, an acoustic
study of omissions by aphasic adults was impossible due to the extreme disfluency of
most participants. The aphasic participants instead offered a chance to examine other
effects seen in the earlier studies. Recall that a difference in omissions rates was found
for Lucinda vs. Cassandra. Three possible reasons were given for this difference: a) the

stress pattern, namely that /lusinda/ has a secondary stress on the initial syllable, and
/kas@ndra/ does not, b) the vowel quality, namely that / lusindo/ has an initial tense
vowel, whereas the initial vowel of /kasa@ndra/ has a reduced schwa, and c) the vowel
length, in that a secondarily stressed, tense vowel like /u/ is inherently longer than an
unstressed, reduced vowel like /2/.

However, there is a fourth possibility, the idea of a preferred syllable shape. That
is, looking cross-linguistically, certain syllable shapes are more frequent than others. For
example, a CV shape is more frequent across languages than a VC (Clements & Keyser,

1983; Maddieson, 1984, Prince & Smolensky, 1993). Studies show that children often
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begin producing syllables like CV, which are more common (or preferred) across
languages, and move from learning the more common to less common constructs in the

course of acquisition (Demuth, 1994, 1995; Jakobsen, 1941/68)). Likewise, the vowel /u/

is more preferred across languages in that it is more common than the vowel /o/

(Maddieson, 1984), and it is also the vowel maintained more frequently by the subjects of
the studies in this thesis.”

Therefore, a new study was created that was a departure from the acoustic studies
presented in Chapters Three to Five, but looked at the issue of preferred syllable shape.
Particularly, since these subjects are adults (and were adults at the onset aphasia), they
have potentially larger vocabularies than children, including many more words with a w-
S-w stress pattern, as well as a broader range of syllable types that they are able to
produce. Individuals from this population are subsequently more amenable to a study
investigating different syllable types and their effects on weak initial syllable omissions.
Specifically, the subsyllabic structure of the weak initial syllable could be manipulated

systematically to look for effects similar to those with the Lu-/Ca- difference.

6.1 Prediction
In looking at syllable shape, syllables with onsets (e.g., CV, CVC) are more

common in English syllable structure (and across languages) than those without onsets

2 However, this fourth possible factor is not necessarily separate from the others (the notion of linguistic
preference may be based on properties of length, stress, and vowel quality, and may be all interrelated).
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(e.g., V, VC) (Clements & Keyser, 1983; Maddieson, 1984; Prince & Smolensky,1993).
Also, in the only other study of children’s syllable omission patterns dealing with
segmental content and shape of syllables, Kehoe and Stoel-Gammon (1997) found that
syllables with onsets were preserved more often than syllables without onsets. Therefore,
one might consider that for individuals in the adult aphasic population, syllable shape in
the form of onset versus no onset might affect syllable omissions rates as well.

The prediction, then, was that words with an initial syllable lacking an onset
should be omitted more often than words with an initial syllable containing an onset.
That is, subjects should omit more weak initial syllables beginning with a vowel than

with a consonant.

6.2 Method

6.2.1 Subjects

Subjects were twelve adults, ages 39 to 76 years, with a mean age of 55 years, and
were diagnosed with either Anomic, Conduction, Broca’s, or Transcortical Motor aphasia

types, as seen in Table 6.2 (from Helms-Estabrook & Albert, 1991).
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TABLE 6.2
Classification of Aphasia type
Auditory Fluency | Repetition | Number of
Comprehension Subjects
Broca’s good poor poor 3
TCM good poor good 2
Conduction good good poor 3
Anomic good good good 4

In this way we were able to look across aphasia type: at fluent and nonfluent subjects, as
well as subjects with good and poor repetition skills. Subjects were recruited through the
University of Arizona Department of Speech and Hearing Sciences Aphasia Clinic.’ The
subjects were tested during their weekly research and therapy clinic sessions at the

University.

6.2.2 Materials

Stimuli were 30 trisyllabic words, all with w-S-w stress, but differing
systematically in the syllable structure of the initial syllable, between a single vowel (V),
aVC,aCV, and a CVC (see Table 6.3 for examples and Appendix H for a complete
stimuli list). Under the principle of Maximal Onset, the way that these words were

syllabified, any consonant that could be an onset of a syllable was one.

3 This clinic is sponsored by the Center for Neurogenic Communication Disorders.
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TABLE 6.3
Sample stimuli words

V- a-coustic e-lectron
VC- al-falfa um-brella
CV- ba-nana to-bacco
CVC- | con-tinue tor-nado

There were two different randomly ordered lists, and half of the subjects received the first

list, half received the second.

6.2.3 Procedure

Each subject was led into a quiet room in the clinic for one test session, which
lasted approximately 15 minutes. The task that was employed was a single word
repetition task, in which the experimenter asked the subjects to repeat each word in the
list. If the subject repeated the target word correctly, then the experimenter moved on to
the next word. If the subject did not respond, the experimenter would repeat the request
up to two times and then move on to a new word. Missed items were presented again at
the end of the session. Each subject received all 30 items.

Responses by the subjects were coded as falling into one of four possible response
categories (similar to Experiments 1-3): Three Syllables Preserved (consisting of accurate
repetitions as well as forms in which three syllables were preserved but with one or more
errors (since many more segmental errors occurred with these subjects than with the
children), e.g., abundant produced as abundance), Initial Syllable Omitted (consisting of

omissions of the initial syllable), Non-initial Syllable Omitted (consisting of omissions of
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one of the non-initial syllables or some combination thereof), and Other (consisting of
omission of two syllables, addition of one or more syllables, disfluency, and non-

responses).

6.3 Resuits

Repetitions by subjects showed the following response patterns in Table 6.4.

TABLE 6.4
Response categories and percentages

Response Percentage
Three Syllables Produced 69%

Initial Syllable Omitted 8%
Non-initial Syllable Omitted 2%

Other 21%

The majority of responses by subjects fell into the Three Syllables Produced category
(69%). The group we were most concerned with for this study was the /nitial Syllable
Omitted category (8%). The Non-initial Syllable Omitted category, although only
comprising 2% of the responses, is interesting in itself. [t covered: a) two final weak

syllable omissions, one with a stress shift to iambic stress (al/bino produced as [bon&] and
adventure as [ové]), b) two weak syllable omissions with onset substitutions (coyote as
[kéti] and verbatim as [védim]), c) a weak syllable omission with onset coarticulation

(cabana as [kbéna)), and d) a weak syllable omission with partial multiple syllable
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contained an onset." No main effect of Aphasia Type was found, and no interaction

between Initial Syllable Type and Aphasia Type was found.

6.4 Conclusion

In summary, initial syllables lacking onsets were omitted significantly more
frequently than initial syllables containing onsets. This finding suggests that syllable
types which are preferred linguistically are produced more faithfully by these subjects.
Also, importantly, these results hold true independent of type of aphasia. Therefore, the
syllable structure of weak initial syllables does seem to play a role in determining their
omission or preservation of weak initial syllables.

Findings from this experiment have implications for the question of the
mechanism behind syllable omissions. There is a similarity to the children’s Lu-/Ca-
difference, in that specific segmental content, or syllable shapes, may trigger omissions
more so than others. In this experiment, syllables which lack onsets triggered omissions
more than syllables containing onsets. In other words, the syllable type which is most
common cross-linguistically was also maintained the most by subjects. Similarly, /u/ is
more common cross-linguistically than schwa, and for the children in Experiments 1-3,

syllables which contained the vowel /u/ were preserved more often than syllables

* However, it is also the case that many of the single V-initial words contained a schwa (e.g., attention,
abundant). It would be interesting, given the data from the children that suggests a schwa triggers more
omissions, to do a more systematic study of a schwa vs. a tense vowel in the position of that initial syllable,
and determine whether there is a similar effect on omission rates, as well as any interaction between vowel
type and syllable shape (see Carter, in prep (c)).
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containing a schwa. These data might support a view based on cross-linguistic preferred
patterns, in that weak initial syllables are not simply omitted in a blanket fashion, but that

less-preferred syllable types and syllable content provoke more omissions.
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CHAPTER SEVEN: CONCLUSION

7.0 Introduction

In this chapter, I will give a summary of the experimental results, as they pertain
to the following four issues: the general pattern of children’s imitation responses, the
more detailed patterns of weak syllable omissions (initial or not), phonetic durations of
elements within utterances containing omissions, and the domain of lengthening when a
trace is left of a syllable. Following the results summary, I will discuss the nature of
children’s representations, and the mechanism behind omissions. The third section will
deal with implications of the data, both for linguistic theory as well as for the mechanism
and factors involved in omissions. This section will draw on the differences between
children with NL and SLI. Finally, I will conclude with possible directions for future

research.

7.1. Results Summary
This section offers a summary of the results from Experiments 1-3, in order of the

four issues above.

7.1.1 General Description of Imitation Data
Across the first three experiments, similar patterns are found with regard to the
response types for the target disyllabic and trisyllabic proper names. Table 7.1 gives an

overview of these patterns. First, the target was achieved at least 94% of the time for the
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target disyllabic forms (i.e., Cindy and Sandy) by all subjects, suggesting that subjects
had very little trouble in producing names with a true trochaic S-w stress pattern.
Second, the trisyllabic targets were realized much less of the time (under 30% for each
subject group). From Experiment | through Experiment 3, there was a steady (although
small) increase in target trisyllabic productions. As discussed in section 4.2.1, the
increase from Experiment 1 to 2 could be due to the shorter length of sentences, as well
as the slightly greater average age of subjects. The slight increase from Experiments 1
and 2 to Experiment 3 could be due to the two year (or more) increase in age of subjects
as well as a greater MLU.

When children did not achieve the target trisyllabic names, the most common
alternative was to omit the initial weak syllable, keeping the remaining trochaic portion
of the name intact (i.e., cinda or _sandra). Just as there was an increase in target
trisyllabic names over the three experiments, there was a complementary decrease of
initial syllable omissions over the three experiments as well, which suggests that children
omit syllables less as they come to produce the target w-S-w word more often. The Other
category contained the alternative response types (no response, many segmental errors,
stress shifts, etc.).

Interestingly, the children with SLI also commonly used the alternative of
omitting a syllable other than the initial one (the children in the other two experiments

used this alternative only in a very few instances, so these remain in the Other category).



in the following section (7.1.2).

TABLE 7.1
Percentages of response types for disyllabic and trisyllabic targets

children with SLI are beginning to produce the weak initial syllable more often.

Disyllabic Targets | Experiment 1 | Experiment 2 | Experiment 3
(NL) (L) (SLI)
Target Disyllabic 96% 94% 97%
Produced
Other 4% 6% 3%
Trisyllabic Targets | Experiment 1 | Experiment 2 | Experiment 3
(NL) (NL) (SLI)
Target Trisyllabic 15% 23% 29%
Produced
Initial Syllable 66% 52% 34%
Omitted
Non-Initial Syllable * * 13%
Omitted
Other 19% 25% 24%

* Very few data in Experiments {-2; included in Other category
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Adding the two omission categories together in Experiment 3 yielded 47%, which is very

similar to the 52% of initial syllable omissions of Experiment 2. This result suggests that

However, even though they omit the initial syllable less frequently, they cannot produce
the full forms Lucinda or Cassandra, and instead still omit some syllable elsewhere in the
word. [t is as if, in some of these instances, they try a different strategy. However it is no

better in helping them reach the target. Non-initial syllable omission is discussed further
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7.1.2 Description of Syllable Omission Patterns

Tables 7.2 and 7.3 show the patterns of syllable omissions across Experiments 1-
3. Table 7.2 gives an overview of the /nitial Syllable Omitted category, separated by
name type and verb syllable number (percentages shown represent each cell as a
proportion of the total number of initial syllable omissions, for each experiment). For
Experiment 1, the difference in monosyllabic versus disyllabic verbs is one of inflection
(the non-syllabic past tense inflection, as in pushed vs. the syllabic present tense
inflection, as in pushes). For Experiments 2-3, the difference in number of syllables is a
lexical difference (a monosyilabic monomorphemic verb, such as pat, vs. a disyllabic
monomorphemic verb, such as carry).

TABLE 7.2
Percentages of response types within /nitial Syllable Omitted category

Monosyllabic Disyllabic

Verbs Verbs

Experiment1 | Lu - 16% 20%
(NL) Ca- 32% 32%
Experiment2 | Lu - 16 % 22%
(NL) Ca- 25% 37%
Experiment3 | Lu - 11% 23%
(SLI) Ca- 26% 40%

For Experiment 1, there was virtually no difference between monosyllabic and
disyllabic contexts with regard to Cassandra, and no difference for Lucinda. However,
between name types, Ca~ was omitted significantly more than Lu-. The patternis a

similar one for Experiments 2 and 3. For both experiments, initial syllable omissions
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occurred most frequently with Cassandra and disyllabic verbs, and the least frequently
with Lucinda and monosyllabic verbs. The overall rate of omissions was also greater for
Cassandra than Lucinda (this difference was slightly more extreme for Experiment 3). In
addition, the omission rate was greater for disyllabic verbs than monosyllabic verbs.

In summary, there were three patterns of initial syllable omissions. First, for all
experiments, there was a greater number of initial syllable omissions for Cassandra than
for Lucinda. Second, for Experiments 2 and 3, there was a greater number of omissions
for disyllabic than for monosyllabic verb contexts. And third, for Experiment 1, there
was no difference between verb contexts. As discussed in sections 4.2.2 and 5.2.2, the
first two results suggest the two main effects of local (vowel quality of the omitted
syllable) and global (number of syllables in the utterance) properties on the rate of
omissions. The third result suggests a morphological effect as well.

Now we will turn to Table 7.3, which shows the [nitial Syllable Omitted category
in comparison to the Non-initial Syllable Omitted category for the SLI subjects (again,
percentages represent each cell as a proportion of the total category omissions).

TABLE 7.3

Percentages of response types within /nitial Syllable Omitted and Non-initial Syllable
Omitted categories for Experiment 3

Initial Syllable Omitted Non-initial Syllable Omitted
Monosyllabic | Disyllabic | Monosyllabic | Disyllabic
Verbs Verbs Verbs Verbs
Lu- 11% 23% 59% 29%
Ca- 26% 40% 12% 0%
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It was found in Chapter 5, section 5.2.2 that an interesting and opposite pattern exists for
initial versus non-initial syllables omitted. That is, while fewer initial syllable omissions
occur with Lucinda and with monosyllabic verbs, these are precisely the cases in which
the majority of omissions from non-initial syllables occur. Taking the difference in name
type, non-initial syllables were omitted more frequently from Lucinda than from
Cassandra. Theresulting disyllabic forms were also quite interesting to compare, as
reduced Lucinda had many more variants than reduced Cassandra. Section 5.2.2 gives a
complete discussion, but in summary, reduced forms of Lucinda always comprised a
main stress shift to the initial syllable, as well as various segmental substitutions, while
consistently retaining the initial vowel /u/. The two reduced Cassandra forms consisted
of a simple omission of the final syllable with no stress shift. Interpretations of this result

will be noted in section 7.2.2.

7.1.3 Phonetic Results

Across the three experiments, two phonetic analyses were carried out on the
durations of the verb-to-name portions of utterances containing the true trochaic
disyllabic proper names and reduced disyllabic proper names. The first was to determine
if there is a longer verb-to-name duration for reduced disyllabic proper names than for
non-reduced disyllabic names. The second analysis had two purposes: first, to determine

if a difference in verb-to-name duration exists between the two reduced names, and
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how far back in the sentence can we expect to see it? To address this question,
predictions were set up to determine whether the domain of lengthening is made up only
of the preceding syllable, or comprises more, for example the entire lexical/prosodic
word? In Experiments 2 and 3, monomorphemic monosyllabic and disyllabic verbs were
used to investigate the issue. Based on the fact that unstressed syllables (such as the final
weak syllable in a S-w verb) cannot be lengthened, the predictions were made that if only
the preceding syllable is lengthened, then there should be more pausing in disyllabic verb
contexts (which could be measured as either a greater number of pauses, or pauses of
greater length). In contrast, if the entire preceding lexical/prosodic word is the domain of
lengthening, then no difference in amount of pausing (number or length) should be found.
A summary of the results from Experiments 2 and 3 is given in Table 7.4.

TABLE 7.4
Number and duration (in msec.) of pauses in monosyllabic and disyllabic verb contexts

Moneosyllabic | Disyliabic
Verbs Verbs
Exp. 2 Number of 16 15
Pauses
Mean duration | 252.55 328.43
of Pauses
Exp. 3 Number of 7 11
Pauses
Mean duration | 267.06 220.87
of Pauses

No significant difference was found for number of pauses or duration of pauses, for either

experiment. Therefore, this null result is consistent with the hypothesis that lengthening
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occurs across the preceding word (however, more direct evidence is needed to justify the

previous word lengthening hypothesis).

7.2 Interpretations

In this section, let us return to the two questions raised in Chapter 1 and 2, which
were: 1) do children truly delete weak syllables, or is there some trace left in some form
(as a follow up to the question of whether children have an intact adult representation of
words) and 2) what is the mechanism behind omissions (in other words, what factors play

a part in triggering omissions?

7.2.1 Question One

Two important results bear on the question of whether children (with NL or SLI)
completely delete weak initial syllables. First, the phonetic data that show a difference in
verb-to-name durations between reduced and non-reduced forms across Experiments 1-3
provide direct evidence against the Structure Reduction Hypothesis, and are consistent
with either the General Trace Hypothesis, or the Variable Trace Hypothesis, in which
some measurable trace exists. This across-the-board finding can be interpreted as
children have at least partial adult underlying forms, and although they may not be able to
produce the subsyllabic content, they do maintain the timing of the prosodic structure.

Likewise, the second result that bears on this question is that subjects across the

three experiments alternated between full and reduced names. This result also suggests,
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in a different dimension, that the children (who alternate at least) have a full adult
representation, although they may not reliably succeed in producing it 100% of the time

yet.

7.2.2 Question Two

Two sets of results (phonological and phonetic) bear on the question of what the
mechanism behind omissions is. The first result that addressed this question was the
second phonetic analysis, in which no significant duration difference was found between
name types, suggests that the individual segments or weight/length of the segments make
no contribution to the duration of the trace. This argues in favor of the GTH over the
VTH.

The second result that bears on this question was in regard to omission rates of
initial syllables, from sections 3.3.2,4.2.2,5.2.2, and Table 7.2. In particular, there

appear to be local effects (i.e., the difference between /lw/ and /ko/ and global effects (i.e.,

number of total syllables in the utterance) that affect omission rates across the
populations, and within the NL children from Experiment 1, a morphological effect.
Also, between populations (NL and SLI) we see reciprocal findings in Table 7.3
with regard to initial syllable omissions and non-initial syllable omissions. First, the
initial syllable Ca- was omitted more frequently than Lu-. Second, non-initial syllables
from Lucinda were omitted more frequently than those from Cassandra. Third, initial

syllables were omitted more frequently in disyllabic verb contexts than monosyllabic
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verb contexts. And fourth, non-initial syllables were omitted more frequently in
monosyllabic contexts than in disyllabic contexts. The first finding was explained by the
difference in vowel stress or quality, and the subsequent length difference that causes one
to be omitted more than the other. The second finding is a bit more complicated to
explain, and it was suggested that these children are attempting to preserve the initial
syllable, which is easier with /lw/, since it has some stress assigned to it already and is less

reduced than /ka/. The third finding was explained by the observation that a greater
number of syllables in the utterance triggers more omissions. Finally, the fourth finding
created a puzzle, and makes the picture more complicated: why would monosyllabic
verbs trigger more non-initial syllable omissions, or why would disyllabic verbs preserve
more non-initial syllables? The answer to this question, as well as to the puzzling second
finding, may come from looking across each of these findings, not isolating the one.

Let us first take a look at the eight types of target sentences. These are listed in
Table 7.5.

TABLE 7.5
Examples of target sentence types

Disyllabic Targets Trisyllabic Targets
a. | Pat Sandy e. | Pat Cassandra
b. | Pat Cindy f. | Pat Lucinda
¢. | Cover Sandy g. | Cover Cassandra
d. | Cover Cindy h. | Cover Lucinda
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The targets (a-d) in Table 7.5 are reached over 95% of the time. Let us look then at the
cases we have seen that are not reached as consistently (e-h), and determine the patterns
that are attested for these targets. With (e), Pat Cassandra, omissions of both types of
syllables occurred, resulting in only either [pat s&ndra] or [p&t kas&n]. For (f), Pat
Lucinda, omissions of both types of syllables also were attested. Omissions of initial

syllables resulted in [pat sindo]. Omissions of non-initial syllables resulted in [pzet lis2],
[paet sina], or [p&t wiiso], with segmental alternations and a shift of main stress to the
initial syllable. With (g), Cover Cassandra, only initial syllables were omitted: [kAva
s#ndra). Never did we see cover kas®n or cover kAsd, as we did with Lucinda. Finally,
with (h), Cover Lucinda, omissions of both initial and non-initial syllables occurred, and
with non-initial syllables, stress was always shifted to the initial syllable: [kAva sindo] or
[kAva 1as9], [kAva stino], and [kAva wisa]. These structural alterations were somewhat

systematic, in that forms with random omission patterns or stress shifts (e.g., cover

[luda]) were never attested. These response patterns also showed certain stress patterns.

All of these facts can be seen in Table 7.6.
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TABLE 7.6
Attested omission patterns for trisyllabic targets

Targets Stress Syllable Resulting Additional
Omitted | Stress Price
Pat Cassandra S w-S-w initial S * S-w
non-initial | S w-S * | footing across
word boundary
Pat Lucinda S w-S-w initial S * S-w
non-initial | S S-w * | main stress shift
Cover Cassandra | S-w w-S-w initial S-w *S-w
Cover Lucinda S-w w-S-w initial S-w  *S-w
non-initial | S-w S-w * | main stress shift

Clearly, in all these cases, the problematic syllable is the unfooted initial syllable
of the proper names. The most common strategy that these children use to deal with it is
to omit the offending syllable. However, if they do not choose this option, they preserve
it, at the price of two other structural alterations. In one case, they move the main stress,
but this may put too much strain on the production system, resulting in an omitted final

syllable (e.g., [ldsin]). The second structural alteration that occurs is a refooting across a
word boundary (e.g., [(pt ko) (s€n)] ). However, again, this may put too much stress on

the system, and the final syllable is likewise omitted. These strategies will be discussed

further in the next section, 7.3.

7.3 Implications
In Chapter One, the main categories of accounts for syllable omissions were laid

out in Table 1.4. This thesis has addressed three of these main categories of accounts of
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syllable omissions: input (specifically, perception), grammar (phonology), and
production, as seen in Table 7.5. In addition, Experiments 3 and 4 of this thesis have
given new evidence that phonological explanations may exist for omissions by both
children with SLI and adults with aphasia (shown by asterisks in the table).

TABLE 7.7
Classes of theoretical accounts of syllable omissions discussed in this thesis

Perception | Phonology Production
NL v v v
SLI v * v
Aphasia * v

Data from previous studies noted in Chapter Two suggested that children do not
have attenuated adult representations. Data from this thesis also show that children have
the adult representations of words from which syllables are omitted (as seen in
alternations between full and reduced name forms by individuals, as well as in the trace
evident for omitted syllables). In addition, the data presented in this thesis suggest that
grammar (phonology) and production play the main roles in explaining the phenomenon
of syllable omissions.

Therefore, in this section, [ will discuss the implications for a theory of syllable
omissions. This is important for several reasons. First, we have seen that children’s

outputs are not identical to adults’, in that (among other deviations) they omit syllables.
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Second, this dissertation has provided evidence that what children actually produce is
inconsistent with what we as adults hear. Therefore, it is important to model children’s
productions, from their representations to their productions of such forms. Although a
complete model will not be offered as it is a much larger problem in total, the current
findings can be drawn together to begin to suggest what a formal model would have to
account for. Below I give four components that any model should contain with regard to
weak syllable omissions: phonological factors, production factors (both of which affect
omission rates), a way to connect prosody to the phonetic realization (this is necessary to
explain the paradox between the rates of omissions and the phonetic results), and some
developmental component which summarizes the strategies different children seem to
take in moving from a less sophisticated stage of constant omission to a more
sophisticated stage resembling the adult form.

The first component concerns phonological properties surrounding omissions.
There are three sets of phonological factors evident in the experiments presented in this
thesis and in others’ research. First, there are clear stress and prosodic contexts from
which omissions occur. That is, syllables which are omitted the most frequently in
children’s productions are weakly stressed syllables that occur at the beginnings of words
(Exps. 1-4; Allen & Hawkins, 1980; Demuth, 1995, 1996; Demuth & Fee, 1995; Demuth
& Fee, 1995; Gerken, 1991, 1994a, 1994b, 1996; Kehoe, 1994; Kehoe & Stoel-Gammon,

1997; Klein, 1981; Wijnen et al., 1994). This description shows two options: omitted
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syllables are either unstressed and not contained in a foot, as in [ka (s€n dra)], or they
have secondary stress, and are not contained in a syllabic foot, as in [(I01) (sin do)].'

Beyond prosodic factors, there are segmental and syllabic factors involved with
weak syllable omissions. For example, the trio of sentence imitation experiments in this
dissertation have shown that a reduced, unstressed schwa in the weak syllable is omitted
more often than a tense vowel with secondary stress. Also, the study by Kehoe and Stoel-
Gammon (1997) reviewed in section 2.2.7 shows other segmental factors which affect the
rate of omission or retention of weak syllables, namely that syllables with onsets are
retained over syllables without onsets, and that syllables with obstruent onsets are
retained more than syllables with sonorant onsets. The data from Experiment 4, although
with a different population (adults with aphasia), also suggest that weak initial syllables
with onsets are preserved more often than those without onsets.” These studies reveal that
more than just prosodic factors act on the rate of omission or preservation of weak
syllables, but that certain syllable shapes and segmental types are more apt to trigger
omissions of weak syllables. Any model, linguistic or otherwise, must account for the
phonological facts above.

The second component of any theory of weak syllable omissions is a production

component. A number of production factors can be noted which are related to this

! The current analysis actually treated the initial syllable of Lucinda as unfooted, however, the standard
treatment of any secondarily stressed initial syllable is that it is actually a foot, but a moraic foot. It is
possible that using the standard view may help to account for the lower rate of omissions of this syllable (in
that an extra mora or the higher degree of stress aids in preservation).

2 See Carter (in prep d) for a parallel study of syllable and segmental factors of omissions by children.
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phenomenon. Perhaps the most obvious of these is that children’s productions vary
considerably, and this variability does not appear to be based on phonological factors.
Two examples are alternations within children (e.g., Lucinda ~ _cinda, seen in

Experiments 1-3, as well as by Wijnen et al. (1994)) and substitutions (e.g., [lis3] and
[sina] for Lucinda, attested in Experiments 1-3 and by Allen & Hawkins, 1980; Fikkert,

1991; Wijnen et al., 1994). This phenomenon of variability is an ongoing challenge to
account for in current grammatical theories (cf. Demuth, 1995; Massar & Gerken, 1997,
Gerken, 1996), and is a fact that any theory must be able to take into account.

Also with regard to production factors affecting omissions is utterance
complexity. The current set of studies shows a global effect of syllable number in the
utterance: utterances with a greater number of syllables trigger more omissions of the
weak unfooted syllable (with the NL children: monosyllabic verb vs. disyllabic verb
contexts; with the children with SLI: monosyllabic vs. disyllabic verb contexts, and no-
prepositional phrase vs. prepositional phrase). Both Blasdell and Jensen (1970) and
Gerken (1996) shows this effect as well. In addition, other global factors, such as lexical
familiarity (Boyle & Gerken, 1996; Ohala & Gerken, 1997) play a role. In other words,
any global factor that might tax the production system and make it trigger syllable
omissions to reduce the complexity of an utterance, and a complete model must take
these factors into account.

Third, we need a formal model in which prosody has a connection to the

phonetics. This comes from the paradox in which, although omissions rates are affected
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by the vowel difference between Lu- and Ca-, no difference in the verb-to-name duration
was found between the two name types. Therefore, it suggests that instead of segmental
or moraic material contributing to the length difference, a more generic length is
transmitted from the syllable or higher in the hierarchy to the phonetic realization.
Another way to look at it is, instead of as in traditional frameworks, where the phonology
occurs all together, followed by the phonetic realization of the full segment-filled form, it
is possible for the prosodic structure of a syllable to be realized phonetically without
crossing the segmental tier, in effect bypassing it. Since some children alternate between
producing and omitting the syllable in question, the model must show the option of a
contribution by either the syllabic information or the subsyllabic information.

Figure 7.3 shows this idea, representing the prosodic hierarchies for Lucinda and
Cassandra. Notice that in both representations, what is fed to the phonetics is the lowest
level possible: either the segmental material complete with moraic information or the
syllabic material, void of any subsyllabic information. Both options of contributions
(from the syllable or from below the syllable) to the phonetic realization are shown.
However, the contribution from the syllable has been highlighted for Cassandra, whereas
that from the segments has been highlighted for Lucinda, to show the most common
pattern for the subjects. If only the syllabic information is passed along, then there would
be no length distinction between traces of Lu- and Ca-, and these two syllables would
look identical. However, if the segmental and moraic information (one vs. two) is

incorporated, there would be a difference, based on that information.
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Prosodic Word PW PW

Foot Z 2

Syllables o 0'

Moras mu uu H

Segments lu s lnda las &n ra
Phon!tic I‘Eealilzation PhoneticlRez!iizatliyon

Figure 7.3. Phonology to phonetic realization for Lucinda and for Cassandra.

These three pieces of the puzzle (phonological facts, production facts, and a link
from the prosody to phonetics) are separate but integral pieces. The first two address
factors that bear on rates of omissions, the third shows how we get from the
representations to the output, as well as how variations might occur and give us a truer
depiction of words with omissions.

Fourth, the model should include a development component, noting strategies that
different children might use and a sophistication continuum, such as in Figure 7.4. At the
bottom of the continuum are the least sophisticated children, who omit the initial weak
syllable (e.g., _cinda) 100% of the time, and at the top are the children who produce the
adult surface forms (e.g., Lucinda) 100% of the time. The middle of the continuum
shows the children who are somewhere between the two endpoints, and who use different

strategies to begin to produce the initial unstressed syllable. One strategy children use is
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to alternate between full adult forms and forms from which the initial syllable has been
omitted (e.g., Lucinda ~ cinda). When they preserve the full w-S-w form, they do this
by a) lengthening the initial syllable: [lu:sinda], b) increasing the pitch of the initial
syllable, or c) footing across a word boundary: [(pzt ko) (s&ndrd)), in which a pause
exists between [ko] and [s@ndra]. A second strategy is to omit a non-initial syllable
instead of the initial one (this strategy was mostly used by children with SLI). However,
this approach is also at the price of a) shifting main stress to the initial syllable: [lisin_]
or b) footing across a word boundary: [(paet ko) (s@n)_], neither of which get the child

any closer to the goal. The third strategy seems to be to produce longer traces: the
subjects with SLI had longer traces than subjects with NL, and they preserved the initial
syllable more often than the children with NL. This idea of a developmental continuum

and strategies is an appealing direction for future research, as will be noted in the next

section.
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most sophisticated adult surface forms 100% (e.g., Lucinda)

L3

1. alternating between _cinda and Lucinda
preserving w-S-w by:
lengthening initial syllable
pitch increase of initial syllable

— footing across word boundary
2. omitting a non-initial syllable
at price of shifting main stress
at price of footing across word boundary
3. longer traces
least sophisticated omission of initial weak syllable 100% (e.g., _cinda)

Figure 7.4. Sophistication continuum, showing stages of development and
strategies to move from one to the other.
7.4 Expansions
In this section, [ will discuss the possibilities for future directions of

investigation, as indicated by evidence presented in this dissertation. First, from the
discovery of different strategies that children (between and within populations) use to
begin to produce full adult forms, it seems an obvious direction to carry out a longitudinal
study with children with both NL and SLI, to see which strategies work the best to get to
the correct outcome sooner.

Second, a more detailed study is warranted of the properties of the initial syllable
(e.g., syllable shape and other vowel patterns), and the preceding verb (e.g., different
stress patterns of the verb) that might affect children’s omissions. For instance, in the

three children’s studies in this thesis, only the vowels /u/ and /o/ were manipulated, and a

larger set of vowels could be used to investigate the question of whether stress and length
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differences are the reason for omission rate differences, or if something else. Also, using
different stress patterns within the verb (e.g, adding w-S verbs to the repertoire of S-w
and S) might tell us more about the nature of stress effects on omissions.

Third, I would like to develop an acoustic study of weak syllable omissions by
aphasic adults, parallel to those of children with NL and SLI. A parallel study was the
original goal of the dissertation, but as noted, an acoustic investigation as such was not
feasible. However, if it is possible with different manipulations of the stimuli and
measurement methods, then a similar study might shed additional light on the nature of
and mechanism behind weak syllable omissions in general.

The fourth direction in which to take this work, is an acoustic study of article
omissions by children with NL and SLI, as well as adults with aphasia, to determine if a
trace is left as well. The phenomenon of weak syllable omission extends in all three
populations to unstressed grammatical words such as articles (e.g., a, the), pronouns (e.g.,
he, she, you), and auxiliary verbs (e.g., is, was, can). Examples are given in Table 7.6.
Children with NL omit pronouns and articles in the subject position of a sentence more
than in object position, where they necessarily form an iambic foot (w-S) with the
following noun or verb (Gerken 1991). Object articles also are omitted when they form
an iamb with the following noun (Gerken et al. 1990). Omissions of grammatical
morphemes are especially common in the language-disordered populations with aphasia
and SLI. In fact, such omissions constitute one of the measures used to diagnose these

disorders. Children with SLI have a general difficulty with most grammatical
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morphemes. Like younger children with NL, they have particular difficulty with initial

unstressed grammatical morphemes (McGregor & Leonard, 1994). Adults with nonfluent

aphasia also tend to omit initial unstressed grammatical morphemes from their speech on

a regular basis (Goodglass et al. 1967). It is ultimately my hope to use the paradigm

developed in my dissertation research to investigate the phenomenon of weak syllable

omission that extends in these populations to unstressed grammatical words as well.
TABLE 7.8

Omissions of unstressed grammatical morphemes in children with NL (a-c), children with
SLI (d-f), and adults with aphasia (g-h).

Grammatical Target Sentence Source
Morpheme Omission

a. | Pete kisses dog. Pete kisses the dog. (Gerken et al. 1990; p.
215)

b. | Kissed the lamb. He kissed the lamb. (Gerken 1991; p. 440)

¢. | Bear kissed her. The bear kissed her. (Gerken 1991; p. 440)

d. | Those men sleeping. | Those men are sleeping. | (Leonard 1989; p.
182)

e. | Girl kissed him. The girl kissed him. (McGregor & Leonard
1994; p. 175)

f. | Called the dog. He called the dog. (McGregor & Leonard
1994; p. 175)

g. | Wrong time. The wrong time. (Goodglass et al.
1967; p. 12)

h. | Feels good. He feels good. (Goodglass et al.
1967; p. 12)

i. | Birds fly? Can birds fly? (Goodglass et al.
1967; p. 12)

Fifth, results from these studies suggest a deeper investigation into the issue of

lengthening. How far back does lengthening go? It may be possible to look at other
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words that precede proper names and that have segments more amenable to identification
for measurements, such as other verbs or adjectives (e.g., pokey Cassandra).

Finally, I would like to address the question of morphology brought up in
Experiment | vs. Experiments 2 and 3. An effect of Verb Syllable Number was found
with polymorphemic inflected verbs, but not with monomorphemic verbs. This is

intriguing, and warrants a more detailed investigation.

7.5 Conclusion

This dissertation had two main goals. The first was to elucidate the nature of
weak syllable omissions using a finer-grained analysis. By using an acoustic analysis, it
was shown that in fact, what seems to be a deletion of weak syllables is only an omission
of the subsyllabic content, with a partial phonetic manifestation of the timing of the
prosodic structure. This fact points to an important outcome of the dissertation. That is,
instrumental analyses shed additional light on certain phonological analyses, and should
therefore be a crucial component of any investigation that deals with the structural
alterations of adult word forms.

The second goal was to begin to lay out an accurate account of weak syllable
omissions. It was found that there are phonological as well as production factors which
affect whether syllables are omitted or not, and both components are necessary in an

explanation of the phenomenon.
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The work from this thesis has implications for the much-debated issue of the
phonology-phonetics interface in language research today. The results support the view
that phonetics and phonology are not entirely separate, but are both integral elements of
an account of weak syllable omissions. The two components may actually work
concurrently in the language system of the child to yield the developmental forms that we
hear prior to their mastering full adult forms. This type of combination analysis (both
instrumental and transcription) may reveal important consequences for the debate, for

some time to come.



EXPERIMENT 1: LISTS 1 AND 2 OF STIMULI FOR -es INFLECTION

List 1

1.

He touches Cassandra.

2. He pushes Cindy.

3. He kisses Lucinda.
4. He touches Sandy.

5. He pushes Lucinda.
6. He chases Sandy.

7. He chases Cassandra.
8. He kisses Cindy.

List 2

1. He pushes Cassandra.
2. He touches Cindy.

3. He chases Lucinda.
4. He pushes Sandy.

5. He kisses Cassandra.
6. He chases Cindy.

7. He touches Lucinda.
8. He kisses Sandy.

10.

11.

12.

13.

14.

15.

16.

10.

11.

12.

13.

14.

15.

16.

APPENDIX A

He pushes Cassandra.
He touches Cindy.
He chases Lucinda.
He pushes Sandy.

He kisses Cassandra.
He chases Cindy.

He touches Lucinda.

He kisses Sandy.

He touches Cassandra.

He pushes Cindy.

He kisses Lucinda.
He touches Sandy.
He pushes Lucinda.
He chases Sandy.

He chases Cassandra.

He kisses Cindy.
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APPENDIX B

EXPERIMENT 1: LiSTS 1 AND 2 OF STIMULI FOR -ed INFLECTION

List 1

He touched Cassandra.
He pushed Cindy.

He kissed Lucinda.

He touched Sandy.

He pushed Lucinda.
He chased Sandy.

He chased Cassandra.

He kissed Cindy.

List 2

L.

2.

He pushed Cassandra.
He touched Cindy.
He chased Lucinda.
He pushed Sandy.

He kissed Cassandra.
He chased Cindy.

He touched Lucinda.

He kissed Sandy.

10.

1.

12.

13.

14.

15.

16.

10.

11.

12.

13.

14.

15.

16.

He pushed Cassandra.
He touched Cindy.
He chased Lucinda.
He pushed Sandy.

He kissed Cassandra.
He chased Cindy.

He touched Lucinda.

He kissed Sandy.

He touched Cassandra.
He pushed Cindy.

He kissed Lucinda.

He touched Sandy.

He pushed Lucinda.
He chased Sandy.

He chased Cassandra.

He kissed Cindy.
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APPENDIX C

EXPERIMENT |: SUBJECTS’ AGES AND MLUS

Group 1

Subject Age (in mos.) MLU
1f-CC 29 1.49
2f-VS 28 3.51
3f-BH 28 2.03
4m-DB 28 *
Sf-LS 26 1.50
6£-SS 31 3.27
7m-JS 26 1.85
8f- -JK 28 2.80

*Subject 4m spoke too quietly to analyze the MLU. Utterances could be
analyzed because once they were digitized, the amplitude could be adjusted.

Group 2
Subject Age (in mos.) MLU
9f-EL 27 49
10£-SS 26 1.78
11f=RM 27 2.11
12f-CM 27 1.30
13€-SF 26 2.86
14m-LC 26 3.00
15m-AC 27 2.19
16f-KC 29 3.10
17f-HW 29 2.33
18f-KB 27 2.36
19f-AM 26 1.60

20f-SS 25 1.66



EXPERIMENT 2: LIST OF SUBJECTS’ AGES AND MLUS

Subject
Im-AN
2{-ND
3£-SS
4m-CA
Sm-AH
6m-TB
7f-KB
8Sm-MG
9f-MA
10f-ML
1 1f-KW
12f-RR
13f-KS

APPENDIX D

Age (in mos.)
30

30
28
29
30
30
28
29
29
28
34
27
27

MLU

2.29
1.65
1.91
1.86
2.51
2.65
2.64
1.86
1.93
3.20
3.70
1.80
3.40
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List 1

W E WD =
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Carry Cindy.
Feed Cassandra.
Bother Cassandra.
Follow Sandy.
Cover Cindy.

Pat Lucinda.
Shake Cindy.
Cover Lucinda.
Turn Sandy.

. Follow Cassandra.
. Feed Sandy.

. Shake Lucinda.

. Bother Sandy.

. Turn Cassandra.

. Carry Lucinda.

. Pat Cindy.

List 2

WR N h WD -

— ek ot pd et et b
O\ W —O

Cover Cassandra.
Pat Sandy.
Bother Lucinda.
Feed Cindy.
Shake Sandy.
Carry Sandy.
Turn Lucinda.
Shake Cassandra.
Bother Cindy.

. Follow Lucinda.
. Follow Cindy.

. Feed Lucinda.

. Carry Cassandra.
. Turn Cindy.

. Pat Cassandra.

. Cover Sandy.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31
32.

17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.

APPENDIX E

EXPERIMENT 2: STIMULI LISTS | AND 2

Carry Cassandra.
Shake Sandy.
Follow Lucinda.
Cover Sandy.
Bother Cindy.
Pat Cassandra.
Carry Sandy.
Feed Lucinda.
Cover Cassandra.
Bother Lucinda.
Follow Cindy.
Turn Lucinda.
Pat Sandy.

Feed Cindy.
Turn Cindy.
Shake Cassandra.

Feed Sandy.

Bother Cassandra.

Cover Lucinda.
Shake Lucinda.
Bother Sandy.
Turn Cassandra.
Shake Cindy.
Feed Cassandra.
Carry Cindy.

Follow Cassandra.

Turn Sandy.
Pat Lucinda.
Cover Cindy.
Carry Lucinda.
Pat Cindy.
Follow Sandy.
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APPENDIX F

EXPERIMENT 3: LIST OF SUBJECTS’ AGES

Subject Age (years:months)
1{-ES 5;0

2m-CS 53

3m-JR 4:10

4m-GG 6;0

5m-AC 4;3

6m-TC 5;5

7m-LR 5;4

8m-JH 4;11

9m-JD 5;0



APPENDIX G

EXPERIMENT 3: PREPOSITIONAL PHRASE STIMULI ADDITIONS

Verb PP Addition

1. pat ...on the back.

2. 2.turn ...to the door.

3. shake ...by the foot.

4. feed ...with the spoon.
5. bother ...like a bug.

6. carry ...to the door.

7. cover ...with the rug.

8. follow ...to the wall.
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APPENDIX H

EXPERIMENT FOUR: STIMULI LISTS 1 AND 2

List 1

. bilingual

. coyote

. inferno

. attention

. acoustic

. alfalfa

. awaken

. potato

9. adventure
10. paprika
11. umbrella
12. tornado
13. banana
14. cabana
15. aerobic
16. remodel
17. dishonest
18. electron
19. subjective
20. unable
21. abundant
22. albino
23. tobacco
24. elongate
25. verbatim
26. abnormal
27. continue
28. behavior
29. aphasia
30. bandana

QO 1O W H LN -

List 2

1. remodel
2. dishonest
3. electron
4. cabana

5. subjective
6. unable

7. abundant
8. albino

9. tobacco
10. elongate
11. verbatim
12. abnormal
13. continue
14. behavior
15. bandana
16. bilingual
17. coyote
18. inferno
19. attention
20. acoustic
21. alfalfa
22. awaken
23. potato
24. adventure
25. paprika
26. umbrella
27. tornado
28. banana
29. aerobic
30. aphasia
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